{/O INTERFACE
Ganeral Theory

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

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

The hasic operation of the /O structure can best be
viewed as an array of single byte memory locations that can
be Aead from or Written into. The BO80 CPU has special in-
structions devoted to managing such transfers (IN, OUT).
These instructions generally isolate memory and L/O arrays
so that memory address space is not effected by the 1/0
structure and the general concept is that of a simple transfer
to or from the Accumulator with an addressed “PORT™. Ap-
other method of I/O architecture is to treat the 1/O structure
as part of the Memory array. This is generally referred to as
“Memory Mapped (/0" and provides the designer with a
powerful new “instruction set” devoted to 1/0 manipulation,
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Figure 3-8. Memory/t/0 Mapping.

Isolated 1/0

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

Mamory Mapped 1/0

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

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

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

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

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

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

Examples:

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

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

SHLD 116 Bit Qutput]

ADD M {Add Port ta ACC)

ANA M {"AND" Port with ACC)

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

1/0 Addressing

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

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

A simple example illustrates the power of such a flexi-
ble 1/0 structure. The first examptle illustrates the format of
the second byte of the IN or QUT instruction using the lso-
lated i/Q technique. The devices used are Intel®8285 Pro-
grammable Peripheral Interface units and are lingar selected,
Each device has three ports and from the format it can be
seen that six devices can be addressed without additional de-
coders.

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

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

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

EXAMPLE #2
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Figure 3-12. Memary Mapped 1/0 — (Lingar Select (8255)

I/O Interface Example

In Figure 3-16 a typical {/0 system is shown that uses a
variety of devices (8212, 8251 and 8255}, It could be used
to interface the peripherals around an intelligent CRT termi-
nals: keyboards, display, and communication interface. An-
other application could be in a process controller to interface
sensors, relays, and motor controls. The limitation of the ap-
plication area for such a circuit is solely that of the designers
fnagination.

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

The 8251 provides a serial data communication inter-
face so that the system can transmit and receive data over
communicatian links such as telephone lines,
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Figure 3-13. 8257 Format.

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

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

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

XY
L

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

8212 =3 SELECT
1ACTIVE HIGH!

(CETTEEE
}

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

PORT SELECT

9255 =1 SELECT

Figure 3-15. 8212 Format.

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

L

[ (ACTIVE LOW! The example shows how a powerful yet flexible 1/Q
1’:&1@&%’ structure can be created using a minimum cemponent count
with devices that are all members of the 8080 Microcomputer
System.
Figure 3-14. 8255 Format,
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Figure 3-16. Typical 1/O Interface.
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A computer, no matter how sophisticated, can only
do what it is “tald” to do. Ore “‘tells” the computer what
to do via a senes of coded instructions referred to as a Pro-
gram. The realm of the programmar s referred to as Saft-
ware, in contrast to the Hardware that comprises the actual
computer equipment, A computer’s software refers to all of
the programs that have been written for that computer.

When a computer is designed, the engineers provide
the Central Pracessing Unit (CPUL with the ability 1o per-
form a particular set of operations. The CPL is designed
such that a specific operation is performed when the CPU
control logic decodes a particular instruction, Canseguently,
the operations that can be performed by a CPL define the
computer’s Instruction Set.

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

By logicalty organizing 2 sequence of instructions into
a coherent program, the pregrammer can “‘tell” the com-
puter ta perform a very specific and useful function.

The computer, however, can only execute programs
whose instructions are in a binary coded form (i.e., a series
of s and 0'si, that is called Machine Code Because it
would be extremely cumbersome to program in machine
code, programming languages have been developed. There
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are programs available which convert the programming lan-
guage instructions into machine code that can be inter-
preted by the processor.

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

THE 8080 INSTRUCTION SET

The BOBO instruction set includes five different types
of instructions:

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

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

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

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

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

Instruction and Data Formats:

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



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

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

T I
[»F Der05|D4|D3|D2rD1 Do
MS8 LSB

When a register or data word contains a binary num-
ber, it is necessary to establish the order in which the bits
of the number are written. In the (ntel 8080, BIT O is re-
ferred to as the Least Significant Bit (LSB), and BIT 7 {of
an 8 bit number} is referred to as the Most Significant Bit
(MS8).

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

Single Byte {nstructions

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

Addressing Modes:

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

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

® Register — The instruction specifies the register or
register-pair in which the data is located,

® Register indirect — The instruction specifies a reg-
ister-pair  which contains the memaory

4.2

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

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

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

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

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

& Register

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

Condition Flags:

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

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

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

FESEL.

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

set; otherwise it is reset.

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

Parity:

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

rasat,



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

Symbols and Abhreviations:
The following symbols and abbreviations are used in
the subsequent descniption of the 8080 instructions:

SYMBOLS  MEANING

accumulator  Register A

addr 16-bit address quantity
data 8-bit data quantity
data 16 16-bit data quantity
byte 2 The second byte of the instruction
byte 3 The third byte of the instruction
port 8-bit address of an 1/ device
relr2 One of the registers A B C.DEH L
DDD,S8S The bit pattern designating cne of the regis-
ters A,B,.C.D.EH L {(DDD=dastination, 555=
source):
DDO or §55§ REGISTER NAME
1 A
000 B
am c
010 bl
a1 E
160 H
101 L
p One of the register pairs:

B represents the 8,C pair with B as the high-
order register and C as the low-order register;

D represents the D,E pair with D as the high-
order register and E as the low-order register,

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

SP represents the 16-bit stack pointer

register.
RP The bit pattern designating one of the regis-
ter pairs B,0,H 5P
RP REGISTER PAIR
00 B-C
9] D-E
10 H-L
1 SP

a3

rh

rl

PC

SP

m

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

The second (low-order} register of a desig-
nated register pair.

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

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

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

Z 5P CY AC The condition flags:

3|¢*i+<{>1

NN

Zero,

Sign,

Parity,

Carry,

and Auxiliary Carry, respectively.

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

13 transferred to”

Logical AND

Exciusive OR

Inclusive OR

Addition

Twa's complement subtraction
Multiplication

"{s exchanged with"”

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

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

Description Format:

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

1.

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

. The name of the instruction is enclosed in paren-

thesis on the right side of the first line.

. The next line{s) contain a symbelic description

of the operation of the instruction.

. This is followed by a narative description of the

gperation of the instruction.

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

patterns that comprise the machine instruction.



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

Data Transfer Group:

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

any instruction in this group.

MOV ¢1, 12
{r1} =— (r2}

{Move Register)

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

Cycles: 1
States: 5
Addressing:  register

Flags: none

MOV r, M
{rh =— ({H] {L}}

{Move from memory)

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

10'1!0‘0[0 1y g

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

MOV M, r
{TH} (L)) =— (r)

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

{Move to memory)

cation whose address is in registers H and L.

uI1ITI1I

o ls' s 5|

MWV r, data
{r} —=-— {hyte 2}

{Move Immediate)

The content of byte 2 of the instruction is moved to

reqgister r,

OJUJle

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

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

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

Flags: none

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

010 FIIP D[O

low-order data

high-order data

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

44

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



LOA addr

{Load Accumulator direct)

{Al =— ({byte 3iibyte 21)

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

SHLD addr

IStore H and L direct}

({byte 3)(byte 21} =— {L)

{(byte 3)ibyte 2) + 1) =— (H]

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

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

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

o To 1 T3 Ty gty Ty

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

Addressing:  direct
Flags: nane

STA sddr (Store Accumulater direct)

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

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

2 and byte 3 of the instruction.

o oIy Ty

|ow-order addr

high-order addr

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

{irp}} ~— (A}

LHLD addr

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

{Load H and L direct)

{L) «+— {{byte J}{byte 2]}

{H} -— ({byte 3)(byts 2} + 1}

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

i 1 I i |

0011101010

fow-order addr

high-order addr

Cycles: 6

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

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

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

! |

Iy

States:
Addressing:
Flags:

16
direct
none

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



Arithmetic Group:

This grous of instructions performs arithmetic oper-
ations on data :n registers and memory.

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

All subtraction operations are performed via two's

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

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

[ I

o |

ADC r (Add Register with carry)
{A} =— (A} +{r] +{CY)
The content of register r and the content of the carry
bit are added to the content of the accumulator. The
result is placed in the accumulator.

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

{A) =— {A}+ {{H) {L}} + (CY)

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

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

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

[ 1 ToTo
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,5P.CY,AC
ACI data {Add immediate with carry)

{A] = (A} + {byte 2} +{CY)
The content of the second byte of the instruction and
the content of the CY flag are added to the contents

the accumulator,

of the accumulator.
accumulataor,

The result

is placeg in the

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

{A) =— (A} + (byte 2}

The content of the second byte of the instruction is
added to the content of the accumulator. The result
is placed w1 the accumulatar,

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

(A -— (A} = {r)

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

l1'u'o‘1‘o s ' ' g

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

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



SUB M

[Subtract memory)

LAl -— (A} —{[H} L}

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

1 ToToly oty byly
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,5P.CYAC
SUI data {Subtract immediate}

{A} =-— (A} —(byte 2)

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

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

SBBr

{Subtract Register with borrow!
LA} =— (A} — (r} — {CY}
The content of register r and the content of the CY
flag are both subtracted from the accumulator. The
result is placed in the accumulator.

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

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

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

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

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

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

SBE M

{Subtract memaory with borrow)

{A) =— (A}l — [tH) (L)) — (CY)

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

DCRr

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

ter. The result is placed in the accumulator.

DI o !

0'1|1|1!1I0J

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

47

{Decrement Reqister|

{r) =— {1} =1

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

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



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

0|0|1i1

o U1 Tg T

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

INX rp
irh} (ri} -—

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

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

{o'o R ' p

0‘0'1'1—‘

Cycles: 1
States: &
Addressing:  register

Ffags: none

DCX rp

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

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

|oiu]n]r’

1'0’1'1—|

Cycles: 1
States: &
Addressing:  register

Flags: mone

DAD rp

tAdd register pair to H and L)

{HI (L) =— (H){L} + {rh) (1}

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

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

the following process:

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

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

NQTE: All flags are affected.

[olo i Tolol T T,

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

Logical Group:

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

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

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

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

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

ptaced in the accumulator. The CY flag is cleared.

LO[D[HIP‘1[OIOI11

|!|011'0]011r1|0

Cyclas: 3
States: 10
Addressing:  register

Flags: CY

4-8

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



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

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

(Al =— (Al (1

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

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

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

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

(A) =— (A} F {byte 2]

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

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

QRAr

43

[OR Register}

(A -— {A) Vi)

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

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

ORA M [OR memary)

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

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

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

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

dita

Cycles:
States:
Addressing:
Flags:

2

7

immediate
Z,5F.CY AL

CMPr {Compare Register}

(A — (r}

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

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

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



CMP M

{Compare memory|

{Ay = {{H} (LD

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

L11011f1'1]1'1TT]

CPl data

Cycles: 2
States: 7
Addressing:  reg. indirect

Flags: Z58PCY AC

(Compare immediate)

(Al — (byte 2)

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

RLC

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

Flags: ZS.P.CY AC

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

0'0'0’0“}'1'1'11

Cycles: 1
States: 4
Flags: QY

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

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

{Rotate left through carry)

(Ane1l  +— (AL {CY} = (A7)

(Ag) =— (C¥}

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

o' oo T To Ty 77 1T,

Cycles: 1
States: 4
Flags: CY

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

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

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

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

Flags: none



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

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

Cycles: 1
States: 4
Flags: C¥Y

Branch Group:

This group of instructions alter normal sequential
program flow.

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

The two types of brarch imstructions are uncondi-
tional and conditional, Wnconditional transfers simply per-
form the specifiea operation on register PG {the program
counter). Conditional transfers examine the status of ane of
the four processor flags to determine if the specified branch
is to be executed. The conditions that may be specified are
as follows:

CONDITION cCC
NZ — notzerp(Z=0O 000
Z - zerolZ=1) oo
NC - nocarry [CY = (0 010
C —carry ICY =11 011
PO - pantyodd (F=0) 100
PE — parity even (P = 1} 101
P — plus(5=0) 110
M — minus (5= 1} 111
JMP addr {Jump)

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

411

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

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

{ow-grder addr

high-grder addr

Cycles: 3

States: 10

Addressing:  immediate
Flags: none

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

{Conditional jump}

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

low-order addr
high-prder addr
Cycles: 3

States: 10

Addressing:  immediate
Flags:  none
CALL addr 1Cally

{1SP} — 1) -— {PCH}

{{SP} — 2) =— {PCL!}

{SF) =— (SP} -2

{PC} =~— (hyte 3} (hyte 2}

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

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



Ceondition addr {Condition call}
If ([CCCy,

[SP) — 1) =— (PCH)

(5P — 2} ~— (PCL)

{SP} «— (5PF) -2

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

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

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

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

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

{PCH) =— ISP + 1)

(SF) =— [5P) +2

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

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

RSTn

{Restart)

{{SP} — 1} ~=— {PCH]}

{(SP}) — 2} =— (PCL)

{SP) =— [SP) ~ 2

{PC) =— 8~ {NNN)

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

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

1514131211109 8 7 6 5 4 3 2 10

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

Program Counter After Restart

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

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

1I1|OI1IU|DT1-‘

Cycles: 1
States: 5§
Addressing:  register

Flags: nane



Stack, 1/0, and Machine Control Group:

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

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

PUSH rp tPush)

18P} = 1} ~— [rhi}

{{SP} — 2} =— irl]

{SP} =— (SP) - 2

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

[1IIRJP D[1|G|1|

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

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

(5P} =— (5P} -2

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

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

FLAG WORD

Dy [DFY I Dy D3 04 a2} Cg

e lolelo o[ To]

POP rp (Pop)

trl} =— {{5P}}

trhj —— {{SP} + 1}

{SP) =— (5Pt +2

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

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

Addressing:  reg. indirect
Flags: none

POP PSW {Pop progessor status word)

{CY) ~— (iSPYg

{P) ~— ({SP))5

{AC) =— {{SP}}y

{2} =— {{5P)lg

{S} =— USPiy

{A} = (ISP} + 1)

(5P} —=— {5P) +2

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

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

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



XTHL 1Exchange stack top with H and L)

(L] -=—= {{SP}]

{HI == {{SP)+ M)

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

! I i j

E§ {Enable interrupts}

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

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

Flags: none

a1} [Disable interrupts)

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

[1‘1[1|1Io‘011[1j

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

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

1[1I1T?]110|0|1—‘
Cycles: 1 L]
States: 5
Addressing:  register
Flags: none
IN port {Input)
{A] «+— (data}

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

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

{data) =— (A}

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

Cycles: 1
States: 4
Flags: none

HLT [Halt}

The processor is stopped. The registers and flags are

unaffected.

