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intel"  silicon Gate MOS 8080A

; SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR ’

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

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

The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications.
The 8080A contains six 8-bit general purpose 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 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting.
“This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/0 are pro-
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
tying these busses with other controlling devices for ([DMA) direct memory access or multi-procgssor operation.

INSTRUCTION T
REGISTER @ - . "'““"}"“"]: e
# W e w ® z w} -
T TEMP REG. TEMPREG. | -1 - -
- % - o ] c - " . SRS
8 REG. REG. 5
INSTRUCTION z T et |
DECODER : REG. REG. 2
AND 3 3
MACHINE = H @ T W ammn
CYCLE -4 REG. REG. . { ARRAY -
ENCODING e reen -
< STACK POINTER e A
R G N o
PROGRAM COUNTER A :
INCREMENTER/DECREMENTER | : | ~ o =
% ADDRESSLATCH  oef | ~  ° -
Xy -
TIMING >
AND <
CONTROL 3

DATA-L:. INTERRUPT HOLD ‘WAIT
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS|”

S i 5 O

= J'_»_ e - ‘Tn.u mmmmm{man-
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SILICON GATE MOS 8080A

8080A FUNCTIONAL PIN DEFINITION

The following describes the function of all of the 8080A 1/0 pins.
Several of the descriptions refer to internal timing periods.

Ay5.Ag (output three-state)

ADDRESS BUS; the address bus provides the address to memory
{up to 64K 8-bit words) or denotes the 1/0 device number for up
to 256 input and 256 output devices. Ay is the least significant
address bit.

D7-Dg (input/output three-state)

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

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

DBIN (output)

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

READY (input)

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

WAIT (output)

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

WR (output)

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

HOLD (input) 5

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

@ the CPU is in the HALT state.

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

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

Ao 1 40 |—=0 A
GND 0—{ 2 39 b—=0 A4
D, O=—={3 38 —=0 A3
05 O=—=] 4 37 b—0 A1z
DG OQe—| 5 36 —+=0 Ays
D, O=—={6 35 —=0 Ay
D, O=—=7 & 34 p—=0 Ag
o, o~—{8 |NTEL 3[—°%
D, 0= 9 i 32 |—=0 A¢
D, O=—=] 10 8080A 31|—o4s
-5V O— 11 30 }—=0 A4
RESET O—{ 12 29 p—=0 A3

28 p——o0 +12V
27 |—=0 Az
26 p—=0 A,
25 p—=0 Ag
24 }—=0 WAIT

o= X
82 ,z¢
2mnwN o
TTTTT
ial ) kD
N U e W

WR O=—1 18 23 j=—0 READY
SYNC O=— 19 22 =0 ¢
+5v O— 20 21 HLDA

Pin Configuration

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

® T3 for READ memory or input.

@ The Clock Period following T3 for WRITE memory or OUT-
PUT operation.

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

INTE (output)

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

INT (input)

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

RESET (input) (1] /

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

Vss  Ground Reference.
Vpp +12 1 5% Volts.
Vee +5 1 6% Volts.
Vgs -5 5% Volts (substrate bias).
“@9.92 2 externally supplied clock phases. (non TTL compatible)
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ABSOLUTE MAXIMUM RATINGS*

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

WithRespecttoVgg -« .. ........... " -0.3V to +20V
Vce. Wgp and Vgg With Respect to Vgg -0.3V to +20V
PowerIssipation. &« i« o e esiwsio sis o s islsleisis wns 1.5W

*COMMENT: Stresses above those listed under "Absolute Maxi-

mum Rarings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the operational sections of this specification is not implied. E x-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

g

D.C. GHARACTERISTICS

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

_Symbol Parameter Min. Typ. Max. Unit Test Condition
ViLe Clock Input Low Voltage Vgs—1 Vsst08 | V
ViHe Clock Input High Voltage 9.0 Vpp+1 \Y
ViL Input Low Voltage Vgs—1 Vgs+0.8 [* V 1
ViH Input High Voltage 33 Veet+l Vv !
Voo Output Low Voltage 0.45 v } loL = 1.9mA on all outputs,
Von Output High Voltage 3.7 Y lon = 1504A.
lpp(av) | Avg. Power Supply Current (Vpp) 40 70 mA
: Operation
lcc(av) | Avg. Power Supply Current (Vec) 60 .80 mA Tey = .48 psec
lgg (av) | Avg.Power Supply Current (Vgg) .01 1 mA
Iy Input Leakage 10 HA Vss < Vin S Ve
lcL Clock Leakage 10 A Vss < Vcrock < Voo
Ip 2] Data Bus Leakage in Input Mode -100 HA Vss SViy SVss+0.8V
20 | A | e +0.8VEViy SVee
i Addresf and Data Bus Leakage +10 dA VappR/DATA = Ve
During HOLD -100 VADDR/IDATA = Vss + 0.45V
CAPACITANCE TYPICAL SUPPLY CURRENT VS,
T,=25°C  Vcc = Vpp = Vss = 0V, Vgg =-56V * |, TEMPERATURE, NORMALIZED. (3]
Symbol Parameter Typ. | Max. | Unit Test Condition s
Cy Clock Capacitance 17 25 pf fo =1 MHz g
Cin Input Capacitance 6 10 pf Unmeasured Pins ; -
Cout Output Capacitance 10 20 pf Returned to Vgg § [~ :
NOTES:
1. The RESET signal must be active for a minimum of 3 clock cycles. L 25 50 .75

2. When DBIN is high and VN > V| an internal active pull up will
be switched onto the Data Bus.
3. Alsupply /AT = -0.45%/°C.

