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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 inclusion of digital
computers as a permanent part of various process control
systems. Unfortunately, the size and cost of minicomputers
in “dedicated’" applications has limited their use. Another
approach has been the use of custom built systems made up
of “random logic” (i.e., logic gates, flip-flops, counters, etc.).
However, the huge expense and development time involved
in the design and debugging of these systems has restricted
their use to large volume applications where the develop-
ment costs could be spread over a large number of machines.

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

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

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

In addition to an extensiva instruction set oriented to
problem solving, the 8080 has another significant feature—
SPEED. In contrast to random logic designs which tend to
work in parallel, the microcomputer works by sequentially
executing its program. As a result of this sequential execu-
tion, the number of tasks a migrocomputer can undertake
in a given period of time is directly proportional to the
execution speed of the microcamputer. The speed of exe-
cution is the limiting factor of the realm of applications of
the microcomputer. The 8080, with instruction times as
short as 2 usec., is an order of magnitude faster than earlier
generations of microcomputers, and therefore has an ex-
panded field of potential applications.

The architecture of the 8980 also shows a significant
improvement over earlier microdomputer designs, The 8080
contains a 16-bit stack pointer that controls the addressing
of an external stack located in memory. The pointer can be
initialized via the proper instrudtions such that any portion
of external memory can be used as a last in/first out stack;
thus enabling almost unlimited subroutine nesting. The stack
pointer allows the contents of the program counter, the ac-
cumulator, the condition flags orjany of the data registers to
be stored in or retrieved from the external stack. In addi-
tion, multi-level interrupt pr is possible using the
8080's stack control instructiohs. The status of the pro-
cessor can be “pushed” onto the stack when an interrupt is
accepted, then “popped” off the tack after the interrupt has
been serviced. This ability to saye the contents of the pro-
cessor’s registers is possible even if an interrupt service
routine, itself, is interrupted. f




CONVENTIONAL SYSTEM

PROGRAMMED LOGIC

Product definition
System and logic design

Debug
Lab Instrumentation
PC card fayout
Documentation
Coaling and packaging

Power distribution

Engineering changes Done with yellow wire

Done with conventional

Done with logic 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 program

Table 0-1. The Ad

of Using Microp s

ADVANTAGES OF DESIGNING
WITH MICROCOMPUTERS

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

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

of the logical control functiods formerly performed by
numerous hardware components can now be implemented
in a few ROM circuits which afs non-volatile; that is, the
contents of ROM will never be fost, even in the event of a
power failure. Table 0-1 summarizes many of the advan-
tages of using microcomputers, i

MICROCOMPUTER DESIGN AIDS

If you're used to logic design and the idea of designing
with programmed logic seems Ii‘ke too radical a change, re-
gardiess of advantages, there's ho need to worry because
Intel has already done most of the groundwork for you. The
INTELLEC® 8 Development Systems provide flexible, in-
expensive and simplified methods for OEM product develop-
ment. The INTELLEC® 8 proyides RAM program storage
making program loading and mq’dification easier, a disptay
and control console for system monitoring and debugging,
a standard TTY interface, a PRQM programming capability
and a standard software packagq {System Monitor, Assem-
bler and Test Editor). In additian to the standard software
package available with the INTELLEC® 8, Intel offers a
PL/M"i:ompiler, a cn:ss-assemblerE and a simulator written in
FORTRAN 1V and designed to fun on any large scale com-
puter. These programs may be pjocured directly from Intel
or from a number of nationwi:de computer time-sharing
services. Intel’s Microcomputer Systems Group is always
available to provide assistance in eyery phase of your product
development. |

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

PL/MLanguage Reference Manual

8080 Assembly Language Programming Manual
INTELLEC®8/MOD 80 Operator’s Manual
INTELLEC®8/MOD 8Q Hardware Reference
Manual i

8080 User’s Program Library




APPLICATIONS EXAMPLE

The 8080 can be used as the basis for a wide variety
of calculation and control systems. The system configura-
tions for particular applications will differ in the nature of
the peripheral devices used and in the amount and the type
of memory required. The applications and solutions de-
scribed in this section are presented primarily to show how
microcomputers can be used to solve design problems. The
8080 should not be considered limited either in scope or
performance to those applications listed here.

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

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

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

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 signals.

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

For this automatic scale, the program would probably
reside in read-only memory {ROM), since the microcom-
puter would always execute the same program, the one
which implements the scale 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 wotld only be needed for rate
storage, intermediate results, and for storing a copy of the
display.

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

The number of applicati for micr s is
limited only by the depth of the designer’s imagination. We
have listed a few potential applications in Table 0-2, along
with the types of peripheral devices usually associated with

If, h , an 8080 micr ter is used to realize each product.
KEYBOARD ~ PRINTER
oo |
g g g 00 DISPLAY
WEIGHING 000 | 90
UNIT coo | 29
oo

l l

I oemionar |
INPUT INPUT
. . . QUTPUT |
INTERFACE =1 INTERFACE =2 INTERFACE =1 : INTERFACE <2 |
J— —_—
* T'r
8080 | | | :
cPy S [ S
BUS
CONTROL
' i
PROGRAM DATA
MEMORY MEMORY
(PROM) (RAM)

Figure 0-1. Mi Application — A ic Scale




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

Instruction Fetch:

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

Memory Read:

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

Memory Write:

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

Wait (memory synchronization):

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

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

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

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

Input/Output:

Input and Output operations are similar to memory
read and write operations with the exception that a peri-
pheral 1/0 device is addressed instgad of a memory location.
The CPU issues the appropriate input or output control
signal, sends the proper device address and either receives
the data being input or sends the data to be output.

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

Interrupts:

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

More complex interrupt sttuctures are possible, in
which several interrupting devices share the same processor
but have different priority levels. lnterruptive processing is
an important feature that enables fr\aximum 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) opetations.

Inordinary input and output pperations, the processor
itself supervises the entire data trgnsfer. Information to be
placed in memory is transferred from the input device to the
processor, and then from the processor to the designated
memory location. In similar fashign, information that goes
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This chapter introduces certain basic computer con-
cepts. It provides background information and definitions
which will be useful in later chapters of this manual. Those
already familiar with computers may skip this material, at
their option.

A TYPICAL COMPUTER SYSTEM
A typical digital computer consists of:

a) A central processor unit (CPU)

b) A memory

¢) Input/output {1/O) ports

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

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

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

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

The CPU unifies the system. It controls the functions
performed by the other componénts. The CPU must be able
to fetch instructions from memory, decode their binary
contents and execute them. It myst also be-able to reference
memory and 1/0 ports as necessary in the execution of in-
structions. In addition, the CPU should be able to recognize
and respond to certain externyl control signals, such as
INTERRUPT and WAIT requésts. The functional units
within a CPU that enable it to berform these functions are
described below.

THE ARCHITECTURE OF A CPU
A typical central processof unit (CPU) consists of the
following interconnected functianal units:

e Registers
e Arithmetic/Logic Unit {ALU)
e Control Circuitry :

Registers are temporary st

prage units within the CPU.

Some registers, such as the progam counter and instruction

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

The accumulator usually
to be manipulated by the ALU.

her registers, such as the ac-
purpose use.

stores one of the operands
/A typical instruction might

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

the contents of the accumulatod
accumuiator itself. In general,
source (operand) and a destinati

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

Often a CPU will include a number of additional

general purpose registers that cal
or intermediate data. The avail

n be used to store operands
lability of general purpose







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

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

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

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

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

Address Register(s):

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

Arithmetic/Logic Unit (ALU):

All processors contain an arithmetic/logic unit, which
is often referred to simply as the ALU. The ALV, as its
name implies, is that portion of the CPU hardware which

performs the arithmetic and logical operations on the binary
data.

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

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

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

Control Circuitry:

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

COMPUTER OPERATIONS

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

Timing:

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




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

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

Machine Cycle Identification:

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

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

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

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

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

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

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

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

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

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

(6) A MEMORY WRITE imachine cycle, of three
states, in which the contents of the H register
are transferred to thd new memory location
pointed to by the W, Z tegister pair.

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

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




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

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

having the device accomplish the transfer directly. The pro-
cessor must temporarily suspend its operation during such a
transfer, to prevent conflicts that would arise if processor
and peripheral device attempted to access memory simul-
taneously. It is for this reason that a hold provision is in-
cluded on some processors.




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

STATUS INFORMATION DEFINITION

Data Bus
Symbots Bit Definition
INTA* Do  Acknowledge signal for INTERRUPT re-

quest. Signal should be used to gate are-
start instruction onto the data bus when
DBIN is active.
Indicates that the operation in the current
machine cycle will be a WRITE memory
or OUTPUT function (WO = 0).Otherwise,
aREAD memory or INPUT operation wilt
be executed.

Indicates that the address bus holds the
pushdown stack address from the Stack
Pointer,
Acknowledge signal for HALT instruction.
Indicates that the address bus contains the
address of an output device and the data
bus will contain the output data when
WR s active.

Provides a signal to indicate that the CPU
is in the fetch cycle for the first byte of
an instruction.

Indicates that the address bus contains the
address of an input device and the input
data should be placed on the data bus
when DBIN is active.

Designates that the data bus will be used
for memory read data.
*These three status bits can be used to controt

the flow of data onto the 8080 data bus.
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Table 2-1. 8080 Status Bit Definitions
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The 8080 is a complete 8-bit parallel, central processor
unit (CPU) for use in general purpose digital computer sys-
tems. It is fabricated on a single LSI chip (see Figure 3-1).
using Intel's n-channel silicon gate MOS process. The 8080
transfers data and internal state information via an 8-bit,
bidirectional 3- state Data Bus (Dg-D7). Memory and peri-
pheral device addresses are transmitted over a separate 16

bit 3-state Address Bus (Ag-A1). Six timing and control
outputs (SYNC, DBIN, WAIT,WR, HLDA and INTE)} eman-
ate from the 8080, while four control inputs (READY,
HOLD, INT and RESET), four power inputs (+12v, +5v,
By, and GND} and two clock inputs (¢q and ¢7) are ac-
cepted by the 8080.

o
ayp 0+—]1 : 20 f—0 Ay,
GND 0— 2 f 39 =0 Ay
o, 0+~—3 b 38 f—0 Ars
D Ow—v{4 37 f—>0 A2
e 36 |—=0 A5
D, o=—+{6 ! 35 |—=0 Ay
D, O=—s|7 i 34 b—=0 Ag
o, o8 |M‘|‘E|_® 3 o 4
D, O=—={9 32 —=0 Ag
D, 0=+—{ 10 8080 31 =0 A5
-5V o— 11 [ 30 0 A
RESET 0—| 12 i 29 |—0 A,
HOLD O—s] 13 28 f——o0 +12v
INT O——e] 14 27 —>0 A,
97 s 15 26 —=0 A
INTE O] 16 25 |—0 A,
DBIN 0a—A 17 24 |—o waIr
WA o+— 18 23 f+—0 READY
syne O=—T] 19 t 2 fe—0 &
+sv o——] 20 | 21 —0 HLDA
i

Figure 2-1. 8080 Ph
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The events that take place during the T3 state are
determined by the kind of machine cycle in progress. In a
FETCH machine cycle, the processor interprets the data on
its data bus as an instruction. Duringa MEMORY READ or
a STACK READ, data on this bus is interpreted as a data
word. The processor outputs data on this bus during a
MEMORY WRITE machine cycle. During 1/O operations,
the processor may either transmit or receive data, de-
pending on whether an OUTPUT or an INPUT operation
is involved.

Figure 2-6 illustrates the timing that is characteristic
of a data input operation. As shown, the low-to-high transi-
tion of ¢2 during T2 clears status information from the pro-
cessor’s data lines, preparing these lines for the receipt of
incoming data. The data presented to the processor must
have stabilized prior to both the “¢1—data set-up’ interval
(tpg1), that precedes the falling edge of the ¢1 pulse defin-
ing state T3, and the “¢p—data set-up’ interval (tpga),
that precedes the rising edge of ¢2 in state T3. This same

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

Figure 2-7 shows the timing of a machine cycle in
which the processor outputs datd. Output data may be des-
tined either for memory or for peripherals. The rising edge
of ¢2 within state T2 clears stafus information from the
CPU'’s data lines, and loads in the data which is to be output
to external devices. This substitut"on takes place within the
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Figure 2-5. Basic 8080 Instruction Cycle




Arithmetic and Logic Unit (ALU):
The ALU contains the following registers:

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

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

e An 8-bit temporary register (TMP)

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

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

The accumulator (ACC) can be loaded from the ALU
and the internal bus and can transfer data to the temporary
accumulator (ACT) and the internal bus. The contents of
the accumulator (ACC) and the auxiliary carry flip-flop can
be tested for decimal correction during the execution of the
DAA instruction (see Chapter 4).

Instruction Register and Control:

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

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

Data Bus Buffer:
This 8-bit bidirectional 3-state buffer is used to

isolate the CPU’s internal bus from the external data bus.

(Dg through D7). In the output mode, the internal bus
content is loaded into an 8-bit latch that, in turn, drives the
data bus output buffers. The output buffers are switched
off during input or non-transfer operations.

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

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

Every instruction cycle consists of one, two, three,
four or five machine cycles. A machine cycle is required
each time the CPU accesses memory or an /O port. The
fetch portion of an instruction cycle requires one machine
cycle for each byte to be fetched. The duration of the execu-
tion portion of the instruction cycle depends on the kind
of instruction that has been fetched. Some instructions do
not require any machine cycles other than those necessary
to fetch the instruction; other ihstructions, however, re-
quire additional machine cycles to write or read data to/
from memory or |/O 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 @9 driven clock pulse. The 8080
isdriven by a two-phase clock oscillator. All processing activ-
ities are referred to the period of this clock. The two non-
overlapping clock pulses, labeled {1 and @2, are furnished
by external circuitry. It is the @1 tlock pulse which divides
each machine cycle into states. Timing logic within the
8080 uses the clock inputs to produce a SYNC pulse,
which identifies the beginning of g¢very machine cycle. The
SYNC pulse is triggered by the low-to-high transition of ¢2,
as shown in Figure 2-3,

FIRST STATE OF
*EVERY MACHINE
CYCLE

N Y e

Pl
@ ' /T \
SYNC _—/_—L

CYCLES OF A DAD INSTRUCTION SINCE THESE MACHINE CYCLES

*SYNC DOES NOT OCCUR [N THE SECDED AND THIRD MACHINE
ARE USED FOR AN INTERNAL REGISTER-PAIR ADD.

i
Figure 2-3.¢1, ¢2 And SYNC Timihg

There are three exceptions to the defined duration of
a state, They are the WAIT statei the hold (HLDA) state
and the halt (HLTA) state, descri‘)ed later in this chapter.
Because the WAIT, the HLDA, andjthe HLTA states depend
upon external events, they are b\{ their nature of indeter-
minate length. Even these exceptional states, however, must
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Figure 2-12. HALT Sequence Flow Chart.

214




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

(1) FETCH (M1)

(2} MEMORY READ

(3) MEMORY WRITE
{4) STACK READ

(6} STACKWRITE

(6} INPUT

(7)  OUTPUT

{8) INTERRUPT

(9} HALT
(10) HALTeINTERRUPT

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

The processor identifies the machine cycle in prog-
ress by transmitting an eight-bit status word during the first
state of every machine cycle, Updated status information is
presented on the 8080’s data lines (Dg-D7), during the
SYNC interval. This data should be saved in latches, and
used to develop control signals for external circuitry. Table
2-1 shows how the positive-true status information is dis-
tributed on the processor‘s data bus.

Status signals are provided principally for the control
of external circuitry. Simplicity of interface, rather than
machine cycle identification, dictates the iogical definition
of individual status bits. You will therefore observe that
certain processor machine cycles are uniquely identified by
a single status bit, but that others are not. The M1 status
bit (Dg), for example, unambiguously identifies a FETCH
machine cycle. A STACK READ, on’the other hand, is
indicated by the coincidence of STACK and MEMR sig-
nals. Machine cycle identification data is also valuable in
the test and de-bugging phases of system development.
Table 2-1 lists the status bit outputs for each type of
machine cycle.

State Transition Sequence:

Every machine cycle within an instruction cycle con-
sists of three to five active states (referred to as T1, T2, T3,
T4, Tg or Tyy). The actual number of states depends upon
the instruction being executed, and on the particular ma-
chine cycle within the greater instruction cycle, The state
transition diagram in Figure 2-4 shows how the 8080 pro-
ceeds from state to state in the course of a machine cycle.
The diagram also shows how the READY, HOLD, and
INTERRUPT lines are sampled during the machine cycle,
and how the conditions on these lines may modify the
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basic transition sequence. In the present discussion, we are
concerned only with the basic sequence and with the
READY function. The HOLD and INTERRUPT functions
will be discussed later,

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

Recall that the 8080 passes through at least three
states in every machine cycle, with each state defined by
successive low-to-high transitions of the ¢q clock. Figure
2-5 shows the timing relationships in a typical FETCH
machine cycle. Events that occur in each state are referenced
to transitions of the ¢1 and ¢32 clock pulses,

The SYNC signal identifi¢s the first state (T1q) in
every machine cycle. As shown in Figure 2-5, the SYNC
signal is related to the leading edge of the ¢2 clock. There is
a delay (tpc) between the low-t-high transition of ¢2 and
the positive-going edge of the SYNC pulse. There also is a
corresponding delay {also tpc) Hetween the next ¢2 pulse
and the falling edge of the SYNC;signal. Status information
is displayed on Dg-D7 during the same ¢2 to ¢2 interval.
Switching of the status signals is: likewise controlled by ¢2.

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

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

The processor responds to ‘a wait request by entering
an alternative state (Tw) at the énd 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 request. A low-to-high transition on the
WAIT line is triggered by the rising edge of the ¢1 clock and
occurs within a brief delay (th) of the actual entry into
the Tyy state.

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




MNEMONIC OP CODE mlt M2
D7DgD504 | D3D2D1 Do T T22 T3 T4 T T T212 T3
MOV r1,r2 01 DD | DSSS [PCOUT |PC=PCH |INST-TMPAIR | (S8S)1-TMP (TMPIDDD
STATUS
MoV, M 01DD D110 xt3 HLOUT DATA —»DDO
STATUSIEH
T
MOV M, 0111 fosss (S5S>TMP - noour -
4 JER (TMP)—{-DATA BUS
SPHL 1111 {1001 [ P
MVl r, data 00DD D110 X pooUT | 82 —{»-DODD
staTustél
MVI M, data o011 (0110 x B2—-TMP i
LXI rp, data GoRP (0001 X : PC=PC+1 82 lert
LDA addr 0011 [1010 x : F [ee=pcet B2—f»-2Z
STA addr o011 o010 x PC=PCH1 82—»Z
LHLD addr o010 1010 X PC=PC+1 B2z
SHLO sddr 06010 (0010 | x - PC QUT PC=PCH1 82—z
staTusiel
LDAX 4] 00RP 1010 x p OUT DATA—{»A
STATUSl6|
STAX rpl4] 0OORP |00 10 X pOUT (A} —»DATA BUS.
STATUS! 1
XCHG 1110 1011 {HL)~—(DE)
ADDF 1000 [0ssS (SSSI-TMP ] (ACTHTMPI=A
(Al+ACT
ADDM 1000 [0t 10 {AACT . HLOUT DATA->-TMP
sTaTustsl
ADI data 1100 0110 (A-ACT PcouTsi PC=PC+1 B2—{»-TMP
STATUSH
ADCr 1000 [155sS (SSSITMP ] (ACTH(TMP4CY-+A
(Al~ACT
ApcM 1000 1110 (AlrACT HL OUT. DATA—»-TMP
; sTATUSIS
AC! data 1100 [1110 tal-ACT PCOUT PC=PC41 B2—»TMP
STATUSIS|
suBr 1001 [0sss {SSSTMP 1) (ACTI-(TMPI~A
{A)+ACT
}
susM 1001 0110 (AlsACT HLOUT DATA—{»-TMP
sTaTusld)
SUI data 1101|0110 (Al>ACT FCOUT PC=PC+1 B2~{e-TMP
sTATUS
88« 1001 155 {SSS1+TMP o {ACT)-(TMP)-CY=A
(A)-ACT
s8B M 1001 |1 110 (Al-ACT HLOUT DATA—{>-TMP
STATUs!
$BI data 1101|1110 (A)+ACT PCOUT PC=PC+1 82—{»-TMP
STATUSK
INR ¢ 0o0DO|D1OO (DDOI-TMP ALU~DDD
(TMP) + 1-ALY
INR M 0011|0100 X HLOUT DATA—{»TMP
: STATUSS (TMPH ~ ALY
DCR ¢ 00DD D101 (DDD)-TMP ALU-+DDD ‘
(TMP)+1-ALY |
OCR M 0011 (0101 x HLOUT DATA o TMP
STATUS! (TMP)-1 o~ ALU
INX rp 00RP 0011 {RP) +1 LAP
DcX rp GoRP | 1011 ®P) -1 LRP
DAD rpl8 00RP 1001 X s {ril>ACT (LISTMP, ALU-L, CY
(ACTH{TMPI-ALY
DAA 0010 011 DAA=A, FLAGS(10] ]
{
ANAT 1010 [0sss (SSSI=TMP ] 1| acTi+(TMPA
(AleACT i
ANAM 1010 0110 | PCOUT PC=PC +1) INST-TMPIR (AACT HLOUT | DATA-1&TMP
STATUS sTaTusld
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Figure 2-6. Input Instruction Cycle
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MNEMONIC ©OP CODE mil m
070DgDg | D302010g L] 7212 R 4 T8 L] T2l2 T3 |
ANI data £ 110] 073 10 | PEOUT | PCxPC+1[INST-TMPAIR | (AbsACT pcouT PCmPCH1 82_L.TMP i
STATUS sTATUSH
XRAC tot1o|15s8s ¥ (A>ACT ©l (ACTI+(TPMI-rA
{SSSi~TMP
XRA M 10101110 {A)~ACT HLOUT DATA=TMP
STATUSIS!
XRI data 1r10| 1110 (a)+ACT PCOUT PC=PC+1 B2—{mTMP
STATUSH
ORA 1011 0SsSsS (Al+ACT ] (ACT}+{TMP}-A i
(S551-TMP
ORAM 1011|0110 (A)sACT HLOUT DATA —{»-TMP ¢
STATUS i
ORI data IEEREIEERE (AlACT PCOUT PC=PCH1 B2-AmTMP !
sTATUS |
CMP ¢ 1011 185s8 (A)>ACT © (ACT)-{TMP), FLAGS !
(SSSI-TMP
CMP M 1oty 1110 (Al+ACT HLOUT DATA
STATUS!
CP1 data IEEREEEEEK (AlACT PC OUT PC=PC+1 B2 = TMP
STATUSH
RALC 0000|0111 I (Al2ALU ] ALU~A, CY
ROTATE
RRC 0000 [ 1111 (A)+ALY ] ALU-A, CY
ROTATE
RAL 0001 0111 (A), CY=ALU ©l ALU-A, CY i
ROTATE !
RAR 000 t11 {A], CY=ALU - [} ALU-A, CY
ROTATE
cMA o010 [ 1111 [
cMe 00t 1 1119 TY=cY
sTC EEEEEEEE 1-CY {
IMP addr 1100|0011 X = 1 pcour PC=PC+1 B2—{mZ
sTATUS(E!
Jeondadar®l | 1 1 cc [ co1 o0 JUDGE CONDITION PCOUT PC=PC+1 B2 w2
statusil
CALLaddr 1100|1101 sPasP-1 PCOUT PC=PC+Y B2—»2
STATUSH!
Ceondadar'? { 11 cc | c100 JUDGE CONDITION PC OUT PC=PC+1 82—m2
IF TRUE, SP=5P - 1 statustl
RET 11001001 x | seour SPSP+1 DATA—»Z
¥ s status|s
Roondadar?l [ 1 1 cCc | coo00 INST=TMP/IR JUDGE CONDITIONI4] 5P OUT SP=SP+1  DATA—ImZ
sTaTUshEl
RSTn CUNN| NY L o sPasp-1 spouT SP=SP-1  {PCH}~[»DATA BUS
INST-TMP/IR 16)
PCHL t110f1001 INST-TMP/IR
PUSHrp TTRP| 0101 (rh)—{=DATA BUS
PUSH PSW 1111010t SP=sP-1 sPOUT sP=SP-1 (A)—{+-DATA BUS
| STATUS|16]
POPrp 1T1RP[OO0O T x sP OUT SP=SP+1  DATA—fmrl
STATUS|1!
POP PSW 11110000 x sPouT $P=SP+1 DATA—[»FLAGS
STATUS|15!
XTHL 1110|001 X out SP=SP+1  DATA—mZ
{ STATUS|?S]
INport 1101010011 ! x PCOUT PCaPCH] 682>z, W
| staTus|él
OUT port 110110011 ] x PC=PCHT B2—{»2,W
& 11111010 ! SET INTE F/F
oI IREREREKEEE AESET INTEF/F | 1 : -
HLT 01110110 x f = | rcour| [ maLTmoDE!!
STATU:
NOP ©000 | 0000 |PCOUT | PCxPC+1[INST-TMP/IR x i
STATUS
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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 processor’s interrupt (INT) line
high.

The interrupt (INT) input is asynchronous, and a
request may therefore originate at any time during any
instruction cycle. Internal logic re-clocks the external re-
quest, so that a proper correspondence with the driving
clock is established. As Figure 2-8 shows, an interrupt
request (INT) arriving during the time that the interrupt
enable line (INTE) is high, acts in coincidence with the ¢
clock to set the internal interrupt latch, This event takes
place during the last state of the instruction cycle in which
the request occurs, thus ensuring that any instruction in
progress is completed before the interrupt can be processed.

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

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

The interrupt cycle is otherwise indistinguishable from
an ordinary FETCH machine cycle. The processor itself
takes no further special action. 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 a typical system, this means that the data-in bus from
memory must be temporarily digconnected from the pro-
cessor’s main data bus, so that the interrupting device can
command the main bus without interference.

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

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

2. 1f the READY input from memory is not high during
T2 of each memory cycle, the processor will enter a wait
state (TW) until READY is sampled as high.

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

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

6. These states are skipped.

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

7. Memory write sub-cycle.

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

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

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

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

4-bits of the accumulator.

11. This represents the first sub-cycle (the instruction
fetch) of the next instruction cycle.
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12. If the condition was met, the|contents of the register
pair WZ are output on the address lines (Ag15) instead of
the contents of the program counter (PC).

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

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 hext instruction cycle.
15. Stack read sub-cycle.

16. Stack write sub-cycle.

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

Z — zero(Z2=1) 001

NC — no carry (CY =0} 010

C - carry (CY=1) Lo

PO — parity odd (P =0) 100

PE — parityeven (P=1) 101

P — plus (§=0) 110

M — minus (S=1) ] m

18. 1/0 sub-cycle: the 1/0 port'q 8-bit select code is dupli-
cated on address lines 0-7 {Ag.7) ‘énd 815 (Ag.s).

19. Output sub-cycle.

20. The processor will remain idle in the halt state until
an-interrupt, a reset or a hold is accepted. When a hold re-
quest is accepted, the CPU entersj the hold mode; after the
hold mode is terminated, the prokessor returns to the halt
state. After a reset is accepted, tHe processor begins execu-
tion at memory location zero. Afiter an interrupt is accepted,
the processor executes the instruction forced onto the data
bus {usually a restart instruction).

$8S or DDD Value 5] Value
A 1m B 00
B 000 D 01
c 001 H 10
D 010 s [ 1
E 011
H 100
L 101




HOLD SEQUENCES

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

Like the interrupt, the HOLD input is synchronized
internally. A HOL.D signal must be stable prior to the “Hold
set-up” interval (tyg), that precedes the rising edge of .

Figures 2-9 and 2-10 iliustrate the timing involved in
HOLD operations. Note the delay between the asynchronous
HOLD REQUEST and the re-clocked HOLD. As shown in
the diagram, a coincidence of the READY, the HOLD, and
the ¢2 clocks sets the internal hold latch. Setting the latch
enables the subsequent rising edge of the @1 clock pulse to
trigger the HLDA output.

Acknowledgement of the HOLD REQUEST precedes
slightly the actual floating of the processor’s address and
data lines, The processor acknowledges a HOLD at the begin-
ning of T3, if a read or an input machine cycle is in progress
(see Figure 2-8). Otherwise, acknowledgement is deferred
until the beginning of the state following T3 (see Figure
2-10). In both cases, however, the HLDA goes high within
a specified delay (tpg) of the rising edge of the selected ¢q
clock pulse. Address and data lines are floated within a
brief delay after the rising edge of the next ¢2 clock pulse.
This relationship is also shown in the diagrams.

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

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

HALT SEQUENCES

When a halt instruction (HLT} is executed, the CPU
enters the halt state (Tyyp) after state. T2 of the next ma-
chine cycle, as shown in Figure 2-11. There are only three
ways in which the 8080 can exit the halt state:

e A high on the RESET line will always reset the
8080 to state T4; RESET also clears the program
counter,

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

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

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

START-UP OF THE 8080 CPU

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

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




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

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

CPU Module Design

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

A Clock Generator and High Level Driver

A bi-directional Data Bus Driver and System Control
Logic

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

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

1. 8080 CPU
The operation of the 8080 CPU was covered in pre-
vious chapters of this manual, so little reference will
be made to it in the design of the Module.

2. Clock Generator and High Lepvel Driver

The 8080 is a dynamic device, meaning that its inter-
nal storage elements and iogic circuitry require a
timing reference (Clock), s‘upplied by external cir-
cuitry, to refresh and proviﬂe timing control signals.
The 8080 requires two {2} such Clocks. Their wave-
forms must be non-overlapging, and comply with the
timing and levels specified ih the 8080 A.C. and D.C.
Characteristics, page 5-15.

Clock Generator Design
The Clock Generator consisjms of a crystal controlled,
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Auxiliary Timing Signals and Functions 3.

The Clock Generator can also be used to provide
other signals that the designer can use to simplify
large system timing or the interface to dynamic
memories.

Functions such as power-on reset, synchronization of
external requests (HOLD, READY, etc.) and single
step, could easily be added to the Clock Generator to
further enhance its capabilities.

For instance, the 20 MHZ signal from the oscillator
can be buffered so that it could provide the basis for
communication baud rate generation.

The Clock Generator diagram also shows how to gen-
erate an advanced timing signal (¢1A) that is handy
to use in clocking “D” type flipflops to synchronize
external requests. It can also be used to generate a
strobe (STSTB) that is the latching signal for the sta-
tus information which is available on the Data Bus at
the beginning of each machine cycle. A simple gating
of the SYNC signal from the 8080 and the advanced
{p1A) will do the job. See Figure 3-3.

Bi-Directional Bus Driver and System Control Logic

The system Memory and 1/O devices communicate
with the CPU over the bl-directional Data Bus. The
system Control Bus is used to gate data on and off
the Data Bus within the proper timing sequences as
dictated by the operation jof the 8080 CPU. The data
lines of the 8080 CPU, Memory and /O devices are
3-state in nature, that is, their output drivers have
the ability to be forced into a high-impedance mode
and are, effectively, removed from the circuit. This 3-
state bus technique allows the designer to construct a
system around a single, eight (8) bit parallel, bi-direc-
tional Data Bus and simply gate the information on
or off this bus by selecting or deselecting (3-stating)
Memory and 1/O devices with signals from the Con-
trol Bus.

Bi-Directional Data Bus Driver Design

The 8080 Data Bus (D7-DO0) has two (2) major areas
of concern for the designer:

1. Input Voltage level (V) 3.3 volts minimum.

2. Output Drive Capability {lg, ) 1.7 mA maximum.
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1/0 INTERFACE
General Theory

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

Probably the most important and strongest feature of
the 8080 Microcomputer System is the flexibility and power
of its 1/O structure and the components that support it. There
are many ways to structure the 1/0 array so that it will ““fit”
the total system environment to maximize efficiency and
minimize component count.

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

ISOLATED 1/O

———— - PRATRID -
! 65K |
‘V |
| MEMORY ‘]
} |
1 256 !
[ !
' i
| o I
| |
| |
e e 4
i 0 32K 65K :
1

h 1
| MEMORY 1o |
H 1
I MEMORY MAPPED (/O J

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

Isolated 1/0

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

SYSTEM
CONTROL
(8228)

Figure 3-9. Isolated 1/0.

Memory Mapped 1/0

By assigning an area of memory address space as 1/0a
powerful architecture can be developed that can manipulate
1/0 using the same instructions (ﬂa( are used to manipulate
memory locations. Thus, a “new” instruction set is created
that is devoted to /O handling.

As shown in Figure 3-10, néw control signals are gene-
rated by gating the MEMR and MEMW signals with A15, the
most significant address bit. The new 1/0 control signals con-
nect in exactly the same manner as Isolated 1/O, thus the
system bus characteristics are un¢hanged.

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

1f A15 is a “zero” then Memory is active.

1f Aqg is a “one” then 1/0 isiactive.

Other address bits can also be used for this function. A15 was
chosen because it is the most sighificant address bit so it is
easier to control with software gnd because it still aliows
memory addressing of 32K.

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

Examples:

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

STA {Output fromiACC to Port)
LHLD {16 Bit Input)|

SHLD {16 Bit Output)

ADD M {Add Port to ACC)

ANA M {“AND" Port Wwith ACC}

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

can mean a significant increase in overall speed and at the

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

[ e [e[al T+ D]

0-DATA
/D CONTROL 1 - COMMAND
8251 SELECT
(ACTIVE LOW)
A A las| v 11
8212 #1 SELECT
Figure 3-13. 8251 Format. {ACTIVE HIGH)
8212 #2 SELECT
{ACTIVE HIGH)

The two (2) 8255s provide twenty four bits each of %Tesszﬁslr I
programmable 1/0 data and control so that keyboards, sen-
sors, paper tape, etc., can be interfaced to the system. !

Figure 3-15. 8212 Format.
° 00 - PORT A
1: 01-PORTB Addressing the structure is described in the formats il- |
10 - PORT C

11 COMMAND lustrated in Figures 3-13, 3-14, 3-15. Linear Select is used so
}mmsnscv that no decoders are required thus, each device has an ex-
clusive “‘enable bit". l

8256 #1 SELECT
(ACTIVE LoW} The example shows how a powerful yet flexible 1/0
8255 #2 SELECT " .
(ACTIVE LOV?) structure can be created using a m{nimum component count
with devices that are all members of the 8080 Microcomputer
System,
Figure 3-14. 8255 Format.
SERIAL DATA
COMMUNICATION i @ @
L g
#2 #1
8251 8255 8256
D7D G5 Ao A RDWR | DyDy & Ay Ay
o R R oW ﬁ A, IA, [N
DATA BUS )
CONTROL BUS
ADDRESS BUS

Figure 3-16. Typical 1/O Interface.




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

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

The overall system can be thought of as a simple

block diagram. The three (3) blocks in the diagram repre-
sent the functions common to any computer system.

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

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

1/0 Contains circuitry that allows the computer

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

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

There are three busses that interconnect these blocks:

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

between the CPU and Memory or 1/0.
Address Bus A uni-directional group of lines that identify

a particular Memory location or 1/O device.

*“Module” refers to a functional block, it does not ref-
erence a printed circuit board manufactured by INTEL.
1Bus” refers to a set of signals grouped together because
of the similarity of their functions.

31

Control Bus A uni-directional sqt of signals that indicate

the type of activity iin current process.
Type of activities: 1. Memory Read
2. Memory Write
3. 1/0 Read
4. 1/0 Write
§. Interrupt Acknowledge

ADDRESS BUS _

=
0

cPu
MODULE

MEMORY

DATA BUS

CONTROL BUS

Figure 3-1. Typical Computer Systdm Block Diagram

Basic System Operation

1. The CPU Module issues an attivity command on the
Control Bus. i

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

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

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

H

It is easy to see at this point that the CPU module is

the central element in any computer system.




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

Data in the 8080 is stored in the form of 8-bit binary

integers:
DATA WORD

[97'06’55'94'93’02'01'00
MSB 53

When a register or data word contains a binary num-
ber, it is necessary to establish the order in which the bits
of the number are written. In the Intel 8080, BIT 0 is re-
ferred to as the Least Significant Bit (LSB), and BIT 7 (of
an 8 bit number) is referred to as the Most Significant Bit
(MSB).

The 8080 program instructions may be one, two or
three bytes in length. Multiple byte instructions must be
stored in successive memory locations; the address of the
first byte is always used as the address of the instructions.
The exact instruction format will depend on the particular
operation to be executed.

Single Byte Instructions

I&I T T T 11 Do—l Op Code
Two-Byte Instructions
Byte One l D7] L Do | Op Code
Byte Two [ Dy T T T Do 2;:;;);
Three-Byte Instructions
Byte One I D7] T T I J T T Do [ Op Code
Byte Two i D7| [ I I Dol Data
Byte Three | Dy T T I T T Do]} (l)\::tdress

Addressing Modes:

Often the data that is to be operated on is stored in
memory. When multi-byte numeric data is used, the data,
like instructions, is stored in successive memory locations,
with the least significant byte first, followed by increasingly
significant bytes. The 8080 has four different modes for
addressing data stored in memory or in registers:

® Direct —Bytes 2 and 3 of the instruction contain
the exact memory address of the data
item (the low-order bits of the address are
in byte 2, the high-order bits in byte 3).
® Register — The instruction specifies the register or
register-pair in which the data is located.

® Register Indirect — The instruction specifies a reg-
ister-pair which contains the memory

address where | the data is located (the
high-order bits|of the address are in the
first register of the pair, the low-order
bits in the second).

® |mmediate — The instruction contains the data it-

self. This is either an 8-bit quantity or a
16-bit quantity [least significant byte first,
most significant byte second).

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

® Direct —The branch inftruction contains the ad-

dress of the ng‘xt instruction to be exe-
cuted. (Except for the 'RST’ instruction,
byte 2 contains the low-order address and
byte 3 the highiorder address.)

® Register indirect — The branch instruction indi-

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

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

Condition Flags:
There are five condition flags associated with the exe-
cution of instructions on the 80B0. They are Zero, Sign,
Parity, Carry, and Auxiliary Carry| and are each represented
by a 1-bit register in the CPU. A flag is “set”’ by forcing the
bit to 1; “reset” by forcing the bit to 0.
Unless indicated otherwise] when an instruction af-
fects a flag, it affects it in the follgwing manner:
If the result of an instruction has the
value 0, this flag is set; otherwise it is
reset.

Zero:

Sign: If the most significant bit of the result of
the operation hgs the value 1, this flag is
set; otherwise it |s reset.

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

Parity:

If the instructibn resulted in a carry
{from addition),{ or a borrow (from sub-
traction or a comiparison) out of the high-
order bit, this flag is set; otherwise it is
reset.

Carry:
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Figure 3-3. 8080 Clock Generator

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

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

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

High Level Driver Design

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

The two (2) outputs of the Clock Generator are ca-
pacitivity coupled to a dual- High Level clock driver.
The driver must be capable of complying with the
8080 clock input specifications, page 5-15. A driver
of this type usually has little problem supplying the
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positive transition when biased from the 8080 Vpp
supply {12V) but to achieva the low voltage specifi-
cation (V| c) .8 volts Max. the driver is biased to the
8080 Vgg supply (-5V). This allows the driver to
swing from GND to Vpp with the aid of a simple
resistor divider.

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

+12v
3
680 pF 479
= 2 7 o1
O — AW
! MHO026 7 (8080 PIN 22)
oR
680 pF 3 a9
AT —]—Y feuv- s o | ¥ @2
i (8080 PIN 15)
i
3
3 18K 5K
1N4002 7
68 uf 2 000
-5V i

Figure 3-4. High Level Driver 4




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

Data Transfer Group:

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

MOV 1,12 {Move Register)
(r1) =— (r2)
The content of register r2 is moved to register r1.

LO‘l}DIDlo S‘S]S

Cycles: 1
States: 5
Addressing:  register

Flags: none

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

L0'1]D|D]D

1'1'0—[

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

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

register r,
] I o D ! D f [ 1 I 1 l 0
data |
Cycles: 2
States: 7
Addressing:  immediate
Flags: none
MVI M, data {Move to memory immediate}

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

and L. i
ol o T T T g T T 1Ty
data |
Cycles: 3
States: 10
Addressing:  immed./reg. indirect

Flags: npne

LXI rp, data 16 (Load register pair immediate)
(rh) «— (byte 3),
{rl) <— (byte 2)

Byte 3 of the instruction is ny
register (rh) of the register

oved into the high-order
air rp. Byte 2 of the in-

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

MOV M, r (Move to memory) the register pair rp.
((H) (L) =— (n} T T T T T
The content of register r is moved to the memory lo- 0 0 R P 0 0 0 1
cation whose address is in registers H and L. low-order ddta
T T I I T T .
0 1 1 1 0 S S s high-order d3ta
Cycles: 2 Cycles: 3
States: 7 States: 10
Addressing:  reg. indirect Addressing:  immediate

Flags: none

Flags: nane




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

The 80B0A output drive capability {Ig.) 1.9mA max.
is sufficient for small systems where Memory size and
/0 requirements are minimal and the entire system is
contained on a single printed circuit board. Most sys-
tems however, take advantage of the high-perfor-
mance computing power of the 8080 CPU and thus a
more typical system would require some form of buf-
fering on the 8080 Data Bus to support a larger array
of Memory and 1/0 devices which are likely to be on
separate boards.

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

A pair of 8216's are connected directly to the 8080
Data Bus (D7-DO} as shown in figure 3-6. Note that
the DBIN signal from the 8080 is connected to the
direction control input {DIEN) so the correct flow of
data on the bus is maintained. The chip select (CS) of
the 8216 is connected to BUS ENABLE (BUSEN) to
allow for DMA activities by deselecting the Data Bus
Buffer and forcing the outputs of the 8216's into
their high impedance (3-state} mode. This allows
other devices to gain access to the data bus (DMA),

System Control Logic Design

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

As described previously, the 8080 issues Status infor-
mation at the beginning of each Machine Cycle on its
Data Bus to indicate what operation will take place
during that cycle. A simple (8) bit latch, like an
INTEL® 8212, connected directly to the 8080 Data
Bus (D7-D0) as shown in figure 3-5 will store the

Status information. The signal 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 Latdh is connected onto the
8080 Data Bus (D7-DO) before the Bus Buffer. This is
to maintain the integrity of the Data Bus and simplify
Control 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 WR
signals from the 8080 gentrate the (4} four Control
signals that make up the basic Control Bus.

These four signals: 1. Memdry Read (MEM R)
2. Memary Write (MEM W)
3.1/0 Read (i70 R)
4.1/0 Write (170 W)

connect directly to the MCST-“BO component “family”
of ROMs, RAMs and 1/0 devices.

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

Other signals 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
to dynamic memories or very large systems that re-
quire several levels of bus bqffering.

Address Buffer Design

The Address Bus (A15-A0) pf the 8080, like the Data
Bus, is sufficient to support a small system that has a
moderate size Memory and |/O structure, confined to
a single card. To expand tHe size of the system that
the Address Bus can suppart a simple buffer can be
added, as shown in figure $-6. The INTEL® 8212 or
8216 is an excellent devicd for this function. They
provide low input loading; {.25 mA)}, high output
drive and insert a minimal delay in the System
Timing.

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




Arithmetic Group:

This group of instructions performs arithmetic oper-
ations on data in registers and memory,

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

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

ADD ¢ (Add Register)
(A) =— (A) +(r)

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

1IDIOIOOSISIS]
Cycles: 1
States: 4
Addressing:  register
Flags: 2Z,5,P,CYAC
ADD M {Add memory}

(A) =— {A) + ((H) (L))

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

the accumulator.

[1ToToToTo T T 1T

Cycles:
States:
Addressing:
Flags:

ADI data

2

7

reg. indirect
ZS5PLCYAC

(Add immediate)
(A) =— (A) + (byte 2)

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

ADCr
(A) -— (A} + (1) +(CY)
The content of register r a

{Add Register with carry)

nd the content of the carry

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

1T ol ololq[sTsTs
Cycles: 1
States: 4
Addressing:  register
Flags: ZSP,.CY,AC
ADCM (Add memory with carry)
(A) =— (A) + ((H) (L)} + (CY)

The content of the memory location whose address is
contained in the H and L repisters and the content of
the CY flag are added to the accumulator. The result
is placed in the accumulator,

L‘IIDID[O‘

1'1'1[0—1

Cycles:
States:
Addressing:
Flags:

ACI data
(A) <— (A) + (byte 2) +
The content of the second

2
7
reg. indirect
Z;S,PCYAC

(Add immediate with carry)

(cy)
byte of the instruction and

the content of the CY flag dre added to the contents
of the accumulator. The result is placed in the

accumulator,

1'1'(]{011'1'1'0
data
Cycles: 2
States: 7|
Addressing: irv1media1e
Flags: ZS5,P,CY,AC
Susr {Subtract Register)

(A) =— (A}~ (1)
The content of register r i
tent of the accumulator,

s gubtracted from the con-
THe result is placed in the

1 T 1 [ 0 T 0 o T 1 [ 1 I 0 accumulator.
data 1ToloTq Ty s 's s |
Cycles: 2 Cycles: 1
States: 7 States: 4
Addressing:  immediate Addressing:  register
Flags: ZSpP.CY,AC Flags: Z$P.CY,AC
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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 por-
tion of the Memory Write cycle (T1 & T2) in T3 when the
data that is to be written is output by the CPU and is stable
on the bus an MEMW command is generated. The MEMW
signal is connected to the R/W input of the RAM and
strobes the data into the addressed location.

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

The memories chosen for this example have an access
time of 850 nS {max) to illustrate that slower, economical
devices can be easily interfaced to the 8080 with little ef-
fect on performance. When the; 8080 is operated from a
clock generator with a tCY of 500 nS the required memory
access time is Approx. 450-560 nS. See detailed timing
speciﬁcalion@Pg. 5-16. Using memory devices of this speed
such as Intel 8308, 8102A, 8107A, etc. the READY input
to the 8080 CPU can remain ‘?high” because no ‘‘wait’’
states are required. Note that thé bus interface to memory
shown in Figure 3-7 remains thd same. However, if slower
memories are to be used, such as the devices illustrated
{8316A, 8111) that have access iimes slower than the min-
imum requirement a simple Iuglc control of the READY
input to the 8080 CPU will insert an extra “‘wait state’’ that
is equal to one or more clock iperiods as an access time
“adjustment” delay to compensdte. 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 microSeconds.

8K + 512 8K 0
RAM ROM
MEMORY MAP
RAM — 1
H 1 1
811 8111 cs3
s cs2
RW OD (/014  AO-A7 RW OD /014 ACG-A7 st 01-D8  A0-A10
MEMW'T TTM MR@ AOAT EMW MEWR II ﬁAUN TMEMR LA&A'IO ::;‘
DATA BUS Ql)

]

i 1

CONTROL BUS (6)

1

]

ADDRESS BUS (16) H

Figure 3-7. Typical Memory Interface
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DCR M

{Decrement memory)

{(H){L)) =— ((H) (L)) =1

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

Lolol1|,l

0'110'1

Cycles:
States:
Addressing:
Flags:

INX rp

3

10

reg. indirect
ZSPAC

(Increment register pair)

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

o TofrTeToTo 1Ty
Cycles: 1
States: 5
Addressing:  register
Flags: none
DCX rp {Decrement register pair)

(rh} {rl) =— (rh) (r]) ~ 1

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

[oTo]rTr]

Cycles:
States:
Addressing:
Flags:

DAD rp

1IOI1I1]
1

5
register
none

{Add register pair to H and L}

(H) (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 in the register pair H and L. Note: Only the
CY flag is affected. It is set if there is a carry out of
the double precision add; otherwise it is reset.

DAA (Decimal Adjust Acchmulator)

The eight-bit number in the accumulator is adjusted

to form two four-bit Binary-Coded-Decimal digits by

the following process:

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

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

NOTE: Al flags are affectdd.

[T o T ToTo 1 T171]

Cycles: 1
States: 4
Flags: Z,SP,CYAC

Logical Group:

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

Unless indicated otherwisg, all instructions in this

group affect the Zero, Sign, Parity, Auxiliary Carry, and
Carry flags according to the standard rules.

ANA ¢ (AND Register)
{A) =— (A) AR
The content of register.r ig logically anded with the
content of the accumulatot. The result is placed in
the accumulator. The CY fldg is cleared.

[t To T i ToTg[sTsTs]
Cycles: 1
States: 4

Addressing:  régister
Flags: Z4S,P.CYAC

ANA M (AND memory)
(A) <— (A)AHY (L)
The contents of the memony location whose address
is contained in the H and L fegisters is logically anded
with the content of the agcumulator. The result is
placed in the accumulator. The CY flag is cleared.

[oTo]rTr]

[1'0'1'010'1’1

Iow

Cycles:
States:
Addressing:
Flags:

1|010]1T
3

10
register
[ 4

a8

Cycles: 2
States: 7,
Addressing:  rég. indirect

Flags: 2Z,S,P,CYAC
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Figure 3-10. Memory Mapped 1/0.

1/0 Addressing

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

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

A simple example illustrates the power of such a flexi-
ble I/0 structure. The first example illustrates the format of
the second byte of the IN or OUT instruction using the Iso-
lated 1/0 technique. The devices used are Intel®8265 Pro-
grammable Peripheral Interface units and are linear selected.
Each device has three ports and from the format it can be
seen that six devices can be addressed without additional de-
coders.

EXAMPLE #1

Ay | R | As | Ag | Ay Ao
L} PORT SELECTS

DEVICE SELECTS

ADDRESSES — 6 — 82665
(18 PORTS — 144 BITS}

Figure 3-11. Isolated /O ~ (Linear Select) (8255)

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

It is easy to see that such a
can be "“tailored”’ to the overall syg
the designer with a powerful tool;
minimize component count. !

flexible 1/0 structure, that
tem environment, provides
to optimize efficiency and

EXAMPLE

A | Aa A | A | Ay | Ap | Ay Ay

7

#

:|— PORT SELECTS

R

DEVICE SELECTS

ADDRESSES - 13 — 8254;

A1s | Ara Ara | A | Ary [ Arg | Ag | Ag
| th
L——‘L DEVICE SELECTS

—— 0 FLAG

| —

=10
0=MEMORY

(39 PORTS — 312 BIT$)

Figure 3-12. Memory Mapped 1/0

1/0 Interface Example

In Figure 3-16 a typical I/0 §
variety of devices (8212, 8251 ar|
to interface the peripherals aroun
nals; keyboards, display, and con
other application could be in a proj
sensors, relays, and motor control
plication area for such a circuit is
imagination.

The 1/O structure shown iry
using the bus architecture develog
ter. Either Isolated or Memory
used, depending on the system |/O

The 8251 provides a serial
face so that the system can tran

+ (Linear Select (8255)

ystem is shown that uses a
d 8255). It could be used

an intelligent CRT termi-
munication interface. An-
icess controller to interface
5. The limitation of the ap-
polely that of the designers

terfaces to the 8080 CPU
ed previously in this chap-
apped techniques can be
environment.

ata communication inter-
mit and receive data over

communication links such as telephone lines.




CMP M

{Compare memory)

{A) = ({H) (L)}

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

RRC

(Rotate right)
(Ap) = (Ap.1)
(CY) =— (Ag)
The content of the accumulator is rotated right one
position. The high order bit and the CY flag are both
set to the value shifted out of the low order bit posi-
tion. Only the CY flag is affected.

|

(A7) «— (Ag)

| ] f 0 0 0 :
i
BEEEEEEEREREREY Cycles: 1 |
States: 4
Cycles: 2 Flags: CY
States: 7
Addressing:  reg. indirect
Flags: Z,S,P,CY,AC RAL (Rotate left through ¢arry)
(Ant1)  =— (Ap);{CY) =— (A7)

(Ag) =— (CY)
The content of the accumulator is rotated left one
position through the CY flag. The low order bit is set
equal to the CY flag and the CY flag is set to the
value shifted out of the hiqh order bit. Only the CY
ftag is affected.

CPl data {Compare immediate)
(A) — {byte 2) T T T4 7T T T
The content of the second byte of the instruction is 0 ] 0 0 ! q ! ! ! J
subtracted from the accumulator. The condition flags i
are set by the result of the subtraction. The Z flag is Cycles: 1;
set to 1 if (A} = {byte 2). The CY flag is set to 1 if States: 4
(A) < (byte 2). Flags: QY
1 I 1 I 1 T 1 I 4 T f I 1 I o RAR (Rotate right through carry)
(Ap) == (Ap+1) ; (CY) 4= (Ag)
data (A7) =— (CY}) ]
The content of the accumdiator is rotated right one
Cycles: 2 position through the CY flad;. The high order bit is set
States: 7 to the CY flag and the CY flag is set to the value
Addressing:  immediate shifted out of the low ordel’ bit. Only the CY flag is
Flags: Z,S.P,CY,AC affected.
o'o]o'1'1j'1l1’1
Cycles: 1
States: 4!
Flags: CY
RLC {Rotate left)
{An+1) = (A i (Ag) ~— (A7) |
(CY} =— (A7) CMA {Complement accumutator)

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

(A) =— (A)

The contents of the accumblator are complemented
(zero bits become 1, one bi"s become 0). No flags are
affected. i

0 I 0 I 0 I 0 I 0 I 1 I 1 ' 1 I ’ 0 f 0 0 1 1 1 1
Cycles: 1 Cycles: 1,
States: 4 States: 4
Flags: CY Flags: none
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A computer, no matter how sophisticated, can only
do what it is “told” to do. One “tells” the computer what
to do via a series of coded instructions referred to as a Pro-
gram. The realm of the programmer is referred to as Soft-
ware, in contrast to the Hardware that comprises the actual
computer equipment. A computer’s software refers to all of
the programs that have been written for that computer.

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

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

By logically organizing a sequence of instructions into
a coherent program, the programmer can “tell” the com-
puter to perform a very specific and useful function,

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

One type of programming language is Assembly Lan-
guage. A unique assembly language mnemonic is assigned to
each of the computer’s instructigns, The programmer can
write a program {called the Source Program) using these
mnemonics and certain operands; the source program is
then converted into machine instructions (called the Object
Code). Each assembly language instruction is converted into
one machine code instruction (1 or more bytes) by an
Assembler program. Assembly idnguages are usually ma-
chine dependent (i.e., they are usually able to run on only
one type of computer). !

THE 8080 INSTRUCTION SET

The 8080 instruction set ingludes five different types
of instructions: i
Data Transfer Group —mqve data between registers
or between memory and registers
Arithmetic Group — ade subtract, increment or
decrement data in registérs or in memory
Logical Group — AND; OR, EXCLUSIVE-OR,
compare, rotate or complement data in registers
or in memory 4

Branch Group - 1al and uncor

jump instructions, subroutine call instructions and
return instructions
Stack, 1/0 and Machine Control Group — includes
1/0 instructions, as well jas instructiens for main-
taining the stack and intdrnal control flags.

Instruction and Data Formats|

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




XTHL {Exchange stack top with H and L)
(L) = ({SP))
(H) == ({SP} + 1)
The content of the L register is exchanged with the
content of the memory location whose address is
specified by the content of register SP. The content
of the H register is exchanged with the content of the
memory location whose address is one more than the
content of register SP.

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

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

1 1 1 T 1 T 1 T 0J OI 1 I
Cycles: 1
States: 5
Addressing:  register
Flags: none
N port (Input)

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

1'1'0'1'1‘0'1'1

port
Cycles: 3
States: 10

Addressing:  direct
Flags: none

OUT port {Output)
(data) <— (A)
The content of register A is piaced on the eight bit
bi-directional data bus for transmission to the spec-
ified port.

1|1‘0I1IOI0|1|1

port
Cycles: 3
States: 10

Addressing:  direct
Flags: none

El (Enable interrupts)
The interrupt system is enabled following the execu-
tion of the next instruction,

Cycles: 1
States: 4
Flags: none

DI {Disable interrupts)
The interrupt system is disabled immediately fol-
lowing the execution of the DI instruction.

|1'1I1’1'0'0'1’1

Cycles: 1
States: 4
Flags: none

HLT (Halt)
The processor is stopped. The registers and flags are
unaffected.
IOI‘I‘1'1|0,111IO
Cycles: 1
States: 7

Flags: none

NOP (No op)
No operation is performed. The registers and flags
are unaffected.

ol ol ol ol

Cycles:
States: #
Flags: one




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

Symbols and Abbreviations:

The following symbols and abbreviations are used in

the subsequent description of the 8080 instructions:
SYMBOLS  MEANING

accumulator  Register A

addr 16-bit address quantity

data 8-bit data quantity

data 16 16-bit data quantity

byte 2 The second byte of the instruction
byte 3 The third byte of the instruction
port 8-bit address of an 1/0 device
rr1r2 One of the registers A,B,C,D,EH,L

DDD,SSS The bit pattern designating one of the regis-

RP

ters A,B,C,D,E H, L (DDD=destination, SSS=
source):

DDD or S8 REGISTER NAME

m A
000
001
010
011
100
101

One of the register pairs:

rImMoO®

B represents the B,C pair with B as the high-
order register and C as the low-order register;
D represents the D,E pair with D as the high-
order register and E as the low-order register;
H represents the H,L pair with H as the high-
order register and L as the low-order register;
SP represents the 16-bit stack pointer
register.

The bit pattern designating one of the regis-
ter pairs B,D,H,SP:

RP REGISTER PAIR
00 B-C

01 D-E

10 H-L

1 SP

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

rt The second (low-arder) register of a desig-
nated register pair.

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

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

m Bit m of the register r (bits are number 7

through 0 from left to right).

Z5,P.CY,AC The condition flags:

Zero,

Sign,

Parity,

Carry,

and Auxiliary Carry, respectively.

(W] The contents of tha memory location or reg-
isters enclosed in the parentheses.

- “Is transferred to*
A Logical AND

¥ Exclusive OR

\% Inclusive OR

+ Addition

Two’s complement subtraction
Multiplication
- “Is exchanged with''
The one’s complemént (e.g., (A)}
n The restart number.0 through 7

NNN The binary representation 000 through 111
for restart number 0 through 7 respectively.

Description Format:

The following pages provide a detailed description of
the instruction set of the 8080. Each instruction is de-
scribed in the following manner:

. The MAC 80 assembler format, consisting of
the instruction mnemonic and operand fields, is
printed in BOLDFACE on the left side of the first
line, !

~

The name of the instruction is enclosed in paren-
thesis on the right side of the first line.

w

The next line(s) contain‘a symbolic description
of the operation of the instruction.

IS

. This is followed by a na!;ative description of the
operation of the instructioh.

o

The following line(s) contain the binary fields and
patterns that comprise the machine instruction.
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CPU Group
8224 Clock Generator . .........ueeenceaennnnn 5-1
8228 System Controller .. ...... ..o ueiiiinanan 57
8080A Central Processor ............ccuoeneuunnn 513
8080A-1 Central Processor (1.3us} .......... . 520
8080A-2 Central Processor {1.5us) . . 524
MB8080A Central Processor (~55° to +125°C) ......... 529
ROMs
8702A Erasable PROM (266 x8) ........... . 5-37
8708/8704 Erasable PROM (1K x 8) B 545
8302 Mask ROM (256 x 8} .. ...............uutn 551,
8308 Mask ROM (1K x8) .. ... ...y 559
8316A Mask ROM (2K x8) . ........... ... ... ... 561
RAMs
8101-2 Static RAM (256 x 4) 5-67
8111-2 Static RAM (256 x 4) 571

8102-2 Static RAM (1K x 1) . ..
8102A-4 Static RAM (1K x 1) .. ........... .. s—w“

8107B-4 Dynamic RAM {4K x 1) 5-83
5101 Static CMOS RAM (256 x 4) .. 591
8210 Dynamic RAM Driver . . .. ........... .. 595
8222 Dynamic RAM Refresh Controller . ........... 599
/o i
82128BitI/OPort . ... 5101
8255 Programmable Peripheral Interface ............ 5113
8251 Programmable Communication Interface . ....... 5-13ﬂ
Peripherals ‘
8205 One of Eight Decoder .. ............c.o.... 5147
8214 Priority Interrupt Control Unit . ............. 5153
8216/8226 4-Bit Bi-Directional Bus Driver .. ......... 5-163
Coming Soon i
8253 Programmable Interval Timer . . ... ........... 5-16d,
8257 Programmable DMA Controller . ............. 5171

8259 Programmable Interrupt Controller . .. ......... 5-17:%




LDA addr (Load Accumulator direct)
(A) =— ({byte 3){byte 2))
The content of the memory location, whose address
is specified in byte 2 and byte 3 of the instruction, is
moved to register A.

0o To T T T ToT 1Ty

low-order addr
high-order addr
Cycles: 4
States: 13

Addressing:  direct
Flags: none

STA addr (Store Accumulator direct)

{(byte 3)(byte 2)} <« (A)

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

SHLD addr (Store H and L direct)
{(byte 3){byte 2)) =— (L)
((byte 3)(byte 2) + 1) <— (H)
The content of register L i§ 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 memory location.

T !

o To

olol1To 110
low-order addr
high-order addr
Cycles: 5
States: 16
Addressing:  direct
Flags: none
LDAX rp {Load accumulator indirect)
(A) <— ((ro))

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

0 ] 0 I R I P 1 ! o] 0
0 I 0 I 1 I 1 I 0 l [} I 1 I 0

Cycles: 2
low-order addr States: 7
high-order addr Addressing:  reg. indirect

Flags: rone
Cycles: 4 P
S‘::t::' 13 STAX rp (Store accumulator indirect)
Addressing:  direct {trp)) =— (A} . .

Flags: none The content of register A is.moved to the memory lo-
cation whose address is in the register pair rp. Note:
only register pairs rp=B (rQQisters B and C) or rp=D
(registers D and E) may be specified.
oTo[rTe]olol1 Ty

LHLD addr (Load H and L direct) Cycles: 2
{L) =— ((byte 3)(byte 2)) States: 7
{H) =— ((byte 3)(byte 2) + 1) Addressing:  rég. indirect
The content of the memory location, whose address Flags: rione
is specified in byte 2 and byte 3 of the instruction, is i
moved to register L. The content of the memory loca- XCHG {Exchange H and L With D and E)
tion at the succeeding address is moved to register H. (H) < (D) :
A e e I | (L) =) |
0 Y 1 0 1 0 1 0 The contents of registers H pnd L are exchanged with
low-order addr the contents of registers D al?d E.
high-order addr 1T T Ty 1 o Th Ty
Cycles: 5 Cycles: 1}
States: 16 States: 4!
Addressing:  direct Addressing: r&gister
Flags: none Flags: none
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SUBM (Subtract memory)
(A) = (A) = ((H} (L))
The content of the memory location whose address is
contained in the H and L registers is subtracted from
the content of the accumulator. The result is placed
in the accumulator.

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

1TololsTolTyTy T Tol i T T T Ty
Cycles: 2 data
States: 7
2
Addressing:  reg. indirect (;\;:lt:ss 7
Flags:  ZSPCY.AC Addressing:  immediate
Flags: 2,S,P.CY,AC
SUI data {Subtract immediate)
(A) =— (A) — (byte 2)
The content of the second byte of the instruction is INR ¢ (Increment Register)

subtracted from the content of the accumulator. The
resuit is placed in the accumulator.

1I1IOI1|011|1’0
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: Z,S,P.CY,AC
SBBr (Subtract Register with borrow)

(r} -— (r)+1
The content of register
Note: All condition flags e:

riis incremented by one.
x¢ept CY are affected.

(OIOJDIDl

D1‘0]OJ

Cycles:
States:
Addressing:
Flags:

INR M

17
5
register
2S5 P AC

(Increment memory)

(A) =— (A) —(r) = (CY)

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

1 0 0 1 1 S S ]
Cycles: 1
States: 4
Addressing:  register
Flags: Z5S,P,CY,AC
SBB M (Subtract memory with borrow)

(A) =— (A) ~ ((H} {LD) — (CY)

The content of the memory location whose address is
contained in the H and L registers and the content of
the CY flag are both subtracted from the accumula-

((H) (L)) <— ((H) (L) +1

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

affected.
IOIOI1II|O‘I1IOIO
Cycles: 3
States: 10
Addressing:  rag. indirect
Flags: Z,S,P,AC
DCR r {Decrement Register)

{r) =-— (r) =1
The content of register r jis decremented by one.

tor. The result is placed in the accumulator.

Note: All condition flags e:

xdept CY are affected.

1'0'011|1l1’1I0J IOIOIDID|D|1|0'1J
Cycles: 2 Cycles: 1
States: 7 States: 5/
Addressing:  reg. indirect Addressing:  ragister
Flags: Z,5S,P,CY,AC Flags: 2,5,P,AC




SCHOTTKY BIPOLAR 8224

D.C. Characteristics
Ta = 0°C to 70°C; Vige = +5.0V £5%; Vpp = +12V 6%,

Limits
Symbot Parameter Min. Typ. Max. Units Test Conditions ;
'3 Input Current Loading -.25 mA Vg =.45V ‘
Y Input Leakage Current 10 HA Vg =5.25V B
Ve Input Forward Clamp Voltage 1.0 \ lc = -BmA |
i
ViL Input “Low”’ Voltage .8 A Vee = 5.0V |
I
ViH Input “High"’ Voltage 2.6 \% Reset Input |
2.0 All Other Inputs
ViH-ViL REDIN Input Hysteresis .25 mV Vee = 5.0V
VoL Output “Low’’ Voltage .45 A {$1.62), Ready, Reset, STSTB
loL =2.5mA
.45 \ All Other Outputs
loL = 15mA

VoH Output ""High” Voltage [

61, ¢2 9.4 v

READY, RESET 3.6 \2

Ali Other Outputs 2.4 Vv
Igg1] Output Short Circuit Current -10 -60 mA

{All Low Voltage Outputs Only)
lee Power Supply Current 115 mA
bp Power Supply Current 12 mA

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

CRYSTAL REQUIREMENTS

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

*With tank circuit use 3rd overtone mode.




cMC {Complement carry) dress is specified in byte 3 and byte 2 of the current

(CY) =~— (CY) instruction. |
The CY flag is complemented. No other flags are T T T T T T T
affected. 1 1 0 0 ¢} 0 1 1 |
low-order add
]0|1|1;1,1|1|1—I ow-order addr
high-order addr
Cycles: 1
States: 4 Cycles: 3 i
Flags: CY States: 10 !
Addressing:  immediate
Flags: nbne
STC (Set carry)
(CY) =— 1

Jeondition addr
If (CCC),
(PC) <— {(byte 3) (byte 2)
If the specified condition i true, control is trans-
ferred to the instruction whese address is specified in

The CY flag is set to 1. No other flags are affected. {Conditiongl jump)

u'o'1'1’0|1'1’1]

Cycles: 1 L
States: 4 byte 3 and byte 2 of the current instruction; other-
Flags: CY wise, control continues sequentially.

1|1c'c'c’0’1|0

low-order adﬁr

high-order addr

Cycles: 3
States: 10
Branch Group: Addressing:  immediate

Flags: nane
This group of instructions alter normal sequential H
program flow.
CALL addr (Call)
({SP} — 1) <— (PCH)
({SP) —2) =— (PCL)
(SP) = (SP) ~ 2 1
(PC) =— (byte 3) (byte 2) |

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

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

counter). Conditional transfers examine the status of one of
the four processor flags to determine if the specified branch
is to be executed. The conditions that may be specified are
as follows:

CONDITION cce
NZ  — not zero (Z=0) 000
Z - zero{Z=1) 001

NC — nocarry (CY =0) 010
C —ocarry (CY=1) on

PO — parity odd (P = 0) 100
PE  — parity even (P = 1) 101
P — plus(S=0) 110

— minus {(S=1) m

JMP addr {Jump)

(PC) =— (byte 3) (byte 2)
Control is transferred to the instruction whose ad-

The high-order eight bits of
dress are moved to the m
address is one less than the
The low-order eight bits of

he next instruction ad-
emory location whose
content of register SP.
he next instruction ad-

dress are moved to the rriemory lacation whose

address is two less than the
The content of register SP is

‘content of register SP.
decremented by 2. Con-

trol is transferred to the instruction whose address is

specified in byte 3 and b
instruction.

te 2 of the current

fow-order addr

high-order ad\

Cycles: 5
States: 17
Addressing:

i

immediate/reg. indirect

Flags: none




SCHOTTKY BIPOLAR 8224

WAVEFORMS

P20m1)

SYNC
{FROM 8080A)

b toy—ni

et

ADYIN OR RESIN X

READY OUT

3

“oRs: R
DRH

x B I S

RESET OUT

X

VOLTAGE MEASUREMENT POINTS: @1, ¢ Logic “0” = 1.0V, Logic 1 = 8.0V. All other signals fneasured at 1.5V,

EXAMPLE:

A.C. Characteristics (For tcy = 488.28 ns)
Ta = 0°C to 70°C; Vpp = +5V #5%; Vpp = +12V 5%.

{
.l

Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
51 ¢4 Pulse Width 89 ns tpy=488.28ns
to2 ¢2 Pulse Width 236 ns
tp1 Delay ¢ to ¢, 0 ns
o2 Delay ¢ to ¢4 95 ns L 11 & ¢ Loaded to
tos Delay ¢1 to ¢ Leading Edges 109 129 ns bL =20 t0 50pF
t, Output Rise Time 20 ns §
¢ Output Fall Time 20 ns j
tpss ¢, to STSTB Delay 296 326 ns f
too2 ¢ to 67 (TTL) Delay 5 +15 ns !
tew Status Strobe Pulse Wi(?i* 40 ns Fieadv & Reset Loaded
tpRs RDYIN Setup Time to STSTB -167 ns th 2mA/10pF
toRH RDYIN Hold Time after STSTB 217 ns I{II measurements
toR READY or RESET 192 ns referenced to 1.5V
to ¢ Delay ynless s‘pecified
— otherwise.
fmax Qscillator Frequency 18.432 MHz




Stack, 1/0, and Machine Control Group:

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

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

PUSH rp (Push)

FLAG WORD

D; Dg Ds Dy

D3 D2 Dy Do

GleTelele [T Io]

POP rp (Pop)

((SP) ~ 1) =— (rh)

((SP) — 2) =— (rl)

(SP) =— (SP) -2

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

(rl) <—((SP))

{rh) =— ((SP) + 1)

(SP} ~— (SP) +2

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

l1I1RIP

0'1[0rT|

Cycles: -
States:
Addressing:
Flags:

3

1"

reg, indirect
none

[1‘1 RIP 0'0’0'1
Cycles: 3
States: 10
Addressing:  reg. indirect
Flags: none

POP PSW
(CY) =— ((SP))g

(Pop processor status word)

PUSH Psw (Push processor status word)

((SP) — 1) =— (A}

({SP) — 2)g =— (CY), ({SP) — 2}; =— 1

({SP) —2)7 =— (P), ({SP) —2}3 =— O

(SP) —2)4 <— (AC) , ((SP) — 2)5 =— O

((SP} —2)g =— (2), ((SP) — 2)7 «— (S)

(SP) =— (SP) -2

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

(P) =— ((SP})y

{AC) =— ((SP})4

(Z) =— {(SPhg

(S) =+ ((SP))7

(A) =<— ((SP) +1)

(SP} =— (SP) +2

The content of the memory location whose address
is specified by the content bf register SP is used to
restore the condition flags. ‘I‘Ehe content of the mem-
ory location whose addresq is one more than the
content of register SP is rrjpved to register A, The
content of register SP is increinen!ed by 2.

T T To T To ] ‘
Cycles: 3}
Cycles: 3 States: 10

States: 11 Addressing:  reg. indirect

Addressing:  reg. indirect Flags: Z$,P.CY AC

Flags:

none




SCHOTTKY BIPOLAR 8228

FUNCTIONAL DESCRIPTION
General

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

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

Bi-Directional Bus Driver

An eight bit, bi-directional bus driver is provided to buffer
the 8080 data bus from Memory and 1/O devices. The BOS80A
data bus has an input requirement of 3.3 volts {min) and
can drive (sink} a maximum current of 1.9mA. The 8228
data bus driver assures that these input requirements will
be not only met but exceeded for enhanced noise immunity.
Also, on the system side of the driver adequate drive cur-
rent is available {10mA Typ.) so that a large number of
Memory and 1/O devices can be directly connected to the
bus.

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

Status Latch

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

Gating Array

The Gating Array generates contro“l signals (MEM R, MEM W,
/O R, i7OW and INTA) by gating the outputs of the Status
Latch with signals from the 8080 CPU (DBIN, WR, and
HLDA).

The “‘read”” control signals (MEI\_/‘ R, 170 R and INTA) are
derived from the logical combination of the appropriate
Status Bit {or bits) and the DBIN jinput from the 8080 CPU.

The “write” control signals (MEM W, 1/0 W) are derived
from the logical _cEnbination of the appropriate Status Bit
(or bits) and the WR input from the 8080 CPU.

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

The INTA control signal is normally used to gate the “inter-
rupt instruction port” onto the bus. It also provides a
special feature in the 8228. If only one 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 INTA output of the 8228 |(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 DBIN input is active a|RST 7 instruction is gated
on to the bus when an interrdpt is acknowledged. This
feature provides a single interrupt vector with no additional
components, such as an interruptjinstruction port.

When using CALL as an Imeri'upt instruction the 8228
will generate an INTA pulse for epch of the three bytes.

The BUSEN (Bus Enable) inputjto the Gating Array is an
asynchronous input that forces t|’|e data bus output buffers
and control signal buffers into their high-impedance state
if it is a “one”. If BUSEN is a “zero” normal operation of
the data buffer and control signalf take place.

8228 BLOCK DIAGRAM

DC:;‘A Dy —=<— BI-DIRECTIONAL
ol 0, —»<—{  BUSDRIVER

DRIVER CONTROL

STATUS

TSTR
OBIN

|-« o8,

SYSTEM DATA BUS

LATCH

HLDA
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INSTRUCTION SET

Summary of Processor Instructions

Instruction Code!"! Clack!?: fnstruction Codel!] Clock 2!

Mnemonic  Descrigtion Dy Dg D5 D4 D3 Dz Dy Do Cycles Mnemonic  Description D; D D D3 0 Dy Dp  Cycles
MOV .;  Move register to regiter 21 0 0 DS 5 s 5 J RZ Returs on zero P10 0 10 0 0 sm
MOV M, Move register 1o memary 01 1 10§ § s 7 RNZ Retwrn a0 no zero T o0 000 ¢ o0 sm
MOVE M Move memory to register 01 0 0D ) 1g 7 AP Returo a0 positive 11t 00 00 sm
HLT Halt [ T '} 7 Aan Return an minus [ T R B} al
MV Move immediate register 90 0 0D D 1 10 7 RPE Return on parity even tro1 e 10 80 sm
MVIM  Move immediate memory 00 1 1 01 10 10 /PO Return on parity add T 0 0 0 00  s5m
INR( Increment register 60 D DD 1 00 Y RST Restart T A A AT T "
DCR ¢ Decrement register 20 0 0D D1 o0 1 5 N Input L9 1 10 1 10
INREM  Increment memory 90 5 1 0 1 0 0 10 our Dutput U0 o1 00 1 10
DERM  Decrement memory 00 1 1 o0 10 10 LXi B Load immediate register 00 0 00 0 0 1 0
ADDC  Add register to A 10 0 0 08§ S s 4 Pair B &
ADCr Addregister o Awithcary 1 0 0 0 1 5 § S 4 Lxio Load immediate register 00 100 o1 0
sugr Subtract register from A 10 0 1 0s s s ) PairD & E
888 Subtract register from A TG0 0+ 3 s s s K LXIH Load immed:ate register 00 1 0 0 0 0 1 10

with hurrow Pair H
ANAT  And register with A 101 0 0s s ¢ 4 LXISP Load immeduate stack pointer 0 0 1} 0 0 0 1 10
XRA ¢ Excluswe OrregisterwthA 1 0 1 0 1 S § § 4 PUSHB  Push register Puir B & C on P10 0 0 4 o0 "
ORAT D register with A To v 1 0S8 s 4 stack
CMP s Compare register with A oot 1 s s s 4 PUSHD  Push register Parr D & E on Tt 10 1 0 n
ADDM  Add memory to A 109 0 0 1 o1 o0 ;
AOCH  AddmemorytoAwthcary 1 0 0 0 1 1 1 ¢ 7 [ PUSHH  Push repister Par HE Lon T 0 0 10 n
SUBM  Subtract memory fram A [ T N T 7 sta
SBBM  Subtract memory from A o0 11 i i PUSH PSW  Push A and Flags i1 e 1 0 1l

with butrow
ANAM  And memory with A N T I IR B l POP G Pop register pair 6 & C off 10 00 0 01 0
XRAM  Exclusive GmemorywithA 1§ 1 0 1 1 1 g ; stk
ORAM  Or memory with A L R T S B R ; POPD Pop register paie O & E off oo o190 0 10
CMP M Compare memory with A i 1 LN R A ) 7 stack
AD! Add immediate ta A LI} 9 0 0 1 o 7 POP H Pop cegister paic H & L oft LI 1 00 0 0 10
ACI Adtimmediate to A with [ 00 1o 7 stack

carry POPPSW  Pop A and Flags T 1 0 0 0 1 10
sul Subrractmmedate fomA - 11 o 0110 / ulf stack
s8I Subteact mmeduate feom A 110 1 4 1 1 ¢ ' STA Store A drect 00 1 100 10 13

with barrow oA Load A direct 00 1 110 10 13
AN And immediate with A T 000 a0 ; XCHG Exchange D& €, H& | EE T T T A 4
XR1 Exclusive Ormmediatewsth 11 ) 0 1 1 1 @ 7 Registers

A XTHL Excnange top of stack H& L TP 00 0 1 18
ORI Or immediare with A L T R R B R 1 SPHL H& L 10 stack poirter LA I R E A S | 5
cPl Compare immediaiemtn A 11 1 1 1 3 1 g : POHL H& L 1o program counter TS 010 0t 5
RLC Rotate A left 00 0 o0 1o a DADB  AGB&CtH&L 0 0:0 0 1 0 01 10
RRC Rotate A right 00 0 0 1o 4 DAD D AGODBEWHEL 00 0 1 10 6 10
RAL Rotate A left through carry [ 0 10 1 4 DAD H AddH& LoH& L o 0 t et e 0 1 10
RAR Rotate A right theough 00 3 4 DADSP  Add stack pointer to H & L G 0 1 1 1 0 0 1 10

carry STAXB  Store A indirect 00:0 0 00 10 7
P Jump unconditionai TG o0 0 0 1 0 STAXD  Store A indirect 00,0 1 00 10 7
&I Jump on carry 1101 10 1o 10 LOAXB  Load A indirect 000 0 10 10 7
NG Jump on no carry e o010 0 LOAXD  Load A radirect G 0.0 1 10 10 7
4 Jump oo zero L O A R | 10 X8 Increment 8 & C registers 000 0 0 0 1 1 5
Nz Jump o0 no zero T 0 0 00 10 10 INXD incement D & € registers 0070 1 0 0 1 1 5
i Jump on positive vt o010 10 INX H Incement H & L registers ¢ 01 0 0 0 1 5
M Jump on minus A I T R A 10 INXSP Increment stack pointer C 01 1 00 11 5
JPE Jump an parity even o1 0 o100 10 OCX8  Decremant B&C 000 0 1 0 1 1 5
PO Jump on parity odd ot 600 10 0 0CX 0 Decrement D & E 0 0lo 1t 10 11 5
CALL Call unconditional TS0 o0 17 DCXH  Decrement H& L 001 0 10 1t 5
¢ Catl on carry T 100 DCXSP Decrement stack pointer 000 1 1 1 0 11 5
CNC Call an no carry 110 1 ¢ 10 0 ning CMA Complement A [ T N A | 4
(%4 Call on zer0 L0011 00 sTe Set carry C 01 10 11 4
Nz Call an no zero o060 0t 00 nm cMe Complement carry [ I T 4
P Cali on positive T 11 v e o100 nm DAA Decimal adjust A 001 0 0 1o 4
™ Call on minus LTy 00 SHLD Store H & L direct 0 01 0 D0 10 18
CPE Call on parity even 1o 0 11 00w LHLD Load H & L direct 6 01 0 1 0 10 6
o Call on parity odd Troto0 0y e 0 nm £l Enable Interrupts [ T IR 4
RET Return 10 010 0 0 ] Disable interrupt L | 4
RC Return on carry 110110 00 sm NOP No-operation 0 00 0 00 0 0 )
ANC Return on no carry o1 000 00 sm
NOTES: 1. DDD or $SS ~ 0008 — 001 C - 010D — 011 E — 100 H — 101 L - 110 Memory — 111 A.

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




SCHOTTKY BIPOLAR 8228 ‘

2 2 .
GND.——;; Ay Ay
2
[EVp—— IS Ay
w 1 N E A
28 2 (29 H
12V ——— Ay Ay
30
A, A
31
A A ;
As " Aa ‘
80B0A *las L] :
ey ™ A7 1~ ADDRESS BUS i
A A
13 ®|3s 1
SYSTEM DMA REQ.———~=| HOLD Rg | e a a]
14
SYSTEM INT. REQ. ————osf INT
16 B
INT. ENABLE =—————] INTE

I:“] ﬁT‘:L

22
TANK ——| n .
12 0 15 i
osc -] ) o
6
o, -4 P
2 TTY —Zdwair 0, [> . P e —os, i
3 a2 s 23 7 10 228 9
ROYIN— i oex  f—————]READY 0, BIDIRECTIONAL b~ e 0B, |
» | cENERATOR o 2 6| BusoRriver |5 DATA BUS
T 12 4 -
RESIN —wqf ORIVER L) RESET o |4 19
9
+12V s 20 2
0
[Em— 19 6 8
8 . SYNC D,
GND —— pry S
15y ——
14
. o aNo —
STATUS STROBE
o controL o, —— MEwW - convRoL sus
3
o 22
BUSEN —-——emome Of

80B0A CPU Standard Interface




CPU Group
8080A-1
8080A-2

8224

8228
8080A M8080-A

s B

=y L
5 CRniaetiay Swvanty

e

e

-
L g
e = ..‘\m%

o

o1
8080A CPU.

o

@2
DO-D7 DBIN HLDA

AND DRIVER

STSTB CLOCcK 8224
GENERATOR
SYNC
SYSTEM
CONTROLLER

M RDY
WR

8228




SILICON GATE MOS 8080A

8080A FUNCTIONAL PIN DEFINITION

The following describes the function of all of the 8080A 1/0 pins.

Several of the descriptions refer to internal timing periods.
Aq5.Aq (output three-state)

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

D7-Dyg (input/output three-state)

DATA BUS; the data bus provides bi-directional communication
between the CPU, memory, and 1/0 devices for instructions and
data transfers. Also, during the first clock cycle of each machine
cycle, the B0BOA outputs a status word on the data bus that de-
scribes the current machine cycle. Dy is the least significant bit.

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

DBIN (output)

DATA BUS [N; the DBIN signal indicates to external circuits that
the data bus is in the input mode. This signal should be used to
enable the gating of data onto the 8080A data bus from memory
or /0.

READY (input)

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

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

WR (output)

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

HOLD (input)

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

® the CPU is in the HALT state.

® the CPU isin the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
{A15-Ag) and DATA BUS (D7-Dg) will be in their high impedance
state. The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE (HLDA) pin.

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

Ay 0=—1 40 |—=0 Ay
GND 0— 2 39 f—>0 Ans
D, O=+—=13 : 38 F—=0 A3
Dy O 4 ‘ 37 |0 A2
Dg O=—>15 36 >0 A5
D, O+—=l6 35 —=0 A
D, Ow—s{7 34 |—>0 Aq
D, O=—>{8 |NTE|3 33 0 Ay
D, O=—={9 32 —=0 Ag
D, 0+ 10 808bA 31 b—>0 Ag
-5V O0——q 11 30 —s0 Ay
RESET o—={ 12 ] 29 f—=0 A;
HOLD 0—={ 13 | 28 b—o0 +12v
INT O—] 14 27 —=0 A,
92 Qw15 26 |—0 A
INTE 0+—] 16 b 25 [—0 Ag
DBIN 0+—o, 17 24 p—=0 WAIT
WR O<—] 18 23 f=—O0 READY
SYNC O=—1 19 22 f+—0 4,
+5v 0———o1 20 i 21 —0 HLDA

Pin Configuration

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

® T3 for READ memory or input.

® The Clock Period following T.
PUT operation.

for WRITE memory or OUT-

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

INTE {output)
INTERRUPT ENABLE; indicates the content of the internal inter-
rupt enable flip/flop. This flip/fldp may be set or reset by the En-
able and Disable Interrupt instriictions and inhibits interrupts
from being accepted by the CPlJ when it is reset. It is auto-
matically reset (disabling further jinterrupts} at time T1 of the in-
struction fetch cycle (M1) whenj an interrupt is accepted and is
also reset by the RESET signal.

INT (input)
INTERRUPT REQUEST; the CRU recognizes an interrupt re-
quest on this line at the end of {he current instruction or while
halted. If the CPU is in the HOLD state or if the Interrupt Enable
flip/flop is reset it will not honor ithe request.

RESET (input){1]
RESET; while the RESET signal js activated, the content of the
program counter is cleared. After| RESET, the program wili start
at location 0 in memory. The INTE and HLDA flip/flops are also
reset. Note that the flags, accurulgtor, stack pointer, and registers
are not cleared.

Vss  Ground Reference.
Vob  +12 £ 5% Volts.
Vee  +5 5% Volts.
Ves -5 #5% Volts (substrate bias).
#1.92 2 externally supplied clock phases. (non TTL compatible)

5-14




intal Schottky Bipolar 8224

CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

= Single Chip Clock Generator/Driver m Oscillator Output for External

for 8080A CPU System Timing
® Power-Up Reset for CPU ® Crystal Controlled for Stable System
a Ready Synchronizing Flip-Flop Operation
u Advanced Status Strobe ® Reduces System Package Count

The 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by
the designer, to meet a variety of system speed requirements. ]

Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready.

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing
for 8080A.

PIN CONFIGURATION BLOCK DIAGRAM
B> xraut
XTALZ &
RESET[ |1 Vee > rank
RESIN[ |2 15[ I xTAL1 >
RDVIN[]3 u| _JxTaLz
READY 4 13 rank N
O 8224 4,0 6y Al g, (TTL[E>
syne[ s 12] ose B
(TTL 2
¢ ! B> swwe———— 1 Yo-57878 [7>
5788 2 +
[ 3
GND Voo SCHWITT :
INPUT [} '3 RESET [1>
B> {0 o} ——— READY [O>
“]5 l i
PIN NAMES
RESIN | RESET INPUT XTAL 1 f CONNECTIONS
RESET | RESET OUTPUT XTAL2 FOR CRYSTAL
RDYIN_| READY INPUT TANK USED WITH OVERTONE XTAL
| READY | READY OUTPUT 0s¢ OSCILLATOR OUTPUT
SYNC | SYNCINPUT #2(TTL) #2 CLK (TTL LEVEL)
STSTE | STATUSSTB Vee 6V
(ACTIVE LOW) Voo ey i
S ]|s080 GND oV |
% cLOCKS




SILICON GATE MOS 8080A |

A.C. CHARACTERISTICS ‘
Ta =0°C 10 70°C, Vpp = +12V £ 6%, V¢ = +5V £ 5%, Vgg = -5V * 5%, Vgs = OV, Unless Otherwise Noted

Symbol Parameter Min. | Max. | Unit Test Condition !
tey[8! | Clock Period 0.48 | 2.0 | usec
t, t Clock Rise and Fall Time 0 50 | nsec
1 @1 Pulse Width 60 nsec |
192 ¢ Pulse Width 220 nsec
Dy Delay ¢; to ¢, 0 nsec
tp2 Delay ¢, to ¢y 70 nsec
tp3 Delay ¢y to ¢ Leading Edges 80 nsec ‘
tpa 2! | Address Output Delay From ¢, 200 | nsec }CL - 1000t ‘
tpp [2) | Data Output Delay From ¢, 220 | nsec :
tpc (2} | Signal Output Delay From ¢, or ¢ (SYNC, WRWAIT, HLDA) 120 | nsec {
tor (21 | DBIN Delay From ¢, 25 | 140 | nsec }CL = S0pf
tpyl1) Delay for Input Bus to Enter Input Mode tpe | nsec
tos1 Data Setup Time During ¢; and DBIN 30 nsec

TIMING WAVEFORMS tal {Note: Timing measurements are made at the following referenoé voltages: CLOCK 1" = 8.0V

“0"=1.0V; INPUTS “1” = 3.3V, “0" = 0.8V; OUTPUTY 1" = 2,0V, “0” = 0.8V.)

- tov ‘.I —tpy
| ety
“ A N\ A
o2 —>
g ] I 3\
=
«xn,-»’ = tpy fa—
B S B
AR - —-— ————
oa ]
-DD»‘ —| to |+ )
0,0, X I T Y _Joara_out|
o ot v : ‘
SYNC s e~ tnsz — H
—ltoc -l soc
DBIN ‘ f
- tor =
WR ——— — ———— —

READY

waIr

|-
HOLD —x @] X
o] g
HLDA
INT - @
gl
el |+

INTE
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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
cycle. By bringing in the SYNC signal from the CPU, and
gating it with an internal timing signal (¢1A), an active low
strobe can be derived that occurs at the start of each ma-
chine cycle at the earliest possible moment that status data
is stable on the bus. The STSTB signal connects directly to
the 8228 System Controller.

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

Power-On Reset and Ready Flip-Flops

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

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

to the RESIN input in addition to the power-on RC net-
network.

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

The reason for requiring an external flip-flop to synchro-
nize the “wait request” rather than internally in the 8080
CPU is that due to the relatively fong delays of MOS logic
such an implementation 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
generator eliminates most of this defay and has no effect on
component count.

o ———— -
! 1
! 1
[ ]
! I
| I
I
I
| |
1
T
= 1
| 1
| |
S 7_ I
Fal
2 /i€
USED ONLY
FOR OVERTONE
CRYSTALS D i
r=T 41 310pF
| i | (ONLY NEEDED
L — -1 ABOVE 10 MHz)
13 14 15
1
12
ose 1
o, T10) =4
4
RDYIN ——»}
Vee 8228
I 2 )
Of RESIN
5
GND
GND

t— SFSTB (0 8228 PIN 1)




SILICON GATE MOS 8080A

INSTRUCTION SET

The accumulator group instructions include arithmetic and increment and decrement memory, the six general registers
logical operators with direct, indirect, and immediate ad- and the accumulator is provided as well as extended incre-
dressing modes. ment and decrement instructions to operate on the register
Move, load, and store instruction groups provide the ability pairs a.n_d stack pointer. Further capability is .provxded by
to move either 8 or 16 bits of data between memory, the the ability to rotate the accumulator left or right through
six working registers and the accumulator using direct, in- or around the carry bit.

direct, and immediate addressing modes. Input and output may be acgomplished using memory ad-
The ability to branch to different portions of the program dresses as 1/O ports or the directly addressed I/0 provided
is provided with jump, jump conditional, and computed for in the B0BOA instruction spt.

jumps. Also the ability to call to and return from sub- The following special instruction group completes the 8080A
routines is provided both conditionally and unconditionally. instruction set: the NOP instruction, HALT to stop pro-
The RESTART (or single byte call instruction) is useful for cessor execution and the DAA instructions provide decimal
interrupt vector operation. arithmetic capability, STC allows the carry flag to be di-

rectly set, and the CMC instryction allows it to be comple-
mented. CMA complements thg contents of the accumulator
and XCHG exchanges the contents of two 16-bit register
pairs directly.

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

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

same format.
D7 Dg Ds D4 D3 Dy Dy Dg
DATA WORD

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

executed.
One Byte Instructions TYPICAL INSTRUCTIONS
(07 Ds Ds D4 D3 D; D; Dy | OP CODE Register to register, memory refer-

ence, arithvﬁ-etic or logical, rotate,

return, pus'\, pop, enable or disable
Interrupt instructions

Two Byte Instructions ]

D7 Dg Ds D4 D3 Dy Dy Dy | OP CODE !

Dy Dg Ds Dgy D3 D, Dy Dg | OPERAND Immediate mode or 1/0 instructions
]

Three Byte Instructions {

D7 Dg D5 Dg D3 Dy Dy Dy | OPCODE Jump, call oLdirect load and store

[D; g Ds D4 D3 D, D; Dy | LOWADDRESSOROPERAND 1 Mstruction

{D; Dg Ds D, D5 D, D, Dg | HIGH ADDRESS OR OPERAND 2

|
i
For the 8080A a logic “1” is defined as a high level and a logic /0" is defined as a low l%’vel.

618




intgl"  schottiy Bipolar 8228

SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

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

for Data Bus Isolation

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

® Reduces System Package Count

The 8228 is a single chip system controller and bus driver for MCS-80. It generates iall signals required to
directly interface MCS-80 family RAM, ROM, and 1/0 components.

A bi-directional bus driver is included to provide high system TTL fan-out. It also provides isolation of the
8080 data bus from memory and 1/0. This allows for the optimization of control sidnals, enabling the sys-
tems deisgner to use slower memory and 1/0. The isolation of the bus driver also provides for enhanced
system noise immunity.

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte

instructions {e.g.,, CALL) in response to an INTERRUPT ACKNOWLEDGE by thd 8080A. This feature
permits large, interrupt driven systems to have an unlimited number of interrupt Ieve!q.

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

PIN CONFIGURATION 8228 BLOCK DIAGRAM
—
STSTB v, Dp —==—] }—<— DB
sTsTe [0 28] vee Een - ]
__ D. ] | <— os; ¢
Hoa [ 2 2 iow cry 0 ~wad] momecTIONAL [ 08!
— N DATA 3 BUS DRIVER o’ [* SYSTdM DATA BUS
we[]3 26 [ ] MEMW BUS ga =] ] 4
s —> <] | 08 ]
4 25 []i/oR Dy —= =] |—=<— DB, i
ain ] [ ioR fmen o ‘
o84 []s 24 [ ] MEMR !
o4 [Je 23 [ ]iNTA DRIVER CONTROL
o087 []7 22 D BUSEN
g 8228 MEWR
o7 s 21[Joe i
STATUS WEWW
o83 e 20 [ oes LATCH i
o3[Jrw 19[Jos dATING ToR
ARRAY
pB2 [ 11 18 [ Joes ; oW
STSTB
7 [ oy H
g B DBIN I ~— BU
oy [ 13 16 [T 081 WR
HLDA NTA
avo [ e 15[ ] o T
PIN NAMES
07.50 DATA BUS (8080 SIDE) INTA__| INTERRUPT ACKNOWLEDGE
DB7.DBO0_| _DATA BUS (SYSTEM SIDE) HLDA | HLDA (FROM 8080]
\IOR /0 READ WR WR (FROM 8080)
ioW YO WRITE BUSEN_| BUS ENABLE INPUT
WEWMR MEMORY READ STSTB | STATUS STROBE (FROM 8224
MEMW MEMORY WRITE Voo 6V
DBIN DBIN {FROM 8080] GND oVOLTS

57




intel’  Silicon Gate MOS 8080A-1
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

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

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

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

The B080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple
level priority interrupts by rapidly storing and restoring processor status. it also provides almost unlimited subroutine nesting.
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/0 are pro-
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation.

DATA BUS
FFER/LATCH

MULTIPLEXER
PG
TEMP REG,

c ®

AEG.
INSTRUCTION 3

AEG

AND
MACHINE L
REG.

CYCLE
ENCODING

REGISTER SELECT

STACK POINTER

TIMING
AND
CONTROL

DATA BUS INTERRUPT HOLD  WAIT
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS




SCHOTTKY BIPOLAR 8228
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SILICON GATE MOS 8080A-1

A.C CHARACTER'ST'CS CAUTION: When operating the B0B0A-1 at or nesr full speed, care must be taken to assure precise timing compatibility between 8080A-1, 8224 and 8228.
Ta =0°C to 70°C, Vpp = +12V * 5%, Ve = +5V £ 5%, Vgg = -5V * 5%, Vgg = 0V, Unless Otherwise Noted
Symbo! Parameter Min. | Max. | Unit Test Condition
tey[3] | Clock Period .32 | 2.0 | usec
t,, tf Clock Rise and Fatll Time 0 25 | nsec
51 ¢q Pulse Width 50 nsec i
ty2 ¢2 Pulse Width 145 nsec
tp1 Delay ¢¢ to ¢ 0 nsec
2 Delay 5 to ¢4 60 nsec
tp3 Delay ¢y to ¢ Leading Edges 60 nsec
tpa [2) | Address Output Delay From ¢ 150 | nsec
D. Pt \4 2 Cp = 50pf
tpp (2} | Data Output Delay From ¢, 180 | nsec
tpc (2! | Signal Output Delay From ¢y, or ¢ (SYNC, WRWAIT, HLDA) 110 | nsec ¢ =50
tor (2] | DBIN Delay From 65 25 | 130 | nsec L=
tp 11} Delay for input Bus to Enter Input Mode tpF | nsec
tps1 Data Setup Time During ¢4 and DBIN 10 nsec
[14)
TIMING WAVEFORMS (Note: Timing measurements are made at the following reference voltages: CLOCK “1“ = 8.0V
“0" = 1.0V; INPUTS 1" = 3.3V, “0"” = 0.8V; OUTPUTS “1" = 2.0V, “0" = 0.8V.)
~toy -——l |ty [w—
"{e)
o 7\ /ﬂt AN ]t\ |
—toz—w
o I X \ ] ; ] \ / \
. :
- [ I . J
AgAy - i __._.__._‘-——_---,—.---.J‘—q E
‘oA~ I taw
= ‘oo~ = o L o ‘oD ' i
X i TN N T X
—~| tosy [ o towt—f 1
SYNC i A —togy—| ,
JR N o o ) i
DBIN f &' | : ;
e o =] ! \ i
wa 1 ]
s 1| _tocft
. [ ol o
READY __L@ ﬁ | x
oy — ths -—J toc ||
WAIT tu ] |-
- W
HOLD —-! [E) _x
—l s [
HLDA
INT -
=
tigfus]
con

INTE

6-22




SCHOTTKY BIPOLAR 8228

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

Limits
Symbol Parameter Min. [Typ.[1]] Max. Unit Test Conditions
Ve Input Clamp Voltage, All Inputs 75 | -1.0 \ Vee=4.75V; Ic=-6mA
Ig Input Load Current,
STSTB 500 HA Vee=5.26V
| Da&0Dg 750 HA Vg £0.45V
Do. D1, D4, Ds, HA
& Dy 250 I
{ All Other Inputs 250 LA i
Ir | Input Leakage Current
STSTB 100 MA VCQ =525V
DBg-DB; 20 uA Vg =5.25V
I All Other Inputs 100 MA
VTH | Input Threshold Voltage, All Inputs 0.8 2.0 \ Veg =5V
lec | Power Supply Current 140 190 mA Vc¢=5.25V
Vou ‘ Output Low Voltage, '
| DoDy 45 \Y Veg=4.75V; loL =2mA
l All Other Outputs 45 \ loLi=10mA
VoH i Output High Voltage, |
| Do-D7 | 36| 38 v Veg=4.75V; lop=-10uA
i All Other Outputs | 24 v lo = -1mA
los Short Circuit Current, All Outputs 15 90 mA Veg=5V
lo(otf) Off State Output Current,
All Control Outputs 100 MA Ve¢=5.25V; Vp=5.25
-100 HA VoF.45V
hNT INTA Current 5 mA (Se¢ Figure below)
Note 1:  Typical values are for Ta = 250C and nominal supply voltages.
Capacitance This parameter is periodically sampled and not 100% tested.
Limits
Symbol Parameter Min. | Typ.lVl | Max. | Unit it v
CiN Input Capacitance 8 12 pF i
QOutput Capacitance
Cour Control Signals ? 15 Pk i 2 - 10%
1/0 Capacitance
o (D or DB) 8 15 pF f
TEST CONDITIONS: Vgias = 2.5V, Ve =5.0V, Ta = 25°C, f = IMHz. 6228 G)
hnr
Note 2: For Dg-D7: Rq = 4K, Ry = 2, Vee
CL = 25pF. For all other outputs: TestT aincuITé! 2 |
Rq = 5009, Ry = 1KR, CL = 100pF, i NTA o
outeur i
L. " ; f
GND GND.

INTA Test Circuit {for RST 7)
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intel’  silicon Gate MOS 8080A-2
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

The 8080A is functionally and electrically ible with the Inte/® 8080.

s TTL Drive Capability Sixteen Bit Stack Pointer and Stack
Manipulation Instructions for Rapid

* 1.5 us Instruction Cycle Switching of the Program Environment
= Powerful Problem Solving = Decimal,Binary and Double
Instruction Set Precision Arithmetic
= Six General Purpose Registers = Ability to Provide Priority Vectored
and an Accumulator Interrupts
= Sixteen Bit Program Counter for = 512 Directly Addressed |1/0 Ports

Directly Addressing up to 64K Bytes
of Memory

The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). 1t is fabricated on a single LSI chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications.
The 8080A contains six 8-bit general purpose warking 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 instructionsiset
or reset four testable flags. A fifth flag provides decimal arithmetic operation.

The B0BOA 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 BO80A the ability to easily handle multiple
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting.
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/O are pro-
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation.
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intgl”  silicon Gate MOS 8080A ?
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR |

The 8080A is functionally and electrically compatible with the Inte/® 808D.

= TTL Drive Capability = Sixteen Bit Stack Pointer and Stack
® 2 us Instruction Cycl Manipulation Instructions for Rapid
«s Instruction Cycie Switching of the Progfam 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
Directly Addressing up to 64K Bytes
of Memory

512 Directly Addressed 1/0 Ports

The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a sihgle LS! chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance sotution to control arid processing applications.
The 80B0A contains six 8-bit general purpose working registers and an accumulator. The six genera) purpose registers may be
addressed individually or in pairs providing both single and double precision operators. Arithmetic dnd logical instructions set
or reset four testable flags. A fifth flag provides decimal arithmetic operation.
The 8080A has an external stack feature wherein any portion of memory may be used as a last jn/first out stack to store/
retrieve the contents of the accumulator, flags, program counter and all of the six general purposg registers. The sixteen bit
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting.
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface tg memory and 1/0 are pro-
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HQLD signal. It provides the
ability to suspend processor operation and force the address and data busses into a high impedange state. This permits OR-
tying these busses with other controlling devices for (DMA) direct memory access or multi-processpr operation.
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SILICON GATE MOS 8080A-2

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

Symbol Parameter Min. | Max. | Unit Test Condition
tey (3 Clock Period .38 2.0 | usec
t, t Clock Rise and Fall Time (1] 50 | nsec
91 ¢1 Pulse Width 60 nsec
162 ¢2 Pulse Width 175 nsec
tp1 Delay ¢1 to ¢, 0 nsec
tp2 Delay ¢ to ¢ 70 nsec
tp3 Delay ¢; to ¢, Leading Edges 70 nsec
tpa (2 | Address Output Delay From 175 | nsec
DA p Y é2 ¢, = 100pf
tpp [2] | Data Output Detay From ¢, 200 | nsec
tpc[2) | Signal Output Delay From ¢, or ¢ (SYNC, WR.WAIT, HLDA) 120 | nsec ¢ = 5008
tpr (2] | DBIN Delay From ¢, 25 | 140 | nsec L=5op
1) Delay for Input Bus to Enter Input Mode tpr | nsec
tps1 Data Setup Time During ¢¢ and DBIN 20 nsec
[14]
TIMING WAVEFORMS (Note: Timing measurements are made at the following reference voltages: CLOCK “1” = 8.0V
“0" = 1.0V INPUTS "1 = 3.3V, 0" = 0.8V; OUTPUTS 1" = 2.0V, "0 = 0.8V.)
f——toy————— ot |
,-H{, »
. N n\ il
Yo7 —w
N 7\ /A /R [\
‘D!’l‘ ”[ oz =
D S R =
Ay -— ———
I toal -
ke—too > —| o |~ — touj— f—top—|
-~
0,0, x:--————- __L__ _foatamn @;‘ j 1 DPALA_OET. _,
[N ot |
SYNC ! . *o:
—| tog = el tpe |-
DBIN ‘
ﬁxo,j e top |
R e e
READY _i_c
0
-
WAIT ty —=| j-—
oo e K
HOLD —-_x @
s
HLDA
INT

INTE
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SILICON GATE MOS 8080A

ABSOLUTE MAXIMUM RATINGS*

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

With Respectto Vgg . ..o vvv v oot -0.3V to +20V
Vce, Vpp and Vgs With Respect to Vgg -0.3V to +20V
1.5W

Power Dissipation .. .. ...t

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

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vpp = +12V + 5%, Ve = +6V + 5%, Vgg =

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

Symbol Parameter Min. Typ. | Max. | Unit Test Condition
ViLe Clock Input Low Voltage Vsg—1 Vsst08 | V
ViHe Clock Input High Voltage 9.0 Vpp+1! \
ViL Input Low Voltage Vgg—1 Vegt08| V
ViH input High Voltage 3.3 Veet1 \
VoL OQutput Low Voltage 0.45 \ loL = 1.9mA on all outputs,
VoH Output High Voltage 3.7 v lon =-160KA.
Iop (av) | Avg. Power Supply Current (Vpp) 40 70 mA
Operation
B Vi
lcc(av) | Avg. Power Supply Current (Vec) 60 80 mA Tey = .48 sec
Igiav) | Avg.Power Supply Current (Vpg) .01 1 mA
e ! Input Leakage +10 MA Vgs < Viny S Ve
oL Clock Leakage 10 HA Vgs < VeLock < Vop
Ip f2] Data Bus Leakage in Input Mode -100 uA Vg SViN SVgg +0.8V
20 1 mA e +0.8VSViNSVee
Address and Data Bus Leakage +10 Vapor/aTa = Vee
IFL During HOL 100 | #A
uring D - VADDR/DATA = Ve +0.46V
CAPACITANCE TYPICAL SUPPLY CURRENT VS.
o
Tp=25"C Ve =Vpp = Vss =0V, Vgg =-5V . TEMPERATURE, NORMALIZED. 13
Symbol Parameter Typ. | Max. | Unit Test Condition £
Co Clock Capacitance 17 25 pf f.=1MHz g
s
Cin Input Capacitance 6 10 pf Unmeasured Pins ; e -
CouTt Output Capacitance 10 20 pf Returned to Vgg 5 B
NOTES:
1. The RESET signal must be active for a minimum of 3 clock cycles. % 3 e s
2. When DBIN is high and Vj > V) an internal active pull up will o
be switched onto the Data Bus. AHBIENT TEMPERATURE Y
3. Alsupply / ATp = -0.45%/°C.
DATA BUS CHARACTERISTIC
DURING DBIN
MAX - — — —i— g —
oL
0 Veo
Vin
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SILICON GATE MOS 8080A

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

Symbol Parameter Min. | Max. | Unit Test Condition
tps2 Data Setup Time to ¢, During DBIN 150 nsec
tpu (1! | Data Hold Time From ¢, During DBIN 0l nsec
tyg (2] INTE Output Delay From ¢, 200 | nsec C, =50pf .
tRs READY Setup Time During ¢ 120 nsec |
tHs HOLD Setup Time to ¢g 140 nsec ‘
ts INT Setup Time During ¢ (During ¢1 in Halt Mode) 120 nsec |
tH Hold Time From ¢, (READY, INT, HOLD) 0 nsec |
trp Delay to Float During Hold (Address and Data Bus) 120 | nsec ’
taw(2] | Address Stable Prior to WR 5} nsec r
tpw!2! | Output Data Stable Prior to WR G] nsec !
twpl2 | Output Data Stable From WR 71 nsec ‘
twal2l | Address Stable From WR mn nsec gt:;gszf;,vi:d:leizzasm N
tyel2) HLDA to Float Delay (8] nsec ‘
twe (2] | WR to Float Delay [9) nsec F
tan (2] | Address Hold Time After DBIN During HLDA -20 nsec |
NOTES: |

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

2. Load Circuit.
#1 f\ 45V [
. 5\ I\
N ' 8080A

ouTPUT

= =
I - I
Ays-Ag -

> twa 3. tCY =1D3 + g2 + 92+ tg2 +tD2 + trp1 > 480ns. =

I-— ity pT TYPICAL A QUTPUT DELAY VS. A CAPACITANCE
5,0 ;..._W ! - +20 -
|- | o 3
! > 410
synC 3 +
| j— 8
] i g oo
DBIN A-—T-—v—/—_ z sPEC
— 5
| | 1 9] -10
LI N —
’l k' -100 -50 o +50 +100
=] o
READY A CAPACITANCE (pf)
P Cactuar = Cspec!
D
WAIT N N " ;
4. The following are relevant when interfacing the 80B0A to devices having V) = 3.3V:
a) Maximum output rise time from .8V to 3.3V = 100ns @ C|_ = SPEC,
HOLD b} Output detey when measured to 3.0V = SPEC +60ns @ C|_ = SPEC.
©) If CL # SPEC, add .6ns/pF if C| > Cspgc, subtract .3ns/pF {from modified delay) if C|_ < Cspec.
5. taw = 2tCy -tD3 -trp2 -140nsec. |
HLDA 6. tDW=1ICY -tD3 ~trs2 -170nsec.
7. If not HLDA, tWD = tWA = tD3 * trs2 +100s. If HLDA, twp = twa = twE-
8. tHE = 13 + t;g2 -50ns.
, 9. tWF = tD3 + trg2 -10ns
NT 10. Data in must be stable for this period during DBIN ‘T3, Both tpg) and tpgg must be satisfied.
11, Ready signal must be stable for this period during T9 or Tyy. (Must be externally synchronized.) i
12, Hold signal must be stable for this period during T2 or Ty when entering hold mode, and during T3, Ty, Ts '
and Ty when in hold mode. (External synchronization is not required.)
INTE 13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to ba

recognized on the following instruction. (External synchronization it not required.)
. This timing diagram shows timing relationships only: it does not represent any specific machine cycle.

=
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SILICON GATE MOS M8080A

INSTRUCTION SET

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

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

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

Double precision operators such as stack manipulation and
double add instructions extend both the arithmetic and
interrupt handling capability of the MB0BOA. The ability to

Data and Instruction Formats

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

Input and output may be accomplished using memory ad-
dresses as /0 ports or the directly addressed /0 provided
for in the MB080A instruction set.

The following special instruction group completes the
MBO80A 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 sei, and the CMC instruction allows it to be comple-
mented. CMA complements the contents of the accumulator
and XCHG exchanges the contents of two 16-bit register
pairs directly.

Data in the M80BOA is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the

same format.

[07 Dg Ds D4 D3 Dy 5:@

DATA WORD

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

executed.
One Byte Instructions
D; Dg Dg Ds D3 Dy Dy Do { OP CODE

Two Byte Instructions
D; Dg Dg D4 D3 Dy Dy Dy
D; Dg Dg D4 D3 Dy Dy Do

OP CODE
OPERAND

|

Three Byte Instructions

D; Dg Ds D4 D3 Dy Dy Dy | OP CODE

TYPICAL INSTRUCTIONS

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

Immediate mode or 1/0 instructions

Jump, call or direct load and store
instructions

Dy Dg Ds D4 D3 Dy Dy Do | LOWADDRESSOR OPERAND 1

D; Dg Dg D4 D3 D Dy Dg | HIGH ADDRESS OR OPERAND 2

For the M808OA a logic 1" is defined as a high level and a logic **0"* is defined as a low llevel.




SILICON GATE MOS 8080A

INSTRUCTION SET

Summary of Processor Instructions

Instruction Cade(] Clock(2! Instruction Code[1] Clock(?)

Mnemonic  Description 0; Dg D5 Dg D3 Dz Dy Dp  Cycles Mnemonic  Description D; Og D5 Dg D3 Dz D Dg  Cycles
MOV 4,2 Move register to register 01 B D DS SS 5 Az Raturn on zer0 11 0 0 10 00 SN
MOV M, Move register to memory 01 1 108§ S 7 RNZ Return on no 2er0 11 0 000 €0 &N i
MOVE,M  Move memary to register 91 0 D D1 10 7 RP Return on positive 111 1 00 00 &N
HLT 01 1 1T 01 1o 7 AM Return an minus 1ty 1 1 1000 51t i
MVIf 00 0 D D1 10D 7 RPE Return on parity even 1t 1 1 0 1000 5N
MV M 00 1 10t 10 10 RPO Return an parity odd 11 1 00000 &N
INR ¢ Increment register 00 D OD D1 00D 5 RST Restart 11 A AAT T "
DCRr  Dacrement register 90 D DD O 5 N Input 10 1101 10
INRM  Increment memory 00 1 1 01 a0 10 out Output 110 100 1 10
DCRM  Decrament memory 00 1 1 0101 10 LXi B Load immediots register 00 0 000 01 10
ADDC  Add register to A 10 00058 § S 4 irB&C
ADCr  AddregistertaAwithesry 1 0 0 0 t S S S 4 LXID Load immedists registor 60 0 1 00 01 10
SUB+ Subtract registar from A 10 0 1 0SS S S ) Pair D& E .
SBB ¢ Subtract register from A 10 0t 1§ s S 4 LXIH Load immediata register 00 1 000 01 10

with borrow PairH& L
ANA ¢ And register with A 10 1 005 88 4 LXISP  Load immediate stackpointer 0 0 1t 0 0 0 1 10
XRAT  Exclusive OrregisterwithA 1 0 1 0 1 S S § [ PUSHB  Push register Pair B & C on t 1 0 001 0 "
ORAT  Or register with A to 1 1 0SS 4 stack
CMPr Compare register with A o 1t 1 18 8§88 4 PUSHD  Push register Pair D & E on t 1 0 1 0t o1 "
ADDM  Add memary to A 10 0 001 10 7 stack
ADCM  AddmemorytaAwithcarry 1 0 0 0 1 1 1 0 7 PUSHH  Push register Pair H & L on Tt ot 0010 n
SUBM  Subtract memory from A 10 0 1 0110 7 st
SBBM  Subtract memory from A to o 1t 1110 7 PUSHPSW Push A and Flags T e 10 " |

with borrow o stack |
ANAM  And memory with A 1o 001 10 7 POPB  PopregisterpairB&Cofft 1 1 0 0 0 0 0 1 10
XRAM  Exclusive OrmemorywithA 1 0 1 0 1 1 1 0 7 stac
ORAM  Or memory with A 101 10110 7 POPO Pop register pair D & E off T 1.0 100 01 i1
CMPM  Compare memory with A To o1 1110 7 stac}
ADI Add immediate to A 110 001 10 7 POPH  Pop reister pair H & L off T 1 000 01 10
Act Add immediate 10 A with Tt 00 1t 110 7 stack

aarry POPPSW  Pop A and Fiags th ot 1 00 01 i
Ut Subtract immedistefromA 1 1 0 1 0 1 1 0 7 off stack
SBI Subtract immediate from A T 0 1t 11 STA Stors A direct 00 1 180 10 12

with borrow LDA Load A direct 90 1 1 10 19 13
ANt And immediate with A T 1t 001 10 XCHG Exchange D& E, H&L T 101 4
XRi Exclusive Or immediatewitn 1 1 1 0 1 1 1 0 7 Registers

A XTHL Exchangetopofsteck H&L 1 11 1 0 0 0 1 1 18
ORI Or immadiate with A Tt 10 10 7 SPHL. H &L to stack pointer 11t 1 10 01 5
L Compare immediotewith A~ 1 1 1 1 1 1 1 0 7 PCHL H & L to program counter 11t 0 10 0t 5
RLC Rotate A left 00 0 0 0 1 11 4 DADS  AddB&CHH&L 00 0 0 10 01 10
RRC Rotate A right 00 0 0 1 1 11 4 DAD D AddDBEtH&L 00 0 1 10 0 t 10
RAL Rotate A left througheary 0 0 0 1 0 1 1 1 4 DADH  AddH&LtoH&L 00 t 0 10 0 1 10
RAR Rotate A right through 00 0 111 4 DADSP  AddstackpointertoH&L 0 0 1 1 1 0 0 1 10

carry STAX B 00 0 000 10 7
JMp Jump unconditional 11 0 0 0 0 t 1 10 STAX D 00 0 1 0 0 1 0 7
Jc Jump on carry 1t 0t 10 10 10 LDAXB  Load A indirect 00 0 0 10 10 7
INC Jump on no carry 110 100 0 10 LDAXD  Load A indirect 00 0 1 10 10 7
1z Jump on zero Tt 0 0 10 10 10 INX B Increment B & C registers 00 0 0 0 0 11 5
Nz Jump on no 2er0 11 0 0 00 10 10 INXD Increment D & E registers 00 0 1 0 0 11 5
”» Jump on positive 111 1 00 10 10 INXH Increment H & L registers 60 t 00 0 1 1 5
M Jump on minus 111 11t oo 0 INXSP - Increment stack painter o 1100 5
JPE Jump on parity even 111 0610 10 10 DCX 8 Decrement B & C 0 0 0 1 0 1 1 5
JPO Jump on parity odd t 1 1000 t O 10 DexX o Decrement D & E 00 0 1 1 0 1 5
CALL Call unconditionsl 110 0 1 1 0 7 DCXH  Decrement H& L 00 1 0 10 11 5
[ Call on.carry 11 0 1 1 1 00 1117 DCXSP  Decrement stack pointer 0 1 1 1 0 11 5
CONC Call on no carry 110 161 00 CMA Complement A 00 1 0 1 1 1 4
€z Call on 2er0 t 10 0 1 1 00 sTC Set carry o0 11 01 1 4
oNZ Call on no zero 10 0 0 1 0 0 M tMe Complement carry 00 1 1 1t 4
o Gall on positive t 11 1 01 00 DAA Decimal adjust A 00 1 0 0 1 11 4
o™ Call on minus t 11t 00 nm SHLD Store H & L direct 00 1000 10 16
CPE Call an parity sven 11t o0 11 00 1 LHLD Load H & L direct 00 t 010 10 16
cP0 Calt on parity odd 11 1 0 01 00 M Et Enable Interrupts U I I T N R 4
RET Retura 11 0 0 310 01 10 ol Disable interrupt o1 o1 000 11 4
RC Return on carry 11 0 t 1000 &N NOP No-oparstion 00 0 000 00 4
RNC Return on no carry 11 0t 00 00 SN 1

i

NOTES: 1. DDD or $8§ —0008 — 001 C~ 010D — 011 E — 100 H — 101 L — 110 Memory — 111 A,
2. Two possible cycle times, (5/11) indicate instruction cycles dependent on condition flags.
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SILICON GATE MOS M8080A

M8080A FUNCTIONAL PIN DEFINITION

The following describes the function of all of the M8080A 1/0
pins. Several of the descriptions refer to internal timing periods.

Aqs.Aq loutput three-state)

ADDRESS BUS; the address bus provides the address to memory
(up to 64K 8-bit words) or denotes the 1/O device number for up
to 256 input and 256 output devices. Ag is the least significant
address bit.

D7-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 cycle of each machine
cycle, the MB0OB0A outputs a status word on the data bus that de-
scribes the current machine cycle. Dy is the least significant bit.

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

DBIN {output)

DATA BUS IN; the DBIN signal indicates to external circuits that
the data bus is in the input mode. This signal should be used to
enable the gating of data onto the M80BOA data bus from memory
or /0.

READY (input)

READY; the READY signal indicates to the MBO8BOA that valid
memory or input data is available on the M808O0A data bus. This
signal is used to synchronize the CPU with slower memory or 1/0
devices. If after sending an address out the M8080A does not re-
ceive a READY input, the MB0B0A will enter a WAIT state for as
long as the READY line is low. READY can also be used to single
step the CPU.

WAIT (output)

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

WR (output)

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

HOLD (input)

HOLD; the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the MBOBOA address and data bus as soon as the M808B0A has
completed its use of these buses for the current machine cycle. It
is recognized under the following conditions:

® the CPU is in the HALT state.

® the CPU isin the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
(A15-Ag} and DATA BUS (D7-Dg) will be in their high impedance
state. The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE (HLDA) pin.

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

—— |
Ay O 40 |—=0 Ay
GND 0— 2 39 —>0 Aua

D, O=—=|3 38 —0 A3

Dy O=—{4 37 |—=0 A2

Dg O+—={5 36 0 A5

D, O=—={6 35 —>0 Ag

Dy O=—|7 e H#[° Ag

D, 0+ 8 |NTEL 33 —=0 A

D, O] —=0 Ag

9 32
D; O-=—1 10 M8080A 31 >0 Ag

—-sv o— 11 30 f—=0 A
RESET O— 12 29 —=0 A3
HOLD 0—={ 13 28 p—o0 +12v

INT o—={ 14 27 p—=0 A,

92 O—=1 15 26 —=0 Ay
INTE O=—o 16 25 —0 Ag
DBIN O=—A 17 24 —=0 WAIT
Wr O+ 18 23 }+—o0 READY
SYNC O=— 19 22 [0 ¢
+5v 0— 20 21 }—=0 HLDA

Pin Configuration

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

® T3 for READ memory or input.

® The Clock Period following T3 for WRITE memory or QUT-
PUT operation.

In either case, the HLDA signal appears after the rising edge of ¢4

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

INTE (output}

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

INT (input)

INTERRUPT REQUEST; the CPU recognizes an interrupt re-
quest on this line at the end of the current instruction or while
halted. If the CPU is in the HOLD state or if the Interrupt Enable
flip/flop is reset it will not honor the request.

RESET (input) (1]
RESET; while the RESET signal is activated, the content of the
program counter is cleared. After RESET, the program will start
at location 0 in memory. The INTE and HLDA flip/flops are also
reset. Note that the flags, accumulator, stack pointer, and registers
are not cleared.

Vss  Ground Reference

VoD +12 Volts £10%.

Vec  +5 Volts £10%.

VBB -5 Volts +10%.
81.¢2 2 externally supplied clock phases. {non TTL compatible)
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SILICON GATE MOS 8080A-1

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature
All tnput or Output Voltages

With Respect to Vgg

-65°C to +150°C

Vee. Vpp and Vgg With Respect to Vgg

Power Dissipation

0°C to +70°C

-0.3V to +20V
-0.3V to +20v

1.5W

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

D.C. CHARACTERISTICS

Ta =0°C 10 70°C, Vpp = +12V * 5%, Vee = +5V £ 6%, Vpg = -6V £ 5%, Vgs = 0V, Unless Otherwise Noted.

Symbol Parameter Min. Typ. Max. “ Unit Test Condition
ViLe Clock Input Low Voltage Vgg—1 Vgs+0.8 v
ViHe Clack Input High Voltage 9.0 Vpp+1 Y
Vie Input Low Voltage Vgg~1 Vgst0.8] V
Vin Input High Voltage 3.3 Veg+1 \
Voo Output Low Voltage 0.45 \2 } loL = 1.9mA on all outputs,
Vou Output High Voltage 3.7 \ lon = 150uA.
Ipp (av) | Avg. Power Supply Current (Vpp) 40 70 mA
Icc (av) | Avg. Power Supply Current (V¢c) 60 80 mA $perition
cy = .32usec
I (av) | Avg. Power Supply Current (Vgg) .01 1 mA
I Input Leakage 10 MA Vss < Viy < Vge
leL Clock Leakage 10 MA Vss < VcLock < Vpp
Ipg 2} Data Bus Leakage in Input Mode -100 HA Vss SV <Vgs +0.8V
20| mA | s H0IBY S Viy <Vee
eL Adgres‘s and Data Bus Leakage +10 uA VADDR:/DATA =Vce
uring HOLD -100 VADDA/DATA = Vgg + 0.45V
CAPACITANCE TYPIGAL SUPPLY CURRENT Vs,
Tp= 25°C Ve = Vpp = Vgg = 0V, Vgg =-6V . TEMPERATURE, NORMALIZED. 3]
Symbol Parameter Typ. Max. Unit Test Condition 5
Co Clock Capacitance 17 25 pf fe=1MHz §
Cin Input Capacitance 6 10 pf Unmeasured Pins z
Cout Output Capacitance 10 20 pf Returned to Vgg %
NOTES:

1. The RESET signal must be active for a minimum of 3 clock cycles.
2. When DBIN is high and V> V| an internal active pull up will

be switched onto the Data Bus.
3. Al'supply / ATp = ~0.45%/°C.

AMBIENT TEMPERATURE (°C)

DATA? BUS CHARACTERISTIC
DURING DBIN
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SILICON GATE MOS 8080A-1

A.C. CHARACTERISTICS (Continued)
Ta =0°C to 70°C, Vpp = +12V % 6%, Vg = +BV % 5%, Vg = -5V % 5%, Vgg = OV, Unless Otherwise Noted |

Symbol Parameter Min. | Max. | Unit Test Condition
tps2 Data Setup Time to ¢ During DBIN 120 nsec
tpu (1! | Data Hold Time From ¢, During DBIN 4] nsec
te (2] INTE Output Delay From ¢, 200 | nsec Cy_ = 50pf i
tRs READY Setup Time During ¢3 90 nsec
ths HOLD Setup Time to ¢, 120 nsec
tig INT Setup Time During ¢ (During ¢1 in Halt Mode} 100 nsec i
H Hold Time From ¢ (READY, INT, HOLD) 0 nsec
tep Delay to Float During Hold (Address and Data Bus) 120 | nsec
tawf2 | Address Stable Prior to WR (5] nsec
tow!2] | Output Data Stable Prior to WR (6} nsec
twpl2! | Output Data Stable From WR ul nsec
twal2l | Address Stable From WR 17 nsec Cy=50pf: Address, Data
C_=50pf: WR, HLDA, DBIN

tel2] | HLDA to Float Delay (8l nsec
twe (2] | WR to Float Delay )] nsec
tan (2] | Address Hold Time After DBIN During HLDA -20 nsec

NOTES

1. Datainput should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured.
tDH = 50 s or tpF. whichever is less.
2. Load Circuit.

+5v
21K
8080A
OUTPUT
Aghy A=t -
e twa 3. tCY =103 * trp2 + 192 + 2 + 102 + tre1 > 320ns.
£ i i e ik TYPICAL A QUTPUT DELAY VS. A CAPACITANCE
Spamanm = VR0
" Wo £ i
; s |
sYyNG i 1 M 1
I g, ‘
DBIN / * 5 SPEC
£
. § -10
WR s —_— _‘_$— twp 20 il
. -100 50 o 50 +100
READY 3 CAPACITANCE (pf)
la— tue —=] {Cactuat ~ Cseec!
WArT . .
4. The following are retevant when interfacing tha 80B0A to devices hnvl;lg ViH = 3.3V:
a) Maximum output rise time from .8V to 3.3V = 100ns @ Cy_ = SPE[.
wowo b} Output delsy when messured to 3.0V = SPEC +60ns @ C|_ = SPEG,
¢} If Cp + SPEC, add 8ns/pF if C| > CsPEC. subtract .3ns/pF {from Modified detay) if | < Cgpgc.
5. taw = 2tCY ~tD3 ~trp2 ~110nsec. ]
HLOA 6. 1DW = tCY ~tD3 ~trp2 -160nsec. i
7. It not HLDA, twp = tWA = tD3 + trg2 +10ns. If HLDA, twp = twa = 4w F.
8. tHE = 1D3 + trp2 -50ns.
. - 9. tWF = tpg * trgz ~10ns
w 10. Data in must be stable for this period during DBIN T3, Both tpgq an tpgz must be satistied.
1. Ready signal must be stable for this period during To or Tyy. (Must bé externally synchronized.)
- 12. Hold signal must be stable for this pariod during T2 or Ty when antering hold mode, and during T3, T, Ts
- and Tyl when in hold mode. (External synchronization is not raquired.)
INTE N 13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be

recognized on the following instruction, (Extarnat synchronization is not required.)
14. This timing diagram shaws timing relationships only it does not represent any

ific machine cycle.
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SILICON GATE MOS 8080A-2

ABSOLUTE MAXIMUM RATINGS*

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

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

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

D.C. CHARACTERISTICS
Ta =0°C t0 70°C, Vpp = +12V £ 5%, Voc = +5V + 5%, Vgg =

-6V £ 6%, Vgg = 0V, Unless Otherwise Noted.

Symbol Parameter ‘ Min. Typ. Max. Unit Test Condition
ViLe Clock Input Low Voltage Vgg—1 Vsst0.8 \
Vine Clock Input High Voltage 9.0 Vpp+1 Y
ViL Input Low Voltage Vgg—1 Vgst0.8| V
Vin Input High Volitage 33 Vet Vv
Vou Output Low Voltage 0.45 v loL = 1.9mA on all outputs,
Von Output High Voltage 3.7 % loH = 150uA.
Ipo (av) | Avg.Power Supply Current (Vpp) 40 70 mA
lcc (av) | Avg. Power Supply Current (Vee) 60 80 mA Operaticn
Tcy = -38usec
IBB (AV) Avg. Power Supply Current (Vgg) .01 1 mA
[T Input Leakage +10 uA Vgs S Viny < Ve
leL Clock Leakage +10 HA Vgs < VeLock < Vpp
Ip 121 Data Bus Leakage in (nput Mode -100 HA Vss <V <Vgs +0.8V
20 [mA | 0.8V Vin SVee
\ Address and Data Bus Leakage +10 Vabor/pata = Vee
FL During HOLD s00 | HA
9 VADDR/DATA = Vss +0.45V
CAPACITANCE TYPICAL SUPPLY CURRENT VS.
To=25°C  Vgc = Vpp = Vgs = 0V, Vgg = -5V TEMPERATURE, NORMALIZED. [3]
I
Symbol Parameter Typ. Max. Unit Test Condition 5
Co Clock Capacitance | 17 | 25 | pf | f=1MHz H
H
Cin Input Capacitance 6 10 pf Unmeasured Pins ; —
Cout Output Capacitance 10 20 pf Returned to Vgg 5
NOTES:

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

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

3. Alsupply / AT = -0.45%/°C.

+50 +75

AMBIENT TEMPERATURE (°C)

DATA HUS CHARACTERISTIC
DURING DBIN

MAX |- — — — —ag —

5
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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 (1! or used in read

mode. {See following table.)

T PIN 12 | 13 14 15 16 22 23
mope T (Voc) | (Programl | (@) | (Vgg! | (Vgg) WVee) | Ve
Read Vee | Veo GND | Voo | Voo Vee | Vee
Programming GND | Program Pulse | GND | Vgg Pulsed Vgg (Vi 4p ) | GND | GND

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . ....... 0°C to +70°C
Storage Temperature . —85°C to +125°C
Soldering Temperature of Leads {10 sec) +300°C
Power Dissipation . ...................... 2 Watts
Read Operation: Input Voltages and Supply

+0.5V to —20V

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

*COMMENT

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

READ OPERATION
D.C. AND OPERATING CHARACTERISTICS

Tp = 0°C ta 70°C, Ve = +5V£5%, Vo = —9V5%, Vo= —~9V+5%, unless otherwise noted.

SYMBOL TEST MIN.  TYPI3 MAX. [uNIT CONDITIONS
W Address and Chip Select 10 BA Viny = 0.0V
Input Load Current
Lo Output Leakage Current 10 pA Vout = 0.0V, Cs= Vee —2
looo Power Supply Current 5 10 mA Vge=Veer C—S:VCC -2
loL= 0.0mA, T, = 25°C
Ipp1 Power Supply Current 35 50 mA | CS=Ve ~2
loL =0.0mA, T, =25°C
Ipp2 | Power Supply Current 32 46 mA | C8=0.0
lo, =0.0mA, T, =257C Continuous
Ibos Power Supply Current 38.5 60 mA CSZVCC -2 . Operation
lop =0.0mA , T, =09
lery Output Clamp Current 8 14 mA Vour = = 1.0V, T, =10°C
lcpz [ Output Clamp Current 13 mA | Vour = =10V, T, = 25°C
6o Gate Supply Current 10 | pA
Vit Input Low Voltage for -1.0 0.65 \
TTL Interface b
ViL2 Input Low Voltage for Voo Vee —6 Vv
MOS Interface
Viy Address and Chip Select Vee—2 Ve 10.3 \%
Input High Voltage
oL Output Sink Currentr ) 1.6 4 mA Vour = 045V
VoL Ou,tﬂki(, Low Voltage | -7 045 \2 |0L = 1.6mA
Vou Output High Voltage 3.5 \ lon = —200 uA
Note 1:  In the programming mode, the data inputs 1—8 are pins 4—11 respectively. CS = GND.
Note 2: VGG may be clocked to reduce power dissipation. In this mode average Ipp increases in proportion to Vg duty cycle. (See p. 5)
Note 3:  Typical values are at nominal voltages and T = 26°C.
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SILICON GATE MOS 8080A-2

A.C. CHARACTERISTICS (Continued)
Ta = 0°C to 70°C, Vpp = +12V % 5%, Vg = +5V * 5%, Vgg = -5V * 5%, Vgg = 0V, Unless Otherwise Noted

Symbol Parameter Min. | Max. | Unit Test Condition i
tps2 Data Setup Time to ¢, During DBIN 130 nsec !
tpw (] | Data Hold Time From ¢y During DBIN M nsec
tye (2] INTE Output Delay From ¢, 200 | nsec Cp = 50pf
tRs READY Setup Time During ¢o 90 nsec
tHs HOLD Setup Time to ¢, 120 nsec
tig INT Setup Time During ¢7 (During ¢1 in Halt Mode) 100 nsec
ty Hold Time From ¢, (READY, INT, HOLD) 0 nsec
tep Delay to Float During Hold (Address and Data Bus} 120 | nsec
taw!2?) | Address Stable Prior to WR (5] nsec
tpw(2 | Output Data Stable Prior to WR (6] nsec
twp(2! | Output Data Stable From WR ) nsec
twal?) | Address Stable From WR 7 nsec 00pf: Address, Data
Opf: WR, HLDA, DBIN

tyr(2) | HLDA to Float Delay 18} nsec
twe 2] | WR to Float Delay 191 nsec
tan 12} Address Hold Time After DBIN During HLDA ~20 nsec

NOTES:

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured.
tDH = 5075 or tDF, whichever is less.

2. Load Circuit.
4 J +BV
|

80BOA
ouTPYT

21K

&

| ,,.L'm e
- ——— ORI T
ety 3. 1CY = 1D3 * trg2 + 192 * t1g2 + 102+ trgt > 380ns. =
i
‘ b ———— T~ TYPICAL A OUTPUT DELAY VS. A CAPACITANCE
DDy b=t e onl +20 —-

i r
I

‘

SYNC
T

DBIN /
R _ _#—'wr‘—. 20 | |

R E +100
i T 100 50 [ +80 1
READY 3 CAPACITANCE (pf}

SPEC

A OUTPUT DELAY (ns)
<

© ~ Cypec)
o tr —] actoat ~ Cseec

WAIT

>

The following ars relevant when interfacing the B080A to devices havidg V| = 3.3V:
a) Maximum output rise time from .8V to 3.3V = 100ns @ C|_ = SPEC, i
woo F b) Output delay when measured to 3.0V = SPEC +60ns @ C\ = SPEC.-

R € I CL # SPEC, add Bns/pF if CL> Cspec, subtract 3ns/pF (from modified delay) if C|_ < Cspec.

1AW = 2tCY ~1D3 ~trp2 ~130nsec.
HLDA
,__—_1

DW = 1CY ~tD3 ~trg2 - 170nsec.

1t not HLDA, tD = tWA = tD3 * trg2 +10ns. If HLDA, wp = twa = tF-

tHF = tD3 * 12 -50ns.

WE = D3 * trg2 -10ns

10. Data in must be stabl for this period during DBIN “T3. Both tpsy and:tpga must be satisfied.

11. Ready signal must be stable for this period during T or Tyy. (Must be externally synchronized.)

12. Hold signal must be stable for this period during T or Tyy when entering hold mods, and during Tg, Ta, Tg
and T when in hold mode. (Extarnal synchronization is not required.)

Intereupt signal must ba stable during this period of the last clack cycle of any instruction in order to be

recognized on the following instruction. (External synchranization is not required.}

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

voNen
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intel’  silicon Gate MOS Msos0A
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

The M8O8O0A is functionally compatible with the Intel® 8080.

Full Military Temperature Range = Sixteen Bit Stack Pointer and Stack
—55°Cto +125°C Manipulation Instructions for Rapid
+10% Power Supply Tolerance Switching of the Program Environment

2 us Instruction Cycle = Decimal,Binary and Double

. Precision Arithmetic
Powertul Problem Solving . X L
Instruction Set = Ability to Provide Priority Vectored

. . Interrupts
Six General Purpose Registers X
and an Accumulator = 512 Directly Addressed 1/0 Ports

TTL Drive Capability

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

The Intef® M808OA is acomplete 8-bit parallel central processing unit {CPU). It is fabricated on a single LS| chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications.
The M8B08OA 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 MB080A 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 MB0B0A the ability to easily handle multiple
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting.
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/0 are pro-
vided directly by the M80BOA. 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 impedancd state. This permits OR-
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor. operation.

DATA BUS
BUFFER/LATCH
ACCUMULATOR TEMP. REG. INSTRUCTION
It ) REGISTER (81 MULTIPLEXER
. 4 W 7
TS 5 TEMP REG TEMH REG
ACCUMULATOR - FRCD "
H 18 2 REG. RiG
ARITHMETIC] INSTRUCTION a o 0
LoGic e e REG. RiG
NI MACHINE H Hoow @
atu) YeLE 2 REG REG.
L] | ENCODING 2 e
z STACK POINTER
T
PROGRAM COUNTER
CECIMAL INCREMENTER/DECREMENTER | -
ADIUST = ADDRESS LATCH] 16
TIMING
AND
CONTROL

6]
ADORE: FER |
DATABUS INTERRUPT HOLD  WAIT DORESS BUFFE
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS|




SILICON GATE MOS 8708/8704

Absolute Maximum Ratings *

Temperature Under Bias . . . . . J -25°C to +85°C *COMMENT
Storage Temperature .. ....................... -65°C to +125°C Stresses above those listed under ““Absolute Maximum
All Input or Output Voltages with Respect to Vgg Ratings"” may cause permanent damage to the device.
{except Program) +15V to -0.3V This is a stress rating only and functional operation
P | Vo e +35V ¢ 0'3\/ of the device at thess or any other conditions above
rogram Input to Vgg : 0 -0. those indicated in the operational sections of this
Supply Voltages Vcc and Vgg with Respect to Vgg. +15V to -0.3V

specification is not implied. Exposure to absolute
Vpp with Respect to Vgg +20V to -0.3V i rating conditions for ded periods may

Power Dissipation ...............c.cviuriiinnnnnaan. 1.5W affect device reliability.

READ OPERATION
D.C. and Operating Characteristics
Ta=0°Cto 70°C, Vog = +5V 5%, Vpp = +12V #5%, Vgg = -6V 5%, Vgg = OV, Unless Otherwise Néted.

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

Iy Address and Chip Select Input Load Current 10 uA VN, = 5.25V

o Output Leakage Current 10 uA | Voyt =5.25V, CS/WE = 5V
Ibp Vpp Supply Current 50 65 mA Worist Case Supply Currents:
lec Vec Supply Current 6 10 mA Al !nputs High

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

ViL Input Low Voltage Vss 0.65 \ i

Vin Input High Voltage ) 3.0 Veet1 \

VoL Output Low Voltage 0.45 A loLF 1.6mA

VoH1 Output High Voltage 37 \% lon = -100uA

VoHz Output High Voltage 2.4 \ low'=-1mA

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

NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltages. i
2. The program input (Pin 18) may be tied to Vg or Vg during the read mode. !




SILICON GATE MOS M8080A

INSTRUCTION SET

Summary of Processor Instructions

Instruction Code(?) Clack 2] Instruction Code (] Clack(2]

Mnemanic  Description D7 0g D5 D4 Dy Dp Dy Op  Cycles Mnemonic  escription D; Dg D5 0y D3 Oz Dy O  Cycles
MOV, 5 Move register o register 01 D D DS S 5 [ Retarn on zero 10 0 v 000 s
MOV M, 1 Move register to memory 91 1 108 § S 7 RNZ Return on no zero 11 0 0 00 C 0 5
MOV, M Move memory to register 91 0 D010 7 RP Return on positive Tt o1 10 0 0 0 5
HLT Halt [ T R 7 AM Return on minus 11 1 0 0 0 s
MV Move immediate register 00 D B D1 10 7 RPE Retusn on parity even o1 01000 M
MVIM  Move immediate memory 60 1 1 01 10 10 RPO Return on parity odd T o1 000 00 wn
INR ¢ Increment register 00 D 0D D1 0O 5 RST Restart T oA A AT T n
OCR¢ Decrement cegister 00 ¢ 0D o0 5 iN Input L Y R O R | 10
INR M Increment memory 00 1 1 0100 10 out Outgut 1Y o0 1 00 1 10
OCAM  Decrement memory 000 1 1 0 1 0t 10 Lx(8 Load immediate register 00 0 0 00 01 10
ADD ¢ Add register 1o A 10 0 0 0SS S 4 PairB&C
ADC ¢ Add register to A with carry 10 0 0 t 8 8 S 4 LXI D Load immediate register 00 0 1 0 0 0 10
suBr Subtract register from A 10 0 1 0SS s 4 Pair 0 & E
S88r Subtract register from A 10 0 1 1§ 8§ 4 LXIH Load immediate register ¢ 0 1 0 0 0 0 10

with borrow PairH& L
ANA T And register with A 10 1 0 08 5§ 4 LXISP Load immediate stack pointer 0 0 1 1 0 0 0 1 10
XRA Exclusive Or registerwith A~ 1 0 1 0 1 § § § 4 PUSHB  Push register Pair B & C on o0 0 01 0 "
0RAT Or register with A 1o 1t 105 s s 4 stack
CMP ¢ Compare register with A e 1 1 1 8 8§ 8§ 4 PUSHD  Push register Pair 0 & E on T o0 1 0 1 o0 1 n
ADDM  Add memory to A 10 0 0 0 1 10 7 stac
ADCM Add memory toAwithcarry 1 0 0 0 1 t 1 0 7 PUSHH  Push register Pair H & L on t1 o1 001 0 n
SUBM  Subtract memory from A to 0 1t 01 10 7 stack
SBB M Subtract memory from A 10 0 v 11 10 7 PUSH PSW  Push A and Flags T 1 1001 0 n

with borrow on stack
ANAM  And memory with A T 0 1 00 1 10 7 POPR Pop register pair B & C off Tt o0 0 00 0 1t 10
XRAM  Exclusive OcmemorywithA 1 0 1 0 1 1 1 0 7 stack
ORAM O memory with A 101 1 0 1 10 7 0P D Pop register pair D & € oft T o0 1 00 0 10
CMPM  Compare memory with A LA R T T S O 7 stack
ADI Add immediate to A 10 0 0 1 10 7 POP H Pop register pair H & L off T o1 00 0 01 10
ACH Add immediate 10 A with 110 0 1 110 7 stack

carry POPPSW  Pop A end Flags Tt 00 01 10
sul Subtract immediate from A Trooo1 010 7 off stack
B Subtract immediate from A LA T T T 7 STA Store A direct 00 1 1 00 10 13

with borrow LoA Load A direct 00 1 1 10 10 13
ANI And immediate with A o100 10 ? XCHG Exchange D& E, H& L L T T T R I 4
XRI Exclusive Or immediatewith 1 1 1 0 1 1 1 0 7 Registers

A XTHL Exchangetop ofstack H&L 1 61 1 0 0 0 1 1 18
ORI Or immediate with A L T T T I T 7 SPHL H& L to stack pointer T 11001 5
cl Compare immediate with A [ T T T R A} 7 PCHL H & L to program counter T 010 0 5
RLC Rotate A left 60 0 0 0 1 11 4 DADB  AddB&CrOH&L 00 0 0 1 0 0 1 10
RRC Rotate A right 00 0 0 1 1 1 4 DADD  AddD&EwH&L 00 0 1 10 0 1 10
RAL Rotete A loft throughcarry 0 0 0 1 0 1 1 1 4 DADH  AddH&LtoH&L 00 1 0 1 0 0 1 10
RAR Rotate A right through L A R 4 DADSP  AddstackpointertaH&L 0 0 1 1 1 0 0 1 10

carty STAXB  Store A indirect 00 0 000 1 0 7
mp Jump unconditional 10 0 00 1 10 STAXD  Store A indirect 0 0 1 00 10 7
J Jump on carry L T A I 10 LOAXB  Load A indirect 00 0 0 1 0 10 7
INC Jump on ne carry o100 10 10 LDAXD  Load A indirect 00 0 t 1 0 10 7
52 Jump on zero Tt 010 10 INXB Increment B & C registers 00 0 00 0 1 1 5
INZ Jump on o zero 10000 10 10 INXD Increment D & E registers 60 0 1 00 11 5
P Jump on positive 11 1 1 00 10 0 INXH Increment H & L registers 00 1 0 0 0 t 1 5
M Jump o minus L A B 10 INXSP Increment stack pointer 000 1 1 0 0 11 5
4PE Jump on parity even L T A 10 ocx 8 Decrement B & C 000 0 0 1 0 11 5
IP0 Jump on parity odd 11 0 00 10 10 ocx D Decrement 0 & E 00 0 1 10 11 5
CALL Call unconditianal 10 0 110 1 DEX H Decrement H & L g 10 10 1 5
[ Call on carry L R B A DCXSP Decrement stack pointer 0 1 110 1 5
CNC Call on no carry Yoot oo 00 cMA Camplement A e 1T 1 1 o1 4
[+3 Call on zero 110 0 1t 1t o0 0 na STC Set carry [ R T T I R | 4
NZ Call on no zero 110 0 0 1 0 0 17 oM Complement carry [ R I | 4
P Calt on positive 111 10t 00 1y DAA Decima adjust A 00 10 0 1o 4
4] Call on minus T 1 1 00 1 SHLD Store H & L direct 00 1000 10 16
CPE Call on parity even Tt 01t 00 nm LHLD Load H & L direct 00 1 010 10 16
cPO Call on parity odd T o1 001 00 W £l Enable Interrupts L T R R T T 4
RET Return T o0 0 10 0 1 10 oI Disable interrupt 1o 00 1 4
aC Return on carry Ty 01 10 0 0 s NOP No-operation ob 0o 000 00 4
RNC Return on o carry 11 0 1 00 00 5N
NOTES: 1. DDD or SSS ~ 000 B — 001 C— 010D — 011 E— 100 H — 101 L — 110 Memory — 111 A,

2. Two possible cycle times, (5/11) indicate instruction cycles dependent on condition flags.
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SILICON GATE MOS 8708/8704 i

Typlcal Characteristics (Nominal supply voltages unless otherwise noted):

OQUTPUT SINK CURRENT RANGE OF SUPPLY CURRENTS
VS. OUTPUT VOLTAGE VS. TEMPERATURE
w0 80 T T
{ I / } ALL POSSIBLE OPERATING
Vg = 4.75V / | | Conoimions: ;
K | ya [ et i
I
TWmOC z
T, 25°C £
_ T, =70°C ¢
H H
£ H
T \ — : o '3‘5%&'0’0‘0’0’0’0'
g O
g X Y
2 - {
*—~spec |
||
° 2 4 ) 8 1.0
Vo IVOLTS)
MAXIMUM JUNCTION TEMPERATURE
VS. AMBIENT TEMPERATURE ACCESS TIME VS, TEMPERATURE
160 500
| T
= 80°C/W 17TL LOAD + 100pF |
vfc -5.25v 1 | [
Vpp = 126V / 400 T
Vgg = -6.25V |
100 /
° E
2 3
e k3

100
o o
o 20 40 6 70 20 o 20 0 0 B0
nea 7000
ACCESS TIME
VS. LOAD CAPACITANCE 1
T - 25°C i
300
L— i
//
z ]
Ty 20
k]
100
]
3 00 200 3 400 500

, {pF)
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SILICON GATE MOS M8080A

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ... ......... -65°C to +125°C
Storage Temperature .. ............. -85°C to +150°C
All Input or Output Voltages

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

With Respectto Vgg .« . .-+ oovo. .. -0.3V to +20V the operational sections of this specification is not implied. Ex-
Ve, Vpp and Vss With Respect to Vgg -0.3V to +20V posure to absolute maximum rating conditions for extended
Power Dissipation .. ....................... 1.7W periods may affect device reliability.

D.C. CHARACTERISTICS
Ta =-55°C to +125°C, Vpp = +12V £10%, Ve = +5V £10%, Vg =-5V £10%, Vs = OV, Unless Otherwise Noted.
Symboi Parameter ' Min. Typ. Max. Unit Test Condition i
ViLe Clock Input Low Voltage Vgs—1 Vss+0.8 v
Vi Clock Input High Voltage 8.5 Vppt1 v
ViL Input Low Voltage Vgs—1 Vggt0.8 \
Vin fnput High Voltage 3.0 Veetl \4
Voo Output Low Voltage 0.45 v lor = 1.9mA on all outputs,
Vou Output High Voltage 3.7 Y loH = 160uA.
Ipp (av) | Avg.Power Supply Current {Vpp) 50 80 mA i
! Avg. Power Supply Current (Veg) 60 | 100 A || Operation
CCiAV) 9 idiad hree m Tey = .48 usec
Isg (av) | Avg.Power Supply Current (Vgg) .01 1 mA |
I Input Leakage 10 MA Vss < Viy < Ve
IcL Clock Leakage *10 HA Vss < Vcrock < Vpp
o (2] Data Bus Leakage in Input Mode -100 A Vss Sy SVgs +0.8V
20 MA 0.8V S Viy SVie
Address and Data Bus Leakage | +10 ) Vabor/mbaTA = Vec
lFL During HOLD s100 | KA
9 VADDR/DATA = Vss + 0.45V
1
CAPACOITANCE TYPICAL SUPPLY CURRENT VS,
Tao=25°C Vgc = Vpp = Vgs = 0V, Vgg = -5V LSTEMPERATURE, NORMALIZED. 3]
Symbol Parameter Typ. | Max. ‘ Unit Test Condition v \
3

Cy Clock Capacitance 17 25 pf | f.=1MHz g o

Cin Input Capacitance 6 10 pf Unmeasured Pins %’ \

Cout Output Capacitance | 10 20 pf Returned to Vgg § o8

NOTES: ' ‘J

1. The RESET signal must be active for a minimum of 3 clock cycles. -55 N +50 +125
2. When DBIN is high and Vy > V|4 an internal active pull up will AMEJENT TEMPERATURE re
be switched onto the Data Bus.
3. Alsupply / ATp = -0.45%/°C
DATA BUS CHARACTERISTIC
DURING DBIN
MAX L —— e~




SILICON GATE MOS 8302

Absolute Maximum Ratings *

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

o o

Smragfa Temperature . .......... —85°C o *125‘,0 Stresses above those listed under. ““Absolute Maximum Rat-
Soldermg Tem?eratuve of Leads (10 sec) ........ +300°C ings” may cause permanent damage to the device. This is a
Power Dissipation  ................... ... 2 Watts stress rating only and functional -operation of the device at
Input Voltages and Supply these or at any other condition above those indicated in
Voltages with respect to Vee .. ........ +0.5V to —20V the operational sections of this specification is not implied.

Exposure to Absolute Maximum Rating conditions for ex-
tended periods may affect devicq reliability,

READ OPERATION
D.C. and Operating Characteristics
Ta =0°C t0 70°C, Ve = +5V45%, Vo= —9V+5%, Vé2= —9V+5%, unless otherwise noi:ed.

SYMBOL TEST MIN.  TYP2 max. [uniT CONDITIONS
0 Address and Chip Select 1 BA | V) =00V i
Input Load Current !
llo | Output Leakage Current 1 HA | Vour =00V, G5 = Vo -2
Iooo | Power Supply Current 5 10 mA | Vga=Vee, C8=Ve
loL= 0.0mA, T, = 28°C
o1 | Power Supply Current 35 50 mA | C8=Veo -2
loL =0.0mA, T, =25°C
lop2 Power Supply Current 32 46 mA ¢ 0
loL =0.0mA, T, =258°C
— Continuous
IDDS Power Supply Current 38.5 60 mA CS=VCC -2 Operation
lop <0.0mA , T, = 08C
lery Output Clamp Current 8 14 mA Vour = —1.0V, T, 50°C 1
lcrz | Output Clamp Current 13 [ mA [V =-10V,T, =p5°C
lag Gate Supply Current 1 pA
Viny Input Low Voltage for -1.0 0.65 2
TTL Interface
ViLz Input Low Voltage for Voo Vee —6 \2
MOS Interface
iy Address and Chip Select Vec—2 Vect03 | V
Input High Voltage
lou Output Sink Current 1.6 4 mA Vout = 045V
lon Output Source Current —2.0 mA | Vor = 0.0V
Voo Output Low Voltage -7 0.45 \ loL = 1.6mA
Vou | Output High Voltage 35 45 V] g, = -100pA

Note 1. VGG may be clocked to reduce power dissipation. In this mode average | pp increases 1n propartion fo V@ duty cycle.
Note 2. Typical values are at nominal voltages and Tp = 259C.




SILICON GATE MOS M8080A

A.C. CHARACTERISTICS (Continued) :

Ta =-55°C to +125°C, Vpp = +12V £10%, Vo = +5V £10%, Vg = -5V £10%, Vs = OV, Unless Otherwise Noted,
Symbol Parameter Min. | Max. | Unit Test Condition I
tps2 Data Setup Time to ¢ During DBIN 130 nsec
tou (1! | Data Hold Time From ¢5 During DBIN 50 nsec
tgl2] INTE Output Delay From ¢, 200 | nsec CL = 50pf
tRs READY Setup Time During ¢, 120 nsec
tHs HOLD Setup Time to ¢ 140 nsec
s INT Setup Time During ¢7 (During ¢ in Halt Mode) 120 nsec ;
tH Hold Time From ¢ (READY, INT, HOLD) [1] nsec |
tFp Delay to Float During Hold (Address and Data Bus) 130 | nsec i
taw!2) | Address Stable Prior to WR 151 nsec |
tpw!2! | Output Data Stable Prior to WR 16 nsec
two!? | Output Data Stable From WR n nsec
twal2l | Address Stable From WR 7 nsec C =50pf
tuel2l | HLDA to Float Delay (8] nsec
twr (2] | WR to Float Delay 19) nsec
tan {2l | Address Hold Time After DBIN During HLDA ~20 nsec

NOTES:
1. Data input should be enabled with DBIN status. No bus conflict can then oceur and data hold time is assured.
tDH = 5005 or tp, whichever s less.

2. Load Circuit.
L) +5V

% 21K
! 8080A
OUTPUT
Ay Ay =
3. tCY =103+ tro2 * 192 * g2 + tD2 * Ty > 480ns. -
TYPICAL A OUTPUT DELAY VS, A CAPACITANCE
0,0, o . ‘ /]
g
SYNC E +10 T
—] g,
oaIN / § SPEC
&
. 3 o
a
b - -j-— wr—] - ‘
'-L_.{ e ~100 -60 0 460 +100
PN
READY 2 CAPACITANCE (pf)
‘CACYUA\. ~ Cspec!
"_ [o—

WAIT

4. The following are relevant when interfacing the MBOBOA to devices having Vyyy = 3.3V

al Maximum output rise time from .8V 1o 3.3V = 100ns @ CL = SPEC.
HoLD b) Output delay when measured to 3.0V = SPEC +60ns ® C|_ = SPEC,

©) 1t CL # SPEC, add Bns/nF if CL> Cspec, subtract 3ns/pF (from modified delay if | < Cspec.
. tAW = 21CY “1D3 ~trp2 - 140nssc.
. tDW = tCY -1D3 ~trp2 - 170nsec.
- If not HLDA, twp = twa = (D3 * trp2 +10ns. If HLDA, yp = twa = .
. THF = 1D3 * trg2 -50ns.
T - IWF = (D3 + (21005

10. Data in must be stable for this period during DBIN “T3. Both tpg and tpg must be satisfied
L 11. Ready signal must be stable for this period during T2 or Tyy. (Must be externally synchronized.)

o 12. Hotd signal must be stable for this pariod during Ty or Tw when entering hold mode, and during T3, T4, Tg i

and Ty when in hold mode. (External synchronization is not required.} !

INTE 13. Interrupt signal must be stable during this period of the last clock cycla of any instruction in order 10 be f
- recognized on the following instruction. (External synchronization is not required.)

- This timing diagram shows timing ralationships only: it does not represent any specific machine cycle |

HLDA

CENem

P

H
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SILICON GATE MOS 8308

. . *
Absolute Maximum Ratings *COMMENT
Ambient Temperature Under Bias . .. -25°C to +85°C Stresses above those listed under “Absolute Maximum Ratings'’ may
Storage Temperature .. ........... -65°C to +150°C cause permanent damage to the device. This is a stress rating only
: N and functional operation of the device at these or any other condi-
Voltage On Any Pin With Respect 0.3V to 20V tions above those indicated in the operational sections of this speci-
T°‘ V'BE R o to fication is not implied. Exposure to absolute maximum rating condi-
Power Dissipation . ................... 1.0 Watt tions for extended periods may affect device retiability.
D.C. and Operating Characteristics
Ta = 0°C to +70°C, Vg = 5V 5%; Vpp = 12V £5%, Vgg = -5V 5%, Vgs = OV Unless Otherwise Specified.
Limits
Symbol Parameter Unit Test Conditions
Min. Typ.[1] Max.
I} Input Load Current 10 MA Vin = 0to 5.25V
(All Input Pins Except CSy)
fel Input Load Current on CS4 1.6 mA Vin = 0,45V
I pe Input Peak Load Current on CSy 4 mA Vin=08V to 3.3V
ke Input Leakage Current on 61 | 10 HA Vin = 3.3V to 5.26V
Lo Output Leakage Current | 10 MA Chip Dgselected
ViL Input “Low"’ Voltage Vgs-1 I osv \ !
Vin Input “High"* Voltage 33 Vec+1.0 \Y :
Vor Output “Low" Voltage 0.45 \ loL = 2mA
Vout Output “High” Voitage 2.4 \ lon = -8mA
Vouz Output “High” Voltage 3.7 \ lon = ~ImA
lcc Power Supply Current Vee .8 2 mA !
Ipp Power Supply Current Vpp 32 60 mA
lgg Power Supply Current Vgg 10uA 1 mA
Po Power Dissipation 775 mW
NOTE 1: Typical values for Tp = 25°C and nominal supply voltage
D.C. OUTPUT CHARACTERISTICS D.C. OUTPUT CHARACTERISTICS
9 -
(‘A-Orlnm‘”c ‘ 7| 1 I
M f 7 i - ,
7 ra & I, 14201070°C
Il \\
¢ ™ mc} g 7 ™ \
AL TYRICAL
§s 7 g <
2 v i S
3 Z ] “ N,
4
2 £ ] 3 [N
AN e |
1 7 SPEC -2
o] Al N
[N 2 3 a 5 6 7 8 9 10 24 26 28 30 32 34 36 38 40 42
Vo, VOLTS Vou VOLTS
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MCS™ CUSTOM ROM ORDER FORM 8308

a, Title Card NO OF OUTPUTS

DECIMAL NUMBER
INDICATING THE
TRUTH TABLE NUMBER

TITLE CARD CUSTOMER'S o8
DESIGNATION | o oeas OIVISION OR INTEL le r[
COMPANY NAME LOCATION CUSTOMER'S p/v:_Ll
r = S I —
T ST o T TEIT = aT
1t n ]
m ] " ) .
DOTEINNEEETEORT000080030008000000000RRETTEETT00000000000L0INNITTO000TRON0EICIIEN
R R R T R T

MmnRRNRE IR NIRRT

Column Data
1 Puncha T

2-5 Blank

6-30  Customer Company Name
31-34  Blank
35-54  Customer’s Company Division or location
55-57 Blank
5866 Customer Part Number

67 Blank

PYRERRRERE N (RIREi I RERPRERR R RRur TE (TEER T TRRERRERRRL ERRCRRI | IRREREERREN] 68-75  Punch the Intel 4-digit basic part number
L L G e andin{ ) the number of output bits,
IETT TR TS T T TAN IR ER LRI LRI IRITRIRRe e T st EERERLRRE] IXTTTLeT 1Y TSSETS 767 O-kﬂ», 8308(8).
T T T O T O T I O T T T 6-78 Blan - . .
R LR AT L TR RN R R R R RN RN RN SRR RN R RN R AR R RN RAR R RN RA N 79-80  Punch a 2-digit decimal number to iden-

tify the truth table number (mask
LITEIS! [ATT) EAURUANBOORRINI BB NER I IR NBEERENREINARES ek ey | [ IREENR] .

programmed chip select number}.
RSERRRI PEEN 059959090590999939893593 5008113009991 RI39 9900 et g ey ayneen

b. For a 1024 word X 8-bit organiza-
Column Data

tion only, cards 2 and the following
cards should be punched as shown.

Ms8
DECIMAL WORD (OUTPUT B~

(ouTPUT 1
ADDRESS BEGINNING ourry

OECIMAL NUMBER
INDICATING THE

€ACH CARD 8 DATA FIELDS TRUTH TABLE NUMBER
—r T L )
T T T

R TR AT T OO
wranrnn RGN
nnnn

[EURERT SRR ERT SIS FRAT]
G e

ERREREH 3 |
EERERLLRERRR LB EL
[ZRRRH] PR
tesstvaes

R I TR T T TL TN

5L e EE T LI P ETET ST,

1-5 Punch the §-digit decimal equivalent of
the binary coded location which be-
gins each card. The address is right
justified, ie., 00000, 00008, 0016,

etc.
6 Blank
7-14 Datp Field
15 Blank
16-23 Data Field
33 Blank
34-41  Dats Field
42 Blank
43-50 Data Field
51 Blank
52-59 Data Field
60 Blank
61-68 Dath Field
69 Blank
70-77 Data Field
78 Blafk
79-80  Punch same 2-digit decimal number as in
title card.

2. Paper Tape Format

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

The format requirements are as fol-
lows:

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

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

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

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

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

just before each word field (or at least
between every four word fields). When
these carriage returns, etc., are inserted,
the tape may be easily listed on the
teletype for purposes of error check-
ing. The customer may also find it
helpfuf to insert the word number (as
a coment) at least every four word
fields. |

e Im:li ded in the tape before the
leader should be the customer’s com-
plete ‘telex or TWX number and, if
more l?lan one pattern is being trans-
minecq the ROM pattern number,

f. MS% and LSB are the most and least
significant bit of the device outputs.
Refer ko the data sheet for the pin
numbefs. )

]

Stant Character Stop Character Data Freld MsB Lss
Leader: Rubout Key for TWX and Letter BPPPNNNNNFBNNNNNNPPF NP Trades Rubout Key for TWX and Letrer
Key for Telex (at teast 25 frames). L . Pty . . B NPPPNNF Key for Telex (at feast 25 trames)
Word Field 0 Word Field 1 Word Fieid 1023
5-60




intel"  Siicon Gate MOS 87024

2048 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

= Access Time — 1.3 usec = Inputs and Outputs TTL Compatible
Max. * Three-State Output — OR-Tie
» Fast Programming — 2 Minutes for Capability

All 2048 Bits o = Simple Memory Expansion Chip
» Fully Decoded, 256 x 8 Organization Select Input Lead

= Static MOS — No Clocks Required

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

The8702A is packaged in a 24 pin dual-in line package with a transparent quartz lid. The transparent quartz
lid allows the user to expose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be
written into the device. This procedure can be repeated as many times as required.

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

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

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

PIN CONFIGURATION BLOCK DIAGRAM
ar nY% 2 veo DATAOUT1  DATAOUTE
a2 EE] I i ————
a3 22[ JVec & SUFrens

*DATA OUT 1|4 (Lsa) 21f Jas T
*paTa ouT 2|8 20{JA 8B
*DATA 0UT 36 19 JAs PROGRAM —> PRD(:;:‘:S]‘X
*aTA OUT 4[] 7 oA 18] _J4e
*pataouts[Js [ ]a
*DATA ouT B[ |9 16 JVee *
*0ATA OUT 7[_|10 15] IVes
*DATA ouT 8[| 11 (ms) 1l )

vee (12 13| ] PROGRAM

*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING,
PIN NAMES

Aghr ADDRESS INPUTS
-
cs CHIP SELECT INPUT
D01- DO, DATA OUTPUTS




SILICON GATE MOS ROM 8316A

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . ... ...... 0°C to 70°C *COMMENT: Stresses above thosé listed under “Absolute Maximum
Storage Temperature « . . . ........... _65°C to +150°C Ratings” may cause permanent damage 10 the device. This is & stress
Voltage On Any Pin With Respect rating only and functional operation of the device at these or any
otag Y P other conditions above those indicated in the operational sections of
ToGround ... ... ... ... -0.5V to +7V this specification is not implied. Exposure to absolute maximum rating
Power Dissipation .. .............. ... 1.0 Watt conditions for extended periods may affect device reliability
D.C. AND OPERATING CHARACTERISTICS
Ta= 0°C 10 +70°C, V¢ = 5V 5% unless otherwise specified
LIMITS
TEST CONDITIONS
SYMBOL PARAMETER T v | max. UNIT
[IN] tnput Load Current 10 uA Vin = 0105.25V
(Ali Input Pins)
ILoH Output Leakage Current 10 HA CS =22V, Vour = 4.0V
lLoL Output Leakage Current -20 KA CS =22V, Vour = 0.45V
lec Power Supply Current 40 98 mA All inputs 5.25V Data Out Open
ViL Input “'Low'" Voltage -05 0.8 \Y
Vin Input ““High”" Voltage 2.0 Vce+1.0V \ i
Vo Output “Low” Voltage 0.45 \ loL =2.0mA
Vo Output “High” Voltage 22 v lon = $100 uA
(1) Typical values for Ta = 26°C and nominal supply voitage
i
A.C. CHARACTERISTICS
Ta =0°C to+70°C, Vg = +5V £5% unless otherwise specified
‘ LIMITS
SYMBOL. PARAMETER . Typ MAX. UNIT
}
ta Address to Output Delay Time 400 850 nS
tco Chip Select to Output Enable Delay Time 300 nS
toF Chip Deselect to Output Data Float Delay Time (0] 300 nS
CONDITIONS OF TEST FOR CAPACITANCE? T, = 25°C,f =1 MHZ
A.C. CHARACTERISTICS
[
Output Load . . . = LIMITS
utput Loa 1TTL Gate, and C_pap = 100 pF SYMBOL TEST :
Input Pulse Levels . ... .... R 0.8 to 2.0V TYP. MAX.
Input Pulse Rise and Fall Times .(10% to 90%) 20 nS
Timing Measurement Reference Level Cin All Pins Except Pin Under 4 pF 10 pF
Input .. ... 1.5V Test Tied to AC Ground
Output ................ 0.45V to 2.2V
P! Court All Pins Except Pin Under 8 pF 15 pF
J Test Tied to AC Ground

(2} This parameter is periodically sampled and is not 100% tested.
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SILICON GATE MOS 8702A

A.C. CHARACTERISTICS
Ty =0°Ct0+70°C, V. =+5V £6%, Vi

-9V 5%, Vog =9V 5% unless otherwise noted

SYMBOL l TEST MINIMUM | TYPICAL MAXIMUM UNIT
Freq. Repetition Rate 1 MHz
ton Previous read data valid 100 ns
tace Address to output delay 13 Ms
tovge Clocked Vgg setup 1.0 us
tcs Chip select delay 400 | s
teo ( Output delay from C5 900 J ns
top | Output deselect 400 ’ ns
tone | Dataouthold in clocked Vi mode (Note 1) | 5 | ws

Nete 1. The output will remain valid for toHC as long as clocked VGG 18 at Ve, An address change may occur as soon s the output fs sonsed
{clocksd Vg may still be at V). Data bacomes invalid for the old address when clocked Vg is feturnsd 10 Vea.

CAPACITANCE* T, =25°C

SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT CONDITIONS
Cin Input Capacitance 8 15 pF Mn= Vee All
Cour Output Capacitance 10 15 pF €8'= Ve unused pins
Vour =Vec | areatAC.
Cves Vgg Capacitance 30 pF Ve =V ground
(Clocked Vgg Mode) 66 = fee

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

SWITCHING CHARACTERISTICS ’

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

- CYCLE TME 17 REG -

!
Vi
" 10%
acoRess X
90%
Vi h
e |
|

Vin i = Ton =
es Y
|
Y

S
i )

- tace - DATA OUT
INVALID

o
Ikl

DESELECTION OF DATA OUTPUT IN OR TIE OPERATION

W ¢
|
Vin it 6%
& | !
i
0% .
Vi
|
) -t =
Vou =2, T
0ATA l
our I
Vou I
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B).  Clocked Vg Operation
™

h CYCLE TIME 1 FREQ -
v,
" 10%
ADDRESS |
90
Vi

Voo

Von
oataour |
= tace —
Voo
NOTE 1: The output will remain valid for 1o s long as clocked Vg
i 8l Ve, An address change may occur as 500n a5 the QUIDUL (s sensed
{clocked VGG may still be at Vo). Data becomes invalid for the old
address when clockea Vgg is returned to Vg,
NOTE 2: 11 €S makes a transition from Vi 1o Vi white clacked Vg
5 3t VGG, then deselection of output 0ceurs at top a5 shown in starie
operation with constant V.




MCS™ CUSTOM ROM ORDER FORM

a. Title Card

NO. OF QUTPUTS

408
TITLE CARD ER"S
DESIGNATION . CUSTOM’“: INTEL PIN DECIMAL NUMBER Column Data
CUSTOMER'S DIVISION O RS PIN INDICATING THE 1 PunchaT
COMTANY NAME LOCATION CUSTOME! TRUTH TABLE NUMBER 2-5 Blank
y R s
T i TEI (EEREET 6-30  Customer Company Name
) 31-34 Blank
LI N I | 35-54  Customer’s Company Division or location
] 20006007600000810 56—67 Blank
T T 1T B TR 58-66 Customer Part Number
mmnunuunuRnRnREEERIERRAnnNRRERREERInY 87 Blank 3 X
PO L IRiEI IR TREEEEEIEEEERael LEL L EERR EL EERRERERESE TREEEEI TEERIRRERRRE) 68-75  Punch the Intel 4-digit basic part number
O g and in () the number of output bits,
TTTTETIe Il LIIT I AERRIRR TR RRRRL T [T ELEI T CEEEE EERTEEE CRESTERE] H LITRAN) 76-78  BI s.kg.,5316A(8L
P L E e T A T - any - ) .
. - . 79-80 Punch a 2-digit decimal number to iden-
I Tt Rt LR I Ay e AR R T e R R A AR AR AR 9
T R U T RS E LS EE R IR U T tify the truth table number {mask
¢ ) . . programmed chip select number).
19393 C3RIESITSNIINITT0TNITIINTIII9ITNGTITIINILIIINIGININIISIIITINGIIINIIIANTINES
b. For a 2048 word X 8-bit organiza-
Column Data

tion only, cards 2 and the following
cards should be punched as shown.

MSB
DECIMAL WORD 0UTPUT 8)
ADDRESS BEGINNING

EACH CARD

DECIMAL NUMBER
INDICATING THE
TRUTH TABLE NUMBER

s
{oUTPUT 1)

8DATA FIELDS
L

TRRIRETTT FETEEE MIGTEEr WP FIFETae o)

] 0 0180080,
R R TEATR EAEARENE

N AN NN RN
31333330033 11033033100333 0531130331013 10331131011031 30133103508

" 0000,
i

1-5 Pun¢h the 5-digit decimal equivalent of
the binary coded location which be-
gins each card. The address is right
justified, i.e., @0000, 00008, 00016,

ate.
6 Blank
7-14  Data Fieid
15 Biank
16-23 Data Field
33 Blank
34-41  Data Field
42 Blank
43-50 Data Field
51 Blank
52-59 Data Field
60 Blank
61-68 Datg Field
69 Blank
70-77 Data Field
78 Blank
79-80 Punch same 2-digit decimal number as in
title card.

2. Paper Tape Format

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

The format requirements are as fol-
lows:

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

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

Start Charactar

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

BPPPNNNNNFBNNNNNNPPF
f i

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

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

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

Stop Character _Data Field

BNPNPPPNNF
L )

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

e. Included in the tape before the
leader ishould be the customer’s com-
plete Tetex or TWX number and, if
more Qhan one pattern is being trans-

mitted; the ROM pattern number.

f. MSﬁ and LSB are the most and least
signifiqant bit of the device outputs.
Refer ito the data sheet for the pin
numbers.

e

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

Word Field 0 Word Field |

Word Field 2048
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SILICON GATE MOS 8702A

PROGRAMMING OPERATION

D.C. AND OPERATING CHARACTERISTICS FOR PROGRAMMING OPERATION
Ta=25°C, Vge =0V, Vg =+12V + 10%, C5 = OV unless otherwise noted

SYMBOL TEST MIN. TYP, MAX. UNIT CONDITIONS
Iine Address and Data Input 10 mA Vin = —48V
Load Current
tLigp Program and V4 10 mA Vy = -48V
Load Current
lgg Vgg Supply Load Current .05 mA |
Iope'" | Peak 15, Supply 200 mA [ V= Virog = —48V |
Load Current Vgg = —35 i
Viae Input High Voltage 0.3 \ ;
Viawe Pulsed Data Input —46 —48 \ ‘
Low Voltage
Ve Address Input Low ~40 —48 Y
Voltage
" Vi | Pulsed Input Low Vp, | —46 48 v 1
and Program Voltage i
Vi Pulsed Tnput Low _35 —40 v |
Vg Voltage ;

Note 1:  tppp flows only during Vpp, V@@ on time. Ippp should not be allowed to exceed 300mA for greater than 1ooum Average power
supply current Ippp is typicatly 40mA at 20% duty cycle.

A.C. CHARACTERISTICS FOR PROGRAMMING OPERATION
Tameient = 25°C, Voo = OV, Vgg =+ 12V + 10%, TS = OV unless otherwise noted

SYMBOL TEST MIN, TYP. MAX. | UNIT {CONDITIONS
Duty Cycle (Vpp , Vgg ) 20 %
topw Program Pulse Width 3 ms VGé =-35V,Vpp =
Vorpg = —48V
tow Data Set Up Time 25 us |
tpH Data Hold Time 10 us
tyw Vpp . Vgg Set Up 100 us
typ Vop . Vgg Hold 10 100 us
tacw 2 | Address Complement 25 us
Set Up |
tacw'? | Address Complement 25 us
Hold
taTw Address True Set Up 10 us

Nate 2. All B address bits must be in the complement state when pulsed Vpp and Vgg mowe 1o their negative levels. The addresses (0 through
255) must be programmed as shown in the timing diagram for a minimum of 32 times.

tATH Address True Hold 10 us }
!

|

i
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SILICON GATE MOS 8702A

PROGRAMMING INSTRUCTIONS
FOR THE 8702A

I. Operation of the 8702A in
Program Mode

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

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

is applied. The addresses should be
programmed in the sequence 0 through
255 for 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 (—48V) will pro-
gram a “1” and a high data input level
(ground) will leave a 0" (see table on
page 8). All eight bits of one word are
programmed simultaneously by setting
the desired bit information patterns on
the data input terminals.

During the programming, Ve, Vo, and
the Program Pulse are pulsed signals.

Il. Programming of the 8702A Using
Intel ®Microcomputers

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

A. Intellec®

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

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

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

SIM8 system—Control ROMs
A0860, A0861 and A0863.
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IIl. 8702A Erasing Procedure

The 8702A may be erased by expo-
sure to high intensity short-wave ultra-
violet light at a wavelength of 2537A.
The recommended integrated dose (i.e.,
UV intensity x exposure time) is
8W-sec/cm?. Examples of ultraviolet
sources which can erase the 8702A

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

be erased should be placed about one
inch away from the lamp tubes.




SILICON GATE MOS 8101-2

. . * * .
Absolute Maximum Ratings COMMENT:
Stresses above those listed under "Absolute Maximum
Ambient Temperature Under Bias . .. . .. 0°Cto 70°C Rating"' may cause permanent damage to the device. This !

Storage Temperature .. ......... _65°C to +150°C is a stress rating only and functional operation of the de- i
N vice at these or at any other condition above those indi- :
Volta‘ge On Any Pin cated in the op jonal ions of this specification is
With Respect to Ground . . ... ... o -05V 047V not implied. Exposure to absolute maximum rating con-
Power Dissipation .. .................. 1 Watt ditions for extended periods may affect device reliability.

D.C. and Operating Characteristics

Ta = 0°C to 70°C, Ve = 5V 6% unless otherwise specified.

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

I Input Current 10 uA Vin =010 5.25V

lLon 1/0 Leakage Current!2] 15 uA | CE=2.2V, Voyr = 4.0V

oL 1/0 Leakage Current[2) -50 HA CE = 2.2V, Vour = 0.45V

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

leeo Power Supply Current 70 mA | Viy =525V, lp = OmA
Tp =0°C

ViL Input “Low"’ Voltage -0.5 +0.65 v b

Vin Input *High”’ Voltage 2.2 Vee v

VoL Output “Low’ Voltage +0.45 A foL = 2.0mA

Vou Output “High" Voltage 22 \% loy =-150 uA

NOTE: 1. Typical values are for T4 = 25°C and nominal supply voltage.

2. Input and Output tied together.

OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE OUTPUT VQLTAGE
AMBI‘ NT ‘ i / T
PERATURE * TURE -
e AvBiENT T AMBIENT TEMPERATURE, ;c /
“lesec
Lae 4 1
A\

P,
V7

\_ A
‘}ouwuv Hlbr TV'|ICAL j/ fmw ‘v 10N "rvpicu
N /1l 11

0 ‘
1 2 3 a 05 0 15

Ion ImA)
Top tmAl

Vou (VOLTS) Vou (VOLTS)
¢




intel”’ Silicon Gate MOS 8708 /8704 ’

8192/4096 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

e 8708 1024x8 Organization
e 8704 512x8 Organization

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

® Low Power During Programming Compatible During Both Read

® Access Time—450 ns and Program Modes

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

The Imel 8708/8704 are high speed 8192/4096 bit erasable and electrically reprogrammable ROM's {EPROM) ideally suited
where fast turn around and pattern experimentation are important requirements.

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

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

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

PIN CONFIGURATIONS BLOCK DIAGRAM
o DATA OUTPUT
=) 20 Fwee )
as[]2 2[Jae H \
w03 2. P f !
|
Mal 21 ws | [
~0s T e SEWE e CHIP SELECT
2 [s 8704 [T o g Logic QUTPUT BUFFERS
Nsg 18] proGRAM
a s w[Jos —_— B }-
j— : Y GATING

oi[Je 16[Jo, DECODER |
[ m 1Y 151706 Aoy S——

ADDRESS —
osdn uf3os INPUTS .

2 11Jo, .
s Po- x . 64%128
OECODER ROM ARRAY
“8704 = Vgg
8708 = A,

PiN NAMES ‘

[Aa-As | ADDRESS iNPUTS |
0, Og | DATA GUTPUTS i

CHIP SELECT/WRITE ENABLE INPUT
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SILICON GATE MOS 8708/8704

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

Symbol Parameter Min. Typ. Max. Unit
TAEC Address to Output Delay 280 450 ns
T&; Chiﬁ Select to OQutput Delay 120 ns

toF Chip De-Select to Output Float 0 120 ns

toH Address to Output Hold 0 ns

Capacitance!1] T, =25°C, f = TMHz

Symbol Parameter Typ. | Max. | Unit| Conditions

Cin Input Capacitance 4 6 pF | V=0V

Cout |Output Capacitance | 8 12 | pF | VouT=0V

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

A.C. Test Conditions:

Output Load: 1 TTL gate and C_ = 100pF

Input Rise and Fall Times: <20ns

Timing Measurement Reference Levels: 0.8V and 2.8V for inputs; 0.8V and 2.4V for outputs
Input Pulse Levels: 0.65V to 3.0V

Waveforms

DATA
our




SILICON GATE MOS 8111-2

Absolute Maximum Ratings™

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

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

*COMMENT:

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

D.C. and Operating Characteristics

Ta = 0°C to 70°C, Ve = BV 6% , unless otherwise specified.

Symbol Parameter Min. |Typ.[1]| Max. | Unit Test Conditions
[IH] Input Load Current 10 uA Vin =01t05.25V
ILoH 1/O Leakage Current 15 HA CE=2.2V, Vo =4.0V
ILoL 1/0 Leakage Current 50 uA | CE=2.2V, Vjj0 =0.45V
lcet Power Supply Current 30 60 mA | Vin =5.25V
Iijo = OmA, Ta = 25°C
lee2 Power Supply Current 70 mA Viy =5.25V
Ijo=0mA, Ta = 0°C
ViL Input Low Voltage -0.5 +0.65 \
Vin Input High Voltage 22 Vee \
Vor Output Low Voltage 0.45 \ loL =2.0mA
VoH Output High Voltage 22 \ lon =-150 nA

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

OUTPUT SINK CURRENT VS,
OUTPUT VOLTAGE

OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE

T T T IND”" 4
AMBIENT TEMPERATURE AMBIENT TEMPERATURE = 0 //
-15 AL - 0°C LA
" Tasc
Troec Y 778 1

\ 74
-10 A //

I (3

]

low (A}
Ioy (mA}

" \“{\ <4y B st Veg= 4751 4
\furwv “HIGH" VVI’!IEAL [/ QUTPUT “LOW" TYPICAL
[ |

1 2 3 0 o 05 10 15

Vou (VOLTS) Vou (VOLTS§

|
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SILICON GATE MOS 8708/8704

Waveforms

{Logic levels and timing reference levels same as in the Read Mode unless noted otherwise.)
A} Program Mode
CS/WE = +12v

k ONE PROGRAM LOOP ]

{
ADDRESS X ADDRESS 0 K ADDRESS 1 oo X ADDRESS 1023

tase]

Tow | Tan+|

26v

PROGRAM
PULSE
o f
|n,,v—i

T G G C

[ —

B) Read/Program/Read Transitions

READ e . PROGRAM I READ
Loop LoopP LooP

oo >< ——— X

ol e tage

—_——— — — ‘oPR

DATA  DATAOUT | DaTA DATA IN DATAIN DATA OUT
0,04 VALID FLOAT VALID VALID VALID







intel

Silicon Gate MOS 8302

2048 BIT MASK PROGRAMMABLE
READ ONLY MEMORY

= Access Time —1 usec Max. = Static MOS — No Clo,

= Fully Decoded, 256 x 8 Organization
= Inputs and Outputs TTL Compatible

* Three-State Output — OR-Tie
Capability

Select Input Lead

#ks Required

= Simple Memory Expansion — Chip

= 24-Pin Dual-In-Line Hermetically
Sealed Ceramic Package

The lntel®8302 is a fully decoded 256 word by 8 bit metal mask ROM. It is ideal for large volume produc-
tion runs of microcomputer systems initially using the 8702A erasable and electrically programmable ROM.
The 8302 has the same pinning as the 8702A.

The 8302 is entirely static — no clocks are required. Inputs and outputs of the 8302 are TTL compatible.
The output is three-state for OR-tie capability. A separate chip select 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-channel silicon gate technology. This low threshold allows the design and
production of higher performance MOS circuits and provides a higher functional dengity on a monolithic
chip than conventional MOS technologies.

PIN CONFIGURATION BLOCK DIAGRAM
I v, =} Jveo DATAOUT1  DATAOUTS
a2 23| JVee
OUTPUT
a3 22[vee s —~ BUFFERS |
DATA OUT 1[_}4 (LSB) 214
pATA OUT 2[5 20 A 2048 BIT
ROM MATRIX
pataout 3[ e 19 4s (256 X 8)
8302
OATA OUT (|7 18] ]
= "B
pATAOUT 8|9 16 Vs
oaTa out 7[ |10 15[ Jne
3 =
DATA OUT 8[| 11 (mss) 1al]es DRIVERS
vee |12 wfNe.  DITTTTT
O u Ag Ay Ay
PIN NAMES
Ao A ADDRESS INPUTS__|
[ CHIP SELECT INPUT__|
DO,-DOg  DATA OUTPUTS
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SILICON GATE MOS 8101-2

. . * .

Absolute Maximum Ratings* COMMENT:
Stresses above those listed under "Absolute Maximum
Ambient Temperature Under Bias . . . . . . 0°Ct070°C Rating''may cause permanent damage to the device, This
Storage Temperature . . ......... _65°C to +150°C is a stress rating only and functional operation of the de-
. vice at these or at any other condition above those indi-
Volta.ge On Any Pin cated in the op jonal ioris of this specification is
With Respect to Ground . ... .... -0.5Vto+7V not implied. Exposure to absolite maximum rating con-
Power Dissipation .. .................. 1 Watt ditions for extended periods may affect device reliability.

D.C. and Operating Characteristics ‘ i

Ta =0°C to 70°C, Vec = 5V 5% unless otherwise specified. [

Symbol Parameter Min. Typ.[' ] Max. Unit Test Conditions |
Iy Input Current 10 HA Vin = 0105.25V
ILoH 1/0 Leakage Current[2] 15 #A | CE =22V, Voyr = 4.0V
oL 1/0 Leakage Current[2] -50 WA | CE =22V, Voyr = 0.45V
leer Power Supply Current 30 60 mA Vin =5.25V, Ig = OmA
Tp = 25°C
leca Power Supply Current 70 mA VIN = 5.25V, |g = OmA
Ta =0fC
ViL Input “Low” Voltage -0.5 +0.65 \
Vin Input “High”* Voltage 2.2 Vee \
VoL Output “Low” Voltage | +0.45 \ loL =2.0mA
Von Output “High” Voltage | 22 v lon = +150 uA 1

NOTE: 1. Typical values are for Tp = 25°C and nominal supply voltage.
2. Input and Output tied together.

OUTPUT SOURCE CURRENT VS, OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE
T T T T /7
ek h»g,:x EnaTURE AMBIENT -Iu-y/

25'C ]

wc L A5 -
o . 7
R\ |
R ] 3

\

-5 Ve 475V B Vee = 475V
OUTPUT “HIGH" TYPICAL OUTPUT L

I i
LN l

NN

T VAmm

1 2 3 a o 05 1.0 15

Vou (VOLTS) Vou (VOLTS)
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SILICON GATE MOS 8302

A.C. Characteristics
T, =0°Cto+70°C, Vee =45V £6%, Vo = -9V 5%, Vog = —9V £5% unless otherwise noted

SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT
Freq. Repetition Rate 1 MHz
toH Previous read data valid 100 ns
tace Address to output delay .700 1 us
toveg Clocked Vg setup 1 “s
tes Chip select delay 200 ns
tco Output delay from €5 500 ns
top Output deselect 300 ns
tone Data out hold in clocked Vg mode (Note 1) £ b us

Note 1. The output will remain vatid for topc 8s long as clocked VGg is at Vce. An address change may occur as soon'as the output Is sensed
(clocked Vg may still be at V). Dsta becomes invalid for the old address when clocked Vg Is returned to'Vgg.

Capacitance’ 7, - 2s°c :

SYMBOL TEST MINIMUM | TYPICAL MAXIMUM UNIT '‘CONDITIONS
Cin Input Capacitance 5 10 pF Mn= Yec Alt
Cour Output Capacitance 5 70 oF C5=Vie unused pins
- Vour FVec [ ereatAc.
CVGG Vgg Capacitance 30 pF Voo =Vee ground
(Clocked Vg Mode)

*This parameter is periodically ssmpled and is not 100% tested. i

. 8) Clocked V, Operation
Switching Characteristics o evere e - | pht0 et

i
o
Conditions of Test: ™

Input pulse amplitudes: O to 4V; tg, t; <50 ns v i
Output load is 1 TTL gate; measurements made "\
at output of TTL gate (t,, <15 ns) cs \

A} Constant Vg Operation

Vel
r————— CYCLE TIME - 1/FREQ ~rereitms CLOCKED J i
i v I
Y\ fiom v 1 | isge NoTE 1)
N ¥ ==
0% on
\0 t
i
[
I

1 ! i
h 0ATA OATA OUT || | DATA OUT
| tey our INVALID wvaLID
| v

Y = ‘on—: o T T
& [ ! | DESELECTION OF DATA OUTPUT IN QR-TIE OPERATION
v 1 L Vie
ey 1 /
1 | ADDRESS g
Vou |
oAtA .| DATA OUT , v =}
our ' INVALID ! t :
b

v, +
* et —— DATA OUT

» oo e
INVALID & \ / d
DESELECTION OF DATA OUTPUY IN OR.TIE OPERATION Vo

h
o
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SILICON GATE MOS 8102-2

TYPICAL D.C. CHARACTERISTICS

INPUT CURRENT Vs. EFFECTIVE INPUT OUTPUT SINK CURRENT VS,
INPUT VOLTAGE CHARACTERISTIC OUTPUT VOLTAGE
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intel’  Silicon Gate MOS 8308 ’

8192 BIT STATIC MOS READ ONLY MEMORY
Organization -- 1024 Words x 8 Bits

® Fast Access — 450 ns ® Three State Output — OR-Tie
Directly Compatible with 8080 CPU Capability
at Maximum Processor Speed 8 Fully Decoded

u Two Chip Select Inputs for Easy m Standard Power Supplies
Memory Expansion +12V DC, +5V DC

® Directly TTL Compatible — All inputs
and Outputs

The Intel® 8308 is an 8,192 bit static MOS mask programmable Read Only Memory organized as 1024 words by 8-bits. This
ROM s designed for 8080 microcomputer system applications where high performance, large bit storage, and simple inter-
facing are important design objectives. The inputs and outputs are fully TTL compatible.

A pin for pin compatible electrically programmed erasable ROM, the Intel® 8708, is available for system development and
small quantity production use.

Two Chip Selects are provided — CSy which is negative true, and CS,/CS, which may be programmed either negative or

positive true at the mask level.
The 8308 read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with
high performance, easy-to-use MOS circuits.
PIN CONFIGURATION BLOCK DIAGRAM
s DATAOUT1  DATAOUTS
A 2 Y vee
02 sPA & — ouTPUT
as[}s 2[4 05,/55; —] BUFFERS
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Ves [: 1 :’ 2 Ao Ar As
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SILICON GATE MOS 8102A-4

Typical D. C. and A. C. Characteristics
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SILICON GATE MOS 8308

A.C. Characteristics

Ta=0°C to +70°C, Vg = +5V 15%; Vbp = +12V 6%, Vgg = -5V 6%, Vg = OV, Unless Otherwise Specified.
A cc D BB S

Limits(2] .
Symbol Parameter - Unit
Min. Typ. Max.
tace Address to Output Delay Time 200 450 ns
tcoq Chip Select 1 to Output Delay Time 85 160 ns
tcoz Chip Select 2 to Output Delay Time 125 220 ns
toF Chip Deselect to Output Data Float Time 125 220 ns

NOTE 2: Roefer to conditions of Test for A.C. Characteristics. Add 50 nanoseconds (worst case) to specified values at

VOH = 3.7V @ Ig = -1mA, Cy_= 100pF.

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

Output Load. ... .... 1TTL Gate, and C pap = 100pF
Input Pulse Levels . . . . .65V to 3.3V
Input Puise Rise and Fall Times ........... 20 nsec
Timing Measurement Reference Level

.................. 2.4V Vi, Vou: 0.8V Vi, VoL

CAPACITANCE T, =25°C, f = 1MHz, Vgg =-5V, Vpp,
Ve and all other pins tied to Vgg.

Limits
Symbol Test
Typ. Max.
Cin Input Capacitance 6pF
Cout Output Capacitance 12pF

—_———————— -

tace

ADDRESS :é z
Ahy

teoy | 7

e

5,/08, g

- ———

———

557

DATA
VALID
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SILICON GATE MOS 8107B-4

Absolute Maximum Ratings* I

Temperature Under BIas . . . ... ... ..iuuneenn ottt e 0°C to 70°C
Storage Temperature —65°C to +150°C
All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vgg . +25V to —0.3V
Supply Voltages Vpp, Vo, and Vgs With Respect to VBB . . . .. .. . oot i +20V 10 —-0.3V ‘
Power DISSIPAation . .. ...\ .\ttt 1.25W ‘\

*COMMENT:

Stresses above those listed under "Absolute Maximum Ratings'' may cause permanent damage to the devige. This is a stress rating
only and functional operation of the device at thesei or any other conditions above those indicated in thg operational sections of
this specification isnot implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

D.C. and Operating Characteristics

|
Ta =0°C to 70°C, Vpp = +12V 2 6%, Vg = +5V + 6%, Vgg (1] = -5V £ 5%, Vgg = OV, unless otherwise hoted.

Symbo Limits Unit | Conditi ‘
Y Min. | Typ.[2) Max. !
Input Load Current o
w (all inputs except CE) o 10 A Vi = Vi min 10 Yiri max
I Input Load Current .01 10 KA | VIN = Vie MIN 10 ViH Max
liLol Output Leakage Current .01 10 HA CE=VjcorCS4 vy
for high impedance state Vo =0V t05.25V | :
Vpp Supply Current i
=-1V to +.6V !
Ipop1 during CE offl3) 110 200 MA | CE=-1V 1o +6
Vpp Supply Current - = ko
Ipp2 during CE on 80 100 mA | CE=Vjyc, Ta=25°C
Ippav1 | Average Vpp Current 55 80 mA Cycle time=470ns,
tce = 300ns { o
4 ! Ta = 25°C
Ipp Av2 | Average Vpp Current 27 40 mA Cycle time= 1000n5,
tce = 300ns
Vec Supply Current cs
] €C Supply -
lect doving OF off .01 10 uA | CE=Vicor €84 iy
gg Vgg Supply Current 5 100 HA
Vi Input Low Voltage -1.0 06 v ty=20ns — See Fligure 4
Vin Input High Voltage 24 Veett \
ViLe CE Input Low Voltage -1.0 +1.0 \ !
Vine CE Input High Voltage Vpp-1 Vpp+1 v ]
VoL Output Low Voltage 0.0 0.45 \ foL = 2.0mA 4
Von Output High Voltage 24 Vee A 1on = -2.0mA
NOTES: ]
1. The only requirement for the sequence of applying voltage to the device is that Vpp, Vcc. and Vgs should never be 3V more
negative than Vpg.
2. Typical values are for T = 26°C and nominal power supply voltages. H
3. The Ipp and icc currents flow to Vgs. The Igg current is the sum of all leakage currents. i
4. During CE on Vg supply current is depsndent on output loading, VGG is connected to output buffer only.
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. : MCS™ 8308
mtel CUSTOM ROM ROM
ORDER FORM

CUSTOMER
P.O. NUMBER
DATE

For Intel use only
S#. PPPP.
STD. p44

DD.

APP. DATE.

All custom 8308 ROM orders must be submitted on this form. Programming information should be sent in the form of computer
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel.

MARKING [—INTEL PATTERN NUMBER
The marking as shown at the right must contain the Intel logo, the B 5308 "pppp
product type {P8308), the 4-digit Intel pattern number (PPPP), a date
code (XXXX), and the 2-digit chip number (DD). An optional customer XXXX 2z !
identification number may be substituted for the chip number (ZZ). L"‘,—J I—|"‘j
. N T |
Optional Customer Number (maximum 9 characters or spaces). ¢HIP NUMBER OR
P DATE CODE EUSTOMER NUMBER
CUSTOMER NUMBER
MASK OPTION SPECIFICATIONS
A. CHIP NUMBER (CHIP SELECT B. ROM Truth Table Format ® The data field should consist of P's
OPTION) Programming information should be and N's. A P is t9 !ndicate a high level
Must be specified 0 or 1, sent in the form of computer punched output (most positive) ar.1d an N a low
The chip number will be coded in  cards or punched paper tape. In either jovel outpuf {most regerive). In terms
terms of positive logic where a logic case, a printout of the truth table of .polfnynyve ogic, a s de ined as e
1" is high level input. should be accompanied with the order. togic. 1" and an N is defined as a logic

“0". If the jprogramming information
is sent on ajpunched paper tape, then
a start character, B, and an end charac-

The following general format is applic-

Chip Select Truth Table able to the programming information

Chip . sent to Intel: . ter, F, must be used in the data field.
Number Ccs1 CcS2 Selected ® Data fields should be ordered begin- See paragragh 2.
5 0 0 Yes ning with the Igast significam addn?ss 1. Punched Card Format
1 0 1 Yes (9000) and ending with the most sig- An 80-column Hollerith card (prefer-
0 1 0 No nificant address {1023). ably interprgted} punched by an IBM
1 1 1 No ® A data field should start with the 026 or 029 keypunch should be sub-
most significant bit and end with the mitted. The first card will be a title
Chip Number least significant bit. card; the format is as follows:
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SILICON GATE MOS 8107B-4

A.C. Characteristics 7,-0°C 10 70°, Vg = 12V £ 6%, Vge = 5V £10%, Vgg = -5V 5%,
READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgs = 0V, unless otherwise noted.

Symbol Parameter Min. ] Max. | Unit Conditions

1REF Time Between Refresh ’ 2 ms

tac Address to CE Set Up Time| 0 | ns tac is measured from end of address transition

taH Address Hold Time 100 ns

tee CE Off Time 130 ns

ty CE Transition Time 10 40 ns

tcr CE Off to Output 0 ns |

High Impedance State
i

READ CYCLE

Symbol Parameter Min. | Max. | Unit Conditions

tey Cycle Time 470 ns tt =20ns }

tce CE On Time 300 | 4000 | ns

tco CE Qutput Delay 250 ns Ciag = 50pF, Load = Ore TTL Gate,

tacc Address to Output Access 270 ns Ref = 2.0V. i

twi CE 10 WE 0 ns tacc = tac * teo * 1t

twe WE to CE on 0 ns
WRITE CYCLE

Symbol Parameter Min. Max. | Unit Conditions |

tey Cycte Time 470 ns t1 = 20ns 1
| tce CE On Time 300 | 4000| ns

tw WE to CE Off 150 ns !

tow CE 1o WE 150 ns

tpw [2] | Dy to WE Set Up 0 ns

toH Dyn Hold Time 0 ns,

twp WE Pulse Width 50 ns i

Read Modify Write Cycle

Symbol Parameter Min. [ Max. | Unit Conditions
tawe Read Modify Write(RMW) | 590 ns ty = 20ns
Cycle Time

torw CE Width During RMW 420 | 4000 | ns
twe WE to CE on 0 n; T |
w WE to CE off 150 " Clyq = 5OPF, Load = Orfe TTL Gate,
[ WE Pulse Width 50 ns Ref = 2.0V
Tow D'N to WE Set Up [ ns
oH DIN Hold Time 0 ns

;CP CE to Output Delay 250 | ns |
tacc \ Access Time 270 ns tacc = tac ttco * 1T |
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intel"  siicon Gate MOS ROM 83164

16,384 BIT STATIC MOS READ ONLY MEMORY
Organization—2048 Words x 8 Bits
Access Time-850 ns max

= Single +5 Volts Power Supply Voltage = Three-State Output — OR-Tie

* Directly TTL Compatible — All Inputs Capability
and Outputs * Fully Decoded — On Chip Address
Decode

= Low Power Dissipation of 31.4 uW/Bit
Maximum

= Three Programmable Chip Select
Inputs for Easy Memory Expansion

= Inputs Protected — All Inputs Have
Protection Against'Static Charge

@
The Intel 8316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is
designed for microcomputer memory applications where high performance, large bit storage, and simple inter-
facing are important design objectives.

The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The
three chip select inputs are programmable. Any combination of active high or low level chip select inputs can be
defined and the desired chip select code is fixed during the masking process. These three programmable chip
select inputs, as well as OR-tie compatibility on the outputs, facilitate easy memory expansion.

The 8316A read only memory is fabricated with N-channel silicon gate technology. Thig technology provides the
designer with high performance, easy-to-use MOS circuits. Only a single +5V power 'supply is needed and all
devices are directly TTL compatible.

BLOCK DIAGRAM

PIN CONFIGURATION

01 07 OJ 04 05 05 07 Oﬁ

OV
<=0 GND
Ao OUTPUT BUFFERS DE%;DE
A
o LT[ [T (BN
A
s " Y DECODER 10F 168
2 CcHIP
p—
; w SELECT
vt g L
s — 3 j
A, — 4 2
5
H g [
Aa—— & z
i o «—cs,
A, —4 9 v 16.384 BIT
3 3 8
< S CELL MATRIX cHIP
A, — b SELECT
2
g weut [T
Fo— BUFFERS
L -—cs,

PIN NAMES

[ Ay Ao J ADDRESS INPUTS
| 010 | DATA OUTPUTS
[ €51 CS; | PROGRAMMABLE CHIF SELECT INPUTS
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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.
are unselected during refresh with CS input. The 8210, 8205 and 8212 are standard Intel products.

All devices

Ag, Ay Ay Ay
-'i o
Y

Ay Ay Ao Any

5-90




SILICON GATE MOS ROM 8316A

WAVEFORMS

ADDRESS >< x
PROGRAMMABLE
CHIP SELECTS
N—

VoL

16K ROM PROTOTYPING

ROM systems may be developed and programs may be verified using Intel's 1702A or 2708 PROMs.
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SCHOTTKY BIPOLAR 8210

A.C. Characteristics Ta=0°C to 70°C, Vcc =5.0V + 5%, Vpp = 12V * 5%

Symbol Parameter Min. Typ. Max. | Unit
g+ Delay Plus Rise Time for Low Voltage Drivers 5 15 20 ns
tLd— DeI;\;I;[us Fall Time for Low Voltaée Drivers 5 13 20 ns
tHd+ Delay Plus Riée Time for High Voltage Driver 10 30 40 ns
tHd- Delay Plus Fall Time for High Voltage Driver 10 30 40 ns

Capacitance™ T,=25°c

Symbol | Test Typ. | Max.

| BpF | 12pF

Cin ‘ Input Capacitance |

“This parameter is periodically sampled and is not 100% tested.
Candition of measurement is f = 1MHz, Vpias=2V, VCC=0V,
and Tp, = 25°C.

Waveforms

HIGH VOLTAGE DRIVER

ouTPUT

INPUT

oUTPUT
INPUT

‘4

‘ ,
LS S b R R
I

) |
|15V
T e

5-96

A.C. CONDITIONS OF TESjT

Test Load: C| = 200pF for/Low Voltage Drivers,
CL=350pF for/High Voltage Drivers
Input Pulse Amplitudes: 3.0V
Input Pulse Rise and Fall Times: 5ns between
1 voltand 2 volts |
Measurement Points: See Waveforms

Application

HIGH VOLTAGE OUTPUT, CONNECTIONS
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intal’

MCs™
CUSTOM ROM
ORDER FORM

8316A
ROM

CUSTOMER__...
P.0. NUMBER__.
DATE.
For Intel use only

S#. PPPP.
STD. Y44

DD
APP. DATE

All custom 8316A ROM orders must be submitted on this form. Programming information should be sent in the form of computer
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel,

MARKING

The marking as shown at the right must contain the Intel®logo, the
product type (P8316A), the 4-digit Intel pattern number (PPPP), a date

,—INTEL PATTERN NUMBER

B g316a "pPPP

Topop]

code {XXXX), and the 2-digit chip number (DD). An optional customer
identification number may be substituted for the chip number {ZZ).
Optional Customer Number (maximum 9 characters or spaces).

CUSTOMER NUMBER

XXXX zz
I L_cHiP NUMBER OR
DATE CODE CUSTOMER NUMBER

MASK OPTION SPECIFICATIONS

A. CHIP NUMBER (Must be
specified—any number from O through
7-DD).

The chip number will be coded in
terms of positive logic where a logic
“1" is a high leve! input.

Chip
Number cs3 Cs2 cs1
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

B. ROM Truth Table Format
Programming information should be
sent in the form of computer punched
cards or punched paper tape. In either
case, a printout of the truth table
should be accompanied with the order.
The following general format is applic-
able to the programming information
sent to Intel:

® Data fields should be ordered begin-
ning with the least significant address
{0000) and ending with the most sig-
nificant address (2047).

® A data field should start with the
most significant bit and end with the
least significant bit.

® The data field should consist of P's
and N's. A P is to indicate a high level
output {mast positive) and an N a low
level output (most negative). In terms
of positive logic, a P is defined as a
logic 1 and an N is defined as a logic
“or.If thefprogramming information
is sent on g 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-column Hollerith card (prefer-
ably interpreted) punched by an IBM
026 or 029 keypunch should be sub-
mitted. Thd first card will be a title
card; the format is as follows: '




SCHOTTKY BIPOLAR 8210

Typical System i
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 CS input. The 8210, 8205 and 8212 are standard Intel products.

oL
INPUT DRIVER
4BV

Arz Ay
8205

REFRESH

MEMW-
e Q

A i
8080 { A1z
o
o
= (=
o7 N
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intal Silicon Gate MOS 8101-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH SEPARATE I/0

= 256 x 4 Organization to Meet Needs = Inputs Protected — All Inputs Have
for Small System Memories Protection Against Static Charge
= Access Time — 850 nsec Max. = Low Cost Packaging — 22 Pin Plastic

= Single +5V Supply Voltage Dual-In-Line Configuration
= Directly TTL Compatible — All Inputs = Low Power — Typically 150 mW
and putput = Three-State Output — OR-Tie
. gla;uc MOS — No Clocks or Capability
efreshing Required
. shing fequl = OQutput Disable Provided for Ease of

Simple Memory Expansion — Chip

Enable Input Use in Common Data Bus Systems

®,
The Intel 8101-2 is a 266 word by 4 bit static random access memory element using notmally off N-channel
MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the
input data.

The 8101-2is designed for memory applications where high performance, low cost, large bit storage, and sim-
ple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables
allow easy selection of an individual package when outputs are OR-tied. An output disable is provided so that
data inputs and outputs can be tied for common 1/0 systems. Output disable is then uged 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 performance, easy-to-use MOS circuits and provides a higher functional density on a mon-
olithic chip than either conventional MOS technology or P-channet 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
[ vec — A Dty f—
[ A — A 00, f— ® @
1 — A, o, — AQFD: - ——oVee
= =~ 00, [— Ae—=E : OB
[ e o1 @ Aow CELL ARRAY
e [ o x oo I e ® seceet 32.CoLuMNS
- Dz w0z, [ A:“—-ﬁé
cE: — — ) -
o — A 0o, f— As o]
00, ®
o o0 b aw W
[ 00 o1, —pF—]
’ ] g o
) <004
(o, i I CONTROL
o1y =P <00,
- oo RW CE2 CE1 (C]
T ol —pr=] <003
@
CEio D ©00,
PIN NAMES @D ‘
Dy OATA INPUT 0D OUTPUT DISABLE oo D O+ PN NUMBERS
—A; _ ADDRESS INPUTS Toyr_ DATA GUTPUT, ®
AW READMWAITE INPUT || Vo POWER (36V)
CE2_CHIP ENABLE
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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-fiop will
follow the data input (D) while the clock input (C) is
high. Latching will occur when the clock (C) returns
low.

The data latch is cleared by an asynchronous reset
input (CLR). (Note: Clock (C) Overides Reset (CLR).)

Output Buffer

The outputs of the data latch (Q) are connected to
3-state, non-inverting output buffers. These buffers
have a common control line (EN); this control line
either enables the buffer to transmit the data from
the outputs of the data latch (Q) or disables the
buffer; forcing the output into a high impedance
state. (3-state)

This high-impedance state allows the designer to
connect the 8212 directly onto the microprocessor
bi-directional data bus.

Control Logic

The 8212 has control inputs DS1, DS2, MD and
STB. These inputs are used to control device selec-
tion, data latching, output buffer state and service
request flip-flop.

DS1, DS2 (Device Select)

These 2 inputs are used for device selection. When
DS is low and DS2 is high (DS1 - DS2) the device is
selected. In the selected state the output buffer is
enabled and the service request flip-flop (SR) is
asynchronously set.

MD (Mode)

This input is used to control the state of the output
buffer and to determine the source of the clock input
(C) to the data latch.

When MD is high (output mode) the output buffers
are enabled and the source of clock (C) to the data
latch is from the device selection logic (DS1 + DS2).
When MD is low (input mode) the output buffer state
is determined by the device selection logic (DS7 -
DS2) and the source of clock (C) to the data latch is
the,STB (Strobe) input.

STB (Strobe)

This input is used as the clock (C) to the data latch
for the input mode MD = 0) and to synchronously
reset the service request flip-flop (SR).

Note that the SR flip-flop is negative edge triggered.

Service Request Flip-Flop

The (SR) flip-flop is used to generate and control
interrupts in microcomputer systems. it is asyn-
chronously set by the CLR input (active low). When
the (SR) flip-flop is set it is In the non-interrupting
state. [

The output of the (SR) flip-flép (Q) is connected to
an inverting input of a “NOR” gate. The other input
to the “NOR" gate is non-invarting and is connected
to the device selection logic (pﬁ + DS2). The output
of the “NOR” gate (INT) is active low (interrupting
state) for connection to active low input priority
generating circuits.
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| g 1|
Do —————— HEGINN
calll |
’ x
015——+—l gu —I'r«] >-—: Dog [lB>
R
i |
B0 l 0 0] %—&Dus@
e i
> oty—————+tHha L&—lnw
ped |15
@013‘—_‘7 ——|~‘ B—I-Dﬂs@
RESET DRIVER | I
_ SNl T
[@>ctr o——+
[
TR
C1 o 5]
L | :
1 1 |
[ . D |
[ [
ik |2 !

DATA IN *INTERNAL SR FLIP-FLOP

CIR - RESETS DATA LATCH
SETS SR FLIP-FLOP
(NO EFFECT ON OUTPUT BUFFER)
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SILICON GATE MOS 8101-2

A.C. Characteristics §
READ CYCLE Tp = 0°C to 70°C, Ve = BV 5%, unless otherwise specified. '

Symbol Parameter Min. Typ. Max. Unit Test Conditions
tRCY Read Cycle 850 ns
ta Access Time 850 ns
tco Chip Enable To Output 650 ns {See below)
top Output Disable To Output 550 ns
tpe(t] Data Output to High Z State 0 200 ns
1 Previous Data Read Valid 0 ns
OH after change of Address
WRITE CYCLE
Symbol Parameter Min. Typ. Max. Unit Test Conditions |
twey Write Cycle 850 ns !
taw Write Delay 150 ns '
o Wi
tew Chip Enabie To Write 750 ns (See below)
tow Data Setup 500 ns i
toH Data Hold 100 ns t
twp Write Pulse 630 ns
twr Write Recovery 50 ns i
A.C.CONDITIONS OF TEST Capacitance 1, -25°c, 1= 1Mz
Input Pulse Levels: +0.65 Volt to 2.2 Volt Limits {pF)
Symbol Test
Input Pulse Rise and Fall Times: 20nsec Typ. | Max.
Timing Measurement Reference Level: 1.5 Volt Cin Input Capac.ltance 4 8
(All Input Pins) Viy = 0V
Output Load: 1TTL Gate and C|_ = 100pF Cour Output Capacitance Vour = OV 8 12
Waveforms
READ CYCLE WRITE CYCLE ?
tacy - ey

ADDRESS }
oo ——]
TEY

e T\

0D
(common 1/0) 131

[
M

X X

ton—»| |=

1
N J — —tpg 1!

DATA DATA OUT DATA
out VALID N

|

DATA IN
STABLE

NOTES: 1. tpg is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first. !
2. During the write cycle, OD is a logical 1 for comman 1/0 and “‘don’t care’’ for separate 1/O operation.
3. OD should be tied low for separate /O operation.
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SCHOTTKY BIPOLAR 8212

Vill. 8008 System

This shows the 8212 used in an 8008 microcomputer
system. They are used to multiplex the data from
three different sources onto the 8008 input data bus.
The three sources of data are: memory data, input
data, and the interrupt instruction. The 8212 is also
used as the uni-directional bus driver to provide a
proper drive to the address latches (both low order
and high order are also 8212's) and to provide ade-
quate drive to the output data bus. The control of
these six 8212’s in the 8008 system is provided by
the control logic and clock generator circuits. These
circuits consist of flip-flops, decoders, and gates to
generate the control functions necessary for 8008
microcomputer systems. Also note that the input
data port has a strobe input. This allows the proces-

sor to be interrupted from the input port directly.
The control of the input bus consists of the data bus
input signal, control logic, and the appropriate
status signal for bus discipline whether memory
read, input, or interrupt ackndwledge. The combina-
tion of these four signals determines which one of
these three devices will have access to the input
data bus. The bus driver, which is implemented in
an 8212, is also controlled by the control logic and
clock generator so it can be |3-stated when neces-
sary and also as a control transmission device to
the address latches. Note: The address latches can
be 3-stated for DMA purposes and they provide 15
milli amps drive, sufficient for large bus systems.

8008 SYSTEM

MEMORY
DATA C:> 8212

—QCLR
1
GND
INPUT |
sTRoBE [T 1

BUS
cc DRESS
DRIVER tfﬂ ness

i LOW ORDER
I :> (8 BITS)

INPUT
KA $ 8212

HIGH ORDER
(6 BITS)

CR ¥
T
GND
O MEMREAD DATA BUS
o INPOT out

INTERRUPT
INSTRUCTION :) 8212

)
a
5

| Pa5.67
[—————————{DATABUS IN lb————- WR
r
WAIT REQ.——»| |

-OfINT REQ.

CONTROL LOGIC
& CLOCK GEN,
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inte|° Silicon Gate MOS 8111-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH COMMON 1/0 AND OUTPUT DISABLE

= Organization 256 Words by 4 Bits = Fully Decoded — On Chip Address

= Access Time — 850 nsec Max. Decode

= Common Data Input and Output = Inputs Protected — All Inputs Have

» Single +5V Supply Voltage Protection Against Static Charge

= Directly TTL Compatible — All Inputs = Low Cost Packaging — 18 Pin Plastic
and Output Dual-In-Line Configuration

= Static MOS — No Clocks or = Low Power — Typically 150 mW

Refreshing Required Three-State Output — OR-Tie
= Simple Memory Expansion — Chip Capability
Enable Input

The 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. The data is read out nondestructively and has the same polarity as the
input data. Common input/output pins are provided.

The 8111-2 is designed for memory applications in small systems where high performance, low cost, large bit
storage, and simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable
(CE) leads allow easy selection of an individual package when outputs are OR-tied. k

The Intel®8111-2 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon-
olithic chip than either conventional MOS technology or P-channel siticon gate technology.

Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

PIN CONFIGURATION LOGIC SYmMBOL BLOCK DIAGRAM
—— .
Y ] 18[Jvee —a ®
Aoy
a2 17 As 4, o, |— ° ® ] || ~—s—ovcc
I
als L L —] A, o, f— @ RoW MEMORY ARRAY N
Aoty 32 ROWS
CE SELECT 32 COLUMNS
X s[]ce, —]a, 104 f— oD I
As(]s 8111-2 14| Juos —Ja, 10, | 22 b
A 6 13[Juo. 1 T
oL s 1% 81112 n,w»@—{}: COLUMN 1/0 CIRCUITS
[ P 12[Jvo, 4 o0 — 1oy 2 CoLuMN SELECT ]
GND s n[Juo, —fa, 110, :‘:ﬁ \ /
conTROL
oo[Js 10 Jce, RW CE, CE, 110 ®©| @ j
77 S
PIN NAMES ® —
. — @
AgA; __ ADDRESS INPUTS & ) .
oD OUTPUT DISABLE &5 ‘6“
AW READMWRITE INPUT O
[ cE, CHIPENABLET | o b O - PN numeERs




SCHOTTKY BIPOLAR 8212 |

Typical Characteristics

INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE
] 100 T :
Vee = 5.0V Vge = +6.0V
ol ’ / "

|
|
|
|
o _Ta=26C

_ S / |
g 100 E
E Ty=0C " 5 60 i
E A | _Ty=75C E / !
& 150 -~ « T, = 75°C 1
3 | 3 T, = 25°C
£ | 5 40 A /4 |
£ ool - g ‘
H 3 T,=0C j
20
-250
300 -2 -1 0 ) 2 3 % 2 4 6 8 ;
INPUT VOLTAGE (V) OUTPUT “LOW" VOLTAGE (V)
QUTPUT CURRENT VS. DATA TO OUTPUT DELAY
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE
o - 50 T T
Voo = +6.0V Ve = +5.0V j
5 To=25°C
a0 |
z 10 £ |
i z
st 3
g -1 g =
€ 5
€ 5 ¢ E
c - c 3
2 o 2
g 2
5 <
© .25 g
E)
0
-30
35 - 0
o 0 20 30 40 50 o 50 100 150 | 200 2 300
OUTPUT “HIGH" VOLTAGE (V) LOAD CAPACITANCE (pF)
DATA TO OUTPUT DELAY WRITE ENABLE TO QUTPUT DELAY
VS. TEMPERATURE VS. TEMPERATURE
2 T 0 T
Veg = +6.0V Ve = #5.0V
2 7 3
o >
H < i
5 . @ |
z o — S
4 A 2 o
H [ £ o
H 3 T x
E o —= 3 oY e v
- e L
2 - T8 P T
° H os, <\ =T —
PERT 9 20— = t
4 | z B8, < | e
3 o i
2 £ 5
0 B ’
25 0 25 50 75 100 25 0 % b 5 100
TEMPERATURE (') TEMPERATURE ( C)
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SILICON GATE MOS 8111-2

A.C. Characteristics
READ CYCLE Tp =0°C to 70°C, Vg = 5V 5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit Test Conditions
tRey Read Cycle 850 ns

ta Access Time 850 ns

tco Chip Enable To Output 650 ns (See below)
top Output Disable To Output 550 ns

tpe 1] Data Output to High Z State 0 200 ns

tou Previous Data Read Valid 0 ns

after change of Address

WRITE CYCLE

Symbol Parameter Min. Typ. Max. Unit Test Conditions !
twey Write Cycle 850 ns
taw Write Delay 150 ns
tow Chip Enable To Write 750 ns (See below)
tow Data Setup 500 ns
tpH Data Hold 100 ns
twp Write Pulse 630 ns
twr Write Recovery 50 ns
A. C. CONDITIONS OF TEST Capacitance 1, - 2s5°c. 1= 1mH:
Input Pulse Levels: +0.65 Volt to 2.2 Voit Limits (pF)
Symbol Test
Input Pulse Rise and Fall Times: 20nsec Typ. | Max.
Timing Measurement Reference Level: 1.5 Volt Cin Input Capacitance 4 8
(All Input Pins) V) = OV
Output Load: 1TTL Gate and C_ = 100pF Cour Output Capacitance Vour =0V | 10 15
Waveforms
READ CYCLE WRITE CYCLE

= twey- ]

ADDRESS ADDRESS L )
X ) &

CHIP — [ tco——1 I — tow ———! -

ENABLES / cHIP i

8. cen) ENABLES

_—*‘*‘0;’ [
outeuT
outpur top—s| o
DISABLE
OISABLE e —/ ton
a o to ety ——|
DATA OUT DATA IN
DATA /O ) VALID DATA 1O LE
e we:
READ/
WRITE L
S—

NOTE: 1. tpF is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first.
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SCHOTTKY BIPOLAR 8212

A.C. Characteristics
Ta =0°Cto +75°C  Vcc = +5V * 5%

Symbol P t Limits Unit 'Test Conditions i
Min. Typ. Max.
tow Pulse Width 30 ns
toa Data To Output Delay 30 ns
tue Write Enable To Output Delay 40 ns
oot Data Setup Time 15 ns
t, Data Hold Time 20 ns
t Reset To Output Delay 40 ns
t Set To Output Delay 30 ns
t, Output Enable/Disable Time 45 ns
t. Clear To Output Delay 55 | ns

CAPACITANCE"  F = 1MHz Vias =25V Vo= +5V Ta = 25°C

Symbol Test —LIMIIS——_
Typ. Max.

Ci DS, MD Input Capacitance 9 pF 12 pF
Ci DS,, CK, ACK, D},-Dl, 5pF 9 pF

Input Capacitance
Cour DO,-DO; Output Capacitance 8 pF 12 pF
*This parameter is sampled and not 100% tested.
Switching Characteristics
CONDITIONS OF TEST TEST LOI(&D

Input Pulse Amplitude = 2.5 V 15mA & 30pF
Input Rise and Fall Times 5 ns i
Between 1V and 2V Measurements made at 1.5V
with 15 mA & 30 pF Test Load

* INCLUDING JIG & PROBE CAPACITANCE
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inte|° Silicon Gate MOS 8101-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH SEPARATE I/0

= 256 x 4 Organization to Meet Needs = Inputs Protected — All Inputs Have
for Small System Memories Protection Against Static Charge

= Access Time — 850 nsec Max. = Low Cost Packaging— 22 Pin Plastic

= Single +5V Supply Voltage Dual-In-Line Configuration

s Directly TTL Compatible — All Inputs = Low Power — Typically 150 mW

and Output Three-State Output — OR-Tie
Static MOS — No Clocks or Capability

R.efreshmg Required : . s Output Disable Provided for Ease of
Simple Memory Expansion — Chip Use in Common Data'Bus Systems
Enable Input

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 monolithic array. It uses fully DC stable (static) circuitry and therefore requires
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the
input data.

The 8101-2 is designed for memory applications where high performance, low cost, large bit storage, and sim-
ple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables
allow easy selection of an individual package when outputs are OR-tied. An output disable is provided so that
data inputs and outputs can be tied for common 1/0 systems. Output disable is then used to eliminate any
bidirectional logic.

The Intel 8101-2 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon-
olithic chip than either conventional MOS technology or P-channel silicon gate technology.

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
W b | P
a2 2 A, — A 0o, }— @
=P A G e
A 3 20 [Jrw — % 2 = e e
— A 00, |— Ay o=y ®.,
vy 3 19 [ &8 ) CE{L ARRAY e
= — A Diy p— Ay oy Fo Frous
A 5 18 ] oo - A 005 f— 0} 32FOLUMNS
s 3 D
81012 8101-2 ag 2 ]
[ s 17 [ ce2 — A s f— [5) i
— A 0o, | L >
=E 16 P00, @ T I
ano s 15 Jor, o RW ?D— COLUMN 1/0 CIRCUITS
[— O} COLUNIN SELECTOR
o, [ 14 [ 0o, ol ——{¥——]
! 3 @ NpuT 00
oty ~=—L¥ ] oaTA 1
o0, (] 0 13 oy : conTROL
Dl o— DO,
oI, n 12 [] o, 2
n;w c!sz c$1 ot 005
TEY 004
PIN NAMES cer
Oy DATA INPUT OD___ouTPUT DISABLE | oo O~ PInNUMBERS
— A, ADDRESS INPUTS Doyy  DATAOUTPUT | @
RV READMWRITE INPUT || V. POWER (+6V]
| CE2_CHIP ENABLE
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SILICON GATE MOS 8255

8255 BASIC FUNCTIONAL DESCRIPTION

General

The 8255 is a Programmable Peripheral Interface (PP1) de-
vice designed for use in 8080 Microcomputer Systems. Its
function is that of a general purpose 1/0 component to inter-
face peripheral equipment to the 8080 system bus. The
functional configuration of the 8255 is programmed by the
system software so that normally no external logic is nec-
essary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state, bi-directional, eight bit buffer is used to inter-
face the 8255 to the 8080 system data bus. Data is trans-
mitted or received by the buffer upon execution of INput
or OUTput instructions by the 8080 CPU. Control Words
and Status information are also transferred through the Data
Bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the 8080 CPU Address and
Control busses and in turn, issues commands to both of the
Control Groups.

(€S
Chip Select: A "“low” on this input pin enables the com-
munication between the 8255 and the 8080 CPU.

8255 Biock

5114

(RD)

Read: A “low” on this input pin enables the 8255 to send
the Data or Status information jto the 8080 CPU on the
DataBus. In essence, it allows the 8080 CPU to ‘“‘read from'
the 8255.

(WR)
Write: A “low” on this input pin enables the 8080 CPU to
write Data or Control words intoithe 8255,

(Ag and A1)

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 (Ag and A,).

8255 BASIC OPERATION
A1 | Ag| AD | WR | GS | (NPUT OPERATION (READ)
0| o 0 1 0 ORT A = DATA BUS
0 11 0 1| 0| PORTB=DATABUS
1 0 0 1 1] 'ORT C= DATA BUS
BUTPUT OPERATION
WRITE)
0 1] 1 )] 4] DATA BUS = PORT A
0 1 1 '] 0 ATA BUS = PORT B
T o | 1 0 | 0 | DATABUS=PORTC
T 1 0 | 0 | DATABUS= CONTROL
ISABLE FUNCTION
X | X | X | _X | 1| bATABUS= 3-STATE
T[T 0] 1| 0 ILLEGALCONDITION




SILICON GATE MOS 8102-2

A.C. CHARACTERISTICS T, =0°Cto 70°C, Ve =5V £5% unless otherwise specifigd
[ LIMIT$ ] |
SYMBOL PARAMETER w uNIT
MIN, | TYP. ] MAX. ]
READ CYCLE
tRe READ CYCLE 850 | ns ‘
ta ACCESS TIME 500 850 ns
tco CHIP ENABLE TO OUTPUT TIME 500 ns
tons PREVIOUS READ DATA VALID WITH RESPECT 50 ns
TO ADDRESS |
toH2 PREVIOUS READ DATA VALID WITH RESPECT o ns
TO CHIP ENABLE
WRITE CYCLE
twe WRITE CYCLE 850 ns
taw ADDRESS TO WRITE SETUP TIME 200 ns
twp WRITE PULSE WIDTH 600 ns
twr WRITE RECOVERY TIME 50 ns
tow DATA SETUP TIME 650 ns
ton DATA HOLD TIME 100 ns
tow CHIP ENABLE TO WRITE SETUP TIME 750 ns
(1) Typical values are for To=269C and nominal supply voltage.
CAPACITANCE Tp =25°C, f=1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST T;l::ms ’(ﬁ.::))(
fnput Pulse Levels: +0.65 Volt to 2.2 Volt . -
Input Pulse Rise and Fall Times: 20nsec Cin INPUT CAPACITANCE 3 5
A P =
Timing Measurement Reference Level: 1.6 Volt (ALL INPUT PINS) Vi = OV
[ N
Output Load: 1 TTL Gate and C, = 100 pF out SUTPHTOSAPAC'TA ok 7 10
out ©
WAVEFORMS §
READ CYCLE WRITE CYCLE
t i I
e t
ADDRES>< ,‘ ADDRES>( E
ﬁto—o : twa
— — [ §
CHIP CHIP W
ENABLE ENABLE ;
Tomy 4
‘A W 1 Twp:
ATA : < , F
DOUT ;ngDE/
,‘ tony Ton
e “:;m* Can
677




SILICON GATE MOS 8255

MODE 0 PORT DEFINITION CHART

A B GROUP A GROUP B
PORTC PORT C
Dg | D3 | D1 | Dp | PORT A PORT
4| P3| D1 Do PO weeem) | ¥ | PO"TE | Lowen)
0 0 0 0 QUTPUT QUTPUT 0 QUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OQUTPUT iINPUT
0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT
[ 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
o [ 1 | o [ o [outpuT [ INPUT 4 | outPut | OUTPUT
0 170 1 QUTPUT INPUT 5 OQUTPUT INPUT
0 1 ‘ 1 0 QUTPUT INPUT 6 INPUT OUTPUT
0 1 ]‘ 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 ,‘ [ 0 INPUT OUTPUT 8 OUTPUT OUTPUT
1 [ o[ e |1 [ ineut OUTPUT | 9 [ OUTPUT | INPUT
1 0 1 0 INPUT QUTPUT 10 INPUT OUTPUT
1 ) 1 1 INPUT OUTPUT 1 INPUT INPUT
1 1 [ o INPUT INPUT 12 OUTPUT QUTPUT
1 1| 0 | 1 | INPUT INPUT 13 | OUTPUT | INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 CONFIGURATIONS
‘CONTROL WORD #0 CONTROL WORD #2
D, Dg Ds D, Dy D, D, 0; Dy Ds Dy Dy
(1]o]o]o [+]o]e]o
DDy > c«{: Dy =] c {
At pey e, VLI
of— 4 oo e, 8 [t re, e,
CONTROL WORD #1 CONTROL WORD #3
D; Dg D; D, Dy D, D D D; Dg Dy By Dy D, Dy Dy
Llefelefeleofe]] Llefefefo]
[y B2 SN
8256
T S
N ‘
|
8|—+ e, 0g, ‘
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intal Silicon Gate MOS 8102A-4

1024 BIT FULLY DECODED STATIC MOS
RANDOM ACCESS MEMORY

s Access Time —450ns Max. = Simple Memory Expansion — Chip

= Single +5 Volts Supply Voltage Enable Input

= Directly TTL Compatible — All Inputs *» Fully Decoded — On Chip Address
and Output Decode

» Static MOS — No Clocks or = Inputs Protected — Al Inputs Have
Refreshing Required Protection Against Static Charge

= Low Power — Typically 150 mW = Low Cost Packaging -— 16 Pin Plastic

= Three-State Output — OR-Tie Dual-In-Line Configuration
Capability

The Intei®8102A-4 is a 1024 word by one bit static random access memory element using normally off
N-channel MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and there-
fore requires no clocks or refreshing to operate. The data is read out nondestructively and has the same
polarity as the input data. :

The 8102A-4 is designed for microcomputer memory applications where high performance, low cost, large
bit storage, and simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip
enable (CE) fead allows easy selection of an individual package when outputs are OR-tied.

The Intel 8102A-4 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functi¢nal density on a mon-
olithic chip than either conventional MOS technology or P-channel silicon gate techndlogy.

Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DlAGRAN
mp ‘
| A) ~{4 ; 2w
° ~—1a, : Q0
[ A2 L H
—J A ceL |
[ce — A: 2 nous i
—J 4 810244 32 CoLums|
[ Joaraour _1,° ¢
—a,
[ Joata v i vouth—
[ vee ) T T
[Jono rw_TE [E—— CRCA
coLumN seLECT)
PIN NAMES
Dy ___DATA INPUT CE  CHIPENABLE |
Agq Ay ADDRESSINPUTS | Dour DATAOUTPUT |
RMW__ READMRITE INPUT | Ve POWER (+6V) | Q- v numpERs

s




SILICON GATE MOS 8255

CONTROL WORD #12
O, Dg Og Dy Dy D; Dy Do

CONTROL WORD #14
D; Dg Dy By Dy D, Dy Dy

8
A ——/—'—-— PA,PAy A fe—rp—— pa,ray
8266 8266

4 4
| a—#2— pe,pC, le——F—— rc,pe,

[ — c { 0;-Dy ¢ .
A% e bcype, F——— reyrc,

8 8
8 —————— 78,5, 8 fe———— re, 78,

CONTROL WORD #13 CONTROL WORD #16
D; Dg Dy D, Dy D, D; D D, Dg Dy D, Dy D, D, by

D ——

D;Dy —————

Operating Modes
Mode 1 (Strobed Input/Output)

This functional configuration provides a means for trans-
ferring 1/0 data to or from a specified port in conjunction
with strobes or “handshaking” signals. In Mode 1, Port A
and Port B use the lines on Port C to generate or accept
these “"handshaking” signals.

5120

Mode 1 Basic Functional Definitions:

® Two Groups (Group A and Group B)

Each group contains one §-bit data port and one 4-bit
control/data port. i

The 8-bit data port can lbe either input or output.
Both inputs and outputs are latched.

The 4-bit port is used for control and status of the
8-bit data port.




SILICON GATE MOS 8102A-4

A. C. Characteristics T, =0°C to 70°C, v, = 5V £5% unless otherwise specified

Symbol P " Limits Unit ;
mbol arameter Ini !
V! Min. l Typ.(1] l Max.
READ CYCLE
tre Read Cycle 450 ns
tA Access Time 450 ns
tco Chip Enable to Output Time 230 ns
toH1 Previous Read Data Valid with Respect to Address 40 ns
toH2 Previous Read Data Valid with Respect to Chip Enable 0 ns
WRITE CYCLE {
twe Write Cycle 450 ns ’
taw Address to Write Setup Time 20 ns |
twp Write Pulse Width 300 ns
twr Write Recovery Time 0 ns
tow Data Setup Time 300 ns
toH Data Hold Time 0 ns
tow Chip Enable to Write Setup Time 300 ns
NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage.
= 2
Capacitance'?' 1, = 25°C, = 1MHz
A.C. CONDITIONS OF TEST SYMBOL TEST '-'M'ITS (pF)
1
Input Pulse Levels: 0.8 Volt to 2.0 Volt TYRl| max.
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 5
Timing Measurement  Inputs: 1.5 Volts (ALL INPUT PINS) V =0V
Reference Levels  Output: 0.8 and 2.0 Volts Cour OUTPUT CAPACITANCE N o
Output Load: 1 TTL Gateand C|_ = 100 pF Vour = OV
NOTE: 2. This parameter is periodically sampled
and is not 100% tested. E
Waveforms
READ CYCLE WRITE CYCLE 1
[, fo. t ’
ADDRESS @ >< ADDRESS [0] !
toom——t] w4
|-
CHIP CHIP " i
ENABLE ENABLE M
tony -
w , 1
DATA ’(? READ/ 4 Y/
out WRITE I
©)
@ 15voLTs il k 'ow—— >l b
@ 20votts
@ osvours ORTA DATACAN DATA STABLE Potebe

i




SILICON GATE MOS 8255

Output Control Signal Definition

OBF (Output Buffer Full F/F)

The OBF output will go “low” to indicate that the CPU has
written data out to the specified port. The OBF F/F will be
set by the rising edge of the WR input and reset by the fall-
ing edge of the ACK input signal.

ACK {Acknowledge Input)

A “low” on this input informs the 8255 that the data from
Port A or Port B has been accepted. In essence, a response
from the peripheral device indicating that it has received
the data output by the CPU.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU
when an output device has accepted data transmitted by the
CPU. INTR is set by the rising edge of ACK if OBF is a
“one” and INTE is a “one”. It is reset by the falling edge
of WR.

INTE A
Controlled by bit set/reset of PCg.
INTEB
Controlled by bit set/reset of PCo.

MODE 1 (PORT A)

CONTROL WORD

O7 Dg D5 Dy D3 D, Oy D

[Te [ To DX

PCos

1= INPUT
0=0UTPUT

ve, P8, E>

CONTROL WORD
D; Dg 05 Dy Dg D, Dy Dy

[ DDA [0 4]

—— INTRg

Mode 1 Output

INTR \

OBF
(DUTPUT BUFFER FULL)

NO PROTECTION
FOR THIS OPERATION :%'TAECK,

9
(DOUBLE

ATK

ouTePuT

S G D G
_/

Basic Timing Output
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intel" 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--2 ms ‘

= Low Cost Per Bit = Address Registers

= Low Standby Power Incorporated on the Chip

= Easy System Interface . Sin_IpIe 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, * Output is Three State and
Chip Select Inputs TTL Compatible

= Read-Modify-Write Cycle = Industry Standard 22-Pin
Time-- 590 ns Configuration

The Intel 8107B is a 4096 word by 1 bit dynamic n-channel MOS RAM. It was designed for memory applications where
very low cost and large bit storage are important design objectives. The 8107B uses dynamic circuitry which reduces the
standby power dissipation,

Reading information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The memory is re-
freshed whether Chip Select is a logic one or a logic zero. i

The 81078 is fabricated with n-channel silicon gate technology. This technology allows the design and production of
high performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other
MOS technologies. The 8107B uses a single transistor cell to achieve high speed and low cost. It is a replacement for

the 8107B.
PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
81078 81078
I Ao on «o Yo
A ol -0
~{ A M MEMORY cc
i A ay o—=| ROWDECODE | ot ARRAY ~o v
7 :z :: REGISTER 6464 ‘oo
.
qx a5 o] j
- :; Dour fo- ? : ,;«sa
i A TIMING cOLUMN
Ay CE O— a?ﬁ:::?éa AMPLIFIERS
CS CE WE
T ] IR |
PIN NAMES b
— O COLUMN E
AgAr, ADDRESSINPUTS® | Vpw  POWER (-5V) WE o o : a
CE  CHIPENABLE Voo POWER (16V) © o | BUTFER RequTER
©  CHIPSELECT Voo POWER (+12V) l I I i I I
Dy DATAINPUT Vs GROUND s
[ Bouz__ DATA OUTPUT WE  WRITE ENABLE | Four fo M A Bo An !
NC___NOT CONNECTED |
*Refresh Address Ag-Ag.




SILICON GATE MOS 8255

MODE DEFINITION SUMMARY TABLE

MODE 0 MODE 1 MODE 2
IN ouT IN out GROUP A ONLY
PAg N ouT IN out -
PA IN ouT IN ouT -~
PAy IN out IN out -~
PA3 IN out IN out -~
PAq IN ouT IN out -
PAg IN out IN ouT -
PAg N ouT IN out -
PA7 IN out IN ouT -
PBg IN out IN out —_
PBy IN out IN ouT e
PBy IN out IN out —_—
P83 IN ouT IN ouT _ MODE 0
PBg N out 1] ouT —_— OR MODE 1
PBg IN out IN out — ONLY
PBg N out IN out —_—
PB; N out IN out —_—
PCo IN out INTRg INTR 1/0
PCq IN out IBFg OBFg 10
PCy IN ouT STBg ACKg o
PC3 IN ouT INTRA INTRA INTRA
PC4y IN ouT §TBa 1/0 STBp
PCs IN out 1BF 5 1/0 1BFp
PCg IN ouT 1/0 ACKa ACKp
PCy IN ouT 110 OBFp OBF

Special Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining
bits can be used as follows:

If Programmed as Inputs —
All input lines can be accessed during a normal Port C
read.

If Programmed as Outputs —
Bits in C upper (PC7-PC4) must be individually accessed
using the bit set/reset function.

Bits in C lower (PC3-PCq) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C.

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randomly from
Ports B and C can source 1mA at 1.5 volts. This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts “hand-shaking” signals
with the peripheral device. Reading the contents of Port C

allows the programmer to test or verify the ‘‘status’ of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.

INPUT CONFIGURATION

D, Dg Dy DB, Dy D, Dy Dy
| o ‘ 1O | 1BF, | INTE, | INTR |INTEg | 1BFy mrnal
i
GROUP A GROUP B

OUTPUT CONFIGURATION
o Dgb, D D, Dy D, D

7 Bo
I%A 1o I o IINTRAllNTEEIHﬁ, |NTﬂ

GROUP A GROUP B

INTE,

Mode 1 Status Word Format

s O D D3’ D Dy D

INTE, ||NTRAI><1><I>Q

b —

-
GROUP A - GROUPB

INTE, l 1BF,

(DEFINED BY MODE 0 OR MODE 1SELECTION)

Mode 2 Status Word Format
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SILICON GATE MOS 8107B-4

Read and Refresh Cycle nl {Numbers in parentheses are for minimum cycle timing in ns}

1oy (470}
|
Vin ®
AN 88 ® ADDRESS STABLE ADDRESS CAN CHANGE  (7) XAD RESS STABLE
ViL
F(‘"mnx——I — e—tyl20) (200
) i (300) -
Vine @
cE
Ve O]
e tgg 1301 —]
Fet— tyc@
— J
Vin +
WEcan
e ChAce CHANGE
V| —
1o (2501 | ty O
y il
[P BN vaLID O LI —
mps]nmcz | ]‘*mp:omcs
Vo === -
}‘ tacc270) — ﬁ |..tc,m;
Write Cy0|e - _ ey 470 — —
Viw }
o] r ADDRESS STABLE X ADDRESS CAN CHANGE (7) ‘X £
ViL
S — —] |o—tptm
tac® tcg (300) — 1200
Vine @
CE
ety 150 —— &
Yo 2
e ey {150} —r‘ﬁ—-‘ wotian
“ tyyp(60) —
H
WE WE CAN CHANGE WE CAN CHANGE
Vie 1 !
] oy (0 Ny P 1)
VN r -
oW Diy CAN CHANGE Oy STABLE CAN.CHANGE
Vi
Yy —————— —————
Bour +~ impEbaNCE —*| [ UNDEFINED "‘ mpebnce —]
VoL v om e ——————
— F—‘cr““ :

NOTES: 1. For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire ta period.

2. V) MAX is the reference level for measuring timing of the addresses, CS, WE, and Din.
3. VIH MIN is the reference leve! for measuring timing of the addresses, CS, WE, and D).
4. Vgg +2.0V is the reference level for measuring timing of CE,

5. Vpp -2V is the raference level for measuring timing of CE.

6. Vgg +2.0V is the referance level for measuring the timing of DoyT.
7. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high,
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INTERRUPT
REQUEST
[~ PA, LSB [
Mu PC3 [Tpe, Dy
iy r8, D,
2 B, D,
Phs B, g FLOPPY DISK
A, o, D, CONTROLLER
oA ' 4 AND DRIVE
MODE O _| PAs PB; D
TR | e e [—= ANALOG OUTPUT MODEZ ) P8 D
PA, CONVERTER PB, D, |
PC, (AC)
PCs pC, DATA STB
PC,
4285 e s 8 ACK (IN)
LPe PC, DATAREADY
. cy ACK (QUT)
VCO STB DATA -
OUTPUT EN £258
PG PC, TRACK “0" SENSOR
BIT
SET/RESET PCy SYNC READY
re, SAMPLE EN PC, INDEX
pey st
(e, 158 [Pay ENGAGE HEAD
aBIT
eB, 7 P,
"8, CONVERTER  |«— ANALOG INPUT PA, READ ENABLE
MODEO | PBy {apc) MobEo | PAs WRITE ENABLE
UNPUT) | B, (OUTPUT) | PA, DISC SELECT
PBg PAg ENABLE CRC
PBg PAg TEST
r8, msB PA, BUSY LT
Digital to Analog, Analog to Digital Basic Floppy Disc Interface
INTERRUPT INTERRUPT
REQUEST ‘-—' REQUEST
PCy[ pa, Ry e [pag Ry
PAY Ry CRT CONTROLLER PA; Ll
A R X | 8 LEVEL
2 . . GEN. [ R, EvE
[ R, © REFRESH BUFFER PA, Ry TAPE
PA, R, © CURSOR CONTROL Pa, , | READER
PAg Rg PAG .
MODE 1 _| PAg SHIFT MOOE1 | oy R
- (INPUT) °
©OUTPUT | pa, CONTROL Pa, ,
rC, DATA READY pC, 578
PCq ACK PCy ACK
PC5 BLANKED PCG STOP/GO.
PC, BLACK/WHITE ~
8255 L 82565 MACHINE TOOL
_ [Pco STARY/STOP
ec, ROW STB mf:# - rey LIMIT|SENSOR (H/V)
re, COLUMN STB PG, OUT GF FLUID
0 CURSOR H/V STB =
- -
PB, | B, CHANGE TOOL
MODE 0 _| PBy i B, LEFT/RIGHT
{OUTPUT} | PB, PB, UP/DOWN
UMN
i ADDRESS MODEO | PBy HOR. $TEP STROBE
PB, HavV toutPuT) | P8, VERT; STEP STROBE
- P8y SLEW/STEP
PBg P8 FLUIC ENABLE
il i P8, stTop
i
Basic CRT Controller Interface Machine Tool Controller Interface
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SILICON GATE MOS 8107B-4 ‘

Typical Characteristics

Fig. 1. Ipp AV VS. TEMPERATURE Fig. 2. TYPICAL Ipp AVERAGE VS. CYCLE TIME
20 52
’ Vop * 128V
Veg = 75V
178 ‘ Voo - 528V i
1 ® N Ving - 180 —]
. T, -wc i
2 I 3 ‘ \ )
E 128 —— T¥Picag (5. L Im— E _lET ’ mT - )\ i
] %\_\ s ok - 250m N
g I Ivrea ., | < ’ N~ . 3
13
H — ] ‘ |
0% ‘I | |
0B 216 5 T ° 200 400 800 800 1000 1200 1400
N o Tey (m)
Fig. 3. Ipp2 VS. TEMPERATURE Fig. 4. TYPICAL V| MAX VS. CE RISE TIME
2 ¥
1.6
s !
14
§ 7 12
: i,
] ]
q H
H : Voo < 1 =
§ o6 Vo = 10
n
o078 t
i 0.2
|
26 80 I 1 2 25 3 3% Al
T, Cc) 1 fne)
Fig. 5. TYPICAL Iy VS. Vo Fig. 6. TYPICAL Ig VS. VoL
40
ol I ‘
30 ;
st
; 7 S
i LI (-
s - .
° \ ’ / /
SPEC:
~2mA, 24V H EC:
) ~ | V.// 2:»? asv
1 2 4 5 °, 1
Vou tvolts) Vo Ivolts}
Fig. 7. TYPICAL REFRESH VS. TEMPERATURE Fig. 8. TYPICAL ACCESS TIME VS. TEMPERATURE
T~ T
2 & I
T z
1 & I
, ) ;
1
a .
25 0 2 K
T e Twie
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SILICON GATE MOS 8255

D.C. CHARACTERISTICS Ta =0°C to 70°C; Vg = +6V +5%; Vgg = OV
Symbol Parameter Min. Typ. Max. Unit Test Conditions
ViL Input Low Voltage .8 v
Vi fnput High Voltage 20 \%
VoL Output Low Voltage 4 \ loL=1.6mA
Vou Output High Voltage 24 Vv lon =-50uA (-100uA for D.B. Port)
o Darlington Drive Current 2.0 mA Vou= 1.5V, RgxT =390Q
icc Power Supply Current 40 mA

NOTE:
1. Available on 8 pins only.

A.C. CHARACTERISTICS Ta = 0°C to 70°C; Ve = +5V #6%; Vgg = OV
Symbol Parameter Min. | Typ. [Max. Unit Test Condition
twe Pulse Width of WR 430 ns
tow Time D.B. Stable Before WR 10 ns
two Time D.B. Stable After WR 65 ns
taw Time Address Stable Before WR 20 ns
twa Time Address Stable After WR 35 ns
tow Time CS Stable Before WR 20 ns
twe Time CS Stable After WR 35 ns
twa Delay From WR To Output 500 ns
tRp Pulse Width of RD 430 ns
R RD Set-Up Time 50 ns
tHR Input Hold Time 50 ns
tRD Delay From RD = 0 To System Bus 350 ns
top Delay From RD = 1 To System Bus 150 ns
tAR Time Address Stable Before RD 50 ns
tcR Time CS Stable Before RD 50 ns
tak Width Of ACK Pulse 500 ns
tsT Width Of §TB Pulse 350 ns
tps Set-Up Time For Peripheral 150 ns
trH Hold Time For Peripheral 150 ns
tRA Hold Time for A, Ag After RD = 1 379 ns
tRe Hold Time For CS After RD = 1 5 ns
tap Time From ACK = 0 To Output{Mode 2) 500 ns
tkD Time From ACK = 1 To Output Floating 300 ns
two Time From WR = 1 To OBF = 0 300 ns
tao Time From ACK = 0 To OBF =1 500 ns
ts) Time From STB = 0 To IBF 600 ns
) Time From RD = 1 To IBF = 0 300 ns
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SILICON GATE MOS 8107B-4

Typical Current Transients vs. Time

© 100 200 300 400 500 O 100 200 300 400 500
| | 1 | | | | ! I ! |

cE WRITE READ
CYCLE CYCLE
2
e 10
(mA]

' \ V'

1.
NORMALIZED n ﬂ
oo 10 V -
05 i
0
2 i
s 10
mAl o
0

Applications
Refresh

lop2 TYPICAL

The 8107B-4 isrefreshed by either a read cycle, write cycle, or read-modify write cycle. Ohly the selected row of
memory array is refreshed. The row address is selected by the input signals Ag thru Ap. Each individual row

address must receive at least one refresh cycle within any two milliseconds time period.

If a read cycle is used for refreshing, then the chip select input, Cs, can be a logic high o
cycle or read-mcdify write cycle is used to refresh the device, then CS must be a logic
writing into the memory during refresh.

Power Dissipation

The operating power dissipation of a selected device is the sum of Vpp x Ippav and Vg
400ns and tcg of 230ns typical power dissipation is 456mW,

Standby Power

The 81078-4 is a dynamic RAM therefore when Vge = V)¢ very little power is dissipat
most devices are in standby with Vcg at V| _c. During this time only leakage currents
IgB, 1LO, IL1). The power dissipated during this inactive period is typically 1.4mW. Th

a logic low. If a write
high. This will prevent

B x Igg. For a cycle of

ed. In a typical system

flow (i.e., Ipp1, lcct,
typical power dissipa-

tion required to perform refresh during standby is the refresh duty cycle, 1.3%, multiplied by the operating
power dissipation, or 5.9mW. The total power dissipation during standby is then 7.3mW [typical.

System Interfaces and Filtering

On the following page is an example of a 16K x 8 bit memory system. Device decoding
put. All devices are unselected during refresh with CS. It is recommended that 1uF high
tance capacitors be used on double sided boards. Vee to Vgg decoupling is required only|
around the periphery of the array. For each 36 devices a 100uF tantalum or equivalen
placed from Vpp) to Vss close to the array.

s done with the CE in-
frequency, low induc-
on the devices located
1t capacitor should be







|nter 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 tbe 5101

= Fast Access Time—650 ns

= Single +5 V Power Supply
| ] -
» CE, Controls Unconditional Three-State Output

Standby Mode

The Intel® 5101 snd 5101-3 are ultra-low power 1024 bit (256 words x 4-bits) static RAMs fabricats
implanted silicon gate CMOS technology. The devices have two chip enable inputs. When CE, is at 3
standby current is drawn by these devices, regardless of any other input transitions on the addresses
Also, when C_E1 is at a high level and address and other control transitions are inhibited, the minij
drawn by these devices, When in standby the 5101 and 5101-3 draw from the single 5 volt supply
200 microamps, respectively. These devices are ideally suited for low power applications where bat
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 fol
The data is read out non-destructively and has the same polarity as the input data. All inputs and
compatible. The 5101 and 5101-3 have separate data input and data output terminals. An output dis:
50 that the data inputs and outputs may be wire OR-ed for use in common data /O systems.

The 5101L and 5101L-3 are identical to the 5101 and 5101-3, respectively, with the additional feq
retention at a power supply voltage as low as 2.0 volts.

A pin compatible N-channel static RAM, the Intel 2101, is also available for low cost applications
zation is needed.

The Intel ion-implanted, silicon gate, complementary MOS (CMOS) allows the design and product
high performance memories.

1
= Directly TTL Compatible— All
Inputs and Outputs

ed with an advanced ion-
fow level, the minimum
nd other control inputs.
mum standby current is
only 15 microamps and
lery operation or battery

r each address transition.
utputs are directly TTL
ble function is provided

ture of guaranteed data

here a 256 x 4 organi-

iion of ultra-low power,

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
5101 5101
o b o . - -
A ]: 2 [ a, — A :‘2 @ | aooress | | row CER L pemay e
A o [aw — A, ho (D | BUFFERS DECODERS 32 BoLUMAS
a ] 19 [ &7 ] :: Ao 1
= Y o 4z (DISABLE)
a[e 12 [ ce2 b ce2 &
[ = b 16 [ 1o, -1~ 65‘1"
e []e 5 [Jol, 3 s": 221’ [— (pIsaBLE) T
o, []e 14 [ oo, — o 0o, |— INPUT
oo, [] 10 3 o, b Do [— contRoL
o, 12 oo, 7] :I;w CE2 CEl
e
PIN NAMES
[ Oy DI, DATAINFUT 7“ [ OUTPUT DISABLE
Ro—A, AOORESSINPUTS | 010,~ DO, DATA OUTRUT 0
RM READ/WI Jad
[_TET.Cez_chip ENABLE ] [6]0]0] QO - pinNUMBERS




SILICON GATE MOS 8251

8251 BASIC FUNCTIONAL DESCRIPTION
General

The 8251 is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 8080 Micro-
computer System. Like other 1/0 devices in the 8080 Micro-
computer System its functional configuration is programmed
by the systems software for maximum flexibility. The 8251
can support virtually any serial data technique currently
in use {including (BM “’bi-sync").

In a communication environment an interface device must
convert parallel format system data into serial format for
transmission and convert incoming serial format data into
parallel system data for reception. The interface device must
also delete or insert bits or characters that are functionally
unique to the communication technique. In essence, the
interface should appear “‘transparent” to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8251 to the 8080 system Data Bus. Data is transmitted
or received by the buffer upon execution of INput or QUT-
put instructions of the 8080 CPU. Control words, Command
words and Status information are also transferred through
the Data Bus Buffer.

Read/Write Control Logic

This functional block accepts inputs from the 8080 Control
bus and generates control signals for overall device operation.
It contains the Control Word Register and Command Word
Register that store the various control formats for device
functional definition.

RESET (Reset}

A “high” on this input forces the 8251 into an “Idle’’ mode.
The device will remain at “Idle” until a new set of controf
words is written into the 8251 to program its functional
definition.

CLK (Clock)

The CLK input is used to generate internal device timing
and is normally connected to the Phase 2 (TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter clock in-
puts for synchronous mode (4.5 times for asynchronous
mode)}.

WR (Write)

A “low"” on this input informs the 8251 that the CPU is
outputting data or control words, in essence, the CPU is
writing out to the 8251,

RD (Read)

A “low” on this input informs the 8251 that the CPU is in-
putting data or status information, in essence, the CPU is
reading from the 8251,

¢/D (Control/Data)

This input, in conjunction with the WR and RD inputs in-
forms the 8251 that the word 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 occur unless the device is selected .

c/b RD WR Cs !
0 0 1 0 8251-DATABUS
0 1 0 0 DATABUS=8251
1 0 1 0 STATUS=DATABUS
1 1 0 0 DATABUS=CONTROL
X X X 1 DATABUS= 3-STATE
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SILICON GATE CMOS 5101, 5101-3, 5101L, 5101L-3 3

A.C. Characteristics for 5101, 5101-3, 5101L, 5101L-3 1

READ CYCLE Ta =0°Cto 70°C, Ve = 5V #5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit Test Conditions
tac Fead Cycle 650 ns '
ta Access Time 650 ns
t Chip Enable (CE1) to Output n
cot fp nable (CE1) to Outpu 600 s (See below)
tco2 Chip Enable (CE2) to OQutput 700 ns
top Cutput Disable To Output 350 ns
tpF Ciata Output to High Z State 0 150 ns ! |
1 Previous Read Data Valid with 0 ns 1
OHt' Respect to Address Change ’
1 Previous Read Data Valid with 0 l
OH2 Respect to Chip Enable ns i
WRITE CYCLE ‘l
Symbol Parameter Min. Typ. Max. Unit | Test Conditions
twe Write Cycle 650 ns
taw Write Delay 150 ns
1 Chip Enable (CE1) To Writ ! i
cw1 !p nable (CE1) To r{ e 550 ns (See below]
tow? Chip Enable (CE2) To Write 550 ns i
tow Data Setup 400 ns i
toH Data Hold 100 ns
twp Write Pulse 400 ns
twr Write Recovery 50 ns
tps Output Disable Setup 150 ns
. [2]
A. C.CONDITIONS OF TEST Capacnance Ta = 25°C, f = 1MHz
Input Pulse Levels: +0.65 Volit to 2.2 Volt —
Limits (pF)
Input Pulse Rise and Fall Times: 20nsec Symbol Test Typ. | Max.
Timing Measurement Reference Level: 1.5 Volt Cin Input Capacitance A 8
Output Load: 1TTL Gate and C_ = 100pF (Al Input Pins) Vi = OV
Cout Output Capacitance Voyri= OV 8 12
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SILICON GATE MOS 8251

Receiver Buffer

The Receiver accepts serial data, converts this serial input
to parallel format, checks for bits or characters that are
unique to the communication technique and sends an
‘*assembled”’ character to the CPU. Serial data is input to
the RxD pin.

Receiver Control
This fi block all re

RxRDY (Receiver Ready)

This output indicates that the 8251 contains a character that
is ready to be input to the CPU. RxRDY can be connected
to the interrupt structure of the CPU or for Polled opera-
tion the CPU can check the condition of RxRDY using a
status read operation. RxRDY is automatically reset when
the character is read by the CPU.

elated activities.

RxC. (Receiver Clock)

The Receiver Clock controls the rate at which the character
is to be received. In Synchronous Mode, the frequency of
RxCisequal to the actual Baud Rate (1x). In Asynchronous
Mode, the frequency of RxC is a multiple of the actual
Baud Rate. A portion of the mode instruction selects the
value of the multiplier; it can be 1x, 16x or 64x the Baud
Rate.

For Example: {f Baud Rate equals 300 Baud,
RxC equals 300 Hz (1x)

AxC equals 4800 Hz {16x)

RxC equals 19.2 kHz (64x).

H Baud Rate equals 2400 Baud,
RxC equals 2400 Hz (1x)

RXC equals 38.4 kHz (16x)
RXC equals 153.6 kHz (64x).

Data is sampled into the 8251 on the rising edge of RxC.

NOTE: In most communications systems, the 8251 will be
handling both the transmission and reception operations of
a single link. Consequently, the Receive and Transmit Baud
Rates will be the same. Both TxC and RxC will require iden-
tical frequencies for this operation and can be tied together
and connected to a single frequency source (Baud Rate
Generator) to simplify the interface.

SYNDET (SYNC Detect)

This pin is used in SYNChronous Mode only. It is used as
either input or output, programmable through the Control
Word. It is reset to “low” upon RESET. When used as an
output (internal Sync mode), the SYNDET pin will go
“high” to indicate that the 8251 has located the SYNC
character in the Receive mode. If the 8251 is programmed
to use double Sync characters {bi-sync), then SYNDET will
g0 “high” in the middle of the last bit of the second Sync
character, SYNDET is automatically reset upon a Status
Read operation.

When used as an input, (external SYNC detect mode), a
positive going signal will cause the 8251 to start assembling
data characters on the falling edge of the next RxC. Once
inSYNC, the "high” input signal can be removed. The dura-
tion of the high signal should be at least equal to the period
of RxC.

RECEIVE
BUFFER
(s+P)

RECEIVE
CONTROL

§ ADDRESS BUS 7
CONTROL BUS
IOR[ {/OW| RESET] 2]
falt]
{ DATA BUS 1

D,-D, RD = WR RESET CLK

8251 Interface to 8080 Standard System Bus
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intel° Schottky Bipolar 8210

TTL-TO-MOS LEVEL SHIFTER AND
HIGH VOLTAGE CLOCK DRIVER

= Four Low Voitage Drivers = QOperates from Sla.n‘ ard Bipolar and
= One High Voltage Driver MOS Power Supplies
= TTL and DTL Compatible Inputs = Maximum MOS Device Protection —
. Output Clamp Diodes

Outputs Compatible with
8107A MOS Memories

The Intel®8210 is a Bipolar-to-MOS level shifter and high voltage driver which accepts TTL and DTL inputs.
It contains four (4) low voltage drivers and one high voltage driver, each with curfent driving capabilities
suitable for driving N-channel MOS memory devices. The 8210 is particularly suitable for driving the 8107A
N-channel MOS memory chips. The 8210 operates from the 5 volt and 12 volt power supplies used to bias
the memory devices.

The four low voltage drivers feature two common enable inputs per pair of drivers which permits address or
data decoding. The high voltage driver swings the 12 volts required to drive the ¢ ip enable (clock) input
for the 8107A.

The 8210 high voltage driver requires an externally connected PNP transistor. Thd 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 vol-
tage, high current gain PNP, like the 2N5057 is recommended.

PIN CONFIGURATION LOGIC SYMBOL
0y
DATA (NPUT D [T 18 chc
E
ENABLE INPUT 4 []2 17§ o, DATA INPUT A
oaTAINPUTD, [ |3 18] J o, Low voLTace ouTPuT 02 o
DATA INPUT Dy [ ]4 15[ J 0, Low voLTaGE ouTPUT Dy _-l_ 0,
ENAI UT 5 821
BLE iNPUT £, [ 0 14[ o, Low voLTAGE ouTPUT € 0,
DATA INPUT D, |6 131 0, LOW VOLTAGE OUTPUT L
oo | 04
oata neuT 05[] 12| B Base oF pne
o, B
oaTaInPUT D[ |8 11[J o, HiGH voLTAGE oUTPUT
O
ono[ Je 108 Jvep I %
Dg
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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 loaded (if in Sync Mode) then the device is ready to be
used for data communication. The Command Instruction
controls the actual operation of the selected format. Func-
tions such as: Enable Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the 8251
and Sync characters inserted, if necessary, then all further
“control writes” (C/D = 1) will load the Command In-
struction. A Reset operation (internal or external) will
return the 8251 to the Mode Instruction Format.

STATUS READ DEFINITION

In data communication systems it is often necessary to
examine the “status” of the active device to ascertain if
errors have occurred or other conditions that require the
processor’s attention, The 8251 has facilities that allow the
programmer to “read” the status of the device at any time
during the functional operation.

A normal “read” command is 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 envirbnment or in an interrupt
driven environment,

D, Dg Dg D, Dy, D, D D

[ [ [rs e o] e [ orn [ree

TRANSMIT ENABLE
1 = enable
0 = disable

D,
R

ATA TERMINAL
EADY

output to zero

RECEIVE ENABLE
1 = enable
0= disable

SEND BREAK |
CHARACTER
1= forces TxD “low”

0 = normal opstation

ERROR RESET
1 = reset all error flags
PE, OF, FE

REQUEST TO SEND_

“high” will force RS
output to zero

INTERNAL RESET
“high"” returns 8251 to
Mode Instruction Format

ENTER HUNT MODE
1 = enable search for Sync
Characters

Command Instruction Format

5142

% O 0 0 B D 0 D

BEE ‘
L | | |

SAME DEFINITIONS AS 1/0 PINS

TxE | RxRDY | TxRDY

OEIPE

PARITY ERROR
The PE flag is set when  parity
brror is detected. It is resat by
the ER bit of the Command
Instruction. PE does not inhibit
bperation of the 8251

DVERRUN ERROR

The OE fla is set when the CPU

Hoes not read a character before

the next one hecomes available,

“——=1 Itiis reset by the ER bit of the
Command Instruction. OF does

pot inhibit operation of the 8251;
however, the previously overrun
haracter is lost.

FRAMING ERROR (Async only)
The FE flag is set when a valid
Stop bit is not detected et the
and of every character. It is reset
By the ER bit of the Command
instrustion. FE does not inhibit
the operation of the 8251

Status Read Format




SCHOTTKY BIPOLAR 8210

Absolute iMaximum Ratings*

Temperature Under Bias . .0°Cto70°C Ali Input Voltages ~1.0 10 +5.6V
Storage Tempe ‘ature 5°C to +150°C Outputs for Low Voltage . —=0.5to +7V
Supply Voltage, Veg . - ~0.5t0 +7V Outputs for Clock Driver ...... —1.0to +13V
Supply Voltage, Vpp - - - - —0.5 10 +13V Power Dissipation at 25°C 2w

*COMMENT: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damags to the device. This.is a
stress rating or ly and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this st ecification is not implied. to absolute i rating itions for periods may affect device
reliability.

D.C. Characteristics Ta=0°C to 70°C, Vec =5.0V * 5%, Vpp = 12V 5%

Symbol Parameter Min, Max. Unit Test Conditions

Iep Data input Load Current -0.25 mA Vg 3 0.45V

lgg tinable tnput Load Current —0.50 mA Vg 7 0.45V

lrp Data tnput Leakage Current 10 HA Vg T 126V

13 J nable Input Leakage Current 20 HA Vg 7 12.6V

v, Output Low Voltage 0.45 N lo  F 3mA, Viy =2V
oL for all Drivers —-1.0 v loL F—-5mA

v Cutput High Voltage Vec -1.0 v lonF—1mA, Vi, =08V
OH1 far Low Voltage Drivers Vec +1.0 v TonF BmA

v CQutput High Voltage Vop ~0.75 v lonFE —1mA, Vj_ = 0.8V
OH2 far High Voltage Driver Vop + 05 v TonF 6mA

Fulsed Output Sink Current

o1 far Low Voltage Drivers 75 mA Vo2V, Viu=2v
fulsed Output Sink Current i =
loz for High Voltage Driver 100 mA Vo 73V, Vin =2V
Fulsed Output Source Current _ Vo % Vec —-1.5V,
lo3 for Low Voltage Drivers 75 mA ViL ¥ 0.8V
Fulsed Output Source Current Vo 9 Vpp —3V,
log f5r High Voltage Driver ~100 mA ViL £ 0.8V
ViL 11put Low Voltage, All Inputs 0.8 A
ViH I put High Voltage, All Inputs 2 | v

POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION
All driver outpuits are in the state indicated

\‘ Test Conditions -- Input states to ensure
the following output states: Additi Test

“l . All Low Voltage High Voltage Conditions
Symbol arameter Typ. Max. Unit Outputs Output
icct Curient from Ve 26 35 mA Low Low
Ipp1 Curient from Vpp 12 16 mA Low Low
Pp1 Power Dissipation 290 390 mw Low Low
Icc2 Curtent from Vgo 21 28 mA Low High
lop2 Current from Vpp 26 35 mA Low High
Pp2 Power Dissipation 450 600 mw Low High Veg =5.26V,

Vop = 12.6V

leca Curtent from Voo | 19 25 mA High Low o
IbD3 Curtent from Vpp 12 16 mA High Low
Pp3 Pow er Dissipation 260 340 mW High Low
lcca | Curient from Vg 14 18 mA High High
lopa Curtent from Vpp 26 35 mA High High
Pos Power Dissipation 410 ‘ 550 mW High High

111 This parameter i: periodically sampled and is not 100% tested. Condition of measurement is Ta = 25°C, Vo = 5V, VoD = 12V. ‘
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SILICON GATE MOS 8251

D.C. Characteristics:

Ta =0°C to 70°C; Ve = 5.0V  5%; Vgg = OV

Symbol Parameter Min. Typ. Max. Unit Test Conditions
ViL Input Low Voltage Vss-.5 0.8 A
Vi Input High Voltage 2.0 Voo v
VoL Output Low Voltage 0.45 Vv loL = 1.6mA 1
VoH Output High Voltage 2.2 v lon = -100uA (DBg-7)
loH =~100¢A (Others)
IbL Data Bus Leakage 50 HA Vour = 4.5V
Iy Input Load Current 10 MA @ 5.5V
lcc Power Supply Current 45 80
Capacitance
Ta = 25°C; Ve = Vss =0V
Symbol Parameter Min. Typ. Max. Unit Test Conditions
GN Input Capacitance 10 pF fc= 1MHz
Cio 1/0 Capacitance 20 pF Unmeasut"ed pins returned to Vgg.
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intel” Schottky Bipolar 8222
DYNAMIC MEMORY
REFRESH CONTROLLER

= Adjustable Refresh
Request Oscillator

* Ideal for 8107A,8107B
4K RAM Refresh

= Internal Address
Multiplexer

= Up to 6 Row Input Addresses
(64 x 64 Organization)

The 8222 is a refrash controller for dynamic RAMs requiring row refresh of up to 6 row input addrasses (or 4K bits for 64 x
64 organization). ‘The device contains an accurate refresh timer {(whose frequency can be set by an|external resistor and ca-
pacitor} plus all nicessary control and 1/0 circuitry to provide for the refresh requirements of dynpmic RAMs. The chip's
high performance makes it especially suitable for use with high speed N-channel RAMs like the 8107B. The 8222 is designed

for large, asynchronously driven, dynamic memory systems.

PIN CONFIGURATION

BLOCK DIAGRAM

REF. REQ. START CYCLE
CYC_REG. REFRESH Ak
REQUEST
1 [: 1 22 [ Vg SUPPLY VOLTAGE susy Logic |—— REF.ON
ReFREI[] 2 21| Rx/cx
cvRea[]3 20 [ Ack 1
STARTCY |4 19 [] REFON ™
ADORESS INPUT £, [] 5 18] susy CENTER
ADDRESS INPUT £, [ 6 8222 17[7] A; ADDRESS INPUT

ADDRESS INPUT £, [}

S
3

7] A, ADDRESS INPUT

ouTPUT
MUX > ADDRESSES
ApAs

ol

ADDRESS OUTPUT ¢, [] 8 15 [ A5 ADDRESS INPUT apbreases [—
ADDRESS OUTPUT ¢, [ @ 14 [ o5 ApoRESS OUTPUT Vee
ADDRESS OUTPUT ¢, [J10 13 [] 0, ADDRESS OUTPUT (I
aroun > [ 11 12 [7] 0, ADDRESS OUTPUT sy
CX/RX ¢ =~ ——

iH
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SILICON GATE MOS 8251

READ AND WRITE TIMING

\ S \
L ¥X_TTTTTTY

: =

Tl [P j_;

*WRITE AND READ PULSES HAVE NO TIMING LIMITATION WITH RESPECT TO CLK.

TRANSMITTER CLOCK AND DATA

TXC (1x 8AUD) w
TxC PERIOI
TXC (16x BAUD) ’lt_/ — N/ SL/

no'___¥__ —__..X-—-

RECEIVER CLOCK AND DATA
axp * _____
tanx | =ty - 2!
RC (1x BAUD) m
INTERNAL

SAMPLING n
PULSE
TART BIT ; 15t DATA BIT |
RxD_-’iC_—___.;L _______—:?F:
e TRy ——>=——— timx
AxC {16x BAUD)
INTERNAL |8 RxC PERIODS »{= 16 RxC PERIODS ~——~
SAMPLING n n
PULSE

Tx RDY AND Rx RDY TIMING (ASYNC MODE)

RxD sTARTBIT [ DATABITS TPARITY BIT]STOP | BIT | STARTBIT
tRx
Rx RDY
! i
READ
Tx EMPTY
Pe—
Tx RDY -ﬁ_
!
WRITE
WRITE 15t BYTE WRITE 2nd BYTE WRITE 3rd BYTE
TxD MARKING| START BIT [ DATABIT JPARITY BIT| STOP| BIT | START BIT
! 15t DATA BYTE l«—t 2nd DATA BYTE
INTERNAL SYNC DETECT
— —— SYNC (01101001) |
RxD____ [TstBIT | | L | JLASTBITT

I
SYNDET fis /
toutpuT) |

EXTERNAL SYNC DETECT

[ | — J
[
SYNDET Tt
(INPUT) “_#
mo. T "ZTZZTC I I | I—
" 1stDATABYTE ——— 4—|
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SCHOTTKY BIPOLAR 8205

Logic Element Example

Probably the most overlooked application of the 8205 is
that of a general purpose logic element. Using the “on-chip”
enabling gate, the 8205 can be configured to gate its de-
coded outputs with system timing signals and generate
strobes that can be directly connected to latches, flip-flops
and one-shots that are used throughout the system,

An excellent example of such an application is
decoder’ in.an 8008 CPU based systent:

sues three bits of information (S0, S1, $2) that indicate the
nature of the data on the Data Bus during each machine
state. Decoding of these signals is vital to generate strobes
that can load the address latches, control bus discipline and
general machine furictions.

the “state

In the figure below a circuit is shown using the 8205 as the
“state decoder” for an 8008 CPU that not only decodes the
S0, S1, S2 outputs but gates these signals with the clock
(phase 2} and the SYNC output of the 8008 CPU. The T1

and T2 decoded strobes can connect directly to devices like
82125 for latching the address information. The other de-
coded strobes can be used to gengrate signals to control the
system data bus, memory (iminp functions and interrupt
structure. RESET is connected to the enable gate so that
strobes are not generated during system reset, eliminating
accidental loading. 1

The power of such a circuit becomes evident when a single
decoded strobe is logically broken down. Consider T1 out-
put, the boolean equation for it vvpuld be:

T1 = (80-51-52)-(SYNC Phase 2-Reset)
A six input NAND gate plus a few inverters would be need-
ed to implement this function. The seven remaining outputs
would need a similar circuit to:duplicate their function,
obviously a substantial savings in components can be
achieved when using such a technique.

I PR
A ptn
A, TPl
bl—ma
8205 10 _
£, Sp—T8
g Tp— war
=102 -
£, P2 sror
Fpt—

8201
CLOCK
GENERATOR

SYSTEM RESET

OUTPUTS
FROM
8205

State Cantrol Coding

EYENES [ STATE
oo T
of1f1/Tn
ofof1ir2
0|00 warT
110013
1|10 |stop
11|11

L 1jo0)1]vs
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intal Schottky Bipolar 8212 ‘
EIGHT-BIT INPUT/OUTPUT PORT

= Fully Parallel 8-Bit Data ® 3.65V Output High Voltage
Register and Buffer for Direct Interface to 8080 |
= Service Request Flip-Flop CPU or 8008 CPU ‘
for Interrupt Generation = Asynchronous Register
= Low Input Load Current — Clear
.25 mA Max. = Replaces Buffers, Latches
s Three State Outputs and Multiplexers in Micro-
. computer Systems
= Outputs Sink 15 mA P ¥
» Reduces System Package
Count
The 8212 input/cutput port consists of an 8-bit latch with 3-state output buffers along with control and device selection
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor.
The device is mul :imode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the princi-
pal peripheral and input/output functions of a microcomputer system can be implemented with this device.
PIN CONFIGURATION LOGIC DIAGRAM
u_ SERVICE REQUEST FF
24 [ v,
23 [ JiNT DEVICE SELECTION
22 [ ]pig .
21 [Joo, > bsi L o- INT B>
20 [Jor, 2> sz l D (ACTIVE LOW)
- —EN
19 [Joo, Vo
w2 oI, (e WR
17 100 @>ste 7T 7 oureur
16 [ Joig | | | BUFFER
15 | oo I | |
14 [ ]Ctr oy _—_““+‘ E rH 00y >
13 Jos, oatatarch | HER) | |
sl @DI24\L b a L&#Dnz
I Hew : |
| 2
o3 E— m -:- i D03 ;
1=
B ot ——— b m > oo !
PIN NAMES ; I
=1
Dh-Diy | DAT/,IN D g ey 11 I Dog
_D0y-DOg | DAT/ OUT | | |
B, 05, Hk==1rE
:’:B STRC [E>o16 T T&“' 005 7>
INT | INTE {RUPT (ACTIVE LOW) | | |
LR CLEAR (ACTIVE LOW) | ! | I
oy ———H m > on >
| e | |
&> 01— ‘—& o0 B>
RESET DRIVER I } |
Nl 1S
>R b | |
(ACTIVE LoW) P/

L — ]
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SCHOTTKY BIPOLAR 8205

8205 SWITCHING CHARACTERISTICS

CONDITIONS OF TEST: TEST LOAD:

Input pulse amplitudes: 2.5V

Input rise and fall times: 5 nsec
between 1V and 2V |

Measurements are made at 1.5V

TEST WAVEFORMS

ADDRESS OR ENABLE
INPUT PULSE

OUTPUT

A.C. CHARACTERISTICS T, =0°C to +75°C, V. = 5.0V +5% unless otherwise specified.

SYMBOL PARAMETER MAX. LiIMIT UNIT TEST CONDITIONS
e | 18 ns
t_y ADDRESS OR ENABLE TO 18 ns i
OUTPUT DELAY 18 ns
t__ 18 s | i
Cn ' INPUT CAPACITANCE P8205 4(typ.) pF f=1 MHg, Vcg = OV
C8205 5(typ.) pF Vgias =2.0V.Ta =250C i

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

TYPICAL CHARACTERISTICS

ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABL;E TO OUTPUT
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE
20 20
Vee = 50V | Vee = 5.0V
Ty=25'C Pag cfc=30ur

ADDRESS OR ENABLE TO
OUTPUT DELAY (ns)
3
ADDRESS OR ENABLE TO
OUTPUT DELAY (ns)

0 50 100 150 200 o 25 50 7%
LOAD CAPACITANCE (pF} AMBIENT TEMPERATURE (°C)

5162




SCHOTTKY BIPOLAR 8212

Applications Of The 8212 -- For Microcomputer Systems

| Basic Schematic Symbol Vil 8080 Status Latch

i Gated Buffer VIl 8008 System

Il Bi-Directional Bus Driver IX 8080 System:

IV Interrupting Input Port 8 Input Ports ;
\ Interrupt Instruction Port 8 Output Ports ;
Vi Output Port 8 Level Priority Interrupt

I. Basic Schematic Symbols
Two examples of ways to draw the 8212 on system as a system bus (bus containing 8 parallel lines).
schematics—(1, the top being the detailed view The output to the data bus is symbolic in referenc-
showing pin nuinbers, and (2) the bottom being the ing 8 parallel lines.
symbolic view «howing the system input or output

BASIC SCHEMATIC SYMBOLS

INPUT DEVICE OUTPUT DEVICE
-1 11—t
a STB 4 3 S8 14
i L 3 A I
7 8 7 8
9 10 9 10
16 15 16 15
e 12 S Al J6 4 g2z N5
& 82 he {DETAILED) % N
20 19 0] 19
22|ctR T [ 21 22 /INT CLQ 21
1417 mp N[22 23 MD_\} 14
os, | os,P Yos, | 65
7112 13 13 [2 11
v,
INPUT _ one cc | ourpur
STROBE * FLAG

SYSTEM "\ svsTEm
INPUT E> 8212 (SYMBOLIC) 8212 ____Jl> ouTPUT

—CLR INT o —|INT CLR jo—
GND DATA BUS DATA BUS Vee
GATED BUFFER
Il. Gated Buffer (3- STATE) 3-STATE

The simplest use of the 8212 is that of a gated

buffer. By tying the mode signal low and the strobe e

input high, the data latch is acting as a straight sT8

through gate. The output buffers are then enabled

from the device selection logic DS1 and DS2. INPUT ouTPUT

When the device: selection logic is false, the outputs ?{;RA,@ 13 :> oAl

are 3-state. (3.65V MIN)

When the device selection logic is true, the input R

data from the system is directly transferred to the T t
output. The inpiit data load is 250 micro amps. The gg;'{:,‘in snn_]

output data car sink 15 milli amps. The minimum  (§%0s2) | —————

high output is 3.5 volts.
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SCHOTTKY BIPOLAR 8214

INTERRUPTS IN MICROCOMPUTER SYSTEMS

Microcomputer system design requires that 1/0 devices such
as keyboards, displays, sensors and other components re-
ceive servicing in an efficient method so that large amounts
of the total systems tasks can be assumed by the micro-
computer with little or no effect on throughput.

The most common method of servicing such devices is the
Polled approach. This is where the processor must test each
device in sequence and in effect ““ask’ each one if it needs
servicing. [t is easy to see that a large portion of the main
program is looping through this continuence polling cycle
and that such a method would have a serious, detrimental
effect on system throughput thus limiting the tasks that
could be assumed by the microcomputer and reducing the
cost effectiveness of using such devices.

A more desireable method would be one that would allow
the microprocessor to be executing its main program and
only stop to service peripheral devices when it is'told to do
so by the device itself. In effect, the method would provide
an external asynchronous input that would inform the
pracessor that it should complete whatever instruction that
is currently being executed and fetch a new routine that
will service the requesting device. Once this servicing is com-
plete however the processor would resume exactly where it
left off.

This method is called tnterrupt. 1t is easy to see that system
throughput would drastically increase, and thus more tasks
could be assumed by the microcomputer to further enhance
its cost effectiveness.

The Priority Interrupt Control Unit (PICU) functions as an
overall manager in an Interrupt-Driven system environment.
It accepts requests from the peripheral equipment, determ-
ines which of the incoming requests is of the highest im-
portance (priority), ascertains whether the incoming reguest
has a higher priority value than the level currently being
serviced and issues an Interrupt to the CPU based on this
determination.

Each peripheral device or structure usually has a special
program or “routine’” that is associated with its specific
functional or operational requirements; this is referred to
as a “service routine’’. The PICU, after issuing an Interrupt
to the CPU, must somehow input information into the CPU
that can “point”” the Program Counter to the service rou-
tine associated with the requesting device. The PICU en-
codes the requesting level into such information for use as
a “vector’’ to the correct Interrupt Service Routine.
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SCHOTTKY BIPOLAR 8212

VI. Output Port (With Hand-Shaking) OUTPUT PORT (WITH HAND-SHAKING)
The 8212 can be used to transmit data from the data
DATA
bus to a system output. The output strobe could be BUS
a hand-shaking signal such as “reception of data” [ T+ OUTPUT STROBE

from the device that the system is outputting to. It STB
in turn, can interrupt the system signifying the re-
ception of data. The selection of the port comes
from the device selection logic. (DS1+ DS2) 8212 ::> SYSTEM OUTPUT

INT LR Jo-=—— SYSTEM RESET

(LATCH CONTROL)

SYSTEM e
(DS1.DS2)

INTERRUPT

I I L-—}PORT SELECTION

VII. 8080 Stat is Latch
Here the 8212 is used as the status latch for an 8080 Note: The mode signal is tied high so that the output
microcomputer :siystem. The input to the 8212 latch on the latch is active and enabled all the time.

is directly from the 8080 data bus. Timing shows It is shown that the two areas of concern are the
that when the SYNC signal is true, which is con-  bidirectional data bus of the migroprocessor and the
nected to the D52 input and the phase 1 signal is control bus.
true, which is @ TTL level coming from the clock

generator; then, the status data will be latched into

the 8212.

8080 STATUS LATCH

o
D, Dg
D, D,
D, 0,
% 2 |- paTa BUS
3 )
80830 o, D
Dg Dg
D, D,
SYNC 19
oin P12
Ll 2 STATUS
2 P LATCH
12v 2o, Byl mTa -
VAW 7 i : :
ov - - stack I n
7 s~ HLTA o
—=— OuT
1 1z {17 BASIC
M —
2 19 'NL conTroL *2 —’_F\’ T\
___ i BUS
cLock GEN, J@1TTL) 221 2L memr swwep |/ |
& DR VER qCtR
14|Ds, mp DS, - ——
—_ J T3 [2 91 DATA —_—
[[ j])— DBIN _
— STATUS
Vee
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SCHOTTKY BIPOLAR 8214

8080 BI-DIRECTIONAL BUS

D, 0
D, 0,
0, 0,
U; g’
D )y
D, Oy
J
D, o,
o, o,
Vee I
$ <
[ !TL‘: 2331 :: A
02(TTL) e 013 _ _
5 Wt & 4'\1, 1 sta w2 =||>——— INT
INTE INTE (8080 PIN 14)
! o Ry GND D 00,
L] =1 3 ol
R %o L 1 ©: 0o,
PRy e Rt [
::“ 9 ‘i ;‘ Eilo g‘ 004
< g DO,
PRyq q :’ : 1 1) no:
PRy , 8214 ™ [ 00,
FESET, j CLR
"‘—‘—;'g 5 s, MD 05,
EDx 1312 Q1
1t
ENABLE /0, GND
CURRENT P
R e
REQUESTS —| ELR__ENLG (FROM 1/0 PORT
1 " DECODER}
GND
| 13
ETLS
L2 cux ¢
71 inte Nt 2
A, a7,
3 3
g —
it 4 :§ 5pi
o pe—
o, Jqr; mple—J
A 3%
_ N L)
s
24 :'?
L—":9s
S——:
ENABLE
URREf 2 | e
STATUS 2 ———————| ECS.
[FROM 1/0 PORT
! DI ELR  ENLG
In i
GND

16 Level Controlier

5-168




SCHOTTKY BIPOLAR 8212

I1X. 8080 System

This drawing st ows the 8212 used in the /0 section
of an 8080 miciocomputer system. The system con-
sists of 8 input ports, 8 output ports, 8 level priority
systems, and 2 bidirectional bus driver. (The data
bus within the system is darkened for emphasis).
Basically, the cperation would be as follows: The 8
ports, for exam ple, could be connected to 8 key-
boards, each keyyboard having its own priority level.
The keyboard sould provide a strobe input of its
own which would clear the service request flip-flop.
The INT signals. are connected to an 8 level priority
encoding circLit. This circuit provides a positive
true level to thi: central processor (INT) along with
a three-bit cods to the interrupt instruction port for
the generation of RESTART instructions. Once the
processor has k een interrupted and it acknowledges
the reception of the interrupt, the Interrupt Acknowl-
edge signal is yyenerated. This signal transfers data
in the form of it RESTART instruction onto the buf-
fered data bus When the DBIN signal is true this
RESTART instruction is gated into the microcom-
puter, in this case, the 8080 CPU. The 8080 then per-
forms a softwar 2 controlled interrupt service routine,
saving the stawus of its current operation in the
push-down stack and performing an INPUT instruc-
tion. The INPU™" instruction thus sets the INP status

bit, which is common to all inplit ports.

Also present is the address

f the device on the

8080 address bus which in this system is connected
to an 8205, one out of eight decoder with active low
outputs. These active low outplts will enable one of
the input ports, the one that interrupted the proces-
sor, to put its data onto the buffered data bus to be

transmitted to the CPU when

signal is true. The processor

the data bus input
can aiso output data

from the 8080 data bus to the buffered data bus
when the data bus input signal is faise. Using the
same address selection technique from the 8205
decoder and the output status bit, we can select

with this system one of eight
mit the data to the system’s ou

putput ports to trans-
put device structure.

Note: This basic 1/0 configuration for the 8080 can
be expanded to 256 input devices and 256 output

devices all using 8212 and, of
ate decoding.

Note that the 8080 is a 3.3-vol
requirement and that the 8212

mum high output providing th:

course, the appropri-

minimum high input
has a 3.65-volt mini-
& designer with a 350

milli volt noise margin worst case for 8080 systems

when using the 8212,
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SCHOTTKY BIPOLAR 8216/8226

FUNCTIONAL DESCRIPTION

Microprocessors like the BO80 are MOS devices and are
generally capable of driving a single TTL load. The same is
true for MOS mernory devices. While this type of drive is
sufficient in small systems with few components, quite often
it is necessary to buffer the microprocessor and memories
when adding components or expanding to a multi-board
system. 00,
The 8216/8226 is a four bit bi-directional bus driver specif-
ically designed to buffer microcomputer system components.

]
8

o
2

Bi-Directional Driver 00,

771 AJ vy;J V—|L AJ %

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 capabitity. 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 memories, /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 {a) 8216
be used to buffer a true bi-directional bus such as the 8080
Data Bus. The DO outputs on this side of the driver have a
special high voltage output drive capability (3.65V) so that
direct interface to the 8080 and 8008 CPUs is achieved with
an adequate amount of noise immunity {350mV worst case).

o
£

TTT]

AN

3l
8l

@
o

Control Gating DIEN, CS
The €S input is actually a device select, When it is “high’ 0o,
the output drivers are all forced to their high-impedance
state. When it is at “’zero’ the device is sefected (enabled)

]
B

and the direction of the data flow is determined by the i
DIEN input. °%

The DIEN input controls the direction of data flow (see ol

Figure 1) for complete truth table. This direction control 08,
is accomplished by forcing one of the pair of buffers into its 003 O~ee—t

}ijﬁ Ajsh Zsjsﬁ}xjsﬁ

I R B

high impedance state and allowing the other to transmit its
data. A simple two gate circuit is used for this function.

The 8216/8226 is a device that will reduce component count

i

) N A cs
in microcomputer systems and at the same time enhance BN
noise immunity to assure reliable, high performance op-
eration, (b) 8226 :
DIEN | €5 ]
o [o oI~ i
1 [0 JoB>~ ] ]
0 1 t
L b |

Figure 1. 8216/8226 Logic Diagrams L
|
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SCHOTTKY BIPOLAR 8212

Absolute Maximum Ratings*

Temperature Urder Bias Plastic .. —65°C t0 +75°C  -COMMENT: Stresses above those fisted undet “Absolute Maximum Ratings"
may cause permanent damage to the device. [This is a stress rating only and

Storage Tempeiature .......... —65°C to +1800G e e n e operations! sections of this speslication s noj imiies

All Output or St pply Voltages .... 0.5 to +7 Volts

All Input Voltages . .............. —1.0to 5.5 Volts

OutputCurrents ......................... 125 mA

D.C. Characteristics
Ta=0°Cto +75°C Vec = +5V £5%

Symbol Parameter - Limits Unit Test Conditions
Min. Typ. Max.

le input _oad Current -.25 mA Ve = 45V
ACK, 1S;, CR, DI,-DI; Inputs

13 Input _oad Current -.75 mA Ve = 45V
MD Input

fe Input _oad Current -1.0 mA Ve = 45V
DS, trput

le Input _eakage Current 10 uA Vi = 5,25V
ACK, 1S, CR, DI ,-Dl; Inputs

I Input _eakage Current 30 uA Ve = 5.25V
MO Irput

le tnput Leakage Current 40 RA Vi = 5.25V
DS, Irput

Ve Input Forward Voltage Clamp -1 \ lc = +5mA

Vi Input “Low’” Voltage .85 \

Viu tnput “High” Voltage 2.0 Y

Voo Outptt “Low” Voltage .45 \ loo = 15 mA

Vou Outpi t “‘High” Voltage 3.65 4.0 v los = [—1mA

lse Short Circuit Output Current -15 -75 mA Vo=pV

ilo! Qutpt t Leakage Current 20 A Vo = [45V/5.25V
High Impedance State

lec Powe * Supply Current 90 130 mA
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SCHOTTKY BIPOLAR 8216/8226 ‘

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS* i

Temperature UnderBias .. ... .. ...ttt e 0°C to 70°C
Storage Temperature . ............... R AP -65°C to +160°C
ANl Output and SUPPY VOIBIES . . . . . . .ottt e e e e e -0.5V to +7V
All Input Voltages -1.0V to +5.5V
OUEPUL CUIFBNTS . . o . o ot it sttt e et e et e et e et e et e e [ 1256 mA

|
*COMMENT: Stresses above those listed under “Absolute Maximum Rating'’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or-at any other condition above those indicated in the onuhtional sections of this specifi-
cation is not implied. |

Ta = 0°C to +70°C,Vec=+6V 6%
Limits
Symbol Parameter Min. Typ. Max, Unit Conditions
Igq Input Load Current-DIEN, C§ -0.15 | -5 mA Vg r=0.45
Ir2 Input Load Current All Other Inputs -0.08 -.25 mA Ve|=0.45
IRy Input Leakage Current DIEN, CS 20 KA VR|=5.25V
Rz Input Leakage Current D! inputs 10 uA VRi=6.25V
Ve Input Forward Voltage Clamp -1 v Ic % -5mA
ViL Input “Low" Voltage .95 v
ViH Input “High”" Voltage 2.0 \
llol Qutput Leakage Current DO 20 HA Vo F 0.45V/5.26V
(3-State) DB 100
| P Supply C " 8216 95 130 mA
ower Su urren
ce pev 8226 85 | 120 | mA
Vo1 Output “Low" Voltage 0.3 .45 \ DO|Outputs Ig =15mA
DB Qutputs lg; =256mA
8216 05 6 A DB [Outputs lg =565mA
VoLz Output “Low” Voltage
8226 0.5 6 \ DB Outputs lg =50mA
Voui Output “’High” Voltage 3.65 4.0 v DO|(Outputs lgy = -1mA
VoHz Output “High” Voltage 24 3.0 \ DB Dutputs Igy = -10mA
los Output Short Circuit Current -15 -35 -65 mA DO|Outputs Vo =0V,
-30 -75 -120 [ mA DB Outputs Vge=5.0V
NOTE: Typical values are for Tp = 26°C, Vog =5.0V.
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SCHOTTKY BIPOLAR 8212

Timing Diagram

£31. 0sp 15V 5‘: 1.5V
P e N B
r ~N OH
QUTPUT =
—_——— e —_——— Vanli

T
r‘_‘ oy ——— 5V

(IR 15V 5V

ST T T T T T T T T A —
DaTA 15V ) 15V
—_—— ~— —

- SET el tH -
S 'Bor D81« DSy 15v\

- tpp i

S — e e e
0JTPUT 15V |
———— |
s X 15V
—— tpyy ]

Biy. DSy 15

3 \
Il

NDOTE: ALTERNATIVE TEST LOAD R

Vee
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Silicon Gate MOS 8255

intel
PROGRAMMABLE PERIPHERAL INTERFAC

m Direct Bit Set/Reset Cap;
Easing Control Applicati¢
® 40 Pin Dual In-Line Pack

B 24 Projjrammable 1/0 Pins

= Complately TTL Compatible

® Fully Compatible with MCS™-8 and
MCS™ 80 Microprocessor Families

The 8255 is a ganeral purpose programmable 1/0 device designed for use with both t
microprocessors. It has 24 1/0 pins which may be individually programmed in two gr
used in three major modes of operation. In the first mode (Mode 0}, each group of twe
programmed in s:ts of 4 to be input or output. In Mode 1, the second mode, each group ry
to have 8 lines of input or output. Of the remaining four pins three are used for handsh
control signals. The third mode of operation (Mode 2} is a Bidirectional Bus mode whi
bidirectional bus and five lines, borrowing one from the other group, for handshaking.

Other features o the 8255 include bit set and reset capability and the ability to sourct
1.5 volts. This allows darlington transistors to be directly driven for applications such
voltage displays.

N
’

E

ability

on Interface
age

® Reduces System Package Count

he 8008 and 8080
oups of twelve and
ve 1/0 pins may be
nay be programmed
gking and interrupt
ch uses 8 lines for a

1mA of current at
as printers and high

PIN CON "IGURATION

8255 BLOCK DIAGRAM

o
Py pay

o
- vC, b,

1o
P, P,

o
Fu g

Paz(]1 ~ aw[ras
eaz[]2 2[Jras
Par (3 [Jeas
rao[]e s7[Jrar owen | T Grour
= et SREs | e -
srs 357 Reser H
Gno O 7 34 p,
ar(]s aaflo,
ao[]o 32[7 0,
per 1o afo,
pes [0 8255 3o,
ecs 1z 29[ o,
pca1s 270, 51 OIFECTIONAL DATA BUS
eco (e z[00g 0,0,
115 26[7 Vee
25{7 per
2a[7] ee6
23[ 7 ees
2[ ] eea
2] ems
— [YE———
[ p—
A ———]
PIM NAMES 2
neser ————|
D,-0y | DATABUS (BI-DIRECTIONALI |
RESET RISET INPUT
(=] C1IPSELECT
"D R {AD INPUT «
WR WRITE INPUT
A0, A1 PRT ADDRESS
PA7-PAD_| PORT A (BIT)
PB7-PBO_ | PURT B (BIT)
PCTPCO | PURT G (BITH
Vee [ +vouts
GND # VOLTS
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SILICON GATE MOS 8253

8253 PRELIMINARY
FUNCTIONAL DESCRIPTION

In Microcomputer-based systems the most comman inter-
face is to a mechanical device such as a printer head-or step-
per motor. Alf such devices have inherent delays tHat must
be accounted for if accurate and reliable performance is to
be achieved. The systems software allows for such delays by
programmed timing loops. This type of programming re-
quires significant overhead and maintenance of multiple
loops gets extremely complicated.

The 8253 Programmable Interval Timer is a single chip so-
lution to system timing problems. In essence, it is a group of
three 16-bit counters that are independent in nature but
driven commonly as |/O peripheral ports. Instead of setting
up timing loops in the system software, the programmer
configures the 8253 to match his requirements, The pro-
grammer initializes one of the three counters of the 8253
with the quantity and mode desired then, upon command,
the 8253 will count out the delay and interrupt the micro-
computer when it has finished its task. It is easy to see that
the software overheacl is minimal and that multiple delays
can be easily maintained by assigned interrupt levels to dif-
ferent counters. Other functions that are non-delay in nature
and require counters can also be implemented with the 8253.

Pr Baud Rate

. or
® Event Counter

® Binary Rate Multiplier

® Real Time Clock

System Interface

The 8253 is a component of the MCS-80 system and inter-
faces in the same manner as all other peripheraly of the
family. It is treated by the systems software as an array of
1/0 ports; three are counters and the fourth is a control
register for programming. The OUT lines of each counter
would normally be tied to the interrupt request inputs of
the 8259.

The 8253 represents a significant improvement for. solving

one of the most common problems in system design and
reducing software overhead.

6-170

DATA ,
BUFFER
f——=0UT 0
I ;
D 9 S——Te
R READ/ COUNTER
WRITE B e cATE?
LOGIC

]

fl——

CONTROL : le—— cux2

REGISTER <::> counTen GATEZ
MODE

SELECTION F—our2

INTERNAL BUS /

J

8253 Block Diagram.

{ ADDRESS BUS (16) )}

q CONTROLIBUS

DATA BUS (8)

M c Oy Dy

8253

COUNTE
1

COUNTER COUNTER
0 2

! L 1
our eate cik! our gate bk Mout cate cuk!

HEUREN

8253 System Interface,




SILICON GATE MOS 8255

(RESET)

Reset: A “high’" >n this input clears all internal registers in-
cluding the Contiol Register and all ports (A, B, C) are set
to the input mode-.

Group A and Group B Controls

The functional cnfiguration of each port is programmed
by the systems s>ftware. In essence, the 8080 CPU “‘out-
puts” a control word to the 8255. The control word con-
tains informatior such as ““mode”, “bit set”, “bit reset’”
etc. that initialize:: the functional configuration of the 8255.

Each of the Cont ‘ol blocks (Group A and Group B) accepts
“commands” froin the Read/Write Control Logic, receives
“control words” from the internal data bus and issues the
proper commands to its associated ports.
Control Group A — Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower {C3-C0)
The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

8255 BLOCK DIAGRAM

Ports A, B, and C
The 8255 contains three 8-bit ports (A, B, and C). All can
be configured in a wide variety of functional characteristics
by the system software but each has its own special features
or “personality’” to further enhance the power and flexi-
bility of the 8255,

Port A: One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B: One 8-bit data input/output latch/buffer and one
8-bit data input buffer,

Port C: One 8-bit data output latch/buffer and one 8-bit
data input buffer (no latch for ingut). This port can be di-
vided into two 4-bit ports under the mode control. Each 4-
bit port contains a 4-bit latch anfl it can be used for the
control signal outputs and status signal inputs in conjunc-
tion with Ports A and B.

PIN CONFIGURATION

eas]lh T wheas
eaz(z 28] pas
rar o 38[3eas
a0 37[Jear
RE[]p 36 ) WR
=0 357 meseT
ano ] 34T p,
A 170,
0[] 200,
rcifo 3o,
wor]ls 8265 wfo,
res )2 27 b,
rea[])3 28] 0,
ecal]}a EISEy
re1 s 267 Vee
re2(]fs 267 e87
real]{r 2] eBs
reo (|18 23] pes
se1C]fe 22[ ] res
re2(14o 21[] re3
PIN NAMES
©7Dy | | DATABUS (BI-DIRECTIONAL)
RESET RESET INPUT
& CHIPSELECT
[ AD READ INPUT
WR WRITE INPUT
A9, A1 PORT ADDRESS
PA7PAO| | PORT A (BIT)
F87.pB0| | PORTA (BIT)
PC7-PCO| | PORTC (BIT]

Veo +5 VOLTS
GND gVOLTS




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. Removing
the processor during such a transfer and letting an auxillary
device manage the transfer in a more efficient manner; would
greatly improve the speed and make mass storage devices
more attractive, even to the small system designer.

The transfer technique is called DMA (Direct Memary Ac-
cess); in essence the CPU is idled so that it no longer has
control of the system bus and a DMA controller takes over
to manage the transfer.

The 8257 Programmatile DMA Controller is a single chip,

|
'

operation, a request is made from a peripheral device for

access to the system bus. After.
HOLD command is ussued to

its priority is accepted a
he CPU, the CPU issues

a HLDA and that DMA channel has complete control of the
system bus, Transfers can be made in blocks, suspending

the processors operation during
transfer can be made a few byt

the entire transfer or, the
s at a time, hidden in the

execution states of each instruction cycle, (cycle-stealing).

The modes and priority resolvi

hg are maintained by the

system software as well as initialiging each channel as to the

starting address and length of tra

The system interface is similar

sfer.

o the other peripherals of

four channel device that can efficiently manage DMA activ-
ities. Each channel is assigned a priority level so ‘that if
multi-DMA activities are required each mass storage device

the MCS-80 but an additional 82
the entire address bus. A special
connected directly to the 8228

12 is necessary to control
control signal BUSEN is
so that the data bus and

can be serviced, based on its importance in the system. In control bus will be released at the proper time.
( ADDRESS BUS (16) 1}
[T 11t |
q CONTRGL BUS I 3
T
l ‘ l l I iow|  [iron l | ..ml ‘ | I ‘ ‘ussev
s DATA BUS (8] “
Ak e[ | e Reapy| |
8
8212 8
HLDA Sarri)
BUSEN 4
8228 ¥
1
S Aghs Pay ADSTE  AEN 0,0, 1o MEM_ HOLD WLOA  CLK RDYIN  RESET
w R L
8257
128/266 DACK ORQG DACK  DRQ DACK DRQ DAC DRQ
WOD_ Te 33 2 2 1 i

! T T ]

T
DMA CHANNEL REQUESTS AND ACKNOWLEDGES

System Interface 8267.

y “ADORESS 8US ; y
{? CONTROL BUS ” ‘ 1
Tow| R I
s e e e
cad gl T8
oacx s sverew
sy DDAZ: MEMORY
w22 oRQ2fe——f T T T T T
D;:: Disk2 :
oack

OMA CONTROLLER DUAL FLGPPY DISK CONTROLLER !

System Application of 8257,
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SILICON GATE MOS 8255 1

When Port C is being used as status/control for Port A or B,

CONTRIIL WORD these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.
-l -]
Interrupt Control Functions
! | BIT SET/RESET When the 8255 is programmed to| operate in Mode 1 or
X X x (’1:7&5:;57 Mode 2, control signals are provided that can be used as
DON'T interrupt request inputs to the CPU. The interrupt request
caRe signals, generated from Port C, can be inhibited or enabled i
BIT SELECT by setting or resetting the associated INTE flip-flop, using |
the Bit set/reset function of Port C.
igl;l;i:l‘[m“ e This function allows the Programmer to disallow or allow a
specific 1/0 device to interrupt the| CPU without effecting
any other device in the interrupt strycture,
BIT SET/RESET FLAG INTE flip-fiop definition:
0=ACTIVE
{BIT-SET) — INTE is SET — Intefrupt enable
(BIT-RESET) — INTE is RESET {- Interrupt disable
Note: All Mask flip-flops are automatically reset during
Bit Set/Reset Forn at mode selection and device Rgset.
Operating Mode:: Mode 0 Basic Functional Definitions:
Mode 0 (Basic Ir put/Output) ® Two 8-bit ports and two 4-bit gorts.
This functional ccnfiguration provides simple Input and ¢ Any port can be input or outpyt.
Output operations for each of the three ports. No “hand- ® Outputs are latched.
shaking” is require i, data is simply written to or read from ¢ Inpu.ts are not latched. I ) ’
a specified port. @ 16 different Input/Output configurations are possible

in this Mode.

BASIC INPUT

w _/ \___/
TIMING (D7-Lg

FOLLOWS INI'UT, INPUT
[ Spnpun S ——
T TDELCAV TIME
- FROM Krur DATA

NO LATCHIN 3)
R 3‘ 7L \ /

BASIC OUTPLT ——— e o [ ETUPVIOLATON
TIMING (OUT UTS 0,0 )( X X:X
LATCHED) —_— ———————

outpuT % / @(

tDATA TDATA
seT.up ] - — *— "HoLp
— tDELAY TIME OUTPUT DATA
FROM WR INVALID

Mode 0 Timing
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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 amount
of system tasks that can be assigned to the control of the i

microprocessor. The higher the throughput the more jobs "ADDRESS BUS (16)

the microcomputer can do and the more cost effective it be- i

comes. Interrupts have long been accepted as a key to im- CONTROLEUS

proving system throughput by servicing a peripheral device T
only when the device has requested it to do so. Efficient s

managing of the interrupt requests to the CPU will have a DATABUS () !

significant effect on the overall cost effectiveness of the
microcomputer system.

The 8259 Programmable Interrupt Controller is a single-chip
device that can manage eight levels of requests and has built-
in features for expandability to other 8259s (up to 64 levels).
It is programmed by the systems software as an 1/0 periphe-

A

CASCADE
LINES

O, 0y RO WR
! 8260

IRQ IRQ IR 1RO IRQ IRQ IRQ IRQ
LK) 4 3 2 1

INT N

ral. A selection of priority algorithms is available to the pro-
grammer so that the manner in which the requests are pro-
cessed by the 8259 can be configured to match his system
requirements. The priority assignments and algorithms 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 sys-

1111

INTERRUPT
| REQUESTS

tem environment. 8259 System Interface. !

The system interface is the same as other peripheral devices
in the MCS-80. A special input is provided (SP) to program
the 8259 as a slave or master device when expanding to
more than eight levels. Basically the master accepts INT in-
puts from the slaves and issues a composite request to the
8080A; when it receives the INTA from the 8228 it puts
the first byte on the CALL on the bus. On subsequent
INTAs the interrupting slave puts out the address of the
vector.

(181

CONTROL BUS

=

DATA BUS (8)

§

4

8259 8259 8254
SLAVE 2 VE 1 MASTER

ot

SP i

7

GND [

17 16 15 14

anD

1]

21 20 19 8 7 6

13 92 1 3

T
INTERRUPT REQUESTS

Cascading the 8259 22 Level Controller (Expandable to 64 levels).
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SILICON GATE MOS 8255

CONTROL WORD : 4
D; Dg D5 Dy Dy

Dy

Do

Llefefel To o]

CONTROL WORD #8
D, Dg Dsy D,

8
A | A, PR, A PA,-PA,
8256 8255
)
[#——rf—— be,-PC, PC,-PC,
DDy +—— ——+] c ;D c
)
F——F—— pcyPe, PC,-PC,
8
B [—————— PB, B, B °8,-P8,
CONTROL WORD #5 CONTROL WORD #8
D; Ds Ds Da D3 D D Dy D, D5 D D, Dy
CL 1] FTe -] ]
]
A |——rf—sPA,PA; A PA,-PA,
8255 8255
le—— 4% pc,pe, PC;PC,
DDy +—— ——| c —] c
[t pe,pe, PC;-PC,
3
8 f———rf———> PB, B, B PB,-PBy
CONTROL WORD # CONTROL WORD #10
D; Dg D D Dg Dg Dy Dy D Dy Dy
Llelefe] Llefeffefel o]
A PA-PA,
8265
PC,PC,
D,-Dp e ——] c ;D +——————] c
L Ry PC, PCy-PC,
]
82— P, 8 PB,-PB,
CONTROL WORD # CONTROL WORD #11
D, Dy Dy o
Llefelef fel "]
8
L e A TN Y A PA,PA,
266 8255
et pe,pc, - PC,-PC,
DDy 4—— —— c- D,-D, +———] c
4
= |e——A—— reype, PCy-PC,
8
8 |«——F"—— Pn,P5, [ 78,-P8,

5119




PACKAGING INFORMATION

Dimensions in inches and {millimeters).
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SILICON GATE MOS 8255 l

Input Control Signal Definition
STB (Strobe Input
A “low" on this inut loads data into the input latch. A PRy

CONTROL WORD

MODE 1 (PORT A)

IBF (Input Buff:r Full F/F) D; D D; D, Dy D, Oy D,
L Lo [+ TulXIXTX]

A “high”" on this output indicates that the data has been e, ,
loaded into the input latch; in essence, an acknowledgement. 1= INPUT
IBF is set by the falling edge of the STB input and is reset 0= ouTPUT
by the rising edge «f the RD input.

ap

INTR (I Request) *
rrupt 2
nterrupt Request . o
A “high’" on this cutput can be used to interrupt the CPU
when an input device is requesting service. INTR is set by MODE 1 (PORT 8)
the rising edge of STB if IBF is a “one” and INTE is a
“one”. It is reset by the falling edge of RD. This procedure CONTROL WORD Ferfh
allows an input device to request service from the CPU by 0, Og D5 Dy By D, D, D
simply strobing its data into the port. nx"x"x‘%m [« 8T8,
s 1BFy
INTE A |
Controlizd by bit set/reset of PC. T
b —q {
INTEB i

Controll :d by bit set/reset of PCo.

Mode 1 Input

MODE 1 (STROBED INPUT)

BASIC TIMING

IBF
(INPVIT BUFFER FULL)
TRosE W
S~
NO PROTECTION
DATA
INPUT

FOR THIS OPERATION

INTERNAL
INPUT LATCH

INTR

Basic Timing Input
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TELEX: 34-6372

SALES AND MARKETING OFFICES

U.S. AND CANADIAN SALES OFFICES

ALABAMA
Barnnill and Associates.
7844 Horseshoe Trail
Huntsvllle 35802

Tel: (205) 883-9394

02) 04
TWX: 910-850-1268
CALIFORNIA

Sunnyvale 94086
Tel: (408) 738-3870
TWX: 910-339-9279
-

M
b3
Tol: (408) 257-2880

Earle Assoclates, Inc.
v Sireet

uite
San Diego 92111

Tel: (714) 276-5441
TWX: 910-336-1595

Intel Corp.*
1851 East 4ih Street
o 228

Santa Ana 92701
Tel: (714) 835-9642
TWK: §10-595-1114
coLoRADo
Intel G
120758 it 45th Avenue
Darwur ‘Sozs0

3734020
TWX: 910-092-0322

FLORIDA
Intal Gorp.

510-950.9407

FLORIDA (cont)
Intel Corp.
$161 Adaruan Straet. Suite 200-3
Orlar
m \:ms) coa-293

X: 810-853.9218

ILLINOIS

Tet: (312) 325-9510
TWK: 910-651-5881

towa
cholcal Reprosantatives, Inc

1563 Wi v

Cadar Raplds

Tol: (319) 396-5662

KANSAS
Tochnical Representatives, Inc.
801 Clairbome

Olathe 66061

Tel (913) 782-1177

TWX: 910-745-8412

AND

Samhil and Associstes
7 Wost Timonium Rosd

Timoniom 21083
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SILICON GATE MOS 8255

Combinations ¢ f Mode 1

Port A and Port 3 can be individually defined as input or
output in Mode 1 to support a wide variety of strobed 1/0
applications,

CONTROL WORD
D; Dg Dg Dy Dy D, 1), D, PCyf——m INTR,
MOBDTOE 2
PCq 7 [+—pm ti0

PCq 7

1= NPUT PR, -PB,

0= JUTPUT B0 1>

Wi ——rof PC, ——n TBF,

PORT A - (STROBED INPUT)
PORT B — (STROBED OUTPUT)

CONTROL WORD

D7 Dg Ds D4 D3 D By Dy

0=0UTPUT

N

PC, |——» BBF,
PCg | ATK,
PCyf—— INTR,

2
PCy 5 [+ 1/0

PB,-PB,

e, 78,
PCy——> IBF,

PCo ——= INTR,

PORT A — (STROI
PORT B - (STRO!

BED OUTPUT)
BED INPUT)

Operating Modes

Mode 2 (Strobed Bi-Directional Bus 1/0)

This functional cofiguration provides a means for com-
municating with a peripheral device or structure on a single
8-bit bus for both 1ransmitting and receiving data (bi-direc-
tional bus I/0). “Havdshaking” signals are provided to main-
tain proper bus flowv discipline in a similar manner to Mode
1. Interrupt generztion and enable/disable functions are
also available,

Mode 2 Basic Fu ictional Definitions:

® Used in Group A only.
® One 8-bit, bi-lirectional bus Port (Port A) and a 5-bit

control Port (I’ort C).

Both inputs ard outputs are latched.

The 5-bit cor trol port (Port C) is used for control
and status for the 8-bit, bi-directional bus port (Port
A).

Bi-Directional Bu; 1/O Control Signal Definition
INTR {Interrupt Re(juest)

A high on this outp Jt can be used to interrupt the CPU for
both input or outpu : operations.

Output Operations
OBF (Output Buffer Full)

The OBF output will go “low” to indicate that the CPU has

written data out to Port A.

ACK (Acknowledge}
A “low" on this input enables the tri

state output buffer of

Port A to send out the data. Otherwise, the output buffer

will be in the high-impedance state.

INTE 1 (The INTE Flip-Flop associatpd with OBF)

Controlled by bit set/reset
Input Operations

STB (Strobe Input)

pf PCg.

A “low” on this _input foads data into the input latch.

IBF (Input Buffer Full F/F)
A “high” on this output indicates thaf
into the input latch.
INTE 2 (The INTE Flip-Flop associatey

Controlled by bit set/reset

data has been loaded

d with IBF)
f PCy.







SILICON GATE MOS 8255

MODE 2 AND MODE 0 (INPUT)

CONTROL WORD
D, Dy Dg Dy Oy D, I, D

ROXD)
P

PCy <> INTR,

PA,PAY

#G, [——s- 3B,

PC {o——— ACK,

pC, fa—— 578,

MODE 2 AND MODE

p (ouTP

uT)

CONTROL WORD
B; Dg Ds D; D3 D; Dy Dy

DI

| TR,

. o,

+—— ACK,

|«—— 78,

PCg f————> 1BF, PCyq PGy [~ 1BF,
1=INPUT 1=INPUT
0=0 ITPUT 3 0=0! uT 3
PCy o fo—rfor 110 PCyo fo—r— 10
D — —»q AD ————=}
70, e
W e [ J—
MO JE 2 AND MODE 1 (QUTPUT} MODE 2 AND MODE 1 (INPUT)
#Cy f———= TR, P f———— INTR,
) S el
PC; f—— GBF, PCy frorr—— OBF,
CONTROL WORD Pe, m‘ CONTROL WORD pe, mA
D; Dg 0 Dy Dy D; D D, Dy Dy Dg 04 D3 Dy Dy Dy
S YOI% % _
EEEOONEIR o |—— 5, B GO () T
PCg | 18F, PCg [——— 1BF,
| S )
PC; [ OBF, PC, | 575,
RD —e —d PC, fa———— ACK, [ p— PCy ————— 18F,
[ —— PCy | INTR, [T —— PCy [ INTR,

Mode 2 Combinaticns

6-125




INSTRUCTION SET

Summary of Processor Instructions

Instruction Cadel!} Clock!2) i Instruction Cods(1! Clock (2
Mnemonic  Description Dy Og D5 Dg Dy Dz Dy D  Cyces Moemonic  Descrigtion 0; Og O D4 D3 Dz Dy Dg _ Cycles :
MOV, o Move register to register 01 D D DS 5SS 5 Az Return on zer0 Tt 0 010 60 &M :
MOV M, 1 Move register to memory 61 1 105 88 i anz Return on no zea 1 0o 0 00 ¢ 0 S
MOV 1,M  Move memory 10 register 91 0D D1 1O 7 RP Retrn on positive 1 Vo100 00 s :
HLT Halt [ I I T ' 7 AM Return on minus th o1 110 00 s
MVie Mave immediate register 00 0 DDt 10 7 RPE Return an parity even T4 o1 0 1 0 0 0 5N
MVIM  Move immediate memary 00 1 t 0 1 10 10 RPO Return on parity odd 14 1 0 0 0 00 s
INR ¢ Increment register 00 D DO 1 OO 5 RST Restart T 1 A A AT T n
DCR ¢ Decrement register 00 0D D DB 101 5 N Input [ T T R T | 10 |
INRM  Increment memory 00 i 1 01 00 10 out Output 10 100 1 10
DCRM  Decrement memory 00 1 10 1 0 10 Lxie Load immediate cegister 06 0 00 0 01 10
ADDr  Add register 0 A 10 0 0 0 S S S 4 PairB&C
ADCr Addregisero Awithcary 1 0 0 0 1 S S S 4 LXI D Load immediate cegister 06 0 1 00 01 10 !
U« Subtract register from A 10 0 1 0S5 5SS 4 Pair 0 & E
8B Subteact register from A 1o o0 118 5s°S 4 X Load immediate register 00 1 0 0 0 0t 10
with borrow Pair H
ANAT  And register with A 1o 1 0 0 S S S 4 LXISP  Load immediste stackpointer 0 9 1 1 0 0 0 1 0
XRA T Exclusive Or register with A 10 1 0 1 5 § § 4 PUSH B Push register Pair B & C on LI N T O B R n
ORAT  Or register with A 101 1 08 SS 4 stack
CMP¢ Compare register with A 10 1 1 1t s s S 4 PUSHO  Push register Pair O & € on T 0 1 0o 0 1
ADDM  Add memory to A 1o o0 00t 10 7
ADCM  AddmemorytoAwdhcary 1 0 0 D 1 t 1 0 7 PUSHH  Push register Pair H & L on L T T T n
SUBM  Subtract memory from A to oo 10t o1 0 7 stac
SBBM  Subtract memory from A o0 11110 ? PUSH PSW  Push A and Flags [ I A I il
with borrow on stack !
ANAM  And memory with A 1o 6 0 1 10 7 POPB Pop register pair B & C olf 11 0 00 0 01 10
XRAM Exclusive Or memory with A 10 1 0 v 10 7 sta
ORAM O memory with A o1 1T 0110 7 POPD Pop register pair D & € olf U010 0 0t i
CMPM Compare memory with A 10 1 LI B T I ] 7 stack H
ADI Add immediate ta A 110 00t 10 7 POPH  Pop register pair H & L olt 1o 0 0 0 0 1 10
ACI Add immediate to A with o001 10 7 stack
carry POPPSW  Pop A and Flags Tl 000 ]
sul Subtractimmediate romA 1 1 0 1 0 1 ' 0 7 off stack !
S8l Subtract immediate romA 1 1 0 1 1 1 10 1 STA Store A direct 0D 1 100 10 13
with borrow LoA Load A direct [ R T R 13
ANI And immadiate with A Tt 00 10 7 XCHG Exchange D& E, HE& L [ I T I | 1 4
Xl Exclusive O immediatewith 1 1 1 0 1 1 1 0 7 Registers ;
A XTHL Exchangetopofstack, HEL 1 1 1 0 0 0 1 1 18
ORI Or immediate with A SIS T TR I I 7 SPHL H& L 1o stack pointer T 00 5
cPl Compare immediate with A L1 S S S TR B B 1 PCHL H & L 1o program counter Th oy 0 1 0 0 5
RLC Rotate A left o0 0 0 0 1 11t 4 0AD B AddBBCloH&L 0o Db 0 0 10 01 10
RRC Rotate A right oo 0 0 11 1 4 0AD D Add DS EtOHAL op oo 110 01 10
RAL Rotate A left through carry o0 0 1 0 1 1 4 DAD H AddH& LW H&L o p 1 0 10 0 1 10
RAR Rotate A right through [ 4 DADSP  Add stack pointer o H &L ob 11 10 0 10
carry STAXB  Store A indirect o p o 000 toO 7
IMP Jump unconditional 116 0 0 0 11 10 STAXD  Store A indirect 0b 0 1 00 10 7
&I Jump on carry tr 011010 10 LDAXB  Load A indirect e p 6 0 10 10 7
JINC Jump an no carry g1 00 10 1 LDAXD  Load A indirect oD 0 1 10 10 7
iz Jump on zero L I n INX B Increment B & C registers e p 0o 000 11 5
INZ Jump on ao zer0 1 0 0 00 10 10 INX D Increment D & E registers 00D o0 1 00 1 5
P Jump on pasitive L T 10 INXH lacrement H & L registers op 1 000 1 3
M Jump on minus L 10 INXSP  fncrement stack pointer 00 1t 1 00 11 5
JPE Jump on parity even o100 1o 10 ocx 8 Decrement 8 & C 000 0 0 1 0 11 5
JP0 Jump on parity odd 11000 10 0 oCx D Decrement 0 & E 00 0 110 1 5
CALL Call unconditional o001 10 1 DCXH  Decrement H& L 000 1 0 10 1 1 5
cc Call on carry o011 1 0 0 DCXSP Decrement stack pointer 00 1 1 10 0 5
CNC Call on o carry oo o1 01 00 oA Complament A [ I T B B R 4
3 Call on zer0 1o o0 110 0 STC Set carry 00 110 11 4
oNZ Call on no zer0 110 0 0 1 0 0 cMe Complement carry [ S TR I 4
P Call on positive 1o o101 0 0 DAA Decimal adjust A 08 10011 4
M Call on minus LI T T R B B N V1) SHLD Store H & L direct 00 1 000 10 16
CPE Cali on parity even 11 1 0 1 37 00 nn LHLD Load H & L direct 00 1 0 0 1D 18
PO Cali on parity odd 110 0100 3 Enable Intecrupts [ I B T} 4
RET Return P10 0 10 0t 10 ol Disable interrupt thor o101 4
RC Return on carry Tt o6 1100 0 5N NoP No-operation ¢ @ 0 000 00 4
RNC Return on no carry t 1 ¢ 1 00 00 5 )
i
NOTES: 1. DDD or $§§ — 000 B — 001 C— 010D — 011 E~100H — 101 L — 110 Memory — 111 A.
2. Two possible cycle times, (5/11) indicate instruction cycles dependent on condition flags.
¢
§
I
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SILICON CGATE MOS 8255
INTERRUPT
REQUEST
APPLICATIONS OF THE 8255
) . . . #Ca [en, Ry
The 82565 is a v:ry powerful tool for interfacing peripheral 255 PA, R,
equipment to thi: 8080 microcomputer system. It represents Pa, R, FULLY
the optimum us2 of available pins and is flexible enough to Ay Ry e
interface almost any [/O device without the need for ad- PA, Ry
Py . PA, R,
ditional external logic. MODE 1 s N
- o ) {iNpUT) ] PAs SHIFT
Each peripheral device in a Microcomputer system usually PA, CONTROL
has a “service rc utine” associated with it. The routine man-
ages the software interface between the device and the CPU. | :Z‘ ::(0“
The functional dzfinition of the 8255 is programmed by the ®
1/0 service rout ne and becomes an extension of the sys-
tems software. E y examining the |/O devices interface char- .
acteristics for bcth data transfer and timing, and matching Py By
this information to the examples and tables in the Detailed ::' By
Operational Des:ription, a control word can easily be de- PB’ z’ SEIL:I;?A:\%N
PRI degzgrr - 3
veloped to initiclize the 8255 to exactly “fit” the applica- ,,B: B,
tion. Here are a few examples of typical applications of the opE 1 PBg 85
8255. outeum ] 8
PB, CLEAR
PC,y DATA READY
INTERRUPT PC, ACK
REQUEST PCq BLANKING
PC, LPC, CANCEL WORD
" "o ] ITERRUPT
IN
A, F——| " REQUEST
| PA; f—=1 e HIGH-SPEED
T — PRINTER
Pha N Keyboard and Display Interface
PA; [——> ]
MODE1 | ™
fouteum) Ay » — HAMMER INTERRUPT
———] RELAYS REQUEST
PC; |~——=| DATAREADY —n]
#C; J+— Ack ——] PC3 [P, Ry
PCy |——| PAPER FEED  |—n} PA, R,
7?()4 ——| FORWARD/REV }———»} Ay R
8255 " FULLY
- [ R.
moDE 1| PA; 3 DECODED
" UNPUT) 7] pa, R, KEYBOARD
B, —| —t | a 4
PB, —n| PAg Rg
PBy ] —=] DATA READY 8255 PAg SHIFT
g, [— fe——{ ack P, CONTROL
MODE 1 P8y [ |—| PAPER FEED
(QUTPUT) " g L] |——| ForwarD/REV stRoBE
#B; b—nl ——=| RIBBON PCa
[+— CARRIAGE SEN. PCg ACKNOWLEDGE 3
PC, {~——»} DATA READY PCy BUSY LT
PC, [+—r Ack Pe, TEST LT
PC, xS
-~ TERMINAL
CONTROL LOGIC AND DRIVERS 8, ADDRESS
INTERRUPT -
REQUEST P8y
MODE 0 | PBy -
B (INPUT) T pg, b
Printer Interface N _— '
PBg [
PB'
»B, >
Keyboard and Terminal Address Interface [
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[ SYSTEM BUS (D, A, AND C) !
p; AN
—— == P — — F——- r— - r—— 11—
I | | | |
| | | | !
! | | | |
MEMORY
o -] BEE-NHE N
|
| VAN | | I AN I
| | , | |
| | ! | |
l | | | |
| MASTER CPU U | | L | d |
| wasten | | |
J Vo | ‘ 8080 } 8080 |
| | | cPu CcPU |
D O J ! |
! | |
} MEMORY | MEMORY |
\ ! |
\ | '
| 1o | 1o |
| | 1‘
H |
e L
SLAVE CPU 1 T SLAVE CPU 2 1
[ I |

Distributed Intelli;ence Multi-Processor Interface

l
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