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

Cycles: 1
Statas: 7
Flags: none

NOP {Ne op!

No operation is performed. The registers and flags

are unaffected.

Cyeles: 1
States: 4
Flags: none

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

Flags:

nane
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CPU Group
8224 Clock Generatar
8228 System Controdler . .. ..., ... .. ... .. ...
B0B0OA Central Processor .. ... . v vnneeen..
8080A-1 Central Processor {1.3us|
BOBOA-2 Central Processor (1.Bus) ... ., ... v a..
MBDS0A Central Processor (55" to +125°C)

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

RAM:s

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

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

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

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

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

CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

u Single Chip Clock Generator/Driver

for BOBOA CPU

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

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

® Oscillator Output for External

System Timing

® Crystal Control
Operation

led for Stable System

® Reduces System Package Count

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

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

for BOB0A.

PIN CONFIGURATION

BLCCK DIAGRAM

XTAL! —

I,
OBCILLATOR osc >
[ xraz — L
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meser |1 el ] Ve 6> Tamx —d
ReSIN ]2 1w ] HTAL Y —D“e1 >
cLOCK
roviN |3 (L] IR L] GEN, D o B>
+
Reany " F4 13 Tank
- 8224 - 60 oA ol TTLIfE
svnc{_]s 12| Jjosc
ITTL +
2 o | S Ly E» synem—— T [T
steve[ |+ ] I
- = > AEPR _D_ o
ono[ ]9 s Yoo CHMITT
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[E> novin o a READY [€2>
-IC_.
PIN NAMES
s AESET INPUT ATAL ) | CONNECTIONE
AESET | RESET QUTRUT NTALz |} FORCAYETAL
NOYIN | READY INPUT TANK USEO WITH OVERTONE KTAL
AEADY | READY OUTPUT ! osC CACILLATON QUTPUT
SYNC | SYNCINPUT L 42 0TTL g SL (TTL LEVEL]
1414 STATUS ITR " Nigg BV
IACTIVE LOW] T wp L v
* woso T T
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SCHOTTKY BIPOLAR 8224

FUNCTIONAL DESCRIPTION

General

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

Oscillator

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

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

A simple formula to guide the crystal selection is:

1 ,
Crystal Frequency = — times 9

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

1.25mHz times 9 = 11.25mHz

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

The formula for the LC network is:

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

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

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

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

Clock Generator

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

5-2

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

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

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

. [ xtaus

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

CLOCK

1
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FRED .—1
s
1
1
: 1 I
1] 21 3¢+ al5s 1121
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SCHOTTKY BIPOLAR 8224

STSTB (Status Strobe)

At the beginning of each machine cycle the 8080A CPU is-
sues status information on its data bus, This information
tells what type of action will take place during that machine
cycie. By bringing in the SYNC signal from the CPU, and
gating it with an internal timing signal {}1A}, an active low
strobe can be derived that occurs at the start of each ma-
chine cycle at the earliest possible moment that status data
is stable on the bus. The STSTB signal connects directly to
the B228 System Controller,

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

Power-On Raset and Ready Flip-Flops

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

An external RC network is connected to the RESIN input.
The slow transition of the power supply rise is sensed by an
internal Schmitt Trigger. Thiscircuit converts the slow trans-
ition into a clean, fast edge when fts input levet reaches a
predetermined value. The output of the Schmitt Trigger is
connected to a ‘D" type flip-flop that is clocked with ¢20
{an internal timing signal). The flip-flop is synchronously
reset and an active high level that complies with the 80BGA
input spac is generated, For manual switch type system Re-
set circuits, an active low switch clasing can be connected
to the RESIN input in addition to the power-on RC net-
network.

53

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

The reason for requiring an external flip-flop to synchro-
nize the “wait reguest” rather than internally in the BOBO
CPU is that due to the relatively long delays of MOS logic
such an impiementation would “‘rob” the designer of about
200ns during the time his logic is determining if a “wait”
is necessary. An external bipolar circuit built into the clock
generater eliminates most of this delay and has no effect on
component count.
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SCHOTTKY BIPOLAR 8224

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

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

VoH Qutput “High'" Voitage

- TR 9.4 v ton = -100pA

READY, RESET 3.6 v loy = -100pA

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

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

Note: 4, Caution, @ and @9 output drivers do not have short circuit protection

CRYSTAL REQUIREMENTS

Tolerance: .005% at 0°C -70°C
Resonance: Series {Fundamental)®
Load Capacitance: 20-35pF
Equivalent Resistance: 7%-20 ahms
Pawer Dissipation {Min): 4mwW

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

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

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

H
IGND GND
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SCHOTTKY BIPOLAR 8224

WAVEFORMS

]

QL

SYNG

IFROGM BOBIA; 1

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

foag—e! -—

——— —tgag - —— - —

ROYIN GR AESIN *

AEADY QUT

RESET OUT

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

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

SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

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

for Data Bus isolation

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

® Reduces System Package Count

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

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

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

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

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

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

5-7



SCHOTTKY BIPOLAR 8228

FUNCTIONAL DESCRIPTION

General

The B228 is a single chip System Controller and Data Bus
driver for the BOBO Microcomputer System. !t generates all
control signals required to directly interface MCS-80™ family
RAM, ROM, and 1/0 components.

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

Bi-Cirectional Bus Driver

An eight bit, bi-directional bus driver is provided to buffer
the 8080 data bus from Memory and 1/0 devices. The 8D80DA
data bus has an input reguirement of 3.3 valts {min} and
can drive {sink} a maximum current of 1.9mA. The 8228
data bus driver assures that these input reguirements will
be not only met but exceeded for enhanced noise immunity.
Also, on the system side of the driver adequate drive cur-
rent is available {10mA Typ.) so that a large number of
Memory and /0 devices can be directly connected to the
hus.

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

Status Latch

At the beginning of zach machine cycle the BOBO CPU issues
"status™ information on its data bus that indicates the type
of activity that will occur during the cycle. The 8228 stores
this information in the Status Latch when the STSTS input
goes “low". The output of the Status Latch is connected to
the Gating Array and is part of the Centrol Signai generation.

Gating Array

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

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

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

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

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

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

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

8228 BLOCK DIAGRAM

[ ——— - 0B,
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o |- |t +— DB,
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Oy —teme] {—— D8,
ORIVER CONTROL
WMEW R
ETATLS e
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GATING VoR
AHAAY
T e L
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DBIN BUTER
WA
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SCHOTTKY BIPOLAR 8228
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SCHOTTKY BIPOLAR 8228

WAVEFORMS

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

INTA IOR MEMA ™y,
OURING HLOA

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

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

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

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

Limits

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

55 : Setup Time, Status Inputs D Dy 8 ns

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

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

i DBy-DB7 during Write 5 | 40

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

tog Setup Time, System Bus Inputs to HLDA 10 s

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

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

T

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

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

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

£ e

TEST Comou T i

£
QUTeYT
FIN
I & % ",
Ieno _Jawo

INTA

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

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

s TTL Drive Capability = Sixteen Bit Stack Pointer and Stack
v 2 us Instruction Cvel Manipulation Instructions for Rapid
us Insiruciton L-ycle Switching of the Program Environment

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

= Six General Purpose Registers = Ability to Provide Priority Vectored
and an Accumulator interrupts

» Sixteen Bit Program Counter for = 512 Directly Addressed 1/0 Ports
Directly Addressing up to 64K Bytes
of Memory

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

The BOBOA has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/
retrieve the contents of the accumulator, fiags, program counter and all of the six general purpose registers, The sixteen bit
stack pointer controls the addressing of this external stack. This stack gives the 808DA the ability to easily handle multiple
level priority interrupts by rapidly storing and restering provessor status. it also provides almost unlimited subroutine nesting.
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface to memory and /0. Signals to control the interface to memory and /O are pro-
vided directly by the 80B0OA. Ultimate control of the address and data busses resides with the HOLD signal. it provides the
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
1ying these busses with other controiling devices for [DMA) direct memary access o multi-processor operation.

8030A CPU FUNCTIONAL
SLOCK DIAGRAM
f tats Bu
- | purren:LatcH . ; _
o L1\ : - . BTk - :
“TINTEAMAL OATA BLIS T T INTEAMAL DATA LS
1
N+ 1; . 3 . . 1
 p——l - . Do . A o : AF
JaccumuiaTor TEMP, REG. 11 :l WSTAUCTION -t { .
[_ mj I .g.| i : AP e REGISTER “'I ¥ ] MULTIPLEXER
. 4 - Y W @ F] B
FLag ™! sy - - TEMF REG. TEMP REG.
FLIP FLOPS .
ACCUMULATOR . - - [ 18 [ [T
LATCH 181 B S : i REG. REG
N4 AITHMET I [ INSTRUCTION = R T
o 4 .
¥, Lasic BECADER 2 RES, REG.
o N AND - & = T
L1 1 MACHINE = H " L H
ALY et = CYLLE @ REG. REG
N Ll . ENCODING 3 el
o z STACK FOINTER
el
PAOGAAM COUNTER
DECIMAL INGHEMEN TER/DECAEMENTER
ADJUST — AODRESS LATCH L)
b ) i
TIMING
AND
CONTROL _" =
L mowek e sty i l
eS| —e v DATa BUS INTERRUPT  HOLD walT —
) WRITE CONTEOL CONTROL CONMTHOL COWTADL SYND CLOCKS
—_— - -
=& TUTTIIR T
WR OB INTE INT HOLD HOLBWAIT SYNC oFf o2 RESET
ACK.  READY R
s )
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SILICON GATE MOS 8080A

8080A FUNCTIONAL PIN DEFINITION

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

Several of the descriptions refer to internal timing periods.

Aq5.8g (output three-state}

ADDRESS BUS, the address bus provides the address to memory
{up to B4K 8-bit words} or denotes the I/0 device number for up
to 256 input and 256 output devices. Ag is the least significant
address bit.

D37-Dy {input/output three-state)

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

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

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

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

READY {input)

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

WAIT foutput)

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

WR loutput}

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

HOLDP linput)

HOLD: the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the BOBOA, address and data bus as soon as the B0BOA has com-
pleted its use of these buses for the current machine cycle. It is
recagnized under the following conditions:

® the CPU is in the HALT state.

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

HLDA {output}
HOLD ACKNOWLEDGE: the HLDA signal appears in response
to the HOLD signal and indicates that the data and address bus

: \/
&y Ome———y 1 40 w0 Ay
GND O=—u—t 7 39 =0 A
D, O3 38 [0 Aqy
Dy O=—wl4 37 0 A2
D O»—=|5 36 =0 Ayg
D; Ow—w]5 35 p—=0 Ay
03 Oa—uq 7 M —e0 Ag
D, o=—{8g INTE[? 33 }—w=0 Ay
Dt Ol g a2 pb—e0 Ay
p, o+—110c  BOBOA 31 {—=0 2
-5y 0— 11 30— A,
AESET O—=q 12 29 p——={ Ay
HOLD O-—eq 13 28 p—0 +12v
INT O—=q 14 27 w0 Ag
“2 O—w] 15 26 p—e0 A4
INTE O~w—p 18 25 p——=0 Ay
DBIN O tmend 17 24 —w0 WAIT
WR O=— 12 24 j— READY
SYNC O——1 18 22 f—— o,
+5Y O—q 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 memary or OUT
PUT operation.

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

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

INTE {output)

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

INT {input)

INTERRUPY REQUEST; the CPU recognizes an interrupt re
guest on this line at the end of the current instruction or while
halted. if the CPU is in the HOLD state or if the Interrupt Enabl:
fhip/flop is reset it will not honer the request.

RESET linput}(1!

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

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

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

ABSOLUTE MAXIMUM RATINGS*

0°Cto +70°C
-B5°C to +150°C

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

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

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

D.C. CHARACTERISTICS

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

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

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

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

3. Alsupply i 2Tp = -048%/7°C.

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

o
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SILICON GATE MOS 8080A

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

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

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

ta1 $7 Pulse Width 60 nsec

tyz @ Pulse Width 220 nsec

tDy Celay ¢4 to g ¢! nsec

tpz Delay ¢4 to Pl nsec

tpa Delay ¢ to ¢; Leading Edges 80 nsec

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

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

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

tos Data Setup Time During ¢ and DBIN 30 nsec

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

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

| = oy ""|‘mi"—

"‘! Aﬂ - )

g ——
a— tpp —m —- by Cm—

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

——

1
—=| o5 I—

sYNC , \ bty : ;

11—

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

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

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

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

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

! GUTPUT

s D

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

|4_L._...-. Y

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

L |

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

b [ — -

2Dy o ———p—
-ty typ

| . | I- Tan

neIN f h..

E
ZOUTPUT DELAY {ngd
o

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

WAIT | . i

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

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

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

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

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

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

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

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

INSTRUCTION SET

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

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

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

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

Data and Instruction Formats

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

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

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

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

same format,

[D? Dg Dg D4 D3 Dy Oy

Do |

DATA WORD

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

executed.