AMBIENT TEMPERATURE | C)

DATA BUS CHARACTERISTIC
DURING DBIN
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A.C. CHARACTERISTICS

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

Symbol . Parameter Min. | Max. | Unit Test Condition
teyl3! | Clock Period ' 0.48 | 2.0 | psec
t. 4 Clock Rise and Fall Time 0 50 | nsec
e 07 Pulse Width i) nsec
2 ¢, Pulse Width 220 nsec
1Dy Delay ¢ to ¢2 0 nsec
tp2 Delay ¢ to ¢y 70 nsec
tp3 Delay ¢y 1o ¢ Leading Edges 80 nsec
toa (2] | Address Output Delay From ¢; 200 | nsec }
Cy = 100pf
tpp (2! | Data Output Delay From ¢, 220 | nsec
tpc 2! | Signal Output Delay From ¢, or ¢3 (SYNC, WR.WAIT,HLDA) 120 | nsec
tor 2] | DBIN Delay From ¢, 25 | 140 | nsec }c._ .
tp)I1! | Delay for Input Bus to Enter Input Mode pg | nsec
tpsy Data Setup Time During ¢y and DBIN 30 nsec

TIMING WAVEFORMS ''¥!

(Note: Timing measurements are made at the following reference voltages: CLOCK “1" = 8.0V

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

o- A

- "52 —=| .
% j 5 ] \ L H‘—‘
'oa’l = ‘o2 |=-
- =8 '
Ay A e - o e o s o o e e ]
> toa =i W
— = o - —Hou— ||’ ‘oo
ik . 1_ == _Joaram || @) 3 i pata out|
L ‘n-Jf:— tow [
SYNC _l_ ~tos2— B
— 'nc[ —| toc le— i
caiN : j" \'S
‘or o top =
“ -
— o o e e : toclo] ‘
n =l po—
meaoy i [3) L_ ® L i
Tt ‘as re—e| 3 toc \q
RS
wAIT ] —| = )
toc — = l..._.. b =
HOLD .@; —
—| tyy
HLDA

INT

INTE
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SILICON GATE MOS 8080A .

A.C. CHARACTERISTICS (Continued)
Ta =0°C 10 70°C, Vpp = +12V £ 5%, Ve = +5V £ 5%, Vgg = -5V. 1 6%, Vgs = OV, Unless Otherwise Noted

Symbol ‘ Parameter Min. | Max. | Unit Test Condition
tps2 Data Setup Time to ¢ During DBIN 150 nsec
ton (1) | Data Hold Time From ¢2 During DBIN 50 nsec
tel2l INTE Output Delay From ¢, 200 | nsec C = 50pf
tRs READY Setup Time During ¢2 120 nsec
tHs HOLD Setup Time to ¢3 140 nsec

__us INT Setup Time During @2 (During ¢1 in Halt Mode) 120 nsec
tH Hold Time From ¢ (READY, INT, HOLD) 0 nsec

. teD Delay to Float During Hold (Address and Data Bus) 120 | nsec
taw(2) | Address Stable Prior to WR is) nsec ||
tow(2) | Output Data Stable Prior to WR el |- nsec
twp(2! | Output Data Stable From WR 7 nsec
twal2) | Address Stable From WR . (7 nsec | C=100pf: Address, Data
C_=50pf: WR, HLDA, DBIN
tyel2] | HLDA to Float Delay 8l nsec
th'm WR to Float Delay )] nsec
tan (2] | Address Hold Time After DBIN During HLDA -~20 nsec | _|
NOTES:

1. Data input should be enabled with DBIN status. No bus conflict can then occur snd data hold time is assured.
tDH = 50m or tpF, whichever 18 less.

2. Load Circuit.
4]
- = B8080A
OuUTPUT
Ay o
ey 3. 1CY = 1D3 + 162 * 192 * 1192 ¥ 1D2 * tre1 > 480m. =
k {_" 3 TSRS TYPICAL A OUTPUT DELAY VS. A CAPACITANCE
0,0, F+=-T =0 +20
wo z
SYNC % 10
]
= —tan 8 b
DBIN I .h g SPEC
Y 3 -0
a
L ;——] - -.F“ Yty ==} -20
—s{ toc -100 -850 [} +50 +100
READY i 3 CAPACITANCE (pf)
TS (Cacruar = Csrec!
T
WA 4. The following are when interfacing the BOBOA to devices having Vi = 3.3V:
8) Maximum output rise time from .8V to 3.3V = 100ns @ C_ = SPEC.
HOLD b) Output delay when measured to 3.0V = SPEC +60ns @ C_ = SPEC,
> Ao ] = c) 1t Cy # SPEC, add .6ns/pF if C| > Cgpgc. subtract 3ns/pF (from moditied delay) if Cy_ < Cspgc.
—=| ‘oc |=— 6. taw = 21CY ~tD3 ~trg2 ~140nsec.
HLDA o 6. tpw = tCY ~tD3J ~trg2 ~170nsec.
. 7. 1t not HLDA, twp = tWA = t1D3 * t;¢2 +10ns. If HLDA, twp = tWA * twF.
8. tHF = T3 + g2 ~50ns.
- b— 9. twF = tp3 + 1,92 -10ns
¥ % 10. Data in must be stable for this period during DBIN *T3. Both tpgy and tpg2 Must be satisfied.
11. Ready signal must be stable for this period during T2 or Tyy. (Must be externally synchronized.)
o= 10 12. Hold signal must be stable for this period during T2 or Tyy when entering hold mode, and during T3, T4, Tg
= and Ty when |n hold mode. (External synchroni is not req )
““INTE = 2 " < 43, Interrupt signal must be stable during this period of the last clock cycle of any instruction in order 10 be
_'Jl ized on the followi . (External sync ion is not required.)

14. This timing diagram shows Liming relationships only; it does NOL represent any specific machine cycle.
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" SILICON GATE MOS 8080A

INSTRUCTION SET

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

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

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

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

Data and Instruction Formats

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

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

The following special instruction group completes the 8080A
instruction set: the NOP instruction, HALT to stop pro-
cessor execution and the DAA instructions provide decimal
arithmetic capability. STC allows the carry flag to be di-
rectly set, and the CMC 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 B080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the

same format.

D; Dg Ds Dy D3 Dy Dy Do

DATA WORD

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

executed.
One Byte Instructions

[0, Dg Ds D4 D3 D2 Dy Dg | OP CODE

Two Byte Instructions
[D, Dg Ds D4 D3 D2 Dy Dg | OP CODE
[0, Dg Ds D4 D3 D2 Dy Dg | OPERAND

Three Byte Instructions

[D; 0 Ds D4 D3 D2 Dy Do | OP CODE

[0, Dg Ds D4 D3 D, Dy Do | LOWADDRESS OR OPERAND 1

TYPICAL INSTRUCTIONS

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

Immediate mode or 1/O instructions

Jump, call or direct load and store
instructions

[0, Dg Ds D4 D3 D Dy Dg | HIGH ADDRESS OR OPERAND 2

For the 8080A a logic *“1” is defined as a high level and a logic ‘0" is defined as a low level.




SILICON GATE MOS 8080A

INSTRUCTION SET

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

S y of Pri Instructions
Instruction Code(1) Clock (2] Instruction Codel1) Clock (2]
Mnemonic  Description D Dg Ds Dg D3 D Dy Dy Cycles Mnemonic  Description 0; Dg ‘D4 D3 D2 Dy Dy Cycles
MOV,y, 2  Move register to register 2 ¥ D P DS % § 1] RZ Return on zero 1 1 8 &1 ¢ 0 @ sm
MOV M,r  Move register to memory g 5 1T 191788 8§ 8 7 RNZ | Return on no zero 1t 1 @ 06 0 0-¢ 0 s/Mm
MOV, M Move memory to register e %1 0 DB 1T 30 7 RP Return on positive . -0 % 0. 0.8 @ s/m
HLT Halt ¢ 1 9 .98 % 1 8 7 RM Return on minus I I e sm
MVir Move immediate register 00 D DD 11 1 O 7 RPE Return on parity sven 4 1+ 0 12 0 o0 0 s/
MVIM Move immediate memory A TR S R R 10 RPO Return on parity odd 1 1 1 0 0 0 0 O s/
INR ¢ Increment register 00 D D.O 1V 0O H) RST Restart 1T 1 A A A1 11 n
‘DCRr Decrement register ¢ D O B B Y 0 1 5 IN Input LIS MR T N R 10
INRM Increment memory 6 6 T v & % 9 0 10 our Output ¥ 1 81 8 @8 10
OCR M Decrement memory g8 F 31 8% 41 10 LXi8 Load immediate register 00 0 0 0 0 0 1 10
ADD ¢ Add register 10 A '™ 0 0 0 0 S § 8 4 PairB&C
ADCr Add register toAwithcary 1 0 0 0 1 S S § 4 LXID Load immediste register 00 0 1 00 0 1 10
SUBTr Subtract register from A 1 8 0 1+ 0 8 § ¢ 4 Pir D& E
SBBr Subtract register from A 19 8 1+ 1 8 § 3§ 4 LXIH Load immediate register 00 1t 0 0 0 0 1 10
with borrow PairH& L
ANA ¢ And register with A 1 0 1 00 S § S 4 LXI SP Load immedistestackpointer 0 0 1 1 0 0 0 1 0
XRA ¢ Exclusive Or register with A 101 0 1§ § S 4 PUSHB  Push register Pair 8 & C on 11 & 6.0 1 @& 1 "
ORATr Or register with A 1 0 ‘1 1 B S 3¢ 4 stack
CMP ¢ Compare register with A 18- L .18 8 -& 4 PUSHD  Push ragister Pair D & E on 1 1 8 181 8 1 n
ADD M Add memory to A 1 0 00 0 1V 1 4® 7 stack
ADCM AddmemorytoAwithearry 1 0 0 0 1 1 1 0 7 PUSHH  Push register Pair H& L on £t 1. ¢ 8 4V 8} "
SUBM Subtract memory from A 10 8 1.0 % 1t & 7 stack
SBB M Subtract memory from A 10 0 1 1 1 1.0 7 PUSH PSW  Push A and Flags 1 1 1 01 0 n
with borrow 5 on stack
ANAM . And memory with A 1 0 v+ 0 0 1 1 0 7 POPB Pop register pair B & C off v.¢v 9 @6-0 0 ¢ 13 10
XRAM Exclusive Or memory whh A $ 0. % B 2 1 190 7 stack
ORAM Or memory with A v 8= 'y 8 r 4.0 7 POPO Pop register pair D & E off 14 9 Y 80 @ 1 w
CMP M Cpmpare memory with A .0 9 3 N 98 7 stack
ADI Add immediate 1o A 1 1. 0 0 0 1 1 0 7 POPH Pop register pair H & L off 11 0 0 0 0 1 10
ACI Add immediate to A with 1t 1 0 0 1 1 1o 7 stack
carry POPPSW  Pop A snd Flags Tt 1 1 100 0 1 10
sul Subtract immediste from A 1 1 0 v 0 1 1 0O 1 off stack
s8I Subtract immediate from A y 1t @ 17 $=9% €40 7 STA Store A direct 00 1 1 00 VO 13
with borrow LDA Load A direct o0 1 1 10 1O 13
ANI And immediate with A 1 1 1 0 0 1\ A 7 XCHG Exchangs D& E HAL | JARE U SR TR A [ B 4
XRi Exclusive Or immediate with 1 1 1 0 1 10NCE 7 Registers
A XTHL Exchange top of stack H& L 1t 1 1. 0 0 0 1 1 18
ORI Or immediate with A Tt 1 1 1 0 1 1 0 7 SPHL H& L to stack pointer 11 1 1 10 01 5
cP Compare immediate with A 1 1 1 1 1 1 4ER 7 PCHL H & L to program counter 11 1 0 1 0 01 5
RLC Rotate A left 00 0 0 0 1 1 1 4 DADB AddB&CH&L 00 0 0 1 0 0 1 10
RRC Rotate A right 00 0 0 1 1 1 4 DADD AddD&EWHEL 00 0 1 1 0 0 1 10
RAL RowteAleftthroughcary 0 0 0 1 0 1 1 1 4 DADH  AddH&LtH&L 00 1 0 1 0 0 1 10
RAR Rotate A right through 08 0 1319 1Y 4 DADSP  Add stack pointer to H & L 00 1 1 10 0 1 10
carry STAXB Store A indirect 00 0 0 0 0 1 O 7
Jmp Jump unconditional T 1.0 000 11 10 STAXD  Store A indirect 00 0 1 00 10 7
i Jump on carry 11 0 IENURLM 10 LDAXB  Load A indirsct 00 0 0 1 0 10 7
INC Jump on no carry T 1.0 100 10 10 LDAXD  Load A indirect 00 0 1 10 1 0 1
i Jump on zero 119§ & 1 @ 1 0 10 INX B Increment B & C registers 00 0 0 0 0 1V 1 s
INZ Jump on no zer0 1.0 0 00 10 10 INXD ~ Increment D & E registers 0 v 1 6 0°% 8 5
» Jump on positive 1. 3-8 071 % 9 1 INX H Increment H & L registers 0.8 § 8.0 0.t 0 H
M dump on minus 117 1 1 4610 ! INXSP  Increment stack pointer 00 1 1 80 3 1 5
JPE Jump on parity sven .1 3 0 ¥ Q% @ 10 oCcx 8 Decrament B & C 00 0 0 1 0 1 1 5
PO Jump on parity odd 11 F 9 8 0 Y @8 10 DCXD Decrement D & E 20 92 % ¥V & 13 1 §
CALL Call unconditional 1 1 0 & ¥ 1L 09 n DCXH Decrament H& L e 0.3 .0 v 9 1 4 5
cc Call on carry Tt 1 0 1 1 1 00 mn DCXSP  Decrement stack pointer 00 1 V-1 0 1 1 5
CNC Call on no carry 149 & ¥ 0 41 0 0 nun CMA Complement A 00 1t 0 1V 1 1 ]
cz Call on zer0 1 1 0 0 11 00O 1mm STC Set carry 8 0 ¥ 1 @0 9% 3 3 4
CNZ Call on no zero f 7 8 8 % 1 &0 mwn cMmC Complement carry ¢ & 't 5.4 § & Q 4
cp Call on positive $ 08 ¥ % 8 mwn DAA Decimal adjust A 0 0 % 0 8 % 1 14 4
c™M Call on minus . 1 ¥ 1 Ok @G-8 1w SHLD Store H & L direct g0 ¢+ & 0@ 1 OB 16
CPE Call on parity even LR R R B a mwn LHLD Load H & L direct 20 1 -3 8 VR 16
cPo Call on parity odd 11 1% 0 g% 0 0 nn? El Enable Interrupts TR T N S 4
RET Return 1y U8 % & 0 3 10 1} Disable interrupt F 0 Fa% @0 Widrs 4
RC Return on carry 1t 1 01 30 0 0 /1 NOP No-operation 00 0 0 0 0 0 O 4
RNC Return on no carry 1 1 0 1 0 0 0 O s/
/
NOTES: 1. PPDorSSS -0008—-001C—010D ~011 E—~100H — 101 L — 110 Memory — 111 A,
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intel° | Schottky Bipolar 8224

CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

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

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

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

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

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

PIN CONFIGURATION BLOCK DIAGRAM

B> xrau
OSCILLATOR D—osc B>
> xvaLz —
———— T
RESET [j 1 6 Vee i3> vanx
RESIN[ ]2 1) xrauy . —-I >0, >
rovin[—]3 - w[Dxrac2 Lok D o B
+9
TAN
mesov(_]s 8224 wi_Jvanx 0,0 0,A sTTL[E>
swne[ s 12| _Josc
. s
[ o[ e " : S @ SYNC
STSTB 7 1 !
C o[ 1% B> mwm—>—
= o[ Voo SCHMITT
: INPUT
> rovin
PIN NAMES
RESIN | RESET INPUT XTAL 1 CONNECTIONS
RESET | RESET OUTPUT XTAL 2 FOR CRYSTAL
RDYIN | READY INPUT - [ _vank USED WITH OVERTONE XTAL
READY | READY OUTPUT _0sC OSCILLATOR OUTPUT
SYNC | SYNC INPUT ¢2 (TTL) #2 CLK (TTL LEVEL)
STST6 | STATUSSTB - Vec +5V
{ACTIVE LOW) F Voo 12V
() 8080 N GND ov
” CLOCKS
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D.C. Characteristics
Ta = 0°C to 70°C; Ve = +5.0V £5%; Vpp = +12V £5%.

Limits
Symbol Parameter Min. Typ.[1] Max. Units Test Conditions
Ig Input Current Loading .15 mA Vg = .45V ;
In Input Leakage Current uA Vp = 5.25V i
Ve Input Forward Clamp Voltage .JC“‘ ~5mA j
ViL Input “Low"” Voltage Rl i, 5 :
Vi Input “High" Voltage ;1 2Reset Inpat
3"AIT Other Inputs
Vin-ViL Ready Input Hysteresis Yl WV
Voo Output “Low’’ Voltage | r\'}m ,®2), Ready, Reset
=3¥loL = 2mA
AUOOther Outputs |
ASL = 15mA :
Vou Output “High” Voltage S '
%1 .02 loy = -100uA
READY, RESET low =-100uA
All Other Outputs loH = -1mA
Isc Output Short Circuit Current Vo =0V
" (All Low Voltage Outputs Only) : Vee =5.0V
lce Power Supply Current *,f' { )
Ipp Power Supply Current /”N s 6~ éﬂ‘ mA
Note 1:  Typical values are for T = 250C and nominal luopI:\ vulpoos."\'; ‘:}\Q
A.C. Characteristics e Y O WA &
L i //} ?\ / N
Ta = 0°C to 70°C; Vpp = +5V 5%; Vg 12V 6%, g
' et 2 Y & Limits
Symbol tar S M!g? Typ. Max. Units Test Conaitions
t1 ,QZ:c 105 ns | tcy =480ns
192 250 ‘ns
tpy ' f,f_-" 5 ns
tp2 Delay $a_to ¢,f 100 ns L #& ¢2 Loaded to
tp3 Delay ¢4 t0'tg’ 'eading Edges 118 ns Ci =20 to 50pF
t Output Rise Time 15 ns
s Output Fall Time 10 ns | ¢2 (TTL) & Status Strobe
Loaded to 15mA/30pF
-tpss ¢ to STSTB Delay 300 ns "
tpg2 ¢2 (TTL) to ¢ Delay 5 ns
tpw Status Suobe Pulse Width 55 ns Musdy 5 Rosik Londe
tseTUP RDYIN Setup Time to ¢, 250 ns to 2mA/10pF
tHOLD RDYIN Hold Time to ¢, 220 ns All measurements
tRDY READY to ¢, Delay’ 200 ns referenced to 1.5V
unless specified
trsT RESET to ¢ Delay 200 ns otherwise.
tck Clock Period = tcy +9 ns
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SCHOTTKY BIPOLAR 8224

WAVEFORMS

- 7 tcy -
91

[
Y

[4]

57578 12

.$2 (TTL)

syncl2

RDYIN

READY

ReSeTIY

CLK

tcLK

Note 2. STSTB and SYNC are shown .for 8 typical clock cycle. During RESET, both STSTB and SYNC are normally low.

>



intel  schottky Bipolar 8228

SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

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

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

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

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

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

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte
instructions (e.g., CALL) in response to an INTERRUPT ACKNOWLEDGE by the 8080A. 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, reliable, design of the MCS-80 systems.

PIN CONFIGURATION 8228 BLOCK DIAGRAM
ST i’ v [ p—— |~ <— o8,
sts1e ] 28 e ] oo
Hoa [} 2 2 [irow cru Ssiseeil | o= 08,
= g oata - D1 o M en - [To= De! [ SYSTEMDATABUS
wr[]3 26 [ ] MEmw BUS £ B
osin[] ¢ 2 [JiloR g:—"" :::—_g::
os4 []s 24 [T] MEMR
o4 []e 23 [} iNTA DRIVER CONTROL
os7 [} 22 [ ] BUSEN
L 8228 - WEWR
o1 2] oe
STATUS WERNW
oe3[]e 20 [} oBs LATCH
o3[} w[Jos . GATING Ll
ARRAY
os2 [ 1 18 [Joss I e TOW
oz [}z 17[Jo1 [ 35T
g DBIN BUSEN
osg []13 : 16 [Joe1 WA -
: : HLDA INTA
ano [] 14 15[ Jos :
PIN NAMES
(0700 T "DATABUS (80805IDE] | INTERRUPT ACKNOWLEDGE |
| DB7.0B0 | DATA BUS (SYSTEM SIDE) | HLDA (FROM8080) |
WoR_ | womeao | WR(FROMS080) |
| wow | wowmive | BUS ENABLE INPUT ]
| MEMR__ | MEMORY READ STATUS STROBE (FROM 8224)
| MEWW MEMORY WRITE %V
DBIN DBIN-(FROM 8080) O VOLTS
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WAVEFORMS

INTA, iOR, MEMR
DURING HLDA

SYSTEM BUS DURING READ

8080 BUS DURING READ

iOW OR MEM W

8080 BUS DURING WRITE

SYSTEM BUS DURING WRITE
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D.C. Characteristics T4 = 0°C to 70°C; V¢ = 6V 5%,

imits

Symbol |/ Parameter Min. Ti;p.l” Max. Unit Test Conditions
Ve Input Clamp Voltage, All Inputs 8 \Y Vec=4.75V; Ic=-5mA
I "Input Load Current,

STSTB mA Vee=5.25v

D, & Dg mA Vg =0.45V

Do, D4, Dy, Dg, mA

& Dy

All Other Inputs mA
Ir Input Leakage Current

STSTB HA Vee=5.25V

DBg-DB, HA Vg =5.25V

All Other Inputs MA
VrHe Input Threshold Voltage, All Inputs 8 -2.0 v Vee=6V
lcc Power Supply Current 150 mA Vee=5.25V
Vou Output Low Voltage,

Do-Dy i3 v Vce=4.75V; Ig =2mA

All Other Outputs v loL = 10mA
Vou Output High Voltage,

Do-D7 3.7 \" Vce=4.75V; loy=-100uA

All Other Outputs 3.0 \' loH = -1mA
los Short Circuit Current, All Qutputs 35 mA Vee=5V
looff) Off State Output Current, ' '

All Control Outputs HA Vee=5.25V; Vp=5.25

i LA Vo=.45V
Note 1: Typical values are for TA = 25°C and nominal supply voltages.
A.C. Characteristics T = 0°C to 70°C; V¢ = 5V £5%.
Limits
Symbol Parameter Min. | Typ. | Max. Units
tew Width of Status Strobe 15 ns
tss Setup Time, Status Inputs Do-D7 ns
tsH Hold Time, Status Inputs Do-D5 5 ns
tpc Delay from STSTB to any Control Signal 25 ns
trRR Delay from DBIN to Control Outputs 10 ns
tRE Delay from DBIN to Enable 8080 Bus 25 ns
trRD Delay from System Bus to 8080 Bus during Read 25 ns
twR Delay from WR to Control Outputs 20 ns
tWE Delay to Enable System Bus DBy-DBy after STSTB 25 ns
two Delay from 8080 Bus Dy-D7 to System Bus ns
DBg-DB7 during Write ; “

te Delay from System Bus Enable to System Bus DBq-DB; 25 ns
tho HLDA to Read Status Outputs 10 ns
tps Setup Time, System Bus Inputs to HLDA 0 ns
ton Hold Time, System Bus Inputs to HLDA 10 ns
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intal’  Silicon Gate MOS 87088704 (2708/2704)

8192/4096 BIT ERASABLE AND ELECTRICALLY
REPROGRAMMABLE READ ONLY MEMORY

e 8708 1024x8 Organization
e 8704 512x8 Organization

= Fast Programmmg —_— = Static— No Clocks Required
= Low. Power Durlng Programming Compatible During Both Read
® Access Time—450 ns and Program Modes

+12V, =5V Capability

The Intel®8708/8704 are high speed 8192/4096 bit erasable and electvically reprogrammable ROM’s (EPROM) ideally suited
where fast turn around and pattern experimentation are important requirements.

The 8708/8704 are packaged in a 24 pin dual-in-line package with transparent lid. The transparent lid allows the user to ex-
pose the chip t0 ultraviolet light to erase the bit pattern. A new pattern can then be written into the devices.

A pin for pin'mask programmed ROM, the InteI®8308, is available for large volume production runs of systems initially using
the 8708. ’

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

PIN CONFIGURATIONS BLOCK DIAGRAM
o B DATA OUTPUT
a 1 x Vec
a(: n)a b == b b
e P »0- . :
a e [ Jwe 3
s0s P = cwestLect
Mal 704 [ Jwo e | LoGic OUTPUT BUFFERS
A|[:: ’ 18 [7) rroGRam
ae 3o e | v
o \ . Do\. _— DECODER . Y GATING
o;[w : s Joe R
on u[Jo, i ;?’?::(sss | .
wqw upo. B x 2 64 x 128
et DECODER ROM ARHAY
T eaP04 - Vg S— = :
8708+ A,
PIN NAMES

Ag-Ag | ADDRESS INPUTS
0,0y | DATA OUTPUTS
ME | CHIP SELECTWRITE ENABLE INPUT




SILICON GATE MOS 8708/8704

Absolute Maximum Ratings *

Temperature UnderBias . . .. ......oveianaannnn -25°C'to +85°C
Storage Temperature . .. .. B P R -65°C to +125°C
All Input or Output Voltages with Respect to Ves

(except Program) . . . .ovvevvi i +15V t0 -0.3V
Program INPUtTO VBB - « v v v oo nvnnmme e mcccncnns +35V to -0.3V
Supply Voltages V¢ and Vss with Respectto Vgg:..:.:. *+15V10-0.3V
Vpp with Respect toVgg «« v o v v ocvvecenoee e +20V 10 -0.3V
Power Dissipation . ............ wstetem e NN H. D oo e 1.5W

READ OPERATION
D.C. and Operating Characteristics

*COMMENT

Stresses above those listed under *“Absolute Maximum
Ratings’’ may cause permanent damage t0 the device.
This is @ stress rating only and functional operation
of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to sbsolute
maximum rating conditions for extended periods may
affect device reliability.

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

Symbol Parameter Min. Typ.[1] Max. | Unit Conditions
I Address and Chip Select Input Load Current 10 MA Vin = 5.25V X
ILo Output Leakage Current 10, | pA | Vour =5.25V, CS/WE = 5V
Iop Vpp Supply Current 50 65 mA Worst Case Supply Currents:
Icc Vcc Supply Current 6 10 mA | AllInputs High
los Ves Supply Current 30 25 | mA | CSWE=5V;T4=0°C
ViL Input Low Voltage Vss 0.65 "
ViH Input High Voltage 3.0 Veet! v
Vou Output Low Voltage 0.45 V | lgL=16mA
Von: | Output High Voltage 3.7 V | lon=-100uA
Vo2 Output High Voltage 24 v lon = -1mA
Pp Power Dissipation 800 | mW | Ta=70°C
NOTES 1. Typical values are for Ta * 25 C and nominal supply voltages. :

2. The program input (Pin 18) may be tied to Vgs or V¢ during the read modo
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SILICON GATE MOS 8708/8704

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

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

ns

Capacitance!1) T, =25°C, f = 1MHz

Symbol

Parameter . Typ. | Max. | Unit| Conditions

Cin Input Capacitance 4 6 pF | Vin=0V

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

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

A.C. Test Conditions:

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

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

Input Pulse Levels: 0.65V to 3.0V

Waveforms
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SILICON GATE MOS 8708/8704 T e = " e S S i

PROGRAMMING OPERATION
Description

Initially, and after each erasure, all bits of the 8708/8704 are in the “1* state (Output High). Information is introduced by select-
ively programming “0” into the desired bit locations. ' -

The circuit is set up for programming operation by raising the CS/WE input (Pin 20) to +12V. The word address is selected in the
same manner as in the read mode. Data to be programmed are presented, 8-bits in parallel, to the data output lines (O4-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 loops (N) required is a function of the program pulse width (tpw) according to
N x tpyy 2 100 ms.

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

Program Characteristics
Ta = 25°C, Vg = +6V £5%, Vpp = +12V £5%, Vgg = -5V £5%, Vss = 0V, CS/WE = +12V, Unless Otherwise Noted.

Symbol Parameter Min. Typ. Max. Units
tas Address Setup Time 10 us
tcss CS/WE Setup Time 10 us
tps Data Setup Time 10 Hs
tAH Address Hold Time 1 Ms
tcH CS/WE Hold Time 5 us
toH Data Hold Time 1 us
toF Chip Deselect to Output Float Delay 0 120 ns
toPR Program To Read Delay 10 Hs
tpw Program Pulse Width o 1.0 ms
tpR Program Pulse Rise Time 5 2.0 Hs
tpg Program Pulse Fall Time 5 2.0 us
lp Programming Current 10 20 mA
Vp Program Pulse Amplitude ) 25 2z | . \%

NOTE: Intels standard product warranty applies only to devices programmed to specifications described herein.

Erasing Procedure

The 8708/8704 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 time) is 10W-sec/cm2. Examples of ultraviolet sources which can erase the
8708/8704 in 20 to 30 minutes are the Model UVS-54 and Model S-52 short-wave ultraviolet lamps manufactured by Ultra-Violet
Products, Inc. (5114 Walnut Grove Avenue, San Gabriel, California). The lamps should be used without short-wave filters, and the
8708/8704 to be erased should be placed about one inch away from the lamp tubes.
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SILICON GATE MOS 8708/8704

Waveforms

(Logic levels and timing reference levels same as in the Read Mode unless noted otherwise.)
A) Program Mode
CS/WE = +12V

i ONE PROGRAM LOOP |

— = = = ‘e

7

D B /6250 NI §

B) Read/Program/Read Transitions

READ | PROGRAM | READ
LooP

Loor | ‘ Loor

PROGRAM _ X i iy et e orn
PULSE - ”
0

g '_“ t‘_ o : l‘«n..ﬂ

DATA DATA OUT DATA DATA IN DATA IN DATA OUT
0,0, VALID FLOAT VALID . VALID VALID
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SILICON GATE MOS 8708/8704

Typical Characteristics ‘( Nominal supply voltages unless otherwise noted):

OUTPUT SINK CURRENT RANGE OF SUPPLY CURRENTS
VS. OUTPUT VOLTAGE VS:. TEMPERATURE
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intel

4,
lo,:feo,- 4-6( ,
ey, .y
”If ,';l": %q /#I ~
2114A* g,
2, C, .
1024 X 4 BIT STATIC RAM "%'o’,:f-
2114AL-2 | 2114AL-3 | 2114AL-4 2114A-4 2114A-5
Max. Access Time (ns) 120 150 200 200 250
Max. Current (mA) 40 40 40 70 70

HMOS Technology
Low Power, High Speed

Single +5V Supply +10%

High Density 18 Pin Package

Identical Cycle and Access Times

8 Completely Static Memory - No Clock
or Timing Strobe Required

8 Directly TTL Compatible: All Inputs
and Outputs

® Common Data Input and Output Using
Three-State Outputs

8 2114 Upgrade

The Intel® 2114A is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per-
formance MOS techinology. .It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore it
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2i 14A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit
storage, and simple interfacing are important design objectives. The 2114A is placed in an 18-pin package for the highest

possible density.

It Is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows
easy selection of an individug! package when outputs are or-tied.

PIN CQNFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
L 2 g P> 3 = “Q’ Vec
= : A g — 18 o—@—ouo
=1 — ) .
A ‘R A z > nOW MEMORY ARRAY
o s i) secect | © &4 fows
—A A b= 64 COLUMNS
10, }— @ .
A, A ® >3
—A . A » 3 ——
—{A, 2 i 1§
—ia, 0o Q“"‘?ﬂ_ E COLUMN 1/0 CIRCUITS
—a, ", — "o, LE) ?— m COLUMN SELECT
—1% - 1o, @ B jconTROL ,
‘ o, & j_
. A.(')“:’lz L%
P |
al ™~

PIN NAMES
F&-A, - ADDRESS INPUTS Vec POWER (+5V)
| WE WRITE ENABLE GND GROUND
[ CHIP SELECT
1/0,-1/0, DATA INPUT/OUTPUT -

C = PN NUMBERS

INTEL CORPORATION ASSUMES N0 RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER TKAN CIRCUITRY EMBODIED I AN ITEL PRODUCT. MO OTHER CIACUIT PATENT LICENSES ARE IMPLIED.

*PART ALSO AVAILABLE IN EXTENDED TEMPERATURE RANGE FOR MILITARY GRADE APPLICATIONS.
Intel Corporation, 3085 Bowers Avenue, Santa Clara, California 95051

©MTEL CORPORATION, 1979
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intal Schottky Bipolar 8212
EIGHT-BIT INPUT/OUTPUT PORT

- Fully Parallel 8-Bit Data = 3.65V Output High Voltage
Register and Bufter. for Direct Interface to 8080
= Service Request Flip-Flop CPU or 8008 CPU
for Interrupt Generation = Asynchronous Register
= Low Input Load Current — Clear
.25 mA Max. = Replaces Buffers, Latches
= Three State Outputs and Multiplexers in Micro-

computer Systems

s Reduces System Package
Count

s Outputs Sink 15 mA

The 8212 input/output port consists of an 8-bit latch with 3-§it;iutput buffers along with control and device selection
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor.

The device is multimode in nature. It can be used to implement latches, gated buffen.or multiplexers. Thus, all of the princi-
- pal peripheral and input/output functions of a microcomputer system can be implemented with this device.

PIN CONFIGURATION LOGIC DIAGRAM
SERVICE REQUEST FF
L \J
os, [ 24 (e
mo[] 2 23 [JINT DEVICE SELECTION o*a
o,[]3 22 []ol, 1 N =1
oo,[] « 21 (Joo, [y pei-or™ B>
o, s 20 [Joi, 3> os2 D"—' ", AcTve Lom
oo,[] e 19 (Joo £
m’ 7 2?7 o ' >0 % wR
3 (]
oo, [} 8 17 [J oo, D> st R ