In December 1973 Intel shipped the first 8-bit, N-channe! microprocessor,
the 8080. Since then it has beceme the most widely used Microprocessor in
the industry. Applications of the 8080 span from large, intelligent systems
terminals to decompression computers for deep sea divers.

This 8080 Microcomputer Systerns User's Manual presents all of the
8080 systemn compenents. Over twenty-five devices are described in detail.
These new devices further enhance the BOBO system:

8080A — 8-Bit Central Processor Unit

Functionally and Eiectrically Compatible with the 8080.
TTL Drive Capability.
Enhanced Timing.
8224 — Clock Generator for B080A.
Single 16 Pin {DIP} Package.
Auxiliary Timing Functions.
Pawer-On Reset.
8228 — System Controller for BOBOA,
Single 28 Pin (DIP) Package.
Single interrupt Vector {RST 7).
Multi-Byte Interrupt instruction Capability (e.g. CALLI.
Direct Data and Control Bus Connect to all BOBO System /O
and Memory Components.
8251 — Programmabie Communication Interface.
ASYNC or SYNC (inciuding IBM bi-SYNC).
Single 28 Pin Package.
Single +5 Volt Power Supply.
8255 — Programmable Peripheral Interface.
Thrae 8-Bit Ports.
Rit Set/Reset Capability.
interrupt Generation.
Single 40 Pin Package.
Singie +5 Valt Power Supply.

In addition, new memory components include: 8708, 8K Erasable PROM;
831BA, High Density Mask ROM; and 5101, Low Power CMOS RAM.

inter Microcomputers. First from the beginning.
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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 inciusion 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, Ancther
approach has been the use of custom built systems made up
of *random iogic” (i.¢., logic gates, flip-flops, counters, etc.).
However, the huge expense and development time invoived
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 {arge number of machines.

Taday, Intal offers the systems designer a new alter-
native .. . the microcomputer. Utilizing the technologies and
experience gained in becorning the world’s fargest supplier
of LSI 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
170 circuits, the computer is complete. intel offers a variety
of random-access memary {RAM), read-only memory (ROM}
and shift register circuits, 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 stered in the memery devices.

The 8080 processor is packaged in a40-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 controt outputs. In
addition to supporting up to 84K bytes of mixed RAM and
ROM memory, the 8080 can address up to 2566 input ports
and 256 output ports; thus allowing for virtually uniimited
system expansion. The 8080 instruction set includes con-
ditional branching, decimai as weil as binary arithmetic,

iogical, register-to-register, stack cantrol and memaory refer-
ence instructions. In fact, the 8080 instruction set is power-
ful enough to rival the perfarmance of many of the much
higher priced minicomputers, yet the 8080 is upward soft-
ware compatible with Intel's eariier 8008 microprocessor
{i.e., programs written for the 8008 can be assembled and
executed on the 8080).

In addition to an exiensive instruction set oriented 10
preblem solving, the 8080 has anather significant feature—
SPEED. in centrast to random logic designs which tend te
work in parallel, the microcomputer warks by sequentially
executing its program, As a result of this sequential execu-
tion, the number of tasks a microcomputer can undertake
in a given period of time is directlty proportional to the
execution speed of the microcomputer. The speed of exe-
cution is the limiting factor of the realm of applications of
the micracomputer. The 8080, with instruction times as
short as 2 psec., is an order of magnitude faster than eariier
generations of microcomputers, and therefore has an ex-
panded field of potential applicatiens.

The architecture of the BOBO also shows a significant
improvement over earlier microcomputer designs. The 8080
contains a t6-bit stack pointer that controls the addressing
of an external stack located in memory, The pointer can be
initialized via the proper instructions such that any portion
of external memory can be used as a last inffirst out stack;
thus enabling aimost unlimited subroutine nesting. The stack
pointer allows the contents of the program counter, the ac-
cumulator, the conditian flags or any of the data registers to
be stored in or retrieved from the external stack. In addi-
tion, multi-level interrupt processing is possible using the
B080’s stack controt instructions. The status of the pro-
cessor can be “pushed” onto the stack when an interrupt is
accepted, then “popped” off the stack after the interrupt has
been serviced, This ability to save the conients of the pro-
cessor's registers is possible even if an interrupt service
routing, itself, is interrupted.



CONVENTIONAL SYSTEM |

PROGRAMMED LOGIC

Product definition
System and logic design

De brug
Lab Instrumentation
PC card tayout
Documentation
Cooling and packaging

Power distribution
Engineering charges

Done with conventionat

Daone with yellow wire

Done with togic diagrams

Simplified because of ease of incorporating features
Can be programmed with design aids

{compilers, assemblers, editors|
Software and hardware aids reduce time

Fewer cards to layout

Less hardware to document

Reduced system size and power consumption
eases job

Less power to distribute

Change pragram

Table G-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 15 expected to perform. Instead of realizing
these functions with netwarks of gates and flip-flops, the
functions are implemented by encoding suitable sequences
of instructions {programs) in the memory elerments, Data
and certain types of programs are stored in RAM while the
basic program can be stored in ROM. The microprocessar
performs all of the system’s funcuons by fetching the in-
structions in memary, executing them and COMmImunicating
the resuits via the microcomputer's 1/0 parts. 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 micracomputer into your
system go far beyond the advantages of merely simplifying
product development. You will aiso appreciate the profit-
making advantages of using a microcomputer in place of
custom-designed randem logic. The most apparent advantage
is the significant savings in hardware costs, A micrucomputer
chip set replaces dozens of random legic elements, thus re-
ducing the cast as well as the size of your system. In addi-
tien, production costs drop as the number of individual
components to be handled decreases, and the number of
complex printed circuit boards {which are difficult 1o lay-
out, test and correct) is greatly reduced. Praobably the most
profitable advantage of & microcomputer is its flexibility
far change. Ta modify your system, you merely re-program
the memaory elements; you don't have ta redesign the entire
system. You can imagine the savings in time and money
whern you want to upgrade your product. Reliability is
another reason to choose the migrocemputer over random
logic. As the number of components decreases, the prob.
ability of a matfunctioning element likewise decreases. All

of the logicai control functions formerly performed by
numergus hardware components can now be implemented
in 3 few ROM circuits which are non-volatile: that is, tha
contents of ROM will never be iost, even in the avent of a
power failure. Tabla 0-1 summarizes many of the advan-
tages of using microcomputers,

MICROCOMPUTER DESIGN AIDS

{f you're used to fogic design and the idea of designing
with programmed logic seems like too radical a change, re-
gardiess of advantages, there's no need to waorry because
Intel has already done most of the groundwork for you. The
INTELLEC™ 8 Development Systems provide flexible, in-
expensive and simpiified methods for OEM product develop.
ment. The INTELLEC™ 8 prowides RAM program storage
making program loading and modification easier, a display
and contral console for system monitering and debugging,
a standard TTY interface, a PROM programming capabiiity
and a standard software package [System Monitar, Assem.
bler and Test Editor}. In addition to the standard software
package available with the INTELLEC? 8, Intei offers a
PL/M compiler, a cross-assembler and a simulatar written in
FORTRAN 1V and designed to run on any large scale com-
puter. These programs may be procured directly from Intel
or from a number of nationwide computer time-sharing
services. Intel's Micracomputer Systems Group is always
available to provide assistance in every phase of your product
development.

Intel ailso provides complete documentation on all
their hardware and software products. In addition to this
User's Manual, there are the-

. PL{’MI‘Language Reference Manual

» 8080 Assembly Language Programming Manual

+ INTELLEC®8/MOD 8C Operator's Manual

+ INTELLEC®8/MGD 80 Hardware Reference
Manual

s 8080 User's Program Library



APPLICATIONS EXAMPLE

The 8080 can be used as the basis for a wide variety
of calculation and contral systems. The system configura-
tions for particular applications wili 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
BOBO should not be considered limited either in scope or
performance to those applications listed here.

Consider an B0BO 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 fram the key-
board, and generate the display. The only arithmetic func-
tion to be performed is a simple multiplication of weight
times rate,

The control unit could probably be realized with
standard TTL logic. State diagrams for the various portions
could De drawn and a multiplier unit dasigned. The whole
design could then be tied together, and eventually reduced
@ a selection of packages and a printed circuit hoard layout.
In effect, when designing with 2 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 Figure 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 signais.

instead of drawing state diagrams leading to logic, the
systen designer now prepares a flow chart, indicating which
input signals must be read, what processing and computa
tions are needed, and what output signais must be produced.
A program is written from the flow chart. The program is
then assembled into bit patterns which are |lcaded into the
program memory, Thus, this system is customnized primarily
by the contents of program memory.

Far this automatic scale, the program would probably
reside in read-only memory (ROM], since the micrecom-
puter would always execute the same program, the one
which implements the scale functions. 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 would only be needed for rate
starage, intermediate resuits, and for storing a copy of the
display.

When the controf 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-
ary. 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 2 few potential applications in Table 0-2, along
with the types of peripheral devices usually associzted with
each product.
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APPLICATION PERIPHERAL DEVICES ENCOUNTERED

Intelligent Tarminals Cathode Ray Tube Display

Printing Units

Synchronous and Asynchronous data lines
Cassette Tape Unit

Keyboards

Gaming Machines Keyboards, pushbuttons and switches
Various display devices

Cain acceptors

Coin dispensers

Cash Registers Keyboard or input Switch Array
Change Dispenser

Digital Display

Tickat Printer

Magnetic Card reader
Communication interface

Accounting and Billing Machines Keyboard

Printer Unit

Cassette or other magnetic tape unit
“Floppy” disks

Telephone Switching Control Telephone Line Scanner
Analog Switching Network
Dial Registers

Class of Service Parcel

MNumerically Controlied Machines Magnetic or Paper Tape Reader
Stepper Motors
Onptical Shaft Encoders

Process Control Analog-to-Digital Converters
Digitai-to-Analog Converters
Control Switches

Displays

Table 0-2. Microprocaessor Applications



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 {CPL1)
b} A memory
¢t Inputfoutput {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 pisces of information that are
procassed by the CPU. A group of logically related instrue-
tions stered in memory is refarred to as a Program. The CPU
“reads’” each instruction from memeory in a legically deter-
mined seguence, and uses it to initiate processing actions.
If the program seguence 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 ba 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
stared in memory; but often the memory is not large enough
to store the entire data bank required for a particular appii-
cation, The problem can be resolved by providing the com-
puter with one ar 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 eguipment {such as a paper tape reader or
fleppy disk} 2t high rates of speed and in large volumes.

A computer also reguires one or more Qutput Ports
that parmit the CPU ta cormmunicate the result of its pro-
cessing to the outside world, The output may go to 3 dis-
play, for use by a human operator, to a peripheral device
that produces “hard-copy,” such as a line-printer, to a

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

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

THE ARCHITECTURE OF A CPU

A typicai central processar unit (CPU} consists of the
following interconnected functional units:

» Registers
« Arithmetic/Logic Unit (ALUY
» Control Circuitry

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

Accumulator:

The accumulator usually stores one of the operands
to be manipulated by the ALL. A typical instruction might
direct the AL to add the contents of some ather register 1o
the contents of the accumulator and store the result in the
accumulator itself. In general, the accumulator is both a
source {operand] and a destination {result} register.

Qften a CPU will include a number of additional

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



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

Program Counter {Jumps, Subroutines
and the Stack):

The instructions that make up a program are stored
in the system's memary. The central processor references
the contents of memaory, in arder to determine what action
15 appropriate. This means that the processor must Know
which location contains the next instruction.

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

The processor mantains a counter which contains the
address of the next program instruction. This register is
calied the Program Counter. The processor updates the pro-
gram caunter by adding 1" to the counter each time it
fetches an instruction, sc that the program counter is always
current {pointing to the next instruction),

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

A jump instruction contains the address of the instruc.
tion which is to {follow it. The next instruction may be
stared in any mernory location, as long as the programmect
jump specifies the correct address. During the execution of
ajump instruction, the processor replaces the contents of its
program counter with the address embodied in the Jump.
Thus, the logical cantinuity of the Brogram is mamntained,

A special king of program jump oceurs when the stored
program “Cabls” a subroutine. In this kind of jumg, the pro-
cessor is required to ‘remember’’ the contents of the pro-
gram counter at the time that the jurmp accurs. This enables
the processor to resume exsecution of the main pragram
when it s finished with the last instruction of the subroutine.

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

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

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

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

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

Processors have different ways of maintaining stacks,
Some have facilities for the storage of return addresses built
into the processor itself, Other processors use a reserved
area of external memary as the stack and simply maintain a
Pointer register which contains the address of the most
recent stack entry. The external stack allows virtvally un-
limited subroutine nesting. |n addition, if the processor pro-
vides instructions that cause the contents of the accumulator
and other general purpose registers 1o be "pushed’’ onto the
stack or “popped” off the stack via the address stored in the
stack pointer, muiti-lavel interrupt processing (described
later in this cha;ﬂter} is possible, The status of the processor
[i.e., the contents of all the registers} can be saved in the
stack when an interrupt is accepted and then restored after
the interrupt has been serviced, This ability to save the pro-
cessor's status at any given time is possible even if an inter-
rupt service routine, itself, is interrupted,

Instruction Register and Decoder:

Every computer has a Word Length that is characteris-
tic of that machine. A computer's word length is usuaily
detarmined by the size of its internal storage elements and
imerconnecting paths (referred to as Busses); for example,
a computer whose registers and busses can store and trans-
fer 8 bits of information has a characteristic word length of
8- bits and is referred to as an 8-bit parallel processor. An
eight-bit parailel pracessor generally finds it most efficient
to deal with eight-bit binary fields, and the memory asso-
ciated with such a processor is therefore organized to store
gight bits in each addressable memery ocation. Data and
instructions are stored in memory as eight-bit binary num-
bers, or as numbers that are integral muitiples of eight bits:
1B bits, 24 bits, and so on. This characteristic eight-bit field
is often referred to as a Byte.

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



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

The processor fetches an instruction in twe distinct
operations. First, the processor transmits the aadress in its
Program Counter to the memaory. 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 inta specific processing actions reguires
more elaboration than we can here afford. The concept,
however, should be intuitively clear to any lpgic designer.
The eight bits stored in the instruction register can be de-
coded and used to selectively activate one of 3 number of
output tines, in this case up to 266 tines. Each ling repre-
sents a set of activities associated with execution of a par-
ticulgr instruction code, The enabled line can be combined
with selected timing pulses, to develop electrical signals that
can then be used to initiate specific actions, This transla-
tion of code into action is performed by the Instruction
Decoder and by the associated control circuitry,

An eight-hit 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 gight bits can convey,

One example of this is when the instruction refer-
ences a memoty location. The basic instruction code iden-
tifies the operation 1o 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 perfarms two or three fetches in succession to
obtain the full instruction, The first byte retrieved from
memaory is placed in the processor’s instruction register, and
subsequent bytes are placed in temporary storage; the pro-
cessar then proceeds with the execution phase, Such an
imstruction is referred to as Variahle Length.

Address Registeris):

A CPU may use a register or register-pair to hold the
address of a memory location that is to be accessed for
data. |f the address register i¢ Programmahle, {ie., if there
are instructions that allow the programmer o alter the
contents of the register] the program can “‘build™ an ad-
dress in the address register prior to executing 3 Memaory
Refarence instruction {i.e., an instruction that reads data
from memory, writes data to memory or operates on data
stored in memory).

Arithmetic/Logic Unit (ALL):

All processors contain an arithmetic/iogic 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 ALW must contain an Adder which is capatie of
combimng the contents of two registers in accordance with
the logic of binary arsthmetic, This provision permits the
processor to perform arithmetic manipulations on the data
it obtains from memary and from its other inputs.

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

The ALY contains Flag Bits which specify certain
eonditions that arise 1n the course of arithmetic and logical
manipulations. Flags typically include Carry, Zero, Sign, and
Parity. it is possible to program jumps which are condi-
tionally dependent on the status of one or more flags. Thus,
for example, the program may be designed to jump 1o a
special routine if the carry bit is set following an addition
iMstruction.

Control Circuitry:

The control cireuitry is the primary functional umit
within 8 CPU, Using clock inputs, the control cireuitry
maintains the proper sequence of events required for any
processing task. After an instruction is fetched and decoded,
the control circuitry issues the appropriate signals (to units
hath internal and external to the CPU} for imitiating the
proper processing action, Qften the contral aircuitry will be
capable of responding to external signals, such as an inter-
rupt of wait recuest. An Interrupt request will cause the
control circuitry 1o ternporarily interrupt main program
execution, jump 1o a special routine to service the interrupt-
ing device, then automatically return to the main program.
A Wait reguest 1s often issued by a memory or /0 element
that operates slower than the CPU. The contral circuitry
will idle the CPU untii the memory or {/0 port is ready with
the data.

COMPUTER OPERATIONS

There are certain operations that are basic 1o almost
any computer. A sound understanding of these basic cpera-
tions is a necessary prerequisite to examining the specific
operations of a particular camputer.

Timing:

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



with a cleariy defined activity 1s called a State. And the inter-
val between pulses of the timing nscillator is referred to as a
Clock Period. As a generat rute, one ar more clock periods
are necessary for the completion of a state, and there are
several states ina oycle.

Instruction Fetch;

The first statels) of any instruction cycle will be
dedicateo to fetching the nmext instruction. The CPU issues a
read signal and the contents of the progeam counter are sent
o memory, which responds by returning the next instruc
tion word, The first byte of the instruction is placed in the
instructien register, If the instruction consists of mare 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
exgcuted in the remaining states of the instruction cycle.
The instruction may call for a memory read or write, an
input of cutput and/or an internal CPU operation, such as
a register-ta-register transter 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 instrue-
tion register. The instruction fetched may then call for data
10 be read from memary into the CPU, The CPU again issues
aread signal and sends the proper memory address: memary
responds by returning the requested word, The data re-
ceived is Diaced in the accumulator or one of the other gen-
eral purpose registers {not the instruction register),

Memaory Write:

A memary write operation is similar 1o a read except
for the direction of data flow. The CPU issues a write
signal, senas the proper memory adldress, then sends the data
word to be written into the sddresse memary lacation,

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 ail 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 1o memory, it cannot proceed until the memory
has had time to respond. Mast mermories 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 1o request a Wait
state. When the memory receives a read or write enable sig-
nal, itplacesa reguest signal on the processor's READY line,
causing the CPU to idle temporarily, After the memary has

had time to respond, it frees the processor's READY line,
and the instruction eycle progeeds.

Input/Output:

Input and Qutput operations are simiiar to memory
read and write operations with the exception that a peri-
pheral 1/0 device is addressed instead 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 seriai
form, All data within a digital computer is represented in
binary coded form. A binary data word consists of a group
of bits; each bit is either a one or a zero. Parallel 1/O con-
sists of transferring ail bits in the word at the same time,
one bit per line, Serial 1/0 consists of transterring one bit
at g time on  single fine. Naturally serial [/Q is much
slower, but it requires considerably less hardware than does
parallel }/Q.

Interrupts:

Interrupt provisions are included an many central
processors, 35 a means of improving the processar’s effi-
ciency. Consider the case of a computer that is processing a
large volume of data, portions of which are to be cutput
to a printer. The CPU can output a byte of data within a
single rmachine cycle but it may take the printer the equiva-
lent of many maching cycles to actually print the character
specified by the data byte. The CPU eould then remain idie
waiting until the printer can accept the next data byte, |f
an interrupt capability is implemented on the computer, the
CPLU can putput a data byte then return to data processing,
When-the printer is ready to accept the next data byte, it
can request an interrupt, When the CPU acknowledges the
interrupt, it suspends main program execution and avto-
maticatly branches to a routine that will output the next
data byte. After the byte is output, the CPU continues
with main program exscotion. Note that this is, in principle,
quite similar to a subroutine cail, except that the jump is
initigted externally rather than by the program.

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

Hold:

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

Inardinary input and output operations, the processor
itsetf supervises the entire data transfer. Informaticn to be
placed in memary is transferred from the input device to the
processor, and then from the processor to the designated
memory location. |n similar fashion, information that goes



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

Some peripheral cevices, however, are capable of
transfercing infermation 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 systesm throughput will be increased by

having the device accompiish 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 attermpted to access memory simul-
taneously. |t is for this reason that a hold provision is in-
cluded on some processors.



The 8080 is a complete 8-bit parallel, central processor
unit (CPU) for use in general purpose digital computer sys-
tems, it is fabricated on a single LS| chip (see Figure 31}
using Intel's n-channal silicon gate MOS process. The 8080
transfers data and internal state information wia an B-bit,
bidirectional 3-state Data Bus (Dg-D7}. Memory and peri-
pheral device addresses ara transmitted over a separate 16-

bit 3-state Address Bus {(Ag-Aqg). Six timing and contros
outputs (SYNC, DBIN, WAIT.W, HLOA and INTE) eman-
ate from the 8080, while four contral inputs {READY,
HOLD, INT and RESET), four power inputs {+12v, +5v,
Bv, and GND) and two clock inputs {¢q and ¢7) are ac-
cepted by the B080.
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GHD O——1 2 390 Ay
D, Q{1 38 0 f13
D5 O] 4 17 i &12
Dy O] § 36 —=0 A
D, Ow—el & 35 w0 Ay
0, C—=l? ® D Ay
b, o=—fs  INTEL 3f—=o%
O, Ge—=gd 12 f—=0 Ag
o, G=—] 8080 N —=0 Ag
-5 O———qd 1 W —0 Ay
RESET O—=q 12 2% p—e0 Ay
HOLD O—i 13 28 3—0 H12v
INT O——u=] t4 77— 8y
7 D 15 26 =0 Ay
INTE S 16 25— iy
DBIN Q=a—F 17 28 |—=0 WAIT
WA o=—i 13 23 p——0 AEADY
SYNG O=—1 18 2p—0n
+5v O— A 21 =<0 HLDA

Figure 2-1. 8080 Photomicrograph With Pin Designations
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ARCHITECTURE OF THE 8080 CPU

The 8080 CPU consists of the following functionat
units:

* Register array and address logic
Arithmetic and legic unit (ALY
Instruction register and control section
s Bidirectional, 3-state data bus bu ffer

Figure 2-2 iilustrates the functional blocks within
the BO8O CPU.

L]

Registers:

The register section consists of g static RAM array
organized into six 16-bit regrsters:

* Program counter (PC)

* Stack pointer {SP}

* Six 8-bit general PUrpese registers arranged in pairs,
referred 10 a3 B,C; D.E; ang H.L
A temporary register pair calied w2

The program counter maintains the memory address
of the current program instruction and is incremented ayto-

matically during every instruction fetch, The stack paointer
maintains the address of the next availakie stack lacation in
memary. The stack pointer can be initialized to use any
portion of read-write memory as a stack. The stack pointer
is decremented when data is “pushed’™ onto the stack and
incremented when data |5 “popped”’ off the stack {i.e., the
stack grows "'downward”'}.

The six general purpose registars can be used either as
single registers (B-bit} or as register pairs (16-hit), The
temporary rtegister pair, W,Z, is not program addressabls
and is oniy used for the internal execution of instructions.

Eight-bit data bytes can be transferred between the
internal bus and the register array wvia the register-selact
multiplexer. Sixteen-bit transfers can proceed between the
register array snd the address fatch or the incrementer/
decrementer circuit. The addrass latch receives data from
any of the three register pairs and drives the 16 address
output buffers (Ag-A4g), as weil as the incrementer/
decrementer circuit. The incrementer /decrementer circuit
receives data from the address latch and sends it to
the register array. The 16-bit data can be incremented or
decremented or simply transferred between registers,
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Figure 2.2, 8080 CPUy Funetionai Block Diagram
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Arithmetic and Logic Unit (ALU):

The ALU contamns the following registers:

# An B-bit accurnulator
a An B-bit temporary accurmulator {ACT)

e A 5.bit flag register: zero, carry, sign, parity and
auxiliary carry

» An B-bit temporary register {TMP}

Arithmetic, logical and rotate operations are per-
formed in the ALW. The ALU is fed by the temporary
register [TMP} and the temporary accumulater {(ACT) and
carry flip-tlop. The result of the operation can be trans
ferred 1o the internal bus or to the accumulator; the ALU
atso feeds the flag register,

The temporary register {TMP) receives information
frem the internal bus and can send ail or portions of it to
the ALU, the flag register and the internal bus.

The accumulator |ACC) can ke loaded from the ALU
and the internal bus and can transfer data to the temparary
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
CAMA instruction (see Chapter 4],

instruction Register and Control:

During an instruction fetch, the first byte of an in.
struction {containing the QP code} is transferred from the
internal bus 1o the B-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, ALL and gata
buffer bipcks. In addition, the outputs from the instruction
decoder and external controf signals feed the timing ang
state control section which generates the state and cycle
timing signais.

Data Bus Buffer:

This 8-bit budirectional 3-state buffer is used 1o
isolate the CPU's internal bus from the external dats bus
{Dp through D7), In the gutput 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 swotched
off during input or non-transfer operations.

Curing the input mode, data from the externat 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 |ater in this chapter},

2.3

THE PROCESSOR CYCLE

An instruction eyele is defined as the time required
1o fetch and execute an instruction. During the fetch, a
selected instruction {one, two or three hytes) is extracted
from memory and deposited in the CPU's instruction regis-
ter. During the execution phase, the instruction is decoded
and translated into specific processing activities.

Every instruction cycle consists of one, two, three,
four or five machine cycles. A machine cycle is required
each time the CPU accesses memory or an /O port. The
feteh portion of an instruction cycle requires one maching
oycle for each byte to be fetched, The duration of the execu-
tion poruon of the instruction cycle depends on the kind
of instruction that has been fetched. Some instructions do
mot require any machine cycles other than those necessary
1o fetch the instruction; other instructions, however, re-
guire additional machine cycles to write or read data to/
from memory or 1/Q devices. The DAD instruction is an
exception in that it requires two additional machine cycles
to complete an internal register-pair 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 ¢ driven clock pulsa. The 8080
isdriven by a two-phase clock oscillator, All processing activ-
ities arg referred to the period of this clock. The two non-
overlapping clock pulses, labeled ¢ and ¢9, are furnished
by external circuitry. It is the ¢1 clock pulse which divides
each machine cycle into states. Timing logic within the
BOBO wuses the clock inputs to produce a SYNC pulse,
which identifies the beginning of every machine cycle. The
SYMC puise is triggered by the low-to-high transition of ¢2,
as shown in Figure 2-3.

! FIRST STATE OF
| *EVERY MACHINE
: CYLLE

AR W

=]

&2

SYHNC —_/——\—_

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

Figure 2-3.91, ¢2 And SYNC Timing

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



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

To summarize then, each clock period marks a state;
three to five states canstitute a machine cycle; and ane 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 kird 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 z memoary
address or an addressable peripheral device, in order to
fetch and execute the instruction. Like many Processors,
the B0BG is so constructed that it cap transmit only one
address per machine cycle. Thus, if the fetch and executicn
of an instruction requires twg memary 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 eycle in every instruction cycle
15 therefore s FETCH. Beyond that, there are no fast rules.
It depends an the kind of instruction that is fetched.

Consider some examples. The add-register (ADD r}
instruction is an instruction that requires only a singie
machine cycle (FETCH) for its completion. In this ane-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 nNecessary to execute
the command is contained in the eight bits of the instruction
coda, only one memary reference is necessary. Three states
are used t¢ extract the instruction from memary, and one
additional state is used to accomplish the desired addition,
The entire instruction cycele thus requires only one machine
cycle that consists of four states, or four periads of the ex-
ternal clock .

Suppoase 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 witl be used. An extra machine cyele will be used, in
order to address the desired memory location.

Tha actuzl sequence is as follows, First the Rrocessor
extracts from memory the one-byte instruction word ag.
dressed by its pregram 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 cycie
is placeg in 3 temporary registar inside the 8080 CPU, 8y
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 depasited in two sequen-
tially adjacent memory locations; the destination is indi-
cated by two address bytes which are stored in the two
memory locations immediatelvfoilowing the operation code
byte. The foliowing sequence of events occurs:

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

state is used for internal instruction decoding.

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

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

(2

{3}

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

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

{5}

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

Most instructions fall somewhere between the ex-
tremes typified by the “ADD r” and the “SHLD"' instruc-
ttons. The input (INP) and the output ({OUT) instructians,
for example, require three machine cyeles: a FETCH, to
obtain the instruction; a MEMORY READ, to obtain the
address of the object peripherai: and an {NPUT or an CuUT-
PUT machine cycle, to compiete the transfer.



While no one instruction cycle wiil consist of more
then five machine ¢ycles, the followina ten different types
of machine cycles may ocour within an instruction cycle:

{11 FETCH (M1

{2} MEMORY READ

{3} MEMORY WRITE

{4} STACK READ

(6] STACK WRITE

6] INPUT

{1 QUTPUT

{8) INTERRUPT

{9l HALT
{10} HALT «INTERRUPT

The machine cycigs that actually do acocur in a par-
ticular instructicn cycle depend upon the kind of instrue-
tion, with the averriding 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 tines {DgD 7], during the
SYMNC interval. This data should be saved in latches, and
used 1o develop control signals far external circuitry. Table
2-1 shows how the positive-true status information is dis-
trihuted an the processor's data bus,

Status signals are provided princially for the control
of external circuitry. S.mplicity of interface, rather than
machine cycle identification, dictates the loaical definition
of individual status bits. You will therefore observe that
certain processor machine cycles are uriguely identified by
a single status bit, but that others are not. The M1 status
bit [Dgl, for example, unambiguousty identifies 8 FETCH
machine cycle. & STACK READ, on ihe ather hand, is
indicated by the coinciaence of STACK and MEMWR sig-
nats. Machine cycle identification data is also valuable in
the test and de-bugging phases of system develcpment.
Table 2-1 lists the status bit outputs for each type of
machine cycle,

State Transition Sequance:

Every machine cycte within an instruction cycle con-
sists of three to five active states (referred to as Tq, T2, T3,
T4, Ts or Tyl. The actual number of siates depends upon
the instruction being executed, and on the particular ma-
chine cycle within the greater instruction cycle. The state
transition diagram in Figure 2-4 shows now 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 hew the conditions on these lines may modify the
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basic transition sequence. In the present discussian, we are
concerned only with the basic sequence and with the
AEADY function. The HOLD znd INTERRUPT functians
will be discussed later,

The BOBD CPU does not directly indicate its internal
state by transmitting a “state conirol” output during
sach 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 cycie, with each state defined by
successive low-to-high transitions of the ¢y clock, Figurs
25 shows the timing relationships in a typical FETCH
machine cycle. Events that occur in each state are referenced
to transitions of the &1 and o2 clock pulses.

The SYNC signal identifies the first state {Tq} in
every machine cycle. As shown in Figure 2-5, the SYNC
signal is reiated to the leading edge of the ¢ clock. There is
a delay (tpC) between the low-to-high transition of $2 and
the positive-going edge of the SYNC pulse. There also i5 a
corresponding defay {also tpc} between the next &2 pulse
and the falling edge of the SYNC signal, Status information
is displayed on Dp-D7 during the same ¢2 to ¢z interval.
Switching of the status signals is likewise controlled by ¢32.

The rising edge of ¢ during T also loads the pro-
cessar’'s address lines {Ap-A15). These lines become stable
within a brief delay liga) of the ¢ clocking pulse, and
they remain stable until the first 92 pulse after state T3,
This gives the processar ample time to read the data re-
turned from memory.

Cnce the processor has sent an address to memory,
there is an opportunity for the memory to request a WAIT,
This it does by pulling the processor's READY line low,
prior to the “Ready set-up’’ interval (‘RS} which ccours
during the g2 pulse within state T2 or Ty, As long as the
READY line remains low, the progessor will idle, giving the
memory time to respond to the addressed data request,
Refer to Figure 2-6.

The processor responds to a wait request by entering
an alternative state {Tyy} at the end of T9, rather than pro-
ceeding directly to the T3 state. Entry into the Ty state is
indicated by a WAIT signal from the processor, acknowledg-
ing the memory's reguest. A low-to-high transition an the
WAIT line is triggered by the rising edge of the ¢ clock and
oceurs within a brief delay (ipcl of the actual entry inta
the Ty state.

A, wait periad may be of indefinite duration. The pro-
cessor remains in the waiting condition until its READY line
again goes high. A READY indication must precede the fali-
ing edge of the g2 clock by a specified interval {tpg), in
order to guarantee an exit from the Ty state. The cycle
may then proceed, beginning with the rising edge of the
next ¢q clock. A WAIT interval will therefore consist of an
integral number of Tyy states and wiil atways be a multiple
of the clock period,



Instructions for the BOBO require from ore to five machine
cycles far complete executran. The BOBO sends out 8 bit of
status information o0 the data bus at the beginning of sach
machine cycle (during SYNC time), The following table defines
the status infarmation,

STATUS INFORMATION DEFINITION

[ata Bus
Symbots Bit Definition
INTA*® Do Acknowledge signat for INTERRUPT re-
guest, Signal should be used to gate are-
start instruction onto the data bus when
CBIN is active,
WO D, Indicates that the uperation in the current

machine cycle will be a WRITE memory
or QUTRUT function (WO = 0).Otherwise,
a READ memory or INPUT gperation will
be executed.

STACK Bs Indicates that the address bus holds the
pushdown stack address from the Stack

Painter.
HLTA Ds Acknowledge signal for HALT instruction.
ouT D, Indicates that the address bus contains the

address of an output device and the data
bus will contain the output data when
WR is active,

My D, Provides 2 signal to indicate that the CFU
is in the fetch cycle for tha first byte of
an instruction.

IMP* Dg Indicates that the address bus contains the
address of an input device and the input
data shouid be placed on the data bus
when D2IN is active,

MEMR * [n Designates that the data bus will be vsed
far memery read data.

“Thewe three status ts can te ysed to control
the low ot data onto the BOBO data bus
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The events that take place during the T3 state are
determined by the kind of machine cycle in progress. tn a
FETCH machine cycle, the pracessor interprets the data on
its data bus as an instruction. During a MEMORY READ or
a STACK READ, data an this bus is interpreted as a data
word, The processor outputs dats on this bus during a
MEMORY WRITE machine cycle. During 1/0 operations,
the processor may either transmit or receive data, de-
pending on whether an QUTPUT or an INPUT oparation
is involved.,

Figure 2-6 illustrates the timing that is characteristic
of a data input speraticn, 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 ior the receipt of
incoming data. The data presented to the processor must
have stabilized prior to both the “¢1—~data set-up” interval
{(tng1). that precedes the falting edge of the ¢4 pulse defin-
ing state T3, and the “¢o—data set-up’ interval {tpgal.
that precedes the rising edge of ¢9 in state T3. This same

data must remain stable during the “data hold” interval
{(tDH} that occurs following the rising edge of the ¢ 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 BO8(Q
generates a DBIN signal which should be used externally to
enahie the transfer. Machine cycles in which DBIN is avail-
able include: FETCH, MEMORY READ, STACK READ,
and tNTERRUPT. DBIN is initiated by the rising edge of ¢7
during state T2 and terminated by the corresponding edge of
¢2 during T3. Any Tyy phases intervening between T3 and
T3 will therefore extend DEBIM by one or more clock
periods.

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

: T ! T T T T ! &
r *
| .
S A U |- [ — L
. 1
+
Arg g ! i | X UNKNCWN
ore / @ X : —= WRITE MODE FLOATING
- T
- i
P
SYNE / v !
1 : i |
p 1 ' ]
| 3
PEADY |
i !
i
wWaAIT / \
!
oBiN | / | \ ! :
! DaTa,
* i
wa ] \ :
' sTatus i
*INFORMATIDN !
. DaTa .
t
LXTFY SAMFLE READY OPTIQNAL FETCH DATA OFTICMAL
MEMQRY ADOAESS HOLD AND HALT | — aR
[ : | HALT INSTRLICTION INSTRUCTION
| 1O DEVICE NUMBER I on oR EXECUTION
D1 MEMOAY WRITE DATA IF REGUIRED .
i OSTATUS iWFORMATION | ACCESS TIME |
i INTa aur &DJUST !
HLTA Wi
| memn ",
| INP BTaCK
|

NOTE: (M) Refer to Status Ward Chart on Page 26,

Figure 2-5. Basic 8080 Instruction Cycle

-8



T M i M3

RO W WY o VY WY o VO o VN WY W o W

a2 H
— U
L . I
tso BYTE \unxnows / BYTE X INPUT DATA TO
OMNE TWO ACCUMULATOR
D"“'_/_ o roarme [ L. 7 L
SYNC __/—'——\_ i /_\__ f \

ow | T\ | /o U s W

READY =
WAaIT
WR

W | [0 | X@| e
I N B

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

Figure 2-6. Input Instruction Cycla

My

T ] T W T [ T T T3 T

S o W A W A\ n nn . n e

: = e : —
_ . ity ' V0 DEVICE .
S ; BYTE onnawnf i BeTe A NUMBER I \
: ONE | TWD :
T

o0/ ‘;4.__;1 FLoaTING:f N d ! X [accumuaton \
e L LT —
oaIN [ I =\

READY

walT

R ! _ \ i."

: DY
ot [ O -1 1@

NOTE. (N} Reter to Status Word Chart on Page 2.6,

Figure 2-7. Output Instruction Cycle

29



“data output delay” intervai (tpp) following the ®9 clock’s
leadting ecige. Data on the bus remains stabie throughaut
the remainder of the machine cycle, until replaced by up.
dated status information in the subsequent T4 state. Qbserve
that a READY signal is necessary for completion of an
QUTPUT machine eycle. Unless such an indication is pres-
ent, the processor erters the Tw state, following the Ta
state. Data on the output lines remains stable in the
interim, and the processing cycle will not proceed until
the READY line again goes high.

The B0B0 CPU gensrates a WR ocutput for the syn-
chronization of external transfers, during those machine
cycles in which the processor outputs data. These inciude
MEMORY WRITE, STACK WRITE, and QUTPUT. The
negative-going leading edge of WR s referenced to the rising
edge of the first ¢1 clock pulse following T3, and occurs
within a brief delay {tDc] of that event. WR remains iow
until re-triggered by the leading edge of ¢4 during the
state following T4. Note that any Ty states intervening
betwean Tz and T3 of the output machine cyele will neges-

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

All processar machine cycies consist of at least three
states: Tq, T3, and T3 as just described. If the processor has
10 wait for a response fram the peripheral or memory with
which it is communicating, then the machine cycle may
alsa contain one ar more T states. During the three basic
states, data is transferred 1o or from the Rrocessor,

After the T3 state, hawever, it becomes difficult to
generalize. T4 and Tg states are available, if the execution
of a particular instruction reguires them, But nat all machine
cycles make use of these states. It depends upan the kind of
instruction being executed, and an tha particular machine
cycle within the instruction cycle, The processar will termi-
nate any machine cycle as soon as its processing activities
are completed, rather than proceeding through the T4 and
Ts states every time. Thus the 8080 may exit a machine
cycle following the T3, the T4, or the Tg state and pro-
ceed directly to the T1 state of the next machine cycle,

STATE ASSOCIATED ACTIVITIES
T A memory address or 1/0 device number is
Placed an the Address Bus [A1g5.0); status
information is placed on Data Bus {D7.0).
To The CPU samples the READY and HOLD .
puts and checks for hait instruction.
W Processor enters wait state if READY is low
{optional) or if HALT instruction has been executed,
T3 An instruction byte (FETCH machine cycle),
data byte {MEMORY READ, STACK READ)
or intarrupt instruction {INTER RUPT machine
cycie] is input to the CPU fram the Data Bus;
or a data byte (MEMORY WRITE, STACK
WRITE or QUTPUT machine cycle) is sutput
onto the data bus,
T4 States T4 and Tg are available if the execu-
Th tion of a particular instruction requires tham:
{optional} if not, the CPU may skip one or both of
them, T4 and T5 are only used for internat
Processor operations.

Table 2-2. State Definitions
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INTERRUPT SEQUENCES

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

The interrupt [INT} input is asynchronous, and a
raquest may therefore originate at any time during any
instruction cycie, Internal logic re-clocks the external re-
quest, so that a proper correspondence with the driving
clack is established, As Figure 2-B shows, an interrupt
request {INT) arriving during the time that the interrupt
enable line {INTE} is high, acts in coincidence with the o3
clock to set the interpal interrupt latch, This event takes
place during the last state of the instruction cycle in which
the request occurs, thus ensuring that any instruction n
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 My status bit
is transmitted as usual during the SYNC interval. It is
accompanied, however, by an INTA status bit [Dg) which
acknowledges the external request. The contents of the
program counter are latched onto the CPU’s address lings
during T4, but the counter itself is not incremented during
the INTERRUPT machine cycle, as it otherwise would be.

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

The interrupt cycle is otherwise indistingusshable from
an ordinary FETCH machine cycle, The processor itself
takes no further special action, It is the responsibility of the
peripheral logic to see that an eight-bit interrupt instruction
is “jammed” onto the processor's data bus during state T3,
In & typical system, this means that the data-in bus from
memoary must be temporarily disconnected from the pro-
cessor’'s main data bus, so that the interrupting device can
command the main bus without interferance.

The BOBO's instruction et provides a special one-byte
cail which facilitates the processing of interrupts (the ordi-
nary program Call takes three bytes). This is the RESTART
instruction {AST). A variable three-bit field embedded in
the eight-bit field of the A5T enables the interrupting device
to direct a Call to one of eight fixed memory locatians, The
decimal addresses of these dedicated |locations are: 0, B, 16,
24, 32, 40, 48, and 5B. Any of these addresses may be used
to store the first instructionis) of a routine designed to
service the requirements of an interrupting devica. Since
the (RST) is a call, completion of the instruction aiso
stores the old program counter contents on the STACK.
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Figure 2-8. Interrupt Timing
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HOLD SEQUENCES

The BOBOA 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 reguest, enabling it to conduct mem-
ary transfers without processor intervention.

Like the interrupt, the HOLD input is synchronized
internaily. A HOLD signal must be stable prior to the “'Hold
set-up” interval {tygl, that precedes the rising edge of ¢.

Figures 2-8 and 2-10 illustrate the timing invoived in
HOLD operations, Note the delay between the asynchronous
HOLDC REQUEST and the re-clocked HOLD, As shown in
the diagram, a coincidence of the READY, the HOLD, and
the g7 clocks sets the internal hold latch. Setting the tatch
gnables 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, f aread or an input machine cycle is in progress
tsee Figure 2.8}, Gtherwise, acknowledgement is deferred
untit the beginning of the state following T3 (see Figure
2-10}. In both cases, however, the HLDA goes high within
a specified delay it of the rising edge of the selected ¢
clock pulse. Address and data lines are fioated within a
brief delay after the rising edge of the next ¢7 cloek pulse,
This relationship is also shown in the diagrams.

To ail outward appearances, the processor has suspend-
ed its operations ance 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 1o complete, the CPU proceeds through
T4 and Tg before coming to a rest. Not until the end of the
machine cycie is reached will processing activities cease.
Internal processing is thus permitted to overlap the external
OMA 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 oputput
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returns 1o a low level following the leading edge of the next
&t eclock puise. Normal processing resumes with the ma-
chine cycte following the last cycle that was executed.

HALT SEQUENCES

When a halt instruction {HLT) is executed, the CPU
enters the halt state (Tyyy) after state T of the next ma-
chine cycie, as shown in Figure 2-11. There are only three
ways in which the BOBO can exit the halt state:

¢ 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 previcusly described. When the
HOLD line goes low, the BOBO re-enters the halt
state on the rising edge of the next ¢q clock
pulse.

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

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

START-UP OF THE 8080 CPU

When power 1s applied initially to the 8080, the pro-
cessor begins operating immediately, The contents of its
program counter, stack painter, and the other working regis-
ters are naturally subject to random factors and cannot be
specified, For this reason, it will be necessary to begin the
power-up seguence with RESET,

An external RESET signai of three clock period dura-
tion {mimimum} restores the processor's internal program
eounter to zero, Program execution thus begins with mem-
ory location zero, following a RESET. Systems which re-
quire the processor to wait for an explicit start-up signai
will store a halt instruction (E), HLT} in the first two loca-
tions, A manual or an automatic INTERRUPT will be used
for starting. In other systems, the processor may begin ex-
ecuting its stored program immediately, Note, however, that
the RESET has no effect on status flags, or on any of the
processor’s working registers (accumulator, registers, orf
stack pointer). The contents of these registers remain inde-
terminate, until initialized explicitly by the program.
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NOTES:

1. The first memaory cycle (M1} is always an instruction
fetch; the first lor only} byte, containing the op tode, is
fetched during this cycie.

2. [f the READY input from memary is not high during
T2 of each memory cycle, the processor will enter a wait
state {TW) until READY is sampied as high.

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

4. Only register pairs rp = B [registers B and C} or rp= 0
{registers D and £} may be specified.

5. These states are skipped.

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

7. Memary write sub-cycle,

8. The READY signal is not required during the second
and third sub-cycles (M2 and M3j, 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 ar rotate in-
structions are not moved into the accumnulator {A) until
state T2 of the next instruction cycle, That is, A is loaded
while the next instruction is being fetched; this overlapping
of cperations allows for faster processing.

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

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-cycie {the instruction
fetch} of the next instruction cycle.
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12. 1f the condition was met, the contents of the register
pair WZ are output on the address lines {Agqg} instead of
the contents of the program counter {FC).

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 next instruction cycle.

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

15. Stack read sub-cycle,

16. Stack write sub-cycie.
17, CONDITION CcCC
NZ — notzero {Z=1) 000
Z — zero (2=1} a0
NC — no carry {CY ={) 010
C — carry {CY = 1) 03t
PO — parity odd {P=0) 100
PE — parity even (P =1} 101
P — plus (S=0] 110
M — minus{S=1) 111

18, 1/0 sub-cycle: the /0 port's B-bit setect code is dupli-
cated on address lines 0-7 (Ap ) and 816 {Ag.1s).

19. Output sub-cycle.

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

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

8SSor DDD Value rp Valug

A 111 B 00

i B 000 . D 01
c 001 ) H ; 10
D 010 - sp | 11
E o1t i
H 100 !
L 101 |




This chapter will ilfustrate, in detail, how ta interface
the BOBO CPU with Memory and i/Q. [t 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 10 a
simple, modular approach. Such an approach will yieid the
designer a reliable, high perfarmance systern that contains a
minimum compenent 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 reore-
sent the functions common to any computer system.

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

Mamory Contains Read Only Memory {ROM} and
Read/Write Memory {RAM} for program and
data storage.

1O Contains circuitry that atlows the computer

system  to communicate with devices ar
structures existing outside of the CPU or
Memaory array.
for example:

Paper Tape, etc.

Keyboards, Floppy Disks,

There are three busses that interconnect these blocks:

Data Bust A bi-directional path on which data can flow

between the CPU and Memeory or 1/0.

Address Bus A uni-directional group of lines that identify

a particular Memary location or 1/O device.

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

T*Bus” refers to a set of signals grouped together because
of the similarity of their functions.

31

Contral Bus A uni-directional set of signals that indicate

the type of activity in current process.

Type of activities: 1. Memory Read
2. Memory Write
3. 1/Q Read
4. 10 Write
5. Interrupt Acknowledge

T TRESS BUS
L - 7
TUIRY z
cPU
MODULE & . JEEN AN
LI ] : - L
< SaTh® 5 2
= .
[ PR
COMTAAL Bus ‘

Figure 3-1. Typical Computer Systam Biock Diagram

Basic System Operation

1. The CPU Maodule issues an activity command an the
Control Bus,

2. The CPL Module issues a hinary code on the Address
Bus to identify which particular Memory location or
1/Q device will be involved in the current process
activity.

3 The CPU Module receives ar transmits data with the
selected Memory location or 1/0 device.

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

It is =asy to see at this point that the CPU module is
the central element in any computer system,



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 Memoary and 1/0 will be shown,

Design phitlosophies and system architectures pre-
sented in this manual are consistent with praduqt deveiop-
ment programs underway at INTEL for the MCS-80. Thus,
the designer who uses this manual as a quide for his total
system engingering is assurgd that all new developrnents in
components and software for MCS.BO from INTEL will be

the design and te achieve operational characteristics that
are as close as possible to those of the B224 and B228.
Many auxiliary timing functions and features of the 8224
and B228 are toc compiex to practically implement in
standard components, so only the basic functions of the
8224 and B228 are generated. Since significant benefits in
system timing and compenent count reduction can be
realized by using the 8224 and 8228, this is tha preferred
methed of implementation,

compatible with his design approach. 1. 8080 CPU
The operation of the 8080 CPL) was covered in pre-
CPLU Module Design vious chaptgr!.: of this nl1anuai, s0 little reference will
be made to it in the design of the Module,
The CPU Module contains three major areas:
1. The 8080 Central Processing Unit 2. Clock Ganerator and High Level Driver
2. A Clock Generator and High Levei Driver The BOBO is a dynamic device, meaning that its inter-
3. A bidirectional Data Bus Driver and System Control nal storage elements and logic circuitry require a
Logic timing reference (Clock), suppiied by external cir-
. _ ) . cuitry, to refresh and provide timing control sigrals.
The following will discuss the design of the three . )
major areas contained in the CPU Module. This design is The 8080 requires two (2} §uch Clacks. Theu’_ wave-
presented as an alternative to the intei® 8224 Clock Gener- ff)"_"s must be ncn-ovgljlap;_:rlng, and comply with the
atar and Intel 8228 System Controller. By studying the timing and levels specified in the 8080 A.C. and D C.
alternative approach, the designer can mare clearly see the Characteristics, page 5-15.
censiderations involved in the specification and engineering .
of the B224 and 8228. Standard TTL components and Intel Clack Generator Design
general purpose peripheral devices are used toc impiement The Clack Generator consists of a crystal controlled,
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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
3-5 and cloecking it with the 20 MHZ signal, a simpte
decoding of the counters outputs using standard TTL
gates, provides proper timing for the two (2) B0BD
clock inputs,

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

High Level Driver Dasign

The voltage level of the clocks for the 8080 is not
TTL compatible like the other signals that input to
the BOBO. The voltage swing is from .6 volts Vit
to 11 volts (Vo) with risetimes and falltimes under
50 ns. The Capacitive Drive is 20 pf {max.}. Thus, 2
High Lewet Oriver is required to interface the outputs
of the Clock Generator (TTL} to the BQ80.

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 5-16. A driver
of this type usually has little problem supplying the
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posttive transition when biased from the 8080 Vgp
supply {12V) but to achieve the low voltage specifi-
cation {Vy ¢! .8 volts Max. the driver is biased to the
8080 Vpg supply -8V} This allows the driver to
swing from GND to Vppg with the aid of a simple
resistor divider.,

A low resistance series network is added between the
driver and the 8080 to eliminate any overshoot of the
pulsed waveforms. Now a circuit is apparent that can
easily comply with the BOBD specifications. In fact
rise and falltimes of this designh are typically less than

10 ns.
12y
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Figure 3-4. High Level Driver



Auxiliary Timing Signals and Functions 3. Bi-Diractional Bus Driver and System Control Logic
The Clock Generator can also be used to provide The system Memory and 1/Q devices communicate
other signals that the designer can use to simplify with the CPU over the bi-directional Data Bus. The
large systern timing or the interface 1o dynamic system Control Bus is used to gate data on and off
memaories, the Data Bus within the proper timing sequences as
Functions such as power-on reset, synchronization of @ctated by the operation of the 8080 CPU. T,he data
external requests (HOLD, READY, etc) and single lings of the 80B0 CPU, Memory and 1/0 devices are
step, could easily be added to the Clock Generator 1o 3-“3‘?_'" nature, that I.s' thelrloquut arivers hava
further enhance its capabilities the ability to be forced into a high-impedance mode
’ and are, effectively, removed from the circuit. This 3~
For instance, the 20 MHZ signal from the oscillator state bus technigue allows the designer to construct a
can be buffered so that it could provide the basis for system around a single, eight (8} bit paraliel, bi-direc-
communication baud rate generation. tional Data Bus and simply gate the information on
The Clock Generator diagram alse 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 i/Q devices with signais from the Con-
te use in clocking “D* type tlipflops o synchronize trol Bus.
external requests. It can aiso be used to ganarate a A R . ,
Bi-Diregtional Data Bus Driver [
strobe [STSTB) that is the latching signal for the sta- wPirectiona’ Data Bu eHan .
tus information which is available on the Data Bus at The 8080 Data Bus {D7-DO) 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,
{91A} will do the job. See Figure 3-3. 2. Output Drive Capability (lay) 1.7 mA maximum,
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The input level specification imphes that any semi-
conguctor memory ar 1/O device connected to the
BOBO Data Bus must be abie to provide a minimum of
3.3 volts in its high stata. Most semiconductor mem-
ories and standard TTL 1/0 devices have an output
capability of berween 2.0 ang 2.8 volts, obviously a
direct connection unto 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 /0 components,

The BOBOA output drive capability (lgp ! 1.9mA max.
is sufficient for smail systemns where Memory size and
1¥Q 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 BOBO CPU and thus a
more typical system would reguire soma form of buf-
fering on the BO8Q Data Bus 10 support a larger array
of Memory and 1/Q devices which are likely to be on
separate boards,

A device specifically designed to do this buffering
function is the INTEL® 8216, 2 (4} four bit bi-direc-
tional bus driver whose input voltage levekis compat-
ible with standara TTL dewices and semiconductar
mamory components, and has output drive capahility
of 50 mA. At the BOBD 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 mVY noise margin,

A pair of B216's are connectsa directly to the 808D
Data Bus (B7-D0} as shown in figure 3-5. Note that
the DBIN signal from the 8080 is connected to the
direction control input {DIENI s0 the carrect flow of
data on the bus is maintained. The chip select (C5) of
the B216 is connected to BUS ENABLE (BUSEN) to
allow for DMA activities by deselecting the Data Bus
Buffer and forcing the outpurs of the 8216’s into
their high impeaance (3-state] mode. This allows
other devices 1o 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 1o the bus (Mamory or /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 BOBD issues Stetus 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 (B} bit latch, like an
INTEL® 8212, connected directly to the BOBD Data
Bus (D7-D0) as shown in figure 3-5 will store the
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Status information. The signai that loads the data
into the Status Latch comes from the Clock Gener-
ator, it is Status Strobe {STSTB) and occurs at the
start of each Machine Cycle,

Note that the Status Latch is connected onto the
B80S0 Data Bus [D7-D0) before the Bus Butfer. This is
to maintain the integrity of the Data Bus and simplify
Cantral Bus timing inDMA dependent environments.

As shown in the diagram, a simple gating of the out-
puts of the Status Latch with the DBIN and WH
signals from the 8080 generate the {4) faur Control
signals that make up the basic Control Bus,

These four signals: 1. Memory Aead (MEM R}
2. Memory Write (MEM W}
3.1/0 Read {70 R)
4. 1/0 Write (7O W)

connect directly 1o the MCSI-"-BO component family”
of ROMs, RAMs and 1/Q devices.

A fifth signal, Interrupt Acknowledge {ml is
added tc the Control Bus by gating data off the
Status Latch with the DBIN signal from the BOBOD
CPU. This signal is used to enable the Interrupt
Instruction Port which holas the BST instruction
onto the Data Bus,

COther signais that are part of the Control Bus such as
%, Stack and M1 are present to aid in the testing of
the System and also to simplify interfacing the CPU
1o dynamic memaories or very large systems that re-
quire several levels of bus buifering.

Address Buffer Design

The Address Bus |A15-A0} of the 8080, like the Data
Bus, is sufficient to support a small system that has a
moderate size Memory ang /0 structure, confined to
a single card. To expand the size of the system that
the Address Bus can support a simple buffer can be
added, as shown in figure 3-6. The INTE(® 8212 or
B216 is an excellent device for this function. They
provide low input loading {.25 mA], high output
drive and insert a minimal delay in the System
Timing.

MNote that BUS ENABLE (BUSEN) is connected to
the buffers s¢ that they are forced into their high-
impedance {3-state) mode during DMA activities so
that other devices can gain access to the Address Bus.



INTERFACING THE 8080 CPU TO MEMORY
AND 1/0 DEVICES

The 80BO interfaces with standard semiconductor
Memory companents and 1/0 devices. {n the previous text
the proper control signals and buffering were developed
which will produce a simple bus system similar to the basic
system example shown at the beginning of this chapter.

tin Figure 3-6 a simple, but exact 8080 typical system
is shown that can be used as a guide for any 8080 system,
regardless of size or complexity. It is a “three bus™ archi-
tecture, using the signals developed in the CPU module.

Note that Memory and (/O devices interface in the
same manner and that therr isolation is anly a function of
the definition of the Read-Write signals on the Cantrol Bus.
This allows the 8080 system to be configured so that Mem-
ory and (/O are treated as a single array {memary mapped
1/0} for small systems that require high thruput and have
less than 32K memory size. This approach will be brought
cut later in the chapter,

ROM INTERFACE

A ROM 15 a device that stores data in the form of
Program or other information such as “lock-up tables” and
is only read from, thus the term Read Only Memory. This
type of memory is generally non-volatile, meaning that
when the power is removed the information is retaired.

This feature eliminates the need for extra equipment ke
tape readers and disks to load programs inmitially, an im-
poriant aspect in smatl system design.

Interfacing standard ROMs, such as the devices shown
in the diagram is simple and direct. The output Data lings
are connected to the bi-directional Data Bus, the Address
inputs tie to the Address bus with possible decoding of the
most significant bits as “chip selects” and the MEMR signal
from the Cantrol Bus connected to a “chip select” or data
butfer. Basically, the CPU issues an address during the first
portion of an instruction or data fetch {T1 & T2). This
valug on the Address Bus selects a specific focation within
the ROM, then depending on the AOM's delay {access tme)
the dsta stored at the addresced location s present at the
Data output lines. At this time (T3} the CPU Data Bus is
in the “input Mode" and the control logic issugs a Memory
Read command [MEMR] that gates the addressed data on
1o the Data Bus.

RAM INTERFACE

A RAM is a device that stores data. This data can be
program, active "look-up tables,” temporary values or ex-
ternat stacks. The difference between RAM and ROM is
that dats can be written into such devices and are in
essence, Read/Write storage elements. RAMs do not hold
their data when power is removed so in the case where Pra-
gram or “look-up tables” data is stored a method to load
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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 par-
tion of the Memory Write cyele {T1 & T2) in T3 when the
data that is ta 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 BK bytes
{8 bits/byte) of ROM storage, using four Intel”8216As
ang 512 bytes of RAM storage, using Inted 8111 static
RAMs. The basic interface to the bus structure detailed
here is commaon to almost any size memory, The only ad-
dition that might have to be made for larger systems is
maore buffers (8216/8212} and decoders (8205) for gener-
ating “chip salects,’”

The memories chosen for this example have an access
time of BB0 nS {max} to illustrate that siower, ecanomical
devices can be easily interfaced to the BOSO wath little ef-
fect on perfarmance. When the B030 {5 operated from a
clock generator with a tCY of 500 nS the required memory
access time is Approx, 450-550 nS. See detailed timing
specification Pg. 5-16. Using memory devices of this speed
such as InteleSOB, 81024, 81074, etc. the READY input
to the 8080 CPU can remain "high” hecause no “‘wait’
states are required. Note that the bus interface 10 memory
shown in Figure 3-7 remains the same. However, if slower
memories are to be used, such as the devices ilustrated
{8316A. 8111} that have access times slower than the min-
imum requirement a simple logic contro! of the READY
input to the 8080 CPU wili insert an extra “wait state’” that
is egual to cne or more clock periods as an access time
“adjustrment” delay to compensate, The effect of the extra
“wait'" state is naturally a slower execution time for the
instruction. A single “wait” changes the basic instruction
cycle to 2.5 micraSeconds.

8K + 512 gK

1}
RAM ROM
MEMORY MAP
ROM
=a
RAM =3 1 ]
1 ] =2 ]
=1
211t B 83164 £33
csa
RW 0D /014 AG-AT RW QD 1014 AQAT [ 01-08 AD-A10 |
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Figure 3-7. Typical Memory Intarface
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{/O INTERFACE
Ganeral 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 keyhoards,
paper tape, floppy disks, printers, displays and other control
structures are used to irput information inte the BOSO 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 flexibitity and power
of its 1/Q structure and the components that support it. There
are many ways to structure the i/Q array so that it will “fit”
the total system environment to maximize efficiency and
minimize component count.

The hasic operation of the /O structure can best be
viewed as an array of single byte memory locations that can
be Aead from or Written into. The BO80 CPU has special in-
structions devoted to managing such transfers (IN, OUT).
These instructions generally isolate memory and L/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™. Ap-
other method of I/O architecture is to treat the 1/O structure
as part of the Memory array. This is generally referred to as
“Memory Mapped (/0" and provides the designer with a
powerful new “instruction set” devoted to 1/0 manipulation,

SOLATED ! &

q G5K

1

MEMORY :
I ' '
|6 256 :
! 1
: 10 1
| i
| i
e i -
| 0 12K B5K |
|
: MEMORAY [Be]
|
|

EMORY MARPED 1 O

Figure 3-8. Memory/t/0 Mapping.

Isolated 1/0

In Figure 3-9 the system control signals, previously de-
tailed in this chapter, are shown. This type of 1/O architecture
separates the memory address space from the 1/0 address
space and uses a conceptually simple transfer to or from Ac-
cumulater technigue. Such an architecture is easy to under-
stand because 1/Q communicates only with the Accumulator
using the [N or QUT instructions. Also because of the isola-
tion of memory and 1/0, the full address space {65K] is un-
effected by 1/0 addressing,
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Mamory Mapped 1/0

By assigning an arez of memory address space as /0 a
powerful architecture can be developed that can manipulate
IfQ using the same instructions that are used to manipuiate
memory locations, Thus, a "“new’ instruction set is created
that is devoted to |/O handling.

Asg shown in Figure 3-10, new control signals are gene-
rated by gating the MEMR and MEMW signals with Aqg, the
maost significant address bit. The new |/Q control signals con-
nect in exactly the same manner as isolated /0, thus the
system bus characteristics are unchanged.

By assigning A1g as the 1/0 "flag”, a simple method of
1/0 discipline is maintained:

If Aqg is a “zero’ then Memory is active.
I1f A 15 is a “one” then {/O is active.

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

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

Examples:

MOV, M {Input Port to any Register)
MOV M, r {Output any Register to Port)
MVI M {Output immediate data to Part}
toAa {Input to ACC)

STA {Output from ACC to Part)
LHLD {15 Bit input}

SHLD 116 Bit Qutput]

ADD M {Add Port ta ACC)

ANA M {"AND" Port with ACC)

it is easy to see that from the list of possible “new”
instructions that this type of 1/Q architecture could have a
drastic effect on increased system throughput, it is concep-
twally more difficult to understand than Isolated 1/0 and it
does limit memory address space, but Memory Mapped /0
can mean a significant increase in overall speed and at the’
same time reducing required program memaory area.
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Figure 3-10. Memory Mapped 1/0.

1/0 Addressing

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

Another method is called “linear select”. in this methed,
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 smalk system design,

A simple example illustrates the power of such a flexi-
ble 1/0 structure. The first examptle illustrates the format of
the second byte of the IN or QUT instruction using the lso-
lated i/Q technique. The devices used are Intel®8285 Pro-
grammable Peripheral Interface units and are lingar 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

CLrlel e T]

| L

l !

DEVICE SELECTS

ADDAESSES — B ~ 8255+
B PORATS — 144 BITS|

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

The second example uses Memory Mapped i/Q 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 bytes of the LDA or STA in-
structions or any other instructions used to manipulate /0
using the Memory Mapped technigue.

It is easy to see that such a flexible /0 structure, that
can be “tailored” to the overall system environment, provides
the designer with a powerfu! tool to optimize efficiency and
minimize component count.

EXAMPLE #2

{“7|Ni"‘! M “:ll*‘:'“\é“ﬁ‘

b | [I ]_L}non‘rsuec:'rs
. ! !

DEVICE SELECTS

T
|"“\n|"u|“|3 “1:!‘“11]"10' %]Aﬂ

T L

H L—— DEVICE SELECTS

‘ . N —

i
il

| =10
O r MEMORY

10 FLAG

ADDRESSES - 13 - 8256
{39 PORTS - 332 BITS)

Figure 3-12. Memary Mapped 1/0 — (Lingar Select (8255)

I/O Interface Example

In Figure 3-16 a typical {/0 system is shown that uses a
variety of devices (8212, 8251 and 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 process controller to interface
sensors, relays, and motor controls. The limitation of the ap-
plication area for such a circuit is solely that of the designers
fnagination.

The /O structure shown interfaces to the 8080 CPU
using the bus architecture developed previously in this chap-
ter. Either lsalated or Memory Mapped technigues can be
used, depending on the system |/0 environment,

The 8251 provides a serial data communication inter-
face so that the system can transmit and receive data over
communicatian links such as telephone lines,
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L 0~ DATA

€10 CONTROL 1 - COMMAND
BZ51 SELECT
(ACTIVE LOW!

Figure 3-13. 8257 Format.

The two (2} 8255s provide twenty four bits each of
programmable 1/0 data and control so that keyboards, sen-

sors, paper tape, etc., can be interfaced to the system.

The three 82125 can be used to drive long lines or LED
indicators due to their high drive capability. { 15mA]}

XY
L

8212 =1 SELECT
{ACTIVE HIGH]
212 * SELECT
TACTIVE HIGH]

8212 =3 SELECT
1ACTIVE HIGH!

(CETTEEE
}

0 — PORT A
01 —POATH
10 -PORT C
11 — COMMAND

PORT SELECT

9255 =1 SELECT

Figure 3-15. 8212 Format.

Addressing the structure is described in the formats il-
lustrated in Figures 3-13, 3-14, 3-15. Linear Select is used s¢
that no decoders are required thus, each device has an ex-
clusive “enahle bit"”.

L

[ (ACTIVE LOW! The example shows how a powerful yet flexible 1/Q
1’:&1@&%’ structure can be created using a minimum cemponent count
with devices that are all members of the 8080 Microcomputer
System.
Figure 3-14. 8255 Format,
SERIAL DATA
COMMUMICATICON @ @ {E @ ‘/E ﬁ
T l <. ” z
=2 =1
B251 E255 B7ES
AD #A Dy ¢E o AD WR OyDy €8 Ay Ay Ab WA 2Dy 5 Ay A4
I."g"HT T”ﬂ @ Ta, a, qu Tu_i- @ TAR A |2y Tm @ TA,IAD A
: CATA B0S I |
[

T
r
1
I

CONTROL 8US

|
i

|
|

ADDAESS BUS

!
L

[7 ! . T

J U A, f Pl IRRE
4 Z Z

24 7] D51 DE2 D51 D52
az12 a1y e212
#3 42 Eal

MO MD MD

! i |
Voo Vee ! Vee

Figure 3-16. Typical 1/O Interface.
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A computer, no matter how sophisticated, can only
do what it is “tald” to do. Ore “‘tells” the computer what
to do via a senes of coded instructions referred to as a Pro-
gram. The realm of the programmar s referred to as Saft-
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 Pracessing Unit (CPUL with the ability 1o per-
form a particular set of operations. The CPL is designed
such that a specific operation is performed when the CPU
control logic decodes a particular instruction, Canseguently,
the operations that can be performed by a CPL define the
computer’s Instruction Set.

Each computer instruction allows the programmer 1o
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 te.g., OR the con-
tents of two registers) and register gperate nstructions {e.g.,
increment a register) are included in the instruction set. A
computer’s instruction set will also have instructions that
mave data between registers, between a register and memory,
and between a register and an 1/0 device. Most instruction
sets also provide Conditignal Instructions. A& conditional
instruction specifies an operation to be performed only if
certain conditions have been met; for example, jump to 2
particular instruction if the result of the last operation was
zero. Conditional instructions provide a program with a
decision-mak ing capability.

By logicalty organizing 2 sequence of instructions into
a coherent program, the pregrammer can “‘tell” the com-
puter ta 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 s and 0'si, that is called Machine Code Because it
would be extremely cumbersome to program in machine
code, programming languages have been developed. There
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are programs available which convert the programming lan-
guage instructions into machine code that can be inter-
preted by the processor.

Cne type of programming language is Assembly Lan-
guage, A unigue assemnbly language mnemanic is assigned to
each of the computer’'s instructions, The programmer can
write @ program l{calied the Source Program} using these
mremonics and certain operands; the source program s
then converted into machine instructions (called the Object
Code]. Each assembly |anguage instruction is converted into
one machine code instruction (1 or mere bytes) by an
Assembler program. Assembly languages are usually ma-
chune dependent {i.e,, they are usualiy able to run on only
one type of computer).

THE 8080 INSTRUCTION SET

The BOBO instruction set includes five different types
of instructions:

« Data Transfer Group—move data between registers
or between memory and registers

« 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
ar in memory

« Branch Group — conditional and unconditional
jump instructions, subroutine call instructions and
return instructions

« Stack, 1/D and Machine Control Group — includes
1/ instructions, as well as instructiens for main-
taining the stack and internal control flags,

Instruction and Data Formats:

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



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) elernents (read/
write memaory!.

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

T I
[»F Der05|D4|D3|D2rD1 Do
MS8 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 (ntel 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
(MS8).

The BOBO program instructions may be one, two or
three bytes in length. Muitiple byte instructions must be
stored in successive memory |ocations; the address of the
first byte is always used as the address of the instructions.
The exact instruction format wili depend on the particular
operation to be executed.

Single Byte {nstructions

|
lD;l b [ I [DglOpCode
Two-Byte Instructions
Byte One ’ D;I ] ! f f ! ! DQ‘OD Code
| | | | 1 [ [ Dat
Byte Two | Dy Dp | Wata or
Address
Three-Byte Instructions
Byte One |i? I ! ! ! J ! ! Dy l Op Code
Byte Two ‘ D?I { ! ! ! ! I Do‘ Data
or
Byte Three [ D+ I Dg—l Address

Addressing Modes:

Often the datz 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 gdifferent modes for
addressing data stored in memory of in registers:

® Direct —Bytes 2 and 3 of the instruction contain
the exact memory address of the data
itemn {the low-order bits of the address are
in byte 2, the high-order bits in byte J).

® 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 memaory

4.2

address where the data is located (the
high-order bits of the address are in the
first register of the pair, the low-order
hits in the secand}.

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

Unless directed by an interrupt or branch instruction,
the execution of instructions proceeds through consecu-
tively increasing rmemory locations. A branch instruction
can specify the aodress of the next instruction to be exe-
cuted in one of Two ways:

® Direct — The branch instruction contains the ad-
dress of the next instruction to be exe-
cuted. {Except for the '‘RST’ instruction,
byte 2 contains the low-order address and
byte 3 the high-order address.)

indirect — The hranch instruction indi-
cates a register-pair which contains the
gddress of the next instruction to be exe-
cuted. (The high-order bits of the address
are in the first register of the pair, the
low-arder bits in the second.]

& Register

The RST instruction is a special one-byte call instruc-
tion {usually used during interrupt sequences). RST in-
cludes a three-bit field; program control is transferred to
the nstruction whose address is eight times the contents
af this three-bit field,

Condition Flags:

There are tive condition flags associated with the exe-
cution of instructions on the BOBO. They are Zero, Sign,
Parity, Carry, and Auxiliary Carry, and are esch represented
by & 1-bit register i the CPU. A flag is “'set’’ by forcing the
bit 10 1; “reset” by forcing the bit to Q.

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

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

FESEL.

Sign: If the most significant bit of the result of
the operation has the vaiue 1, this flag is

set; otherwise it is reset.

If tha madulo 2 sum of the hits of the re-
sult of the operation is 0, {i.e., if the
result has even parity), this flag is set;
otherwise it is reset {i.e., if the result has
odd parity).

Parity:

Carry: If the instruction resulted in a carry
(from addition), or a borrow (from sub-
traction or a comparison) aut of the high-
order bit, this ftag is set; otherwise it is

rasat,



Auxiliary Carry: If the instructian caused a carry cut
of bit 3 and into bit 4 of the resulting
value, the auxiliary carry is set; otherwise
it is reset. This fiag is affected by single
pracision additions, subtractions, incre-
ments, decrements, comparisons, and log-
ital operations, put is principally used
with additions and increments preceding
a DAA (Decimal Adjust Accumuiator)
instruction,

Symbols and Abhreviations:
The following symbols and abbreviations are used in
the subsequent descniption 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/ device
relr2 One of the registers A B C.DEH L
DDD,S8S The bit pattern designating cne of the regis-
ters A,B,.C.D.EH L {(DDD=dastination, 555=
source):
DDO or §55§ REGISTER NAME
1 A
000 B
am c
010 bl
a1 E
160 H
101 L
p One of the register pairs:

B represents the 8,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,0,H 5P
RP REGISTER PAIR
00 B-C
9] D-E
10 H-L
1 SP

a3

rh

rl

PC

SP

m

Tha first (high-order) register of a designated
register pair,

The second (low-order} 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 respectively].

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

Bit m of the register r (bits are number 7
thraugh O from left to right].

Z 5P CY AC The condition flags:

3|¢*i+<{>1

NN

Zero,

Sign,

Parity,

Carry,

and Auxiliary Carry, respectively.

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

13 transferred to”

Logical AND

Exciusive OR

Inclusive OR

Addition

Twa's complement subtraction
Multiplication

"{s exchanged with"”

The one's complement (e.g., (A}}
The restart number O through 7

The binary representation $00 through 111
for restart number 0 through 7 respectively.

Description Format:

The following pages provide a detailed description of
the instruction set of the BOBD, Each instruction is de-
scribad in the following manner:

1.

The MAC 80 assembler format, consisting of
the instruction mnemeonic and operand fields, is
printad in BOLDFACE on the left side of the first
lina,

. The name of the instruction is enclosed in paren-

thesis on the right side of the first line.

. The next line{s) contain a symbelic description

of the operation of the instruction.

. This is followed by a narative description of the

gperation of the instruction.

. The following line{s}) contain the binary fields and

patterns that comprise the machine instruction.



&, 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, If the instruc-
tian has two possible execution times, as in a
Conditional Jump, beth times will be listed, sep-
arated by a slash. Next, any significant data ag-
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, 12
{r1} =— (r2}

{Move Register)

The content of register r2 is moved 10 register r].

Cycles: 1
States: 5
Addressing:  register

Flags: none

MOV r, M
{rh =— ({H] {L}}

{Move from memory)

The content of the memory |ocation, whose address
i5 in registers H and L, is moved to register r.

10'1!0‘0[0 1y g

Cycies: 2
States: 7
Addressing:  req.indirect
Flags: none

MOV M, r
{TH} (L)) =— (r)

The content of register r is moved to the memory lo-

{Move to memory)

cation whose address is in registers H and L.

uI1ITI1I

o ls' s 5|

MWV r, data
{r} —=-— {hyte 2}

{Move Immediate)

The content of byte 2 of the instruction is moved to

reqgister r,

OJUJle

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

MVI M, data {Move to memory immediate)
{{H {L}} =— {byte 2}
The content of byte 2 of the instructian is moved to
the memory location whose address is in registers H

and L.
DIG|1[1]0]1|1JG
data
Cycles: 3
States: 10
Addressing:  immed ./reg. indirect

Flags: none

LX!t rp, data 16 {Load register pair immediate)
{rh) =— {byte 3},
frl} =+— ibyte 2}
Byte 3 of the instruction is maved into the high-order
register (rh) of the register pair rp. Byte 2 of the in-
struction is moved into the low-crder register {rl) of
the register pair rp.

010 FIIP D[O

low-order data

high-order data

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

44

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



LOA addr

{Load Accumulator direct)

{Al =— ({byte 3iibyte 21)

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

SHLD addr

IStore H and L direct}

({byte 3)(byte 21} =— {L)

{(byte 3)ibyte 2) + 1) =— (H]

The content of register L is moved to the memory lo-
cation whose address is specified in byte 2 and byte
3. The content of register H is moved to the succeed-
ing memaory location.

0'0[11—0]010[1]0
{ow-order addr
high-order addr
Cycles: B
States: 16

Addressing:  direct
Flags: none
LOAX rp {Load accumulator indirect)
(A} =— {irp]}

o To 1 T3 Ty gty Ty

|ow-order addr
high-order addr
Cycles: 4
States: 13

Addressing:  direct
Flags: nane

STA sddr (Store Accumulater direct)

[{byte 3){byte 2]] -+~— (Al
The content of the accurulator is moved to the
memory location whose address i5 specified in byte

The content of the memory location, whaose address
is in the register pair rp, is moved to register A, Note:
only register pairs rp=8 (registers B and C) or rp=D
(registers [ and E) may be specified.

2 and byte 3 of the instruction.

o oIy Ty

|ow-order addr

high-order addr

[OIOIRIF‘?IOl‘][O
Cyecles: 2
States: 7
Addressing:  reg, indirect
Flags: none
STAX rp {Store accumulator indirect)

{irp}} ~— (A}

LHLD addr

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

{Load H and L direct)

{L) «+— {{byte J}{byte 2]}

{H} -— ({byte 3)(byts 2} + 1}

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

i 1 I i |

0011101010

fow-order addr

high-order addr

Cycles: 6

The gontent of register A is mowved to the memory |o-
cation whose address is in the register pair rp, Note:
only register pairs rp=8 (registers B and C) or rp=D
{registers D and E) may tie specified,

ololalrlolal1To
Cycles: 2
States: 7
Addressing:  req. indirect
Flags: nane

XCHG {Exchange H and L with D and E}
{H} =—= (D}
(L} =—={E)
The contents of registers H and L are exchanged with
the cantents of registers @ and E.

! |

Iy

States:
Addressing:
Flags:

16
direct
none

1 1 0
Cycles: 1
States: 4
Addressing:  register
Flags: none



Arithmetic Group:

This grous of instructions performs arithmetic oper-
ations on data :n 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

comptement arithmetic and set the carry flag to one to in-
dicate a borrow and clear it ta indicate no borrow,

ADDr {Add Register)
{A} =— 1A} + (1)
The content of register r is added to the content of the
accumulator. The result is placed in the accumulator,

[ I

o |

ADC r (Add Register with carry)
{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.

1ol oo
Cycles: 1
States: 4
Addressing:  register
Flags: Z2.5PCY.AC
ADC M {Add memory with carry)

{A) =— {A}+ {{H) {L}} + (CY)

The content of the memory lacation whose address is
containgd in the H and L registers and the content of
the CY flag are added to the accumulator, The result
15 placed in the accumuliator.

1 0 a 0 s sl ]
Cycles: 1 )
States: 4
Addressing:  register
Flags: Z5SP,CY AC

ADDM IAdd memory)
(A} w— iA;+ ((H) (L))
The content of the memary location whose address
is contained in the H and L registers is added to the
cantent of the accumulator, The result is placed in

[ 1 ToTo
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,5P.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

the accumulator,

of the accumulator.
accumulataor,

The result

is placeg in the

170 ol ol o 7 T ¢ o—l
Cycles: 2
States: 7
Addressing.  reg. indirect
Flags: Z.SPCY.AC
ADI data {Add imrmediate)

{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 w1 the accumulatar,

1[T[OIO|1iTi1|0
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: 2Z,8P,CY.AC
suBr {Subtract Register)

(A -— (A} = {r)

The content of register r is subtracted from the con-
tent of the accumnulator., The result is placed in the
accumulator.

l1'u'o‘1‘o s ' ' g

AT o T T T T T,
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: ZSP.CY,AC

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



SUB M

[Subtract memory)

LAl -— (A} —{[H} L}

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

1 ToToly oty byly
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,5P.CYAC
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 aecumulator.

1y T To Ty T T hy Ty
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: 25PCYAC

SBBr

{Subtract Register with borrow!
LA} =— (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.

SBI data {Subtract immediate with borrow)
1A} =— [A} —lbyte 21 — {CY]
The contents of the second byte of the instruction
and the contents of the CY flag are beth subtracted
from the accumulatar, The result is placed in the
accumuiator,

(T T T Ty Ty tyty
data
Cycles: 2
States: 7
Addressing.  immediate
Flags: Z.5P.CY.AC
INR r {Ingrement Register)

{r] —=— {r) +1
The content of register r is incremented by one,
Note: All condition flags excapt CY are affected.

ololo ool 1Ta'o0|
Cycles: 1
States: 5
Addressing:  register
Flags: Z.3PAC

INR M {ingrement mamory)
{{H) (LY - {{HY (L1} +1
The content of the memary location whose address
is containea in the H and L registers is incremented
by one. Mote: All condition flags except CY are

L1|O]01111 Sls[SJ
Cycles: 1
States: 4
Addressing.  register
Flags: 2Z5P,CY.AC

SBE M

{Subtract memaory with borrow)

{A) =— (A}l — [tH) (L)) — (CY)

affected.
|010l1l1lol1|
Cycles: 3
States: 10
Addressing:  req. indirect
Flags: Z.5PAC

DCRr

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-

ter. The result is placed in the accumulator.

DI o !

0'1|1|1!1I0J

Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z5P,CY AC

47

{Decrement Reqister|

{r) =— {1} =1

The content of register r is decremented by one.
Note: All condition flags except CY are affected.

]GIOIDED]D|110|1
Cycles: 1
States: B
Addressing:  register
Flags: 2Z.5PAC



DCR M {Decrement memary)
{(HE (Lt =— {IH} (L} =1
The content of the memory location whose address is
contained in the H and L registers is decremented by
ane, Note: All condition fiags except CY are affected,

0|0|1i1

o U1 Tg T

Cyclas: 3
States: 10
Addressing:  req. indirect
Flags: Z.S.PAC

INX rp
irh} (ri} -—

[Increment registar pair}
{rh) {ri} + 1

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

{o'o R ' p

0‘0'1'1—‘

Cycles: 1
States: &
Addressing:  register

Ffags: none

DCX rp

{Decrement register pair)
trh} {rth —— {rh} irl) — 1

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

|oiu]n]r’

1'0’1'1—|

Cycles: 1
States: &
Addressing:  register

Flags: mone

DAD rp

tAdd register pair to H and L)

{HI (L) =— (H){L} + {rh) (1}

The content of the register pair rp is added to the
content of the register pair H and L. The result is
placed un the register pair H and L. Note: Only the
CY flag is affected. It is set if there is a carry out of
the doutle precision add; otherwise it 1s resat,

DAA {Decimal Adjust Accumulator)
The eight-bit number in the accumulator 15 adjusted
to form two four-bit Binary-Coded-Decimal digits by

the following process:

1. If the value of the least signiticant 4 bits of the
accumulator is greater than @ or if the AC flag
is set, § 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,

NQTE: All flags are affected.

[olo i Tolol T T,

Cycles: 1
States: 4
Flags: Z,SPCY.AC

Logical Group:

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

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

ANA r {AND Register]
{A) - (A} Adlr)
The content of register.r is logically anded with the
content of the accurmulator, The resuit s placed in
the accitmuiator. The CY flag is cieared.

|1|0[T]UIOJSIS|S
Cycles: 1
States: 4
Addressing:  register
Flags: Z.5.P.CY AC

ANA M {AND memary)
(A} w— (A A{{H) (L)}
The contents of the memory |location whose address
is contained in the H and L registers is logically anded
with the content of the accumulator. The result is

ptaced in the accumulator. The CY flag is cleared.

LO[D[HIP‘1[OIOI11

|!|011'0]011r1|0

Cyclas: 3
States: 10
Addressing:  register

Flags: CY

4-8

Cytles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,5,PCY.AC



AN data tAND immediate)
IA) -— 1AM yte 2)
The content of the second byte of the instruction s
logicaiiy andea with the contents of the accumulator.
The result 15 placed i the accumulator. The CY and
AC flags are cleared.

T
1'111![)'0'1'1'0
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: Z,5P.CY AC
XRA ¢ {Exclusive DR Register)

(Al =— (Al (1

The content of regster v is exclusive-or'd with the
content of the accumulater. The rasuit is plaged .o
the accumulator. The CY and AC flags are cleared.

L1|0|1’0i1sis[s}
Cycles: 1
States: 4
Addressing:  register
Flags: Z.3P.CY.AC

XRA M iExclusive O Memory]
[A] -— (A&} 7 {HPIL]
The content of the memory location whose aodrass
is contained in the H and L registers is exclusive-GR d
with the content of the accumulator. The result s
placed 1n the accumulator. The €Y and AC flags are

cleared.
L1!e|1|0]111|1:0
Cycles: 2
States: 7
Addressing:  reg, incirect
Flags. Z2.5P.CY.AC
XA data [Exclusive OR immediatet

(A) =— (A} F {byte 2]

The content of the second byte of the instruction 5
exclustve-OR'd with the content of the accumulatar.
The result 1s placed in the accumulatar. The OY and
AL flags are cleared.

1[111]0]IIF|1]0
data
Cyclas: 2
States: 7
Addressing:  immediate
Flags: 2Z,5P.CY. AC

QRAr

43

[OR Register}

(A -— {A) Vi)

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

1 To Ty T4 1y s's*sJ
Cycles: 1
States: 4
Addressing:  reguster
Flags: ZS.P.CY.AC

ORA M [OR memary)

TAY = (&} V ({H) (L))

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

cleared.
‘IED|T|1]_0[111]OJ
Cyeles: 2
States: 7
Addressing:  reg.indirect
Flags: £.5PCY AC
ORI data [OR Immediate}
(A +— (A1 (byte 2}

The cantent at the second byte of the instruction is
inclugive OR'd with the content of the accumulator.
The result is placed in the accumulator. The CY and
AC flags are cleared.

dita

Cycles:
States:
Addressing:
Flags:

2

7

immediate
Z,5F.CY AL

CMPr {Compare Register}

(A — (r}

The content of register 1 is subtracted from the ac-
cumulator. The accurmulator remains unchanged, The
condition flags are set as a result of the subtraction.

The Z flagis set ta 1if {A} = {r}, The CY flag is sot to

Tif (A<D ().
1 ! 0 E 1 ! 1 ! 1 S f S ! 5
Cyeles: 1
States: 4
Addressing:  register
Flags: 2Z2.S5P.CY.AC



CMP M

{Compare memory|

{Ay = {{H} (LD

The content af the memory location whose address
is contained in the H and L registers is subtracted
from the accurnulator, The accumulater remains un-
changed, The condition flags are set as & rasult of tha
subtraction. The 2 flag is set to 1 if (A} = {H} {L]).
The CY flag is set to 1 if {A) < {{(H) {L}).

L11011f1'1]1'1TT]

CPl data

Cycles: 2
States: 7
Addressing:  reg. indirect

Flags: Z58PCY AC

(Compare immediate)

(Al — (byte 2)

The content of the second byta of the instruction is
subtracted from the accumulator. The condition flags
are set by the result of the subtraction. The Z flag is
sst 1o 1 if (A) = (byte 2), The CY flag is set to 1 if
(A} < {byte 2),

RLC

1o D T T T T,
data
Cycies: 2
States: 7
Addressing:  immediate

Flags: ZS.P.CY AC

{Rotate left)
{Ant1) e (An) ({Ag —=— (A}
CY) -— (Aq)
The content of the accurnulator is rotated left one
peosition, The low order bit and the CY flag are both
set to the value shifted out of the high order bit posi-
tion. Only the CY flag is affected,

0'0'0’0“}'1'1'11

Cycles: 1
States: 4
Flags: QY

{Rotate right)
(Ap) =— TAn.1)} . A7) -— (Ag)
[CY]) =— {Ag}
The content af the accumulator is rotated right ane
position, The high order bit and the CY flag are both
set to the value shifted out of the low order bit posi-
tion, Qnly the CY flag is affected.

F010[0I1I1F1I1
Cyeles: 1
States: 4
Flags: CY

{Rotate left through carry)

(Ane1l  +— (AL {CY} = (A7)

(Ag) =— (C¥}

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

o' oo T To Ty 77 1T,

Cycles: 1
States: 4
Flags: CY

{Rotate right through carry)
(AL *+— {aneq); (CY) = (Agl
tAq) =— 1Y)
The content of the accumulator is rotated right one
position through the CY flag. The high order bit is set
te the CY flag and the CY flag is set to the value
shifted out of the low order bit. Only the CY fiag is
affected.

0 0 0 1 1 1 1 1
Cycles: 1
States: 4
Flags: CY

{Comptement accumulater}
(A} = (A)
The contents of the accumuiator are complemented
(zero bits become 1, one bits become 0). No flags are
affacted.

{ 1] i 0 1 1 i o] 1 1 1 1
Cycies: 1
States: 4

Flags: none



cMC {Compiement carr /1
[CY] = (CY!
The CY flag s compiemented. No other flags are
affected.
D|0|1[1'1r1]1|1
Cycles: 1
States: 4
Flags: CY
STC [Set carry!
ICY)] =— 1

The C¥Y fiag 15 set to 1. No other flags are affected.

Cycles: 1
States: 4
Flags: C¥Y

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 brarch imstructions are uncondi-
tional and conditional, Wnconditional transfers simply per-
form the specifiea operation on register PG {the program
counter). Conditional transfers examine the status of ane 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 — notzerp(Z=0O 000
Z - zerolZ=1) oo
NC - nocarry [CY = (0 010
C —carry ICY =11 011
PO - pantyodd (F=0) 100
PE — parity even (P = 1} 101
P — plus(5=0) 110
M — minus (5= 1} 111
JMP addr {Jump)

{PC} =— {byte 3} (byte 2}
Control is transferred 1o the instruction whose ad-

411

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

instruction,
1|1|0]D|0[0|1]1

{ow-grder addr

high-grder addr

Cycles: 3

States: 10

Addressing:  immediate
Flags: none

Jeondition addr
If {CCC).
[PC) =— thyte 3) (byte 2}
If the épecified condition is true, control s trans-
ferred 1o the instruction whose address is specified in
tyte 3 and byte 2 of the current instruction; other-
wise, control continues sequentially.

{Conditional jump}

1 ! 1 C ! C ! c 0 ! 1 I 0

low-order addr
high-prder addr
Cycles: 3

States: 10

Addressing:  immediate
Flags:  none
CALL addr 1Cally

{1SP} — 1) -— {PCH}

{{SP} — 2) =— {PCL!}

{SF) =— (SP} -2

{PC} =~— (hyte 3} (hyte 2}

The high-grder might bits of the next instruction ad-
dress are moved to the memory location whaose
address is one less than the content of register SP.
The low-orger sight bits of the next instruction ad
dress are moved to the memory locatron whose
address is two less than the content of register SP.
The content of register SP is decremented by 2. Con-
trol is tramsferred to the instruction whose address is

specified in byte 3 and byte 2 of the current
instruction,
T 1 T To T T TgTy
low-ordar addr
high-order addr
Cycles: B
States: 17
Addressing:  immediate/reg. indirect
Flags: none



Ceondition addr {Condition call}
If ([CCCy,

[SP) — 1) =— (PCH)

(5P — 2} ~— (PCL)

{SP} «— (5PF) -2

[PC} =— ibyte 3) {byte 2
If the specified condition is true, the actions specitied
in the CALL mstruction {see above) are performed;
otherwise, control continues sequentially.

p oy clcle R
low-order addr
high-arder addr
Cycles: 35
States: 11117
Addressing: immediate/reg. indirect
Flags: none
RET iReturn}

{PCL] -— {{8P});
[PCHY =— ({SP] + 1);
(SP) ~— (5P} +2;

The vontent of the memary location whose address
is specified in register SP 15 moved to the lgw-arder
eight oits of register PC. The content of the memory
lacation whnose address 15 one more than the content
of register 5P is moved 1o the high-order ewgnt bits of
register PC, The content of register SP s ircrementer]

by 2.
1’1I0|0]1|0|ui1w
Cyctes: 3
States: 10
Addressing:  reg, indirect
Flags: none
Recondition {Conditional return)
1f ({CCC)
{PCLY =— {{SP})

{PCH) =— ISP + 1)

(SF) =— [5P) +2

I the specified condition is true, the actions soecified
in the RET instruction {see abowve} are performed;
otherwise, control continues seguentially.

Pl e T el o‘o'o]
Cyeles: 173
States:  5/11
Addressing:  reg, indirect
Flags: none

RSTn

{Restart)

{{SP} — 1} ~=— {PCH]}

{(SP}) — 2} =— (PCL)

{SP) =— [SP) ~ 2

{PC) =— 8~ {NNN)

The high-order eight bits of the next instruction ad-
dress are moved 1o the memory location whose
address is one tess than the content of register SP,
The low-grder eight bits of the next instruction ad-
dress are maoved to the memory location whose
address is two less than the content of register SP.
The content of register SP is decremented by two.
Contred s transferred 1o the instruction whose ad-
dress 1s eight times the content of NNN,

J 1 [ 1 | N ! N N 1 1 1
Cycles: 3
States: 11
Addressing:  reg. indirect
Flags: none

1514131211109 8 7 6 5 4 3 2 10

|olofojo[ojolofafa]o]N win]olo]0]

Program Counter After Restart

PCHL tJump H and L indirect — mave H and L 10 PC)
{PCH] ~— {H]
{PCLY =— L)

The content of register H is moveo to the high-arder
eight bits of register PC, The content of register L is
maved to the low-order eight hits of register PC,

1I1|OI1IU|DT1-‘

Cycles: 1
States: 5§
Addressing:  register

Flags: nane



Stack, 1/0, and Machine Control Group:

This group of instructions performs /0, manipulates
the Stack, and ziters internal control flags.

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

PUSH rp tPush)

18P} = 1} ~— [rhi}

{{SP} — 2} =— irl]

{SP} =— (SP) - 2

The cantent of the hugh-arder register of register pair
rpis moved to the memory location whose addrass is
ong less than the content of register SP. The contant
of the low-order register of ragister pair rp is moved
to the memory locauen whose address is two less
than the content of register 5P, The content of reg.
ister SP is decremented by 2. Note: Register pair
rp = SP may not be specified.

[1IIRJP D[1|G|1|

Cycles:- 3
States: 11
Addressing:  reg. ndirect
Flags: none

PUSH PSW 1Push processor status word)
{{SP} = 1] =— (A}
{{SP} —2)g =— (CY} ((SP} = 21 =— 1
{(SP} — 21 =— (P], [{BP1 — 2] =— O
(5P — 2lg =— (AC) [(SF) - 2ig =— O
{{SP) = 21 =— (2}, USSP — 217 =— (5

(5P} =— (5P} -2

The content of register A is moved to the memaory
location whose address is one less than register 5P,
The contents of the condition flags are assembied
into a8 processer status ward and the ward is moved
to the memory location whose address is two less
than the contert of register SP. The content of reg-
ister 5P is decremented by two,

Cycles: 23
States: 11
Acdressing:  reg. indirect
Flags: none

FLAG WORD

Dy [DFY I Dy D3 04 a2} Cg

e lolelo o[ To]

POP rp (Pop)

trl} =— {{5P}}

trhj —— {{SP} + 1}

{SP) =— (5Pt +2

The content of the memory location, whose address
is specified by the content of register 5P, is moved to
the low-order register of register pair rp, The content
of the memary location, whose address is one more
than the content of register SP, is moved to the high-
order register of register pair g, The content of reg-
ister SP is incremented by 2. Note: Register pair
rp = SP may not be specified.

[+ T Jrlefolo o’y
Cyeles: 2
States: 10

Addressing:  reg. indirect
Flags: none

POP PSW {Pop progessor status word)

{CY) ~— (iSPYg

{P) ~— ({SP))5

{AC) =— {{SP}}y

{2} =— {{5P)lg

{S} =— USPiy

{A} = (ISP} + 1)

(5P} —=— {5P) +2

The content of the memory location whose address
is specified by the content of register 3P is used to
restore the condition flags, The content of the mem-
ory location whose address 15 one more than the
content of register SP is moved to register A. The
content of register 3P is incremented by 2.

[1[1|1f1[0|0[0'1

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



XTHL 1Exchange stack top with H and L)

(L] -=—= {{SP}]

{HI == {{SP)+ M)

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

! I i j

E§ {Enable interrupts}

Tha interrupt system is enabled following the execu-
tion of the next instruction.

I T—[ 1 | 1 I i ! 1 ! 4] I 1 [ 1
Cycles: 1
States: 4

Flags: none

a1} [Disable interrupts)

The interrupt system is disabled immediately fol-
lowing the execution of the DI instruction,

[1‘1[1|1Io‘011[1j

1Pt T Ty T Ty Ty ]
Cycles: 5§
States: 18
Addressing:  reg. indirect
Flags: norne
SPHL {Mave HL to 5P}

{SP} ~— (H) (L)
The contents of registers H and L {16 bits} are moved
to register SP,

1[1I1T?]110|0|1—‘
Cycles: 1 L]
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 maved to register A,

T
111'0'1f110]1'1
port
Cycles: 3
States: 10
Addressing:  direct
Flags: none
QUT port {Output}

{data) =— (A}

The content of register A is placed on the eight hit
ti-directional data bus for transmission ta the spec-

Cycles: 1
States: 4
Flags: none

HLT [Halt}

The processor is stopped. The registers and flags are

unaffected.

Lo]1l1]1lo|1[1[0

Cycles: 1
Statas: 7
Flags: none

NOP {Ne op!

No operation is performed. The registers and flags

are unaffected.

Cyeles: 1
States: 4
Flags: none

ified port,
1y T Ty g T T T
port
Cycles: 3
States: 10
Addressing:  direct

Flags:

nane
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2. Two posuble cyecie times, [5411] indicate instiruehien cycles dependent an condaion Hags.
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CPU Group
8224 Clock Generatar
8228 System Controdler . .. ..., ... .. ... .. ...
B0B0OA Central Processor .. ... . v vnneeen..
8080A-1 Central Processor {1.3us|
BOBOA-2 Central Processor (1.Bus) ... ., ... v a..
MBDS0A Central Processor (55" to +125°C)

ROM;
8702A Erasable PROM {266 x8) . ................
8708/8704 Ergsable PROM 1K = 8}
8302 Mask ROM {256 x 8)
830BMask ROMIK x 8) .. ... ... ... ... .....
8318A Mask ROM (2K x B)

RAM:s

8101-2 Static RAM 256 x 4)
8111.2 Static RAM (266 x 4}
8102:2Statc RAM (YK x 10 . ... ... ... ... .. ....
8102A4 Static RAM{TK x 1) .. ... .. ... ... .. ...,
B1078-4 Dynamic RAM {4K x 1}

5101 Static CMOS RAM {256 x 4)
8210 Oynamic RAM Driver . . .. ., ... ... ... .....
8222 Dynamic RAM Refresh Controller

fiv]
B2128Bit1/OPort . ... ...
8265 Programmable Peripheral interface . ...........
8251 Programmable Communication Interface

Paripherals
82050ne of EightDecoder . ... ........ .. .o, ...
8214 Priority Interrupt Control Unit .. .. .. ... .....
8216/8226 4-Bit Bi-Directional Bus Driver

Coming Soon
8253 Programmable interval Timer . ... . ... ........
8257 Programmable DMA Controller . . ... ... . .. ...
8259 Programmahle Interrupt Controlier
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Schottky Bipolar 8224

CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

u Single Chip Clock Generator/Driver

for BOBOA CPU

® Power-Up Reset for CPU
B Ready Synchronizing Flip-Fiop
B Advanced Status Strobe

The B224 is a single chip clock generatar/driver for the B080A CPU, 1t is controlied by a crystal, selected by

® Oscillator Output for External

System Timing

® Crystal Control
Operation

led for Stable System

® Reduces System Package Count

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

Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready.
The B224 provides the designer with a significant reduction of packages used to generate clocks and timing

for BOB0A.

PIN CONFIGURATION

BLCCK DIAGRAM

XTAL! —

I,
OBCILLATOR osc >
[ xraz — L
ey
meser |1 el ] Ve 6> Tamx —d
ReSIN ]2 1w ] HTAL Y —D“e1 >
cLOCK
roviN |3 (L] IR L] GEN, D o B>
+
Reany " F4 13 Tank
- 8224 - 60 oA ol TTLIfE
svnc{_]s 12| Jjosc
ITTL +
2 o | S Ly E» synem—— T [T
steve[ |+ ] I
- = > AEPR _D_ o
ono[ ]9 s Yoo CHMITT
INPUT [’ RESEY [T
[E> novin o a READY [€2>
-IC_.
PIN NAMES
s AESET INPUT ATAL ) | CONNECTIONE
AESET | RESET QUTRUT NTALz |} FORCAYETAL
NOYIN | READY INPUT TANK USEO WITH OVERTONE KTAL
AEADY | READY OUTPUT ! osC CACILLATON QUTPUT
SYNC | SYNCINPUT L 42 0TTL g SL (TTL LEVEL]
1414 STATUS ITR " Nigg BV
IACTIVE LOW] T wp L v
* woso T T
o1 CLUCKE
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SCHOTTKY BIPOLAR 8224

FUNCTIONAL DESCRIPTION

General

The 8224 is a single chip Clock Generatar/Driver for the
B0B0A CPU. It contains a crystal-controlied oscillator, a
“divide by nine’’ counter, two high-level drivers and several
auxiliary logic functions,

Oscillator

The oscillator circuit derives its basic operating frequency
from an external, series resonant, fundamental made crystal,
Two inputs are provided for the crystal connections {(XTALT,
XTAL2Y.

The selection of the external crystal frequency depends
mainly on the speed at which the 8080A is to be run at.
Basically, the oscillator operates at 9 times the desired pro-
cessor speed.

A simple formula to guide the crystal selection is:

1 ,
Crystal Frequency = — times 9

oy
Exampie 1:  {500ns toyl)
2mHz times 9 = 18mHz"
Example Z:  [800ns toy)

1.25mHz times 9 = 11.25mHz

Another input to the oscillator is TANK, This input allows
the use overtone mode crystals. This type of crystal gen-
erally has much lower “gain’ than the fundamental type so
an external LT network is necessary to provide the additional
“gain' for proper oscillator gperation. The external LC net-
work is connected to the TANK input and is AC coupled to
ground. See Figure 4.

The formula for the LC network is:

£ = L
2m+/LC
The output of the oscillator is buffered and brought out

on O5C (pin 12} sa that other system timing signals can be
derived from this stable, crystal-controlied source.

*When ysing crystals above 10mHz a small amount of frequency

“trimming” may be necessary to produce the exact desired fre-
¢uency. Thae addition of a small selected capacitance {3pF - 10pF)
in series with the crystal will accomphish this functign,

Clock Generator

The Clack Generator consists of a synchronous 'divide by
nineg” counter and the associated decode gating to create the
waveforms of the two BOBOA clocks and auxiliary timing
signals.

5-2

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

The outputs of the clock generator are connected to two
high leve! drivers for direct interface to the 8080A CPU. A
TTL level phase 2 is also brought out ¢ {TTL} for external
timing purposes. |t is especially useful in DMA dependant
activities. This signal is used to gate the reguesting device on-
to the bus once the BO80A CPU issues the Hold Ack-
nowledgernent {HLDA).

Several ather signals are also generated internally so that
optimum timing of the auxiliary flip-flops and status strobe
{STSTBI is achieved,

. [ xtaus

OSCILLATCR ot [id»
> wurarz— L
B> rtank———

CLOCK

1
050

FRED .—1
s
1
1
: 1 I
1] 21 3¢+ al5s 1121
iy | : i |

EXAMPLE: (BOAD r,,. ~ 500ns
OSC = 1BinHz:550s
©q = 110n¢ 12 2 BSns)
w3 = 27505 (% a Bnal
wgeuq = 1100512 n BSna1

TLUNIT =

112
1
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SCHOTTKY BIPOLAR 8224

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
cycie. 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 B228 System Controller,

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

Power-On Raset and Ready Flip-Flops

A common function in 8080A Microcomputer systams 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 fts input levet reaches a
predetermined value. The output of the Schmitt Trigger is
connected to a ‘D" type flip-flop that is clocked with ¢20
{an internal timing signal). The flip-flop is synchronously
reset and an active high level that complies with the 80BGA
input spac is generated, For manual switch type system Re-
set circuits, an active low switch clasing can be connected
to the RESIN input in addition to the power-on RC net-
network.

53

The READY input to the BCBOA CPU has certain timing
specifications such as “set-up and hoid’’ thus, an external
synchronizing flip-flop is required. The 8224 has this feature
built-in. The RDYIN input prasents the asynchronous “wait
request” to the “D" type flip-flop. By clocking the flip-fiop
with ¢2D, & synchronized READY signal at the correct in-
put level, can be connected directly to the BOB0A.

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

! |
! |
I i
| |
| |
| |
|
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; |
= !
| b
| i
e - =
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[
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USED ONLY
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SCHOTTKY BIPOLAR 8224

D.C. Characteristics
Ta = 0°C to 70°C; Voe = +6.0V £5%; Vpp = +12V #5%.

Limits
Symbal Paramatar Min. Typ. Max. Units Tast Conditions
g Input Current Loading -.25 mA VE = .46V
= Input Leakage Current 10 A Vg = 5.25V
Ve Input Forward Clamp Voltage 1.0 A lg = -5mA
ViL Input “Low" Voitage .8 v Vee = 8.0V
ViH Input “"High"’ Voltage 2.6 v Reset Input
2.0 All Other inputs
Vin-ViL REDIN Input Hysteresis .25 my Vee = 5.0V
VoL Qutput "Low’ Voltage 45 v i$1.92), Ready, Reset, STS18
IOL =2.5mA
A5 W All Other Outputs
!OL = 15mA

VoH Qutput “High'" Voitage

- TR 9.4 v ton = -100pA

READY, RESET 3.6 v loy = -100pA

All Other Outputs 24 v lgH = -1mA
lgel 1! Output Short Circuit Current -10 -60 mA, Vg =0V

{All Low Voltage OQutputs Only} Ve = 5.0V
ice Power Supply Current 116 mA
Iop Fower Supply Current 12 mA

Note: 4, Caution, @ and @9 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: 7%-20 ahms
Pawer Dissipation {Min): 4mwW

*With tank circuit use drd overtone mode.
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SCHOTTKY BIPOLAR 8224

A.C. Characteristics
Vog = +5.0V £ 5%; Vpp = +12.0V £ 5%; Ts =0°Cto 70°C

Limits : Test
Symbal Parameter Min. Typ. Max. Units Conditions
1 & Pulse Width : Zt-gﬂ - 20ns
ty2 ¢ Pulse Width 5% - 38ns
o1 P9 to ¢ Delay ! 0 ns
| 2tey _
tnz $7 to ¢4 Delay ! 5 " 1dns : C = 20pF to 50pF
toz B9 to do Delay i ey Zicy , 20ns
| g 9
tR ¢ and ¢o Rise Time 20
te ¢1 and d7 Fall Time 20
pgz $3 to 3 (TTL) Delay 5 -5 +15 ns ¢2TTL,CL=30
R1=3008
R»=600£2
toss $2 to STSTEB Delay G‘T"" - 30ns 5‘%
thw STSTB Pulse Width EY q5ns STSTB, CL=15pF
9 Ry = 2K
: Ry = 4K
tDRS RDYIN Setup Time to BOns - 4tey
Status Strobe
. ROYIN Hold Time drey
PRH After STSTB 9
toR ROYIN or RESIN to . dtoy 25ns Rea‘dv & Reset
¢ Delay L} Ci=10pF
R1=2K
R2=4K
teLic CLK Period tgﬂ’
Maximum Oscillating
f 7 MHz
max Frequency 2
Cin Input Capacitance 8 iopF Voo=+5.0V
Vpp=+12V
Veias=2.5V
f=1MHz
Yoo
TEST
CIRCWT
Rl
NPUT
CL [

H
IGND GND
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SCHOTTKY BIPOLAR 8224

WAVEFORMS

]

QL

SYNG

IFROGM BOBIA; 1

|.._l,.,,--
! .

foag—e! -—

——— —tgag - —— - —

ROYIN GR AESIN *

AEADY QUT

RESET OUT

VOLTAGE MEASUREMENT POINTS: @4, g9 Logic "0 = 1.0V, Logic 1" = 8.0¥. Al othar signals messured at 1.5V

EXAMPLE:
A.C. Characteristics {For 1oy = 488.28 ns}
Ta = 0°C 10 70°C; Vpp = +58V t5%; Vgp = +12V 5%,
' " Limits
Symbol Parameter Min, Typ. Max. Units Tatt Conditiony
o1 ¢4 Pulse Width a9 ns toy=488.28ns
g2 2 Pulse Width 236 ns
to1 Delay ¢4 to ¢p o} 1ons
o2 Delay 65 0 9 95 1 ns $1 8 92 Loaded to
toa Detay ¢ to ¢ Leading Edges 108 129 ns Cu =20 to 50pF
1, Output Rise Time 20 ns
tt Cutput Fall Time 20__ ns
tpss ¢5 10 STSTB Delay 206 326 ns
o2 P2 to ¢ (TTL} Delay -5 +15 ns
tPw ..-Status Strobe Pulse wi:]i_r{; a0 T ns Ready & Reset Losded
tpRs RDYIN Setup Time to STSTRB -167 ns to 2mA/10pF
toRH RDYIN Hold Time after STSTB 17 ns Adl measurements
08 READY or RESET 192 ns "’T”""e" _‘f‘,’ 15V
o520 s e
fraax Gsciliator Frequency 18.432 MHz
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intel  schottky Bipolar 8228

SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

& Single Chip System Contrel for B User Selected Single Level Interrupt
MCS8-80 Systems Vector (RST 7)
W Built-in Bi-Directional Bus Driver ®m 28 Pin Dual In-Line Package

for Data Bus isolation

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

® Reduces System Package Count

The 8228 is a singie chip system controller and bus driver for MCS-BO. It generates all signals required to
directly interface MCS-BD family RAM, ROM, and 1/Q components.

A bi-directional bus driver is included to provide high system TTL fan-out. |t also provides isolation of the
8080 data bus from memory and I/0. This allows for the optimization of control signals, enabling the sys-

tems deisgner to use slower memory and |/O. The isolation of the bus driver also provides for enhanced
systermn noise immunity.

A user selected single level interrupt vector {RST 7) is provided to simplify real time, interrupt driven, small
system requirements. The 8228 aiso generates the correct control signals to allow the use of multiple byte
instructions {e.g., CALL) in response to an INTERRUPT ACKNOWLEDGE by the 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 reduce system package
count for cost effective, reltable, design of the MCS-80 systems.

PIN CONFIGURATION 8228 BLOCK DI'AGRAM
JE— vt -
£TETB 1 2 W, - Dy ——— ] =08,
[: 4 j 44 [ ] L+ — DB,
oreee [ I—"T")
FJ] E g '
Hoa 02 [ ] ow cFu D — == BIDIRELTIONAL |w=— DB
WA A pata = gl .1 T BusDAIVER «— DB, | SYSTEMDATA BuS
. | - N
wh[] 3 26 | ] femw BUS b - oe:
a 2% LOR t [ et — e e 1B
oein ] [ ioR o ] oy
oes (s 24 [ JmEMA = 1 T
oa & [ ]inTa ‘ ‘ | DRIVER CONTROL
oe7 [ 7 22 7] BuSEN i | I
§228 WEWR
or e n[Joe .
] sTATUS TEH
oe1[ ]9 1 []nee LATCH
e3[4 19 Jos | GATING Toh
ARRAY .
onz ] 1t 18 [Joss T hb—— W
T
oz [z v o
- ] CRIN BUSEN
ose ] 13 15 ] oer W
HLDA NTA
L i T 5[ Jod
PIN NAMES
TT00 . DATA BUS (8080 BIDET " “TRTA | INTERRUPT ACKNOWLEDGE
DAT-OBG | DATA AUS S¥YSTEM SVDE. WLDA __ HLOA (FROM 8080
V'OR |°Q READ ' Wi WR {FROM ADA0|
i 10 WRITE AUSEN | BLS ENABLE INPUT
MERR WMEMORY READ 1518 | STATUS STRORE {FROM 82241
WE WA WEMORY WRITE Nee BV
_mBIN DBIN [FROM 80801 = o VOLTS
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SCHOTTKY BIPOLAR 8228

FUNCTIONAL DESCRIPTION

General

The B228 is a single chip System Controller and Data Bus
driver for the BOBO Microcomputer System. !t 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-Cirectional Bus Driver

An eight bit, bi-directional bus driver is provided to buffer
the 8080 data bus from Memory and 1/0 devices. The 8D80DA
data bus has an input reguirement of 3.3 valts {min} and
can drive {sink} a maximum current of 1.9mA. The 8228
data bus driver assures that these input reguirements 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 /0 devices can be directly connected to the
hus.

The Bi-Directional Bus Driver is controlled by signals from
the Gating Array $0 that proper bus flow is maintained and
its cutputs can be forced intg their high impedance state
{3-state) for DMA activities,

Status Latch

At the beginning of zach machine cycle the BOBO 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 STSTS input
goes “low". The output of the Status Latch is connected to
the Gating Array and is part of the Centrol Signai generation.

Gating Array

The Gating Array generates control signais {MEM R, MEM W,
i/O R, (7OW and INTA) by gating the outputs of the Status
Latch with signais from the 8080 CPU (DBIN, WR, and
HLDA),

The “read” control signals {MEM R, 1/Q R and INTA} are
derived from the logical combination of the appropriate
Status Bit (or bitsl and the DBIN input from the 8080 CPU.

The “write”” control signals {MEM W, 1/0 W) are derived
from the ingical combination of the appropriate Status Bit
{or bits) and the WR input from the 8080 CPL.

All Control Signals are “active low" and directly interface
to MCS-80 family AAM, ROM and 1/0 components.

The iNTA contro signal is normally used to gate the “inter-
rupt instruction port” onto the bus. 11 also provides a
special feature in the 8228. |f only ane basic vector is need-
ed in the interrupt structure, such as in small systems, the
8228 can automatically insert a RST 7 instruction onto the
bus at the proper time. To use this option, simply connect
the TNTA output of the B228 {pin 23} to the +12 volt
supply through a series resistor (1K ohms). The voltage is
sensed internally by the 8228 and logic is “set-up” so that
when the CBIN input is active a RST 7 instruction is gated
on ta the bus when an interrupt is acknowledged, This
feature provides a singie interrupt vector with no additional
components, such as an interrupt instruction port.

When using CALL as an Interrupt instruction the 8228
will generats an INTA pulsa for each of the three bytes.

The BUSEN {Bus Enable} input to the Gating Array is an
asynchronous input that forces the data bus output buffers
and control signal buffers into their high-impedance state
if itis a “one”. |f BUSEN is a ""zero” normal operaticn of
the data buffer and controi signals take place.

8228 BLOCK DIAGRAM

[ ——— - 0B,
D) — j—w = DB,
o |- |t +— DB,
D, —m=- BL.DIRECTIONAL |—aa— D
D:JSA : pl auS BRIVER n:: SYSTEM DATA BUE
[y ———yp p—e-—— DB,
Og —==—1 —— DB,
Oy —teme] {—— D8,
ORIVER CONTROL
WMEW R
ETATLS e
LATCH
il [
GATING VoR
AHAAY
T e L
TR
DBIN BUTER
WA
HLD& INTE




SCHOTTKY BIPOLAR 8228

4

~DATA BUS

MEM W — CONTROL BUS

CONTROL
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B228
5§ BI-CIAECTIONAL
BUS DRIVER
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o
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SCHOTTKY BIPOLAR 8228

WAVEFORMS

. / /N N/ o AN
T e Uy -—
STRTUSSTABEE W \W4
A0A) DAT A BUS D4 X
[Fp—— -
DN i / \,
[
1A, 16H. iMERR N /
HLDA T /
- tup

INTA IOR MEMA ™y,
OURING HLOA

WR \ /
TR = - o e bap
ICW OR MEM W ™y I
8090 BUS DURING WRITE )4
- ‘WD -
SYSTEM BUS DURING WRITE = = = = — — — == — — = _)<
Ly =
S¥ATEM BUS ENABLE b /
- IE -— PE -
—
SYETEMBUS DUTPUTE — — — — — — — — — — — — — — — 3 e e e o ——————— —_

VOLTAGE MEASUREMENT POINTS: Dp-07 (when outputs) Logic
at 1.5V,

A.C. Characteristics T, = 0°C to 70°C; Vg = 5V $5%.

"0 = 0.BY. Lagic "17 = 3.0V, All gther signals measured

Limits

Symbol | Parameter Min. * Max. Units Condition
tw | Width of Status Strobe 22 s

55 : Setup Time, Status Inputs D Dy 8 ns

tsH f Hold Time, Status_hur{-;:.;hts og0. J,_ 5 | ns

e Delay from STSTB to any Control Signal 20| 80 ns C_ = 100pF
thA Delay fram DBIN to Control Qutputs o i . 30 ~s | C_ = 100pF
tRE : Delay from DBIN to Enable/Disable 8080 Bus ! 45 a3 C_ = 25pF
tRD Oelay fram System Bus te B0O80 Bus during Read : 30 B C_ = 25pF
Wwn Delay from WR to Controt Outputs 5 | 45 ns 0 G = ;HG;F
twE Detay te Enable System Bus DBy-DB+ after 5T5TB | 30 s | Cp=100pF
twn Delay from 8080 Bus Dgp-D; 10 System Bus : ns 1 G = 100pF

i DBy-DB7 during Write 5 | 40

e : Delay from System Bus Enable to Systern B.us DBg-DB; 30 ~s 1 C. =100pF
tHD : HLDA to Read Status Outputs o 25 R

tog Setup Time, System Bus Inputs to HLDA 10 s

tom Hold Time, Systen Bus Inputs to HLDA 20 l s €L = 100pF
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SCHOTTKY BIPOLAR 8228

D.C. Characteristics T4 = 0°C to 70°C; V¢ = 5V £5%.

T

. Limits
Symbol Parameter Min. !Typ.[ﬂ! Max. Unit Test Conditions
Ve Input Clamp Yoltage, All Inputs 75 -1.0 by Veo=4.78Y; lp=-BmA
Ig - Input Losd Current, i
" 5TsTB { | 500 HA Voo =526V
O, &Dg : 750 ¢ 1A VE=0.45V
i Dg. Dy, Dg, Ds, | LA
| &Dy 250 |
{7 ANl Gther Inputs 280 | uA
Ir , !weakage Current
STSTR 100 A Ve =5.26V
DBgy-DB4 . ! 20 pd, r Vg =5.25V
All Qther Inputs , | 100 Iy
VrH Input Threshold Vaoltage, All Inputs a.8 : 20 | \' Veo=5Y
lce fower Supply Current 140 190 | mA Veoo=6.2BV
VoL Qutput Low Vaoltage,
i DBeD» 45 v Vee=4.75V: g =2mA
: Al Other Qutputs A5 Y toL = 10mA
Vo Output High Valtage,
Do-D7 36 | 38 ¢ v Voe=4.76V: lon=-101A
All Other Qutputs 2.4 i V] Igh = -1mA
s Short Circuit Current, Atl Qutputs 15 20 mA Vop=5Y
lo ot Q#f State Qutput Current, i
All Control Qutputs ll 100 | A Vee=5.26V, V5=5.25
1100 A | Vg=a4BV
Wt INTA Current i s mA i {See Figure below}
Mote 11 Typical vaiuss are far Ta = 26°C and nominal supply voltages.
Capacitanoe This parameter s pariodically sampled and not 100% tested,
Limits
Symbol Parameter Min. | Typlll | Max. . Unit v
Cin Input Capacitznce 8 12 poF
o Qe | 7 e e |
110 :’DOO?E‘}’;‘]‘”"”“ 8 15 | of
8228

TEST CONDITIONS: Vgas= 2.5V, Voo =5.0V, Ta = 25°C. 1 = 1MHz,

Nata 2: For DpeD7: Ry = 4Kft, Rg= i3,
Cp = 25pF. For all other cutputs:
Ry =500, Ry = 1K, C = 100pF.

£ e

TEST Comou T i

£
QUTeYT
FIN
I & % ",
Ieno _Jawo

INTA

hwr
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SCHOTTKY BIPOLAR 8228
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intal  silicon Gate MOS 8080A
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

The 80804 is functionally and electrically compatible with the intef® 8080,

s TTL Drive Capability = Sixteen Bit Stack Pointer and Stack
v 2 us Instruction Cvel Manipulation Instructions for Rapid
us Insiruciton L-ycle 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® B080A is a complete 8-bit parallel central processing unit {CPU}, It is fabricated on a single LS1 chip using Intel’s
n-channel silicon gate MOS process, This offers the user 2 high performance solution to controi and processing applications.
The BOBOA contains six 8-bit genaral purpose working registers and an accumulator, The six general purpose registers may be
addressed individually cr in pairs providing both single and double precision operators. Arithmetic and logical instructions set
or reset Tour testable flags. A fifth flag provides decimal arithmetic operation.

The BOBOA 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, fiags, 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 808DA the ability to easily handle multiple
level priority interrupts by rapidly storing and restering provessor 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 /0. Signals to control the interface to memory and /O are pro-
vided directly by the 80B0OA. 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-
1ying these busses with other controiling devices for [DMA) direct memary access o multi-processor operation.

8030A CPU FUNCTIONAL
SLOCK DIAGRAM
f tats Bu
- | purren:LatcH . ; _
o L1\ : - . BTk - :
“TINTEAMAL OATA BLIS T T INTEAMAL DATA LS
1
N+ 1; . 3 . . 1
 p——l - . Do . A o : AF
JaccumuiaTor TEMP, REG. 11 :l WSTAUCTION -t { .
[_ mj I .g.| i : AP e REGISTER “'I ¥ ] MULTIPLEXER
. 4 - Y W @ F] B
FLag ™! sy - - TEMF REG. TEMP REG.
FLIP FLOPS .
ACCUMULATOR . - - [ 18 [ [T
LATCH 181 B S : i REG. REG
N4 AITHMET I [ INSTRUCTION = R T
o 4 .
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L1 1 MACHINE = H " L H
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SILICON GATE MOS 8080A

8080A FUNCTIONAL PIN DEFINITION

The follawing describes the functicn of all of the 808DA 1/0 pins.

Several of the descriptions refer to internal timing periods.

Aq5.8g (output three-state}

ADDRESS BUS, the address bus provides the address to memory
{up to B4K 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.

D37-Dy {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 cycie of each machine
cycle, the BOBOA outputs a status word on the data bus that de-
scribes the current machine cyele. Dy is the igast significant bit.

SYNC loutput}
SYNCHRONIZING $IGNAL; the SYNC pin provides a signal to
indicate the beginning of each machine cyele,

DEIN {output)
DATA BUS IN; the DBIN signal indicates to external ¢ircuits that
the data bus is in the input mode. This signal should be used to

enable the gating of data onto the 80BOA data bus from memaory
or 1/0.

READY {input)

READY; the READY signal indicates to the B080A that valid
memory or input data is available on the BOBDA data bus. This
signal is used to synchronize the CPU with stower memory or 1/0
devices. If after sending an address out the 8080A does not re-
ceive a READY input, the BOBOA will enter a WAIT state for as
iong as the READY line is low. READY can afso be used to single
step the CPU.

WAIT foutput)

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

WR loutput}

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

HOLDP linput)

HOLD: the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the BOBOA, address and data bus as soon as the B0BOA has com-
pleted its use of these buses for the current machine cycle. It is
recagnized 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-Dy) will be in their high impedance
state. The CPU acknowledges its state with the HOLD AQ-
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

: \J
&y Ome———y 1 40 w0 Ay
GND O=—u—t 7 39 =0 A
D, O3 38 [0 Aqy
Dy O=—wl4 37 0 A2
D O»—=|5 36 =0 Ayg
D, o+—vl5s 35 b—=0 Ay
03 Oa—uq 7 M —e0 Ag
D, o=—{8g INTE[? B w0 A
Dt Ol g a2 pb—e0 Ay
D, O+ 0 8080A 3 =0 Ag
-5Y O—o 11 N e Ay
AESET O—=q 12 29 p——={ Ay
HOLD O=—ef 13 28 p—0 +12v
INT O—=q 34 27 w0 Ag
“2 O—w] 15 26 p—e0 A4
INTE O~w—p 18 25 p——=0 Ay
DBIN O tmend 17 24 —w0 WAIT
WR O=— 12 24 j— READY
SYNC O=—ro 19 22 ——0 oy
' +5v O— 20 21 =0 HLDA
1

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 memary or OUT
PUT operation.

In either case, the HLDA signal appears after the riéing edge of ¢

and high impedance occurs after the rising edge of ¢5.

INTE {output)

INTERRUPT ENABLE; indicates the content of the internal inte:
rupt enable flip/flop. This flip/flop may be set or reset by the Er
able and Disable Interrupt instructions and inhibits interrupt
from being accepted by the CPU when it is reset. It is autc
matically reset [disabling further interrupts) at time T1 of the ir
struction fetch cycle (M1} when an interrupt is accepted and )
also reset by the RESET signal.

INT {input)

INTERRUPY 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 Enabl:
fhip/flop is reset it will not honer the request.

RESET linput}(1!

"RESET; while the RESET signal is activated, the content of th

program counter is cleared, After RESET, the program will star
at location 0 in memory. The INTE and HLDA flip/flops are alst
reset. Note that the flags, accurnulator, stack pointer, and register:
are not cleared.,

Vss Ground Reference.
Voo +12 £ 5% Volts,
Vee  +5 + 5% Volts.
Ve -5 *5% Volts (substrate bias).
21,92 2 externally supplied clock phases. {non TTL compatible
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SILICON GATE MOS 8080A

ABSOLUTE MAXIMUM RATINGS*

0°Cto +70°C
-B5°C to +150°C

Temperaturg Under Bias
Storage Temperature . .. . .. .. .. ... ..
All Input or CGutput Valtages

With Respectto Vag ... ... .. ... .. -0.3V to +20V
Vee. Vpp and Vgg With Respect to Veg -0.3V to +20V
Power Dissipation . ... . L o 1.6W

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

D.C. CHARACTERISTICS

Ta =0°C to 70°C, Wpp — +12V £ 5%, Vog = +8V * 5%, Vpg = -0V £ 5%, Vg5 = OV, Unless Otherwise Noted.

Symbol Parameter | Min. Typ. Max. Unit : Test Condition
ViLe Clock Input Low Voltage I Vgg—1 Vegt03 i W
Vine Clock Input High Voltage a.0 Voo +1 v
ViL input Low Valtage Vgg—1 Vs +0.8 v
Vin Input High Voltage 33 P Vet PV
VoL Qurtput Low Voltage | 045 W } lgL = 1.9mA on all outputs,
Vou Output High Valtage {37 v lon =-150pA.
Iopay:  Avg. Power Supply Current (Vpg) 40 0 mA
leciayv:  Avg. Power Supply Current (Veg) 60 80 maA Operi‘(ion
1 Toy = .48 usec
lapiay:  Avg Power Supply Current (Vg 01 1 ma, J
s Input Leakage =10 A Vgg = VN = Voo
leL Clock Leakage 10 A Vgs % VoLock = Voo
g (2! Data Bus Leakage in Input Made -100 | pA Wog = Vin SVeg + 0.8V
{ + -2.0 ’| MA | Vg +0.8V S Viy S Voo
™ Adares; and t)-a;aTaus Leakage : +10 ] A VaDDA/DATA = VoG
. DuringHOLD i -100 VagDRIDATA = Vgs + 0.45V
; L )
CAPACITANCE TYPICAL SUPPLY CURRENT VS,
T, - 268°C  Wge = Voo = Veg = OV, Vpp =-BV TEMPERATURE, NORMALIZED 13]
Symbaol \ Parameter Typ. Max. Unit Test Condition = :
Ce " Clock Capacitance 17 25 pf f.=1MHz % i
Cin trnput Capacitance [} 10 pf Unmeasured Pins ; b %1
Cout Cutput Capacitance 10 20 pf Returned 1o Vgg 5 . ;
NOTES: . |

1. The RESET signal must be actwe for a munimum of 3 clock cycles,

2. When DBIN is hgh and V| = V|4 an internal active pull up wiil
be switched onio the Cata Bus,

3. Alsupply i 2Tp = -048%/7°C.

a5
7 25 -50 75
AMBIENT TEMPER&TURE "G}
DATA BUS CHARACTERISTIC
DURING DBIN
|
MAKX b = — = — ¢ —
lDL
Y v,

o
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SILICON GATE MOS 8080A

A.C. CHARACTERISTICS
Ta = 0°C 1o 70°C, ¥pp = +12V £ 5%, Vg = #5V % 5%, Vgg = -5V 2 5%, Vgg = OV, Unless Otherwise Noted

Symbol Parameter Min. | Max. | Unit Tast Condition
toyl3l | Clock Period 0.48 | 2.0 | usec

tr. b Clock Rise ang Fall Time D 50 | nsec

ta1 $7 Pulse Width 60 nsec

tyz @ Pulse Width 220 nsec

tDy Celay ¢4 to g ¢! nsec

tpz Delay ¢4 to Pl nsec

tpa Delay ¢ to ¢; Leading Edges 80 nsec

tpal2] | Address Qutput Delay From o5 . 200 | nsec } CL = 100pt
tpp (2] | Data Qutput Delay From ¢5 220 | nsec

toc (2! | Signal Qutput Delay From &, or o (SYNC, WRWAIT, HLDA) 120 | nsec

tor (21 | DBIN Delay From 6, 25 | 140 | nsec }C" = 80pf
to)l1l i Delay for Input Bus to Enter Input Mode tnF | nsec

tos Data Setup Time During ¢ and DBIN 30 nsec

1141
TIMING WAVEFORMS {Note: Timing measurernents are made at the foliowing reference voltages: CLOCK 1 = .00

“07 = 1.0¥; INPUTS "1"” = 3.3V, “0" = 0.8V, QUTPUTS *1”" = 2.0V, “0"” = 0.8V.)

| = oy ""|‘mi"—

"‘! Aﬂ - )

g ——
a— tpp —m —- by Cm—

!: -
—+-| ([,Hl.-_ .
I —— T I| " :
! =z Joata N 108 z ‘DATA OUT
D?.OD ——— —— - — : ——

——

1
—=| o5 I—

sYNC , \ bty : ;

11—

—= o e— — o - |
DBIN j &—:
=+~ gF = - fpp= '
[y
| e
READY 1 @l ;( x ﬁ__;_
. Yag i Tne -
I— [ e
waIT fyy e ? \ i
o —w1 -— ot e .
HOLD |
1alX
by —
HLDA
INT RE]
fg—
[
INTE
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SILICON GATE MOS 8080A

A.C. CHARACTERISTICS (Continued)
Ta =0°C 10 70°C, Vpp = +12V £ 5%, Vee = +5Y £ 5%, Vgg = -5V £ 5%, Vgg = OV, Uniess Otherwise Noted

Symbol Parameter l Min., | Max. | Unit [ Test Condition
tps2 Data Setup Time to ¢ During DBIN 150 nsec
tpu it 1 Data Hoid Time From ¢ During D8IN [ nsec
tel2! INTE Output Delay From ¢, 200 | nsec CL = 50pf
tag READY Setup Time During ¢p 120 nsec
tHS HOLD Setup Time to ¢4 140 nsec
L5 INT Setup Tirme During ¢ [During @y in Halt Modal 120 nsec
tH Hald Time From ¢oiREADY, INT, HOLDI} S0 nsec
trp Delay to Float During Hold {Address and Data Bus) | 120 { nsec
tawl?) | Address Stable Prior to WR 5] nsec | ]
tow[2 | Output Data Stable Prior to WR 8] nsec |
twpl?! | Output Data Stable From WR 7 nsec
twal?l | Address Stable From WR 17] nsec | €= 100pf: Address, Data
C =60pf: WR, HLDA, DBIN
tyel2] HLDA to Float Delay i8] nsec
twel2l | WR to Fioat Delay (9} nsec
tan 2! | Address Hold Time After DBiN During HLDA -20 nsec | |
NOTES.

1. Dara npul $hould be enanlvd with DBIN statut, No bus conlice can then oecur 3nd daue hold amae i anured.
toH * 50 ng or tpp. whichever 13 Iess

2. Load Circun,
A A\
. F 21K
oy :
. B0B0A 1

! GUTPUT

s D

.—;_._i————q'——--——-'-.._._
Apghy Pebm— — : -

|4_L._...-. Y

3 1eY =103 * a2 ¥ 12 *TeZ ¥ 1D trpt & 480 =

L |

r"" - "-_"':“--.. TYPICAL & QUTPUT DELAY V5. & CAPACITANCE

b [ — -

2Dy o ———p—
-ty typ

| . | I- Tan

neIN f h..

E
ZOUTPUT DELAY {ngd
o

i ; ‘Nf | 100 &t [} +50 1R
READY ' 3 CAPACITANCE faf)
[ CacruaL - Corec!
I

WAIT | . i

’ . : &, Tha following ara relsvant when intertacing tha BOS0A to davices having Vg = 3.3V!

: nl Madimum cutpul risk tume fram BV to 3.0V = 100ns @ C - SPEC.

won & , . B} Oulput delay whan maasured to 3.0V = SPEC «80ny @ &) = SPEC.

[ ' cf 1fCp * SPEC, sdd Bra/pF f C| > Cgpec. sbiract Ine/pF Hrom modifisd dalay] il €| < CgpeC.

H —w| tgg l-— 5. taw ™ 2ty =tog el - 140nsec

HLDA ! —r'——- 6. tOw = tCY -0 ~treg - 1 TOMec.

= i 7. M onat HLDA, tyyp =ty = TO3 = teag 1005 I HLDA, hyp = hwa “ IWF.

8. YHE = g3t tep -50ns,
wr . 9 twE =103 + Ly -10ns
—_ 10. Data in must be ylable for 1his perod during DBIN Ta. Bath 1pgq and 1052 mua ba watisfied.
11. Rrady ugnal musi ba stable for this period during Tz ar Ty, [Must bn externally synchronized.)
|‘_ Le—ei 12, Hold rignal must be siable tor the peosd duning To o Ty when entering hold moda, anc during Ty, Tg, Tg
and Tyl when in hokd mode. {External sy nchionization 1s not required.)
INTE - 13, Inisrrupt gnal must ba slabie during thiy period of tha last clock cycle of any watruetion in order o be
--i', grized on the inatruction. (EXTeOnAl tynchi orization it Not required,)
14, This trming dingram shows nmng ralaucnshipn only . it doss 00T regresent any mecifc machine cycla,
e T
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SILICON GATE MOS 8080A

INSTRUCTION SET

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

Maove, load, and store instruction groups provide the ahility
to move either B ar 16 bits of data between memary, the
six working registers and the accumulator using direct, in-
dirgct, and immediate addressing modes.

The ability to branch to different portions of the program
is provided with jump, jump conditional, and computed
jumps. Aldso the ability to call to and return from sub-
routines is provided both conditionally and uncanditionally.
The RESTART f{or single byte call instruction} is useful for
interrupt vector gperation.

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

Data and Instruction Formats

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

input and output may be accamplished using memory ad-
dresses as /0 ports or the directly addressed 1/C proviged
for in the 8QBOA instruction set.

The following special instruction group compietes the 80B0A
instruction set: the NOP instruction, HALT to stog pro-
cessor execdtion and the DAA instructions provide decimal
arithmetic capabiiity. STC allows the carry flag to be di-
rectly set, and the CMC instruction allows it to be comple-
mented. CMA complements the contents of the accumulator
and XCHG exchanges the contents of two 16-bit register
pairs directly,

Data in the 80B0A is stored in the form of B-bit binary integers. All data transfers 1o the system data bus wili be in the

same format,

[D? Dg Dg D4 D3 Dy Oy

Do |

DATA WORD

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

executed.

One Byte Instructions

| D7 Dg Dg D4 D3 Dy

D; Dg | OP CODE

Two Byte Instructions
| Dy Ds Ds D4 D3 D,
[ D+ Dg Ds D4 Dy D,

D; Dg | OP CODE

Three Byte Instructions
[ D7 Dg Dg Dy D3 Dy O,
[DT Dg Ds D4 D3 Dy

Dy | OP CODE

| D7 Dg D5 D4 D3 D

Dy Do | OPERAND

D; Dg | LOWADDRESS OR OPERAND 1
D; Dg | HIGH ADDRESS OR OPERAND 2

TYPICAL INSTRUCTIONS

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

Immediate mode or |/0 instructions

Jump, eall or direct toad and store
instructions

For the 808DA aiogic 1" is defined as a high level and a logic 0" is defined as a low level.
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SILICON GATE MOS 8080A

INSTRUCTION SET

Summary of Processor Instructions

Imtruction Codel!] Cloek 2] instruction Coda (1) Clock(2!

Maemeaic  Dmeriglion By Oy Os Dy D3 O Dy Og Cyehs Mrampnic  Dascription T Dg Dg 0, Dy O 0y Dy Cyehos
MOV,y,,;  Mave register 1o reqister o1 0 0D 0 § 5 % 5 RZ Arturn on zerg 11 @8 o0 1 40 g0 51
MOY M.« Move cegisler to memory ¢ 1 1 1 0 % 5 5§ 7 ANZ Retum on ng zero 11 0 0 0 @ £ 0 5/11
ROV M Move memory th regisies a1 B o o v 10 T L1 Rwturn gn poutier 11 Ll 1 ¢4 00 511
HLT Haly [V | [ - T I b AM Return gn minuy LI 1T 1 1 0 00 &
MVEr Wowe smmed ate ragister 00 oD D1 10 7 RPE Featurn on parity ween LA T R R A s
MY M Move ymmedinie mymgry g 1 1 0t 1 0 13 RPU Raturn on panty odd 11 T8 9 0 00D 5
NAT Incrament register 9 5 0 0 L Q0 B 3 RET Arstart 11 A A A 1 1 "
R« Decramen rogestar 5 ¢ D D T 1 0 1 k] IN |npul 11 g1 1 a4 1 11
INR ™ InErRmant mamory g4 0 v t ¢ o1 0 Q "% ouT Qutput 1t 0 v 0 e 1 10
DCA M Qacremant mamary 00 1T 1 8 16 % LXl 8 Load immadisie cagier B0 0 0 g 0 0 1 1
AODT Add regnter 1o & 1 8 0 0 0§ 5 8 + PairB&C
ADC ¢ Add ragestar to A with earey 10 6 0 1§ 3 5 4 LxI 0 Lasd immedinte register 0 o 1 0 0 0 1 10
5UB+ Sublract register from & t ¢ 9 1 0 5 5 5 4 FairD & E
H-L Subtract rogister lrom & * oD vo1 5 5 8 4 LXIH Load immadiat regitter oo 1Y oo 6 o1 10

wilh borcow PairH& L
BNA T And rapatar with A 10 1 @n oD 3 & 8 4 LXI SP Load ynmadimid ytack pointr 0 0 1 1 9 0 0 1 0
XRAr Euctupive Or regriar woih & 18 1 0 1 5 § § 4 PUSH A Push regiater Poir 8 & C an 1 o o 0 1 01 1
ORA ¢ Or registar with A 19 1 1 o0 35 § § ] stack
CMPr Compare regiaier with A P01 1 1§ 5 3 4 PUEH D Push ragustes Paur O & € an IR RO (R R S I | "
ADDM Add mamory 1o & LI R IO DN B 7 hack
ADC M Add memary 10 & with carry T 0 8 t o1 o1 1 7 PUSH H Push register Pair H & L on 11 1 o0 01 @9 1"
SUB M Subteact memory {rom A 1 010 1 10 T stack
SBEM Subirsct mamory trom & T o6 1 11 10 T PUSH PEW  Push & and Flagy T 1t t o6 1 a4 n

with Borrgw on stack
ANA M Ang mamocy with A | IO T + N I 7 POP B Fop register par § & © oll [T TR B S (R O (R | ]
KRAM Exciusive Gt mamery wih A LA R R I R * stack
ORA W O memoey with A 1 1 LI N+ N R B ] 1 POPD Pop register par 0 & E ofl 1] o1 08 0 10
CHF M Compare mempry with & 1 0 1 11 F 10 1 stack
ARl Add immad ity to A 1+ 0 o0 0 8 10 B FOF H Pop regster par H & L aff 1 1 0 o0 0 g9 i 1o
ACI Add immediate 10 A with L N D | S B B stach

CHiy POPPSW  Pop 4 and Flag 11 11 0 0 o0 0
s Subtrech immadwate fram & 11 o o 1 1 7 il 1tack
a1 Subtrach immediats tum A LA R | R N AR B ! T4 Store A diract I R R R N B B 3

with borrow LDA Load A dirsct oo o1 11010 13
AN And immadiste with & 11 1 0 11 0 ! KCHG Exchange DR E, H& L 11 1 o1 0 1 1 4
xR Extlutiva Or immydiate with L T T R R B B Argiziers

A KTHL Exchange1op of seck H & L 11 1 0 B 0 11 18
L1} Dr itmediang wih A L I N TR N A B ? SPHL H & | m stk painter LI T T S S §
ch Carmpars immadiie whh & L I TS N S R b PCHL H & L 10 program counter t 1 6 10 01 5
RLC Aotsta A leht o0 0o 4 21 4 DAD B AddBACtaHAL g0 0 0 0 00 16
RAC Rotata A right o0 0 0 1ot 3 DADD  AdDSEtwHAL 00 0 11 6 10
flaL Rolate A 11y through carty "0 8 1 o0t 11 1 DADH  AddH&LwHEL o¢ 1 0 1D & 1 L]
RAA Renata A nghl through 0090 2 1 11 1 ¢ DADSP  Add stack pointst ta H & L [ S I T T I B | 0

tarty STAX B Stare A ingirect ¢ 0 0o 0 00 11 7
MR Jump unconditigsl LA I R A N o STAXD  Stors A ndirect 00 0 1 2B 10 7
i Jump on carry L2 IR | R B TR S ! w0 LDAX B Load & indirect a0 0 0 1ve 1t !
JHC Jump on o carry 1 6 1 0 0 10 10 LDAX D Load A indirect 0 0 0 v 1 D 10 7
i Jumg on tavg L I SR T I Y 0 INXB Incrament B & € registers D0 oo o000 11 5
INZ Jump an no zere 11 0 0 0 0D 19 10 INXD |ngramunt O & E registany g g 1 a0 1 5
» Jump an pouitive | T TR O R R B | INXH |acrerment H & | tagisters ¢t o 1 08 0 11 5
il Jump on minug 11 11 1 0 1o 7 INX §F | meremant slack pointer oo v 1 4 0 11 H
JPE Jump on parnty sven 11 1 ot g0 1740 il OCX B Dacremant B & C g 0 o o 1 3 11 L
o Jump on pary odd LRI R I I 22 oexo Oacrament D & E 00 0 16 o1 5
CALL Call yrcondinonsi LA T A A R I OCXH Dagramsnt H & L | I R N A T I 5
c Lall on carry LI S R A B OLX 8F Dacrament sisch powntec oo 1 1 1Dt s
CAE Call o no cwry | IR TR N (R R Y B ey CHA Complament A& ¢t o 1 0 111 4
cz Call on raro [ IR T R S R A 1 STC Sl carry oot 101 4
tNZ Call 0 no zer0 LR TR R T 117 CMC Compiement carey a0 1 111 o 4
Cr Call gn postive 11 1 1 o3 o109 117 DAR Crecymal wdjutl A a0 1 9 0 1 1 4
M Call g mimus R T N R T B R R 1 SHLOD Store H & L direct 00 1 e & 0 f ¢ 16
CPE Call o pariry wen 1Tt 1 0 1 1 0 0 [ERE LHLD Lows H & L direct 0 64 1 a4 106 10 18
cey Lalk on pariry odd T % 1 % o0 1 00 1t £1 Enable Invarrupty 11 1T 1 o1 1 1
RET Raturn 1y 9 0 1 D 0 0 01 Disablw ymierrupt LI TR T T I R O | 4
RC Rylurn an carry 1 0 v 1 000 £t NOP Na-ogeration 0 g o 0 0D B8 00 4
RNC Return on ag carry t 1 01 1 20 09 51
NOTES:

1. DDDor5585 —000B —001 C — 010D - 01T E=100H - 101 L — 110 Mamary — 111 A,
2. Two possible cycle timas, (5711} indicate instruction cycles dapandent on condition flags.

519



intal  silicon Gate MOS 8080A-1
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

The 80804 is functionally and electricalty compatible with the intel® 8080

s TTL Drive Capability = Sixteen Bit Stack Pointer and Stack
n 1.3 us ion Cvel Manipulation Instructions for Rapid
-3 us instruction Cycle Switching of tha Program Environment

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

= Sjx General Purpose Registers = Ability to Provide Priority Vectored
and an Accumulator Interrupts

= Sixteen Bit Program Counter for = 512 Directly Addressed |/0 Ports
Directly Addressing up to 64K Bytes
of Memory

The Intel® BOBOA is a complete B-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 contral and processing applications.

The 80B0A contains six B-bit general purpose working registers and an accumulatar. The six general purpose registers may be
addressed individually or in pairs providing bhoth single and double precision operators, Arithmetic and logical instructions set
or reset four testable flags. A fifth flag provides decimal arithmetic operation.

The BOBOA has an external stack feature wherein any porticn of memory may be used as a last in/first out stack to store/
retrieve the contents of the accumulator, flags, pragram 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 B0BOA the ahility 10 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 te simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface ta memory and 1/0. Signals to control the interface ta memory and /0 are pro-
vided directly by the 8080A. Ultimate contral of the address and data busses resides .vith the HOLD signal, It provides the
ahility to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
tying these busses with other cantrolling devices for (DMA) direct memory access or multi-processor operation.

S080A CPU FUNCTIONAL o S D

Bi-QIAECTHONAL
BLOCK DIAGRAM DATABLS

DATaZ BUS
BUFFER:LATCH

o it
. INTERMAL DATA U8 .
T
. & b . N N - . Rt
: L9 : R 1 i SN o)
ACCUMULATOR TEMP REG o TRETRUCTION -
L] *'] iy L T REGISTER -» MULTIPLEXER |. .
YT . R o —_— CRETT
iul -
Flill;":?_OPs ; lL K “INPREG. TEMP REG.
ACCUMULATDR N 1, -~ — c -
LattH K 5 e R R atg REG. .
’ M AR ITHMET I b INSTRAUCTION = = e - et
vi b DECOGER i o7
LOGIC L goo @ : REG.
AT . 7] macwmine e - I T T8
- AL — TYOLE @ i REG
N 1 R ENGOMNG g wrn
: i STACK POINTER
¥ X nel: .
. PALGRAM COUNTER
: . 1. | *“CREMENTER/DECREMENTER
B '_,\"" ADDRESS LATCH DR
TIMING C Lo
AND o .
CaNTROL | 1. :
rOWER [ — 412y . I
U UBUPPLIES | —a upy DATR BUS INTERRUPT  HOLD wWalT .
v WRITE CONTAGL CONTROL CONTROL CONTROL SYKC CLOECXS
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SILICON GATE MOS 8080A-1

ABSOLUTE MAXIMUM RATINGS™

All Input or Cutbut Voltages

With RespecttaVgg ... ... ... .. 0.3V to +20V
Ve, Vop and Veg With Respect 10 Vgg -0.3V to +20V
Power Dissipation ... . ... .. .. 1.5W

| ‘COMMENT: Stresses above those listed under "Absolute Maxi-

| mom Ratings” may cause permanent damage to the devics,

i This is a stress rating only and functional aperation of the de-

| wice at these or any other conditions above those indicated in

| the operational sactions of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device refiability.

D.C. CHARACTERISTICS

Ta =0°C 10 70°C, Wpg = +12V £ 8% Ve

- +BY + 5%, Vgg - -BV * %, Vgg = OV, Unless Otherwise Noted.

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

ViLe Clock input Low Voltage Vgg—1 Ves+0.8 |[ v

Vine Tiock Input High Voltage 9.0 | Voo +l Y

ViL Input Low Voltage Vgg—1 ! Vgg 08 i

Vi ~out High Voltage 33 Vegtl . VL

Voo Jutput Low Voltage 0.45 | vV lgL = 1.9mA on all outputs,

Vo Zutput High Voltage 37 ! : V low =150uA.
lopravi Az Power Supply Current [Vppi 1| 40 .I 70 m A
i “..q, Power Supply Current {Vecl 60 @ 80 p | Gperation
00 WEF all urr ] H
CClavy =g, Fowe PPy cc m | Tey = .32usec
lggiavi =2 Power Supply Current {Vgg! . 1 PomA ]
e Input Leakage $10 1 aA Vs Vi Voo
ICL Clock Leak age 0 0w ! VSS = VCLQCK < VDD
gL 12 Zsta Bus Leakage in Input Mode -100 uh Vg % Vg S Vgg +0.8V
| 28T MA L e t0BVSViy Ko
- : | } o
(L Aodress and Data Bus Leakage ; | i +10 ! A : VaoDr/DaTa = Ve
During HOLD ; -100 YaDDR/DATA = Vag + 0.45V
CAPACITANCE TYPICAL SUPPLY CURRENT VS,
T, =25°C  Vgo = Vpp = Vsg = OV, Vgg = -5V ,5 JEMPERATURE, NORMAL IZED. @
t
Symbol Parameter © Typ. Max, Unit Test Condition 5
o [ i - -

” , Clock Capacitance 17 . 25 pf ‘ f. = 1 MHz § . x o B
Cin i tnput Capacitance 5 10 of Unmeasured Pins = \._.
Caour . Output Capacitance 0 20 pf Returned to Veg 3

NOTES:

1. The RESET signal must ba active for a munimum of 3 clock cycles,

2. When DBIN s hugh ang W |py > Wy an internal active pull up will
ba switched onrg the Data Bus.

3. &l supply i aTa = -048%/°C.

AMBIENT TEMPERATURE I°¢)

DATA BUS CHARACTERISTIC
DURING DBIN

Mnx)-—-___ —

(=~
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SILICON GATE MOS 8080A-1

A C CH ARACTEH] ST'CS CAUTION Whan operang ine S0R0A -1 ar or aeee Aol 50084, card muTl be B2KEN 10 #SRre precest bing comoRtibrity e fwear SO804. 1. 8224 and 8;

Ta =0°C to 70°C, Vpp = +12V £ 5%, Viep = +BV £ 5%, Vg = -5V % §%, Vgg = OV, Unless Otherwise Noted

Symbol Parameter Min. | Max. | Unit Tast Condition
teyld] i Clock Period 32 | 2.0 | psec
te, b Clock Rise and Fall Time 0 25 | nsec
tey ¢1 Pulse Width 50 nsec
taz ¢ Pulse Width 145 nsec¢
104 . Delay ¢y to @9 0 nsec
L% Delay ¢4 to ¢4 60 nsec
o3 Delay ¢y to $3 Leading Edges 60 nsec i
tpat2l | Address Qutput Delay From o 150 | nsec :
tpp (2} | Data Output Delay From o 180 | nsec } Cu. = 80
tpe (21 | Signal Output Delay From ¢y, or ¢ {5YNC, WRA.WAIT, HLDA) 110 | nsec | |
tpr [2] | DBIN Delay From ¢z 25 130 | nsec J— G = 500f
tpi'l | Delay for input Bus to Enter Input Mode tpe [ nsec
o Data Setup Time During ¢ and DBIN 10 nsec !
14}

TIMING WAVEFORMS (Note: Timing measurements are made at the following reference voitages: CLOCK 1" = 8.0V

"0 = 1.0V INPUTS 1" = 3.3V, 0" = 0.8V; QUTPUTS "1 = 2.0V, “0" = 0.8V.)

Inyi=—

D G W VIR W

-__.h_; . ke
S = i

A | | ————— Y S ——— — — — v ————
-_kDﬂ_-' ! q.'—l —_— IAW___— —_—
-—lpp - —- Ty e | —r'. toH|=— 'l -ty i
b — | = I -
-x:_ g ZDMA THEE : DATA QUT
37 Dby e s e el R e e e . — o 3 | e e e e e i oy ®
—= lpgrw— - gy
S¥YNC : f ! o tggy = |
;
e — I cw—— X .
oaN f ' & ||
o g - -—tgpea
. | S

Y . AL AT

WAIT o owl e f L8

HOLD 13
5 X

HLDA
INT z @ x :
ll!H'
Ty —a
INTE
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SILICON GATE MOS 8080A-1

A.C. CHARACTERISTICS (Continued]
Ta =0°Cto 70°C, Vpp = +12V £ 5%, Voo = +BV = 5% Vgg = -5V * 5%, Vgg = OV, Unless Otherwise Noted

Symbol Parameter Min. ! Max. . Unit Test Condition

tpsz Data Setup Time to ¢ During DBIN 120 | nsec

tpn 1] | Data Hold Time From g9 During DBIN {1 nsec

el2) INTE Qutput Delay From ¢ 200 | nsec Cp = 50pt

trs READY Setup Time During ¢ 90 nsec

tHg HOLD Setup Time to ¢ 120 nsec

115 INT Setup Time During 92 (During &4 in Halt Model 100 nsec |

tH Hold Time From ¢ (READY, INT, HOLD! a nsec

D Delay to Figat During Hold {(Address and Data Bus) 120 | nsec

taw!2] 1 Address Stable Prior to WR () | _nsec |

tow(2] | Output Data Stable Prior 1o WR (8] nsec

twpl2! | Output Data Stable From WR §7) nsec | !

twal2l | Address Stable From WR 171 nsec l_ Cp = 50pf: Address, Data
C=50pf: WR, HLDA, DBIN

tyel2l HLDA to Float Delay 18] nsec

twe 2] | WR to Float Delay 9] nsec )

tan (2l | Address Hold Time After DBIN During HLDA -20 nsec _'

MOTES:

1.

#

)!t-\ z

Da1a input should be enebleg with DBIN s:atus Mo bur eanilict can then ocour and dars hold tima is aysured.

Iy = B0 as or e, whichever 15 less.
Loagd Circun.

5
o g 2.1K
;_..._); \_‘_;’! | 5060A |, |<] ;
i OUTPUT
c =z
: R I T O 15004
Rl FrYm ¥
T S : - - = b
154 — i e
T- |-—,—-. tyg 3oy TID3 g2t ted f e Y ID2 * Tt # 3Zns. -
1 I
L
o 4 Ix—_ e E el TYPICAL A QUTPUT DELAY V5. i1 CAPACITANCE
Ur Oy 1--'.--.-+-—.— - +20 - - ;
. o z 1
S¥YNC " E 1
o | e tay 3
oain b [ s 5 ’
— -
; . g v
T bl
n i ' —_ _.,_$_ T T -2l e
b oe -1oe
-
AEADY o CAPACITANCE iy
C -C
Ft— tyr —=] acTusL T Vsetrc
WAIT
 —— 4. Tha lollowing ara relevant when interiacing the BOBOA 1o devices having Wy = 3.3V
! ab Maximum ourpur rise tima from B 10 3.3% = 100m & C = SPEC.
Wop I ; ' bl Qutput delay whan measwred to 3.6V = SPEC +60ng & G = SPEC.
= ) 4 cb 11 G + SPEC, add Bns/pF if C > Cgppg. subitract . 3ns/oF If-om modified delay} if © < Cgpge.
! | T -— 5 taw = 210y IRy -la2 - 1100ac.
HLDA - br—— B iogy 20w -103 “ra2 ~150nsee,
PR 1 T Mot HLDA, nyp * hwa = 107 * teaz *10n M HLDA wyp =ty = TWE-
B. thF - 103 t ka7 -50ns.
Nt = ) 9. twE =103 * tegy -1008
PR ! 10. Data in must be stabla 1or this pariod during DBIN -Tq. Bowh tygy and tpg must be satisfied.
1 11, FAeady sigrial must be stable for this peeod guring Tg or Ty, 1Must be axternally synchronized.)
L_ [— 12, Hold tign must be stabla for thig perod during T2 ar Ty when entaring hole mods, and during T3, Ta, Tg
o and Ty whan in hold mode. (External synchranization & Aot required, ]
INTE 13, intarrupt mgnal must be stabie during this period of the lesl clock cycla of any instruction in ordar ta be
—=d recogni on the lalowing instruction. {Extarnal tynchr 15 not required,]
14

. Thi tming diagram shows riming relauonshipy oniy; it doss not regresant any toecit machine cycie.
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intel  Silicon Gate MOS 8080A-2
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

The 8080A is functionsily and electricalfy cornpatible with the intef® 8080

= TTL Drive Capability » Sixteen Bit Stack Pointer and Stack
. Manipulation Instructions for Rapid
® 1.5 us Instruction Cycle Switching of the Program Environment

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

s Six General Purpose Registers s Ability to Provide Priority Vectored
and an Accumulator Interrupts

= Sixteen Bit Program Counter for » 512 Directly Addressed I/0 Poris
Directly Addressing up to 64K Bytes
of Memory

The Intel® 80804 is a complete 8-bit parallel central processing unit {CPU). It is fabricated on a single LS| chip using intal’s
mchannel silicon gate MOS process. This offers the user a high performance solution to control and processing applications.

The 8080A, contains six B-bit genaral 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
of 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 generai purpose registers, The sixteen bit
stack pointer controls the addressing of this external stack. This stack gives the BOBOA the ability to easily handie multiple
lewel priority interrupts by rapidly storing and restoring processor status. [t alse provides aimost unlimited subroutine nesting.
This microprocessor has been designed to simplify systems design. Separate 18-line address and 8-line bi-directionat data
busses are used to facilitate easy interface 10 memory and 1/0, Signals to contral the interface to memory and /0 are pro-
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. 1t provides the
ahility 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 muiti-processor operation.

R T
AT

T

i} 7
ACCUMULATORY -
il

ACCUMULATCOR
LATCH 13

=] E
REG. REG.

REG.

REGISTER SELECT

STACK FOINTER

PROGRAM COUNTER

] INCREMENTER/DECAEMENTER
ADDRESE LATCH 11|

e

DATABUS INTERAUPT HOLD WaIT
WRITE CONTROL CONTROL CONTRAOL CONTROL SYNC CLOCKS
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SILICON GATE MOS 8080A-2

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature . . . . ... .. ... ...
All Input or Qutput Voltages

With RespecttoVMgg . .. ... ....... -0.3V o +20V
Voo, Vpp and Vgs With Respect to Vap -0.3V to ~20V
Power Dissipation . . . . .. ... ... ... ... 1.5W

*COMMENT: Stresses above those fisted under 'Absolute Maxi-
T Rar:‘ngs” may cause permanent damage to the device.
This is a stress rating only and functionaf operation of the de-
vice at these or any other conditions above those indicated in
the aperations! sections of this speciFication s not implied, Ex-
poesurg to absolute maximum rating conditions for extended

periods may affect device reffability.

D.C. CHARACTERISTICS

Ta = 0°C to 70°C, Vpp = +12V £ 6%, Voo = +BY = 5%, Vgg = -5V = 5%, Vgg = OV, Unless Otherwise Noted.

Symbol Parameter Min. Typ. - Max. Unit ' Test Condition
ViLe Clock Input Low Voltage Vgg—1 "Vggt0B | WV
ViHe Clack Input High Voltage 9.0 - Vppt! V
ViL Input Low Voltage Vgs~1 | P Vgg 0.8 V
Vim Input High Voltage 33 j Veg+l v
VoL Output Low Voliage ; 0.45 v J’lOL = 1.9mA on all outputs,
Vou , Output High Voltage 37 v lon = 150uA.
Iop tavy  Ava. Power Supply Current 1Vl 40 70 mA 1
lectav) ¢ Avg. Power Supply Current IVeed 60 80 ma LOpEration
. Tey = .38usec
BB 1A &vy. Power Supply Current {Vgg) o 1 ma
I8 Input Leakage 10 uA Yeg = Vi % Voo
oL Clock Leakage 10 MA Ves % VeLock = Vop
Igy 12 Data Bus Leakage in Input Mode i -100 A Ve mViy S Veg +0.8Y
' | 20 MA 08V Vi SVee
. ! Adcl:l’resg and Data Bu;l:é;l;agé. ’ ! +10 i A YaporRiDATA = Voo
uring HOLD i -100 ! YADDR/DATA = Veg + 0.45V
CAPACITANCE TYPICAL SUPPLY CURRENT VS,
T, =25°C  Vcp = Vpp = Vgs = OV, Vgg = -5V TEMPERATURE, NORMALIZED. (3]
Symbaol Parameter Typ. Max. Unit Test Condition -
Co Clack Capacitance 1?7 i pf fo =1 MHz E
Cin . Input Capacitance 3] 10 pf Unmeasured Pins z
Cour 5 Output Capacitance 10 20 pf Returned to Vgg 5
NOTES:

1. The RESET signal must be active for 3 minimum of 3 clack cyclas.

2. When DBIN is high and Wy > V) an internal active pull up will
be switched onto the Data Bus,

3. 4l suppty / aTy = -0.45%7C.

4 ~25 -0

AMBIENT TEMPERATURE *C}

DATA BUS CHARACTERISTIC
DURING DBIN

+15

oc
m
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SILICON GATE MOS 8080A-2

A.C. CHARACTERISTICS
Ta = 0°Cto 70°C, Vpp = ~12V £ 5%, Ve = +5Y £ 5%, Vap = -5V £ 5%, Vgg = OV, Unless Otherwise Noted

Symbol r Parameter Min. [ Max. | Unit [ Test Condition
toy 3 i Clock Pericd 38 1 2.0 | usec ltl
t,ty ' Cloek Rise and Fall Time I 50 | nsec |
o 1 Pulse Width . 60 | nsec
te2 dp Pulse Width 175 nsec
to1 Delay ¢ to oo 0 nsec
toz Delay 07 to & i 70 i i nsec
tna " Delay ¢y ta o2 Leading Edyges 70 nsec
tpa i2] ' Address Output Delay From ¢y : 175 | nsec :
_top [2)  Data Qutput Delay From ¢ | 200 | nsec } G = 1000t
tpc 2l Sigral Output Delay From $y, of ¢ ISYNC, WR.WAIT, HLDA) 120 | nsec
tor [20 ! DBIN Delay From o, 25 | 140 | nsec }CL:EW
to11 | Delay for Input Bus to Enter Input Mode i tpr | nsec
1pgy Data Setup Time During ¢4 and DBIN i 20 1 nsec

TIMING WAVEFORMS -

{Mote: Timing measurements are made at the following reference voltages; CLOCK 17 = B.OV
07 = L0V INPUTS 17 = 3.3V, 0" = 0.8V, QUTPUTS 17 = 2.0, “0" =08V }

oy —— e ity [—
- -, o]

A a A A

~ipy= —-| tyy e—
H I
By gy ::——— B .l __________ ——— . —
= 'ca = -—— Ty ——— e —————
.._tuo_...! g, _“"UH|'_ N
1 x> DATA N 10 paTa GUT
[, [ — e e g x____ ———
—_— I'Js‘ —— - I‘)W +—-
|
E¥YNC ﬂ i ! ) “-Tpsz—= | i
—= tgg |"— =l tpy —-— ; i
DEIN ! 4 ' 5 B
'...—IDF...l [ S—— ;
i "L_..

Ry e A & _X_'LJ.'..L
walT L j S |

Toe = — o -

Yo Y

MLDA
INT 1_.; -
j—
[P p——
INTE
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SILICON GATE MOS 8080A-2

A.C. CHARACTERISTICS {(Continued]
Ta = 0°C 1o 70°C, Vpp = +12V £ 5%, Voo = +BV 2 6%, Vg = -5V £ 5%, Vgg = OV, Unless Otherwise Noted

Symbol Parameter ) Min. | Max. | Unit Test Condition
tpsz Data Setup Time to ¢y During DBIN 1306 rnsec
tow (1) ! Data Hold Time From @5 During DBIN {11 nse¢
tigl2l INTE Qutput Defay From ¢- : 200 | nsec CL = b0nf
tRs READY Setup Time During ¢p o ! nseg
s HOLD Setup Time to ¢ 120 4 nsec
g INT Setup Time During 97 (During ¢y in Haim Made) 100 rnsec
tH ; Hold Time From oo iREADY, INT, HGLD! 0 nsec
ten Deiay to Float During Hold | Address and Data Bus) i 120 | nsec
tawl?] | Address Stable Prior to WR (5] | nsec § |
tow!2! | Output Data Stable Prior to WR iIsl nsec
twp!2! | Output Data Stable From WR (7 - nsec
twal?l | Address Stable From WR i 17 nsec |_ C_=10Cpf: Address, Data
CL=50pf: WR, HLDA, DEBIN
tyri2l HLDA to Flost Delay (8 nsec
twel2l | WR to Float Delay [9) nsec
1aH[2) | Address Hold Time After DBIN During HLDA -20 [nsec | |
MNOTES:

1 Caa input showid be eranied with DBIN vatws. Mo bus conthct can 1han occur snd dats hald bme 15 attursg
"SH = 53nsaripF. Ah.chever s [ess.

f\ ﬂ 2 Lowd Ccurt

+5v
. f \ ’ f \ 21K

— B0B0A

SUTPUT

c H
. e — I t QISOHA

;—n—.I__—.—_...,._-.-._‘_‘ = s

b - =

——— -

e LWy T3 Y TraZ * a2t He? I02 *trg) = 280m.
— x-- et o TYPICAL A OUTPUT DELAY VS, a CAPACITANCE

. ’-T---—- - +20 [ ————

D e e z _ / |
L ! = a0 : -

I e B e P z :
N - 0 -

: / I . g i

L
-
l

2 CAPACITANCE Ipt)

e v —or Cagruar = Caerct
T .
[ 4. Thy tall g ArE relavent when interiscing the BOB0DA 1o davicas having Wy = 3.2V
- . g ab Maximum outeul riug time fram 8V 1o 1.3V = 100ny @ £ = SPEC,
0 i bl Qutput dalay when measured 10 3.0 = SFEC +60m @ Cy_ = SPEC.
f I— ; b It Cy # SPEC, add Bnapof if C > CgpgEg, subtract IneipF fram modified deiay) if € < Cgpge.
| —j g |— 5 taw = 210y 107 “traz -130nmme.
A I - B towy =10y =tga <Meeg -1 TOmee.
PO ' ]I T Weor HLDA, wwp = tws, = 103 * Trpp = 1008 If HLDA, twyn = wa = TwF.
8. tHF =113 * Tegz ~S0n,
T L 5. uyF =tpa * trpg -10m
PR 10. Dwa n must ba suabte far this pariod during OBIN Ty, Both tpgy and togz Must ba satisfied.
11, Raady tignal murt be Rabie tor this pericd during T2 o Ty, {Must b wxternally fynchranzed. |
i_‘_ — 12, Hold signal muit be stabis for thiy peniod during T2 ar Ty whan entering hoid mode, #nd during T3, Ty, Tg
" - and Tiyy when inhold mode. [Extarnal synehraniZauon m not aguired.)
13, Iniefrupt ngnal must b ttekle during this perod of 1he fant clock cycle of any ingtructon i order T Be
- r [ on tha loll g intruction. (Extarnal iy nchranizathan is not requiced .}
14, Thit tiring disgram shaws tming relationshios oniy; it dost not represant any speciic maching evele.
—————.
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iINtel’  Siiicon Gate MOS M8080A
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

The M8OBOA is functionally compatible with the intef® 8080

= Full Military Temperature Range = Sixteen Bit Stack Pointer and Stack
—=55°Cto +125°C Manipulation Instructions for Rapid
» +10% Power Supply Tolerance Switching of the Program Environment
] - » Decimal,Binary and Double
® 2 us Instruction Cycle . Precision Arithmetic
* Powerful Problem Solving ] . .
Instruction Set = Ability to Provide Priority Vectored
Int
* Six General Purpose Registers " err.upts
and an Accumulator w 512 Directly Addressed /0 Porls
= Sixteen Bit Program Counter for u TTL Drive Capability
Directiy Addressing up to 64K Bytes
of Memory

The Intel® MBOS0A is acomplete 8-bit paratel central processingunit (CPU), It is fabricated on a singie L3I chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance solution 1o control and processing applications.
The MB0BOA 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 MBO8B0OA 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
tevel priority interrupts by rapidly storing and 7es1GFNG 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 bt-directional data
busses are used to facilitate easy interface to memory and E/Q. Sighals to control the interface to memory and 1/0 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 impedance state. This permits OR-
tying these busses with other controlling devices for {DMA} direct memory access or multi-processar operaticn,
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4

P INETRAUCTION e
1 wecistes .5 : MULTIPLEXER

) ] . .
) BRI nk : kI w 2 B "
: RIS FLAaG * e -1 I TEMP REG TEMP AFG
Al LIF FLGPS . i &
ACCUMULATOR ) - ] ] f v 0
waten | b T T : REG REG

N Py o INSTRUCTION & PR R
s I S DECUOER K e s
AND ¥ d 2
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H 3 L
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SILICON GATE MOS M8080A

INSTRUCTION SET

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

Maove, Ioad, and store instruction groups provide the ability
to move either B ar 16 bits of data between memory, the
six working registers and the accumulator using direct, in-
direct, and imrmediate addressing modes.

The abiiity 10 branch to different portions of the program
is provided with jump, jump conaitional, and computed
jumps. Also the ability to call 1o and return from sub-
routines is provided both conditionally and unconditionally.
The RESTART {ar single byte call instruction] is useful for
interrupt vector operation.

Double precision operators such as stack manipuiation and
double add instructions extend both the arithmetic and
interrupt handling capahility of the MBOBDA. The ability to

Data and Instructicn Farmats

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 accumuiator feft or right through
or around the carry tit,

Input and output may be accomplished using memory ad-
dresses as /0 ports or the directly addressed 1/0 provided
for in the MB0SDA, instruction set.

The following special instruction group compietes the
MB080A instruction set: the NOP instruction, HALT to stop
processor execution and the DAA instructions provide deci-
mal arithmetic capability. STC allows the carry flag to be di-
rectly set, and the CMC instruction allows it to be comple-
mented, CMA complements the contents of the accumulator
and XCHG exchanges the contents of two 16-bit register
pairs directly.

Data in the MBOBOA is stored in the form of B-bit binary integers. Ail data transfers to the system data bus will be in the

same format,

U; Dg D5 Dg Dy D3 Dy Dg|

CATA WORD

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

in successive words N program mMemory,
executed,

One Byte [nstructians

The instruction formats then degend on the particular operation

TYPICAL INSTRUCTIONS

G; Dg Dy D4 Dy DO, By Do | OP CODE Register to register, memory refer-
ence, arithmetic or logical, rotate,
return, push, pop, enable or disable
Interrupt instructions

Two Byte Instructions

[ D; Dg Ds Dy Dy Dy Dy Dg | OPCODE

|D; Dg Ds Dy D3 Dy D Dg | OPERAND tmmediate mode or 170 instructions

Three Byla Instructions

ID7 0O Og Dg D3 Dy Dy Dol OF CODE Jump, cail or direct load and store
instructi

[0, Dg D5 Ds D3 D; D, Dg| LOWADDRESSOROPERAND1 ™" tons

[D; Dg Ds D D3 Dy Dy Dg| HIGHADDRESS QR OPERAND 2

For the MBOBOA a legic 17" is defined as a high level and 2 lagic 0" is defined as a low level,
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SILICON GATE MOS M8(080A

INSTRUCTION SET

Summary of Processor Instructions

Imstruction Gadeil. Clock = | Instruction Codal ' Clatk 2
Moemgnic  Oesenption 0, Dg Og Dy O3 O 0y Op Cotley Mnemame  Desenplion D; Dg O Dy O3 D7 0Oy Oy Lycley
MOV, 3 Moee requrer 5o reg e il o oD o &% 3 5 RZ LU TN 1 1 o 9 1 49 a0 RN
MOV M ¢+ Muwe reqisier 1z mp=-+ 0 11 05 5 0§ R%Z Serufnoan ni fer LI S | | R A A 51
MOV M Mave memgrye wreg e 0 n n o1 1 7 HqE SErafn 30 ot ve 11 1 L I | B B HE
HLT Hale 4 1 1 a1 [ [ EXTMIETN, TWE 1 1 t 1 1T 0 @ a L
Wi Mave immediare regote: i 9 9 10 1 [ A%E rarn 5 panty Bven 1 L o1 I 0 0 e
My M Mg immediare ne- oy L 1 L I I B L) s.rnna panty add 11 1 Do 2 0 a car
[ETN Incrgment eqisree o P - 93T Fegran | - T N N I n
OCAr Decremenr reqisree 50 A I IN [ 0 I R B | L
INR W InLIgmery memury S | A | a0 ouT | 1 1 i} 1 A | | '
OCR W Drecremes | menpey [/ ! I A | L¥lE ad mmediate register a0 0 o0 ¢ coo o1 C
&00r A0 regisier tn A 3 1 o1 35 5 0§ N Far B &L
ADCt Add cepister tn A w  tarry LI B O T T 2 L¥ _2ad mmediair regisier O /R R | I '
SUBRT Subtract remcear from & 10 a Y1 5 5 0% 5 Parb & E
SBA ¢ Subteard regigrer e L 100 LI + Ll H 330 MMEdiAtE regisler 0 1 0 @0 32 7 1 -
weih borrnw Par HE L
ANA T And regisret wiin A L - - i L. 5P Lead imedatestack punter 1 0 1 1 0 D D 1 13
ARA Earivsive Orrogisier & 1= A& 1 a 1 no1 5 5 5 B FUEH B Posh register Pair B & L an 1 o 9 0 1 0 i
ORAr 00 regusier wih & g1 1 n 5 5 3 B , ragh
CMP« Compare regater w2 [N T - - - - PUSH 2 a0 teguter Pt O & E un LA D T A | v
ADD M Add memary o & N | a 0o 01 (-] ° s1ach
ADL M Add memory 10 A w i gy 0 200 1 1 PUSH W Busrregster Par H 8 Lo LA TS T AR T B
SUAM Subtract memary lram 4 L | sratk
SEEM Subteact memaey o= 4 R R R N S A PUSH PS& Pusn A and Flags 1 e 01 0 1 1
with Borrgw Snlack
ANA M AN memoty wilt A T L O I FO*E Pap reqiscer pair B & C ol 11 o 00 0 o0 o 11
ARAM Exzwgret Or mgrse, o 1h & LI A R R WLk
ORA M Ot memoty w.1h & 10 ! L T I A (| . POP Pp reqister par O & € ufl 1 [V A | R RO | R | 10
CMP M Cimpare Memzre s & L T N T A : ! agh
ADI Add immadiate to A LS D | R R T N 1 FOPH #.p register gar H & L obt [ L R (R U 14
LTH] Led mmE At o A e e 1 0 2 1 1 1 K tark
Carry : LR PES o & ard Flags H | 1 | I I A | I | o
s Subiractimmenate - A L D | R T A ' slatk
SHI Subireer imep ate i A LA T | E T R A : iTh & direc O T S D B i
wih boerow ' A an A dirert O S T R O !
AN| And immediate w1~ A LA S N R/ B . XCHD thange DB E HE L AR | S B T B B
XRI Euciusive 01 nmezats weth LA S E | R R | N ) Azqisters
A : XTue cha~ge top ol stack Hé& L R D R R I 1%
ORI Gr mmediate wil= & 11 1 1 0 1 1 6 EPuL =& L r¢ slace gomnter T 1 1 [ | 3
CRI Compare immeg.312 air- & [ 1 1 1 1 1 € PCHL = K | 13 program counier ' 1 1 1} R R B
RLE Rarne A iefr c 1 a o o 1 1 1 N , DAz s SIdBECaH&L a1 0 1} il 0o 12
ARC Ratate & night L : ;DAL S 0EEHAL 00 1t ID I
Ral Ratate A tedt terougt zarey A A J Dat W azdw&LwmHEL N R IR S A Hi]
LEL] Rutate A cght througe [ OO (R R A R : DAC &P 3zd stack pmrier tn M & L 30 1 1 g
carry LTA® S sare Aondwec] HI o9 0 o 10 :
IMP Jump uncondiiuna 1 c 0 oG o ETAX D _re Aoidhrect o0 o | | R R 1
It Jump an zarry L S A R T B B ! LDAXE  Lazd A ndiect oo o0 0 111D
JNC Jump an na carry LI A T R ! LDAX 2 ioad & adirecy Don 1 10 o1voan
iz Jump an rerg A N« + T R+ T T | i ; INX B swgeernen B B Coregrers 0 0 0 o010 B
N2 Jump gn ro geta LA R (N T | ’ | INKD tipemem O 8 E registers nooon oy o001 4
IF Jump an ponirve S S E S T R A | : INE = wzrement M & L registers, oo 1 a9 09 11 5
M lymp on i L T T R A B B | INX §P ‘acrement stack pointer [ T 3
IPE Jump o0 parity Bee- LIS T R T I A H OEx & Deiremend B & € o0 & g 1 o4 1 1 5
IRG Jump an panity ane 1 L T I B : nex o e ement G & E 0oa o o1 1o 5
CaLL Call uncond: hg=al LI R R R N R | B OCX H Decrement ™ & L o0 o8 10 1o 5
tc Call on carey 1 | S N1 I ] DLx 57 Qecrement stack painter [I S| 11 0 1 5
CNE Canhonmo Larry 110 ot o8 oyonn 1T qiemeny & a9 1 0 1 1 1 1 H
Lz Gavlan e LA T R 5TC St carry [ A T T R R 4
ChZ Call an ra fero 1 g 9 92 1 0 0 CMLC Lamplement carry T 0 1 LI T B | 4
cF Call an pasiive LA S D S/ A OAx Decimal adjust A o1 v 011 1 L
W Callan minus T 1 1 1 1 1 0o SHLD Siare M E L direct o e 1 o0 o0 a0 10 15
CPE Cell an ganiry even T 1 1 0 1 1 00 LHLD Lzao M B L dirser o ¢ r 01 oo o1 1§
CPo Catl an gatity odd 11 1t 0 @9 1 0 0 Er Erabie bnterrupts [ R T RS B | S B 4
RET Return 11 g o0 1 0 a0 ot O:sabie interrupt 1 ] LI (R S B | 4
RC Return on carry [ o 1 1 0 0 NOP O DEerRtion G0 0 0 0 0 0 0 o0 4
NG Return pa np carey [ o 1 00 6 0
NOTES: 1. DDDar 555 -000B - 001 C— Q100 — 011 € —100H - 101 L — 110 Yemory — 111 A,

2. Two possible cycle timas, I5/11} indicate instruction cycles dependent on condition flags,
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SILICON GATE MOS M8080A

MBO80A FUNCTIONAL PIN DEFINITION

The following describes the function of all of the MBOBOA {/O
pins. Sewveral of the deseriptions refer to internal timing peniods.

Aq5.Ag loutput three-state!

ADDRESS BUS, the address bus provides the address to memory
tup to 84K 8-bit words) or denotes the 1/0 device numner for up
to 256 input and 258 output devices. Ap is the least significant
arddress tit.

Dy-Dyg linput/output three-state}

DATA BUS; the data bus provides bi-directional cormmunication
petween the CPU, memory, and /0 devices for instructions and
data transfers. Also, during the first clock cycle of each machine
cycie, the MBOBOA outputs a status word on the data bus that de-
scribes the current machine cycle. Dy is the Jeast significant bit.

SYNC loutput]
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 MBOBOA data bus from memary
or 1/0.

READY (input)

READY; the READY signal indicates to the MBOS0A that valid
memary of input data is available on the MBOBOA data bus. This
signal is used to synchrenize the CPU with slower memory or 1/Q
devices. If after sending an address out the MB0B0A does not re-
ceive a READY inpur, the MBOBOA, will enter a WAIT state for as
long as the READY line is low. READY can also be used to single
step the CPL),

WAIT (output)

WAIT: the WAIT signal acknowledges that the CPU isina WAIT
state.

WR (output)

WRITE; the WR signal is used for memory WRITE or 170 output
control. The data on the data hus is stable while the WR signal is
active low (WR = 03,

HOLD (input)

HOLD; the HOLD signal requests the CPU to enter the HOLD
state, The HOLD state allows an external device to gzin control
of the MBOS0A address and data bus as soon as the MBOBOA has
completed its use ot these buses for the current machine cycle. It
is recognized under the following conditions:

& the CPU isin 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
{A5-Agland DATA BUS(D;-Dy) will be in their high impedance
state. The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE {HLDA) pin,

HLOA loutput|
HOLD ACKMNOWLEDGE, the HLDA signal appears in response
to the HOLD signal and indicates that the data and address bus

: By, © 1 ~ 40 p—=0 A1y
GND © 2 39 —0 Ay,
; D, © 3 38 —0 A3
D, © 4 a7 f—=0 A2
| 0, © 5 36 p——=0 A5
i D, © 6 35 =0 Ay
o, © ? 4 p—=0 Ag
o o—=fs INTEL 2f—we& |
o e} —0 A
! D; Ot 10 MBOBOA 31— Ag
-5y O——o; 11 30 —-0 Ay
.~ FESET O—=d 12 29 |—=0 A3
! HOLD O—e] 13 28 fp—o0 12V
INT O—a] 14 27 p—=0 Ay
g Qe—ad 15 26 —=0 Ay .
INTE Ow——dq 16 25 —=0 Aq |
DBIN G 17 24 f—eo0 waIT :
WR O——] 18 23 f—0 READY H
! SYNC O 12 22 fo——C
) +8y O0—1 20 21 —=0 HLDA
|

Pin Configuration

will go to the high impenz~ce state. The HLDA signal begins  at:

® T3 for READ memory or input.

® The Clock Period follssing T3 for WRITE memary or OUT-
PUT operation.

In either case, the HLD A sianal appears after the rising edge of ¢4

and high impedance occurs after the rising edge of ¢y,

INTE loutput)

INTERRUPT ENABLE, ~cicates the content of the internal inter-
rupt enatile flip/flop. This flip/flop may be set ar reset by the En-
asble and Disable Interrugt instructions and inhibits interrupts
from bteing accepted by the CPU when it is reset. It is aute
matically reset {disabling ‘urther interrupts) at time T 1 of the i
struction fetch cycle (%11 when an interrupt is accepted and
also reset by the RESET signal.

iNT linput]

INTERRUPT REQUEST; the CPU recognizes an interrupt re
quest on this line at the end of the current instruction or while
halted. |f the CPU isin tra HOLD state or if the (nterrupt Enabl
flip/flop 1s reset it will rot honor the reguest.

RESET linput) 111

RESET; while the RESET signal is activated, the content of the
program counter is cleared. After RESET, the program will starl
at location O in memory. The INTE and HLDA flip/fiops are als¢
reset, Mote that the flags. accumulator, stack pointer, and registe®
are not cleared.

Vs Ground Reference
VoD +12 Volts 210%.
Vee  +6 Volts 10%.
Vae -5 Volts 10%.
$1. 9z 2 externally supolied clock phases. (non TTL compatible
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SILICON GATE MOS M8080A

ABSOLUTE MAXIMUM RATINGS*®

Temperature Under Bias . ., . ... ..
Starage Temperature

All Input or Qutput Voltages

With Respect to Vgg . .

... -B8°C 1o +126°C
............... -65°C to +150°C

. -0.3V to +20V
VCC VDD and VSS With HESDECI 0 VBB -0.3V 1o +20V.
Power Dissipation .. .. .. .. .. . 1MW

"COMMENT: Stresses above those listed under " Absolirte Maxi-

mum Ratings' may cause permansnt 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 1o absolute maximum rating conditions for extended
periads may affect device refiability.

D.C. CHARACTERISTICS
Ta = -55°C to +125°C, Vpp = +12V £10%, Vgg = +5V £10%, Vgg = -5V £10%, Vgs = OV, Unless Otherwise Noted,

T

Symbol Parameter Min. Typ. Max. Unit Tast Condition
Ve Ciock Input Low Voltage Vgg—1 Vgst0B1 v
Ving Clack Input High Voltage 85 Vpp+l| V
Vi Input Low Valtage Ve —1 Vg5+0.8 A
Vin Input High Voltage 3.0 Veet) v
Vol Output Low Voltage 0.45 v oL = 1.9mA on all outputs,
Vou Output High Voltage 37 A lon = 160uA.
Ipp tavi , Avg. Power Supply Current (Vppi 5 8 | mA !
1 | Avg. Power Supply Current [V 60 W00 ' ma ! Operation
CC tAv) , - cc : ‘J Toy = .48 psec
lgg tavy  Avg Power Supply Current {Vgg! M 1 ComA
I _Input Leakage 10 1 pA - Vgg S Vg X Voo
teL Clock Leakage £10 | uA | Vg5 € Verock < Voo
fgy 12] Data Bus Leakage in input Mode -100 HA T Ves SV EVge +0.8V
20| MA | 0BV Vi S Ve
e Address and Data Bus Leakage +10 LA VaDbADATA = Voo
L .
During HOLD -100 YapoRoaTa = Vss + 0.45V
i
CAPACITANCE TYPICAL SUPPLY CURRENT VS,
T, =25°C Ve = Vop = Vgg = OV, Vgg =-5V TEMPERATURE, NORMALIZED, 3]
15
Symbol Parameter ! Typ. | Max. Unit Test Condition 5 \
Ce Clock Capacitance ;17 25 pf = 1 MHz g 0 o
. t g
Cin Input Capacitance © 6 10 pf Unreasured Pins > \
H 05
Cout Qutput Capacitance |1 10 .20 pf Returned to Vgg §
NOTES:
1. The AESET signai must be active for a minimum of 3 clock cycles. -56 +80 125
2. When DBIN is high a2na VN F V| an internal active pull up will AMBIENT TEMPERATURE { C)
be switched onto the Data Bus.
3. Alsupply 1 AT = -0 45%°C.
DATA BUS CHARACTERISTC
DURING DBIN
MR -~ — — — oy
[DL
00 Voo
Yiy
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A.C. CHARACTERISTICS

Ta = -B5°C to +125°C, Vpp = +12V £10%, Ve = +6Y £10%, Vag = -BV *10%, Vag = OV, Unless Otherwise Noted.

Symbol ‘ Parameter Min. [ Max. [ Unit Test Condition
teyl3t | Clock Perind 0.48 | 2.0 | usec

I, Y Clock Rise and Fall Time 0 50 | nsec

ta1 @1 Pulse Width 60 | nsec

tay ! ¢ Pulse Width 220 nsec

tos :l Delay o to 95 0 nsec

o2 I Delay @5 to oy 80 nsec

D3 i Delay o1 to @3 Leading Edges ag nses

toa (2] | Address Qutput Delay From oy : 200 | nsec

top 121 | Data Output Delay From g © 220 | nsec

toe(2) | Signal Output Delay From oy, or @; (SYNG, WR.WAIT, HLDA) i 140 | nsec

tor 121 | DBIN Delay From oz 5% 1 150 | nsec Cu. = 50pf
tpi{11 * Delay for Input Bus to Enter Input Mode ! toF | nsec

tosy Data Setup Time Duning ¢y and DBIN . 30 l nsec

TIMING WAVEFORMS '*

{Note: Timing measurements are made at the following reference voitages: CLOCK 1" = 7.0V,

O = 1.0V INPUTS 17 = 3.0V, 07 = LBV; QUTPUTS 17 = 2.0V, "0 = 0.8V.)
I ey e T
- et
A AN N N
i -l
| m / i /A B
| n:--| wi lgy - L
I-—T_‘ —— et
A Ay } — _&f“_"" _______ ———— e -t
Ir-_ e - Taw ——
= g —= - iy - gy : e Apg - !
o ___“ 3 -
DaTA N 14, ) DATA OUT
) Su—— B So—
e Iggy - i! = oy
SYNC # A - pgy - ,J_ ) ;-
— (Dc -——— - 'DC -— i ;|
DRIN ] \ | iy
- tnre fw—tap= ||
L i
H . 'pe e
e
| ]
READY ] L '4 Thi
‘n"‘_"'i fas e x> 5
wAIT =] | jl. \
tgg —= l— e oa
HOLD H IF] |I I
o Iy -
HLDA
INT - d §E] ;
t|5|-_.
[
INTE
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A.C. CHARACTERISTICS (Continued}
Ta = -55°C to +125°C, Vpp = +12V £10%, Vg = +5V £10%, Vg = -5V £10%, Vgg = OV, Unless Otherwise Noted.

Symbal Parameter Min. | Max. | Unit Test Condition
tosz Data Setup Time to ¢5 During DBIN 130 nsee ,

tgn '] | Data Hold Time From 3 During DBIN 50 nse¢

g2l INTE Output Delay From g5 i 200 | nsec Cy = 50pf
RS READY Setup Time During ¢ 120 | rsec

tys HOLD Setup Time to ¢5 140 nsec

tig . INT Setup Time During 2 (During @1 in Hatt Mode) 120 nsec

T Hold Time From ¢4 IREADY, INT. HOLD! 0 n sec

tFD Delay to Finat Curing Hold tAddress and Data Bus! 130 | nsec

taw {2l | Address Stable Prior to WR (5] nsec |-

tpw!2l | Qutput Data Stable Prior to WR 161 nsec

twol?) | Output Data Stable From WR i7) nsec

twal2l | Address Stable From WR 7 nsec | |- Cr=50pf
tel2] HLDA to Float Delay 18] fsec

twel2] | WR to Float Delay 19] nsec |

tan {2l | Address Hold Time After DBIN During HLDA =20 nsec | |

" m
|
_..-| D -
p—ﬁ.—.__..___l_...q._‘_h
g = — - ) - -
[ wm
,—_—-‘—ﬁf——_——"---—‘_‘-.‘
By k= -
——n|
YNC ’
Frej—
— f-—-l“‘
N ’
H N 1
Ll i
]—J —— byr =
e e
R
ADY
(SR W
ALY
os .
— :
——-]‘bcﬂ—
LDA
—_ ]
NT =
PRI
- g —wl
ntE - '{-
-
—

N\

N

NOTES

1. Dpanput should be snabled with DBIN status. Mo bus confhict can 1hen aocul and data ioid Gme 15 assured.
DM = 500 or tgE. whichewtr i less,

2. Load Cirgun.
+5W
2060/
QUTRUT N

-
ARG U0 gy *lg2 t g2 * 107 ¢ trg] A 480ns

7
§ 2K

TYPICAL A QUTPUT DELAY VS, 3 CAPACITANCE
+20

> e
< .
- .
-
g / .
- o ,
2 sEC
&
2w
I
-2
100 50 o 50 00

1 CAPACITANCE Iph

Cagrpar  Capee’

4. Tha following are relevant when intarfecing the MBOBOA 10 devices hnwing V| = 3.3%
2] Maximum output rise hme (rom B ta 3.3V = 100ns @ Gy = SPEC
b} Output dalay when massured 10 3.0V = SPEC +B0n ® C| = SPEC.
ol 1fC_ + SPEC, add Bni/pF of C > Cgpeg. subiract JnsfpF Hrom madified delayi 1 G« CSPEC
Taw = 21¢y -100 ~Tia2 = 14005,
'OW T ICY “t03 “Yrpg -t T0nmec
. M onot HLOA. iy = tyya = 107 7 trag #1008 1T HLDA, twp = twia = e
. tHF = 103 *+ o7 -50nt.

o on

B, wyrE =1p3 * g2 100

10, Data in must be uiable for thi percd during DBIN Ty, Both gy ang IOg2 Muy ne sanshied.

1. Ready sgrat must be siabie For thes pancd durmg T ar Ty, (Must Be externaliy syrc=romzed. b

12. Hold vignat muit ba stable for this pariod during T2 or Tyy when entenng hold mode and dyr ng T Tq. Ty

and Ty when in hold mode. {External synchronizanon s not reauired. !

13, Intercup sgnal Fiust be siabile guring this paroo of 1the last cloce oycle o 3y AsicLCar (0 arder (0 be

18C0g; on the tollgwing witructian. { Extarnal sy ncheonizanion 4 mat reurec.
. This trming disgram shows Liming relatignshipg only 1t dous not represem ANy HMC KL nachine cyele

538



. \é@ o\ et e((\g
W0 NG e\
e o™
ROMs
8702A 8302
8704 8308

8708 8316A




iNtal’ silcon Gate Mos 87024

2048 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

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

= Fast Programming — 2 Minutes for Capability
All 2048 Bits

. » Simple Memory Expansion Chip
Fully Decoded, 256 x 8 Organization Select (nput Lead

Static MOS — No Clocks Required

The 8702A is a 256 word by & bit electrically programmable ROM ideally suited for microcomputer system
development where fast turn-zround and pattern experimentation are important. The 87024 undergoes

complete programming and functionzl testing on each bit position prior to shipment, thus insuring 100%
programmability,

The B702A is packaged in a 24 pin dual-in line package with a transparent quartz lid. The transparent quartz
{id allows the user to expose the chip to ultraviolet light 10 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 far large volume production runs of
systems initially using the 8702A.

The B702A is fabricated with silicon gate technology. This low threshold technology allows the design and
production of higher performance MOS circuits and provides a higher functional density on 8 monoiithic
chip than conventional MQS technologies.

PIN CONFIGURATION BLOCK DIAGRAM
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SILICON GATE MOS 8702A

PIN CONNECTIONS

The external lead connections to the 8702A differ, depending on whether the device is being programmed*!! or used in read

mode. [See following table.)

- 15 16 b2 23
~— PN 12 13 14
MODE T ¥ge )| (Programi {Cs} (Vgg) i IVgg ! C Ve Vol
Read Yee  Vec (GND - Vee | Voo Vee | Vic
Programming ’ GND | Frogram Pulse | GND Vgg | Pulsed Vgq {\.-';IC_:;I GND | GND
ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias 0°C 10 +70°C ‘COMMENT

Storage Temperature —B5°C to +125°C

Soldering Temperature of Leads {10sec} .. ... ... +300°C
Power Dissipation . .. ... ........ ......... 2 Warts
Read Operation: Input Voltages and Supply

Voltages with respect 10 Ve .. ... L +0.5V to 20V
Program Operation: Input Voltages and Supply

Voltages withrespect to Ve ..o L. —48V

Stresses above those listed under “Absolute Maximum Rar
ings'’ may cause permanent damage 1o the device. Thisis a
stress rating only and functional operation of the device at
thess or at any other condition above those indicated in
the operational sections of this specificatian is not implied.
Exposure 10 Absolute Maximum Rating conditicns for ex-
tended periods may affect device reliability.

READ OPERATION
D.C. AND OPERATING CHARACTERISTICS

Ta = 0°C to 70°C, Vg = +5VEE%, Vi = —OVEE%, Vi0 = —9V+56%,

unless otherwise noted,

SYMBOL TEST MIN.  TYPI max. [ UNIT CONDIT!ONS
Iy Address and Chip Select 10 pA Vi ~ 0.0V
Input Load Curre_nt_ )
- Lo i Qutput Leakage Current 10 : pA 1 Vg = 0.0V, Cs - Ve =2
iopg | Power Supply Current 5 10 | ma Vs =Veo- C_S=VCC—E
3 ! |OL=0_'0"“A'TA=25 <
lagy | Power Supply Current ¢ 35 50 i mA | C5=Vpoo -2 .
_ S R ; o F00mA. T, - 287C
oz Power Supply Current 32 46 maA C3=0.0
Ll =0.0mA T, =258°C _
1 Power Supply Current 38.5 &0 A | CS=v, F; continuous
Dod ower supply Lurre : m Voo T Chperation
_ i =0.0mA 'T.“ = 0°C
lCF! . Output Clamp Current a 14 ma Vout = — LV, T, =0°C
legs | Output Clamp Current 13 mA + Vg g T —10V, T, = 25°¢
e Gate Supply Current 10 A
Wiy Input Low Voltage for —~1.0 0.65 v
TTL Interface o _
Wiz Input Low Voltage for Voo Voo =6 W
MOS Interface
Vg Address and Chip Select Vee =2 Weg +0.3 v
Input High Voltage
o, Oupw Sk Curent | 16 4| mA [ V. " 045V
Yoo | Quutlowvolege | o7 D45 V| lg " 16mA
Yoy Output High Voltage 35 v Iy = —200 A
iote 1:  In the programming mode, the deta mputs 18 are ping 4— 11 respectively, G5 = GND.
Note 20 Wpg may be chocked to reduce power dissipation. 1n thes mode average Ipn increases in propartion to Vg duty cycle. (See p. 5
MNore 3. Typical values are at nominal voltages and Ty = 25°C,

538



SILICON GATE MOS 8702A

A.C. CHARACTERISTICS

T, =°Cto+70°C, Vee =5V 45%, W, = -9V +5%, Vag = —9V 5% uniess otherwise noted

SYMBOL TEST MINIMUM | TYPICAL | MAXIMUM ! uNIT
Freq. Rapetition Rate 1 MHz
toy Previous read data valid 100 ns
tace : Address 10 output cléléy - ’ 13 s
ovGe Clocked Vgq setup 1.0 . HS
teg Chip select delay i 400 ns
teo Qutput delay from CS Q00 ns
tap Output deselect ! ' 400 ns
toHe ! Data out hold in clocked Vi, mode {Nots 11 5 us
Now 1. The output will remain valid 105 to e a5 long as clocked Ve is at Vg, AN adores chanpe may occur ak 3004 as the output [y yanyed

fclocked Vo may still be at Yiel, Dats becomes Invalld for the old addrass when clocksd Vo s raturned to Vg,

CAPACITANCE* T, =25°C
SYMBOL TEST " MINIMUM TYPICAL MAXIMUM UNIT CONDITIONS
Cin Input Capacitance 8 18 pF Mn= Veeo —| All
Cour QOutput Capacitance 10 15 . pF €5 = Vee unused pins
: H Vout = Ver are at A.C.
Cuee Vs Capacitance X i BF Vag = Voo ground
(Clocked Vi;, Moda) ! ‘

* Thrs paremerer 15 periadically samplad and 15 ngt 100% tested.

SWITCHING CHARACTERISTICS

Conditions o Test:
Input pulse amphitudes: 0 o 4V 1, .t <50 ns
Qutput load 15 1 TTL gate, measurements made

at autput of TTL gate ft,, <15 ns)
A} Constant V.o Operation
- Cn e e -

“in 10,
ADDRAESS
..
“,

SATa SUT
IwaLID

CESELECTION OF ZoTa (UTPLT IN O TIE SFEPaFIoN

—
M T
ADDRESS
v -

. 143
Yy =
cs
a0
i
-
Y =T
naTa
our
Vo
-, .
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B}  Clocked Vi Operation

- [T B PELy -

W,
s 1
ABORLSS
90
v

W
CLOCHED
Yag
1SED ~0TE 1
” d tang e .
Vo |
DaTh |
QuTt
¥ou 1
DESELECTION OF DATL QQUTPUT IN DS TIE 2PERATION
Yin
ALDAESS
A\
NCTE 2 - - P
., g S
i
s .
.\ L
L
AN !
- o= -
1 = P
Yex !
CLOCKED X
Voo !
Vi
| - Fanm -
|
Y
usta out |
:'—"u:c
Yo
NOTE 1 The outiar will <%@i0 w303 197 fyyp 36 @79 M clocken Voo

153t Voo AR adcras CRANgS may Dooor 36 0ON A3 1T Dulpul 5 wnsed
iclackrd Vg rmay sbil be e Vool Dala hecmnes creata fee the old
add rL whan ClOERBd Ve 03 relarnen 10 Vo,

WOTE 2 11 C5 mases 3 1140000 410m W 100Y oy bk CIDCRED Voo
Bt Vg Then gessiastion ol 0ufiu? Gulies at foo 41 shown o stant
DURTRNION wITR CORMIANT VoG



SILICON GATE MOS 8702A

TYPICAL CHARACTERISTICS

QUTPUT CUARENT V§,

QUTPUT CURRENT V5.

lop CUARENT VS, TEMPERATURE Vpp SUPPLY VOLTAGE TEMPERATURE
op oo
ELY o FR] T T i " T T
i E Voot ot g l : i | l
Z A voo v W - —— E . g
I W, - -any 3 .
3, v: - 5 Yoot W
- INPUTE * ¥, % B l’ z VoG-
o = - a
£ T oUTRUTS ARE OPEN . . 3 ‘' gy =+ ABY +—i
H . - z PR > I
At B A : |
g £5 - Vig PR L R ]
o SR —] o i
2 B | v F e 4 +
) ! g optr— . FI —! 1 T . I
/- Boow z -% & -7 -F -, H W OO 4 S B WOK W
» i + T g | Vo SUMRLY WOLTAGE v o - | AMRIENT TEMPERSTURE (°C1 | |
| s H I ! . . -
v } T % Feg t oAV ¥ E C W AV I
o v Yag WV 4 = g Vg " - |
I 0 2 .0 m oW 1A s Ve 000 ¥ e B 1!
g . oI £ Vggt - HEL A
AMBIENT TEMPEALTLAE 190" G -1 g e § von® 0T o | ;
g } — E ._—v-*"'-a/{ .
Z L E) i
i, ! ; LI I
OUTPUT SINK CURRENT
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1 I L]
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b= z @ T T ateER g,
L% Ipms 36 e - e Yo
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H 2= - J"/T/ —
: 3 ' s
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SILICON GATE MOS 8702A

PROGRAMMING OPERATION

D.C. AND OPERATING CHARACTERISTICS FOR PROGRAMMING OPERATION
Ta=28°C, Vpo =0V, Vg = +12V £ 10%, TS = OV unless otherwise noted

SYMBOL TEST MIN. TYP. MAX. [ UNIT CONDITIONS
i_.p | Addressand Data Input 10 mA, Vi = —48Y
l.oad Current :
Folap Program and Vg q _ 10 mA Vi = —48V
Load Current .
tag Vag Supply Load Current | 05 | mA
looe' ! Peak Ipg Supply ) 200 MA [ Vo5 = Vype= —48Y
Load Current Vg = —35¢
Vine Input High Voltage I 0.3 v
' V:_P " Pulsed Data Input | —46 | Y] v
Low Voltage :
"~ Ve  Address input Low —40° © 48 v
Voltage
V. @ Pulsed Input Low Voo —4§ —48 v
and Program Voltage
V, . . Pulsed Input Low -35 —40 v
- I V.g Voltage

Note 1. ippp flows anly during Vo, Vg on time, !npP should not be aliowed to excead 300 mA for greater than 100usec. Average power
supply currentinnp o typicatly 40mA a1t 20% duty cycle.

A.C. CHARACTERISTICS FOR PROGRAMMING OPERATION
Tanment = 28°C. Mo = OV, Vg = + 12V + 10%, TF = OV unless otherwise noted

SYMBOL ' TEST MiN, TYP, MAX, UNIT CONDITIONS
! DUTY Cvcle {VDD ) VGG ] 20 %
TPy Program Pulse Width 3 ms Vgg = —35V, Vpp =
Vorog = —48V
1ow Data Set Up Tirme 25 us
10H Data Hoid Time 10 HS
tyw | Vpp . Vgg SetUp 100 i s
typ ! Vpp . Vgg Hold 10 P 100 us
tacw '? ¢ Address Complement 25 i HS
¢ Set Up
tacn ' | Address Complement 25 , HS
| Hold
taATwW ' Address True Set Up 10 ' S
tATH i Address True Hold 10 i s

Note 2. Al 8 address bits must be in the complement state when pulsed Vpp and Vg Move 16 their nagative leveis. The addrasses (D through
266] rmust be programrmed as shown in the timing diagram far a mimimum ot 32 timas,



SILICON GATE MOS 8702A

SWITCHING CHARACTERISTICS FOR PROGRAMMING OPERATION
PROGRAM OPERATION
Conditions of Test:
Input pulse rize and fall times = Tusec
s = 0ov
PROGRAM WAVEFORMS

=t tacH =
[ |
L acw
[ |
0 L
T
BINARY COMPLEMENT OF BINARY ADDRESS
ADDRESS ADDHESS OF WORD OF WORD TO BE
TD BE PROGRAMMED FROGRAMMED
—40 1o —4F !
1 1
: . =Twp=
1
1]
PULSED vpp

POWER SUPPLY

—46 10 -48

Q

PULSED Vg
POWER SUFPLY

—35 1g —40

41\!’\'1'"

o}

FROGRAMMING
FULSE

—6 1o —4B

~ o o=ty -

DATA STABLE D{{;/CAN//
TIME %2 CHAaNGE /%/

0

DATA INPUT 7
{DEVICE 7
QUTPUT #
LINES}

PROGRAMMING OPERATION OF THE 8702A

| | ADDRESS
Whan tha Data Input for @ Then the Dats Output WORD by Mg A Ay Az Az A1 Ap
tha Fragram Mada is: during the Resd Mode 15: .
- 0 | Q (] ¢] & i 0 o] Q
MiLIp = ™ —4BV pulsed  Logic 1 - WK = ‘P an tape 1 ‘ 0 o 0 o o o 0 !
| | | | | | | | |
y t_ | R T Y R O
ViHp =™ OV Logie 0 = W ="N ontapa P | f 1 1 1 1 1 3 1
Address Logic Level Ouring Aaad Mods: LageQ =V {™.3V) Loge 1 =W [~ 3]

Address Logic Leval During Program Mode:  Lage @ =V 5p [ ™40Vt  Lagc 1 = Vigqp (™~ 0V



SILICON GATE MOS 8702A

PROGRAMMING INSTRUCTIONS
FOR THE 8702A

I. QOperation of the 87024 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 {ocutput 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 complement state when
pulsed Voo and V. move 1o their nega-
tive levels, The addresses must be held
in their binary complement state for a
minimum of 25 xsec after V.- and V..
have moved to their negative levels.
The addresses must then make the
transition to their true state a minimum
of 10 nsec before the program pulse

15 applied. The addresses should be
programmed in the sequence 0 through
255 for a 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 level { — 48Y) wall pro-
gram 2 "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 simultaneousty by setting
the desired bit information patterns on
the data input terminals,

During the programming, Ve., ¥o- and
the Program Pulse are pulsed signals.

. Programming of the 8702A Using
Intal *Microcomputers

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

A intellec®

The Intellec saries of program de-
velopment systems, the intellec
8/Mod 8 and intellec 8/Mod B0, are
used as program development tools
for the 8008 and 8080 microproces-
sors respactively. 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,
arograms to be loaded inta PROM
may be typed in directly or loaded
through the paper tape reader. The
system monitor aillows the program
0 be reviewed or alterad at wili
prior to actually programming the
PROM. For more complete informa-
‘ion on these program development
systems, refer to the Intel Micro-
camputer Catalog or the intellec
Specifications.

B. Users of the SIM8 microcomputer

programming systems may also
prograrn the 8702A using the
*APT7-03 programmer card and the
appropriate control ROMs:
S51M8 system—Conirol ACMs
A0860, AQBG1 and ADBB3.

5-43

. 8702A Erasing Procedurs

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/cmi. Examples of ultraviolet
sources which can erase the 8702A

in 10 to 20 minutes are the Model
UVS-54 and Model 5-52 short-wave
ultraviolet lamps manufactured by
Ultra-Violet Products, Inc. (5114 Walnut
Grove Avenue, San Gabrisel, 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.



Intel Silicon Gate MOS 8708./8704

8192/4096 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

» 8708 1024x8 Organization
e 8704 512x8 Organization

® Fast Programming — m Static—No Clocks Required
Typ.- 100 sec. For All 8K Bits " Inputs and Outputs TTL

® Low Power Buring Programming Compatible During Both Read

» Access Time —450 ns and Program Modes

» Standard Power Supplies — " Three-State Output—OR-Tie
+12V, =5V Capability

®) , . )
The Intel 8708/8704 are high speed 8192/4006 hit erasable and electrically reprogrammable ROM's (EPROM) ideally suited
where fast turn around and pattern experimentation are important requirements,

The 8708/3704 are packaged m a 24 pin dual-in-line package with transparent lid. The transparent lid allows the user 1o ex-
pose the chip to ultraviclet light 1o erase the bit pattern. A new gatiern can then be written into the devices.

A pin for pin mask programmead ROY . the inte! B308, is available for large volume production runs of systems initially using
the 8708,

The 8708/B704 is fabricated with the time proven N-channet silicon gate technotogy.

PIN CONFIGURATIONS BLOCK DIAGRAM
ot L e IfIAT‘:Iog:FUI
4y |: 2 2[4y r . )
s []: 20 T I ‘ I ‘
ae[]4 2177 e ! : J
~g- ajos: ol & = CHIFRELECT
sge BT o[ ko R LaGie QUTPUT BUFFERS
~.- L] | EUIREe
s Sk T .
u.s W[ ] e TECODER ' ¥ GATING
o, []re 15[ a8, |
ot Fe et |
w, O] 7 =™ | ——
: - i J——— ULC;DER nr;; :;;!Av
BN+ vy L |
708 - 8,
PIN NAMES

4 Ay | ADDRESS INFUTS
Dy0y | DATA DUTFUTE
CIAWE | CHIP SELECT'WRITE ENARLE [NPUT

5-4

o



SILICON GATE MOS 8708/8704

Absolute Maximum Ratings *

Ternperature Under Bias
Storage Temperature

-25°C 10 +85°C
-65°C to +125°C

All Input or Qutput Voltages with Respect 10 Vgg

{exceptProgram| . . . ... ... ... ... +15V to -0.3V
Program Inputte Vgg . . . . . .o o vt +356V to -(.3V
Supply Voltages Ve and Veg with Respectto Vggp. .. .. .. +15V to -0.3V
Vopp with Respectto Vg .. .. .. .. ... et n .. +20V to -0.3V
Power Dissipation . . ... ... . ... ... ... e 1.5W

READ OPERATION
D.C. and Operating Characteristics

*COMMENT

Stresses abova thase listed under “Absoiuta Maximum
Ratings'" may cause permanent damage ta the devics.
Thia is a strese rating oniy and functiona) operation
of the davice at these or any othar conditions above
thase indicated in tha operational sections of this
spacification is not implisd. Expoturs to absalute
Maximum rating conditions far sxrended pariods may
affact davice relisbility.

Ta = 0°C to 70°C, Vo = +5V £6%, Vg = +12V £5%, Vap = -6V 5%, Vg5 = OV, Unless Otherwise Noted,

Symbal .

Parameter Min. Typ.[1] Max. | Unit Conditions
Il . Address and Chip Select Input Load Current 10 UA Viy = 5.25Y
o Output Leakage Current 10 HA VouyT = 5.25V, CS/WE = 5V
Iop i Voo S_Jpniv Current a0 85 mA Worst Case Supply Currants:
lec Vee Supply Current 3] 10 mA All Inputs High
lgg Vgg Supply Current .30 45 mA | CS/WE =5V; T, =0°C
VL Input Law Volt-ai;é_ Vgg 0.65 i
ViH Input High Valtage 3.0 N Y
VoL Cutput Low Voltage 0.45 v laL = 1.6mA
Vour  Output High Voltage i 37 V | lgy = -10CkA
Vo2  Output High Voltage ) 2.4 V | lop=-1mA
Pg i Power Dissipation 800 miw Ty = 70°C

MOTEE: 1. Typical valuss are far Ta = 25°C and mominal supply voltages.
2. The program imput 1Pin 18} may be tiad to Vg5 or Wep during the read mods.



SILICON GATE MOS 8708/8704

A.C. Characteristics
Ty = 0°¢ to 70°C, Vep = +BY 258%, Vpp = —12V £5%, Vpg = -5V 15%, Vgg = 0V, Unless Otherwise Noted.

Symbol Parameter Min, Typ. Max. Unit
tacc Address to Cutput Delay 280 450 ns
tEB Chip Select to Output Delay - 120 ns
toF | Chip De-Select to Output Float 0 120 ns
toH I address to Output Hold ] ns
Capacitancel!) T, =25°¢, f = 1MH:
Symbal " Parameter Typ. | Max. Unit| Conditians
Cin Input Capacitance - 4 6 pF | V=0V
Cour  Output Capacitance : 8 12 pF | VouT=0Vv
Note 1. This paramater is perisdicatly sampled ang nat 160% tested.
A.C. Test Conditions: .
Qutput Load: 1 TTL gate and C_ = 100pF
lnput Rise and Fall Times: <20ns
Timing Measurement Reference Levels: 0.8Y and 2.8V for inputs; 0.8V and 2.4V for outputs
Input Pulse Levels: 0.65Y to 3.0V
Waveforms
AnDRAEES X X
- Ton -
C.8.WE \ /
- tef - i )
. v lpp-
- ACC -

DaATA - T ara
put | - DATAOUTWVALIO




SILICON GATE MOS 8708/8704

PROGRAMMING OPERATION
Description

Initiatly, and after each erasure, all bits of the 8708/8704 are in the ' 1" state {Output High). Information is introduced by setect-
ively pregramming 0" into the desired bt lacations.

The circuit is set up for programming operation by raising the CS/WE input (Pin 200 to¢ +12V. The word address is selected in the
same manner as in the read mode. Data 1o be programmed are presented, 8-bits in parallel, to the data output lines {{4-Og).
Logic levels for address and data lines and the supply voltages are the same as for the read mode. After address and data set up
one program pulse {Vp] per address is applied to the program input {Pin 18). One pass through all addresses to be programmed is

defined as a program loop. The number of toops {N) required is a function of the program pulse width (tmy) according to
N % tpw = 100 ms.

For program verification, program loops and read loaps may be alternated as shown in waveform B.

Program Characteristics
Ta = 25°C, Vg = +5V 5%, VYpp = +12V 25%, Vgg = -BV +5%, Vgg = 0V, CS/WE = +12V, Unless Otherwise Noted.

Symbol Parameter : Min, Typ. Max. Units
tas Address Setup Time 10 s
togs C5/WE Setup Time 10 is
tng Data Setup Time 10| HS
taM Address Hald Time 1 s
teH CS/WE Hold Time 5 1S
toH Data Hold Time 1 Hs
toe Chip Deselect to Gutput Float Delay 0 120 ns
toeA Program To Read Delay 10 s
tew Pragram Pulse Width A 1.0 ms
tpg Program Putse Rise Time 5 i 2.0 Hs
teE Program Pulse Fall Time 5 2.0 Lt
Ip Prograrnming Current 1m0 20 mA
Ve Program Pulse Amplitude 25 r 27 v

NOTE: {ntels standard product warranty applies only 10 devices pragrammed to specifications deseribed herein.

Erasing Procedure

The B708/8704 may be erased by exposure to high intensity short-wave ultraviolet light at a wavelength of 2537A. The recom-
mended integrated dose. (i.e., UV intensity x exposure timel is 10W-sec/em2. Examples of ultraviolet sources which can erase the
8708/8704 in 20 to 30 minutes are the Madel UV5-54 and Model S-52 short-wave ultraviolet lamps manufactured by Ultra-Violet

Products, Inc. (5114 Walnut Grove Avenue, San Gabriel, Californial. The iamps shoutd be used withaut short-wave filters, and the
8708/8704 ta be erased should be placed about one inch away from the {amp tubes.



SILICON GATE MOS 8708/8704

Waveforms

(Loagic levels and timing reference levels same as in the Read Mode unless noted otherwise.}
A} Program Mode
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SILICON GATE MOS 8708/8704

Typical Characteristics iNominal supply voltages uniess otherwise noted):

QUTPUT SINK CURRENT RANGE OF SUPPLY CURRENTS
V5. OUTPUT VOLTAGE VS. TEMPERATURE

! ALL POSSIBLE DPERATING
Vo * 475V / CONDITIONS:
Vee * 525V
a |

| Vog * 128V I
n-oe. | < 80 v : : Vgp * B.IBYV 1
PRI . £ ’ ’ : |
L T, = 0°C T ; £ o : padl !
S ] '
E o
= -4 -
= =1
= =
) P [ b
g
S
2 ——
-_
©SREC
% E] - & W 1.0
Vg, (VOLTSI
MAXIMUM JUNCTION TEMPERATURE
VS AMBIENT TEMPERATURE ACCESS TIME V5. TEMPERATURE
+50 500
| b0 cm 1TTL LOAD + 1000F
P vpe -5V i
[ Vgt 178V AOpm e
TN ¥ T | '
100 & — i i
i -
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= i g
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o
] 3 “0 & 20 q 20 [ 5¢ e
TE T,
ACCESS TIME
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H
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[
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Intel Silicon Gate MOS 8302

2048 BIT MASK PROGRAMMABLE
READ ONLY MEMORY

Access Time —1 .sec Max. » Static MOS — No Clocks Required
Fully Decoded, 256 x 8 Organization = Simple Memory Expansion — Chip

Inputs and Outputs TTL Compatibie Select Input Lead

. = 24-Pin Dual-In-Line Hermetically
Three-State Output — OR-Tie Sealed Ceramic Package
Capability

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 8702 A erasable and electrically programmable ROM.
The B302 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 input 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-channet silicon gate technology. This low threshold allows the design and
production of higher performance MOS circuits and provides a higher functional density on a monaolithic
chip than conventional MOS technologies.

PIN CONFIGURATION BLOCK DIAGRAM
Ml W oo DATA QUT 1 DATAIDLITB
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OUTPUT
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SILICON GATE MOS 8302

Absolute Maximum Ratings *

0°C 1o +70°C
~BEC 10 +125°C

Ambient Terperature Under Bias
Storage Temperature

Soldering Temperature of Leads (10sec) . . .. .. .. +300°C
Power DHssipation . L 2 Watts
Innut Vaoltages and Sapply

Voltages veth respectta Ve L. oL L L +0.5V to —20V

*COMMENT

Stresses above those listed under *"Absolute Maximum Rat-
imgs" may cavse permanent damage to the device. Thisis a
stress rating anly and functional operation of the device at
these or at any other condition above thaose indicated in
the operational sections of this specification is not impiied.
Exposure to Absolute Maximum Rating conditions for ex-
tended pericds may affect device reiiability.

READ OPERATION

D.C. and Operating Characteristics
T, = 0°C 10 TO°C, Vo = +BV15%, Vo = —9V45%, V

1y _

9V+5%, unless otherwise noted.

GG~
SYMBOL | TEST MIN.  TYPIZE max. | uNiT CONDITIONS
Y Address and Chip Select 1 pA Wy, = 0.0V
; Input Load Current
g Output Leakage Current 1 pA Vg, T 0.0V, CS = Vo -2
lapg  Power Supply Current 5 W . mA L Vg EVee. E:VCC_E
- g = 0.0mA. T, = 25°C
T Power Supply Current 35 50 ma C_S-'VCC -Z2 h
lo, =0.0maA T, - 25°C
looa  Power Supply Current 32 46 1 ma  CS=0.0
lg ~G.0mA T, =25°C
| Power & w.I‘-I“EF rent | 38.5 50 A Ca=v 2 Contmuous
07 awer supply Lurrent . [l lia} - U5V, - : Operation
L s “00mA T, = 0°C
__IC__F_1_ Output Clamp Current a 14 mA 1 Vo r - 10V, T, = 0°C
- = o
ICFZ’ Output Clamp Current 13 mA VOUT = —1.0V, TA = IR°C
le o Gate Suppdy Current 1 L3
Vigs " Ilnput Low Voltage for | -1.0 0.65 v
TTL Interface
: ViLz Input Low Voltage for Voo Mee -6 |V
MOS Interface
' . Adgdressang Chip Select | V.. -2 Ve #03 | v
tnput High Vaoltage !
[ Out?ut Sink Current 16 4 L : rr\.A Vot = 045V
3 On ) Ourrzut Source Curren_t__ —20 oomA L Vg T O_QU
Ve, Durput Low Voltage -7 45 |V loy = 1.6mA
Voa o Outbut Migh Voltage 3.5 45 | bow = — 100 pA -
Yote 1. W may i calked 10 reduce power desipatiue, e This minde average 1[G rarRAses 10 Proporl G 0 Wen duty cycie
oM 2. Taral v uRE AT 31 Nohingl vonanes and Ta o 2690
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SILICON GATE MOS 8302

A.C. Characteristics

T, =0°Cto+70°C, Vog =BV 5% V., = -9V +5%, Vae = —9V 25% unless otherwise noted

SYMBOL | TEST MINIMUM TYPICAL MA X MUM UNIT
Freq. Rapetition Rate 1 MHz
ToH . Previous read data valid 100 ng
tace Address 1o output delay 5 700 1 us
tovaa Clocked Vg setup 1 - s
trs Chip salect delay 200 ns
too Output delay from C5 500 ns
top . Qutput deselect 300 [ons
tane i Data out hold in clocked Vg, made [Note 1) 5 [ us

Note 1, The output will ramain valid for 1o g as 10ng se clocked Yog in st Vo, An addrasy chenge may ocour a8 $00R B tha autput iy sansed
lclocksd Vg may stHl be ot Wl Oote becomes [nvalid far the old sddrasy whan clecked Vg | raturned o VoG,

Capacitance’ 1, - 25°c

SYMBOL TEST MINIMUM * TYPICAL MAXIMUM ! UNIT CONDITIONS
Cin Input Capacitance 10 pF Mn= Voe Al
[ Output Capacitance | 10 nF T5= Ve unused ping
ouT |
¢ v Camacita : o 3 Vout = Vee | arest AC
Vaa s Capacitance | & Vag = Vee ground
: [Clocked Vg Model |

*This pararmetar is pariodicaity sampled and 15 not 100% tested.

Switching Characteristics

Conditions of Test:
IAput pulse ampiitudes: O to 4V 15, 1. 250 ns
Qutput lead is 1 TTL gate; measurements made
at output of TTL gate {t,, <15 ns}

Al Constant V.. Operation
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NOTE 2 14 G5 roak ek & fratibidn MEM Wil 10 V| whiincloched oo
WAt Vg, 1han desmlacran af QuiAUE QEEUrs At hog e ERGwn LG
GoAINan wirh conitant Vg,




SILICON GATE MOS 8302

Typical Characteristics

ACCESS TIME V5. OUTPUT SINK CURRENT
Ipp CURRENT V5 TEMPERATURE LOAD CAPACITANCE V5. QUTPUT VOLTAGE
el [T - i
o Vop - 8 a bl .
Von* -0 -
ol \\ von' -w B T - ——t——— z 1104 Vet 08V
- *® N I::U'S ¥ I o v Vop T =Y
Yoo w z -
P A% CUTRUTS ARE OMEN 3w t Ewot— :“G i ?::c—
- 1 1 1 A
E n - l 4 o 1TTLLOAD - & i /
£ = Ti-vg g 200 LYoo TR H R
o on b Cvpn - W S
e ' \\I—! ' - o0 vgg -9 T B E 0 / o
" P [ 100 ty =I6°C +_. S
. T i | ] I 10
. l N T X AN R 28
3 1 ] ! | LOAD CAFACITANCE IpF|
° L] Fid 0 L L+ 100 130 — -1 -2 -J‘ L3 -1 2 *} L)
AMBMENT TEMPERATURE (%C) QUTIPUT YOLTAGE (WOLTRE
ACCESS TIME V5. OUTPUT CURRENT V5. OUTPUT CURRENT V5,
TEMPERATURE Vpp SUPPLY VOLTAGE TEMPERATLIRE
” i ' T 7T ]
o z Ve - tEW z I
& 4 vmg v oW i i . Vep = vV |
00 == =m H Yo, - ._asv/’ i g I : \1'::- SV
= 0
E s + 2oap s "5; M |  Wage W
¥ sm ! % H ' i : Vg =+ 48w ——]
S i Y g \\ H
2 } 1T LOAGw 20 pt ] E ?,’;‘,‘.’.‘?:. L g Seoov |
EJW [ | wgp s _ I L1 2 | ] 4 !
! ¥pg BV 2 . | L2 D
- R BT T o e R ! . : —
100 | — | Tl w4 afa|lw |1 i LU I T
| | l . | ' - Vpg SUPPLY WOLTAGE (v - AME ENT TEMPERATURE (0 ¢
N . H T Ll Voe 5 v |
NI E R e ¥ ) | | s
AMBENT TEMMERATURE (9C) z I VCC " 3 Voot 5V | H i
o Bg " - + o Voo" ¥ | | '
=1 Vs " 00V | " . 1
§ 35 T:H DAL E J—F:M._::\r! |
- N i o ® AV . !
e o [ —
£ ’ E | T
E i ‘ z 1 T J ‘ :
3 —4 i. | .

AVERAGE CURRENT VS. DUTY
CYCLE FOR CLOCKED Vgg

L TTTT]
W . i N
| CLACKED \"GG -

3 Vpp - -9V i .
- i - ' | | et
i = 4 2 UI: T ]
= T =0
g , A ; ’//
L i
§ !

0 + }
H [ | et
5 N — el .
3 M B H H

* /4‘/ I
oo § _ . ‘i

[} L .

] 1 2 aa 0 ] B I 0 w 108

DUTY CYCLE '}
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intgl

Silicon Gate MOS 8308

8192 BIT STATIC MOS READ ONLY MEMORY
Organization-- 1024 Words x 8 Bits

u Fast Access — 450 ns

u Directly Compatible with 8080 CPU

at Maximum Processor Speed

® Two Chip Select Inputs for Easy

Memory Expansion

8 Three State Output — OR-Tie
Capability

8 Fully Decoded

® Standard Power Supplies

+12V DC, t5v DC

B Directiy TTL Compatible — All Inputs

and Outputs

The Intel® 8308 is an 8,192 bit static MOS mask programmable Read Onty Memory organized as 1024 wards by B-bits. This
ROM is designed for 80BO microcomputer system applications where high performance, large bit storage, and simple inter-

facing are important design objectives. The inputs and autputs are fully TTL compatible.

A pin for pin compatible electrically programmed erasanle ROM, the intel® 8708, is available for system development and

small quantity proguction use,

Two Chip Selects are provided — €5, which is negative true, and CS45/C87 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 technalogy. This technology provides the designer with

high performance, easy-to-use MQOS circuits.

PIN CONFIGURATION

& [} e 2l ver
a ]2 231 as
as[]a2 22 4
a4 2] vap
A,:s [,
a; s 8308 15[ wo
a7 wl ] cs, T,
a e 17{Jos
o ]e 1w [Jo:
o [ 5] Jos
o [ 14 ] o
vss 12 u[Jo.

€5, /88y —=

PIN NAMES

BLOCK DIAGRAM

DATAOUT 1

DATA QUT B

QUTPUT
BUFFERS

1

2152 BIT
ROM MATRIX
110%4 X 8)

!

CECODER

T

FNPUT
BUFFERS

Ap- &g

ADCQRESS INPUTS

oo

DATA QUTPUTS

. Chy L83

CHIF SELECT INPUTS

Bg Ay Ay
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SILICON GATE MOS 8308

Absolute Maximum Ratings*

-257C to +85°C
-65°C to +160°C

Amhbient Temperature Under Bias
Storage Temperature ... .. ... ... ..
Voltage On Any Pin With Respect

To VBB
Power Dissipation

-0.3V 1o 20V
1.0 Watt

D.C. and Operating Characteristics

“COMMENT

Stresses above those listed under “Absolute Maximum Ratings’' may
cause permanent damage 1o the devica. This is 8 stress rating oniy
and funcrional oparation of the device at these or any othar condi-
rions above thota indicated in tha oparational sections of this sdeci-
fication is not implied. Exposure to absolute maximum rating condi-
tions for axtendad periods may affect davice rediability.

Ta =0°C to +70°C, Vo = BV #5%; Vgp = 12V 5%, Vag = -5V 6%, Vie = OV Unless Otherwise Specified.

Limits _
Symbol Parameter ™ Unit Teast Conditions
Min. | Typ.l1l I Max.
Il Imput Load Current | 10 HA Vin = 0 to 5.25Y
{All Input Pins Except CSy!}
lLel Input Load Current on CS, 1.6 mA Vi = 0.45Y
ILre Input Peak Load Current on CS, 4 mA Vin = 0.8V 10 3.3
ILke Input Leakage Current on C5, 10 A Vi = 3.3V t0 5.25V
Lo QOutput Leakage Current 10 A Chip Deselected
YL Imput “Low™ Voltage Weg-1 0.8v W
Vim Input “High’* Yoltage 3.3 P Vel v
VoL Qutput "Low" Voltage : 0.45 \ loL = 2mA
Vau1 Qutput "High Voltage 2.4 Vol gy = -4mA
Vouaz Gutput “High” Voltage 37 Vo lopg=-1mA
leg Power Supply Current Vee p 8 2 mA
log Power Supply Current ¥pg Y 60 mA
lgg Power Supply Current Vgg 10uA 1 mA
Py Power Dissipation 775 miy
NOTE 1: Typical values lor Ta = 257 C ang nomanal supply valtage
0.C. OUTPUT CHARACTERISTICS 0.C. OUTPUT CHARACTERISTICS
9 -
1 -0 e | ‘o ] "
gl . s !
[ ! ? =
1 ! v " a LN EPRLE NI A
vy A
¢ It i k] P
\
< Tvvn::nl./,i{ < W TYPICAL
[ T S . __/_'_.i ———ma e =
s 4 H / 5
3 ’/ l— - — - -
2 rJ /‘I*/ . . . 3
v N '
11— :/l SPEC 2 ;
] T b i
L 1 2 3 A & & ? a 9 10 V24 28 38 30 32 )4 36 3B 40 47
¥, WDLTS Vay WOLTS



SILICON GATE MOS 8308

A.C. Characteristics

Ta=0°C to +70°C, Vg = #5V 25%: Wpp = +12V £6%, Vag = -5V 5%, Vgg = OV, Unless Otherwise Specified.

Limitsl2]
Symboi 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 1o Qutput Delay Time 125 220 ns
tor Chip Deselect to Output Data Float Time 125 | 220 s

NOTE 2: Refer 10 conditions of Test for A.C. Characteristics. Add 50 nanoseconds {worst casel ta specifisd values at

VOH =17V 8 Ign = -tmA, = 100aF,

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

Qutput Load. ... .. ..
Input Pulse Levels . . . ... .. .. ... ....
Input Pulse Rise and Fall Times ... .....,..
Timing Measurement Reference Level

2.4V Vi, Vow, 0.8V V), VoL

1 TTL Gate, and Cioap = 100pF
65V 10 3.3V
20 nsec

CAPACITANCE TA= 25°C, f=1 MHZ, VBB =-bBV, VDD-
Ve and all other pins tied to Vgs.

Limits
Symbaol Tast
Typ. Max.
Cin i input Capacitance 6pF
Cour Qutput Capacitance 12pF

e ———y

face

ADONERS

Aoy

A

W TR W MR R wm = W

DATA Q,-0,

557
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SILICON GATE MOS 8308

Typical CharaCteriStics {Nominal supply voltages unless otherwise noted.)

Vi Tmal

ipp V5. TEMPERATURE

{NGRMALIZED!
14 T - T
11 . ——— |
e - e e
L - -
16 R
- J SO———. e e aem ————
B —— T R
7 b N N O
6t - - . A
s
Py ; .
D10 @ I 40 50 B0 M B0 40
AMBIENT TEMPERATURE T, ']
CSy INPUT
CHARACTERISTICS
H) .
|
2E—— = i —r ——-—-—----i—-——
!
20— ;
i
a 5 ] 15 20 25 A0

Yy VOLTE
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A QUTPLIT DELAY (nSEC)

A QUTPUT CAPACITANCE

V5. 4 OUTPUT DELAY

“w N
«20 - :
|
40 - i .
o -BO o 5 0
3 CAPACITANCE |pF)
Tace V5. TEMPERATURE
(NORMALIZED)
14 —]
13 —
1.2
1.1 + . + - e
19 : !
\ ! e B :
/ H
A + t f
fpere] i
k] .
3
[
o 1 .
0 10 0 30 40 50 B0 0 ¥ W

AMBIENT TEMPERATURE T, "C)
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MCS™
CUSTOM ROM
ORDER FORM

8308
ROM

CUSTOMER
P.0. NUMBER
DATE

Far Intel use oniy
Sx PPPP
$TD 22

DD

APP DATE

All custom 2308 ROM arders must be submitted on this form, Programmin

g information should be sent in the form of computer

punched card: or punched paper tape per the formats designated on this order form. Additional forms are available from ntel,

MARKING

E—-—INTEL PATTERN NUMBER

The marking as shown at the right must contan the Inr.elx'iogo. the "
product type (PB30B), the 4-digit Intel pattarn number {PPPP}, a date

code (XXXX}, and the 2-digit chrp number (DO, An optoral customear

wentification number may be substituted for the chip number {221

Optional Customer Number {maximum 9 characters or spaces;,

CUSTOMER NUMBER

T

8308 PPpp
KXAX ZZ
S—

DATE CODE

— CHIF NUMBER QR
CUSTOMER NUMBER

MASK OPTION SPECIFICATIONS

A, CHIP NUMBER {CHIP SELECT
JETION)

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 81 C82 Selected
0 D 0 Yes
1 §] 1 Yes
0 1 a Mo
1 1 1 No
Chip Number

B. RCM Truth Table Format

Programming infarmation should be
sent in the form of computer punched
cards or punched paper tape. |n either
tase, a printout of the truth table
should be accomparied with the order.
The fotlewing general farmat 1s applic-
sble to the programming information
ient to intei:

® Data fields should be ordered begin:
aing with the least significant address
{0000} and ending with the maost sig-
nificant addrass {1023).

® A data field should start with the
maost significant brt and end with the
least significant b,

® The data field should consist of P's
and N's. A P is to indicate a high leval
output (most pasitwvel and an N a low
level output {most negativel, {n terms
ot positive logic, a P is defined as a
logic 1" and an N is defined as a logic
0", i1 the programming information
is sent on a punched paper tape, then
a start character, 8, and an end charac-
ter, £, must be used 1n the data field,
See paragraph 2.

t. Punched Card Format

An 80-colurmn Hollerith card {prefer-
ably interpreted) punched by an {BM
026 or 029 keypunch should be sub-
rmitted. The first card will be a title
card; the format is as follows:

5-88



MCS™ CUSTOM ROM ORDER FORM 8308

a. Title Card

NO OF DUTRTS

TITLE CARD . dorg ol b
DESIGHATION . e INTEL Pl JECIMAL NuUMBER Glumn ata
cusTowER:s 28 EnER . INDIC&TING THE 1 Puncha T
._owlmmr SENE LLIATION CUSTD’::S r‘-l\,jE ~RUTH TABLE NUMBER 2.5 Blank
d I\ - e — S (LY = N 6-30 Customer Campany Name
/ [ 1] in P il [ ] 334 Blank
11 1 35-54 Customer's Company Qivision or logatior
55-57 Blank
e 58—66 Customer Part Nurmbar
EER NN : nomnn 67 Blank
o, (B N K | IEYT EAFS 68-75 Punch the Intel 4-digit basic part nurnber
I e andin | } the number of guiput bits
ISRERTRET 11 | RN | T T ETEEY TR R - 2 " e.g., 8308i8).
bdbbibwidnnnanndbbsbnzhoacaaibbabbsbbobonirwaarbanBrubibnbbabbarnanbpbbbbbiburll ?g_a?o Elan':. 2dg: decimal number 1o 5
PP e e Celviitiate. asan v - unch a £-qigi u r rQen-
o ! I : tify thé ftruth table number |mask
'.I!ill'!llllllll'll!lil’ri|llIll'll?lIIPIill.'llll"l‘.l[il,"."' EL l!!'i'.' rogrammedchlpseiec‘ numb‘r:
\-1.‘1...ﬂ<|l<:l.:.a...-..<n..-.‘\ LR L L PR TR P PR FRPLYRRR ) P .
b. For a 1024 word X 8-hit organiza-
cards 2 and th I " Column Oats
won only, cards and the following 1-5 Punch the 5-digit decimal eguivaient of
cards should be puncned as shown. the kinary coded location which be.
gz each card. The address is right
justified, ie., 0G323, J0000, 2UU1E
aaLE
oLTRLr 33 i glc.
DECIMAL WOAD e d GutRa - BECIWAL NUMBER 6 Blank
ADORESS BEGINNING INGICATING THE Fial
EACH CaRD ! 3387 FE.RS TAUTA FABLE NUMBER 7;;“ g;’"ak ieid
! ) an
- lu....-....- (ST S e T v T T T‘ 2! 16-23 Data Feld
AL " T CIEEEE o~ B
LT TR TR 34-41 Data Feld
ST - n 42 Blank
o : 43-50 Data Figid
o 51 Blank
| | 52-58  Data Field
DL T . IR TR Do &0 Blank
TSN L I R TR I TV RN 1111 non 5‘6—;33 glaﬂ:m'd
R P I T C . . an
- noan o a 6om T ?0?‘8” ':8’5‘3:'9'5‘
N 1arn
LR N I I I I I T T
e s " I ..:t.l_ 73-80 Punch same 2-digit decimal number as v
. i -’ title card.

2. Paper Tape Farmat

1" wide paper tape using 7- ar 8.bit
ASCII code, such a5 a model 33 ASR
teletype produces, or ne 11/16" wige
paper tape using a 5-o:t Baudot code,
such as a Telex produces.

The format requiremeznts are as fal
lows:

a. Allworg fields are o be punched in
consecutive order, stariing with word
field O {all addresses 1aw). 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 dara characters cetween tre B
and F,

Srarl Characrar me

¥

Loacer Runour Kev lor TWE arg Lareer
Kay Jor Teles Lar least 75 drprngy -

Srp Chanaeies

EPPPNHNNNNFBNNNNNNFPF
J i ]

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

¢. Preceding the first word field and
following the last word field, there
must be a leader/traiter tength of at
feast 25 characters This should congise
of rubout or nulf punches fletter key
for Telex tapes).

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

Dacy Fuld SR

¥

¥
BNPNPPPNNF
L d

just before each word field (or at least
between every four ward fields). When
these carriage returns, etc., are inseriec.
the tape may be easily listed gn the
teletype for purposes of error check-
ing, The custamer may aiso find 1t
helpful to nsert the word number (a
a comment] at least every four word
figlds.

e. Inghuded in the tape before 1@
leader should be the customer's com
plete Telex or TWX number and,
marg than one pattern is being trans
rmitted, the ROM pattern number.

f. MSB and LSB are the mast and leas!
significant bit of the device outputs
Refer to the data sheet faor the p»
numbers, '

11

Traoawr Fumt ey lo: T amn LErE
Hwy lor Telza |a1 wwatl 25 hamel

“ord Field 0

Ward Fueid 1

Word Feld 1073
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iNtel  siicon Gate MOS ROM 8316

16,384 BIT STATIC MOS READ ONLY MEMORY
Organization—2048 Words x 8 Bits
Access Time-850 ns max

* Single +5 Voits Power Supply Voltage = Three-State Qutput — OR-Tie
» Directly TTL Compatible — All Inputs Capability

and Outputs v Fully Decoded — On Chip Address
* Low Power Dissipation of 31.4 .W/Bit Decode

Maximum * inputs Protected — All Inputs Have
= Three Procgrammable Chip Select Protection Against Static Charge

Inputs for Easy Memory Expansion

".') :
The Intel 8316A 15 a 16.384-bit static MOS read only memory arganized 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 +6V power supply. The
three enip select inputs are programmable. Any compination of active high or low {evel chip select inputs can be
defined and the desired chip select code is fixed during the masking process. Thase three programmable chip
select inputs, as well as OR-tie compatibility on the outputs, facilitate easy memaory expansion.

The 8316A read only memory is fabricated with N-channel silicon gate technolagy. This technology provides the
designer with high performance, easy-to-use MOS circuits. Onty a single +BY power supply is needed and all
devices are directly TTL compatible.

PIH CONFIGURATIGN BLOCK DIAGRAM
LT, b, 0,0, 0, 0,
2. ~ [, | O : -—_—0,
&,z Ex wl-3 i G Gn
» o, . :
xle i P o: 1 £, TRUT BUFFEAS DF'E’“E
Y. F o, ! taos
a, s whe, : L NN EEERN 1 4
= s 83164, ] mER 1 = < LETODER YOF 18 8
a 7 1wEgo N 4 CHIP
= =5 D g T e
s, []e Hlaly N = . BHODG
-, s 1[0, En
s, o 5B, «—:iH. K N,
a O s, A, B W e
ano 2 sfes, = = ' e 1 -
E = TLL*&TA N CHIP
Y — 3 - ! SELECT s
o I INFUT e
- o 4JFFEAS
—_ — —— %
PIN NAMES

Ay Ay | ADDAESS INPUTS
0, Op DaTa QUTRUTS
LS, CSy | PROGRAMMARBLE CHIP SELECT INPLTS
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SILICON GATE MOS ROM B8316A
ABSOLUTE MAXIMUM RATINGS*®
Ambient Temperature Under Bias . ... ... ... 0°C to 70°C *COMMEMNT: Stresses above those nhisted under acsclute Maximum

Storage Temperature .. . L.

Valtage On Any Pin With Respect
ToGround . .. . ...

Power Dissipation

. -65°C to +180°C

0.5V to +7Y
7.0 Wart

RAatings” may cause permarent damage to (Mg dev.ce. This 45 a stress
rating only and lunctiomal operszlion of the dev ce at these or any
other ¢anditiony above those indicated 10 the operational sections of
this specification s not impted. Exposure 10 aBso.w e Maxirum rating
conginions tor axtended periods may affect gevice 7e. ab:lity.

D.C. AND QPERATING CHARACTERISTICS

Ta=0"C1o+70°C, Vep =5V ©5% unless atherwise spec: f ed

LIMITS l
; j i1 1 UMNIT TEST CONDITIONS
SYMBOL | PARAMETER FVRVSETTIS
I Input Load Current 10 WA Wy =010525V
(Al Inpur Pins)
I oH Qutput Leakage Current i 10 LA €S =22V, Vgyur =4.0V
Lol Qutput Leakage Current -20 Tz CS =22V, Vgyr = 0.45V
‘ce Povwer Supply Current 4D ag ma A1 inputs 5.25Y Data Jut Open
VL Input “Low™ Voltage -05 | i 08 v
Vol Input “High'" Voltage 2.0 Veoo+1.0M v
VoL Qutput "Low” Yoltage 0.45 39 Igy = 2.0 mA
VioH L Quriput "High” Voltage I 2.2 ] v lgq =-100 uA JI
-1 Typ cal values far Ta - 25°C and narinal supply voITage.
A.C. CHARACTERISTICS
Ta=0°Cto+?70°C. Vi = *BV 5% unlass otherwise spec:tied
' I LIMITS !
IT
SYMBOL PARAMETER MIN. Typ Tt T MAX. UN
te Address to Qutput Delay Time 400 850 nS i
co Chip Select to Qutput Enable Delay Time 300 n3 Ji
! tIoF Chip Deselect to Qutput Data Float Delay Tirme 0 l 300 n§s |
CONDITIONS OF TEST FOR CAPACITANCE®? T, = 25°C,{ = 1 MHz2
A.C. CHARACTERISTICS
| I
Output Load ... 1 TTL Gate, and G gap = 100 oF symBOL | TEST ! LIMITS
Imput Pulse Levels . ... ., .. ... .. .. 081020V | TYP MAX.
Input Pulse Rise and Fall Times _{10% 1o 90%) 20 nS —
Timing Measurement Reference Level Cin All Pins Except Pin Under : 4 pF 10 pF
Input . L 1.5V Test Tied 10 AC Ground :
Output ..o 4 . i . )
uipy 0.45V w0 2.2V i Cout All Pins Except Pin Under 8 ¢F 15 pF

i Test Tied to AC Groung

121 This parareter is periodically sampled and is not 100 tasted.
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SILICON GATE MOS ROM 8316A

WAVEFORMS

ADDRESS >< X
-y
PROGRAMMABLE ’
CHIP SELECTS
F

b — s

8 - =

16K ROM PROTOTYPING

ROM systems may be developsd and programs may be verified using Intel’s 17024 or 2708 PROMs.
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SILICON GATE MOS ROM 8316A

TYPICAL D.C. CHARACTERISTICS

ACCESS TIME VS, AMBIENT

TEMPERATURE Vin LIMITS WS, TEMPERATURE
800 5 1.8 | . —_ |
| . 1 \
: i i | i
el l o
Bog } TYPICAL . i
/wonm CASE 16 . | et
// [ ; i gy
. . N
L P § 1a ; , I
= _/ TYPICAL =z Vol
- e
w0 ' P P
i | wep eV ' ;
i . P
10 - L
i 20 a0 60 89 2 LI a9 s 81 n
Ta "€l L
OUTPUT SINK CURRENT VS. QUTPUT SOURCE CURRENT VS,
OUTPUT VOLTAGE AQUTPUT VOLTAGE
W . -5

— T T
75 : : '?5\:i..

T ! e T 0 '
' ¥PCAL N .
' ' TYPIEAL X i
. | | . - '
; : \ i i ’
. s + -10 +
LIS | i Ta-1C :
Vg Ml : | Vpp MM
: : :

igag knAL

o 1 2 3 1] | Fi k]
VoL IVOLTS) ¥gH 'YOLTSI
ACCESS TIME VS. LOAD STATIC g VS. AMBIENT TEMPERATURE
CAPACITANCE WORST CASE
10 T 100 H
=T woORsTCASE . ‘
] t '
600 |
g z :
e - r______,_.,_,...---"""""fr:-;:lcm_ Ij
! :
L Voo » 5.5 :
200 ALL ADDRESSES TIEDJ,
r TO¥ee
i T CHIF DESELECTED T
@
0 1R 200 300 400 500 0 40 [ 1]
CLOAD (el Ta €l




intal

MCS™
CUSTOM ROM
ORDER FORM

8316A
ROM

CUSTOMER__.
P.0. NUMBER
DATE_. -
For Intel use only

S - _ PPPP
5TD__. ZZ___.

- —  Dbb__
APP_. . - DATE

All custom B316A 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. Adgitional farms are available from |ntel

MARKING

The marking as shown at the right must contain the Jmelg’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 supstituted for the chip number {ZZ},

J—‘INTEL PATTERN NUMBERA

¥ 33164 ' pPPP

XXXX  2Z
(Sl

e

Optional Customer Numper {maximum 9 cnaracters or spaces).

CUSTOMER NUMBER

DATE CODE

L
L CHIP NUMBER QR
CUSTOMER NUMBER

MASK OPTION SPECIFICATIONS

A. CHIP NUMBER {Must be
specified—any number from Q through
7-D0D}.

The chip number will be coded in
terms af positive logic where a logic
"1 is a high lavel input.

Chip

Number C53 cs2 Ccs1
o a g a
1 0 0 1
2 0 ] o]
3 0 1 1
4 ] 0 [
5 1 a 1
g 1 i 0
7 1 1 1

B. ROM Truth Table Format

Programming information shouid be
sent in the form of computer punched
cards or punched paper tape. In aither
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 {ntel:

* Data fieids should be grdered begin-
ning with the least significant address
{0000} and ending with the most sig-
nificant address (2047).

* A data field should start with the
rmost significant bit and end with the
least significant bit.

® The data field should consist of P's
and N's. A P is to indicate a high level
output {most positivel and an N a low
level output {most negativel. |n terms
of positive logic, a P is defined as a
lagic “1"" and an N is defined as a logic
“0". If the programming infarmation
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,

1. Punched Card Format

An 80-calumn 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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MCS™ CUSTOM ROM ORDER FORM

a Title Card

WD OF GUYPUTS

P
;é;llénc::gm . . C_LSTUMEHIS INTELP!\: LECI WAL NUMBEH Column Data
- CoS*OMER'S SIVISION OR - LT ATING THE 1 PunchaT
COMPANY RAWE ~OTATION TUSTOMERS P | ] e "
n , y —_ _._'J_' SUTH TABLE A WBER 25 Blark
Thn T it 5-30  Customer Company Name
1 31-34 Blank
[} 35-54 Customer’s Company Division or {ocation
TILIIBNACICENCIREITIOL: §5-57 Blank
R '||'|'T.|"'|\T' ™A S8—-66 Customer Part Number
S F RS E R il HEHE 9 B7 Blank
| SIANIREE FERT TNl RV ETERE S PRI BT | TREEI Bl PR EPRRRERE] LEEE RNl | TR R 68-~75 Punch the inte| 4-digit basic part numbar
N L L s T D L s e and in { ] the number of output hits,
ARRARRARE] k1 RRRRT ARRRERRRNERE R R L] ERRRRRRAREERRR R ERREAR EE] HARRE RIS k] KRR EREY eg'-8316AIa}
PEhRbs bR bsRanlsnbenilbiciibabiniael 11111 1133112 1) RN RE Y P R R e ;gqa?g glankh z_d' t de m | b ' d
VU e i P TR - LII'IC. a gy cimal nembar 10 gen-
RN L R R LN L AR RN LA LR TR TR T RN TR R 3 TR E R R TR RNt T | TR TR AL tity the truth .table number {mask
PO TN lae e e pragrammed chip select number).
b. For a 2048 word X B-bit organiza-
tion only, cards 2 and the following Column Data
1-5 Punch the S-digit decimal equivalent of
cards should be punched as shown. the binary coded |ocation which be-
gins each card. The address i3 right
justified, ie., 00020 G2G28, 02216
A LB ete,
DECIMAL WURD SDUTPUT R — \GLTPLT 11 LECIMAL MUMRER 6 Blank
ADORESS BEGINNING IWDICATING THE )
EaCH CARD ACATA FIELOS THUTH TARLE NUMBER ?;éq' glatakF ield
. an
F-L‘ I}mrn.r.l-r- SETRTmk Beb o Da pLEomiboe mb bbb kL Reub Db GiaE b g u---p.u.m. er\ 16‘;323 glat:kField
a
s " [LILIE]] 2441 Data Fietd
THMvIeIer thraitaesn 42 Blank
e 43-50 Data Fietd
FEN T FE FTE R LR 51 Blank
P11 e 52-59 Data Field
TIT] 50 Blank
61-88 Data Field
€8 Blank
T0-77 Datz Field
78 Blank
73-80 Punch same 2-digit decimal number as in

title card,

2. Paper Tape Format

17 wide paper tape using 7- or B-bit
ASCI code, such as a8 model 33 ASR
teletype produces, or the 11/16” wide
paper tape using a 9-hit Baudot code,
such as a Taelex produces.

The format requirements are as fol-
fows:

a. All word fizids are to be punched in
consecutive order, starting with word
field Q {all addraesses low). There must
be exactly 2048 word ftields 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.

S1art Cherscier ——

Loadur. Aubout Kev lor TWX and Larter
F.ey tor Telax tar least 25 Iramest.

Warg Firla 0

Sinp Characwer

¥
BPPPNNNNNFBNNNNNNPPF

MO OTHER CHARACTERS, SUCH
AS RUBQUTS, ARE ALLOWED ANY.
WHERE IN AWORD FIELD. If in pre-
paring & tape an error is made, the en-
tire word fiald, 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 3 low tevel output.

¢. Preceding the first word figld and
following the last word field, there
must be a ieaderftracler length of at
ieast 28 characters. This should consist
of rubout or nulf punches fletter key
for Telex tapes).

d. Between word figlds, comments not
containing 8°'s or F's may be inserted.
Carriage return and line feed characters
should be inserted as a “"comment’]

| PwaFred ISB

———— —

Weord Fugld 1

¥ ¥
BNPNPPPNNEF
L

Ward Fiald 248

just before each word field [or at least
between every four word fields). When
these carriage returns, ete,, 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 comment] at least every four word
fields.

e. Included in the tape before the
leader should be the custorner’s com-
plate Telex or TWX number and, f
mord than one pattern is baing trans-
mitted, the ROM pattern number.

f. MSB and LSB are the most and |east
significant kit of the device outputs
Refer to the data sheet for the pi”
numbers,

LSB

Traer Huobioul Kay Tor TW X gag Lent
ey tar Tewmw fat least 26 lramas!
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RAMs

5101
8210
8222

8102-2
8102A-4
8107B-4

8101-2
811-2

FIETE cLook w|

TOR -
ANDOMIVER ©~ | 7 B - .
SYNC @2 b
CINT
Aoy - N
WE 0007 DBIN HLDA AGAIS -
: ; A1 | ,
BEEIEI , L
g . 3 821z 87024 w0 a2 810254
g . I, 8212 . ADDRESS 1024,
At oeg 1 azon 21074
CONTAQLLER sm “0“" s30e gz Rame 507
bl @022 sy A222

O

IS S I B

OQ”TRQL BUS @} -

I

. nwness BUS 116}

Bt ) i 8217 wa .
'COMMUNICATION BISE  FERIPH - PRIORITY
INTERFACE © .menff&" ”'" INTERRUPY




intal Silicon Gate MOS 8101-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH SEPARATE 170

= 256 x 4 Organization to Meet Needs 1 |nputs Protected — All Inputs Have
for Small System Memories Protection Against Static Charge

= Access Time — B850 nsec Max. « Low Cost Packaging — 22 Pin Plastic

= Single +5V Supply Voltage Dual-in-Line Contiguration

» Directly TTL Compatible — All inputs s |Low Power — Typically 150 mW

and Qutput * Three-State Output — OR-Tie
= Static MOS — No Clocks or Capability

Refreshing Required
= Simple Memory Expansion — Chip
Enable Input

» Qutput 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 normally off N-channel
MOS devices integrated on a manolithic array. It uses fully DC stable (static) circuitry and therefore requires

ne claocks or refreshing to operate. The data is read cut nondestructively and has the same polarity as the
input data.

The 8101-2is designed for memory applications where high performance, low cost, large bit storage, and sim-
ple interfacing are important design objectives.

bt 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 cutputs are OR-tied. An output disable is provided so that

data inputs and outputs can be tied for common /O systems. Qutput disable is then used to eliminate any
bidirectional logic.

&
The Intel 8101-2 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high perfarmrance, easy-1o-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.

Intel’s silicon gate technology also provides excelient protection against contamination, This permits the use
of low cost silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
—r—_—
¢
A :‘ 1 2 : Yoo — Ay M, f—
a, E H ni s, —] a. oo, j— N 4 S
s - — .
' E wl lrw — *2 oy = i - veg
. — A 0O; — or ——F ] ¢ GND
a1 10 [ i A o i A0 CELL ARRAY
e T 22— o ey 22 Piwg
a3 18 [ oo —] - oo, — ™ 32 COLUMNE
B10v.2 81012 &y =T
a2 [1s v [Jee2 — A | 74 | 4
— A, 00, }— T I S—
a1 6 [ oo, i T T
ono [T 15 DD' aow — L COLUMMN 1D CIRCUITS
) o= an _9{::
ol a N Do v
= [ oo, i INPT ! oo
oy ——LF==1 pata
oo, [ 10 1 [ Jon, L CoMTHOL !
aDQ
T} " 12 =151 H
1= ] oo, AW CE2 CE1
T .
2D,
PIN NAMES
L= OATA INPUT o0 OUTPUT DISABLE 1:: = PIN HUMBERS
#, - & ADDRESS INPUTS ot DATA GUTPUT
R AEADMRITE INPLIT Vo POWER 1+5y |
TET Ciz  CHIP ENABLE
L




SILICON GATE MOS 8101-2

Absolute Maximum Ratings™

"COMMENT .

Stresses above those listed under "Absoiute Maximurm

Ambient Temperature Under Bias . . . . . . 0°Ctw 70°C Rating" may cause permanent damage to the device. This
Storage Temperature . . . ... ..... -85°C to +150°C is & stress rating only and functional operation of the de-

Valtage On Any Pin

With Respect to Ground . . .. ... .. -0.5V to +7V

Power Digsipation .. . ... ... . ..........

vice at these ar at any other condition above those indi-
cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-

1 Watt ditions for ex tended periods may affect device reliability.

D.C. and Operating Characteristics

Ta = 0°Cto 70°C, Voo = 5V £5% uniess otherwise specified.

T T

Symbaol i Parameter Min. Tva[” Max, | Unit Test Conditions

I Input Current 10 uA Vin = 0to 5.25V

ILoH 1/0 Leakage Current(2! 15 pa | TE = 2.2V, Voyr = 4.0V

LaL 1/0 Leakage Current(2! -50 uA | CE =2.2V, Voyr = D.4BV

lce Power Supply Current 30 60 mA, Vi = 5.28V, lg = OmA
i Ta = 25°C

lecs Power Supply Current 70 1 mA Vin = 5.25V, 1g = OmA
‘ " Ta =0°C

Vi Input “Low'’ Voltage -05 +0.65 vV !

Vin Input “High* Yoltage 221 Vee Y

VoL Output “Low’" Voltage +0.45 -V loL = 2.0mA

. VoW i Output "High” Voitage 22 v lop = -150 uA

NOTE: 1. Typicai values are for T = 26" C and nominal supply voitage.
2. Input and Cutput tied together.

I A

QUTPUT S0URCE CURRENT VS,
QUTPUT VOLTAGE

© WMBIENT TEMPERATURE

Woe - 4 5
QUTAYT MIGH TYMCAL

VoW SMOLTS!

OUTFUT SINK CURRENT VS,
QUTPUT VOLTAGE

AMBIENT TEMPERATURE - 0‘77,
w ‘ ]
I /4

lay tmAl

o Wan s 4 TEY —
GUTPUT “LOW" tymcay

a 0% 10 15

Yoo 1WOLTSI
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SILICON GATE MOS 8101-2

A.C. Characteristics
READ CYCLE T, = 0°C 10 70°C, Ver = BV 5% unless otherwise specified,

' Symbol Parameter | Min, Typ. Max. Unit Teat Conditions
trey Read Cycle i BBO ns
ta Access Time l as50 ns
teo Chip Enable To Qutput 650 ns {See below)
top Cutput Disable To Qutput 550 ns
tgelll - Data Output to High Z State 0 200 ns
t Previous Data Reag Vaid 2 ns
OH after change of Address
WRITE CYCLE
Symbol ! Parameter Min. Typ. Max. Unit Test Conditians
twey Write Cycle - 850 ns
Taw Write Delay . 180 ns
t Chip Enable To Writ i
CW ip Enable To Write 750 ns {See below!
tow Data Setup . 508 ns
oM Data Hold 100 s
twp Write Pulse © 630 ns
twr Write Recovery ; 50 [i}]
A.C.CONDITIONS OF TEST Capacitance 1, - 25°c - 1mH:
Input Pulse Levels: +0.656 Volt to 2.2 Vol Limits (pF)
Symbaol Test
Input Pulse Rise and Fall Times: 20nsec Typ. | Max.
Timing Measurement Reference Level: 1.5 Valt Cin Input Capacitance Toa 8
o L T 0oF (Al Input Pins} Vi = OV '
utput Load: VTTL Gate sna C,_ = 100p Cout Output Capacitance Vour = OV 8 12
Waveforms
READ CYCLE WRITE CYCLE?
[ - | gy - .
ADDRESS

- Y
SR N I O L

: . Y
op =t I tap el T v
ICOMMON (101 2 1 : ion ] vo |
an =]
_\_4__/_ —
[ P — [P T | tgp fe— | r— i
-y - - — . - .
pata . ; DATAGUT DATA DATA N
Qut i vALID T | STABLE
-— - ﬁ ————— ! _ tDw
RS I R - -y

S

NOTES: 1. tpE 15 with respect to the fraifing edge of CET. CE2, or OD. whichevar ncours first,
2. During the write cycle, OO is 3 ogigal 1 tor comman 1/ and “'don't care’ for separate 1/ pparation,
3. QD should be tied Iow Tor separata (/) operanon.




intel" Silicon Gate MOS 8111-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH COMMON 1/0 AND OUTPUT DISABLE

= QOrganization 256 Words by 4 Bits * Fully Decoded — On Chip Address

& Access Time — 850 nsec Max. Decode

s 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 — Typicaily 150 mW

Retreshing Required » Three-State Qutput — OR-Tie
= Simpie Memory Expansion — Chip Capability
Enable Input

The intel®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. Tha 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 srmall 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, cutputs, and a single +5Y supply. Separate chip enable
(CE} leads allow easy selection of an individual package when cutputs are OR-tied,

The InteI®B1 11-2 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-
olithi¢ chip than either conventional MOS technalogy or P-channel silicon gate technology.

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 Jvec —]a, -
age= ] T
AZl: ? 7 :A‘ —_— 18, p— : 3 ] O o
a..“—’_D:' 3
a{]s w6 [ _JRw S P vty e ; AOW MEMORY ARRAY G
ape—LE T et 32 AOWS
ap[]s 5 e, _da vo, b I 32 COLUMNS
Fape—a
a5 1112 w[ Do —1a, 1o — a2 — ]
ag[ e S o 1 g & 1 ]
= s % 81112 awe ] COLUMN +:0 CIACUITS
N DR S PR e |
Y 1 Jro, —]- 0y 2 I — ‘D"‘:;-': & a ] r ik
T3 CONTAGL T -
[T | 1wl JcE, RW CE, CE, |o,a—‘“-'—D: @)1 @1 | '
LD Ay B oar |
| T T i Qﬂ-’*—'—'—u: J:l
— 1.
PIN NAMES :
! k) ADDAESS INPUTS {r"i-, :D: 1
[ AeRr  ADDAESS INPUTS i
oo CUTPUT DEARLE c;,..g"_a‘}_ |
o REAGAVAITE INPUT 5 |:D
["_i‘f[.' " CHWENABLEY 00 == ) #innumaEns
¢y CHIP ENABLE 2

"0, 170, DATA INPUTIUTRUT

&N



SILICON GATE MOS 8111-2

Absolute Maximum Ratings* COMMENT:

Stresses above those listad under "Absolute Maximum
Ambient Temperature Under Bias . ., , . . . 0°C to 70°C Rating'' may cause permanent damape to the device. This
Storage Temperature . ... ....... -85°C to +150°C i3 8 stress rating only and functionsi opsration of the de-

. vice at these or at any other condition abowve thase indy-

Voltage On Any Pin cated in the operational sections of this specification is
With Respect 1o Ground ... .. ..., 0.5V 1047V not impliad. Exposure to absolute maximum rating con-
Power Dissipation . . .................. 1 Watt ditions for extended periods may affect device reliability.

D.C. and Operating Characteristics

Ty = 0°Cto 70°C, Vo = BV 5% |, uniess otherwise specified.

Symbaol Parameter Min. | Typ. (11| Max. Unit Test Conditions
Iy Input Load Current 10 MA Vin =01t05.25V
HLoH 1/0 Leakage Current i 15 KA CE =2.2V, Vj;g = 4.0V
lLoL 1/0 Leakage Current : i -50 ud | CE=2.2V, Vo =0.45V
leey Powar Supply Current : 30 60 mA Vin = 5.25V
o = 0mA, Ts = 25°C
lece - Power Supply Current ! 70 ma Viy = 5.25V
: o =0maA, Ts =0°C
ViL fnput Low Voltage -0.5 +0.65 V'l |
Win Input High Voltage 2.2 Voo v i
VoL " Output Low Voliage 0.45 v laL = 2.0mA :
Vow J Output High Voitage 2.2 V' lgn = -150 uA
NOTES. 1. Typical values are for Ta = 25°C and nominat supply voltaga.
QUTPUT SOURACE CURRENT VS, OQUTPUT SINK CURRENT VS,
DUTPUT VOLTAGE DUTPUT VOLTAGE

) : I ; [ T : ! 1 o
| BMBIENT TEMPERATURE | Auelsmrmpsnruns-u'c/
T NN o'c

s
" Ll : : 7_
mee | | / o
. : y j
T} H = 10 ; A .
i . H X 076 | K
5 ; F /i !
i a +
\ i ]' ) / |
5 \ Ve » 4 15V S 5 Vop + 475V .
DUTAUT HIGH" THRICAL OUTPUT “LOW- TYMTAL
\ / o
i | !
L
o a L o A
: 2 ] . [ as 10 Th
Van (VOLTSI Voo IYOLTS)
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SILICON GATE MOS 8111-2

A.C. Characteristics
READ CYCLE T, =0°Cto 70°C, Ve = BV 5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max, Unit Test Coanditions
tReY Read Cycle 850 ns

ta Access Time 850 ns

tco Chip Enable To Qutput 650D ns {See below)
ton Output Disable Fo Qutput 550 ns

tpe (1] Data Qutput to High Z State ) 200 ns

ton Previous Data Read Valid 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 Hotd 100 ns

twe Write Pulse 630 ns

twa Write Recovery 50 ns

A_C.CONDITIONS OF TEST

Capacitance 7+, -25°c.1- 1M1z

Input Pulse Levels: +0.65 Volt to 2.2 Valt Limits {pF}
Symbol Test

Input Pulse Rise and Fall Times: 20nsec Typ. | Max.

Timing Measurement Reference Level: 1.5 Volt Cin Input Capac,tance 4 8

{All tnput Pins) Vi = 0V

Output Loadg: 1 TTL Gate and C_ = 100pF CouT Output Capacitance Yoyt = OV 10 15

Waveforms

READ CYCLE WRITE CYCLE

|
ADDHESS x
:I
— — tey—=]
.DH |

CHIP
ENABLES
(TEY, CE2Y

ouTPut
DISABLE

DATA 1D

trey

— lgp—

—

DATA QUT
VALID

I

ADDRESS

CHIP
ENABLES

QuUTPUT

DISABLE

DATA 11O

RE&DY
WRITE

s e e i

—— ey

X

—o—{*'w R

)

ot | Ty el

oW
DATS IN
" STABLE

NOTE: 1. tpF is with raspect to the trailing edge of CE1, TEZ, or OD, whichever accurs first,
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intela Silicon Gate MOS 8101-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH SEPARATE 1/0

= 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 Contiguration

= Directly TTL Compatible — Al Inputs 1 Low Power — Typically 150 mW

and F)ulput = Three-State Qutput — OR-Tie
n Static MOS — No Clocks or Capability

Refreshing Required
& Simple Memory Expansion — Chip
Enable Input

s Qutput 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 normatly off N-channel
MOS devices integrated on a monolithic array. 1t uses fully DC stable {(static) circuitry and therefore requires

no clocks ar 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 appiications 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 QR-tied. An output disable is provided so that

data inputs and outputs can be tied for common I/0 systems. Qutput disable is then used to eliminate any
bidirectional logic.

The Intet 8101-2 is fabricated with N-channel silicon gate technology. This technotogy allows the design and
production of high performance, gasy-to-use MQOS circuits and provides a higher functional density on a mon-
olithtc chip than either conventional MOS technology or P-channel silicon gate technology.

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

PN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAN
g
o 22 [ v, — &, ol, f—
{7 21 ] &, —] 4 00, L it
- ’—D — —
a 3 o {_ ] Aw —] *2 O - 1 ] i
= — Otk — - —] s GHD
a, F 19 [ €8 2 CELL ARRAY
1 &, oy — o, — 5] s:{:::" 32 OIS
. [s w8 []oo — & DOy pb— T 12 COLUMNS
N _ stz —— B NI 2 ——D—v_i_ ] ||
i & oo e v |
— A h
0 [ w [Joa, i !
GO ] 15 Dl, e b a— COLUMN 10 CIRCLITS
= - o0 [— o
o, 3 12 oo, ‘ — )
[: : 1 A INPUT . .
oy ——fF 1 pata
oo, ] e u oy 1 CONTROL
R b —
ol 1 12 Do.
- ] 00, AW £EZ CE1 s
3 o1, ——{¥r—]
19
PIN NAMES oz e
EM SATA INFUT o6 GLTPUT CISABLE e TD»—J - PN NUMBESS
%, - A= ADDRESS INFUTS. Oy 7  DATA QUTPUT 18
R READMRITE INPUT W, FOWER 145
CET CEZ CHIP ENABLE
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SILICON GATE MOS 8101-2

Absolute Maximum Ratings* "COMMENT:

Stresses above those listed under “Absoiute Maximum
Ambient Temperature Under Bias . . . . .. 0°Cto 70°C Rating’'may cause permanent damage to the device. This
Storage Temperature . ... .. ..... -65°C 1o +150°C is & stress rating only and functional operation of the de-

vice at these or at any other condition above those indi-
cated in the operationsl sections of this specification is
not implied. Exposure to absolute maximum rating con-
Power Dissipation . ., . ... .. ........... 1 Watt ditions far extended periods may affect device reliability.

Voltage On Any Pin
With Respect to Ground . . . ... ... =05V o +7V

D.C. and Operating Characteristics
Ta =0°C to 70°C, Vop = BY 5% unless otherwise specified.

Symbol Parameter Min. Typ.“] Max. Unit Test Conditions

) Input Current 10 LA Vin = 0to 5,25V

I OH 1/0 Leakage Currenti2| 15 uA § CE =22V, Vgur = 4.0V

I o 1/0 Leakage Current(2] -50 pA | CE =22V, Voyur = 045V

leey Power Supply Current I a0 60 mA Vin = 5.25V, ip = OmA
! Ty = 25°C

loes Power Supply Current I 70 mA | Wy =525V, ig = OmA
i Ta =0°C

ViL Input “Low"" ¥aoltage L -0.5 +0.65 Vv

VIH Input “High" Voltage | 2.2 Vee v

Voo Qutput “Low™ Voltage +0.45 v lgr = 2.0mA

Vou Output “‘High” Voltage 2.2 v lon = - 150 A

NOTE: 1. Typical values are tor T = 25°C and nominal supply valtage.

2. Input ang Qutpul tied tagether,

OUTPUT SOURCE CURRENT VS5, QUTPUT SINK CURRENT VS,
OUTHAUT VOLTAGE OUTPUT VOLTAGE
H entr T I 1 '///’
| AblIENT TEMPERATURE MHIENT TEMPERATUAE = 44C.
15 A N4 - i H | ° /

X N
3«;:5! -5'//

—_ /_?}‘C >,
A\ U By4ve

[ ) S— ep i b 1AV -
DUTPLT “HHGH " T¥FICAL
| '

RN

1 H 1 i

Iy ImAL

]
Vee * 4.TEY .
OUTRUT “LOW " TYPICAL

0 1%

T WELTH Vg, IWOLTS
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SILICON GATE MOS 81902-2

A.C. CHARACTERISTICS T,

=0°C to 70°C, Ve =5V £5% unless otherwise specified

LIMITS [
SYMBOL PARAMETER : ; T UNIT
o L MIN, ! TYP MAX,
READ CYCLE
tac [ READ CYCLE | as0 Pons
1, ACCESS TIME i 500 850 | s
teo : CHIP ENABLE TQ OUTPUT TIME 500 | s
tom PREVIOUS READ DATA VALID WITH RESPECT 50 C o ng
TO ADDRESS :
toma PREVIQUS READ DATA VALID WITH RESPECT 0 i ons
TO CHIP ENABLE ‘
WRITE CYCLE
twe | WRITE CYCLE beso P
taw | ADDRESS TO WRITE SETUP TIME 200 ns
twe " WRITE PULSE WIDTH . 600 . s
twh _WRITE RECOVERY TIME 50 : "o
tow DATA SETUP TIME 650 ns
toH DATA HOLD TIME 100 A
tow CHIP ENABLE TO WRITE SETUP TIME 750 | ns
111 Typical values are for T 4=289C and nominal supply voltage,
CAPACITANCE T, =25°C, f=1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST T';::"Tsh‘;'?{
Input Pulse Levels: +0.65 Volt to 2.2 Vot - .
Input Puise Rise and Fall Times: 20nsec Cin INPUT CAPACITANCE 3 5
o (ALL INPUT PINS) W,y = OV
Timing Measurement Reference Level: 1.5 Volt CITANCE
c DUTPUT CAPA
Cutput Load: 1 TTL Gate and C, = 100 pF ouT _ 7 10
- Vauyr =0V
WAVEFORMS
READ CYCLE WRITE CYCLE
g ._I Vg -]
AODHES>< X ADDRES><
te gt o
— v [ 1
CHIP CHIP ™
ENABLE ENABLE
Tomg
paTa READ, ’
out * WAITE L Vs
—a] lomy L o = L-1]
DATA DATA CAN DATA CAM

IN CHANGE DATA STABLE

CHANGE
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SILICON GATE MOS 8102-2

TYPICAL D.C. CHARACTERISTICS

INPUT CUARENT VS. EFFECTIVE INPLIT QUTPUT SINK CURRENT V5.
“ INPUT VOLTAGE CHARACTERISYIC DUTAUT VOLTAGE
” . T T T
Vi 80V | I ; H I | | Veg * B0V AMBIENT TEMPERATLIAE » V:/y
| | Ef—— +- §—m- t 1% ' -
418 . ! ! E j //
B ) SRR/ A e
] — ] ! " - .
[ TYPICAL bt ! - X W
: :
1 _ 5 02 - - g ———
>
. . ] 5} Vegs 4 Ty 4
DUTPUT “LOW™ TYMIEAL
b ——
i [T, Gwge meur ] 7
H ! Ve MK, FECTT T H i
RN a
Iy R a 1 7 3 v ' 10 Vs
¥y IVOLTSE Wy VOLTSI Vo, IVOLTSI
RELATIONSHIP BETWEEN OUTRUT
OUTPUT SOUACE CURRENT V§. CUTPUT CURRENT VS, OUTPUT SINK CURRENT, NUMBER OF OR.TIES,
QUTPUT VOLTAGE VOLTAGE WITH CHIP DISABLED AND OUTPUT VOLTAGE
L%}
T j T T
AMBIENT TEMPERATLAE : | ] ' i Vg = 678V i
Jp— o ' s : -
BT . 1 1 |
T v TwRicaL . ! !
e o H ! A - * - n

/’
-_/
b
IWY Lma)
[T
2

TN S

_5 _ Npp 4 My . .
DEIEYFUY ‘HIGH" TYPICAL 8 -27v 2 !
. v, e 5DV .
. : 18— 4
; |
\ i
. i 1 _20 15
1 2 a 4 -1 o -1 -2 3 -4 5 .1 L L] 50 5 52 L] M by
Vo IYOLTEN \l'o“‘ IYOILTES \l’ol’ I¥OLTS:
TYPICAL A.C. CHARACTERISTICS
ACCESS TIME V5, ACCESS TIME V5,
LOaD CAPACITANCE AMBIENT TEMFERATURE
’«n T 400 - T ; .
| Ty*I'C 2 | VoAV |
Mep vl TRy " ool
1200 '. e R 1200 __% B . ' E:L .L‘g:’ 4
om0 ; ol i

. . '
————— 4 - —

svzc'no-ui. SPEC WOUNT ! |
» s |

\
i

|t T AL __-—-F"'"T:E;: | _i
ad p— — P 4 |
| BN
2m - - + o0 + T
i i
nD 50 g Igﬂ 760 rel pl- i) b0 Un 10 m EL 40 51 L] I

LOAD CAPREIFANCE |oF s AMBIENT TEMPERSTURL 1-C1
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intal Silicon Gate MOS 8102A-4

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

= Access Time — 450 ns Max. = Simple Memory Expansion — Chip

» Single +5 Volts Suppiy Voltage Enable Input

= Directly TTL Compatible — All Inputs = Fully Decoded — On Chip Address
and Output Decode

= 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 Quiput — OR-Tie Duai-In-Line Configuration
Capability

The intel®8102A-4 is a 1024 word by one bit static random access memory element using normaily off
N-channel MOS devices integrated on a monolithic array. 1t uses fully DC stable {static) circuitry and there-
fore requires no ciocks 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 cast, 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) lead allows easy selection of an individual package when outputs are QR-tied.

The Intel B102A-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 functional density on a mon-
olithic chip than either conventional MOS technology or P-channel siticorn gate technology.

Intef's silicon gate technology aisc provides excellent protection against contamination. This permits the use
ot low cost silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
Y EETY e 8 ‘w@-ﬁ: ]
i — e
£ Ay
A O = A I o P¥] oo
aw (]2 (L] e oA —f "2 B —
i O] Aom ;‘l:linLAlv
A wal ¢ — Ay "D_k SELECTOR 12 Moy
2102A.4 4, B1024-4 7 L s
a1 [ Joaraour ] :: llb@_m
A!C L] n :DATA 1N : :: Doutb— a @ | x
a, 47 10 Ve e | ] T
"o:i L o] Jone A CEF n:wo% e 1 COLUMK 110 CIRCUITS 8 o
Data
I ? paTa b_w CONTROL TOLUMN SELECTOR
PIN NAMES _® - i
g y
" b DATA INPUT TE  CHIP ENABLE AVAVAVA
" Ay Ay ADDRESS NPUTS | Opyr DATADUTRUT @ G)I B @
AW REAGMWRITE INPUT | voe  POWER (+5v) ()e #im nummEns
dy Ay dy y dy

[F.]
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SILICON GATE MOS 8102A-4

ABSOLUTE MAXIMUM RATINGS™

Ambient Temperature Under Bias 0°C to 70°C

Storage Temperature —B5°C to +150°C

Voltage On Any Pin

With Respect To Ground —0.5V to +7V

Power Dissipation 1 Watt

D.C. AND OPERATING CHARACTERISTICS

*COMMENT:

Stresses above those listed under “’Absotute Maxi-
mum Rating” may cause permanent damage to the
device. This is a stress rating oniy and functionai
operation of the device at these or at any other
condition above those indicated in the operational
sections of this specification is not implied. Expo-
sure to absolute maximum rating conditions for
extended periods may affect device reliability.

T, =0°C to +70°C, Vo = 5V +5% unless otherwise specified

LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
MIN. TYR | MaX,
I INPUT LOAD CURRENT 0 A Yin= 010 5.25V
tALL INPUT PINS)
Lok OUTPUT LEAKAGE CURRENT | 5 pAy CE=20V.Vgyr-24tw Ve
lLoL . OUTPUT LEAKAGE CURRENT } | -10 A 1 TE=20V,Vg 7= 04V
feer POWER SUPPLY CURRENT | 30 | 60 ma, ALL INPUTS = 525V
: ; DATA QUT OPEN
: T, = 259C
Locz POWER SUPPLY CURRENT .70 mA ALL INPUTS = 5,25V
' DATA QUT OPEN
| T, = 09C
VIL. INPUT “"LOW"” VOLTAGE -05 I 0.8 v
Vin INPUT “HIGH" VOLTAGE 20 I~ Ve Y
Voo OUTPUT "LOW™ VOLTAGE 04 v oL = 2.1mA
Von DUTPUT "HIGH" VOLTAGE 24 v Ton= —TO0HA
L 1
111 Typicel values are for Ta = 259C and nominat suoply voltage,
TYPICAL D.C. CHARACTERISTICS
POWER SUPPLY CURRENT vS. POWER SUPPLY CURRENT VS.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
L1} &0 T T
| T ]
0 Vep® 525V _ | 5o ' ; H
e " AMBIENT TEMPERATURE = 25°C |
7] P .. Plaad 2 . an : :
H SPEC. .----.'—' H ' o
=5 |—— POINTS + - + s 30 *
< ; i H :
4 ! i P
A } — i w;
L Treica, 5 :
a0 ___l T ’ _.__
i !
L T e i :
: i i
10 ;
hl'] Fiil 3 an 50 (-] kil i a L] [
AMBIENT TEMPERATLIRE ()| Vep IVOLTS)
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SILICON GATE MOS 8102A-4

A. C. Characteristics T, =0°C 10 70°C, V., =5V 6% unless otherwise specified

Waveforms

READ CYCLE

b

nDORESSX:’i
et
pa—
CHIF
ENABLE

L ball ol
e

DaTA
our

B4

185 vDLTS
TOVOLTS
DAVOLTS

eyt ('3

and is not 100% testad.

WRITE CYCLE

twe

ADDRESS 0]

bywa +
| N
CHIP il
ENABLE
aw I} 5
e
AEAD! #
WRITE /
i
{

e
DATA DAY :N%“E"x DATA STABLE
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|
. Symbol Parameter Limits l Unit
; Min. l Typ,“l[ Max,
READ CYCLE
tAg Read Cycle | 450 ions
ta _ Access Time ‘ 450 | ns
tco Chip Enable to Output Time 230 | ns
ToH1 Previous Read Data Valid with Respect to Address 40 ns
touz Previous Read Data Valid with Respect to Chip Enable 0 I ns
WRITE CYCLE
twe i Write Cycle 450 ns
taw ' Address to Write Setup Time 20 ns
twp ¢ Write Pulss Width 300 ns
i WR Write Recovery Time 1] ns
E tow Data Setup Time 300 ns
. ! DataHold Time 0 i ons
tow : Chip Enable to Write Setup Time 300 ns
NOTE: 1. Typical values are for T = 26°C snd nominai supply voltage.
Capacitance'® 1, = 25°¢, 1 = 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST LIMITS (pF}
Fnput Pulse Levers 0.8 Vot ta 2.0 Volt Tve ] max.
Input Rise and Fall Times: 10nsee Cin INPUT CAPACITANCE 3 5
Timing Messurement  [nputs: 1.5 Volts (ALL INPUT PINS) v, = OV
o Rnlerence. Levels Qutput: 0.8 and 2.0 Vohs CDUT OUTPUT CAPACITANGE ) 10
utput Load 1TTL Gatamnd Cy_ = 100 pF Vour = OV
NOTE: 2. This parameter iz periodicaly sameled

—

DATA CAN
CHANGE




SILICON GATE MOS 8102A-4

Typical D, C. and A. C. Characteristics

POWER SUPPLY CURRENT V5.

Lo ima

Y IVOLTS)

o

QUTPUT SOURCE CURRENT VS.

Vin LIMITS VS. TE

AMBIENT TEMPERATURE

1
—..-.L_.._J_____L_____——-vu Az ——

TYPCAL
—

QUTPUT VOLTAGE

N
N\

Vou 1VOLTS!

' !
TYMCAL

Yoo Mingy

o a 0 Ed L 50 L] m

T, gt

ACCESS TIME vs.

AMBIENT TEMPERATURE

Mg MIN,
TITL LOAD -
£ = 10F

TYRIcAL

OUTHIT AEFEAENCE LEVELS: 'y, = 1.0V
I gy =0

L] 1 2 » 4 50 L] o

Ty M0

MPERATURE

POWER SUPPLY CURRENT V5§,

SUPPLY VOLTAGE
T T 1|
wf T, amC /
L] v +
E - //T\fHCAL- i
3 // 1
= T
/ i
] :
’ i 5
1 2 1 4 5 L]
Vg (VOLTS
OUTPUT SINK CURRENT V5.
OUTPUT VOLTAGE
- L TYmcaL
i, W
& . .
1 /
/ T -0
s /} Voo MIN. ,
L] 1 F ]
Vi, [VOLTSH
ACCESS TIME VS. Ve
NORMALIZED TO Vg = 5.0V
1.08

NORMALIZED ACCESS TIME
g

T d
I T, WTC :
CYCLE TIME - D5dra  +

! i
i

49 45 5.0 5B LX)

Voo (VLTSI

ACCESS TIME v§,
LOAD CAPACITANCE

T T
! LA 74 |
1 Vrp MIN !
: 1TTLLOAD |
250 + i}
/;\mcm. |
3 |
£ : !
El | i
| |
| GUTRUT AEFENEMCE LEVEL = 1.5% |
, : i . i
i |
ol !
a 100 o] 00 L o0 00



inte|° Silicon Gate MOS 8107B-4

FULLY DECODED RANDOM ACCESS
4096 BIT DYNAMIC MEMORY

* Access Time-- 270 ns max.

* Read, Write Cycle Times--470 ns max.
* Refresh Period--2ms

* Low Cost Per Bit » Address Registers

* Low Standby Power Incorporated on the Chip

* Easy System Interface * Simpie 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, * Qutput is Three State and
Chip Select Inputs TTL Compatible

» Read-Modify-Write Cycle v Industry Standard 22-Pin
Time--590 ns Configuration

The Intel B107B is 3 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 B107B uses dynamic circuitry which reduces the
standby power dissipatian.

Reading information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read
cycle on pach 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 ar a logic zero,

The B107B is fabricated with n-channel silicon gate technology. This technology allows the design and production of
high performance, easy to use MOS ¢ircuits and provides a higher functional density on a monglithic chip than other
MOS technologies. The 8107B uses a single transistor cell to achieve high speed and low cost. |t is a replacement for

the 8107B.
I
PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
81078 81078
Vaa [ ., Ag o ! -0 ‘oo
2y O N By > o i MEMORY o e
=u 5 i o = Ay o RS.:?EEEEDHE o ARRAY -—
Ay L] 1 4y o RECISTER F—— -— g
et i Ay O—w 5446
5 -
= - :a Dour B " 4 i
— E i)
rt= ER i
-1 2
= e T1ING coLUMN
— A CE g CONTROL
Ay A GENERATOR T aMPLIFIERS
vee O o5 CE wE | !
Yy 19 i . i % 84
PIN NAMES '
i Dy O—= |—- COLUMN DECODE
Ay, ADDRAESS INPUTS* | Vpe  POWER (-5V) WE o o and
G TER
CE CHIF ENABLE Voo POWER (+5V) 5 u—m BUFFER REGISTE
€€ CHIPSELECT Vop  POWER (+12V) | i I 4 I I
Dy  DATAINPUT "Wy _ GROUND ! : r ERPS 4
Bgur  DATAQUTPUT ' WE WRITE ENABLE | i Bour B Ar Am B Awg An
NC NOT CONNECTED |

“Rafresh Addrese &5
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SILICON GATE MOS 8107B-4

Absolute Maximum Ratings*

Temperature Under Bias . . . L 0°C 1o 70°C
Storage TEMDEAMLIE . . . .. . .. -B57C to +150°C
All input or Output Vottages with Respect to the most Negative Supply Voltage, Vag - e +20V 10 0.3V
Supply Violtages Vpp, Voe, and Vgg with Respect to Vgg . . ... .o oo ot e +20V to 0.3V
Power Dissipalion . e e 1.25W

TCOMMENT:

Stresses abowe those listed under "Absolute Maximum Ratings” may cause permanent damage tG the device. This is @ stress rating
onily and functional operation of the davice at these or any other conditions sbove those indicated in the operational sections of
this specification isnotimplied. £xpasure to absolute maximum rating canditions for extended periods may affect device reliabifity.

D.C. and Operating Characteristics

Ta = 0°Cto 70°C, Vgp = +12V + 6%, Vo = +5V £ 5%, vgglll = -BV £ 5%, Vgg = OV, unless otherwise noted.

Symbaol Parameter - Limits Unit Conditions
Min. | Typ.12] Max,
I I:::tint';::: E:;::tca .01 10 KA | Vi = VIL MIN t© Vig Max
e Input Load Current Ril] 10 A Vi = Vi piw (0 Vin max
liLol Output Leakage Current .0 10 A CE=Vj cor cS= Vil
for high impedance state Vo =0V to 5.25Y
| foor Vgﬁii:'zpé"of;;“"‘ 110 200 4A | CE=-1V 10 +.8V
. lop2 V:ﬁii:'::"é"oﬁ””e"‘ 80 100 mA | CE= Ve Ta = 25°C
! boawvy | Awverage Voo Current L] a0 mA, Cycle ;ianoa:]-‘lmns,
= 5 R
oo avz | Average Vo Current 27 40 ma :chile time=1000ns, Ta=25¢C
teg = 300ns
logy 18] ngﬂsr‘:"‘gg’:‘;';”""‘ 01 10 pA | CE=Vj g orCS=vy
lng . Vap Supply Current 5 100 A
ViL input Low Voliage -1.0 0.6 v ty = 20ns — See Figure 4
WYin " Input High Yaltage 24 Vop+t v
ViLe CE Input Low Voltage -1.0 +1.0 vV
Ving CE Input High Voltage Vop-! Vop+1 v
VoL Cutput Low Valtage 0.0 0.45 W IgL = 2.0mA
Van CGutput High Voltage 24 Vee 1 oM = ~2.0mA
NOTES.

1. The aniy requirameant for the sequance of applying voltags to tha devics is that Vg, Vog, and Ygg should never be .3V more
fiegative than Vpg.

2. Typical values are for Ty = 25°C snd neminal powsr supply voltages.

Tha Ipp and boo currents How to Vg, The Igp current is the sum of all leaksge currenty,

During CE on Vo supply current is dependent on output loading, Voo is connected 1o output buffer onby,

w
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SILICON GATE MOS 81078-4

Read and Refresh cyCle (1) {Numbers in parentheses are for minimurmn cycle timing in as)

I.._ Yo (470)
|
ADDRESS $TABLE ADDRESS CAN CHANGE (7) ADDAESS STABLE
it 01580 rreen —ud 1020 — o ty120H
|- b 1300] — - —
top 1130} — o]
— el
Vin |
wE |
WE caN !
CHANGE :
My ) e
\
1 !
; ten 250} e by 101
VoM - @ r—-———-——-
HIGH HigH
BEUT == yupEnahcE ""i ‘ VALID ﬂ: [ IMPEDANCE ]
g - T - ——— e ———
- el 2?0 | L]
; ace —"“! —‘"| —tcr
Write Cycle .
f To 470
Yn |
F €
wﬁﬁg i ADDRESS §TABLE ADDRESS CAN CHANGE (7) ADDRESS STABLE
V“_ @ |
0 — e 20
el " egl300) -« - J—— tyi20h
Yime - — @ H i
ce
e i 150]
I
Yo @ ' I : ]
! r-——— Ty 41500 _“—'—‘—“.-. (1190 e
" i .ty p{ 5O ——]
H ;
i
WE WE CAN CHANGE WE CAN CHANGE ;
' . "
i —— e et 01
| '
Vi
! D
Din iDhy CAN CHANGE Dy STABLE I AN CHANGE
WL |
%H—--——-M —— A e e
5 HIGH H HIGH
OUT " |MPEDANCE ™| f UNDEF INEQ (WPEDANCE ™

Vg e = o

NOTES:

P L

I-—nc,uu i

. For Refrash cycle row and colume addresses must be stable bafors tac and remain stabla for entire ta period,

- ViL MAX is the rafarence level for mausuring timing of the addresses, C5, WE, and Din.
- ¥iH MIN is the reference tavel for measuring timing of the addressas, &5, WE, and Din-

. Voo -2V is the reference level for measyring timing ot CE.
. Wgg +2.0V is the retersnce isvel for measuring the timing of DT,
. During CE high typicaliy 0.5mA will ba drawn from any addrads pin which is switched from low to high.

1

2

3

4. Vgg +2.0V is tha reference leval for maasuring timing of CE,
5

6

7
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SILICON GATE MOS 8107B-4

A.C. Characteristics 7, -0°c w070, vy, = 12V £ 5%, Voo = 5V £ 10%, Vgg = -5V 2 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE wvgg = OV, unless otherwise noted.

Symbal Paramatar Min. [ Max. [ Unit Conditions
tREF Time Between Refresh 2 7 ms
!
tac - Addressto CESet UpTime: 0 ! " ons tac is measured from ena of address transition
am " Address Hold Time 100 | ns
tcc . CEOHTwme 130 ns
7 ‘ CE Transition Tsme 10 : 40 ns
toE ) CE Off o Qutput o K s
: High Impedance State
READ CYCLE
Symbot |l Parameter Min, © Max. Unit il Canditians
toy ' Cycle Time ’ 470 ns i t1 = 20ns
CE " CE On Time 360 : 4000  ns
tco  CE Output Delay P280 0 Ths Cunsa - 50pF . Load = One TTL Gate,
tacc  Address to Qutput Access . 270 ns | Ref = 2.0V,
. - — L= N
twL CE 1o WE o ns | tacc = tac *tep =~ 11T
—— | ”
twe WE 10 CE an 0 s |
WRITECYCLE
| Symbal | Parameter I Min._: Max. '__lfl_"l'.t_._i .__._ Conditians R
tow . Cycle Time 470 ns tr o= 20ms
[ tee | CEOnTime 300 4000 s
T _—T'\f_aé to CEOff T 150 T _r;:s“_.
——— _ e - ———
toew " CE toWE 150 ns i
tm,; 2] O to WE Set Up o ns
| ton | D Hold Time 0 s
twp | WE Pulse Width 50 | ms
L
Read Modify Write Cycle
Symbol Parameter i Min. © Max. ' Umt | Conditians
tawe | Read Modify WritelRMWI 590 ns | 1y - 20ns
Cycle Time |
-
i

tepw  CE Width During RMW

420 4000 s

twe  WECEon ) s
t WE 1o CE oft 150 s
[ e WE Pulse width 50 ns
tgw Dy toWESerUp o T T
[ tom Dy, Hotd Time e Tons
ey ' CE 10 Output Delay 250 ns
L ; Access Time T 270 R

c and 50pf, Loaa = One TTL Gate,
Ref = 2.0V

tace = lac tleo T
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SILICON GATE MOS 8107B-4

Typical Characteristics
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Fig. 2. TYPICAL Igp AVERAGE VS. CYCLE TIME
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SILICON GATE MOS 8107B-4

Read Modify Write Cycle™

Symbol Paramagter T Min, Max Unit Conditions
tawe Read Modify Write{RMW) : 530 s tr = 20ns
Cycle Time '
teRw CE Wigth During RMW 420 3000 ] ns
Ye WE to CE on 0 ns
t WE to CE off 1
w oo 50 i Ciopq = 5OPF, Load = One TTL Gate,
e WE Pulse Width 50 g Ret = 2.0V
tow Dy to WE Set Up ] ng
LN IZ)IN Hold Time o ns
ten CE to Qutput Delay 250 | ns
Liee Access Time 270 ns tacc = tac *igp * i1
{Numbers in parentheses are for minimum cycle timing in ns.}
| |‘ - tawciS90 (T
MW : ®
nnnﬁi%sgg ® ADDFESS STABLE ADDRESS CAN CHANGE
My .
© o e el
e - L S,
. Co topp (8204 [ e (20 g (20w e
Vine !
®
CE
- -y 11507 - - -
Ve mad @
| e — 130 |
_,.4! [ | I '-—-‘: cC
W :
WE | WE CAN
CHANGE
LR :
: gyl B P
¥iM ;
]
Dy I Byy CAN CHANGE Dy STRBLE 2:‘;:2:
iy 4
-—— tog 1250 - - -
VoK @ e e ——
- HIGH o G
T “ureoance ! ]‘__- T v T = gpeoANGE
gL ———— . o
-— Yagg 2701 =omrms == e tep 0l - oA —.——
NOTES:

1. A.C. eharactaristics are guaranteed only it curnulative CE on time during tREF is <65% of trEF. For continugus Arad-Modify-Write
operatian, too and tRw e should be ingreased ta at least 185ns and B46ns, raspectively.

. WE mustbe at v H unt and of Q.
1 co

[ LR ]

588

. WL MAX is the reference leval for msasurning timing of the addressas, s, m, and Dy
- Vi MIN i tha refarance {evel for messuring tming of The addresses, £, WE, and D).
- Vgg +2.0V ix the referance lavel lar maasuring timing of CE.
Vpo -2V is the raterence level lor measuring timing of CE.

Vgg +2.0V is the refarance lsvel far measuring the timing ot DayT.

. During CE high typically 0.5ma will be drawn fram any address pin which |t switched from low to high.



SILICON GATE MOS 8107B-4

Typical Current Transients vs. Time
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Applications
Refrash

The 81078-4 isrefreshed by either a read cycle, write eycle, 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 receive at least one refresh cycle within any two milliseconds time period.

If a read cycle is used fer refreshing, then the chip select input, €5, can be a logic high or a logic low. If a write
cycle or read-modify write cycle is used to refresh the device, then C5 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 Inpav and Veg x lgg. For a cycle of
400ns and tcg of 230ns typical power dissipation is 456mW.,

Standby Power

The 81078-4 is a aynamic RAM therefore when Vg = V¢ very little power is dissipated. In a typical system
most devices are in standby with Veg at Vi ¢. During this time only leakage currents flow li.e., Ipp1, Icct.
Be. Lo, IL1). The power dissipated during this inactive period is typically 1.4mW, The typicai 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 ang Filtering

On the foliowing page is an example of a 16K x § bit memory system. Device decoding is done with the CE in-
put. All devices are unselected during refresh with C8. It is recommended that 1uF high frequency, low induc-
tance capacitors be used on double sided boards. V¢e to Vgg decoupling is required only on the devices located
argund the peripnery of the array. For each 36 devices a 100uF tantalum or equivalent capacitor should be
placed from Vpp 1o Vsg close 1o the array.



SILICON GATE MOS 8107B-4

Typical System

Below is an example of a 16K x 8 bit memory circuit. Device decoding is done with the CE input. All devices
are unselected during refresh with C5 input. The 8210, B205 and 8212 are standard Intel products.

S

B0

821D f

8210 |2]

REFRESH |
o—-—-—J <8

COMTARD LQ
HEMH

I o 051 MO} ——n 0y
! 8212 INPUT DRIVER
v omednsy Oy 0, s16f—a+5u
— IL
i ]
1 '
' t ' ) t t
e niver AL TN LA LILE T LUELE] R84 nergd [ AL B
T
~—r ! ' !
— —

CE AGTRA N Harsa | LB nelea ngm4 ADIBA [ L0 B

~

e [owa s norma nare 4 210784 e aared| e

CE 13l B ToTRd NLOTRA L3l B LihEL Labi ) 212784 nored

1
! ]
; DS1 O, D, MOt gy
8212 QUTPUT ALFFEA

| -5y o—]|psz STB By

““‘i_uwﬁ
2 A
s0mg | A1
.o

|

2
G;

I

EA
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e A

N Silicon Gate CMOS 5101, 5101-3, 5101L, 5101L-3

1024 BIT (256 x 4) STATIC CMOS RAM
*Uitra Low Standby Current: 15 nA/Bit for the 5101

= Single +5 V Power Supply Inputs and Outputs

* CE, Controls Unconditional " Three-State Output

Standby Mode

The Intel® 5101 and 5101-3 are uitra-low power 1024 bit (256 words x 4-bits) static RAMs fabricated with an advanced ion-
implanted silicon gate CMOS technology. The devices have two chip enabie inputs, When CE, is ata low level, the minimum
standbyy current is drawn by these devices, regardless of any other input transitions on the addresses and other control inputs.
Also, when C_ET is at a high level and address and other control transitions are inhibited, the mirimum standby current is
drawn by these devices. When in standby the 5101 and 5101.3 draw from the single 5 volt suppty 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.

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 outputs are directly TTL
compatible. The 5101 and 5101-3 have separate data input and data output terminals. An output disable functicon is provided
50 that the data inputs and autputs may be wire QR-ed far use in common data 1/0 systems.

The 5101 and 5101L-3 are identical to the 5107 and 5101-3, respectively, with the additional feature of guaranteed data
retention at a power supply voitage as low as 2.0 volts.

A pin compatible N-channe| 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 MQOS {CMOS) allows the design and production of ultra-low power,
high performance memaries.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
5101 5101
b
. HOH
~ O = xol - - g
Ay GND
a, n [a, - & aye @] aooress oW csstano“u:‘s“
2> 20 [ Aow — - o (17 | BUFFERS GECODE RS 22 COLUMNS
A
i - 3
] w [ eE . L —
—{ (DISABLEI
s 15 wl Joo — A -
17
a1 17 [ Jce2 — % €2 =y
— % CEl o
o o % :D'D. — W00,
— o oo, IDISABLE| I COLLIMN 14D
onp [ e 1w o, — o, oo, f— ry £IRELATS B 00,
o, w {]ba, — oy b, f— ,[;\,:;J;
— o o, f— COLLMM
o0, (] 10 Y P © onTRDL 2@%
—] oo v
o, Cqn vz [ ] oo, otz b1 clol.unm > Do,
R s SELECT
1 IUFFERS
PIN NAMES [
Dip Dy DATA iMEuT oo QLTRUT DISABLE § oo 6
| Ay M ADDRESSINPUTS DO.— DO, DATA DUTRT D E . ‘i &
L] READMRITE INPUT 'v_;; POWERN - 8y =k A
EFY CEZ_ CHiF ENaBLE - = 2EE O = PN numgERs




SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L-3

Absolute Maximum Ratings *

Armbient Temperature Under Bias . . . . . 0°C 10 70°C

Storage Temperature -65°C to +180°C

Voltage Gn Any Pin

With Respect to Ground . . .. -0.3V to Vg +0.3V
Maximum Power Supply Voltage ... ... .. +7.0v
Power Dissipation .. .. ... ... ......... 1 Watt

*COMMENT:

Stresses above those listed under "Absofute Maximurm
Rating”' may cause permanent damage to the device, This
i§ a stress rating only and functional operation of the device
at these or at any other conditian above those indicated in
the operational sections of this specification is not implied.
Exposure to absoiute maximum rating conditions for ex.
tended periods may affact device refisbility.

D. C. and Operating Characteristics for 5101, 5101-3, 5101L, 5101L-3

Ta=0"Cto 20°C. Ve = 5V +B% unless otherwise specified.

Symibol Parameter Min. Typ.[1] Max. | Unit | Test Conditions
It {nput Current 5 nA Vi =0to 5.25V
iLon (@l | Qutput High Leakage 1 uA CET1=2.2V.VguT = Vee
ILou(2! + Qutput Low Leakage 1 uA ) CE1=2.2V,Vgyr=0.0vV
. Vin=Vee Except CE1 40,01V
| 0] t
cet perating Current 9 22 mA Outputs Qpen
. V|n=2.2V Except CE1 <0.65V
1 1 1
ce2 Qperating Current 3 27 mA Outputs Open
§101 ¢ Vi =0 to Vi, Except
A
leer 2] Standby Current 15 u CEY < 0.2V
5101-3 Vin =010 Vg, Except
A
'Cch Standby Current 200 4L CEZ < 0.2V
Vi Input “Low" Voltage -0.3 Q.68 V
Vin fnput “High™ VYoltage 2.2 Vee W
VoL : Qutput “Low™ Voltage 0.4 W lor = 2.0mA,
| Von I Qutput “High" Voltage 2.4 A lpy = 1.0mA
Low V¢ Data Retention Characteristics {For 5101L and 5101L-3} Ta =0°C to 70°C
Symbol Parameter Min. Typ. (1] Max. Lnit Test Conditions
VoRr Ve for Data Retention 2.0 V
51011
Oata Retention Current 15 A Vpr =2.0V
lccoR erentio # CE2<0D.2v | DR
3!
510113 Data Retention Current 200 A VpRr =2.0V
lccor
¢ ! Chip Desalect 1o Data Retention 0
CDR Time ns
tg Qperation Recavery Time tncm] ns
NOTES: 1. Typical vaiuss are T4 = 25°C and naminal supply voltage.

measurernent, 3. tpe = Rsad Cycle Time,

2. Current through all inputs and outputs included in log L




SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L-3

A.C. Characteristics for 5101, 5101-3, 5101L, 5101L-3

READ CYCLE T, =0°C to 70°C, Vg = BV £5%, unless otherwise specified.

Symbol Parameter Min. Typ. ! Max. Unit Test Conditions
tRe Read Cycle 650 ns
T Access Time 650 ns
i teoy Chip Enable (CE1} to Cutput 600 ns
- {See below|
tcoz Chip Enable {CE2) to Qutput 700 ns
op QOutput Cisable To Output 350 ns
toe Data Output 1o High Z State o} 150 nsg
L Previous Read Data Valid with 0
OH1- Respect to Address Change l ns
1 Previous Read Data Valid with
OH2 Respect to Chip Enable 0 i ns
WRITE CYCLE
Symbaol Paramaeter Min. Typ. Max, Unit Test Conditions
twe Write Cycle e50 ns
taw Write Delay 180 ns
towt Chip Enable ICE1) To Write 550 ns
- - {See below)
tows Chip Enable (CE2) Ta Write 550 ns
tow Data Setup 400 ns
toH Data Hold 100 ns
twp Write Pulse 400 ns
twr Write Recovery 50 ns
tps Output Disable Setup 150 ns

A, C.CONDITIONS OF TEST

tnput Pulse Levels: +0.6B5 Volt to 2.2 Vol
Iaput Putse Rise and Fall Tirmes: 20nsec
Timing Measurement Reference Level: 1.5 Vah

Cutput Load: 1TTL Gate and € = 100pF

. ]
Capacitance™™, - 25°c. - 1w

Limits {pF)
Symbal Test
Typ. | Max.
Cin input Capacitance 4 B
; (AR Input Pins} VIN =0V

CouTt l Output Capacitance Vgt =0v | 8




SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L.-3

Waveforms

READCYCLE . . . _ t

o

CE2X t i
07—

oo : oo =
COMMON 110 i3]

1
b= Toe

-~

CE?
[1s]

ADORESS :(

=

WRITE CYCLE

/

Lowz

I
Icomman ar }/

‘g
L [

DATA < DATa DUT - pata” DATA IN T
out vaLi w STABLE
—| taw e— _ ‘1‘: [ b --—=}
Rw * Y
NOTES: 1. Typical values are for T = 26°C and norminal supply volrage,
2. This parametar 15 periodically sampled and s nat 100% tested.
3. OD may be tied low for separate [/ operation.
4. During the write cyele, OD is “high” for common 13 and
“don’t care'’ {or weparate 1/0 operanion,
Low V. Data Retention
' DATA RETENTION _ |
, MODE o
SUPPLY VOLTAGE (Vg ! — @ 4rsv
teph o @ vos
@ vin
@ @ ® @ @ oo

CHIP ENABLE {CE2)
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Schottky Bipolar 8210

TTL-TO-MOS LEVEL SHIFTER AND
HIGH VOLTAGE CLOCK DRIVER

Four Low Voltage Drivers
One High Voltage Driver
TTL and DTL Compatible Inputs

Quiputs Compatible with
8107A MOS Memories

= Operates from Standard Bipelar and
MOS Power Supplies

1 Maximum MOS Device Protection —
Output Clamp Diodes

The Intel®8210 is a Bipolar-10-MOS level shifter and high veltage driver which accepts TTL and DTL inputs,
It contains four (4} low voitage drivers and one high voltage driver, each with current driving capabilities
suitable for driving N-channel MOS memory devices, The 8210 is particularly suitable for driving the 8107 A

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 which permits address or

data decoding. The high voitage driver swings the 12 volts required to drive the chip 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, |ike the 2N5057 is recommended.

PIN CONFIGURATION

DaTA INRUT B, [

ENABLE INPUT €, |: z

DATA INPUT O [:J 3

oatanpuT 03 []4
EvapLe LT 5[ |5
pataweyut o, [

vaTa neuT oy ]

~

o

DATA INFUT g []

anof|

w

- FaL

:I\"cc

[ Jo, pataneur

' Jo, Low voLTace auTsuT
| Jo, Low voLTAGE uTPUT
[0, Low vorTace guTRuT
[0, Low voLTAGE ouTPUT
[\ Base oF pue

[ o5 H1aH voLTAGE BUTPYT

:] Yoo

LOGIC SYMBOL

Ea

o, Oy
Dy o,
Eg Gy
Ly Oy
o, 8
Dy o
Dg
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SCHOTTKY BIPOLAR 8210

A.C. Characteristics Ta=0°Cto 70°C. Vcg = 5.0V £ 6%, Vpp = 12V £ 5%

Symbol Parameter Min. Typ. ' Max. Unit
tge Delay Pl-as_ai-se Time for Low Voltage Drivers 5 i 13 - 20 ns
tLg— . Delay Plus Fatl Time for Low Voltags Drivers 5 | 13 . 20 ns
T+ i Delay Plus Rise Time for High Voitage Driver 10 30 | 40 ns
THd - Delay Plus Fall Time for High Voltage Driver 10 30 l 40 : ng

Capacitance™ 1. -25°c

Symbal
Cin

Max.
12pF

Test Typ. !
6pF !

Input Capacitance

*This paramete s panodically sampied and is not 1{0F% tested,
Candition of messurement is £ = 1 MHZ, Ve, =2V, Veo=0V,
and Ta =25°C.

Waveforms

HIGH VOLTAGE DAIVER

OUTPUT

5-96

A.C. CONDITIONS OF TEST

Test Load: C_=200pF for Low Voltage Drivers,
C = 350pF for High Voitage Drivers
input Pulse Amplitudes: 3.0V
Input Pulse Rise and Fall Times: 5ns between
1 voit and 2 veolts
Measurerment Paints: See Waveforms

Application

HIGH VOLTAGE QUTPUT CONNECTIONS

et

E . 1w

: ? 17 :]

O0: w[]

- =[]

s w[]

Q- 1] puTeuT
USE ZNEDS? OR
TRANSISTOR

C: 3 of[}— .

s w[ ] |




SCHOTTKY BIPOLAR 8210

Absoilute Maximum Ratings™*

Temperature Under Bias . . .. ... .. ..., U°Cto 70°C Alllnput Voltages . ...... ....... .. 1.0 to +5.5V
Storsge Temperature .. .. . ... . ... —B5°C to +160°C Outputs for Low Voltage Orivers ... ... .. —0.5to +7V
Supply Voitage, Veo ... ... ... ... —0.510+7W QOutputs for Clock Driver . .. .. ... .. .. —1.0to+13V
Supply Voltage, Vpg . - . - . ...........~D51o+13V Pawer Dissipationat 25°C . ... ............. 2w

TCOMMENT: Stresses above those listed under “Absoluty Maximum Fatings’ may cause permanent damage o the davica. Thisisa
stress rating only and functional operanon of the device at thess ar any other conditions above those indicated in the oparational sec-
tions of this specificatian is not implied. Exposurs to gtsolute maximum rating conditions for extended pericds may affect davics

reliability.

D.C. Characteristics 7. = 0°C 1o 70°C, Vec = 5.0V £ 5%, Vpp = 12V : 5%

Symbal Parameter Min. Max, Unit Test Conditions
lkD Data lnput Laoad Current -0.25 mA Ve = 0.45V
lee Erabie Input Load Current —0.50 A Vi =045V
ro Data Input Leakage Current 10 ey Vg = 12.6V
IRE Enable Input Leakage Current 20 MA Va = 12.6V
v Output Low Voitage 0.45 W oL = 3mA, Wy =2V
oL for all Drivers —1.0 V1 Iy =—5mA
Vv, Qutput High Voltage Veg —1.0 V1 lgy==1ma, v =0.8Y
QOHY far Low Voltage Drivers Ve +1.0 : v Tgy = BmA
W, | Qutput High Voltage Vpop —0.75 ; A lgy=—1mA, W, =08V
OH2 for High Voltage Driver Vpp+ 08 1V Ton = BMA
Pulsed Dutput Sink Current - _
loy for Low Yoltage Drivers 75 mA Vo= 2Vv Vin=2v
Pulsed Cutput Sink Current - _
lo2 for High Voltage Driver 100 | mA Vo= 3V, Vi =2v
; Pulsed Qutput Source Current _75 : mA Vo = Voo - 1.6V,
03 , for Low Voltage Orivers ViL= 0.8V
© Puised Qutput Saurce Current _ i Mp = Vpp -3V,
'oa ¢ for High Voltage Driver 140 mA - Vi = BBV
ViL Input Low Woltage, All fnputs 03 Y
Vi Input High Valtage, All Inputs 2 i Y

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION

All driver outputs are in the state indicated

[ Test Conditions -- |nput states to ensure
; i ! the following output states: Additiupgl Tast

Symbol | Paramater Tvp.mlj Max. ! Unit Al ‘6?:”\::':“93 Higcl;u\;‘::l:agu Conditions
lect Current from Ve 26 3/ 0 mA Low Low
Inp1 Current fram Vpp 12 16 ma i Low Low '
Po1 Power Dissipation 230 390 mW Low Low :
lees Current from Vg 21 28 ' mA Low High
lbD2 Current from Voo 26 35 ! ma, ! Low High :
Poz Power Dissipation 450 600 | mw | Low High . Voo =525V,

: i - - Vo = 12.6V
lees Current fram Vee 18 28 | mA High Low i
Ipps Current from Vpp 12 16 | ma ! High Law i
Ppa Power Dissipation | 260 | 340 | mwW | High Low 1
lers Current from Ve 14 18 mA, High High !
Ipoa Current from Vg 26 B/ mA High High
Pog Power Dissipation 410 85D | mW | High High

(1) This paramstar i pariodically sampled end is not 100% tasted. Condition of measurement is Ta = 25°C, Vog = 5V, Vppo = 12V,
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Schottky Bipolar 8212
EIGHT-BIT INPUT/OUTPUT PORT

Fully Parallel 8-Bit Data
Register and Buffer

Service Request Flip-Flop
for Interrupt Generation

Low Input Load Current —
.25 mA Max.

Three State Outputs
Outputs Sink 15 mA

* 3.65V Qutput High Voltage
for Direct Interface to 8080
CPU or 8008 CPU

= Asynchronous Register
Clear

= Replaces Buffers, Latches
and Muitiplexers in Micro-
computer Systems

* Reduces System Package
Count

The B212 input/output part consists of an B-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 1o the micropracessor.

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the pringj-
pal peripheral and input/output functions of a microcomputer systern can be implemented with this device.

PIN CONFIGURATION

PIN NAMES

D1y.Diy

DATA N

DO, D0y BATAOUT

5% 08; | DEWICE SELECT

Mo MOGE

| STR __ sTRoBE
flrid INTERRUFT [ACTIVE LOW
TR CLEAR (ACTIVE LOW}

LOGIC D1AGRAM
SERVICE AEQUEST FF

DEVICE SELECTION
o> osi iNT 23>
> ps2 [_ 1ACTIVE LOW|
5 ! H—EN
Z> o - -
[e> ste Y N ) I P
I | | BUF/FER
| |
E>oy, t gy Doy [a>
DATA LATCH | ’ké‘f |
o, —=ee l:&'f"%@»
L)
I |
o1, ! fca |l Eno;
c
| A
1T !
I : {o o>+ oo >
CR } ]
I =
oy 1’$—}D°5®
i Hor] |1
| i
fE>Dig 1| [oa T 00g (7>
¢ |
e
EZ> 0ty T IB—IDU;
| ttad || |
B> on L5 e |—B+D°s®
RESET DRIVER | Cq I |
: |
LY
= .
g LACTIVE LOW) VL___}__}
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SCHOTTKY BIPOLAR 8212

Functional Description
Data Laich

The 8 flip-flops that make up the data latch are of a
“D" type design. The output (Q) of the flip-flop will
foltow the data input (D} while the ciock input {C) is
high. Latching wili occur when the clock (C) returns
fow,

The data latch is cieared by an asynchronous reset
input {CLR}. {Note: Clock {C) Overides Reset {ELR).)

Cutput Buffer

The outputs of the data latch (Q) are connected to
3-state, non-inverting output buffers. These buffers
have a common control line {EN); this control line
either enables the buffer to transmit the data from
the ocutputs of the data latch (Q) or disables the
butfer, 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 D31, D82, MD and
STB. These inputs are used to control device selec-
tion, data latching, output buffer state and service
request flip-flop.

D51, DS2 (Davice Salect)

These 2 inputs are used for device selection. When
D51 is low and DS2 is high (D& - DS2) the device is
selected. In the selected state the output buffer is
enabled and the service request flip-flop {SR) is
asynchronousiy 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 butfers
are enabled and the source of clock (C) to the data
latch is from the device selection logic (DS1 - DS2).
When MD is low {input mode) the output bufier state
is determined by the device selectien logic (D31 -
0S2) and the source of clock (C) to the data latch is
the,STB (Strobe) input.

STB (Strobe)

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

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

Service Aequest 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-flep {Q) is connected to
an inverting input of a 'NCR" gate. The other input
to the “NOR'" gate is non-inverting and is connected
to the device selection logic (D51 - DS2). The output
of the "NOR" gate (INT) is active low {interrupting
state} for connection to active low input priority
generating circuits.

SERVICE AEQUEST FF

DEVICE SELECTION

N
(> B8
iE>2 DszD

iNT 2>
LACTIVE LOW)
i It—En
[Z>mMp WA
sTR —_— 1T
[ r T 1 oureur
| | | BurFeR
| =7
E>or, Lo ol oy, >
DATA LATCH ) '_Iif‘&. . |
E>ple s B0,
! c . t
B=="3rg
o1 o af >k ooa >
| JCR T
[E>01, JI Jo o+~ 3—1— Dby
| TS |
@0l Sy bb—]'cw =
| "Iif-_‘ |
=3} l oo+ DU
3 I ;
| 'L‘:.C Al |
A
&= o1y o ol bTDD-;
| calii |
1 H
>0, oo &-} Dog 21>
RESET DRIVER | cul | |
S '
[@> LR ¢ i |
1ACTIVE LOW) L]
T ste wp D5, DE  DATADUTEGUALS | CLR %, Oz STE SR INT |
v e e ey
a [ DATA LATCH Il-? - ‘ '01‘ g, g'
1 1 n DATA LATCH T T T [i] T o 4‘
a 1 1 DATA LATCH P | -t “. 1 1 A
AR A SERERE
1 1 1

| DATAW

IR - RESETS DATA LATCH
SETS SR FLIP-FLOP
IO EFFECT ON DUTPUT BUFFER!

“INTERWAL SR FLIP-FLOW
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Applications Of The 8212 -- For Microcomputer Systems

[ Basic Schermatic Symbol VIl B08O Status Latch

Il Gated Buffer VIl 8008 System

il Bi-Directional Bus Driver IX  BOBO System:

IV Interrupting Input Port 8 Input Ports

Vv Interrupt Instruction Port 8 Output Ports

VI Cutput Pont 8 Level Priority Interrupt

|. Basic Schematic Symhois

Two examples of ways to draw the 8212 on system as a system bus (bus containing 8 parailel lines).
schematics—{1] the top being the detailed view The output to the data bus is symbolic in referenc-
showing pin numbers, and (2} the bottom being the ing 8 parallel lines.

symbolic view snowing the system input or output

BASIC SCHEMATIC S5YMBOLS

INFUT DEVICE OUTPUT DEVICE

|
|

3 4 3 STB 4
TDI [wie] .5— T ol 4] s
= | 6 5 | B
] | 8 7 | B
2] 10 & 10
L B PRP S I {DETAILED) 61 en2z {5
[E 17 18 17
_20] 19 20 L 18
FEA s X 22 |TNT ELR{Z2M
14 1 L] 23 23| Mo ~ 114
A3, ok, 08, DS,
'EREREE ERERL
WD W,
INPUT © —) =" cc QUTPUT
STROBE [ FLAG

SYSTEM SYSTEM
INPUT (:> B212 ::’ 1SYMBOLICI ::> 8212 :) QUTPLT
—CLR INT fp— —of INT CLR
T L P [
GND DATA BUS DaTA BUS Yee
GATED BUFFER
Il. Gated Buffer ( 3- STATE } 3-STATE
The simplest use of the 8212 is that of a gated v
buffer. By tying the mode signal low and the strobe e 1
input high, the data latch is acting as a straight 5T8

through gate. The output buffers are then enabled
from the device selection logic DS1 and DS2. INFUT ouTPUT
When the device selection logic is false, the ouiputs ?;;I,im Q 8212 :> 321:1:
are 3-state. 13.65 MINI
When the device selection logic is true, the input

data from the system is directly transterred to the

output. The input data load is 250 micro amps. The  SATNG
output data can sink 15 milli amps. The minimum  (DShosa
high output is 3.65 voits.

b ATIR

—
GND
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Ili. Bi-Directional Bus Driver
A pair of 8212's wired (back-to-back) can De usad

BI-DIRECTIONAL BUS DRIVER

Vee
as a symmstrical drive, bi-directional bus driver. —
The devices are controiled by the data bus input ST8
control which is connected to DS1 qn tha first 8212
and to DS2 on the second. One device is active, and
acting as a straight through buffer the other is in DATA 8212 DATA
3state mode. This is a very useful circuit in small Bus BUS
systam design.
r—f CLR
DATA BUS
CONTROL —=of g ! !
0= | - R} GND
I = H =L} .
sTa
1z K
——cf CLR
GND
IV. Interrupting Input Port INTERRUPTING INPUT PORT
This use of an 8212 is that of a system input port DATA
that accepts a strobe from the system input source, NPUT BUS
which in turn clears the service request flip-flop STROBE | =)
and interrupts the processor. The processor then sT8
goes through a service routine, identifies the port,
and causes the device selection {ogic 1o go true —
enabling the system input data onto the data bus, e C> B212 :>‘
e ——e b
PORT
SELECTION GND TO PRIGRITY CKT
[ LTI

[ACTIVE LOW)

OR
TQ CPU
INTERRUPT INPUT

V. Interrupt instruction Port

The 8212 can be used to gate the interrupt instruc-
tioh, normally RESTART instructions, onto the data
bus. The device is enabled from the interrupt
acknowledge signal from the microprocessor and
from a port selection signal. This signal is normally
tied to ground. {DS7 could be used to muttiplex a
variety of interrupt instruction ports onto a com-
mon bus).

5104

INTERRAUPT INSTRUCTION PORT

RESTART
INSTRUCTION
IRET 0= RST 7}

{DS1) PORT SELECTION .._._? [

INTERRUPT ACKNOWLEDGE =t

Vee
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VI. Output Port (With Hand-Shaking)

The 8212 can be used to transmit data from the data
bus to a system cutput. The output strobe could be
a hand-shaking signal such as “'reception of data”
from the device that the system is outputting to. It
in turn, can interrupt the system signifying the re-
ception of data. The selection of the port comes
from the device selection logic. (D51 + DS2)

QUTPUT PORT {WITH HAND-SHAKING)

DATA
BUS

e

!—'——--— QUTPUT STROBE

4TB
:> SYSTEM OUTPUT

fo—=—— SYSTEM RESET

Pk

—

INT

LA

| 1 e~ rorT sELecTION

Vee - ILATCH CONTROL)
J [BELDSD

SYSTEM
iNTERRUPT

VIl. 8080 Status Latch

Here the 8212 is used as the status latch for an 8080
microcomputer system, The input to the 8212 tatch
is directly from the 8080 data bus. Timing shows
that when the SYNC signal is true, which is con-
nected to the DS2Z input and the phase 1 signal is
true, which is a TTL level coming from the clock
generator: then, the status data will be fatched into
the 8212,

Note: The mode signal is tied high s¢ that the output
on the latch is active and enabied all the time.
It is shown that the two areas of concaern are the

bidirectional data bus of the microprocessor and the
control bus.

8080 STATUS LATCH

10 :
D D
I:!n 9 |:)|:|
D1 8 +
Dz 7 gz
D3 3 D3 - DATA BUS
4 4
8080 , (2 Oy
o, |2 D
[ 6 ]
o, 0y
swnc P2
oein L
o 2 STATUS
22 15 LATCH
a 4
2V 5™ Pofg— NTa ! TS T2
] — o= WD |
o -4 ] 3 S STACK |
= ,%_. HLTA | EL SN
. out
18 8212 [ BASIC N P
oy .
20 16 . FcontRoL Y
CLOCK GEN,  [Io1TTLY 22 - 121 MEMR SYNC ___J'_'_'\_
& DRI 0 _ .
VER 14]05, w0 58, | - ——
[ Tz |z ?r J DATA .__Y:___
T DEIN -_.._Y_.__
t_m sTaTus
Vee l
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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-fiops, decoders, and gates to
generate the control functions necessary for 8008
microcomputer systems. Alsc note that the input
data port has a strobe input. This aliows 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 legic, and the appropriate
status signal for bus discipline whether memory
read, input, or interrupt acknowledge. 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 s implemented in
an 8212, is also controlled by the control {ogic 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
v INPUT BUS
e DATA K DRIVER ADORESS
| p— BUS LATCHES
MEMORY —r—— =, LOW ORDER
DATA C:) 8212 :> g ') 8212 8212 > eITs)
—qCLR o L dcr
— X ,
? GHD GND
INPUT
STROBE T ] _
DG-Dy S5 SYNER
| Ti
$ — T2
INPUT C:> sz goos | HIGH ORDER
DATA = SYNC [~ AR
INT fs—q
5 READY |
- CLR  INT poi— }—o ” joel amm |
| |
T NG —d ;‘
{ ] s
! DATA BUS
—of MEM READ . ot
of INPLT {D4.5.6. 71
OJINT ACK L
1
DATA BUS IN wh
INTERRUPT — = L el
INSTRUCTION :> a2 ....:> CINT REG. | our
WAIT REQ. ——s
— CTR | S
CONTROL LOGIC
? T T - & CLOCK GEN.
U oMo
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IX. 8080 System

This drawing shows the 8212 used in the 1/ 0 section
of an BOBO microcomputer system. The system con-
sists of 8 input ports. 8 output ports, 8 level priority
systems, and a bidirectiona! bus driver. {The data
bus within the system is darkened for emphasis).
Basically, the operation would be as follows: The 8
ports, for exampie, 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 connscted to an 8 level pricrity
encoding circuit. This circuit provides a positive
true level to the central processor {INT) aleng with
a three-bit code to the interrupt instruction port for
the generation of RESTART instructions. Once the
processor has been interrupted and it acknowledges
the reception of the interrupt, the Interrupt Acknowl-
edge signal is generated. This signal transfers data
in the form of a RESTART instruction onto the buf-
fered data bus. When the DBIN signal is true this
RESTART instruction is gated intoc the microcom-
puter, in this case, the 8080 CPU. The 8080 then per-
forms a scoftware controlled interrupt service routine,
saving the status of its current operation in the
push-down stack and perfarming an INPUT instruc-
tion. The INPUT instruction thus sets the INP status

bit, which is common to all input ports.

Also 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 cutputs will enable one of
the input ports, the one that interrupted the proces-
sor, ta put its data onto the buffered data bus to be
transmitted to the CP{ when the data bus input
signal is true. The processor can also ocutput data
from the 8080 data bus to the buffered data bus
when the data bus input signal is false. Using the
sama address selaction technigue 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 /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 ocutput providing the designer with a 350
milli volt noise margin worst case for 8080 systems
when using the 8212.
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8080 SYSTEM INPUT PORTS OUTPUT PORTS
ey
STROBE 0 —{ 578
INPUIT
p az12 QUTPUT
ORT °® PORT 0
——————{ INT CLA o 1 CLR
[Sar Note 1] X |—q
[ 1 1 B I
Ay —f GND - Vep T
Ay —= o—
080 271 s ' sTRoBE 1 —=] 578
ADDRESS 5 B— .
BUS Ay —E, o— | i INPLIT a ouTeUT
—dlE o PORT 1{:> saz N g212
P 5 o A ) PORT 1
Vee i e : .
- 1D DEVICE 3 INT ELR jo-e —of CLR
SELECTOR r— i
Y GND FVie
L3
STROBE 2 —={ 578
INPYT .
STATUS PORT 2 8212 > BT QUTPUT
i PORT 2
BITS :
————{ N7 ELR oy | e I
L R T
T Gho Voo 7
[ our
STROBE 3~—| STB 3
NPT A A OUTPUT
T POHT3C> g212 I &1
" l . . 2 PORT 3
——————0] iNT TLH jo-y p— CLR
r=<—q £ b ct
1 H T ) LI
BUFFERED ] ' GND Vee
Ve DaTa Ve Ve : t
| B:f‘ | 1 ! sTROBE 4 —=| 578
H 1
INPLIT
—+ | L Q » . QUTPUT
PORT 4 8213 [ a2
8080 =g 18 vry % POAT 8
DATA 2 [ a212 3 o ot iR R
BUS —— i INT BL ol
— 1 B K> | 1 N . T r 3
| : ',.rln TGND . Vee T
Oy = '—u—? ‘ [ | 1 1
: W, 1 1
oD 5° ) Yeg | ! STROBE 5 —-| 5TH
y ; GND 1 INPUT N N BUTRUT
- ' 1 PORT & C:) 8217 [Ty B212 i
| L__1|.___| : » PORT 5
i — A INT CLR . oA CLR
INTERAUPT | T 11 ¥ I,
B212 INSTRUCTION GND . ce |
PORT [RSTI | :
. STR —=] 578
f SRIORITY l::lfTs
L] - ENCODER & N SUTPUT
+—9 . INTERRUPT mn'rs(:> 8212 X arz FORT B
GND ) GENERATING v
INT : LOGIC CIRENTS e o INT CLF ko4 —d CLR
acK (USER DESIGNEDI
BHDIRECTIONAL -
BUS DRIVER Vee !
STROBE 7 -
INFUT N
A ouTPUT
PORT 7 C> ] 8212 PORT 7
— of CLR
T
Ve T
1
i
SYSTEM
RESET
Note

1. This basic KO configuration for the AOB0 can ba axpanded 1o 256 input devices and 256 outpul devices a1l uping 8212 and the appropriate decoding,
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Absolute Maximum Ratings*

Temperature Under Bias Plastic . ~65°C tg +75°C
Storage Temperature . -85°C to +160°C
All Cutput or Supply Voitages .. .. —0.51t0 +7 Volts
—1.0t0 5.5 Volts

All Input Voltages . .

TCOMMENT  Stresses above those Jisted under “Absaiple Marimym Aatings™
MAy CAVSE DArMAREn dpmage o e device This (2 a sromst raiing pniy gad
fumcronal cperation of lhe device & ihese pr A ANy ather concifion Above
those tndicaled in the operaticnal seclions of 1M1 spec/bCabOR 18 mal g,

OQutput Currents .. ... . .. .. ... 125 mA

D.C. Characteristics

T. =0°Cto +75°C V.- = +5Y =5%

i ..
Symbol Parameter ; Limits Unit Test Conditions
i Mim. Typ. Max.

I Input Load Current 5 -.25 mA V. = 45V
ACK, DS,, CR, DI -DI; Inputs

i input Load Current -.75 ma, Ve = 45V
MD input

P Input Load Current . -1.0 mA, Ve = 45V
DS, Input i

I Input Leakage Current E 10 MA Vi, = 525V
ACK, D3, CR. DI -Dl; Inputs |

e Input Leakage Current 30 LA Ve = 525V
MO Input

l¢ Input Leakage Currant 40 JA Ve = 5.25V
DS, Input

Ve input Forward Voltage Clamp -1 W le = =5 mA

V, input "Low™ Voltage .85 \

Vin input “High Voltage 2.0 v

Ve, Qutput “Low™ Voltage i .45 'l Iy = 15 mA

WVean Output "Righ™ Voltage 3.65 4.0 v lo = —1mA

lee Short Circuit OQutput Current -15 -75 mA V. =0V

1! Output Leakage Current 20 . MHA V. = 45V/525V
High Impedance State J.

loe Power Supply Current a0 130 mA

5-108



SCHOTTKY BIPOLAR 8212

Typical Characteristics

INPUT CURRENT V5. INPUT VOLTAGE QUTPUT CURRENT VS, OUTFUT “LOW" YOLTAGE

TEMREAATURE ] &)

G 0 T - T
Veg = B0V ' :
s —— b ! !
80
ERLL E
E owmo—- .- BT} — %
3 -
= S
3 - - ——— =
=]
, ) 20—
mop— - = -
I 1
; i
1 !
-200 a
3 .2 Al a -1 +2 +3 o
INPUT VOLTAGE 1V OUTPUT "LIW" VOLTAGE (V)
OUTPUT CURRENT V5. DATA TO QUTPUT DELAY
OUTPUT “HIGH" VOLTAGE VS, LOAD CAPACITANCE
ar - 50
TR = . Vog & *5.0V !
! Ty-25C
k] - LY H
: i ' /7 0 -
I : £ : !
H] h T, e y z )
E I ! ] !
: . 7 : g g0 ; -
. 5 : L
g To-250 E : , NS o
uo T,=0C 2 . ! - /
z /// o 2 om ; ==
= i = - Y-
] i £ -
| Z '
H [=] |
10 :
.30 - ! :
: ' i
V4 '
B — Q n |
q ta B .0 an 50 ¢ 50 100 156 20 250 00
GUTPLT "HiGH" vOLTAGE ‘v LGAD CAPACITANCE (gF)
QATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY
VS, TEMPERATURE V5. TEMPERATURE
22 . I a0 T
Hep t 0B OV i i Voot B0V
! 1
2 + T Ox®
- : . 1 ¥ '
R : - 4 ;
- = I
> ' o = H
E lBI P’ o - 30 i B
a . e a H *
s 7y ! : 5 ! =T
% e - v | o B L e ,‘f'] i
- o H = 5TE . =T
g 2 o5 /‘_,....--—-:','_":3—" ""l
14 < e o = - root
E i z 0, |
e . i £ ; i
[T | i s + -
- i -
s 1 — 10, — i
m ] is 50 75 100 i) [ 3 50 5 0o

TEMPERATURE 1 |

5110



SCHOTTKY BIPOLAR 8212

Timing Diagram

o —————
DATA 1.8 t 5v
|\ S

N

tpw Ty —-
T8 or D31+ Og 1.6V 15V
——— e
qUTPUT XT sv
051 0Sp 1.5% 15y
BV
e T {SEE NOTE BELOW) —— T —
_......___._.____—.—q\_—*_u'
ouTPUT \ _L“'—T— — ]
—_—— — v
! o 5V

2
-
x
un
[
n
4

 —————
oo 1.8v

—_——— e e/

DaTA 15

STBor 05 « DSz 1 5;\
DUTPYT \1 5y
[

INT \ Cgy

WOTE. ALTEAMATIVE TEST LOAD - R -

vic

10K
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A.C. Characteristics
T.=0°Cta +75°C V.. = +5V =+ 59

P T |
Symbol Parameter Limits i Unlt . Test Conditions
Min. Typ. Maix. :
tow Pulse Width 30 . N8
.. Data To Output Delay 30 ° ns |
t.. Write Enabie To Qutput Delay 40  ns |
t... Data Setup Time 15 ns
t. Data Hold Time 20 ns
t. Resat To Qutput Delay i 40 i ns
t Set To Output Delay ; 30 ns
t. Output Enable/Disable Time 45 ns
t. Clear To Qutput Celay 55 ns
CAPACITANCE™ = 1 MHZ Vu.om 25V Voo = 45V T, = 259C
Symbol Test LIMITS
Typ. Max.
C. DS MD Input Capacitance 9 pF 12 pF
Cn DS;, CK. ACK, Dl,'Dla 5 pF s pF
- Input Capacitance
Ceour 00.-DO, Qutput Capacitance 8 pF 12 pF
"This parameter is sampled and not 100% tested.
Switching Characteristics
CONDITIONS OF TEST TEST LOAD
Input Pulse Amplitude = 25V 15mA & 30pF
Input Rise and Fall Times 5 ns Vee
Between 1V and 2V Measurements made at 1.5V
with 15 mA & 30 pF Test Load
300
T0
ouT

*30 oF I

* INCLUDING JIG & PRCAE CAPACITANCE
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Silicon Gate MOS 8255

PROGRAMMABLE PERIPHERAL INTERFACE

% 24 Programmable |/0O Pins

® Completely TTL Compatible

® Fully Compatible with MCS'™" -8 and
MCS' -80 Microprocessor Families

= Direct Bit Set/Reset Capability
Easing Control Applicalion Interface

% 40 Pin Dual In-Line Package

B Reduces System Package Count

The 8255 is a general purpose programmable 1/0 device designed far use with both the 8008 and 8080
microprocessors. [t has 24 1/0O pins which may be individually programmed in two qroups of twelve and
used in three major modes of operatian. In the first mode (Mode 0}, each group of twelve 1/Q pins may be
programmed in sets of 4 to be input or output. In Mode 1, the second mode, each group may be programmed
to have 8 lines of input or output. Of the remaining 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

bidirectionai bus, and five lines, barrowing cne from the other group, for handshaking.

Other features of the 8255 include bit set and reset capability and the ability to source TmA, of current at
1.5 volts. This allows darlington transistors to be direct!

voltage displays.

y driven for applications such as printers and high

PIN CONFIGURATION

ra1 |1 g 4 [ Paa
raz ]2 38 ] Pas
LEARE K [ ras
rag T[4 37 [ paz
[l IR
= 35 nEsET
[+ o,
w1 ]a u{]o,
el e,
scr oy
ren N 8255 an,
res e #{1n,
s 11 2o,
*eo]1a #[n
v (s 8] Voo
L il %[ ey
T 4[] Pus
Pt 118 2| rab
[ IEn T 227 Pea
R ImE 210 el
PIN KAMES
0,0y DATA BUS [BI.DIRECTIONAL)
. RESET RESET INPUT T
= L oHFECECT
TRB REALD INPLT
! W | WRITE [NPUT
a0.A1 | POPRT ADDAESE
PATPAD | FOAT A tBITH
FE7PRO | POAT B (BIT) "—
TR7RCO | PORTCBIT)
| ¥ee i 5 WOLTS
|_GMD . WwOLTS

R pu— 7}

| ——=— nh

W DIRECVEINAL Ghl# IS

R ey JEEH

8255 BLOCK DIAGRAM

)

: f8LR
- Ve
GACLr FanT <:-—|/ 1 Pa,
— z
CUNTROL
—y
i LHEIP
! 4 A "
: <: :) e S e
T :
! MY oy
VU Ny
[T
1urn ANy fimcue
AL W - n
o erere <" I
] Lawen 7 e Py
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: !
G — 1 LIS
] “ “
cemrang : I{:> e > o
A B e
| n
: -
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SILICON GATE MOS 8255

8255 BASIC FUNCTIONAL DESCRIPTION

General

The 8255 is a Programmable Peripheral Interface (PPI) de-
vice designed for use in 80B0 Microcomputer Systems, Its
funetion is that of a general purpose 1/0 component to inter-
face peripheral equipment to the 8080 systern bus. The
functional configuration of the 8255 is programmed by the
systern software so that normally no externa! logic is nee-
essary to interface peripheral devices or structures.

Drata Bus Buffer

This 3-state, bi-directional, eight bit buffer is used to inter-
face the 8255 to the BDAD system data bus. Data is trans-
mitted or received by the buffer upon execution of IMNput
or QUTput instructions by the BOBO CPL). Control Words
and Status information are also transferred through the Data
Bus butfer.

Read/Write and Control Logic

The function of this black is to manage all of the internal
and external transfers of both Data and Contral or Status
words. It accepts inputs from the 8080 CPU Address and
Control busses and in turn, issues commands to both of the
Contral Groups.

(CS)
Chip Select: A “low” on this input pin enables the com-
munication between the 8255 and the 8080 CPU.

(RD)
Read: A "low™ on this input pin enables the 8255 to send
the Data or Status information to the 8080 CPU on the

Data Bus. In essence, it allows the 8080 CPL to ““read from’
the 8255,

(WR)

Write: A “low'’ on this input pin enables the 8080 CPU to
write Data or Control words into the 8255,

{Ag and Aq)

Port Select 0 and Port Select 1: These input signals, in con-
junction with the RD and WR inputs, control the selection of
one of the three ports or the Control Word Register. They
are normally connected to the least significant bits of the
Address Bus (A g and Al

8255 BASIC OPERATION
Ay | Ag | RO | WR | T8 | (NPUT OPERATION (READ)
0 0 0 1 0 | PORT A = DATA BUS
0 1 0 1 0_. PORTH = DATA BUS
1 0 0 1 i 0 PORTC=~ DATABUS
| OUTPUT OPERATION
: {WRITE)
0 0 1 0 0 | DATABUS=FPORT A
0 1 1 0 0 | DATABUS = PORT 8
7 [} 1 0 0 | DATABUS=PORTC
1 1 11 0 0 | DATABUS = CONTROL
) DISABLE FUNCTION
X . X X | X 1 | DATA BUS = 3-5TATE
Vit 0 | 1 0 [ ILLEGAL CONDITION
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{RESET)

Raset: A ""high’ on this input clears all internal registers in-
cluding the Control 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 software. In essence, the BOBO CPU “out-
puts” g control word to the 8255, The control word con-
tains information such as “mode”, “hit set”, “bit reset”
etc. that initializes the functional configuration of the 8255.
Each of the Controi blocks (Group A and Group Bl accepts
“commands” from the Read/Write Control Logic, receives
“control words’” fram the internal data bus and issues the
proper commands to its associated ports,

Control Group A — Port A and Port C upper (C7-C4)

Control Group B — Part B and Port C lower (C3-C0)

The Control Word Register can Only be written into. Na
Read operation of the Control Word Register is allowed.

8255 BLOCK DIAGRAM

Ports A B, and C

The B285 contains three B-bit ports (A, B, and C). Ali can
be configured in a wide variety of functignal characteristics
by the system software but each has its own special features
or “personality” to further enhance the power and flexi-
bility of the B255.

Port A: One 8-bit data output latch/buffer and one B-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-
hit port contains a 4-bit latch and it can be used for the
control signal outputs and status signal inputs in conjunc-
tion with Ports A and B.

PIN CONFIGURATION

Ll
- tomImoL

rFaa[] 1 e a0rT Paa
raz]z W[ ras
s o[ ras
rag T4 7 [5ear
Ael]s [ WA
e [T mesEr
GNEr ] ¢ H[p,
A1 ]w no,
o]y [0,
Ldm ]l n{"h,
L2 mpll 3255 w{ o,
res [ 17 A o,
rea 13 nt- o,
meo |1 7o,
T[T 6 Yoo
rez =
rea [
rac [}
LN
raz [
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PIN NAMES
[ DATA BUS {BI-DIRECTION AL -
RESET RESET INFUT
] CHIP SELECT ]
At READ INPUT )
AR wRITE INPLT
AD, A1 PORT ADDAESS T
PAT.FAQ - _Sé'ﬁ"l"-ﬁ tEIf'I_ 3
PET-PBO PORT B (BITI
PCTLACO | PORTCBITI
Voo +6VOLTS -
GND W VOLTE
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8265 DETAILED CPERATIONAL DESCRIPTION

CONTROL WORD
Mode Selection .
. . B, D.
There are three basic modes of aperation that can be select- %% | B )| 0| 0|00 o
ed by the system software: 1 LJ
Mode 0 - Basic Input/Output
Mode 1 — Strobed Input/Qutput
Mode 2 — Bi-Directional Bus
When the RESET input goes “high* all ports will be set to : GRour B
the Input mode (i.e., all 24 lines will be in the high im- ' ! ' PORT € ILOWER)
pedance state). After the RESET is removed the 8255 can i T
remain in the Input mode with no additionat initialization _
required. During the execution of the system program any : R T
of the other modes may be selected using a single QUTput ; Q= QuTPUT
instruction. This allows a single 8255 to service a variety of ) woDE seLECTION
peripheral devices with g simple software maintenance rou- ; ) 0= MODE 4
tine | 1 = MODE 1
The modes for Port A and Part B can be separately defined,
while Port C is divided into two portions as required by the ‘
Port A and Port B definitions. All of the output registers, in- GRQUP &
cluding the status flip-flops, will be reset whenever the . PORT € 1UPPERT
mode is changed. Mades may be combined so that their ' ;-:)NJTUPTUT
tunctional definition can be “tailored” to almost any 1/Q
structure. For instance; Group B can be programmed in PORT A
Mode 0 to monitor simpie switch closings or disptay compu- 2 otRuT
tational results, Group A couid be programmed in Mode 1 —
. o - EE
to monitor a keyhoard or tape reader on an interrupt-driven %”P,f.ontfﬁ ¢
basi 01 = KOOE |
asis. 1X = MODE 2
I MODE SET FLAG
1= ACTIVE
(‘ ADDRESS BUS }l
[
— CONTRGL BUS 1
i [ 1
I CATA BUS ]
j E iL Mode Definition Format
A, D, -0, By
23

8255 =

mnzoJ B — i A

3:1/0 ‘W/a [ .4i|m a-;”o The Mode definitions and possible Mode combinations may

PRIFSy  PCIRC,  PC;PC, Ay Ra seem confusing at first but after a cursory review of the
compiete device operation a simple, logical |/O approach
MODE 1 —] 8 A T will surface. The design of the 8255 has taken into accoun_t
things such as efficient PC board layout, control signal defi-
@ I [I I l 0 nition vs PC layout and complete functional flexibility to
FBy P8y comTROL "?,':‘,ﬂ?g“ PArPay support almost any peripheral device with no external logic.
Such design represents the maximum use of the available
woDE z —=[ r-————-——-. pins,
I [ 1 l 1 l r @I DIRECTIONAL
T oonTRoL Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single QUTput instruction. This feature reduces software
requirements in Control-based applications.

Basic Mode Definitions and Bus | nterface
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CONTROL WORD

oy | B | Dg | O |0y B, | By iy
i BIT SET/RESET
X% x 1=8ET

e 0= RESET
DON'T
CARE

BIT SELECT

0 1]2T37% 5 &7

D101 0t 0 1By
T =[¢lt1r0.0 1 1By
[~ 0i0j0j1 111 8;

BIT SET/RESET FLAG
U= ACTIVE

Bit Sat/Reset Farmat

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 DUtput ports.

interrupt Control Functions

When the B255 is programmed ta cperate 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
specitic 1/0 device to interrupt the CPU without effecting
any other device in the interrupt structure.

INTE flip-flop definition:

{BIT-5ET) — INTE is SET — Interrupt enable
(BiT-RESET) — INTE is RESET — interrupt disable

Note: All Mask flio-flops are automatically reset during
mode selection and deviee Reset.

Operating Modes
Mode 0 (Basic Input/Output}

This functional configuration 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
4 specified port.

Mode 0 Basic Functional Definitions:

* Twao 8-bit ports and two 4-bit ports.

* Any part can be input or output.

* Dutputs are latched,

® {nputs are not latched.

& 16 different Input/Output configurations are possibie
in this Mode,

BASIC INPUT
TIMING 1Dy-Dg

FOLLOWS INPUT,

X

NO LATCHING)

e " —— e —

————
BpBy ! x
————— ——— |

. ! t DELAY TIME
- ; FROM RD

e — —— —
. TOELAY TIVE
FROM INPUT DATA

BASIC OUTPUT
TIMING (DUTPUTS
LATCHED})

— SET-UF VIOLATION

. oo
- f —— v —— —— — v ————
i !
I

XX

! .
! ) |

f
QUTPUT x !
i _-|

tDATA _ tDATA
SET.Up T o i HOLD CUTPUT DATA
ama t DELAY TIME INVALID
- : FROM WR

Made 0 Fiming
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MODE 0 PORT DEFINITION CHART

A | 3 GROUP A GROUP B
' . PORT C PORT C
Ba 03§ D17 Bo FORTA 1 pppeny | * | PORTE | Lowem
0o o ,0 | o | output | outPuT | © | OUTPUT | ouTRUT
0 ol 1 DUTPUT | OUTPUT | 1 QUTPUT | INFUT
o 0 | 0 | OUTPUT : QUTPUT | 2 | INPUT  ° QUTPUT
6 o0 1 1 L1 | QUTPUT | OUTPUT | 3 | INPUT . INPUT
0 1 ' 0 0 | OUTPUT | INPUT 4 | OUTPUT | OUTPUT
0 1.0 1 QUTPUT | INPUT 5t QUTPUT | INPUT
o 1 0 | QUTPUT | INPUT 6 INPUT OUTPUT
o1 101 | DUTPUT | INPUT 7 | INPUT INPUT
1 0 0 | 0 | INPUT OUTPUT | 8 | OUTPUT | OUTPUT
1 0 : 0 1 | INeUT QUTPUT | 9 | DUTPUT | INFUT
1 0 i o | mNePUT OUTPUT | 10 | INPUT - OUTPUT
1 [ 1 1 | NPUT OUTPUT | 11 | INPUT INPUT
1 1 e | o | INPUT INPUT 12 | QUTPUT | DUTPUT
1 1 [ 1 | INPUT INPUT 13 | QUTPUT | INPUT
1 1 1 o | INPUT INFUT 14 | INPUT ouTPUT
1 1 1 1 | INPUT INPUT 16 | INPUT INPUT
MODE 0 CONFIGURATIONS

CONTROL WCAD =0 CONTROL WORL 22

D Dy e DO, By 0, G Dy Dy Dy, Dy, D, D, D DO, By

(LTl T] [LTLLLL T

A —,L- Pé,-Phag ) -—-—-——-,f—u—- Phg-PA,

8255

DT'DU — |

L S

D7y
4 4
_._7{._._._.. PE, PC, — PCy PGy
L ]
L e P, PH, B [a——eni——— PB,-PR,
CONTROL WORD x1 CONTROL WORD #1
By Dy Dy 0, Oy B O Dy B, D D, D, D Oy Dy

[T

To oo o]7]
N H 1

B2ES

DTDD Wr— ik

__..,(_.3_.. PayPa,

4
—— PC. AT,

4
- f——t—— pe,pe,

A rey 58,

5118
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CONTROL WORD

D, By D, 0

| T
|1lu|o o |
1

LONTROL WORD #4
DS DS

]
b p—— - PAy-Poy A ~—,L« Pa, Py
B156 256
L 4
o —————— o, [ Foer,
Oy fly = c [ ¢
4 f
L SV Lt peyre,
1]
B f———rie = PE,.PR, P S E— #B, Pl
CONTROL WORD =6 CONTROL WORD #9
0; D, O, 0B Dy 0O; D, Dy D; Dy Dy Dy Dy Dy Dy D
I
||lo:n|a‘1[n[o || |||a|n|noa1
L H H L
B ]
A P P Ay A [ e i Pa
B255 #2EE
+ [
i fe— " P pg, - e PR,
0Dy =————————= 4 i 00y = ¢ -
4 4
e e el R A" Foype,
B
B a8, 8 f—eet e 7B, 78,
CONTROL WORD =t CONTROL WORD #10
D, Dg Dy D, D, DB, D @& Dy Dy By D, Dy D, DB, Dy
. H H . 1
|1§niu|u[1[n!1‘a| [lgoln‘1 a‘o1-n|
i L i i L
4 ]
'S —/—-n}.uc L e P PA,
8255 8255
&
e % b e, [ FC.PC,
[ — 4 I e I — c
[ 4 4
- f—A e pc, pey —— = p,PL,
] -3
Bf———r——— &, P8, B [+——F— re,rn,
CONTROL WORD x7 COMTAOL WORD K11
o, B, By B, By 0, D Dy B, Dy Dy D, Dy D D, 0,
b | T
I“U‘ﬂ ﬂ[1]°‘1_‘[ ‘10‘0‘1{U‘0|“|
L | .
8 §
Al —— o pa pa, Al P, PA,
8255 255
4 a
f—— PO, PE, —._/—.,pc_:.pc'
Dy 0y #—————n T Dy 0y +————— [
4 4
b PCy-PL, — PCy.PC,
[
B i g, P, a ‘_’15_ be, Pl
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CONTROL WORD 13

D; 8y B 0, By Dy DOy Dy
!
| 1 ] 1] o 1 1 o o g
! i
a
A f——t—— Fa_ra,
BI5E

1
r f———————— oC PC,
Oyl e

C‘L
_,(‘__pc: FC,

8
Bp————— 8, #g,

CONTROL WORD #14
D, By By B, Dy DO D, O,

Clelefe[rerr[o]

A 4—-—-—-—*’3—- PhPAL

al

Bw———— P8,.PB,

ass
L)
————— PC, L, 'y

b Dy e}

PeyPg

CONTROL WORD a13
Dy By By B, By Dy O D

& n——-——f{-g—--— PA,-PM
-_Y(._‘_ PCTPCC
D, D e

[
f—————— ec, Ry

P} IS STy #8,

CONTROL WORD #15
By Dg Og D, Dy © D, D,

(LTI

A n———«—f—u———u L

P,

BT'DD

25 PCy

s-w—fL—DB.,-PBﬂ

Operating Modes
Mode 1 {Strobed Input/Output}

This functional configuration provides a means for trans-
ferring 1/O 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,

9120

Mode 1 Basic Functicnal Definitions:

® Two Groups (Group A and Group B}

® Each group contains one B-bit data port and one 4-bit
control/data port.

¢ The 8-bit data port can be either input or output.
Bath inputs and outputs are latched,

® The 4-bit port is used for control and status of the
8-bit data port.
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Input Control Signal Definition
STB {Strabe Input)

A “low" on this input loads data into the input lateh,

IBF {Input Buffer Full F/F)

A "high” on this cutput indicates that the data has been
lpaded into the input lateh; in essence, an ack now|edgement
IBF is set by the falling edge of the STB input and is reset

by the rising edge of the RD input.

INTR {Interrupt Request)

A "high’ on this cutput can be used to interrupt the CPL
when an input device is requesting service. INTR is set by
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
allows an input device to reguest service from the CPU by

simply strobing its data into the port.

INTE A

Controlled by bit set/reset of PC,,
INTE B
Controlled by bit set/reset of PC,.

CONTROL WORD

Oy By O Dy Dy O, ©, Dy

MODE 1 (PORT &)

|
1 Plgy
- 1« INPUT

O=OUTPUT

CONTROL wORD

Oy DOg O; Dy By Oy O) Oy

l— &T8,

[,
—
| |

el
|

e

taF,

q—’-_pc——-———- INTR,,

2
"_}L"““HO

MGDE 1 {PORT B}

L XXX T X

PR, PB,

-
I INTE re,

e—— s,

— 8F,

F—e nTR,

Mode 1 Input

MODE 1 (STROBED INPUT|

BASIC TIMING

IBF : H
[INFUT BUFFER FLILLI

STROBE

K
.

\ i/

NO PAOTECTION
FOR THIS OPERATION

INTERNAL
INPUT LATCH

DATA
INPUT

INTR

Basie Timing Input
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Output Control Signal Definition

OBF {Output Buffer Full F/F)

The GBF 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 {Acknowledga Input)

A “low’ on this input informs the B255 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 gutput device has accepted data transmitied ed 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 PGg.
INTEB

Controlled by bit set/reset of PC 5.

MOCDE 1 [PORT &)

_—

CONTROL WORD
Dy Dy B Dy Dy O3 By Oy
PCy 7.1
1lof1]e|1e -
Lodo v [ofueXIXDY oo
INTE | .

Plys I A P | AT,

1= INPUT 4

U QUTPUT

o J——

CONTHOL WORD
By Dy Dy D, Dy O, D, B

MODE 1 (PORT B)

mm@

[——- INTR,

Mode 1 Qutput

INTR \

OBF
(QUTPUT BUFFER FULL}

—

~ X A

L] FRDTECTIDN

FOR THIS ORERATION

[DOUBLE
WH
WI‘O ACKF

DATA BUS : :

_/ \
OUTFUT

Basic Timing Output
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Combinations of Mode 1

Port A and Part B can be individuaily defined as input or
output in Mode 1 to support a wide variety of strobed 1/0
applications,

oxong

PA,PA I>

RD —=of

CONTROL WORD

O; Dy O; 0, Dy D; Dy Oy

fe—— 5TH,
[ 1BF,

——— InTA,

3l
l

CONTROL wlRD

Dy Oy Oy B, Dy B, D, Dy

]
Pl

Fla

t{elai1fiel1 e 2 1o efuein; 1] 2
[LTTALN) e OOOTDY ol
PCa.s LY
1« INPUT 1= INPUT
0= ouTPUT s I> 0=ouTPUT Ml <I|
il —e-c) re, |— - oBF, [ S— pe b om,
PC; [+—— ACK, PO 19F,
PCy L INTR, Py [——= INTR,
PORT & — |$TACBED INPUT} FOAT A — (STROBED GUTPLUT]
PORAT B — {ETRGBED QUTPUT} POHT B — (STROBED INPLUTY
Operating Modes Output Operations

Mode 2 (Strobed Bi-Directional Bus 1/Q)

This functional configuration provides a means for com-
municating with a peripheral device or structure on a single
8-bit bus for both transmitting and receiving data {bi-direc-
tional bus 1/0}, **Handshaking” signals are pravided to main-
1ain proper bus flow discipline in a similar manner 1o Mode
1. Interrupt generation and enable/disable functions are
also available.

Mode 2 Basic Functional Definitions:

® Used in Group A only,

® One 8.bit, bi-directional bus Part {Port A} and a 5-bit
centrol Port {Port CJ.

& Both inputs and outputs are latched.

® The 5-bit control port (Port C) is used for contral
and status for the 8-bit, bi-directional bus port {Port
A

Bi-Directional Bus I/O Control Signal Dafinition
INTR {Interrupt Request}

A high on this output can be used 1o interrupt the CPU for
both input er output operations.

OBF (Qutput Buffer Full)

The OBF output will go “low’ to indicate that the CPU has
written data out 1o Port A.

ACK (Acknowledge}

A “low” on this input enables the tri-state output buffer of
Port A 10 send out the data. Otherwise, the ou tput buffer
will be in the high-impedance state.

INTE 1 {The INTE Flip-Flop associated with OBF)
Controlled by bit set/reset of PCg.

Input Operations

STB {Strobe Input)

A "low" on this input toads data into the input latch,

(BF (tnput Buffer Full F/F)

A “high” on this output indicates that data has been Joaded
into the input latch.

INTE 2 {The INTE Flip-Flop assaciated with IBF)
Controtled by bit set/reset of PCga.
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CONTROL WORD

B, Dy D D, B D, D, D

T |

10 e

H 110

|

PCEO

1 = INPUT
o= OUTPUT

PORAT B
1= INPUT
0= QUTRUT

————————= GRADUP B MODE
0= MODE O
1= MODE 1

2]

.

——— TR,

Mode 2 Control Word

Made 2

2GR

1BF

$TROBE

/

DATA BUS

(BETWEEN HD CHIP e e m o e e e
AND I/0 DEVICE}

CATA
110 DEVICE ~ /O CHIP

e G

DATH
/O CHIP - /O DEVICE

Made 2 {Bi-directianal) Timing
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MODE 2 AND MOCE O {INPUT]

CONTROL WORD
Dy Dy Oy By 0y O, O, By

LI

Pc}-ﬂ
1= INPUT
0« GUTRUT

A ————ry

PEy - INTR,

Ph,-PA

o, f——— TEF,

#Gg |+ BEK,

PC,

L,

f— §78,

1B,

MGCDE 2 AND MODE 0 {OUTPUTI

CONTROL WORD
B, Uy Dy D, Oy D, D, D,

RO
il

PCM
1+ INFUT
0= OUTRUT

B ——oo

wh

Py

PayPhy

P,

P,

Pz

e, Pa

+

[ TR,

—— CI'BFA

- K,

e T,

L 5,

3
bt~ |0

MODE 2 AND MOGE 1 {QUTPUT}

CONTALL WORD
Oy Dy D5 By 0y D; By By

LHR! x',<]>(f1 o x|

[T, SR

3

Pﬂ?-PAo

PL.

PG,

Pa, Ply

PCz

PGy

f————e TR,

A

f——— aCx,
SE—
[——-——= IBF,
|—— OFF,
e —— iER,

" INTR,,

MODE 2 AND MODE 1 {INPUT)

CONTROL WORD

D7 Og Dg Oy Dy O, Dy Iy

L [ XXX T A

RD —— o]

PGy

Ay PRy

T

Pl

L

B

ha: P : P

TR,
L——— ooF,

————— atk,

fe———— 5B,

- 8F,

——— 7,

[ IEF’

INTRg

Mode 2 Combinations
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MODE DEFINITION SUMMARY TABLE

MODE ¢ MODE 1 MODE 2
IN_ 7 ouT IN ouT GROUP A DNLY

FAg N ouT N ouT -
PAq IN ouT N auT - -
PA; . N ouT IN out -
PAz i IN ouT IN our -
Phg N ouT IN QuT ——-
PAg IN ouT IN ouT -
Pig N ouT IN ooouT B
PA; tN ouT IN ouT -
FBy IN | ouT IN ouT —_—
PBq N ouT PN ouT —
PBy iN ouT IN out _
PBy IN ouT IN ouT —_— MODE 0
Py N out IN ouT —_— — OR MODE 1
Pig IN ouT IN ouT — ONLY
PBg IN ouT iN ouT —_
PBy N ouT IN ouT -—
PCq IN i ouT INTRE INTRg o
PCy IN . QuT iBFg : OBFg [F{+3
PC2 IN ouT §TBg ' ACKp 1o
PCy IN ouT INTRp, INTR g INTRp
PC4 N ouT $T84 1o 5THa
PCs | N ouT BFa 10! IBF 4
PCg N ouT 110 ACKp ACTK g,
PCy N ouT 10 OBF 5 OBFA

Special Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Pert 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.

{f Pragrammed as Outputs —

Bits in € upper {PC3-PCq) must be individually accessed
using the bit set/reset function.

Bits in C lower {PC3-PCy) can be accessed using the bit
setfreset 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 frem
Ports B and € can source 1mA at 1.5 volts. This feature
allows the 8255 1o directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode O, Port C transfers data to or from the periphera
device, When the B255 is pragrammed 1o function in Modes
1 or 2, Poart C generates or accepts “hand-shaking'’ signals
with the peripheral device, Reading the contents of Port C

allows the programmer to test or verify the “‘status” of sach
peripheral device and change the program flow accordingty.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed 1o perform this function.

INPUT CONFIGURATION
D; Dy By By D4 B 0, O

1 vo

T T T
l 1o | IBF, ||~Te,;m'rn‘|wree| 18Fy EINTHEI
I L i H

GROUP A& GROUP B
SUTPUT CONFIGURATION
b, b, D, D, Dy D, B 0,

[

T T T
NTE, | 1O ‘ 110 1INTR, INTE!!OBF8|INTHBI

GROUP & GROUP @

Mode 1 Status Word Format

- -
- T r
INTE, | 18f, ! INTE, !mvn&m

GROUR A

D'.‘
5B,

- GROURS
IDEFINED BY MODE 0 OR MODE 1 SELECTION}

Mode 2 Status Word Format
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APPLICATIONS OF THE 8255

The 8255 is a very powerful tool for interfacing peripheral
equipment to the 8080 microcomputer system. It represents
the optimum use of avaiiable pins and is flexible enough to
interface azlmost any /0 device without the need for ad-
ditional external logic.

Each peripheral device in a Microcomputer system usually
has a “service routine” associated with it. The routine man-
ages the software interface between the device and the CPLU.
The functional definition of the 8255 is pregrammed by the
1/Q service routine and becomes an extension of the sys-
tems software. By examining the 1/0 devices interface char-
acteristics for both data transfer and timing, and matching
this information to the examples and tables in the Cetailed
Operational Description, a control word can easily be de-
veloped to initiatize the 8285 to exactly ““fit” the applica-

tion. Here are a few examples of typical applications of the
8255,

INTERAUPT

REQUEST

PLC.

1 "Mﬁ

P,

z ' HIGHSPEED
P : PHINTER

MODE 1 ®
ouTPUT) T e

-3

HAMMER
RELAYS

o, DATA READY !
RCy ACK i
Py PAPER FEED I
rc, FORWARD/REV i

4= DATA READY
B, ALK
MODE1 Ay PAPER FEED
1auTRUTI PBy, FORWARD/REV
P8, AIBRON
. CARRIAGE SEN.

INTEARUPT

REQUEST

Bt DATA READY
ACK

RCy

i CONTROL LOGIC AND DRIVERS
INTERRUPT i

REQUEST

Printer Interfaca
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o Tony fy
#2585 Py A,
Py Ry FULLY
CECODED
. Pha Ha KEYBOARD
P&, Ry
P Ry
MODE 1 _,
fINpLT ™ P SHIFT
Ll CONTROL
e, STROBE
Py ACK
“pB, By
2, B,
i BUAROUGHS
B2 B2 seLrscan
1 Py By DISPLAY
. PR, 8,
| pBy B,
MODET _,
(OUTPUT) B BACKSPACE
By GLEAR
e, DATA READY
4= ALK
PCy BLANKING
PC, PG, CANCEL WORD
INTERALIPT
REGLIEST
Keyboarg and Display |nterface
INTERRUPT
REGUEST ‘
] [ LR
l L R,
f Fhy Ry
FULLY
MODE 1 - Pa Rs  pecopep
HINFUT}) pa, ", KEYBODARD
Phg g
2265 Pag SHIFT
Paq COMTROL
PCy STROBE
PCy ACKNOWLEDGE
A BLSY LT
; FCy TESTLT
!
L P " TERMINAL
| Pl ADDRESS
" e, _
=
MOBE© _ PE: o
UNPUTI ™ py —
B, T w
: PR, -
P
|L PR,

Kayboard and Terminal Address |nterface



SILICON GATE MOS 8255

INTERRLPT
AEOUEST
ea, LSB PC. -
M‘J ERR: N 0,
1 ! re, o,
PA, ;
B, o,
Pas PR, Dy FLOPPY DISK
Py ra o CONTROLLER
L] 4 AN
mong o _ Pég g o D DRIVE
DUTPUT ;
: P et ANALOG MODE 2 | PB, D,
_ [ DUTFUT
FAe CONVERTER - "B, o,
B, IDAC)
Pes [ DATA 5T8
[ pe, ACK TIN)
8255 U MsE 5
[ P, DATA READY
R PG ACK 1OUT)
PCU 5TB DATA -
; UTPUT EN Bz5s
! PC, o P, TRACK D" SENSOR
BT !
SET/MESET | Py SYNC READY
" ope, SAMPLE EN FC, NDEX
! e, ST
Pl Lse  PAg ENGAGE HEAD
PR, 3;’,:,’ PA, FORWARD/REV.
P8, CONVERTER  |=— ANALOG INPUT A, READ ENABLE
MODE O pEy lapey mopED - PP WAITE ENAELE
{INPUT} PRy outeuT - PA, DN5C SELECT
PB, Pag ENABLE CAC
% PB‘ pgs TEST
- PRy mse - P, BUSY LT
Digital to Analog, Analog to Digital Basic Floppy Dise Interface
INTERAUPT INTERRUPT
AEQUEST REQUEST ~ 1
Pls[ g Mo PC pa, Ry
Ay Ay CRT CONTROLLER " pa, A,
L ] CHARACTER . : B LEVEL
Ay 2 . CTER GEN L Ay e
PA, Ry « AEFAESH BUFFER L a, R, ape
i pa, A, + CURSOR CONTROL ra, iy READER
P Ry iy R
~ MODE 1 [ o3 )
MODE 1 | Py ey aneun e i
OUTPUTI | pa, CONTAOL pa, R,
.
[N OATA READY | e, §T8
[N ACK | Pl ATK
feg BLANKED ch‘ STORGD
PC, BLACKWHITE
B256 | _ 8255 MACHINE TQOL
. eey START/STOP
re, ROW STB :ﬁgfr‘;' By LIMIT SENSOR {H/V]
I pey COLUMN §T8 PC; OUT OF FLUID
Ry CURSORA H/v 5TR =
| P E B, CHANGE TOOL
MomE 0 | PEy i 78, LEFT/RIGHT
{OUTPUT) | PB, | e, UP/DOWN
CUASDRRDW/COLUMN
PRy - ADDRESS MODE 0 | PB, HOR. STEF STROBE
Pl Ha v ICUTPUTH | pa, VERT. $TEF STROBE
PB,, PR SLEW/STEP
Plg ! " PEg FLUID ENABLE
By } P8, ¥ STOP

Basic CRT Controllar Interface Machine Tool Cantroller Interface
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SYSTEM BUS 0, A& AND C|

.
|
I | :
! | 1
| o080 MEMOR'Y J—
i cPu “O:A:‘"D 8255 | MODE 2 l ot 2
) |
| : |
| | | |
| I ' |
: | | |
i MASTER CPU | | |
! WASTER | | |
i 110 |
| | | o | e
e | | |
| |
I MEMORY | MEMORY
|
|
|
: 110 [ 10
: |
L [
| SLAVE CPU 1 il SLAVE CPU 2 B
_L

Distributed intelligence Multi-Processor interface
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D.C. CHARACTERISTICS Ta = 0°C to 70°C; Vg = +5V £5%; Vgg = OV

Symbol l Parameter | Min. Typ. Max. Unit Test Conditions
Vi | Input Low Voltage 8 v
Viy Input High Voltage ;2.0 v
VoL Output Low Voltage ' 4 v lgL = 1.6mA
Vonr Qutput High Voltage 24 v lon = -50uA (-100uA for D.B. Port)
loplH Darlingten Orive Current 20 mA Von = 1.5V, Rpxt = 38082
leg Powaer Supply Current 40 mA
NOTE:

1. Avsailsbls on B pins anly.

A.C. CHARACTERISTICS Ty = 0°C 10 70°C; Vg = 45V 45%; Vg = 0V

Symbol Parametey Min. | Typ. |Max. Unit Test Condition
twp Pulse Width of WR 430 ns
tow Time DB, Stable Before WR 10 ns
two Time D.8. Stable After WHR §5 ns
taw Time Address Stable Before WR 20 ns
twa Time Address Stable After WR 35 ns
tow Time CS Stable Before WR 20 | ns
we Time CS Stable After WR 35 | ns
twa Delay From WR To Output I 500 ns
tRP Puise Width of RD 430 | ng
AT RD Set-Up Time 50 | ns
tHR 'nput Hold Time 50 } ns
1o Delay From RD = 0 To System Bus 350 1 ns
1op ! Delay From RD = 1 To System Bus 150 | ns
tan Time Address Stable Before RD 50 ns
teR Time CS Stable Before RD 80 | ns
tak Width Of ACK Pulse 500 | ns
5T Width Of STE Pulse 350 | ns
tpg Set-Up Time For Peripherat 150 [ ns
tpy Held Time For Peripheral 150 ns
trA Hold Time for Ay, Ay After RD = 1 379 ns
tre Hoid Time For CS After RD = 1 ) ns
tAD Time From ACK = 0 To Output (Mode 2) 500 ns
tko Time From ACK = 1 To QOutput Fioating 300 ns :
two Time From WA = 1 To OBF = 0 300 ns |
tao Time From ACK =0 To OBF = 1 500 ns F
tgt Time From §TB = 0 To IBF 6500 ns
tay Time From RD = 1 To IBF =0 30| ns
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INPUT X
-t

Maode O {Basic |nput)

" —

-— - [ V——
0,0 X
- — Yaw —— Twa— '
Al A0 X x
- ety — by
cs \ /
CUTPUT

==l

Made 0 (Basic Output}
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F e gy
INTR f \

INPUY FROM _ p— —
PERIPHERAL e —— i ——— it — vare ———— —— — ——
\ |

Mode 1 (Strobed |nput)

\ +— g — :
INTR \‘ / ;

Mode 1 (Strobed Output)

i
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CaTA FROM
. 3080 TO B2SS

. ———
o \
X

. g

| i— by —]
AN 4
ACK
'| \_/
E— / !

/

. ¥ Lin
,
PERWHERAL __ __
PHE N o e —

DATA FROM DATA FROM \—-—/_
PERIFHERAL TZ 8255

9265 TO PERIPHERAL 7/

GATA FROM
B288 TO 8020

Mede 2 (Bi-directional)
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Silicon Gate MOS 8251

PROGRAMMABLE COMMUNICATION INTERFACE

= Synchronous and Asynchronous
Operation

« Synchronous:
5-8 Bit Characters
internal or Externai Charactar
Synchronization
Automatlc Syne Insertion

* Asynchronous:
5-8 Bit Charactars
Clock Rate — 1,18 or 64 Times
Baud Rate
Breaik Character Generation
1,114, or 2 Stop Bits
False Start Bit Datection

Baud Rate —DC to 56k Baud (Sync Mode)

DC to 9.6k Baud { Async Mode)
Full Duplex, Double Buffered,
Transmitter and Receiver

Error Detection — Parity, Overrun,
and Framing

Fuily Compatible with 8080 CPU

s 28-Pin DIP Package

All Inputs and Outputs Are
TTL Compatible

Single 5 Volt Supply
Single TTL Clock

The 8261 is 2 Universal Synchranous/Asynchrenous Receiver / Transmitter {USART} Chip designed for data
communications in micrecomputer systems, The USART is used as a peripherai device and is programmed
by the CPL) to operate using virtually any serial data transmission technique presently in use {including |BM
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into
a continuous serial data stream for transmission. Simultaneously it can receive serial data streams and con-
vert them into paralle! data characters for the CPU, The USART will signal the CPU whengver it can accept
a new character for transmission or whenever it has received a character for the CPU. The CPU can read the
complete status of the USART at any time. These include data transmission errors and controf signals such
as SYNDET, TxEMPT, The chip is constructed using N-channel silicon gate technology.

PIN CONFIGURATION

BLOCK DIAGRAM

o, Y =m[o,
N ] 773,
Ao [ 3 26 [ v ~
GND )4 25 [ AvC oata | 2 1 e | TRANSMIT .
B & 5 BUS BUFFER |—=TxD
I L D;-Dg BUFFER | =7 o 1P 5
o, e 23] RTS | ¢
— [
o H 7z [[] 0%R i
8 8251 ' !
5,08 21 7] RESET |
el w] o RESET TeRDY
R [l 19 T cc"f;—" REAG/MRITE | TRANSMIT o
-y mpl 18 [ TugmpTY ‘= CONTROL : conTRaL [ "
= — Rb o LOGIC o e
XY mjb] 17 (] ©T8 Wi [——1 —= -
gl H— oo
D12 16 7] SYNDET T ' i
rxADY [] 14 15 ] T=RD¥ = | :
i T—— i
[ | .
Pan Name [ Bin Function ! Pin Nama | P Functsan [y - JN— ' RECEIVE
DrDg | Data But 18 hits) BeR Data St Ready ey e BUFFER  [=—PsD
L] Contral ar Data it 1o be Written or Aeag oTR Data Tarrminal Rasdy | iy i N 5.
AD Fmad Data Commamd - SYNDET | Syne Deisct i [ p—
WA wrie Data or Control Command RTS Fequest ta Sand Data i T T
% Chip Ensble . e Clear to Sand Dats | | l
CLK Ciotk Pulw ITTLI ©TaE Trammitier Empty . i .
RESET | Rewr ee -5 ot Supply | . RxPDY
Tt Transmutter Clock GHD Ground ) | | RECEIVE e
T Teangmutter Data "TERNAL | = aonimaL [
AxC Recwer Clock JATABUS e SYNDET
Rxl Fmcewver Deta i
RxAOY | Recawar Roady fhat charsetar tor 80801 e
TzRDY Transmiteer Ready (rapdy fow char. from 0RO} |
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8251 BASIC FUNCTIONAL DESCRIPTION
Genaral

The B251 is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 8080 Micro-
computer System. Like other (/0 devices in the 8080 Micro-
computer System its functional configuration is programmed
by the systems software for maximum fiexibility. The §251
can support virtually any serial data technique currently
in use (including {BM "bi-syne’").

In a communication enviranment an interface device must
convert parallel format system data into serial format for
transmission and convert incoming serial format data into
parailel system data for reception. The interface device must
also delete or insert bits or characters that are functionaliy
unique to the communication techrigue. In essence, the
interface should appear “transparent” to the CPU, asimple
input or cutput of byte-oriented system data,

Data Bus Buftfer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8261 to the 8080 system Data Bus. Data is transmitted
or received by the buffer upon execution of INput ar QOUT-
putinstructions of the 8080 CPU. Control words, Command
wards 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 “ldle” until a new set of control
words is written into the 8251 to program its functional
definition,

CLK (Clack)

The CLK input is used to generate internal device timing
gnd is normally connected to the Phase 2 {TTL} cutput of
the 8224 Clock Generator, No external inputs or outputs
are referenced to CLK but the frequency of CLK rnust be
greater than 30 tirmes the Receiver or Transmitter clock in-
puts for synchronous mode (4.5 times for asynchronous
mode),

WR (Write)

A “tow" on this input informs the 8251 that the CPU is
outputting data or control words, in essence, the CPU is
writing out to the 8261,

RD {Read)

A “low" on this input informs the 8251 that the CPU is in-
putting data or status information, in essence, the CPU is
reading from the 8251,

C/D (Control/Data)

This input, in conjunction with the WR and RD inputs in-
forms the 8251 that the word on the Data Bus is either a
data character, control word or status information.
1=CONTROL 0=DATA

CS (Chip Select}

A “low” on this input enables the 8251, No reading or writ-
ing will oecur uniess the device is selectad.

pata [ ACRY
BUS ;
BUFFER

LOGIC

¢/O RD WR Cs
4] ] 1 [¢] 8251 = DATA BUS
1 0 0 DATABUS= 8251
1 0 1 0 STATUS=DATABUS
1 1 0 0 DATARUS=CONTROL
x X X 1 DATA BUS= 3-STATE
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Madem Control

The 8251 has a set of control inputs and cutputs that can
be used to simptify the interface to almost any Modem.
Tha modem control signals are general purpase in nature
ard can be used for functions other than Madem control,
if necessary.

DSR (Data Set Ready)

The DSR input signal is generat purpose in nature. (ts con-
dition can be tested by the CPL using a Status Read opera-
tion. The DSR input is normally used to test Modem con-
ditions such as Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signai is general purpose in nature. It can
he set “low’’ by programming the appropriate bit in the
Command |nstruction word. The DTR output signal is norm-
ally used for Modem control such as Data Terminal Ready
or Rate Select.

ATS (Request to Sand}

The RTS output signal is general purpose in nature. It can
be set “low” by programming the appropriate bit in the
Command Instruction word, The RT3 output signal is norm-
aliy used for Modem control such as Request 1o Send,

CTS (Clear to Send}

A “low' on this input enables the 8251 to transmit data
{serial} if the Tx EN bit in the Command byte is set to a

“ "

one.

Transmitter Buffar

The Transmitter Buffer accepts parafiel data from the Data
Bus Buffer, converts it to a serial kit stream, inserts the ap-
propriate characters or bits (based on the communication
technigue)} and outputs a composite seriai stream of data on
the TxD output pin,

Transmitter Control

The Transmitter Contral manages alt activities associated
with the transmission of serial data. It accepts and issues
signals both externally and internaily to accomplish this
function,

TxRDY {Transmitter Ready)

This output signals the CPU that the transmitter is ready
to accept a data character. |t can be used as an interrupt 10
the system or for the Polled operation the CPU can check
TxRDY using a status read operation. TxRDY is automatic-
ally reset when a character is loaded from the CPU.

TxE {Transmitter Empty)

When the 8251 has no characters to transmit, the TxE out-
put will go “high”, It resets automatically upon receiving a
character from the CPU. TxE can be used to indicate the
end of a transmission made, so that the CPU “knows™ when
to “turn the line around™ in the half-duplexed operational
mode,

In SYMNChranous mode, a “"high’ on this output indicates
that a character has not been loaded and the SYNC charac-
ter ar characters are ahout to be transmitted automaticaliy
as “fillers™,

TRANSMIT
BUFFER
1P+51

TRANSMIT
CONTROL

MOGEM
CONTROL

TxC {Transmitter Clock)

The Transmitter Clock contrals tha rate at which the char-
acter is to be transmitted. In the Synchronous transmission
mode, the frequency of TxG is equal to the actual Baud
Rate {1X}. In Asynchronous transmission mode, the fre-
quency of TxCis 2 multiple of the actual Baud Rate, A
partion of the mode instruction selects the value of the
muitiplier; it can be 1x, 16x or 64x the Baud Rate,

For Example:

I1f Baud Rate equais 110 Baud,
TxC equals 110 Hz {1x]

TxC equals 1.76 kHz {16x}
TxC equals 7,04 kHz (64x).

|f Baud Rate equals 9600 Baud,
T«C squals 614.4 kHz {64x).

The falling edge of TxC shifts the serial data out of the
8251.
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Meds Instruction Dafinition

The 8251 can be used for either Asynchronous or Synchro-
nous data communication. To understand how the Mode
Instruction defines the functional operation of the B251 the
designer can best view the device as two separate components
sharing. the same package. One Asynchronous the other
Synchronous. The format definition can be changed “‘on
the fly" but for explanation purposes the two formats will
be isolated.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the 8251
automatically adds a Start bit {low levell and the program-
med number of Stop bits to each character, Also, an even
or odd Parity bit is inserted prior to the Stop bit(s), as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD output. The serisl
data is shifted out on the falling edge of TxC at 2 rate equal
ta 1, 1/16, or 1/84 that of the TxC, as defined by the Mode
Instruction. BREAK characters ¢an be continucusly sent to
the TxD if commanded te do so,

When no data characters have loaded into the 8251 the
TxD output remains “high® {marking} unless a Break {con-
tinugusly low) has been programmed.

Asynchronous Mode {Receive)

The RxD line is normatly high. A falling edge on this iine
triggers the beginning of a START bit, The validity of this
START bit is checked by again strobing this bit at its nom-
inal center. If a low is detected again, it is a valid START
bit, and the bit counter wili start counting. The bit counter
locates the center of the data bits, the parity bit {if it ex-
ists] and the stop bits, If parity error oceurs, the parity er-
ror flag is set. Data and parity bits are sampled on the RxD
pin with the rising edge of RxC. | a low level is detected as
the STOP bit, the Framing Errar flag will be set. The STOP
bit signais the end of a character. This character is then
loaded into the parallel 1/0 buffer of the 8251, The RxRDY
pin is reised to signal the CPU that a character is ready to
be fetched. |f a previous character has not been fotched by
the CPU, the present character replaces it in the 1/0 buf-
fer, and the OVERRUN flag is raised {thus the previous
character is lost), All of the error flags can be reset by a
command instruction, The accurrence of any of these er-
rors will not stop the operation of the 8251,
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O Bg Dy 0O, 0y By Dy D
Is, S, [P fpen| 1| L | B, n,l

BAUD RATE FACTOR
! i

T

L

L] L]

=}

S¥NC
MODE
.

CHARACTER LENGTH
| LI
" i
| |

]
X

1 1

118X] | 154%)

o 1 Ir 1

[3 ook

1

E 8 | 7 &
aITs | BITs | eiTs | miTs
PARITY ENABLE

tw ENABLE 0= DISABLE

EVEN FARITY GENERATION/CHECK
1=EVEN (~0DD

NUMBER CF STOR BITS
o |

_—

o i

o

INVALID!

1
BIT

Mode Instruction Format, Asynchronous Mode

TRANSMITTER OUTPUT
43

GATA BITS l

FARITY

TS0 MARxmal sTAnT | BT

—
ETOw
BITS

PARITY sTor
arT BITS

I

AECEIVER INFUT
[R—

DATA BITS l

START
BIT

L |

TRANSMISZION FOAMAT
CPUBYTE {E-A BITE/CHAR)

1 DATA CHARACTER
I

ASSEMBLED SERTAL DATA OUTPUT {Tuln

PARITY
T

5T

oF
BITS
sTaR
BITS

l 0ATA CHARACTER

START
BIT

RECEIVE FORMAT

I

SERIAL DATA INPUT {RxD|

e |

DATA CHARACTER
CPUBYTE (68 BITS/CHARE

START
:1ng

PARITY
BT

“NOTE: IF CHARACTER LENGTH 1S DEFINED AS5. 8 OR 7
BITS THE UNUSED BITS 4RE SET T “2ERO™.

DATA CHARACTER

Asynchronous Mode
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Synchronous Mode {Transmission)

The TxD output is continuously high until the CPU sends
its first character to the 8251 which usually is a SYNC
character, When the CTS line goes low, the first character
is serialiy transmitted out, All characters are shifted out on
the faliing edge of TxC. Data is shifted out at the same
rate as the TxC.

Onge transrmission bas started, the data stream at TxD out-
put must continue at the TxC rate, |If the CPU does not pro-
vide the 8251 with a character before the 8251 becomes
empty, the SYNC characters {or character if in single SYNC
word mode) will be automatically inserted in the TxD data
stream, In thiz case, the TXEMPTY pin is raised high to sig-
nal that the 8261 is empty and SYNC characters are being
sent out, The TXEMPTY pin is internatly reset by the next
character being written into the 8251,

Synchronous Mode {Racaive)

in this mode, character synchronization can be internaily
or externally achieved. If the internal SYNC mode has been
programmed, the receiver starts in a HUNT mode. Data on
the RxD pin is then sampled in on the rising edge of RxC.
The content of the Rx buffer is continuously compared
with the first SYNC character until a match accurs, If the
8281 has been programmed for two SYNC characters, the
subsequent received character is also compared; when both
SYNC characters have been detected, the USART ends the
HUNT mode and is in character synchronization, The 3YN-
DET pin is then set high, and is reset automatically by a
STATUS READ,

In the external SYNC mode, synchronization is achieved by
applying a high level on the SYNDET pin. The high level can
be removed after one RxC cycle,

Parity error and overrun error are both checked in the same
way as in the Asynchroncus Rx mode,

The CPU can command the receiver to enter the HUNT
made if synchronization is Jost.
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CHARACTER LENGTH
t -]

o 1

q bl 1

1

£l
BITS

B 5 7
BITS | BITS | BITS

e et FARITY ENABLE
11 = EMABLE}
10 = DISABLE|

EVEN FARITY GENERATION/CHECK
1= EVEMN
D =000

EXTERMAL S¥NC DETECT
1= SYNDET 15 AN INPUT
0= S¥NDET I5 &N QUTPUT

SINGLE CHARACTER $YNC
1= SINGLE S¥NC CHARACTER
0= DOUBLE 5YNC CHARACTER

Mode Instruction Format, Synchronous Mode

CPUBYTES [5-8 BITS/CHAR|

I

ASSEMBLED SERIAL ODATA OUTPUT {TaDt

I

DATA CHARACTERS 1

EYNC
CHAR 1

I

RECEIVE FORMAT

SYNC |

CHAR 2 TATA CHARACTERS |

SERIAL DATA INPUT {RxD)

l

CPY BYTES (58 BITS/CHARY

S¥NE

SYNC
| GHAR 2 DATA CHARACTERS

CHAR 1

l

| DATA CHARACTERS ]

Synchronaus Mode, Transmission Format



SILICON GATE MOS 8251

COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251 has been pro-
grammed by the Mode Instruction and the Sync Characters
are Joaded (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 Trensmit/Receive, Error Aeset and
Modem Centrols 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
“controd 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 active device to ascertain if
errors have occurred or other conditions that require the
processor’s attention. The B2Z61 has facilities that aiiow the
programmer to “read” the status of the device at any time
during the functional operation.

A normal “read” command is issued 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 environment ar in an interrupt
driven environment.

O, Dg g O, Dy D, b, B,

[ e

SBAK

IR ]RTSI ER

AxE I OTR lTnEN

i

|| TRaNsMIT EnaBLE
el 1 = anabla

0 - disable

DATA TERMINAL
READY

“high'' will lores OTH
erlput 1o Favo

RECEIVE EMABLE
1= grahle
0~ dizabla

EEND BREAK
CHARACTER
1 = lortey Tals “igw'
D = narmal oparation

ERROR RESET
e} 1« reset all ervor e
PE, OE, FE

FEQUEST T SEND
“hugh™ will fores ATS
Sutpu to Tero

INTERNAL RESET
“high™ raturns 261 o
Moda nxtruction Focmar

ENTER HUNT MODE
1 = snsble sarch lar Sync
Characters

Command Instruction Format

b, [ B D, 0y o, [ o,

DER | SYNDET FE DE PE TxE AxRDY [ TuRDY

L IR

SAME DEFINITIOMS AS /D PINS

PARITY ERRORA

Tha PE ilwg iz ast when 1 marity
wrar o daiected, 1 is rer by
the ER bit &f 1 Command
Inptructron, PE dess nat kb
apsration of the 8151,

OVERRUN ERADR

The {JE fiag it a4t whee the CPLU
doas not reed B character before
hi next one besomed avalable,
1 It it resat by the ER bi of thy
Cammand Instruction. OF does
nat inhibit cparanon gf the 8251;
howdetr, the praviously aveTun
charscTs H oyt

FRAMING EAROR [hsyne anly}
Tha FE Muag is sat when & relsd
B Stop bat o nod dwiscted at the
| wnd ol mvery charscigr. It 0 recar
by tha ER bit af the Command

Instruction. FE dosa mot nhibit
tha opacahon of the B257

Status Read Format

5142



SILICON GATE MOS 8251

APPLICATIONS OF THE 8251

{ ADDRESS BUS g ADDRESS BUS 4
CONTROL BUS { CONTAOL AUS i
| I 1 T
H 1 ! i
{ DATA BUS § DATA BUS T
; 7 H [ T
[ | - /> :
i ; sl ¢
< o4 b ! < >
Axbifu— | EIATOTTL = Rl
COMVERT =0
b p—ed  Tigery i) . PHONE
51 | QUSRS I i o ASYNC LINE
AxC oTR MODEM INTER-
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SILICON GATE MOS 8251

D.C. Characteristics:

Ta =0°Cta 70°C; Veg = 6.0V * 5%; Vgg = OV

Symbel Parameter Min. Typ. ' Max. Linit Test Conditions
Vio Input Low Voltage Vgg-.5 0.8 v
VIH Input High Valtage 2.0 Veo v
VoL Output Low Voltage ©045 v oL = 1.BmA
Vou Output High Voltage 2.2 . : v lon = -100pA {(DBg-7}
: lop = -100uA (Dthers)
InL | Data Bus Leakage : 50 | uA Vour = 4.5V
i Input Load Current . . 0 | pA @ 5.5V
lee Power Supply Current ! ll 45 80 I!
Capacitance
Ta = 25°C; Voo = Ves =0V
Symbal Parameter Min, Typ. Max, Unit Test Conditions
Ciy Input Capacitance | 10 pF fe = 1MHz
Cio 1/0 Capacitance . 20 pF Unmeasured pins returned to Vgg.
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SILICON GATE MOS 8251

A.C. Charactaristics:

Ta =0°Cto 70°C; Vg = 5.0V £5%; Vgg = OV
C

Symbol Paramater Min. Typ. Max. Unit Test Conditions
toy Clock Period 420 1.35% s
tow Clock Pulse Width 220 300 ns
trAp Clock Rise and Fzll Time V] 50 ns
twR WRITE Pulse Width 430 ns
tns Data Set-Up Time for WRITE 0 rs
toH Data Held Time for WRITE 85 ns
taw Address Stable before WRITE 20 i ns :
twa Address Hold Time for WRITE 35 ns
tap READ Puise Width 430 ns
top Data Deiay from READ 350 ns C_=100pF
toF AEAD to Data Floating 150 ns CL=100pF
tam Address Stable before READ, CE (C/D) 50 ns
tRA1 Address Hold Time for READ, CE 5 ns
tRA2 Address Hold Time for READ, C/D 370 ng !
10T TxD Deiay from Falling Edge of TxC 1 s Cp =100pF
tsRx Rx Data Set-Up Time to Sampling Pulse Hs Cy =100pF
tHRAX Rx Data Hold Time to Sampling Pulse us CL=100pF
fx Transmitter Input Clock Frequency _
1X Baud Rate bC 56 1 KHz |
16X and 64X Baud Rate DC 615 KHz i
fax Receiver Input Clock Frequency
1X Baud Rate bC 56 KHz
16X and 64X Baud Rate DC 815 KHz
tTx TxRDY Delay from Center of Data Bit 16 |CLK Period| C_=50pF
tRx RxRDY Delay from Center of Data Bit 15 20 |GLK Period
g Internat Syndet Delay from Center of Data Bit 20 7% | CLK Pericd
tes External Syndet Set-Up Time befere Falling 15 |CLK Period
Edge of RxC

Nata: Tha TxC and RxC frequancies have the following limitation with respect to CLK,

Far ASYMNC Mode, t1y or tRy » 4.5 10y
Far 8YNC Mode, ty, aor tgy, & 30 toy
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SILICON GATE MOS 8251

READ AND WRITE TIMING
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Peripherals
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I Schottky Bipolar 8205

HIGH SPEED 1 OUT OF 8 BINARY DECODER

Low Input Load Current — .25 mA

17Q Port or Memory Selector
Simple Expansion — Enable inputs mf'x_" 1/6 S.tandard TTL Input Load
Minimum Line Reflection — Low

» High Speed Schottky Bipolar Voltage Diode Inout Cl
Technology — 18ns Max. Delay oltag iode Inpu .amp
®» Qutputs Sink 10 mA min.

g::ﬁﬁfg Comepatible with TTL Logic 16-Pin Dual-in-Line Ceramic or
Plastic Package

The 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and mem-
ory components with active low chip select input. When the 8205 is enabied, one of its eight outputs goes
“low", thus a single row of a memary system is selected. The 3 chip enable inputs on the B205 allow easy
system expansion. For very large systems, 8205 decoders can be cascaded such that each deccder can drive
eight other decoders for arbitrary memory expansions.

The 1ntei®8205 is packaged in a standard 18 pin dual-in-line package; and its performance is specified over
the temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to
obtain fast switching speeds resuits in higher performance than equivalent devices made with a gold diffu-
sion process.

PIN CONFIGURATION LOGIC SYMBOL
o
By 1 16 W —] As Coffr—
By 2 15 Or 1A Oy
e E 1{ o, — 2, 0; Jo—
SN 13l Jo, 03 g0—
8205 2206
Exn ] 12 Oy 04 00—
Eq & 1" 2} —a ¢y Dy, O
[+ P} 7 il Cre. ——dE, Qg for—
GRO B 9 Cg — o Iop—
ADOAESS ENABLE DLTaLTE
PIN NAMES Sg Ay Ap|Ep Fyp EyjOD 1 7 % 1 5§ ¢
L L oL L H{L B ~ = - H h =
_—_———— H L L L L H|H « v » = 94 W =
‘_‘__D_' Az _EEHES& INPUTS i L H L L L A fH H . H H H m
{ErEs  ENABLEmeuTS S O R R
: Op @ DECODED QUTPUTS CH oL WL L kM OH H M L Ao
L. . . . Lo H o oH L L H|H H H A e oM L o
H O H M L L H|H H H W = s oy
L T T S O T I B R N T
oo % IH L L [H M o~ 4 o MW
X X X® oL H L H H H ~ H H H b
I L O O T T P P P
X % X 'H L 4 H H W B H H H H
¥ M X L H M |[H H H H H 4 H H-
¥ ¥ K H H M |H H H H H w d H.
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SCHOTTKY BIPOLAR 8205

FUNCTIONAL DESCRIPTION
Decoder

The 8205 contains a one out of eight binary decoder. It ac-
cepts a three hit binary code and by gating this input, creates
an exclusive putput that represents the value of the input
code,

Forexample, if a binary code of 101 was present on the AD,
A1 and A2 address input lines, ang the device was enabled,
an active low signal would appear on the 05 output line.
Note that ali of the other cutput pins are sitting at a logic
high, thus the decoded output is said to he exclusive. The
decoders outputs will follow the truth table shown below in
the same manner for all other input variations.

Enable Gate

When using a decoder it is often necessary to gate the out-
puts with timing or enabling signals so that the exclusive
autput of the decoded value is synchronous with the overall
system.

The B205 has a built-in function for such gating. The three
enable inputs (E7, E2, E3) are ANDed together and create
a single enable signal for the decoder. The combination of
both active “high' and active “low" device enabie inputs
provides the designer with a powerfully flexibie nating func-
tion 1o help reduce package count in his system.

Ay [p———— 0,
Ay ————— o—— 0
L ——— o—— 0,
b 0,
DECOER
k3——— G,
fo——— &,
— G,
— 0,
ENABLE BATE
3
EJ
ADDAESS ENABLE OUTPLTS
Ap Aq A 1Ey Ep Ex|0 1 oz 3 1 3 &7
L L Lt bt H|L H H H H &4 H w
H L L L L H|#H L H H = A H H
L H L L & H[H H L H H H H 4
H H L L L H IH H H L H H H H
L L H L t H|H H H H L H H H
H L B L L H|H H H H H L H H
L H H L L HIMH H H H 4 H L n
H H H L L HiH H H H W H H L
X % XL L L|H H H H M H H =
X X X IH L LiH H H H M H H H
X ¥ XL H L |H H H H H H H H
X X X fH H L|H H H H H o H H
X X X |H Lt H|H H H H A H H n
X x X L H H H H H H H H H H
X X X |H H H|H H H H H H H
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SCHOTTKY BIPOLAR 8205

APPLICATIONS OF THE 8205

The 8205 can be used in a wide variety of applications in
microcomputer systems. |/Q ports can be decoded from the
address bus, chip select signals can be generated to select
memory devices and the type of machine state such as in
8008 systems can be derived from a simple decoding of the
state lines (S0, 51, 52} of the BOOS CPU.

1/Q Port Decodar

Shown in the figure below is a typical application of the
8205. Address input lines are decoded by a group of 8205s
{3). Each input has a binary weight. For example, AD s as-
signed s value of 1 and is the LSB; A4 is assigned a value of
16 and is the MSB. By connecting them to the decoders as
shown, an active low signal that is exclusive in nature and
represents the value of the input address lines, is availabie at
the outputs of the 8205s.

This circuit can be used 1o generate enable signais for /O
ports ar any other decoder related application,

Note that no external gating is required to decode up to 24
exclusive devices and that & simple addition of an inverter

or two will allow expansion to even larger decoder net-
works. ’

Chip Select Decoder

Using a very similar circuit to the 1/D port decoder, an ar-

A 8y o fp—-n
ol b & o.p—
Ay i By 1
| wp—3
i L I N
I 1
Ay I A€ o fp—7%
a, T £ o, f——=
EN : L% L. jo—7
—— A, [ o S—1
a W
ay A fp—n
' 208 Sp— FORT
3, fp—— 17| mLMBERE
o £, Ty for— 1
EN LN a,
L = o 15
i —a, 2. [ 16
' Ay 2 7
Ay y f——h
0, fo—19
2205
0. 0——
—E L
R ———————o ¢} 2, fo— 22
[N a 0—-—23;

ray of 820%5s can be used to create a simple interface to a
24K memory system,

The memary devices used can be either ROM ar RAM and
are 1K in storage capacity. 8308s and B102s are the devices
typically used for this application. This type of memory de-
vice has ten {10} address inputs and an active “low’ chip
select (CS). The lower order address bits AQ-A9 which come
from the microprocessor are “bussed” to all memory ale-
ments and the chip select to enable a specific device or group
of devices comes from the array of 8205s. The ocutput of
the 8205 is active low so it is directly compatible with the
memory components.

Basic operation is that the CPU fssues an address ta identify
a specific memory location in which it wishes to “'write” or
“read” data. The most significant address bits A10-A14 are
decoded by the array of 8205s and an exclusive, active low,
chip select is generated that enables a specific memory de-
vice. The least significant address bits AQ-A9 identify a
specific location within the seiected device. Thus, all ad:
dresses throughout the entire memory array are exciusive
in nature and are non-redundant.

This technigue can be expanded almost indefinitely to sup-
port even larger systems with the addition of a {few inverters
and an extra decoder {8205).

. o
gy > MEMCAIES
gy &, o fp—E,
&, .—‘—-—_.—¢_i— . a, 35— CE,
[ — 4 0y fp——cf,
' o —d;
8206 __ .
[ <SSR
A AE, B fo—— &5,
P 4, By e
e X E, O f——i
i —
' — &, o5
1
i . o p—cs,
B o SRS O o p—08g,
1
i l I, CHIp
: Ems - | seLEers
o -0y
E g o—— &
GHD = = |9 o fo—— 08,
) E, Sp— 5
. —] & o —— &5,
1
| o, o f—es,
l— iy a, p——rt,
Gy far—n t2yy
B0 )
5 fp—s,,
——]E U f— 5,
—_—— g Gh—,
- 1 Oy,

1/0 Port Decoder
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SCHOTTKY BIPOLAR 8205

Logic Element Example

Probably the most overlooked application of the 8205 js
that of 2 general purpose logic element, Using the “on-chip*’
enahbling gate, the 8205 can he configured to gate its de-
coded outputs with system timing signais and generate
strahes that can be directly connected to latches, flip-flops
and one-shots that are used throughout the system,

An excellent exampie of such an appiication is the “'state
decoder” in an 8008 CPU based system, The 8008 CPU is-
sues three bits of information (50, 51, §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 iatches, control bus discipline and
general machine functions.

In the figure below a circuit is shown using the 8205 as the
“state decoder” for an 8008 CPU that not only decodes the
50, §1, 52 outputs but gates these signals with the clock
{phase 2} and the SYNC output of the 3008 CPU. The T1

and T2 decoded strobes can connect directly to devices iike
8212s for latching the address information. The other de-
coded strobes can be used to generate signals to control the
systemn data bus, memory timing functions and interrupt
structure. RESET is connected to the enabie gate so that
strobes are not generated during system reset, eliminating
accidental loading.

The power of such a circuit becomes evident when asingle
decoded strobe is {ogically broken down. Consider T1 aot-
put, the boolean equation for it would ba:

T1 = {50:51-82}-{SYNC-Phase 2-Feset)

A six input NAND gate plus a few inverters would be need-
ed to implement this function, The seven remaining outputs
would need a similar circuit to duplicate their function,
obviously a substantial savings in components can be
achieved when using such a technigue.

o 2 &, ) MEE
FH 1 —
s P2 y A p—rz
1t 3 14 —
&y 1 T3
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SCHOTTKY BIPOLAR 8205

ABSOQLUTE MAXIMUM RATINGS*

Temperature Under Bias:

Storage Temperature
All Dutput or Supply Voltages
All knpur Voltages

Qutput Currents

—B5°C 1o »1259°C
—65°C p +75°C
—65°C to +16Q°C
—-0.5 1o +7 Volts
~1.010+5.5 Valts
125 mA

Ceramic
Plastic

‘COMMENT

Stresses above those listed under

“Absolute Maximum Rat-

ing”" may cause permanent damage 10 the device. This is a stress
rating only and functional operation of the device at these or at
any other condition above those indicated in the operational
sections of thisspecification is not implied, Exposure 1o absolute
maximum rating conditions for extended periods mgay affect
device reliability.

D.C. CHARACTERISTICS T, = 0°C to +75°C, Vi« = 5.0V 5%

OUTPUT CURRENT ima)

8205
S¥YMBOL PARAMETER LIMIT UNIT TEST CONDITIONS
MIN. MAX.
I INPUT LOAD CURRENT —-0.25 mA, VCC =520V, Ve = 0.45V
lFi INPUT LEAKAGE CURRENT 10 pA VCC = 529V, VFI = h. 28V
VC INPUT FORWARD CLAMP VOLTAGE —1.0 v VCC =4 78V, lC = —5.0mA
VGL OUTPUT "LOW" VOLTAGE 0.45 v VCC =475V, rDL = 10.0mA
VOH OUTPUT HIGH VOLTAGE . 2.4 Vv VCC =475V, IOH = —16mA
v, INPUT “LOW" VOLTAGE i 0.85 v Vo = 5.0V
v, INPUT "HIGH"” VOLTAGE 20 v Ve = 5.0V
lSC OUTPUT HIGH SHORT —40 -120 mA VCC = 5.0V, VOUT =0V
CIRCUIT CURRENT
ch CQUTPUT "LOW' WYOLTAGE | 0.8 W VCC = 5.0V, {ox = 40 mA
@ HIGH CURRENT i
lng POWER SUPPLY CURRENT i 70 A Ve = 526V
TYPICAL CHARACTERISTICS
OUTPUT CURRENT VS, OUTPUT CURRENT V8.
QUTPUT "LOW" VOLTAGE OQUTPUT "HIGH" YOLTAGE DATA TRANSFER FUNCTION
100 T T T T T S T T : ! V
B st ™ !—‘:’cc;”" K[L ! _L—; VegEav
Taz 2L L g ! : v T4 C L :
BO - A —— - —. + A 4.0 H +
Vet 5.0V . y‘fm; s PR s T, - 75°C 5 o
: i : 4 P - ; \N; -
80 . = . — g 3o —
P : A : B
10 i 1, 3 i | , ! : l Ta = 28°C \
— — 2w - 5 20 t
L ,- 2 VAR - SRS WA
T 5 o 5 : - / LT 3 ; _
] . ol e [ J Ry —
L T = 0% . l .
, / LTy ez5c i o ;—h : 4 R - ! kt
il Fi A [ B 149 10 20 i 4.4 5.4 0 2 A 3 &8 10 12 14 16 18 20

DUTPUT “LOW" VOLTAGE V)

QUTPUT HIGH WOLTAGE W1
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SCHOTTKY BIPOLAR 8205

8205 SWITCHING CHARACTERISTICS

CONDITIONS OF TEST: TEST LOAD:

input pulse amplitudes: 2.5V %3909

Input rise ang fall times: © nsec
between 1V and 2V

Measurements are made at 1.5V

I
I} -

.

Al Transistors ZM2I36Y or Equwvalemt. ) = J0pF

TEST WAVEFORMS

AQDRESS OR ENABLE
INPUT PLILSE

OUTPUT

i

A.C, CHARACTERISTICS T, =0°C to +75°C, W ; = 5.0V +5% unless otherwise specified.

SYMBOL PARAMETER MAX. LIMIT UNIT TEST CONDITIONS
e T - - NDITIONS
t.. ' ADDRESSORENABLETO 18 ns -
;: OUTPUT DELAY : T s -
t__ ! 18 ns
Cu'" | INPUT CAPACITANCE P8205  4ttyp) pF C o1 MRz, veg = OV

c8ze5  bitypd | pF Vaiag * 2.0V, Ta - 59C
1. This parameter s genindically samoled and s nar 100% tesied

TYPICAL CHARACTERISTICS

ADDRESS OR ENASLE TO QUTPUT ADDRESS OR ENABLE TO QUTPUT
DELAY VS, LOAD CAPACITANCE DELAY VS AMBIENT TEMPERATURE
0 - 0
! Vep " 50V A Voo 25OV
T, =25°C ",’ ¢ 30 pF

DUTRPUT DELAY I nab
B

ADDARESS O ENABLE T
ADDHESS OR ENABLE T
CHJTPUT DELAY (o1

o 56 104 AL 200 o 25 B 75

LOAD CAPACH ANCE (pF AMBIENT TEMFERATURE 1°C1
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intel' Schottky Bipolar 8214

PRIORITY INTERRUPT CONTROL UNIT

®m Eight Priority Levels ® Fully Expandable
2 Current Status Register ® High Perfarmance (50ns)
® Priority Comparator ® 24-Pin Dual In-Line Package

The 8214 is an eight level priority interrupt control unit designed to simplify interrupt driven microcomputer
systems.

The PICU can accept eight requesting levets; determine the highest priority, compare this priority to a soft-

ware controlied current status register and issue an interrupt to the system along with vector informaticn to
identify the service routine.

The 8214 is fully expandable by the use of open cotlector interrupt cutput and vector information. Control
signals are also provided to simplify this function.

The PICU is designed to suppert a wide variety of vectored interrupt structures and reduce package count
in interrupt driven microcemputer systems,

PIN CONFIGURATION LOGIC DIAGRAM
_ o 0> e |
8 ] 2] v, [(En 3T ’ ]D,
. n{] i REQUEST ACTIVITY
' TE> Ra—qg . IOPEN COLLECTORAY
B, A, B> A -~ :
m g 2{]# i REQUEST : ’_! )D_.__. & (T
— = 07> A,—o atcH ; ©
s6s ] s 2] 7 R—— AND : e
— 2| erroreTy A, @
wt[}s £ N R, —of ENCOBER _
il - by : , T—=
k[ ls Nak -
O R ] + =L et
— ; [
wre [} 7 wl]w, 2> R 1 |CPEN
T L COLLECTORI
— —_— &4 8
A []s [ A, " . @D [ s Wt 5
J— — 3 h— 1 T
A s 15 " > n,— CSLJTRlHTElrsT i Il s 1In=
— - i —d —ljc
=M o b > & —dregisten [
" [ " > 56— [~ PRIGAITY l
e O] 1] g > ECE COMPARATOR :
ano [z ] ene : -
N
I
o®qg ! !
INT |
= o5
FF |
tc !
7> mre i
PIN NAMES iy |
INFUTE ) ’ —
figA;  REQUEST LEVELS [Ay HIGHEST PRIIAITY}:
E-I]- CURAENT $TATUS
L3 STATUS GROUP SELECT
ECE ENABLE CURALNT STAFUS
INTE INMTEANLFT ENADLE
20 CLUCK IINT F-Fi
ELA EMABLE LEYEL READ
ETLG EMNABLE THIS LEVEL GAOUP
cuTRUTSE:
Ag-ay REQUEET LEVE LY 1‘_ DPEN
wT INTERRLIPT 1ACT LOW] | COLLECTUR
ENLG ENABLE MEXT LEVEL GRDLI’_
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SCHOTTKY BIPOLAR 8214

INTERRUPTS IN MICROCOMPUTER SYSTEMS

Microcomputer system design requires that 1/Q 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 tittle ar 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. 1t is easy 1o see that a large portion of the main
program 15 lcoping throwgh this continuence pailing cycle
and that such a method would have a serigus, detrimental
effect on system throughput thus limiting the tasks that
could be assurned by the microcomputer and reducing the
cost etfectiveness 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 1o do
50 by the device itself. In effect, the method would provide
an external asynchrongus input that would inform the
processor that it should complete whatever instruction that
is currently being executed and fetch a new routine that
will service the reguesting device. Once this servicing is com.

plete however the processor would resume exactly where it
left off,

This method is called interrupt, 1t is easy 1o see that system
throughput would drastically increase, and thus more tasks
could be assurned try the microcomputer to further enhance
its cost effectiveness,

The Prigrity tnterrupt Control Wnit (PICU) functions as an
overall manager 1n an Interrupt-Driven system enviranment.
It accepts requests from the peripheral equipment, determ-
ines which of the incoming requests is of the highest im-
portance {riority], 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 usualiy has a special
program or ‘‘routire” that is associated with its specific
functional or operational requirements; this is referred to
as a "'service routineg’’. The PICU, after issuing an Interrupt
1o the CPU, must somehow input infarmation into the CPU
that can “point” the Program Counter to the servige rou-
tine associated with the requesting device. The PICU en.
codes the reguesting level into such information for use as
a "vectar’ to the correct Interrupt Service Routine,
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SCHOTTKY BIPOLAR 8214

FUNCTIONAL DESCRIPTION

General

The 8214 is a device specificaily designed for use in real
time, interrupt driven, microcomputer systems. Basically it
is an eight {8} level priority control unit that can accept
eight different interrupt requests, determine which has the
highest priority, compare that level to a software maintained
current status register and issue an interrupt to the system
based on this comparison along with vector information to
indicate the location of the service routine.

Priority Encoder

The eight requests inputs, which are active low, come into
the Priority Encoder. This circuit determines which reguest
input is the most important (highest priority) as preassigned
by the designer. {R7) is the highest prierity input to the
8214 and (RO} is the lowest. The logic of the Priority En-
coder is such that if two or more input levels arrive at the
same time then the input having the highest priority wiil take
presidence and a three bit output, corresponding to the act-
ive level imodulo 8) will be sent out. The Priority Encoder
alse contains a latch to store the request input. This latch is
controlled by the Interrupt Disable Flip-flop so that ance
an interrupt has been istued by the 8214 the request iatch
is no longer open. (Note that the lateh does not store inact-
ive requests. {n order for a request to be monitored by the
8214 it must remain present until it has been serviced.}

Current Status Register

In an interrupt driven micracomputer system it is impartant
1o not only prioritize incoming requests but 1o ascertain
whether such arequest is a higher priority than the interrupt
currently being serviced.

The Current Status Aegister is a simple 4-bit |atch that is
treated as an addressable outport port by the microcom-
puter system. |1 is loaded when the ECS input goes low.

Maintenance of the Current Status Register is performed as
aporticn of the service routine. Basically, when an interrupt
is issued to the system the Programmer outputs a binary
code {moduie &) that is the compiiment of the interrupt
level. This value is stored in the Current Status Register and
is compared to all further prigritized incoming requests by
the Priority Comparator. In essence, a copy of the current
interrupt level is written into the 8214 to be used as a ref-
erence for comparison. There is no restriction to this main-
tenance, other level values can be written into this register
as refarences so that groups of interrupt requests may be
disallowed under complete control of the programmer,
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Nate that the fourth hit in the register is SGS. This input is
part of the value written out by the programmer and per-
forms a special function. The Priority Camparator will oniy
issue an output that indicates the request level is greater than
the Current Status Register. If both comparator inputs are
equal to zero no output will be present. The SGS input
allows the programmer to, in effect, disabie this comparisan
ang allow the 8214 to issue an interrupt to the system that
is based only on the logic of the priority encader.

“4 REOUEST
LATCH
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Control Signals

The 8214 also has several inputs that enable tme desigrer to
synchronize the interrupt issued o the microprocessor and
to allow or disallow such an issuance. Alsa, signals are pro-
vided that permit simple expansion to other 2745 so that
more than eight levels can be contralled.

INTE, CLK

The INTE {interrupt Enablel input allows the designer to
“shutoff'’ the interrupt system under controt of external
logic or possibly under software maintenance. A “zerg” on
this 1ing will not allow intérrupts to be issued to the micro-
computer system.

The CLK (Ciock} input is actually the trigger that strotes
the Interrupt Flip-Flop. It can be connected 16 one of the
clocks of the microprocessor so that the interrupt issued
meets the CPU set-up time specification. Mote that due to
the gating of the input to the Interrupt Flip-Flop the (NT
output will only be active for the time of a single clock pe-
riod, 50 external latching may be required to hold this sig-
nal.

ELR, ETLG, ENGL

These three signals allow 82145 10 be cascadec so that more
than eight levels of interrupt requests can be controlied.

Basically, the ENLG output of one 8214 is connected to
the ETLG input of the next and so an, with 1ne first 8274
having its ETLG input pulled “‘high'* and assigned the high-
est priority, When the ENLG cutput is “high’ it indicates
that there is no interrupt pending on that device and that

interrupts cart be maonitored on the next lower priority
8214,

This *“‘cascading” can be expanded almost indefinitely to
accomodate even the largest of interrupt driven system
architectures,

AD, A1, AZ
In arder to identify which device has interruoted the pro-
cessor 5o that the service routme associated with it can be

addressed, a pointer gr “vector” must accompany the inter-
rupt issued to the microcomputer system.

The AB, A1 and AZ outputs reoresent the complement of
the active interrupt ievel imoaulc 81, By using these signals
to encode the special instructior, RST, the program counter
of the micropracessor, can pomnt to the focation of the
service routine. Note that these three outputs are gated by
the ELR input and are open cotlectar so that expansion is
simplified.
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N
The INT output of the 8214 is the signal that is issued to
the microprocessor 1o initiate the interrupt seauence, As
soon a INT is active the INT DS FF is set. inhibiting further
requests from entering the Request Laich. Only the writing
cut of the current status information by strobing the ECS

input will clear the INT OIS FF and allow requests to enter
the latch.

Note that IM7 is also ooen cotlector so that when cascaded
to other B214s an interrupt in any of the active devices will
set all INT 0I5 FFsin the entire array.
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APPLICATIONS OF THE 8214
8 Lavel Controller {8080)

The most common of applications of the 8214 is that of an

eight level priority structure for 8080 or 8008 microcom-
puter systemns.

Shown in the figure below s a detailed logic schematic of a
simple circuit that will accept eight input requests, maintain
CUrrent status, issue the interrupt signal to the A0B0 arnd en-
code the proper RST instruction to gate onto the data hus,

The eight requests are connected to the 8214 by the de-
signer in whatever order of priority is to be preassignecd. For
example, eight keyboards could be monitored and each as-
signed a degree of importance {level of priority} so that
faster processor attention or access can hbe assigned 1o the
eritical or time dependent tasks,

The inputs to the Current Status Register are connected 1o
the Data Bus so that data can be written out intg this “port”,

An 8212 is used to encode the RST instruction and also to
act as a 3-state gate to place the proper RST instruction
when the BO80 Data Bus is in the input mode. Note that the
INT signal from the 8214 is latched in the SR flip-flop of
the 8212 so that proper timing is maintained. The 8212 is
selected (enabied) when the INTA signal from the 8080
status latch and the DRIN from the BOBO are active, this as-
sures that the RST instruction will be placed on the Data
Bus at the proper time. Note that the [NT output from the
8212 is inverted and pulled up before it is connected ta the
80BO. This is to generate an INT signal 1o the 8080 that has
the correct polarity and meets the input voftage require-
ment {3,3V}.

SEQULETS

EMARLE

e
CURAENT e | 7o =1

STATLS
‘FHOM I3 POAT DECODES:

EL#

n
Eeiits ]

2080 B OIAES TGN A BU5

Basic Operation

When the initial interrupt request is presented to the 8214
it will issue an interrupt to the BOSO if the structure is an-
abled. The 8214 will encode the request into 3 bits (modulo
B) and output them 10 the 8212. After the acknowledge-
ment of the interrupt has been issued by the 8080 the en-
coded RST instruction is gated onte the Data Bus by the
8212, The processor executes the instruction and points the
Program counter to the desired serviced routine. tn this
routing the programmer wikl nrobahly save the status of the
register array and flags within a series of PUSH fnstructions
{4). Then a copy of the current interrupt level {modulo 8}
can be “built” in the Accumulator and output to the Cur-
rent Status Register of the 8214 for use as a comparison
reference for all further incoming requests to the system,
This Vectared Eight Levei Priority Interrupt Structure for
8080 microcomputer systems is a powerful yet flexible ¢ir-

Cuit that is high performance and has a minimal component
count.
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APPLICATIONS GF THE 8214
Cascading the 8214

When greater than eight levels of interrupts must be priori-
tized and serviced, the 8214 can he cascaded with other
82145 10 support such an architecture,

On the previous page a simple circuit is shown that can con-
trol 16 levels of interrupt and is easily expandable to sup-

port up to 40 levels of interrupt by just cascading more
8214s.

As described pravipusly, there are signals orovided in the
8214 for cascading (ELR, ETLG, ENLG) and in effect the
ENLG output of the first 8214 “ripples” down to the next
and so on, The entire array of 8214s regaraless of size, can
be thought of as a single priority control unit, with the first
having the highest priarity and the next 8214 having a lower
priority and 5o on.

In this application, the manner in which software handles
the servicing of the interrupt will change. Since more than
eight vectors must be generated a method other than the
common RST instruction must be implemented. Basically,
the priority control array must somehow madify the con-
tents of the BOBO Program Counter so that it can point
{"vector”] tc one of 16 {or how many levels are to be
servicedl and fetch the proper service routine. A simple ap-
proach is to treat the priority control array as a single input
port that can input a value into the Accumutator and use
this value as an offset to modify the Program Counter (10
direct Jump).

An initial CALL is needed to fnvoke this Indirect Jump
routine so the circuitry is configured to insert an RST 7
tFFh} for all interrupts, thus the Indirect Jump Routine
starts at location {56d).

The Assembly Code for the flow chart is as follows:

PUSH PSW

PUSH & {save processor status)

PUSH D 122 microsecondsl

PUSH H

IN inj {input Priority Array Value}

MOW LA [transfer Accumulator to L register|
MVi H.inl {toad Base Address into H register?
PCHL [transfer H& L to Program Cauntert

{The execution time for the total routine rs 35.5 micro-
seconds based on an 80B0 clock period of 500ns.)

Following is a basic flowchart of the priority array Indirect
Jump routine. Note that the last step in e routine will
vector the processor 10 fetch the proper service routing as
dictated by the interrupting level.
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Shown in the figure above is a chart of the 16 different array
values that are used to offset the Program Counter and vee-
tor to the proper service routine. These values are the ones
that are loaded inte the "L" register; the value loaded into
the "H"" register with an “immediate instruction™ is used to
identify the major area of memory where the service rou-
tines are stored, similar to a “'course setting” and the value
in the "L’ register is used to identify a specific locatian,
similar to a “fine setting’’.

Note that DO, D1, and D2 are always set to ““zero’’, this pro-
vides the programmer eight (8] memory locations between
the start of each service routine so that maintenance of the
associated Current Status Register and a JUMP or CALL in-
struction can be implermented.

This method of interrupt control can be aimost indefinitely
expanded and provides the system designer with a powerful
tool to enhance total systern throughput.
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D.C. AND OPERATING CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS®

Temperature Under Bias . .. . ... ... L 0°C to 720°C
Storage TEMPErature . . ... ... ... e e -85°C to +160°C
All Qutput and Supply Voltages . ... . ... ... it 0.5V o +7V
AlINPUTVOITAgES . . .. . e -1.0V to +5.5V
OUIDUT CUMTBNTS . L e 100 mA

*COMMENT: Stresses abova those listed under ““Absolute Maximum Rating” may causs parmanant damage to the device. This is a strass rating
only and functional operation ot the duvice at these or at any other conditian above those indicated 1n the operational sactions of this specifi-
catians is not implied, Exposure to abselute maximurmn ratings for axtended periogs may affecr device reliability.

Ta = 0°C to +70°C, Vg = 5V 16%.
A cC

Symbaoi Paramatar i, Ir.;n:::] Ty Unit Conditions
Ve Input Clamp Voltage {all inputsi -1.0 W lp=-5mA
Ie Input Forward Current:  ETLG input -.15 -0.5 mA Ve=0.45V
all other inputs -.08 -0.25 mA
Ir Input Reverse Current: ETLG input 80 1A, Vg =825V
all other inputs 40 HA
\"T% Input LOW Voltage: all inputs o8 | v Veoo=5.0V
Vin Input HIGH Valtage; all inputs 2.0 3 Vep=5.0V
leg Power Supply Current 90 130 0 mA See Note 2.
VoL Output LOW Voltage: all cutputs 3 i .45 v loL=15mA
Vou Output HIGH Voitage:  ENLG output 2.4 3.0 i loH=-1mA
los Short Circuit Output Current: ENLG output | -20 -36 =55 ! mA Vog=0V, Ve =5.0V
lcEX Cutput Leakage Current: {NT and Ag-Aj 100 | A Veex =6.26V
NOTES:

1. Typical values are for T = 26°C, Ve = 6.0V,
2. Bp-By, 5G5, CLK, Ag-Ry4 grounded, ail other inputs and al! cutputs open.

S-180
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A.C. CHARACTERISTICS AND WAVEFORMS T, = 0°C 10 +70°C, Vg = +BV 6%

Limits

Symbol Parameter Min. | Typ.[1l | Max. Unit
tey ELK Cycle Time 80 50 ns
tew €LK, ECS, INT Pulse Width 25 15 ns
tiss INTE Setup Time to CLK 16 12 ns
tsH INTE Hold Time after CLK 20 10 ns
tetegl2] ETLG Setup Time ta CLK 25 12 ns
te1en? ETLG Hold Time After CLK 20 | 10 ns
tecesi?! ECS Setup Time to CTLK 80 @ 50 ns
teccn(® ECS Hold Time After CLK 0 ns
tecps 3! ECS Setup Tims to LK 1o | 70 ns
tegaH 3! ECS Hold Time After CLK 0

teessl?! ECS Setup Time 10 CLK 75 70 ns
tgcsp {2l ECS Hold Time After CLK Q ns
tpes(? §GS 2nd By-B3 Setup Time to TLK 70 50 ns
tpcu (2] G and Bg-B3 Hold Time After CLK ¢ ns
tges(®) Ro-R7 Setup Time to CLK 00 55 ns
trentd Rg-R7 Hald Time After CLE ] ns
ties INT Setup Time to CLK 55 35 ng
1) CLK to INT Propagation Delay 15 25 ns
taigli¢] Ro-R7 Setup Time to INT | 0 ns
tam 4 Ro-A7 Hold Time After INT 3 20 ns
tHA R_* A7 to Ao A Propagation Delay 80 {100 ns
TELA ELR 10 AQ-A-Z Propagation Delay 40 i 55 ns
tECA ECS to A_OK;E Propagation Delay 160|120 ns
tETA ETLG to Ag-Az Propagation Delay 35 70 ns
tpees4l 3GS and Bg-By Setup Time to ECS 15 10 ns
toeen 4! §GS and Bg-B-, Hold Time After ECS 15 10 i ns
tREN %E to ENLG Propagation Delay 45 70 ns
1ETEN ETLG to ENLG Propagation Delay 20 28 ns
teCcRN ECS tc ENLG Propagation Delay 85 20 ns
tECSN ECS to ENLG Propagation Delay 356 55 ns

CAPACITANCE (5}
Limits

Symbol Paramater Min, Typ.[1] | Max Unit
Cin Input Capacitance 5 10 pF
Cout Output Capacitance 7 12 pF

TEST CONDITIONS: Vg)ag= 2.5V, Voo =5V, Ta = 25°C, f = 1 MHz

NOTE 5. This parameter is pericdically sampled and not 100% teste.
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WAVEFORMS
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1) Typical vatues are for Ta =25°C Voo =5.0v.

(2 Reguired for proper operation f 15E is enabled during next clock oulse,

(3 These times are no1 required for proper aperation but for desired change in interrupt Hlip-flog.

4 Required for new request or status to be properly lpaded.

TEST CONDITIONS:
Input pulse amplitude: 2.5 volts.

Input rise and fail times: 5 ns between 1 and 2 valts.
Output loading of 15 mA and 30 pf.

Spesd measurements taken at the 1.6V lavels,

TEST LOAD CIRCUIT
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3004

30 gt
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intel"  Schottky Bipolar 8216 /8226

4 BIT PARALLEL BIDIRECTIONAL BUS DRIVER

= Data Bus Buffer Driver for 8080 CPU = 3.65V Output High Voltage for Diract
* Low Input Load Current — .25 mA Interface to 8080 CPU
Maximum = Three Stats Outputs

= High QOutput Drive Capability for

Driving System Data Bus = Reduces System Package Count

The 8216/8226 is a 4-bit bi-directional bus driver/receiver.

Afl inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V Vg, and for high capaci-
tance terminated bus structures, the DB outputs provide a high 50mA g capability.

A non-inverting (8218} and an inverting (8226} are available to meet a wide variety of applications for buffering in micro-
computer systems.

PIN CONFIGURATION LOGIC DIAGRAM LOGIC DIAGRAM
B216 8226
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FUNCTIONAL DESCRIFTION

Microprocessors |ike the 8080 are MOS devices and are
generally capable of driving a single TTL Igad. The same is
true for MOS memory devices. While this type of drive is
sufficient in small systemswith few components, quite often
it is necessary to buffer the microprocessor and memories
when adding components or expanding to a muiti-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 one side of
the driver the output of one buffer and the input of another
are tied together {DB), this side is used to interface to the
system side components such as memgries, /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
he wsed to buffer a true bi-directional bus such as the BOBOD
Data Bus. The DO outputs an this side of the driver have a
special high voltage output drive capability {3.85%) so that
direct interface to the BOBO and 8008 CPUs is achieved with
an adequate amount of noise immunity 1350mY warst case).

Control Gating DIEN, CS

The C8 input is actually a device select. When it is “high”’
the cutput 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
m input.

The DIEN input controls the direction of data flow (see
Figure 1} for complete truth table. This direction cantrol
is accomplished by forcing one of the pair of butfers into its
high impedance state and ailowing 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 $ystems and at the same time enhance
noise immunity to assure reliable, high performance op-
eration.
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APPLICATIONS OF 8216/8226

8080 Data Bus Buffer

The B0BO CPU Data Bus is capable of driving a single TTL
inad and is more than adequate for small, single board sys-
terns. When expanding such a system to more than one board
to increase 1/0 or Memory size, it is necessary to provide a
buffer. The 8216/8226 is a device that is exactly fitted to
this application.

Shown in Figure 2 are a pair of 8216/8226 connected di-
rectly to the 8080 Data Bus and associated control signals.
Thebuffer isbi-directional in nature and serves to isolate the
CPU data bus.

On the system side, the DB lines interface with standard
semiconductor 1/0 and Memaory components and are com-
pletely TTL compatible. Tha DB lines alse provide a high
drive capability (50mA} so that an extremely large system
can be dirven along with pessible bus termination networks.

On the 8080 side the DI and DO jines are tied together and
are directly connected ta the 8080 Data Bus for bi-directional
operation, The DO outputs of the B216/8226 have a high
voltage output capability of 3.65 voits which allows direct
connection to the 8080 whose minimum input voltage is
3.3 volts. 't aiso gives a very adeguate noise margin of
350mV {worst case}.

The DIEN inputs to 8216/8226 is connected directly to the
BOBO. DIEN is tied to DBIN so that proper bus flow is
maintained, and CS is tied to BUSEN so that the system
side Data Bus will be 3-stated when a Hold request has bean
acknowledged during a DMA activity.

Memary and |/O Interface 10 a Bi-directional Bus

In large microcomputer systerns it is often necessary to pro-
vide Memory and 1/Q with their own butfers and at the same
time maintain a direct, common interface to a bi-directional
Data 8us. The B216/8226 has separated data in and data
out lines on one side and a common bi-directional set on the
other to accomodate such a function.

Shown in Figure 3 is an exampte of how the 8216/8226 is
used in this type of application.

The interface to Memary is simple and direct. The memaories
used are typically Intel® 8102, 81024, 8101 or 8107B-4 and
have separate data inputs and outputs. The DI and DO lines
of the B216/8226 tie to them directly and under control of
the MEMR signal, which is connected to the DIEN input,
an interface to the bi-directional Data Bus is maintained.

The interface to i/0 is similar to Memory. The /0 devices
used are typically Intei® 82555, and can be used for both
input and output ports. The /0 R signal is connected di-
rectly to the DIEN input so that proper data flow from the
/O device to the Data Bus is maintained,

The B216/8226 can be used in a wide variety of other buf-
fering functions in microcomputer systems such as Address
Bus Drivers, Drivers 1o peripheral devices such as printers,
and as Drivers for long length cables to other peripherals or
Systems.
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Figure 2, 8080 Data Bus Buffer.
MEMORY 1o
T <
i | i
H L
™ a0 ol DO
MERR A DIEN ‘7 LE "3 A - DIEN (2 CEpm
8216 216 :
6228 v | gzz8 21|
=
I | guseni—
Vi i
\ BIOIRECTIONAL DATA BUS 81 4
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SCHOTTKY BIPOLAR 8216/8226

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Blas . . ..o, i e 0°Cto 70°C
Storage TEMOETAILTE . . . ...ttt i oy e e e e -65°C to +150°C
AllQutput and Supply Voltages . . . . ... .. o e e 0.5V to +7V
AlINpUt Veltages . . . . e e -1.0V to +5.5V
Output CUFTBNTS . . . . Lt e 125 mA

*COMMENT: Strasses anove thote listed under "Absolute Maximum Rating'’ may cause parmanant damage to the davice. This is a ttress rating
only and functional aperztion of tha device at these or at any othar condition above those indicated in the aperatignal sections of this spacifi-
cation i not imphoed.

Ta = 0°C to +?0°C,Vcc=+5\fi5%

Limits
Symbol Parameter Min. Typ. Max. Unit Conditions
Iry Input Load Current DIEN, C§ 015 | -5 mA Vg =0.45
leg Input Load Current All Other Inputs -0.08 -.25 mA Ve =0.45
IR Input Leakage Current DIEN, C5 20 HA Vg =6.25V
gz Input Leakage Current DI Inputs ! 10 A VR =5.25V
Ve Input Forward Voitage Clamp l S I lc = -5mA
Vi Input “Low" Voltage b8 Y
Vi Input “High** Voltage 2.0 v
Qutput Leakage Cusrent Do 20 HA Vo = 0.46V/5.25V
ol (o]
{3-State) oe 100
| p Suply C B216 95 130 ma,
OWEr SUpp urrent
ce Y 8226 85 | 120 | mA
Vouy Qutput “Low*’ Voltage 0.3 A5 v DO Outputs Igp=15mA
DB Outputs g =25mA
05 B v D8 Outputs lg =55mA
Vourz Output "Low” Voltage
0.5 K] v DB Qutputs 101_=50mA
VoMt Qutput “"High" Voltage 3.65 40 v DO Qutputs gy = -1mA
VioHz Output “High” Voltage 2.4 30 v DB Outputs lgy = -10mA
log Output Short Circuit Current -15 -35 -65 ma DO Outputs Vo=0V,
-30 -75 -120 | mA DB Outputs Vpe=5.0V

NOTE: Typical values are for Ta = 25°C, Vgp = 5.0V,
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SCHOTTKY BIPOLAR 8216/8226

WAVEFORMS
NPUTS Xu.sv
“—'FD—'!
X0 2
i-.....— Ig -——-——-----I ._.,__.. iy _| .T
v W, "
i ‘! aq
OUTPUTS 1.5 x
T Yoo
By
A.C. CHARACTERISTICS
Ta =0°C 1o +70°C, Vg = +BV 5%
T . | [
| Limits |
Symbol Parameter Min. [ Typdi1l Max.  Unit Conditions
Tepa Input to OQutput Delay DO Qutputs 16 25 ‘ ns 1 G =30pF, Ry=3008
. | Rp=60082
Teppz Input to Output Belay DB Qutputs . ‘
8215 20 30 ns | C_=300pF, R,=90§
8226 16 25 ns Ro =1800
Te Cutput Enable Time ;
2216 45 65 |__ ns i {Note 2}
. 8226 35 B4 I ns i{Note 3}
Tp Output Disable Time 20 3/ i oms [Note 41
TEST CONDITIONS: K5

Input pulse amplitude of 2.5V.

Input rise and fall times of 5 ns between 1 and 2 volts.
Output loading is 5 mA and 10 pF.

Speed measurements are made at 1.5 volt levels.

Capacitance!®’

TEST LOAD CIRCUNT

ouT +

Limits
Symbol Parameter Min. Typ.i1i Max Unit
Cin Input Capacitance o 4 8 pF
Couti Qutput Capacitance 8 ;10 pF
CouTs Output Capacitance 13 18 pF

TEST CONDITIONS: Vg a5=25V. Vo =5.0V, To =25°C, 1 = 1 MHz.

HNOTES: . Typical values are for Tg = 25°C, Vep = 5.0%

1
2
3
4
5

. DO Qutputs, O = 30pF, R = 300/10 Kit, Fo = 180/1KR; DB Outputs, € = 300pF, R4 =80/10 K2, Ry = 180/ K2,
00 Outputs, C = 30pF, Ay = 200M10KN. By = 600/1K; DB Cutputs, C = 300pF, Ry =90/10 K1, Ry = 18071 KT,

. DO Outputs, Cy_=5pF, Ry = 300010 K0, Pa = 5001 K1 DB Quipors, Cp = BpF, Ay = 90710 KO, Ry = 180711 KT

. This parameter 15 periodecally sarpled and rot 100% tested.
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inter Silicon Gate MOS 8253 %%

PROGRAMMABLE INTERVAL TIMER

* 3 Independent 16-Bit » Count Binary or BCD
Counters » Single +5V Supply

" DC to 3 MHz » 24 Pin Dual-in-line Package
= Programmable Counter
Modes

The 8253 is a programmable counter/timer chip designed for use as an 8080 {or 8008) peripheral. It uses nMOS technology
with a single +5Y supply and is packaged in a 24-pin plastic DIP.

It is organized as three independent 16-bit counters, each with a count rate from OHz to 3MHz. All modes of eperation are
software programmable by the 8080,

PIN CONFIGURATION BLOCK DIAGRAM

f———— LK

DATA,
By 8 A eus <:> <:> m”_';“" l——— GATEO
BUFFER -

— L

]

B —— =

— p——— CLK 1
WA —— e}

READS
e—— (ATE1

WRITE <:
LOGIE
:o — = our
| —
a1 L]

CONTROL

—. ) counTer
#1

fe—— LLK 2

WORD
AEGISTER |/*—— COUNTER
AND \'__ 2 ———— GATE I
MOGE
SELECTION : e BUIT 2

I

s
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SILICON GATE MOS 8253

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, All such devices have inherent delays that must
be aceounted for if accurate and reliable performance is to
be achieved, The systems software ailows 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-
{ution to system timing problems. In essence, it is a group of
three 16-bit counters that are independent in nature but
driven commanly as 1/Q 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 guantity and moade desired then, upon command,
the 8253 wili 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 muitiple 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 Aate Multiplier

Real Time Clock

System Interface

The 8253 is a component of the MCS-80 system and inter-
faces in the same manner as ail 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 QUT lines of each counter
would normalily be tied to the interrupt request inputs of
the B259.

The 8283 represents a significant improvement for salving
cne of the most common problems in system design and
reducing software overhead,

o—-——— CLK

L DaATA
040, ¢ 8 BUIE
/| Burren

R
: REAL

{
{

COUNTER
E. ]

e-——— GATED

———e-0UT 0

v CLK 1

CONTRQL fe—— LKz

COUNTER
=2 je——— GaTE2

[——= ouT 2

SELECTION

TER
WRITE K p cou=u1 fe—— GaTE1
& LOGLE
——— auts
Al
& —_T ‘l
/L_.

INTERNAL BUS /

S

=
8253 Block Diagram.
{ ADDRESS BUS (161 L
A‘ AD ]
. |
L CONTROL BuS i
13 —_
| i im:m Iuo
A 1
y OATA BUS 8) b
| I
* l o]
A A, of By O, AD WR
B263
COUNTER COUNTER GOUNTER
[ 1 2
I - 1T - T . 1
QUT GATE CLK ' QT GATE CLK ' OUT GATE CLK

8253 System Interface,



|ntel° Silicon Gate MOS 8257
PROGRAMMABLE DMA CONTROLLER

» Four Channel DMA Controller = Auto Load Mode
* Priority DMA Request Logic = Single TTL Clock {G2/TTL)
» Channel Inhibit Logic * Single +5V Supply
= Terminai and Modulo 256/128 = Expandable
Outputs = 40 Pin Dual-in-Line Package

The 8257 is a Direct Memory Access {DMA) Chip which has four channels for use in 80BQ microcomputer systems. 1135 pri-
mary function is to generate, upon a peripheral request, a sequential memory address which wili allow the peripheral to ac-
cess Or deposit data directly from or to memory. |t uses the Hold feature of the 8080 to acquire the system bus. it also keeps
count of the number of DMA cycles for each channgl and notifies the peripheral when a programmable terminal count has
been reached, Other features that it has are two mode priority logic to resolve the request among the four channels, program-
mable channel inhibit logic, an eariy write pulse aoption, a modulo 256/128 Mark output for sectored data transfers, an auto-
matic ioad mode, a terminal count status register, and controt signal timing generation during DMA cycles. There are three
types of DMA cycies: Read DMA Cycle, Write DMA Cycle and Verify DMA Cycle.

The B267 is a 40-pin, N-channel MOS chip which uses a single +6V supply and the ¢2 {TTL! clock of the BOBO system. It is
designed to work in conjunction with a single 8212 3-bit, three-state {atch chip. Multiple DMA, chips can be used to expand
the number of channels with the aid of the 8214 Priority interrupt Chip.

PIN CONFIGURATION BLOCK DIAGRAM
" F CHO — 0
-l o R Cl:.\' "
Oyl 4 8 BUs [ A —————— E
1z KLY o | e BUFFER : ] |l - itk
[ ®[]) .
r._.._..._._..._.___l
[ ) w3 ¢ : I
: :
] + tHa [ zzo1
5 ] ! A
O - [T —— | A, "
1s =] o pra— SN———— ] e
= g ok — e
AESET ———=)  READS ; : !
# 12 WRITE
- ) 2 LosIc . )
[ £ az : 4y J| % . cH2 e =303
10 k1 By 1 " %
d 8257 - Ay e < s
cn o] o] p—=| f— -2k 2
i
[ RF 2801
]
1 2] a
a —| -
E'l‘i 2?: g | \ ) CwJ‘ﬁ f—— 513
A
[:| 15 L o | n: < T > e
—= " K 3
- =] REAQY ———eemm—r]
CamTROL
b ) 2{"] HOLD e  L0GIT ‘—]
™ 21 HLDA —————= :
- - WEMA - PRIORITY
o BT 27 MEMY . ] rREsOLVEA
AEN a——e—— i
2 1
- 23 ADSTB . 1
T
I INTERNAL
wea— ; BUS
128258 j
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SILICON GATE MOS 8257

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. Remaving
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 longer has
cantrol of the system bus and a DMA controller takes over
to manage the transfer.

The B257 Programmable DMA Controller is a single chip,
four channel device that can efficiently manage DMA activ-
ities, Each channel is assigned a pricrity level so that if
multi-DMA activities are required each mass storage device
can be serviced, based on its importance in the system. In

cperation, a request is made from a peripheral device for
access 1o 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 cantrol 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 tima, hidden in the
execution states of each instruction cycie, (cycle-stealing).

The modes and priority resolving are maintained by the
systemn software as well as initizlizing each channel as to the
starting address and length of transfer,

The system interface is similar to the other peripherals of
the MCS-80 but an additional 8212 is necessary to controi
the entire address bus, A special controt signal BUSEN is
connected directly to the 8228 so that the data bus and
control bus will be released at the proper time,

R aus 1e H
CONTROL BUS '!]
‘ [ [ l l H'oiil ['Hﬁii I ] HDLD{ [ l ‘ ‘HISIT
i
{ AT 8US 18} 3
‘ g {\ MERR{ | MEEw ! AEADY]
: H i
3 :
Ay Ay ety ‘ }
i
: iz [ 3 | j
- HLDA EEL A TR
s |-
& . L
5 oagay ALny ADSTE  AEW 0By L] MEM HOLD HLDA (=1} ROWIN  RESET
L] L
187
120:266 DACK DAD ALK DAG DAL CRO DATK  DRQ
MOD T 1 1 H H 1 1 ) a
. Vo
- | T T T T

T
DA CHANMEL REGLIESTS AND ACKNOWLEDGES

System Interface 8257,

—

ADDRESE BUS

i)

CONTROL BUS

=

[T ]

DATA BUE

i
Ll

{

S¥YSTEM
RAM
MEMORY

paDo
DACK 0 DHEK 1
1LY
Ay
AND DACK Ip———] ]
[ -3F) oROZ
DACK 2
saga Diax 2
DACK
OuA CONTROLLER CAJAL FLOPPY DISK CONTROLLER

System Application of 8257.
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intal"  silicon Gate MOS 8259

PROGRAMMABLE INTERRUPT CONTROLLER

» Eight Level Priority Controller = Individ_u-al Request Mask
* Expandable to 64 Levels Capability
* Programmable interrupt = Single +5V Supply
Modes (Algorithms) (No Clocks)
» 28 Pin Dual-in-Line Package

The 8252 handles up to eight vectored priority interrupts for the B0BDA CPU). It is cascadable for up to 64 vectored priority
interrupts, without additional circuitry, It will be packaged in a 28-pin plastic DIP, uses nMOS technology and requires a
single +5V suppiy. Circuitry is static, requiting no clock input,

The B289 is designed to minimize the software and real time overhead in handling multi-leve! priority interrupts. tt has several
modes, permitting optimization for a variety of system reguirements.

PIN CONFIGURATION BLOCK DIAGRAM
(Wl - 2] M
- | naTa
- »h 2:0y @ BUFFEA <:>{ !
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CAEZ =0
5 +————= CONTROL
LOGIC
INT ——— 4 | .
iNTa B o " INTERNAL BUS
[

5173



SILICON GATE MOS 8259

8259 PRELIMINARY
FUNCTIONAL DESCRIPTION

In microcomputer systems, the rate at which a peripheral
device or devices can be serviced determines the total amaunt
of system tasks that can be assigned to the control of the
micropracessor. The higher the throughput the more jobs
the microcomputer can do and the more cost effective it be-
comes. Interrupts have long been accepted as a key to im-
proving system throughput by servicing & peripheral device
only when the device has requested it 1o do so. Efficient
managing of the interrupt requests to the CPU will have a
significant effect on the overall cost effectiveness of the
microcomputer system.

The 8253 Programmable interrupt Controller is a single-chip
device that can manage eight ievels of requests and has built-
infeatures for expandability to other 82585 {up 1o 64 levels).
It is programmed by the systerns software as an 1/0 periphe-
ral. A selection of priority algorithms is available 1o the pro-
grammer 5o that the manner in which the requests are pro-
cessed by the 8259 can be configured to match his system
requirements, The priority assignments and aigorithms can
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 5¥s5
tem environment.

The system interface is the same as other peripheral devices
in the MCS-80. A special input is provided {5F) 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 compasite request to the
BOBOA; when it receives the INTA from the 8228 it puts
the first byte on the CALL on the bus, On subseguent

iNTAs the interrupting slave puts out the address of the
vector,

ADDAESS BUS {18

I
[

LONTROL BUS

INTR

[W ‘IK)WIINT

ZATA BUS i8I
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LINES
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A WH INT  INTA
T 2268

FHD |RQ |Rﬂ kﬁﬂ IRC! IRQ 1RO |Rﬂ
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8259 System Interface,
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Cascading the 8259 22 Level Controller {Expandable to 64 levels).
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PACKAGING INFORMATION

Dimansions in inches and (millimaters).
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TALL Caluncondinonal 1o Ion o110 DCXH Decremen M & L [ A | 5
[ Calancarry 1 E N B (R 7 Ocx P Decrament stack painter [/ R R R A N I | 4§
418 Ca'l anno carry LN A R R tr CHa Comelament A a0 1 0 111 4
cl Lail o zern LI | 9 1 1 0z vl 5TC el rarry oga 1 * 01 1 4
4 Ca | onno zero o LU R o Che Cnmplemem carey aa 1 1 111 4
ok Ca:d an posimive 1 R | S B t {EYY Decimat adjust A 00 1 0011 4
] Cat an menus T LA t SHLD Stoen H & L direct g g 1 000 1o 1]
CPE Casl on parity sven T L R S 1| 'y LHLD Load M & L direce o a 101 0 10 8
LF] Cal on parity add LI 0 ¢ v 0D ‘T El Enable Intertupts [ 1 LI B R B | 4
RET Zrurn LI T | ' ol Divable interrupt L R O | 4
RL Retuim an carry LS I R R N I 1} ERll NOP Ne-opRrangn 8 0 o o o0 0o 4
ANC Friurn ¢n na carry L S T N T cn
NOTES:

1. DDDor S35 —G00B - GOV C - 019D -0 E—100H- 101 L — 110 Mamaory — 111 AL
2. Two possible cycla mes, {5,111 indicate instruction cycies dependent on conditian flags.



INSTRUCTICON SET

Summary of Processor Instructions

By Alphabetical Order
Inwrnctian Codell) Cleckldl Instrasinn Codait] Clauk (2!

Mavmnic Dexyipimn Oy s ©s Dy D3 O0; by G Cych L Crwription Dz Dy O 04 83 b 1, Dy Cyeim
Al Addl iemeadia 14 1o A wth | 1 [} o 1 | 1 a T LU Mows immesan mymary 1} 1} 1 1 a ! | 1} 10

ey M orwy imm ke regrpser o o o o o ¥ 1 1] 3
AODC M Add mavmary 10 A mvih caeey 1 a [ a | 1 | o i MOV M ¢ Mot rogtier 1 memory 1 1 1 1 1] 5 H g T
ADC Adld rogieer e A win oy | a ] 1} 1 5 3 H 4 LLEN Mow mamosy 10 regerter a 1 o 1] o 1 ] a H
ADO M Add mamdry 1g A 1 1] a 1} o 1 1] 1 T LY Moun rspser o0 reste a 1 [} o o 3 3 3 )
ADD ¢ Add rguter o & Tl oo a1 s 5 5 g NP Ne-opeanon B0 0 8 0 ¢ g p 4
ADl Add imimadate 1 & 1 LN R Y I T T ORAW Gr Mamary mth & a1 L T LI R
AHA M And mamory with & 1 [ 1 [’} a 1 1 a T ORA Or renewr wrm & 1 1] 1 1 q E 5 5 L]
ANA T And tagint with 4 L R B N S | QR I i mmatn th & 1 1 L R T Y
ANI And rmmadiars wih & LS| LN N N RS B T 1 T Output LN N T Y R T LI |
LhLL Coll uncondmional 1 LR I B | LI | 7 PCHL HE L lo prownm oyt 1 1 L Y B B
4 Gall an carcy 1 r ) 1 1 1 1] 1} naz FOPE Pop tegate pew & & ol 1 i 1} [} a a 1] 1 ]
] Calt gn minumg [ | 1 11 ' g 0 nay ek
[1'FY Compliment & LU R LI ! POP D Fop reqiuer oer 0 8 E otf r1 a 1 85 90 a n
[n [ Camplummni exty ] "] 1 ] 1 1 t 1 4 Tath
EMP M Compare mamory wrth & 1 a ] 1 1 1 | [1] ? FIFH Pop ragister paw H & L off 1 1 t 1} q [’} i 1 1]
LRPr Compart igipinr with &4 | [’} 1 1 1 5 5 - L) sk
CHE Call o0 ng earry 1 ' q r '} 1 1} a nnt POP oW Pop A and Fiep ] 1 1 1 n [ a 1 ]
ENZ Call &n no sero 1 1 o 1 1] 1 1} a nsmr oH dnek
L Cali on paptive r 1 | 1 4 1 a 1] nar PUSH B Push rogertar Pae B & Con 1 1 o L ] 1 L 1 1
CPE Loadl o iy v 1 L B T TIT
1] Comgare |mmedurs wih & 1 1 1 1 1 1 1 0 H PISHED wFar DA Eon 1 1 o 1 ] 1.0 1 1
=, ] Call on paity ot v e 0 o mar
=4 Call o 2w 1 L 1 9 ¢ nar FUSH M Firsh raugter Paw H & E on 1 [ R T T
DAA Diwtarral adiugr & a [F] 1 1} '] 1 i 1 LA ek
CAL B A BACIHAL a 1 o L} ! a 1] 1 18 PUSH Pw Pu¢|A|MFl|q1_ 1 1 1 1 o 1 Q 1 "
bAQ 0 AldDSEfHEL L T an stack
DAD H AddHALIOHAL 1 o 1 1] 1 [} o 1 b1 ] RaL Revate & lef1 theugh ey a [} 4 1 a ' 1 4
QAD 5P Add sark pointe 10 H & |, a ] 1 1 1 a 1} 1 1] RAR Rorunt A rgre thrgugh [} a a 1 1 T 1 4
(LA ] Oserment mempiy o a ] 1 [} 1 L] 1 19 Ty
DCA Datrament ragipier ] 1] o o 1] t [i] 1 5 RE Retrn on carry 1 ] 1] t 1 Q 1] a 811
OCX N Dwcremant B & ¢ a0 a8 p 1 g ] 1 5 RET Rtturn ! 1 roa 1 L | g
aexa Ducrement B & E o a 1] 1 1 o t 1 5 RLC Roruie & bfy 1] 0 a a "] 1 1 r 4
OCXH Oecromant M § | [ T T T | 5 AM Awtun an minus 1 1 | 1 T4 0 g &n
[ 4] Cietramunt vack pomtar 1 1 L Y ANC RETUFT 60 no cany 1 L T
m Drrmiia |ntesupt 1 1 1 1 [ t 1 L] RNz Raturn oA ng rarn 1 1 ] L] a [ o 5
E Enabin | mwruprs 1 | | 1 | o | 1 [l Ap Ritorn on pogn me | 1 1 1 o I o 1} B
HLT Heit [ L Y RPE Asturn on pa iy eren 1 1 L
L] Frepey 1 1 a 1 1 ] ] 1 1 RPO RHurh on ey ang 1 1 1 [ L] ] r o0 5
[LLY ] Incremant memary L RAL atute & rghe o4 g a [ | [
INR ¢ MAcTrmem tegatar Lo 0 o o v g p 5 AST Awut 1 TR A A 1 1*
INX B nefdmenn 8 & C ragisiorn a 1} a 13 '} 1] 1 1 5 Az Areurnon rero 1 ] 1} [} T a r L] N
Kz p Ingrasmnt [ & € ragraters ] ] o 1 [ 1 1 5 588 M Subittact memery hom a 1 roe 1 1 ! 1 1] 7
X H Increment B & L isgirian [} a | o 1 a | ] 5 wrih hoerom
IRX 5P FReremen Heck goinner [ T a1 1 g 5BE 1 SUDINKET regatsr drom A LI | LI A !
4 Jump on earry 1 1 a 1 1 1] 1 a M mh barrow
n Jumg an minm J 1 ] 1 J ] 1 o l 3B Sulimrace immediate trom A 1 ' L) 1 1 1 1 ] 1
NP Jump uncondsriangl | 1 ] i} [} "} 1 t n with bartow
ML Jump on np carry 1 t a | 1} [} 1 a " ZHLD Sioew H & L dwper t a 1 [*} 1} L] i ] 15
Nz Jumip o ne pep 1 1 [1} [} 1} a ] o 18 EPHL M A L to stack pumie 1 1 1 1 1 [’} o 1 5
® Jurne on gagte r 1 1 1 L | [ '] 5Ta Stocn A dwect I | 1 a8 1 013
HE Jump on parity wvan | ] 1 '} 1 [} 1 a 0 5TAxE Stovw A jacirect 1} a a a '} 1] 1 [} !
"a tump oo meay ngn 1 | i [} Q 1] 1 a 1] STAX O State A ind irees [} o 1] 1 LU ] 1 a T
7 Jumg on rerg 1 1 [} a t a ] [’} 10 sTC Sul owey [1] 1} t 1 i} 1 1 1 4
LD Loud A diruct [ L R N R SUE W Shtract memory lenm 4 Tr e 1 g T 7
LOAX B Land & induect L1 e o 1 9 1 qa 7 BT SubIRGt regete fram 4 Y08 i o 35 s 35 4
LDAX O Load & mdirect [ o 1 L J } o H Ul Subttect immedate fram & 1 1 1] 1 4 1 t L] ?
LHLD Lond H & L dwuct Q a | a 1 o 1 [} 16 XCHE Exchangu DA E H &L 1 r 1 1] 1 o 1 1 4
LX1 g Lewd immmdats rgate [} 1] a 1] a r o 1 n Raguptmrs

Pan BA&L KEA W Exclusivn Or memory wien & 1 a 1 o 1 1 L} a 1
axlo Load wnowduts regite Q i) [} 1 13 o [} ' 1 XAAx Eatlugme O 1egmer with py 1 1] T & 1 & 5 & 4

Fair D & XAA| Eatlusive 0 immen e wpik i 1 1 q 1 r 1 t !
CiL] Logd immwrfiare ragistac L S R I T N T T A

ParHayL XTHL Suchengeiopises M6L 1 1 | g g g 4 qg
LXI 5P Lewd immedmts muck pomar 1] 1 1 ] 1] a 1 L}
NOTES: {. DDD or 585 -000B—001C—~010D —0I1E—100H - 101L

2. Twe postible cycle times, (5/17) indicate instruction cycles depe

— 110 Memary — 111 A,
ndent on conditian flags.