One Byte Instructions

| D7 Dg Dg D4 D3 Dy

D; Dg | OP CODE

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

D; Dg | OP CODE

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

Dy | OP CODE

| D7 Dg D5 D4 D3 D

Dy Do | OPERAND

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

TYPICAL INSTRUCTIONS

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

Immediate mode or |/0 instructions

Jump, eall or direct toad and store
instructions

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

INSTRUCTION SET

Summary of Processor Instructions

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

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

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

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

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

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

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

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

1. DDDor5585 —000B —001 C — 010D - 01T E=100H - 101 L — 110 Mamary — 111 A,
2. Two possible cycle timas, (5711} indicate instruction cycles dapandent on condition flags.
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intal  silicon Gate MOS 8080A-1
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

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

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

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

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

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

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

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

The BOBOA has an external stack feature wherein any porticn of memory may be used as a last in/first out stack to store/
retrieve the contents of the accumulator, flags, pragram counter and all of the six general purpose registers, The sixteen bit
stack pointer controls the addressing of this external stack. This stack gives the B0BOA the ahility 10 easily handle multiple
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting.
This microprocessor has been designed te simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface ta memory and 1/0. Signals to control the interface ta memory and /0 are pro-
vided directly by the 8080A. Ultimate contral of the address and data busses resides .vith the HOLD signal, It provides the
ahility to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
tying these busses with other cantrolling devices for (DMA) direct memory access or multi-processor operation.

S080A CPU FUNCTIONAL o S D

Bi-QIAECTHONAL
BLOCK DIAGRAM DATABLS

DATaZ BUS
BUFFER:LATCH

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

ABSOLUTE MAXIMUM RATINGS™

All Input or Cutbut Voltages

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

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

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

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

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

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

D.C. CHARACTERISTICS

Ta =0°C 10 70°C, Wpg = +12V £ 8% Ve

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

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

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

Vine Tiock Input High Voltage 9.0 | Voo +l Y

ViL Input Low Voltage Vgg—1 ! Vgg 08 i

Vi ~out High Voltage 33 Vegtl . VL

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

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

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

NOTES:

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

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

3. &l supply i aTa = -048%/°C.

AMBIENT TEMPERATURE I°¢)

DATA BUS CHARACTERISTIC
DURING DBIN

Mnx)-—-___ —

(=~
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SILICON GATE MOS 8080A-1

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

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

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

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

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

Inyi=—

D G W VIR W

-__.h_; . ke
S = i

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

Y . AL AT

WAIT o owl e f L8

HOLD 13
5 X

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

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

Symbol Parameter Min. ! Max. . Unit Test Condition

tpsz Data Setup Time to ¢ During DBIN 120 | nsec

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

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

trs READY Setup Time During ¢ 90 nsec

tHg HOLD Setup Time to ¢ 120 nsec

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

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

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

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

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

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

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

tyel2l HLDA to Float Delay 18] nsec

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

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

MOTES:

1.

#

)!t-\ z

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

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

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

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

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

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

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

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

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

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

The 8080A, contains six B-bit genaral purpose working registers and an accumulator. The six general purpose registers may be
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set
of reset four testable flags. A fifth flag provides decimal arithmetic operation.

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/
retrieve the contents of the accumulator, flags, program counter and all of the six generai purpose registers, The sixteen bit
stack pointer controls the addressing of this external stack. This stack gives the BOBOA the ability to easily handie multiple
lewel priority interrupts by rapidly storing and restoring processor status. [t alse provides aimost unlimited subroutine nesting.
This microprocessor has been designed to simplify systems design. Separate 18-line address and 8-line bi-directionat data
busses are used to facilitate easy interface 10 memory and 1/0, Signals to contral the interface to memory and /0 are pro-
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. 1t provides the
ahility to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
tying these busses with other controlling devices for {DMA) direct memory access or muiti-processor operation.

R T
AT

T

i} 7
ACCUMULATORY -
il

ACCUMULATCOR
LATCH 13

=] E
REG. REG.

REG.

REGISTER SELECT

STACK FOINTER

PROGRAM COUNTER

] INCREMENTER/DECAEMENTER
ADDRESE LATCH 11|

e

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

ABSOLUTE MAXIMUM RATINGS*

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

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

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

periods may affect device reffability.

D.C. CHARACTERISTICS

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

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

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

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

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

4 ~25 -0

AMBIENT TEMPERATURE *C}

DATA BUS CHARACTERISTIC
DURING DBIN

+15

oc
m
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SILICON GATE MOS 8080A-2

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

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

TIMING WAVEFORMS -

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

oy —— e ity [—
- -, o]

A A\ AS N\ A\

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

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

Toe = — o -

Yo Y

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

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

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

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

f\ ﬂ 2 Lowd Ccurt

+5v
. f \ ’ f \ 21K

— B0B0A

SUTPUT

c H
. e — I t QISOHA

;—n—.I__—.—_...,._-.-._‘_‘ = s

b - =

——— -

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

. ’-T---—- - +20 [ ————

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

I e B e P z :
N - 0 -

: / I . g i

L
-
l

2 CAPACITANCE Ipt)

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

The M8OBOA is functionally compatible with the intef® 8080

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

The Intel® MBOS0A is acomplete 8-bit paratel central processingunit (CPU), It is fabricated on a singie L3I chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance solution 1o control and processing applications.
The MB0BOA contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be
addressed individually or in pairs providing both single and double precision operators, Arithmetic and logical instructions set
or reset four testable flags. A fifth flag provides decimal arithmetic operation.

The MBO8B0OA has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit
stack pointer controls the addressing of this external stack. This stack gives the MBOBOA the ability to easily handle multiple
tevel priority interrupts by rapidly storing and 7es1GFNG processor status. It also provides almost unlimited subroutine nesting.
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bt-directional data
busses are used to facilitate easy interface to memory and E/Q. Sighals to control the interface to memory and 1/0 are pro-
vided directly by the MBOBOA.. Ultimate control of the address and data busses resides with the HOLD signal. It provides the
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
tying these busses with other controlling devices for {DMA} direct memory access or multi-processar operaticn,

‘T Gara BUS
1 BurFEr. aTEN

. wen:
INTERNAL DATA BUE

K+

4

P INETRAUCTION e
1 wecistes .5 : MULTIPLEXER

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

N Py o INSTRUCTION & PR R
s I S DECUOER K e s
AND ¥ d 2
oI MACHINE B
- TALL: et : LYELE \?
L L ENCODING M

H 3 L

HEf REG
DECIMAL
ADJUET

t\ccumuumnl [ TEMmP
-

REGISTER SELECT

STalk MHINTER

PROGA AW COUNTER

‘| INCREMENTER QECAEMENTER
AUORESS LATCH i

et § I REER
TIMING : o
AND L
CONTRDL
‘&
AODA FER
OATABUS INTERRUPT HOLD  walT ODRESS BUF I
WRITE CONTAOL CONTAOL CONTROL CONTROL SYNC £LOCKS | | -
Ay by
ADORESE Burs
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SILICON GATE MOS M8080A

INSTRUCTION SET

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

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

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

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

Data and Instructicn Farmats

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

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

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

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

same format,

U; Dg D5 Dg Dy D3 Dy Dg|

CATA WORD

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

in successive words N program mMemory,
executed,

One Byte [nstructians

The instruction formats then degend on the particular operation

TYPICAL INSTRUCTIONS

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

Two Byte Instructions

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

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

Three Byla Instructions

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

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

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

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

INSTRUCTION SET

Summary of Processor Instructions

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

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

MBO80A FUNCTIONAL PIN DEFINITION

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

Aq5.Ag loutput three-state!

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

Dy-Dyg linput/output three-state}

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

SYNC loutput]
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to
indicate the beginning of each machine cycle,

DBIN {output)

DATA BUS IN; the DBIN signal indicates to external circuits that
the data bus is in the input mode. This signal should be used to
enable the gating of data onto the MBOBOA data bus from memary
or 1/0.

READY (input)

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

WAIT (output)

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

WR (output)

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

HOLD (input)

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

& the CPU isin the HALT state.

& the CPU isin the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
{A5-Agland DATA BUS(D;-Dy) will be in their high impedance
state. The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE {HLDA) pin,

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

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

Pin Configuration

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

® T3 for READ memory or input.

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

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

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

INTE loutput)

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

iNT linput]

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

RESET linput) 111

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

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

ABSOLUTE MAXIMUM RATINGS*®

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

All Input or Qutput Voltages

With Respect to Vgg . .

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

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

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

mum Ratings' may cause permansnt damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the operational sections of this specification is not implied. Ex-
posure 1o absolute maximum rating conditions for extended
periads may affect device refiability.

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

T

Symbol Parameter Min. Typ. Max. Unit Tast Condition
Ve Ciock Input Low Voltage Vgg—1 Vgst0B1 v
Ving Clack Input High Voltage 85 Vpp+l| V
Vi Input Low Valtage Ve —1 Vg5+0.8 A
Vin Input High Voltage 3.0 Veet) v
Vol Output Low Voltage 0.45 v oL = 1.9mA on all outputs,
Vou Output High Voltage 37 A lon = 160uA.
Ipp tavi , Avg. Power Supply Current (Vppi 5 8 | mA !
1 | Avg. Power Supply Current [V 60 W00 ' ma ! Operation
CC tAv) , - cc : ‘J Toy = .48 psec
lgg tavy  Avg Power Supply Current {Vgg! M 1 ComA
I _Input Leakage 10 1 pA - Vgg S Vg X Voo
teL Clock Leakage £10 | uA | Vg5 € Verock < Voo
fgy 12] Data Bus Leakage in input Mode -100 HA T Ves SV EVge +0.8V
20| MA | 0BV Vi S Ve
e Address and Data Bus Leakage +10 LA VaDbADATA = Voo
L .
During HOLD -100 YapoRoaTa = Vss + 0.45V
i
CAPACITANCE TYPICAL SUPPLY CURRENT VS,
T, =25°C Ve = Vop = Vgg = OV, Vgg =-5V TEMPERATURE, NORMALIZED, 3]
15
Symbol Parameter ! Typ. | Max. Unit Test Condition 5 \
Ce Clock Capacitance ;17 25 pf = 1 MHz g 0 o
. t g
Cin Input Capacitance © 6 10 pf Unreasured Pins > \
H 05
Cout Qutput Capacitance |1 10 .20 pf Returned to Vgg §
NOTES:
1. The AESET signai must be active for a minimum of 3 clock cycles. -56 +80 125
2. When DBIN is high a2na VN F V| an internal active pull up will AMBIENT TEMPERATURE { C)
be switched onto the Data Bus.
3. Alsupply 1 AT = -0 45%°C.
DATA BUS CHARACTERISTC
DURING DBIN
MR -~ — — — oy
[DL
00 Voo
Yiy
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SILICON GATE MOS M8080A

A.C. CHARACTERISTICS

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

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

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

ta1 @1 Pulse Width 60 | nsec

tay ! ¢ Pulse Width 220 nsec

tos :l Delay o to 95 0 nsec

o2 I Delay @5 to oy 80 nsec

D3 i Delay o1 to @3 Leading Edges ag nses

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

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

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

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

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

TIMING WAVEFORMS '*

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

O = 1.0V INPUTS 17 = 3.0V, 07 = LBV; QUTPUTS 17 = 2.0V, "0 = 0.8V.)
I ey e T
- et
A AN N N
i -l
| m / i /A B
| n:--| wi lgy - L
I-—T_‘ —— et
A Ay } — _&f“_"" _______ ———— e -t
Ir-_ e - Taw ——
= g —= - iy - gy : e Apg - !
o ___“ 3 -
DaTA N 14, ) DATA OUT
) Su—— B So—
e Iggy - i! = oy
SYNC # A - pgy - ,J_ ) ;-
— (Dc -——— - 'DC -— i ;|
DRIN ] \ | iy
- tnre fw—tap= ||
L i
H . 'pe e
e
| ]
READY ] L '4 Thi
‘n"‘_"'i fas e x> 5
wAIT =] | jl. \
tgg —= l— e oa
HOLD H IF] |I I
o Iy -
HLDA
INT - d §E] ;
t|5|-_.
[
INTE
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SILICON GATE MOS M8080A

A.C. CHARACTERISTICS (Continued}
Ta = -55°C to +125°C, Vpp = +12V £10%, Vg = +5V £10%, Vg = -5V £10%, Vgg = OV, Unless Otherwise Noted.

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

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

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

tys HOLD Setup Time to ¢5 140 nsec

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

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

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

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

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

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

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

twel2] | WR to Float Delay 19] nsec |

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

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

N\

N

NOTES

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

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

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

7
§ 2K

TYPICAL A QUTPUT DELAY VS, 3 CAPACITANCE
+20

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

1 CAPACITANCE Iph

Cagrpar  Capee’

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

o on

B, wyrE =1p3 * g2 100

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

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

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

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

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

18C0g; on the tollgwing witructian. { Extarnal sy ncheonizanion 4 mat reurec.
. This trming disgram shows Liming relatignshipg only 1t dous not represem ANy HMC KL nachine cyele
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iNtal’ silcon Gate Mos 87024

2048 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

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

= Fast Programming — 2 Minutes for Capability
All 2048 Bits

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

Static MOS — No Clocks Required

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

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

The B702A is packaged in a 24 pin dual-in line package with a transparent quartz lid. The transparent quartz
{id allows the user to expose the chip to ultraviolet light 10 erase the bit pattern. A new pattern can then be
written into the device. This procedure can be repeated as many times as required.

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

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

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

PIN CONFIGURATION BLOCK DIAGRAM

sy S 21 Voo DATAIOU‘I'1 DATArOU‘I' 8
mE e T e —
[ ]s 22| J¥ee & — SUFrERs

*oata ouT 1[4 iLse A Ay T

*DATA OUT 2{ s Fo] Y 2088 BT

“oaTA out 3[ |6 18] A PROGRAM —= PR?’::::TII

8702A

‘DATA QUT 4 [: 7 18] J4 !

"oaTa ouT s [he i DECCOER

*oata oUT 6 {9 8] Ve T

*DaTA ouT 7[_{0 15[ veq —

*DATA ouT 8[| 11 imse) e[ cs DRIVERS

-
vee [ |12 11| ] ProGRAM s i

"THIS PIN 1S THE OATA INPUT LEAD DURING PROGRAMMING.

PIN NAMES
Aghs ADDRESS INPUTS
CHIP SELECT INPUT
DO;- DOy DATA QUTRUTS




SILICON GATE MOS 8702A

PIN CONNECTIONS

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

mode. [See following table.)

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

Storage Temperature —B5°C to +125°C

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

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

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

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

READ OPERATION
D.C. AND OPERATING CHARACTERISTICS

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

unless otherwise noted,

SYMBOL TEST MIN.  TYPI max. [ UNIT CONDIT!ONS
Iy Address and Chip Select 10 pA Vi ~ 0.0V
Input Load Curre_nt_ )
- Lo i Qutput Leakage Current 10 : pA 1 Vg = 0.0V, Cs - Ve =2
iopg | Power Supply Current 5 10 | ma Vs =Veo- C_S=VCC—E
3 ! |OL=0_'0"“A'TA=25 <
lagy | Power Supply Current ¢ 35 50 i mA | C5=Vpoo -2 .
_ S R ; o F00mA. T, - 287C
oz Power Supply Current 32 46 maA C3=0.0
Ll =0.0mA T, =258°C _
1 Power Supply Current 38.5 &0 A | CS=v, F; continuous
Dod ower supply Lurre : m Voo T Chperation
_ i =0.0mA 'T.“ = 0°C
lCF! . Output Clamp Current a 14 ma Vout = — LV, T, =0°C
legs | Output Clamp Current 13 mA + Vg g T —10V, T, = 25°¢
e Gate Supply Current 10 A
Wiy Input Low Voltage for —~1.0 0.65 v
TTL Interface o _
Wiz Input Low Voltage for Voo Voo =6 W
MOS Interface
Vg Address and Chip Select Vee =2 Weg +0.3 v
Input High Voltage
o, Oupw Sk Curent | 16 4| mA [ V. " 045V
Yoo | Quutlowvolege | o7 D45 V| lg " 16mA
Yoy Output High Voltage 35 v Iy = —200 A
iote 1:  In the programming mode, the deta mputs 18 are ping 4— 11 respectively, G5 = GND.
Note 20 Wpg may be chocked to reduce power dissipation. 1n thes mode average Ipn increases in propartion to Vg duty cycle. (See p. 5
MNore 3. Typical values are at nominal voltages and Ty = 25°C,
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SILICON GATE MOS 8702A

A.C. CHARACTERISTICS

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

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

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

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

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

SWITCHING CHARACTERISTICS

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

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

“in 10,
ADDRAESS
..
“,

SATa SUT
IwaLID

CESELECTION OF ZoTa (UTPLT IN O TIE SFEPaFIoN

—
M T
ADDRESS
v -

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

- [T B PELy -

W,
s 1
ABORLSS
90
v

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

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

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



SILICON GATE MOS 8702A

TYPICAL CHARACTERISTICS

QUTPUT CUARENT V§,

QUTPUT CURRENT V5.

lop CUARENT VS, TEMPERATURE Vpp SUPPLY VOLTAGE TEMPERATURE
op oo
ELY o FR] T T i " T T
i E Voot ot g l : i | l
Z A voo v W - —— E . g
I W, - -any 3 .
3, v: - 5 Yoot W
- INPUTE * ¥, % B l’ z VoG-
o = - a
£ T oUTRUTS ARE OPEN . . 3 ‘' gy =+ ABY +—i
H . - z PR > I
At B A : |
g £5 - Vig PR L R ]
o SR —] o i
2 B | v F e 4 +
) ! g optr— . FI —! 1 T . I
/- Boow z -% & -7 -F -, H W OO 4 S B WOK W
» i + T g | Vo SUMRLY WOLTAGE v o - | AMRIENT TEMPERSTURE (°C1 | |
| s H I ! . . -
v } T % Feg t oAV ¥ E C W AV I
o v Yag WV 4 = g Vg " - |
I 0 2 .0 m oW 1A s Ve 000 ¥ e B 1!
g . oI £ Vggt - HEL A
AMBIENT TEMPEALTLAE 190" G -1 g e § von® 0T o | ;
g } — E ._—v-*"'-a/{ .
Z L E) i
i, ! ; LI I
OUTPUT SINK CURRENT
VS, QUTPUT VOLTAGE
AVERAGE CURRENT VS, DUTY
l CYCLE FOR CLOCKED Vgg
1 I L]
P a : ' : :
b= z @ T T ateER g,
L% Ipms 36 e - e Yo
2 T 5 |
3 i oel—— ) - .
H 2= - J"/T/ —
: 3 ' s
g - : : . '
E 3 os = - R
1 . t + H t ; t
‘ton § | J' -
H ] i
4 -3 7 1 & 1 ap 1 -4 u 1w 2 30 [ %1 ) 7a i a0 o
OUTRUT vOL TAGE 1wDLTSI SUTY EYELE il
ACCESS TIME V5. ACCESS TIME VS
LOAD CAPACITANCE TEMPEHATURE
1400 — T : 1400 T ;
A S | ﬂ‘ R I b
1200 [P —_— L. SRS — - -
109 - ; _ ook -
..EJ rooa < 1am B
H £
Z wa—. s owg—- - - - .
a &
8 mof-—- e -
g Fi YTTLRUAD - 20 pt
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SILICON GATE MOS 8702A

PROGRAMMING OPERATION

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

SYMBOL TEST MIN. TYP. MAX. [ UNIT CONDITIONS
i_.p | Addressand Data Input 10 mA, Vi = —48Y
l.oad Current )
Folap Program and Vg q _ 10 mA Vi = —48V
Load Current .
tag Vag Supply Load Current | 05 | mA
loos 1 Peak Iy Supply " 200 A | Voo Vygy® —48Y
Load Current _ Vg = —35V
Vine Input High Voltage I 0.3 v
V.. PulsedDatalmput . a6 T " T a8 v
Low Voltage :
"~ Ve  Address input Low —40 i _48 v
Voltage
V. @ Pu_lgea_i_nput Low Voo —48 —48 v
and Program Voltage
V, . . Pulsed Input Low -35 —40 v
h I VGG Voltage

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

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

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

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



SILICON GATE MOS 8702A

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

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

POWER SUPPLY

—46 10 -48

Q

PULSED Vg
POWER SUFPLY

—35 1g —40

41\!’\'1'"

o}

FROGRAMMING
FULSE

—6 1o —4B

~ o o=ty -

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

0

DATA INPUT 7
{DEVICE 7
QUTPUT #
LINES}

PROGRAMMING OPERATION OF THE 8702A

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

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



SILICON GATE MOS 8702A

PROGRAMMING INSTRUCTIONS
FOR THE 8702A

I. QOperation of the 87024 in
Program Mode

Initially, all 2048 bits of the ROM are in
the 0" state {output low). information
is introduced by selectively program-
ming *'1"'s {ocutput high} in the proper
bit locations,

Word address selection is done by the
same decoding circuitry used in the
READ mode {see table on page 6 for
logic levels). All 8 address bits must be
in the binary complement state when
pulsed Voo and V. move 1o their nega-
tive levels, The addresses must be held
in their binary complement state for a
minimum of 25 xsec after V.- and V..
have moved to their negative levels.
The addresses must then make the
transition to their true state a minimum
of 10 nsec before the program pulse

15 applied. The addresses should be
programmed in the sequence 0 through
255 for a minimum of 32 times. The
eight output terminals are used as data
inputs to determine the information
pattern in the eight bits of each word,
A low data input level { — 48Y) wall pro-
gram 2 "1" and a high data input level
{ground) will leave a "0" {see table on
page 6). All eight bits of one word are
programmed simultaneousty by setting
the desired bit information patterns on
the data input terminals,

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

. Programming of the 8702A Using
Intal *Microcomputers

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

A intellec®

The Intellec saries of program de-
velopment systems, the intellec
8/Mod 8 and intellec 8/Mod B0, are
used as program development tools
for the 8008 and 8080 microproces-
sors respactively. As such, they are
equipped with a PROM programmer
card and may be used to program
Intel's electrically programmable
and ultraviolet erasable ROMs.

An ASR-33 teletype terminal is used
as the input device, Through use of
the Intellec software system monitor,
arograms to be loaded inta PROM
may be typed in directly or loaded
through the paper tape reader. The
system monitor aillows the program
0 be reviewed or alterad at wili
prior to actually programming the
PROM. For more complete informa-
‘ion on these program development
systems, refer to the Intel Micro-
camputer Catalog or the intellec
Specifications.

B. Users of the SIM8 microcomputer

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

5-43

. 8702A Erasing Procedurs

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

in 10 to 20 minutes are the Model
UVS-54 and Model 5-52 short-wave
ultraviolet lamps manufactured by
Ultra-Violet Products, Inc. (5114 Walnut
Grove Avenue, San Gabrisel, California).
The lamps should be used without
short-wave filters, and the 8702A to

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



Intel Silicon Gate MOS 8708./8704

8192/4096 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

» 8708 1024x8 Organization
e 8704 512x8 Organization

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

® Low Power Buring Programming Compatible During Both Read

» Access Time —450 ns and Program Modes

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

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

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

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

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

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

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

5-4
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SILICON GATE MOS 8708/8704

Absolute Maximum Ratings *

Ternperature Under Bias
Storage Temperature

-25°C 10 +85°C
-65°C to +125°C

All Input or Qutput Voltages with Respect 10 Vgg

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

READ OPERATION
D.C. and Operating Characteristics

*COMMENT

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

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

Symbal .

Parameter Min. Typ.[1] Max. | Unit Conditions
Il . Address and Chip Select Input Load Current 10 UA Viy = 5.25Y
o Output Leakage Current 10 HA VouyT = 5.25V, CS/WE = 5V
Iop i Voo S_Jpniv Current a0 85 mA Worst Case Supply Currants:
lec Vee Supply Current 3] 10 mA All Inputs High
lgg Vgg Supply Current .30 45 mA | CS/WE =5V; T, =0°C
VL Input Law Volt-ai;é_ Vgg 0.65 i
ViH Input High Valtage 3.0 N Y
VoL Cutput Low Voltage 0.45 v laL = 1.6mA
Vour  Output High Voltage i 37 V | lgy = -10CkA
Vo2  Output High Voltage ) 2.4 V | lop=-1mA
Pg i Power Dissipation 800 miw Ty = 70°C

MOTEE: 1. Typical valuss are far Ta = 25°C and mominal supply voltages.
2. The program imput 1Pin 18} may be tiad to Vg5 or Wep during the read mods.



SILICON GATE MOS 8708/8704

A.C. Characteristics
Ty = 0°¢ to 70°C, Vep = +BY 258%, Vpp = —12V £5%, Vpg = -5V 15%, Vgg = 0V, Unless Otherwise Noted.

Symbol Parameter Min, Typ. Max. Unit
tacc Address to Cutput Delay 280 450 ns
tEB Chip Select to Output Delay - 120 ns
toF | Chip De-Select to Output Float 0 120 ns
toH I address to Output Hold ] ns
Capacitancel!) T, =25°¢, f = 1MH:
Symbal " Parameter Typ. | Max. Unit| Conditians
Cin Input Capacitance - 4 6 pF | V=0V
Cour  Output Capacitance : 8 12 pF | VouT=0Vv
Note 1. This paramater is perisdicatly sampled ang nat 160% tested.
A.C. Test Conditions: .
Qutput Load: 1 TTL gate and C_ = 100pF
lnput Rise and Fall Times: <20ns
Timing Measurement Reference Levels: 0.8Y and 2.8V for inputs; 0.8V and 2.4V for outputs
Input Pulse Levels: 0.65Y to 3.0V
Waveforms
AnDRAEES X X
- Ton -
C.8.WE \ /
- tef - i )
. v lpp-
- ACC -

DaATA - T ara
put | - DATAOUTWVALIO




SILICON GATE MOS 8708/8704

PROGRAMMING OPERATION
Description

Initiatly, and after each erasure, all bits of the 8708/8704 are in the ' 1" state {Output High). Information is introduced by setect-
ively pregramming 0" into the desired bt lacations.

The circuit is set up for programming operation by raising the CS/WE input (Pin 200 to¢ +12V. The word address is selected in the
same manner as in the read mode. Data 1o be programmed are presented, 8-bits in parallel, to the data output lines {{4-Og).
Logic levels for address and data lines and the supply voltages are the same as for the read mode. After address and data set up
one program pulse {Vp] per address is applied to the program input {Pin 18). One pass through all addresses to be programmed is

defined as a program loop. The number of toops {N) required is a function of the program pulse width (tmy) according to
N % tpw = 100 ms.

For program verification, program loops and read loaps may be alternated as shown in waveform B.

Program Characteristics
Ta = 25°C, Vg = +5V 5%, VYpp = +12V 25%, Vgg = -BV +5%, Vgg = 0V, CS/WE = +12V, Unless Otherwise Noted.

Symbol Parameter : Min, Typ. Max. Units
tas Address Setup Time 10 s
togs C5/WE Setup Time 10 is
tng Data Setup Time 10| HS
taM Address Hald Time 1 s
teH CS/WE Hold Time 5 1S
toH Data Hold Time 1 Hs
toe Chip Deselect to Gutput Float Delay 0 120 ns
toeA Program To Read Delay 10 s
tew Pragram Pulse Width A 1.0 ms
tpg Program Putse Rise Time 5 i 2.0 Hs
teE Program Pulse Fall Time 5 2.0 Lt
Ip Prograrnming Current 1m0 20 mA
Ve Program Pulse Amplitude 25 r 27 v

NOTE: {ntels standard product warranty applies only 10 devices pragrammed to specifications deseribed herein.

Erasing Procedure

The B708/8704 may be erased by exposure to high intensity short-wave ultraviolet light at a wavelength of 2537A. The recom-
mended integrated dose. (i.e., UV intensity x exposure timel is 10W-sec/em2. Examples of ultraviolet sources which can erase the
8708/8704 in 20 to 30 minutes are the Madel UV5-54 and Model S-52 short-wave ultraviolet lamps manufactured by Ultra-Violet

Products, Inc. (5114 Walnut Grove Avenue, San Gabriel, Californial. The iamps shoutd be used withaut short-wave filters, and the
8708/8704 ta be erased should be placed about one inch away from the {amp tubes.



SILICON GATE MOS 8708/8704

Waveforms

(Loagic levels and timing reference levels same as in the Read Mode unless noted otherwise.}
A} Program Mode

CS/WE = +12V

——— CME PROGRAM LOOF

ADDRESS LDDRESS 0 : ADDHESS 1 .+ a2 ADDRESS 1023

—lagw e Ty e }..tm....

By
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PULSE

w

oy - - lpp—

0ATZ
0,0y

-~

<
P
<,

B} Read/Program/Read Transitions

READ e e i ... PROGRAM . READ
woe T LooP LOOF
i
i
|
| '
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!
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EEMmE BY — et — — \
o E R
-—yy - i
! TeW '
-— g —— - —i Yace
Y I i
]
PROGA &AM =—lopn—m
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a
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SILICON GATE MOS 8708/8704

Typical Characteristics iNominal supply voltages uniess otherwise noted):

QUTPUT SINK CURRENT RANGE OF SUPPLY CURRENTS
V5. OUTPUT VOLTAGE VS. TEMPERATURE

! ALL POSSIBLE DPERATING
Vo * 475V / CONDITIONS:
Vee * 525V
a |

| Vog * 128V I
n-oe. | < 80 v : : Vgp * B.IBYV 1
PRI . £ ’ ’ : |
L T, = 0°C T ; £ o : padl !
S ] '
E o
= -4 -
= =1
= =
) P [ b
g
S
2 ——
-_
©SREC
% E] - & W 1.0
Vg, (VOLTSI
MAXIMUM JUNCTION TEMPERATURE
VS AMBIENT TEMPERATURE ACCESS TIME V5. TEMPERATURE
+50 500
| b0 cm 1TTL LOAD + 1000F
P vpe -5V i
[ Vgt 178V AOpm e
TN ¥ T | '
100 & — i i
i -
r | £
= i g
Ld
56
| :
) | L] |
o
] 3 “0 & 20 q 20 [ 5¢ e
TE T,
ACCESS TIME
V8. LOAD CAPACITANCE
a0
T, - 25C
ELT ——
H
G 0|
| |
00| :
i
: i
[
] 100 20 300 400 500

&, tnf)

S50



Intel Silicon Gate MOS 8302

2048 BIT MASK PROGRAMMABLE
READ ONLY MEMORY

Access Time —1 .sec Max. » Static MOS — No Clocks Required
Fully Decoded, 256 x 8 Organization = Simple Memory Expansion — Chip

Inputs and Outputs TTL Compatibie Select Input Lead

. = 24-Pin Dual-In-Line Hermetically
Three-State Output — OR-Tie Sealed Ceramic Package
Capability

The Intel®8302 is a fully decoded 256 word by 8 bit metal mask ROM. It is ideal for large volume produc-
tion runs of microcomputer systems initially using the 8702 A erasable and electrically programmable ROM.
The B302 has the same pinning as the 8702A.

The 8302 is entirely static — no clocks are required. Inputs and outputs of the 8302 are TTL compatible,
The output is three-state for OR-tie capability. A separate chip select input allows easy memory expansion.
The 8302 is packaged in a 24 pin dual-in-line hermetically sealed ceramic package.

The 8302 is fabricated with p-channet silicon gate technology. This low threshold allows the design and
production of higher performance MOS circuits and provides a higher functional density on a monaolithic
chip than conventional MOS technologies.

PIN CONFIGURATION BLOCK DIAGRAM
Ml W oo DATA QUT 1 DATAIDLITB
S E 2 Ve !
OUTPUT
a5 22 v B8 = BUFFERS
Data 0uT 174 58 21 L t
_ I
DaTA OUT 2] |5 wf 4 2048 BIT
] ROM MATRIX
pata out 3 Fs &) IE 1255 X 8}
B302
DaTa OUT 4[| 7 w4 1
pataout s |s 1l s, DECODER
DATA QUT 6] o ] Vg r
DATA OUT 71|10 ] Imc
L) ] IMPUT
OATA OUT 8} 1t s Y [ LRIVERS
veo[ |12 = IRLES t T _____ T
E — Ap Ay LY
PIN NAMES
. ADDRESS INPYTS
[ CHIP SELECT INPUT
D01 DOy DATA OLTPYTS
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SILICON GATE MOS 8302

Absolute Maximum Ratings *

0°C 1o +70°C
~BEC 10 +125°C

Ambient Terperature Under Bias
Storage Temperature

Soldering Temperature of Leads (10sec) . . .. .. .. +300°C
Power DHssipation . L 2 Watts
Innut Vaoltages and Sapply

Voltages veth respectta Ve L. oL L L +0.5V to —20V

*COMMENT

Stresses above those listed under *"Absolute Maximum Rat-
imgs" may cavse permanent damage to the device. Thisis a
stress rating anly and functional operation of the device at
these or at any other condition above thaose indicated in
the operational sections of this specification is not impiied.
Exposure to Absolute Maximum Rating conditions for ex-
tended pericds may affect device reiiability.

READ OPERATION

D.C. and Operating Characteristics
T, = 0°C 10 TO°C, Vo = +BV15%, Vo = —9V45%, V

1y _

9V+5%, unless otherwise noted.

GG~
SYMBOL | TEST MIN.  TYPIZE max. | uNiT CONDITIONS
Y Address and Chip Select 1 pA Wy, = 0.0V
; Input Load Current
g Output Leakage Current 1 pA Vg, T 0.0V, CS = Vo -2
lapg  Power Supply Current 5 W . mA L Vg EVee. E:VCC_E
- g = 0.0mA. T, = 25°C
T Power Supply Current 35 50 ma C_S-'VCC -Z2 h
lo, =0.0maA T, - 25°C
looa  Power Supply Current 32 46 1 ma  CS=0.0
lg ~G.0mA T, =25°C
| Power & w.I‘-I“EF rent | 38.5 50 A Ca=v 2 Contmuous
07 awer supply Lurrent . [l lia} - U5V, - : Operation
L s “00mA T, = 0°C
__IC__F_1_ Output Clamp Current a 14 mA 1 Vo r - 10V, T, = 0°C
- = o
ICFZ’ Output Clamp Current 13 mA VOUT = —1.0V, TA = IR°C
le o Gate Suppdy Current 1 L3
Vigs " Ilnput Low Voltage for | -1.0 0.65 v
TTL Interface
: ViLz Input Low Voltage for Voo Mee -6 |V
MOS Interface
' . Adgdressang Chip Select | V.. -2 Ve #03 | v
tnput High Vaoltage !
[ Out?ut Sink Current 16 4 L : rr\.A Vot = 045V
3 On ) Ourrzut Source Curren_t__ —20 oomA L Vg T O_QU
Ve, Durput Low Voltage -7 45 |V loy = 1.6mA
Voa o Outbut Migh Voltage 3.5 45 | bow = — 100 pA -
Yote 1. W may i calked 10 reduce power desipatiue, e This minde average 1[G rarRAses 10 Proporl G 0 Wen duty cycie
oM 2. Taral v uRE AT 31 Nohingl vonanes and Ta o 2690
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SILICON GATE MOS 8302

A.C. Characteristics

T, =0°Cto+70°C, Vog =BV 5% V., = -9V +5%, Vae = —9V 25% unless otherwise noted

SYMBOL | TEST MINIMUM TYPICAL MA X MUM UNIT
Freq. Rapetition Rate 1 MHz
ToH . Previous read data valid 100 ng
tace Address 1o output delay 5 700 1 us
tovaa Clocked Vg setup 1 - s
trs Chip salect delay 200 ns
too Output delay from C5 500 ns
top . Qutput deselect 300 [ons
tane i Data out hold in clocked Vg, made [Note 1) 5 [ us

Note 1, The output will ramain valid for 1o g as 10ng se clocked Yog in st Vo, An addrasy chenge may ocour a8 $00R B tha autput iy sansed
lclocksd Vg may stHl be ot Wl Oote becomes [nvalid far the old sddrasy whan clecked Vg | raturned o VoG,

Capacitance’ 1, - 25°c

SYMBOL TEST MINIMUM * TYPICAL MAXIMUM ! UNIT CONDITIONS
Cin Input Capacitance 10 pF Mn= Voe Al
[ Output Capacitance | 10 nF T5= Ve unused ping
ouT |
¢ v Camacita : o 3 Vout = Vee | arest AC
Vaa s Capacitance | & Vag = Vee ground
: [Clocked Vg Model |

*This pararmetar is pariodicaity sampled and 15 not 100% tested.

Switching Characteristics

Conditions of Test:
IAput pulse ampiitudes: O to 4V 15, 1. 250 ns
Qutput lead is 1 TTL gate; measurements made
at output of TTL gate {t,, <15 ns}

Al Constant V.. Operation

CrTLE T ME 1FFRF T e
1
¥,
™ =
ADCHRESS
%
vll N
-ty [ !
i | Ll - T g
'
2 . .
1
v.-L 1
Yow t
CAta 13 OATE OUT . .
auT : INVALID . ,
1
", T
o o lagc CaTa ouT

Ny SLID

DESELECTION OF DATA QUTPUT IN OR TIE DPETATION

B)  Clocked V__ Oparation

e GYLLE TIME | FREQ
' [}

Vin
ko
ADDRESS i 4
o,
u b

b e ——=d g
Vow |

OATa CATA OUT | OATA GUT

T INYALID INVALID

Yo T T

| GESELECTION OF DATA GUTPUT 'y OR TIE QRERATICN

ADOAESS '

LN i

: NOTE 7 - e 2 O

i i e

43 | ; :
A,
My !
o0

Y
wata our |
:“‘“acc

You

NOTE 1: The ouIput wilh rammn valid dar 10 a6 (Dng s Elecha Yy
W AT Yp. AD sOOreEE CHEngs may Océut B EGOR ol 1RE GUIBUI 13 1enIe0
Ictackad Vg may BN bE at Vepk DHE BRComes s glio 100 the oid
addits when CIothEg Vo o returned o Yoo

NOTE 2 14 G5 roak ek & fratibidn MEM Wil 10 V| whiincloched oo
WAt Vg, 1han desmlacran af QuiAUE QEEUrs At hog e ERGwn LG
GoAINan wirh conitant Vg,




SILICON GATE MOS 8302

Typical Characteristics

ACCESS TIME V5. OUTPUT SINK CURRENT
Ipp CURRENT V5 TEMPERATURE LOAD CAPACITANCE V5. QUTPUT VOLTAGE
el [T - i
o Vop - 8 a bl .
Von* -0 -
ol \\ von' -w B T - ——t——— z 1104 Vet 08V
- *® N I::U'S ¥ I o v Vop T =Y
Yoo w z -
P A% CUTRUTS ARE OMEN 3w t Ewot— :“G i ?::c—
- 1 1 1 A
E n - l 4 o 1TTLLOAD - & i /
£ = Ti-vg g 200 LYoo TR H R
o on b Cvpn - W S
e ' \\I—! ' - o0 vgg -9 T B E 0 / o
" P [ 100 ty =I6°C +_. S
. T i | ] I 10
. l N T X AN R 28
3 1 ] ! | LOAD CAFACITANCE IpF|
° L] Fid 0 L L+ 100 130 — -1 -2 -J‘ L3 -1 2 *} L)
AMBMENT TEMPERATURE (%C) QUTIPUT YOLTAGE (WOLTRE
ACCESS TIME V5. OUTPUT CURRENT V5. OUTPUT CURRENT V5,
TEMPERATURE Vpp SUPPLY VOLTAGE TEMPERATLIRE
” i ' T 7T ]
o z Ve - tEW z I
& 4 vmg v oW i i . Vep = vV |
00 == =m H Yo, - ._asv/’ i g I : \1'::- SV
= 0
E s + 2oap s "5; M |  Wage W
¥ sm ! % H ' i : Vg =+ 48w ——]
S i Y g \\ H
2 } 1T LOAGw 20 pt ] E ?,’;‘,‘.’.‘?:. L g Seoov |
EJW [ | wgp s _ I L1 2 | ] 4 !
! ¥pg BV 2 . | L2 D
- R BT T o e R ! . : —
100 | — | Tl w4 afa|lw |1 i LU I T
| | l . | ' - Vpg SUPPLY WOLTAGE (v - AME ENT TEMPERATURE (0 ¢
N . H T Ll Voe 5 v |
NI E R e ¥ ) | | s
AMBENT TEMMERATURE (9C) z I VCC " 3 Voot 5V | H i
o Bg " - + o Voo" ¥ | | '
=1 Vs " 00V | " . 1
§ 35 T:H DAL E J—F:M._::\r! |
- N i o ® AV . !
e o [ —
£ ’ E | T
E i ‘ z 1 T J ‘ :
3 —4 i. | .

AVERAGE CURRENT VS. DUTY
CYCLE FOR CLOCKED Vgg

L TTTT]
W . i N
| CLACKED \"GG -

3 Vpp - -9V i .
- i - ' | | et
i = 4 2 UI: T ]
= T =0
g , A ; ’//
L i
§ !

0 + }
H [ | et
5 N — el .
3 M B H H

* /4‘/ I
oo § _ . ‘i

[} L .

] 1 2 aa 0 ] B I 0 w 108

DUTY CYCLE '}
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Silicon Gate MOS 8308

8192 BIT STATIC MOS READ ONLY MEMORY
Organization-- 1024 Words x 8 Bits

u Fast Access — 450 ns

u Directly Compatible with 8080 CPU

at Maximum Processor Speed

® Two Chip Select Inputs for Easy

Memory Expansion

8 Three State Output — OR-Tie
Capability

8 Fully Decoded

® Standard Power Supplies

+12V DC, t5v DC

B Directiy TTL Compatible — All Inputs

and Outputs

The Intel® 8308 is an 8,192 bit static MOS mask programmable Read Onty Memory organized as 1024 wards by B-bits. This
ROM is designed for 80BO microcomputer system applications where high performance, large bit storage, and simple inter-

facing are important design objectives. The inputs and autputs are fully TTL compatible.

A pin for pin compatible electrically programmed erasanle ROM, the intel® 8708, is available for system development and

small quantity proguction use,

Two Chip Selects are provided — €5, which is negative true, and CS45/C87 which may be programmed either negative or

positive true at the mask level.

The 8308 read only memory is fabricated with N-channel silicon gate technalogy. This technology provides the designer with

high performance, easy-to-use MQOS circuits.

PIN CONFIGURATION

& [} e 2l ver
a ]2 231 as
as[]a2 22 4
a4 2] vap
Mel [,
a (e 8308 15[ wo
a7 wl ] cs, T,
a e 17{Jos
M ] 1w [Jo:
o [ 5] Jos
o [ 14 ] o
vss 12 u[Jo.

€5, /88y —=

PIN NAMES

BLOCK DIAGRAM

DATAOUT 1

DATA QUT B

QUTPUT
BUFFERS

1

2152 BIT
ROM MATRIX
110%4 X 8)

!

CECODER

T

FNPUT
BUFFERS

Ap- &g

ADCQRESS INPUTS

oo

DATA QUTPUTS

. Chy L83

CHIF SELECT INPUTS

Bg Ay Ay
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SILICON GATE MOS 8308

Absolute Maximum Ratings*

-257C to +85°C
-65°C to +160°C

Amhbient Temperature Under Bias
Storage Temperature ... .. ... ... ..
Voltage On Any Pin With Respect

To VBB
Power Dissipation

-0.3V 1o 20V
1.0 Watt

D.C. and Operating Characteristics

“COMMENT

Stresses above those listed under “Absolute Maximum Ratings’' may
cause permanent damage 1o the devica. This is 8 stress rating oniy
and funcrional oparation of the device at these or any othar condi-
rions above thota indicated in tha oparational sections of this sdeci-
fication is not implied. Exposure to absolute maximum rating condi-
tions for axtendad periods may affect davice rediability.

Ta =0°C to +70°C, Vo = BV #5%; Vgp = 12V 5%, Vag = -5V 6%, Vie = OV Unless Otherwise Specified.

Limits _
Symbol Parameter ™ Unit Teast Conditions
Min. | Typ.l1l I Max.
Il Imput Load Current | 10 HA Vin = 0 to 5.25Y
{All Input Pins Except CSy!}
lLel Input Load Current on CS, 1.6 mA Vi = 0.45Y
ILre Input Peak Load Current on CS, 4 mA Vin = 0.8V 10 3.3
ILke Input Leakage Current on C5, 10 A Vi = 3.3V t0 5.25V
Lo QOutput Leakage Current 10 A Chip Deselected
YL Imput “Low™ Voltage Weg-1 0.8v W
Vim Input “High’* Yoltage 3.3 P Vel v
VoL Qutput "Low" Voltage : 0.45 \ loL = 2mA
Vau1 Qutput "High Voltage 2.4 Vol gy = -4mA
Vouaz Gutput “High” Voltage 37 Vo lopg=-1mA
leg Power Supply Current Vee p 8 2 mA
log Power Supply Current ¥pg Y 60 mA
lgg Power Supply Current Vgg 10uA 1 mA
Py Power Dissipation 775 miy
NOTE 1: Typical values lor Ta = 257 C ang nomanal supply valtage
0.C. OUTPUT CHARACTERISTICS 0.C. OUTPUT CHARACTERISTICS
9 -
1 -0 e | ‘o ] "
gl . s !
[ ! ? =
1 ! v " a LN EPRLE NI A
vy A
¢ It i k] P
\
< Tvvn::nl./,i{ < W TYPICAL
[ T S . __/_'_.i ———ma e =
s 4 H / 5
3 ’/ l— - — - -
2 rJ /‘I*/ . . . 3
v N '
11— :/l SPEC 2 ;
] T b i
L 1 2 3 A & & ? a 9 10 V24 28 38 30 32 )4 36 3B 40 47
¥, WDLTS Vay WOLTS



SILICON GATE MOS 8308

A.C. Characteristics

Ta=0°C to +70°C, Vg = #5V 25%: Wpp = +12V £6%, Vag = -5V 5%, Vgg = OV, Unless Otherwise Specified.

Limitsl2]
Symboi Parameter Unit
Min. Typ. Max.
tace Address to Output Delay Time 200 450 ns
tcoy Chip Select 1 to Output Delay Time 85 160 ! ns
tcos Chip Select 2 1o Qutput Delay Time 125 220 ns
tor Chip Deselect to Output Data Float Time 125 | 220 s

NOTE 2: Refer 10 conditions of Test for A.C. Characteristics. Add 50 nanoseconds {worst casel ta specifisd values at

VOH =17V 8 Ign = -tmA, = 100aF,

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

Qutput Load. ... .. ..
Input Pulse Levels . . . ... .. .. ... ....
Input Pulse Rise and Fall Times ... .....,..
Timing Measurement Reference Level

2.4V Vi, Vow, 0.8V V), VoL

1 TTL Gate, and Cioap = 100pF
65V 10 3.3V
20 nsec

CAPACITANCE TA= 25°C, f=1 MHZ, VBB =-bBV, VDD-
Ve and all other pins tied to Vgs.

Limits
Symbaol Tast
Typ. Max.
Cin i input Capacitance 6pF
Cour Qutput Capacitance 12pF

e ———y

face

ADONERS

Aoy

A

W TR W MR R wm = W

DATA Q,-0,

557

OATA
valLiD




SILICON GATE MOS 8308

Typical CharaCteriStics {Nominal supply voltages unless otherwise noted.)

Vi Tmal

ipp V5. TEMPERATURE

{NGRMALIZED!
14 T - T
11 . ——— |
e - e e
L - -
16 R
- J SO———. e e aem ————
B —— T R
7 b N N O
6t - - . A
s
Py ; .
D10 @ I 40 50 B0 M B0 40
AMBIENT TEMPERATURE T, ']
CSy INPUT
CHARACTERISTICS
H) .
|
2E—— = i —r ——-—-—----i—-——
!
20— ;
i
a 5 ] 15 20 25 A0

Yy VOLTE

558

A QUTPLIT DELAY (nSEC)

A QUTPUT CAPACITANCE

V5. 4 OUTPUT DELAY

“w N
«20 - :
|
40 - i .
o -BO o 5 0
3 CAPACITANCE |pF)
Tace V5. TEMPERATURE
(NORMALIZED)
14 —]
13 —
1.2
1.1 + . + - e
19 : !
\ ! e B :
/ H
A + t f
fpere] i
k] .
3
[
o 1 .
0 10 0 30 40 50 B0 0 ¥ W

AMBIENT TEMPERATURE T, "C)
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MCS™
CUSTOM ROM
ORDER FORM

8308
ROM

CUSTOMER
P.0. NUMBER
DATE

Far Intel use oniy
Sx PPPP
$TD 22

DD

APP DATE

All custom 2308 ROM arders must be submitted on this form, Programmin

g information should be sent in the form of computer

punched card: or punched paper tape per the formats designated on this order form. Additional forms are available from ntel,

MARKING

E—-—INTEL PATTERN NUMBER

The marking as shown at the right must contan the Inr.elx'iogo. the "
product type (PB30B), the 4-digit Intel pattarn number {PPPP}, a date

code (XXXX}, and the 2-digit chrp number (DO, An optoral customear

wentification number may be substituted for the chip number {221

Optional Customer Number {maximum 9 characters or spaces;,

CUSTOMER NUMBER

T

8308 PPpp
KXAX ZZ
S—

DATE CODE

— CHIF NUMBER QR
CUSTOMER NUMBER

MASK OPTION SPECIFICATIONS

A, CHIP NUMBER {CHIP SELECT
JETION)

Must be specified 0 or 1.

The chip number will be coded in
terms of positive logic where a logic
“1" is high level input.

Chip Select Truth Table

Chip _
Number 81 C82 Selected
0 D 0 Yes
1 §] 1 Yes
0 1 a Mo
1 1 1 No
Chip Number

B. RCM Truth Table Format

Programming infarmation should be
sent in the form of computer punched
cards or punched paper tape. |n either
tase, a printout of the truth table
should be accomparied with the order.
The fotlewing general farmat 1s applic-
sble to the programming information
ient to intei:

® Data fields should be ordered begin:
aing with the least significant address
{0000} and ending with the maost sig-
nificant addrass {1023).

® A data field should start with the
maost significant brt and end with the
least significant b,

® The data field should consist of P's
and N's. A P is to indicate a high leval
output (most pasitwvel and an N a low
level output {most negativel, {n terms
ot positive logic, a P is defined as a
logic 1" and an N is defined as a logic
0", i1 the programming information
is sent on a punched paper tape, then
a start character, 8, and an end charac-
ter, £, must be used 1n the data field,
See paragraph 2.

t. Punched Card Format

An 80-colurmn Hollerith card {prefer-
ably interpreted) punched by an {BM
026 or 029 keypunch should be sub-
rmitted. The first card will be a title
card; the format is as follows:

5-88



MCS™ CUSTOM ROM ORDER FORM 8308

a. Title Card

NO OF DUTRTS

TITLE CARD . dorg ol b
DESIGHATION . e INTEL Pl JECIMAL NuUMBER Glumn ata
cusTowER:s 28 EnER . INDIC&TING THE 1 Puncha T
._owlmmr SENE LLIATION CUSTD’::S r‘-l\,jE ~RUTH TABLE NUMBER 2.5 Blank
d I\ - e — S (LY = N 6-30 Customer Campany Name
/ [ 1] in P il [ ] 334 Blank
11 1 35-54 Customer's Company Qivision or logatior
55-57 Blank
e 58—66 Customer Part Nurmbar
EER NN : nomnn 67 Blank
o, (B N K | IEYT EAFS 68-75 Punch the Intel 4-digit basic part nurnber
I e andin | } the number of guiput bits
ISRERTRET 11 | RN | T T ETEEY TR R - 2 " e.g., 8308i8).
bdbbibwidnnnanndbbsbnzhoacaaibbabbsbbobonirwaarbanBrubibnbbabbarnanbpbbbbbiburll ?g_a?o Elan':. 2dg: decimal number 1o 5
PP e e Celviitiate. asan v - unch a £-qigi u r rQen-
o ! I : tify thé ftruth table number |mask
'.I!ill'!llllllll'll!lil’ri|llIll'll?lIIPIill.'llll"l‘.l[il,"."' EL l!!'i'.' rogrammedchlpseiec‘ numb‘r:
\-1.‘1...ﬂ<|l<:l.:.a...-..<n..-.‘\ LR L L PR TR P PR FRPLYRRR ) P .
b. For a 1024 word X 8-hit organiza-
cards 2 and th I " Column Oats
won only, cards and the following 1-5 Punch the 5-digit decimal eguivaient of
cards should be puncned as shown. the kinary coded location which be.
gz each card. The address is right
justified, ie., 0G323, J0000, 2UU1E
aaLE
oLTRLr 33 i glc.
DECIMAL WOAD e d GutRa - BECIWAL NUMBER 6 Blank
ADORESS BEGINNING INGICATING THE Fial
EACH CaRD ! 3387 FE.RS TAUTA FABLE NUMBER 7;;“ g;’"ak ieid
! ) an
- lu....-....- (ST S e T v T T T‘ 2! 16-23 Data Feld
AL " T CIEEEE o~ B
LT TR TR 34-41 Data Feld
ST - n 42 Blank
o : 43-50 Data Figid
o 51 Blank
| | 52-58  Data Field
DL T . IR TR Do &0 Blank
TSN L I R TR I TV RN 1111 non 5‘6—;33 glaﬂ:m'd
R P I T C . . an
- noan o a 6om T ?0?‘8” ':8’5‘3:'9'5‘
N 1arn
LR N I I I I I T T
e s " I ..:t.l_ 73-80 Punch same 2-digit decimal number as v
. i -’ title card.

2. Paper Tape Farmat

1" wide paper tape using 7- ar 8.bit
ASCII code, such a5 a model 33 ASR
teletype produces, or ne 11/16" wige
paper tape using a 5-o:t Baudot code,
such as a Telex produces.

The format requiremeznts are as fal
lows:

a. Allworg fields are o be punched in
consecutive order, stariing with word
field O {all addresses 1aw). There must
be exactly 1024 word fields for the
1024 X 8 ROM organization,

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

Srarl Characrar me

¥

Loacer Runour Kev lor TWE arg Lareer
Kay Jor Teles Lar least 75 drprngy -

Srp Chanaeies

EPPPNHNNNNFBNNNNNNFPF
J i ]

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

¢. Preceding the first word field and
following the last word field, there
must be a leader/traiter tength of at
feast 25 characters This should congise
of rubout or nulf punches fletter key
for Telex tapes).

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

Dacy Fuld SR

¥

¥
BNPNPPPNNF
L d

just before each word field (or at least
between every four ward fields). When
these carriage returns, etc., are inseriec.
the tape may be easily listed gn the
teletype for purposes of error check-
ing, The custamer may aiso find 1t
helpful to nsert the word number (a
a comment] at least every four word
figlds.

e. Inghuded in the tape before 1@
leader should be the customer's com
plete Telex or TWX number and,
marg than one pattern is being trans
rmitted, the ROM pattern number.

f. MSB and LSB are the mast and leas!
significant bit of the device outputs
Refer to the data sheet faor the p»
numbers, '

11

Traoawr Fumt ey lo: T amn LErE
Hwy lor Telza |a1 wwatl 25 hamel

“ord Field 0

Ward Fueid 1

Word Feld 1073
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iNtel  siicon Gate MOS ROM 8316

16,384 BIT STATIC MOS READ ONLY MEMORY
Organization—2048 Words x 8 Bits
Access Time-850 ns max

* Single +5 Voits Power Supply Voltage = Three-State Qutput — OR-Tie
» Directly TTL Compatible — All Inputs Capability

and Outputs v Fully Decoded — On Chip Address
* Low Power Dissipation of 31.4 .W/Bit Decode

Maximum * inputs Protected — All Inputs Have
= Three Procgrammable Chip Select Protection Against Static Charge

Inputs for Easy Memory Expansion

".') :
The Intel 8316A 15 a 16.384-bit static MOS read only memory arganized as 2048 words by 8 bits. This ROM is
designed for microcomputer memory applications where high performance, large bit storage, and simple inter-
facing are important design objectives.

The inputs and outputs are fully TTL compatible. This device operates with a single +6V power supply. The
three enip select inputs are programmable. Any compination of active high or low {evel chip select inputs can be
defined and the desired chip select code is fixed during the masking process. Thase three programmable chip
select inputs, as well as OR-tie compatibility on the outputs, facilitate easy memaory expansion.

The 8316A read only memory is fabricated with N-channel silicon gate technolagy. This technology provides the
designer with high performance, easy-to-use MOS circuits. Onty a single +BY power supply is needed and all
devices are directly TTL compatible.

PIH CONFIGURATIGN BLOCK DIAGRAM
LT, b, 0,0, 0, 0,
2. ~ [, | O : -—_—0,
&,z Ex wl-3 i G Gn
» o, . :
xle i P o: 1 £, TRUT BUFFEAS DF'E’“E
Y. F o, ! taos
a, s whe, : L NN EEERN 1 4
= s 83164, ] mER 1 = < LETODER YOF 18 8
a 7 1wEgo N 4 CHIP
= =5 D g T e
s, []e Hlaly N = . BHODG
-, s 1[0, En
s, o 5B, «—:iH. K N,
a O s, A, B W e
ano 2 sfes, = = ' e 1 -
E = TLL*&TA N CHIP
Y — 3 - ! SELECT s
o I INFUT e
- o 4JFFEAS
—_ — —— %
PIN NAMES

Ay Ay | ADDAESS INPUTS
0, Op DaTa QUTRUTS
LS, CSy | PROGRAMMARBLE CHIP SELECT INPLTS
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SILICON GATE MOS ROM B8316A
ABSOLUTE MAXIMUM RATINGS*®
Ambient Temperature Under Bias . ... ... ... 0°C to 70°C *COMMEMNT: Stresses above those nhisted under acsclute Maximum

Storage Temperature .. . L.

Valtage On Any Pin With Respect
ToGround . .. . ...

Power Dissipation

. -65°C to +180°C

0.5V to +7Y
7.0 Wart

RAatings” may cause permarent damage to (Mg dev.ce. This 45 a stress
rating only and lunctiomal operszlion of the dev ce at these or any
other ¢anditiony above those indicated 10 the operational sections of
this specification s not impted. Exposure 10 aBso.w e Maxirum rating
conginions tor axtended periods may affect gevice 7e. ab:lity.

D.C. AND QPERATING CHARACTERISTICS

Ta=0"C1o+70°C, Vep =5V ©5% unless atherwise spec: f ed

LIMITS l
; j i1 1 UMNIT TEST CONDITIONS
SYMBOL | PARAMETER FVRVSETTIS
I Input Load Current 10 WA Wy =010525V
(Al Inpur Pins)
I oH Qutput Leakage Current i 10 LA €S =22V, Vgyur =4.0V
Lol Qutput Leakage Current -20 Tz CS =22V, Vgyr = 0.45V
‘ce Povwer Supply Current 4D ag ma A1 inputs 5.25Y Data Jut Open
VL Input “Low™ Voltage -05 | i 08 v
Vol Input “High'" Voltage 2.0 Veoo+1.0M v
VoL Qutput "Low” Yoltage 0.45 39 Igy = 2.0 mA
VioH L Quriput "High” Voltage I 2.2 ] v lgq =-100 uA JI
-1 Typ cal values far Ta - 25°C and narinal supply voITage.
A.C. CHARACTERISTICS
Ta=0°Cto+?70°C. Vi = *BV 5% unlass otherwise spec:tied
' I LIMITS !
IT
SYMBOL PARAMETER MIN. Typ Tt T MAX. UN
te Address to Qutput Delay Time 400 850 nS i
co Chip Select to Qutput Enable Delay Time 300 n3 Ji
! tIoF Chip Deselect to Qutput Data Float Delay Tirme 0 l 300 n§s |
CONDITIONS OF TEST FOR CAPACITANCE®? T, = 25°C,{ = 1 MHz2
A.C. CHARACTERISTICS
| I
Output Load ... 1 TTL Gate, and G gap = 100 oF symBOL | TEST ! LIMITS
Imput Pulse Levels . ... ., .. ... .. .. 081020V | TYP MAX.
Input Pulse Rise and Fall Times _{10% 1o 90%) 20 nS —
Timing Measurement Reference Level Cin All Pins Except Pin Under : 4 pF 10 pF
Input . L 1.5V Test Tied 10 AC Ground :
Output ..o 4 . i . )
uipy 0.45V w0 2.2V i Cout All Pins Except Pin Under 8 ¢F 15 pF

i Test Tied to AC Groung

121 This parareter is periodically sampled and is not 100 tasted.
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SILICON GATE MOS ROM 8316A

WAVEFORMS

ADDRESS >< X
-y
PROGRAMMABLE ’
CHIP SELECTS
F

b — s

8 - =

16K ROM PROTOTYPING

ROM systems may be developsd and programs may be verified using Intel’s 17024 or 2708 PROMs.
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SILICON GATE MOS ROM 8316A

TYPICAL D.C. CHARACTERISTICS

ACCESS TIME VS, AMBIENT

TEMPERATURE Vin LIMITS WS, TEMPERATURE
800 5 1.8 | . —_ |
| . 1 \
: i i | i
el l o
Bog } TYPICAL . i
/wonm CASE 16 . | et
// [ ; i gy
. . N
L P § 1a ; , I
= _/ TYPICAL =z Vol
- e
w0 ' P P
i | wep eV ' ;
i . P
10 - L
i 20 a0 60 89 2 LI a9 s 81 n
Ta "€l L
OUTPUT SINK CURRENT VS. QUTPUT SOURCE CURRENT VS,
OUTPUT VOLTAGE AQUTPUT VOLTAGE
W . -5

— T T
75 : : '?5\:i..

T ! e T 0 '
' ¥PCAL N .
' ' TYPIEAL X i
. | | . - '
; : \ i i ’
. s + -10 +
LIS | i Ta-1C :
Vg Ml : | Vpp MM
: : :

igag knAL

o 1 2 3 1] | Fi k]
VoL IVOLTS) ¥gH 'YOLTSI
ACCESS TIME VS. LOAD STATIC g VS. AMBIENT TEMPERATURE
CAPACITANCE WORST CASE
10 T 100 H
=T woORsTCASE . ‘
] t '
600 |
g z :
e - r______,_.,_,...---"""""fr:-;:lcm_ Ij
! :
L Voo » 5.5 :
200 ALL ADDRESSES TIEDJ,
r TO¥ee
i T CHIF DESELECTED T
@
0 1R 200 300 400 500 0 40 [ 1]
CLOAD (el Ta €l




intal

MCS™
CUSTOM ROM
ORDER FORM

8316A
ROM

CUSTOMER__.
P.0. NUMBER
DATE_. -
For Intel use only

S - _ PPPP
5TD__. ZZ___.

- —  Dbb__
APP_. . - DATE

All custom B316A ROM orders must be submitted on this form. Programming information should be sent in the form of computer
punched cards or punched paper tape per the formats designated on this order form. Adgitional farms are available from |ntel

MARKING

The marking as shown at the right must contain the Jmelg’logo, the
product type (P8316A), the 4-digit Intel pattern number (PPPP}, a date
code [XXXX]}, and the 2-digit chip number {DD}. An optional customer
identification number may be supstituted for the chip number {ZZ},

J—‘INTEL PATTERN NUMBERA

¥ 33164 ' pPPP

XXXX  2Z
(Sl

e

Optional Customer Numper {maximum 9 cnaracters or spaces).

CUSTOMER NUMBER

DATE CODE

L
L CHIP NUMBER QR
CUSTOMER NUMBER

MASK OPTION SPECIFICATIONS

A. CHIP NUMBER {Must be
specified—any number from Q through
7-D0D}.

The chip number will be coded in
terms af positive logic where a logic
"1 is a high lavel input.

Chip

Number C53 cs2 Ccs1
o a g a
1 0 0 1
2 0 ] o]
3 0 1 1
4 ] 0 [
5 1 a 1
g 1 i 0
7 1 1 1

B. ROM Truth Table Format

Programming information shouid be
sent in the form of computer punched
cards or punched paper tape. In aither
case, a printout of the truth table
should be accompanied with the order,

The following general format is applic-
able to the programming information
sent to {ntel:

* Data fieids should be grdered begin-
ning with the least significant address
{0000} and ending with the most sig-
nificant address (2047).

* A data field should start with the
rmost significant bit and end with the
least significant bit.

® The data field should consist of P's
and N's. A P is to indicate a high level
output {most positivel and an N a low
level output {most negativel. |n terms
of positive logic, a P is defined as a
lagic “1"" and an N is defined as a logic
“0". If the programming infarmation
is sent on a punched paper tape, then
a start character, B, and an end charac-
ter, F, must be used in the data field,

1. Punched Card Format

An 80-calumn Hollerith card {prefer-
ably interpreted} punched by an IBM
026 or 029 keypunch should be sub
mitted. The first card will be a title
card; the format is as follows:
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MCS™ CUSTOM ROM ORDER FORM

a Title Card

WD OF GUYPUTS

P
;é;llénc::gm . . C_LSTUMEHIS INTELP!\: LECI WAL NUMBEH Column Data
- CoS*OMER'S SIVISION OR - LT ATING THE 1 PunchaT
COMPANY RAWE ~OTATION TUSTOMERS P | ] e "
n , y —_ _._'J_' SUTH TABLE A WBER 25 Blark
Thn T it 5-30  Customer Company Name
1 31-34 Blank
[} 35-54 Customer’s Company Division or {ocation
TILIIBNACICENCIREITIOL: §5-57 Blank
R '||'|'T.|"'|\T' ™A S8—-66 Customer Part Number
S F RS E R il HEHE 9 B7 Blank
| SIANIREE FERT TNl RV ETERE S PRI BT | TREEI Bl PR EPRRRERE] LEEE RNl | TR R 68-~75 Punch the inte| 4-digit basic part numbar
N L L s T D L s e and in { ] the number of output hits,
ARRARRARE] k1 RRRRT ARRRERRRNERE R R L] ERRRRRRAREERRR R ERREAR EE] HARRE RIS k] KRR EREY eg'-8316AIa}
PEhRbs bR bsRanlsnbenilbiciibabiniael 11111 1133112 1) RN RE Y P R R e ;gqa?g glankh z_d' t de m | b ' d
VU e i P TR - LII'IC. a gy cimal nembar 10 gen-
RN L R R LN L AR RN LA LR TR TR T RN TR R 3 TR E R R TR RNt T | TR TR AL tity the truth .table number {mask
PO TN lae e e pragrammed chip select number).
b. For a 2048 word X B-bit organiza-
tion only, cards 2 and the following Column Data
1-5 Punch the S-digit decimal equivalent of
cards should be punched as shown. the binary coded |ocation which be-
gins each card. The address i3 right
justified, ie., 00020 G2G28, 02216
A LB ete,
DECIMAL WURD SDUTPUT R — \GLTPLT 11 LECIMAL MUMRER 6 Blank
ADORESS BEGINNING IWDICATING THE )
EaCH CARD ACATA FIELOS THUTH TARLE NUMBER ?;éq' glatakF ield
. an
F-L‘ I}mrn.r.l-r- SETRTmk Beb o Da pLEomiboe mb bbb kL Reub Db GiaE b g u---p.u.m. er\ 16‘;323 glat:kField
a
s " [LILIE]] 2441 Data Fietd
THMvIeIer thraitaesn 42 Blank
e 43-50 Data Fietd
FEN T FE FTE R LR 51 Blank
P11 e 52-59 Data Field
TIT] 50 Blank
61-88 Data Field
€8 Blank
T0-77 Datz Field
78 Blank
73-80 Punch same 2-digit decimal number as in

title card,

2. Paper Tape Format

17 wide paper tape using 7- or B-bit
ASCI code, such as a8 model 33 ASR
teletype produces, or the 11/16” wide
paper tape using a 9-hit Baudot code,
such as a Taelex produces.

The format requirements are as fol-
fows:

a. All word fizids are to be punched in
consecutive order, starting with word
field Q {all addraesses low). There must
be exactly 2048 word ftields for the
2048 X 8 ROM organization,

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

S1art Cherscier ——

Loadur. Aubout Kev lor TWX and Larter
F.ey tor Telax tar least 25 Iramest.

Warg Firla 0

Sinp Characwer

¥
BPPPNNNNNFBNNNNNNPPF

MO OTHER CHARACTERS, SUCH
AS RUBQUTS, ARE ALLOWED ANY.
WHERE IN AWORD FIELD. If in pre-
paring & tape an error is made, the en-
tire word fiald, including the B and F,
must be rubbed out, Within the word
field, a P results in a high level output
and an N results in 3 low tevel output.

¢. Preceding the first word figld and
following the last word field, there
must be a ieaderftracler length of at
ieast 28 characters. This should consist
of rubout or nulf punches fletter key
for Telex tapes).

d. Between word figlds, comments not
containing 8°'s or F's may be inserted.
Carriage return and line feed characters
should be inserted as a “"comment’]

| PwaFred ISB

———— —

Weord Fugld 1

¥ ¥
BNPNPPPNNEF
L

Ward Fiald 248

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

e. Included in the tape before the
leader should be the custorner’s com-
plate Telex or TWX number and, f
mord than one pattern is baing trans-
mitted, the ROM pattern number.

f. MSB and LSB are the most and |east
significant kit of the device outputs
Refer to the data sheet for the pi”
numbers,

LSB

Traer Huobioul Kay Tor TW X gag Lent
ey tar Tewmw fat least 26 lramas!
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RAMs

5101
8210
8222

8102-2
8102A-4
8107B-4

8101-2
811-2

FIETE cLook w|

TOR -
ANDOMIVER ©~ | 7 B - .
SYNC @2 b
CINT
Aoy - N
WE 0007 DBIN HLDA AGAIS -
: ; A1 | ,
BEEIEI , L
g . 3 821z 87024 w0 a2 810254
g . I, 8212 . ADDRESS 1024,
At oeg 1 azon 21074
CONTAQLLER sm “0“" s30e gz Rame 507
bl @022 sy A222

O

IS S I B

OQ”TRQL BUS @} -

I

. nwness BUS 116}

Bt ) i 8217 wa .
'COMMUNICATION BISE  FERIPH - PRIORITY
INTERFACE © .menff&" ”'" INTERRUPY




intal Silicon Gate MOS 8101-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH SEPARATE 170

= 256 x 4 Organization to Meet Needs 1 |nputs Protected — All Inputs Have
for Small System Memories Protection Against Static Charge

= Access Time — B850 nsec Max. « Low Cost Packaging — 22 Pin Plastic

= Single +5V Supply Voltage Dual-in-Line Contiguration

» Directly TTL Compatible — All inputs s |Low Power — Typically 150 mW

and Qutput * Three-State Output — OR-Tie
= Static MOS — No Clocks or Capability

Refreshing Required
= Simple Memory Expansion — Chip
Enable Input

» Qutput Disable Provided for Ease of
Use in Common Data Bus Systems

)
The Intel 8101-2 is a 256 word by 4 bit static random access memory element using normally off N-channel
MOS devices integrated on a manolithic array. It uses fully DC stable (static) circuitry and therefore requires

ne claocks or refreshing to operate. The data is read cut nondestructively and has the same polarity as the
input data.

The 8101-2is designed for memory applications where high performance, low cost, large bit storage, and sim-
ple interfacing are important design objectives.

bt is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables
allow easy selection of an individual package when cutputs are OR-tied. An output disable is provided so that

data inputs and outputs can be tied for common /O systems. Qutput disable is then used to eliminate any
bidirectional logic.

&
The Intel 8101-2 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high perfarmrance, easy-1o-use MOS circuits and provides a higher functional density on a mon-
olithic chip than either conventional MOS technology or P-channel silicon gate technology.

Intel’s silicon gate technology also provides excelient protection against contamination, This permits the use
of low cost silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
—r—_—
¢
A :‘ 1 2 : Yoo — Ay M, f—
a, E H ni s, —] a. oo, j— N 4 S
s - — .
' E wl lrw — *2 oy = i - veg
. — A 0O; — or ——F ] ¢ GND
a1 10 [ i A o i A0 CELL ARRAY
e T 22— o ey 22 Piwg
a3 18 [ oo —] - oo, — ™ 32 COLUMNE
B10v.2 81012 &y =T
a2 [1s v [Jee2 — A | 74 | 4
— A, 00, }— T I S—
a1 6 [ oo, i T T
ono [T 15 DD' aow — L COLUMMN 1D CIRCUITS
) o= an _9{::
ol a N Do v
= [ oo, i INPT ! oo
oy ——LF==1 pata
oo, [ 10 1 [ Jon, L CoMTHOL !
aDQ
T} " 12 =151 H
1= ] oo, AW CE2 CE1
T .
2D,
PIN NAMES
L= OATA INPUT o0 OUTPUT DISABLE 1:: = PIN HUMBERS
#, - & ADDRESS INPUTS ot DATA GUTPUT
R AEADMRITE INPLIT Vo POWER 1+5y |
TET Ciz  CHIP ENABLE
L




SILICON GATE MOS 8101-2

Absolute Maximum Ratings™

"COMMENT .

Stresses above those listed under "Absoiute Maximurm

Ambient Temperature Under Bias . . . . . . 0°Ctw 70°C Rating" may cause permanent damage to the device. This
Storage Temperature . . . ... ..... -85°C to +150°C is & stress rating only and functional operation of the de-

Valtage On Any Pin

With Respect to Ground . . .. ... .. -0.5V to +7V

Power Digsipation .. . ... ... . ..........

vice at these ar at any other condition above those indi-
cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-

1 Watt ditions for ex tended periods may affect device reliability.

D.C. and Operating Characteristics

Ta = 0°Cto 70°C, Voo = 5V £5% uniess otherwise specified.

T T

Symbaol i Parameter Min. Tva[” Max, | Unit Test Conditions

I Input Current 10 uA Vin = 0to 5.25V

ILoH 1/0 Leakage Current(2! 15 pa | TE = 2.2V, Voyr = 4.0V

LaL 1/0 Leakage Current(2! -50 uA | CE =2.2V, Voyr = D.4BV

lce Power Supply Current 30 60 mA, Vi = 5.28V, lg = OmA
i Ta = 25°C

lecs Power Supply Current 70 1 mA Vin = 5.25V, 1g = OmA
‘ " Ta =0°C

Vi Input “Low'’ Voltage -05 +0.65 vV !

Vin Input “High* Yoltage 221 Vee Y

VoL Output “Low’" Voltage +0.45 -V loL = 2.0mA

. VoW i Output "High” Voitage 22 v lop = -150 uA

NOTE: 1. Typicai values are for T = 26" C and nominal supply voitage.
2. Input and Cutput tied together.

I A

QUTPUT S0URCE CURRENT VS,
QUTPUT VOLTAGE

© WMBIENT TEMPERATURE

Woe - 4 5
QUTAYT MIGH TYMCAL

VoW SMOLTS!

OUTFUT SINK CURRENT VS,
QUTPUT VOLTAGE

AMBIENT TEMPERATURE - 0‘77,
w ‘ ]
I /4

lay tmAl

o Wan s 4 TEY —
GUTPUT “LOW" tymcay

a 0% 10 15

Yoo 1WOLTSI
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SILICON GATE MOS 8101-2

A.C. Characteristics
READ CYCLE T, = 0°C 10 70°C, Ver = BV 5% unless otherwise specified,

' Symbol Parameter | Min, Typ. Max. Unit Teat Conditions
trey Read Cycle i BBO ns
ta Access Time l as50 ns
teo Chip Enable To Qutput 650 ns {See below)
top Cutput Disable To Qutput 550 ns
tgelll - Data Output to High Z State 0 200 ns
t Previous Data Reag Vaid 2 ns
OH after change of Address
WRITE CYCLE
Symbol ! Parameter Min. Typ. Max. Unit Test Conditians
twey Write Cycle - 850 ns
Taw Write Delay . 180 ns
t Chip Enable To Writ i
CW ip Enable To Write 750 ns {See below!
tow Data Setup . 508 ns
oM Data Hold 100 s
twp Write Pulse © 630 ns
twr Write Recovery ; 50 [i}]
A.C.CONDITIONS OF TEST Capacitance 1, - 25°c - 1mH:
Input Pulse Levels: +0.656 Volt to 2.2 Vol Limits (pF)
Symbaol Test
Input Pulse Rise and Fall Times: 20nsec Typ. | Max.
Timing Measurement Reference Level: 1.5 Valt Cin Input Capacitance Toa 8
o L T 0oF (Al Input Pins} Vi = OV '
utput Load: VTTL Gate sna C,_ = 100p Cout Output Capacitance Vour = OV 8 12
Waveforms
READ CYCLE WRITE CYCLE?
[ - | gy - .
ADDRESS

- Y
SR N I O L

: . Y
op =t I tap el T v
ICOMMON (101 2 1 : ion ] vo |
an =]
_\_4__/_ —
[ P — [P T | tgp fe— | r— i
-y - - — . - .
pata . ; DATAGUT DATA DATA N
Qut i vALID T | STABLE
-— - ﬁ ————— ! _ tDw
RS I R - -y

S

NOTES: 1. tpE 15 with respect to the fraifing edge of CET. CE2, or OD. whichevar ncours first,
2. During the write cycle, OO is 3 ogigal 1 tor comman 1/ and “'don't care’ for separate 1/ pparation,
3. QD should be tied Iow Tor separata (/) operanon.




intel" Silicon Gate MOS 8111-2

1024 BIT (256 x 4) STATIC MOS RAM
WITH COMMON 1/0 AND OUTPUT DISABLE

= QOrganization 256 Words by 4 Bits * Fully Decoded — On Chip Address

& Access Time — 850 nsec Max. Decode

s Common Data Input and Output » Inputs Protected — All Inputs Have

» Single + 5V Supply Voltage Protection Against Static Charge

= Directly TTL Compatible — All Inputs * Low Cost Packaging — 18 Pin Plastic
and Output Dual-In-Line Configuration

» Static MOS — No Clocks or * Low Power — Typicaily 150 mW

Retreshing Required » Three-State Qutput — OR-Tie
= Simpie Memory Expansion — Chip Capability
Enable Input

The intel®8111-2 is a 256 word by 4 bit static random access memory element using normally off N-channel
MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires
no clocks or refreshing to operate. Tha data is read out nondestructively and has the same polarity as the
input data. Common input/output pins are provided.

The 8111-2 is designed for memory applications in srmall systems where high performance, low cost, large bit
storage, and simple interfacing are important design objectives.

It is directly TTL compatible in all respects: inputs, cutputs, and a single +5Y supply. Separate chip enable
(CE} leads allow easy selection of an individual package when cutputs are OR-tied,

The InteI®B1 11-2 is fabricated with N-channel silicon gate technology. This technology allows the design and
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon-
olithi¢ chip than either conventional MOS technalogy or P-channel silicon gate technology.

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use
of low cost silicone packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
——
& e Jvec —]a, -
age= ] T
AZl: ? 7 :A‘ —_— 18, p— : 3 ] O o
a..“—’_D:' 3
a{]s w6 [ _JRw S P vty e ; AOW MEMORY ARRAY G
ape—LE T et 32 AOWS
ap[]s 5 e, _da vo, b I 32 COLUMNS
Fape—a
a5 1112 w[ Do —1a, 1o — a2 — ]
ag[ e S o 1 g & 1 ]
= s % 81112 awe ] COLUMN +:0 CIACUITS
N DR S PR e |
Y 1 Jro, —]- 0y 2 I — ‘D"‘:;-': & a ] r ik
T3 CONTAGL T -
[T | 1wl JcE, RW CE, CE, |o,a—‘“-'—D: @)1 @1 | '
LD Ay B oar |
| T T i Qﬂ-’*—'—'—u: J:l
— 1.
PIN NAMES :
! k) ADDAESS INPUTS {r"i-, :D: 1
[ AeRr  ADDAESS INPUTS i
oo CUTPUT DEARLE c;,..g"_a‘}_ |
o REAGAVAITE INPUT 5 |:D
["_i‘f[.' " CHWENABLEY 00 == ) #innumaEns
¢y CHIP ENABLE 2

"0, 170, DATA INPUTIUTRUT

&N



SILICON GATE MOS 8111-2

Absolute Maximum Ratings* COMMENT:

Stresses above those listad under "Absolute Maximum
Ambient Temperature Under Bias . ., , . . . 0°C to 70°C Rating'' may cause permanent damape to the device. This
Storage Temperature . ... ....... -85°C to +150°C i3 8 stress rating only and functionsi opsration of the de-

. vice at these or at any other condition abowve thase indy-

Voltage On Any Pin cated in the operational sections of this specification is
With Respect 1o Ground ... .. ..., 0.5V 1047V not impliad. Exposure to absolute maximum rating con-
Power Dissipation . . .................. 1 Watt ditions for extended periods may affect device reliability.

D.C. and Operating Characteristics

Ty = 0°Cto 70°C, Vo = BV 5% |, uniess otherwise specified.

Symbaol Parameter Min. | Typ. (11| Max. Unit Test Conditions
Iy Input Load Current 10 MA Vin =01t05.25V
HLoH 1/0 Leakage Current i 15 KA CE =2.2V, Vj;g = 4.0V
lLoL 1/0 Leakage Current : i -50 ud | CE=2.2V, Vo =0.45V
leey Powar Supply Current : 30 60 mA Vin = 5.25V
o = 0mA, Ts = 25°C
lece - Power Supply Current ! 70 ma Viy = 5.25V
: o =0maA, Ts =0°C
ViL fnput Low Voltage -0.5 +0.65 V'l |
Win Input High Voltage 2.2 Voo v i
VoL " Output Low Voliage 0.45 v laL = 2.0mA :
Vow J Output High Voitage 2.2 V' lgn = -150 uA
NOTES. 1. Typical values are for Ta = 25°C and nominat supply voltaga.
QUTPUT SOURACE CURRENT VS, OQUTPUT SINK CURRENT VS,
DUTPUT VOLTAGE DUTPUT VOLTAGE

) : I ; [ T : ! 1 o
| BMBIENT TEMPERATURE | Auelsmrmpsnruns-u'c/
T NN o'c

s
" Ll : : 7_
mee | | / o
. : y j
T} H = 10 ; A .
i . H X 076 | K
5 ; F /i !
i a +
\ i ]' ) / |
5 \ Ve » 4 15V S 5 Vop + 475V .
DUTAUT HIGH" THRICAL OUTPUT “LOW- TYMTAL
\ / o
i | !
L
o a L o A
: 2 ] . [ as 10 Th
Van (VOLTSI Voo IYOLTS)
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SILICON GATE MOS 8111-2

A.C. Characteristics
READ CYCLE T, =0°Cto 70°C, Ve = BV 5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max, Unit Test Coanditions
tReY Read Cycle 850 ns

ta Access Time 850 ns

tco Chip Enable To Qutput 650D ns {See below)
ton Output Disable Fo Qutput 550 ns

tpe (1] Data Qutput to High Z State ) 200 ns

ton Previous Data Read Valid ns

after change of Address
WRITE CYCLE

Symbol Parameter Min. Typ. Max. | Unit Test Conditions
twey Write Cycle 850 ns

taw Write Delay 150 ns

tow Chip Enable To Write 750 ns (See below)
tow Data Setup 500 ns

toH Data Hotd 100 ns

twe Write Pulse 630 ns

twa Write Recovery 50 ns

A_C.CONDITIONS OF TEST

Capacitance 7+, -25°c.1- 1M1z

Input Pulse Levels: +0.65 Volt to 2.2 Valt Limits {pF}
Symbol Test

Input Pulse Rise and Fall Times: 20nsec Typ. | Max.

Timing Measurement Reference Level: 1.5 Volt Cin Input Capac,tance 4 8

{All tnput Pins) Vi = 0V

Output Loadg: 1 TTL Gate and C_ = 100pF CouT Output Capacitance Yoyt = OV 10 15

Waveforms
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NOTE: 1. tpF is with raspect to the trailing edge of CE1, TEZ, or OD, whichever accurs first,

573

Ty —




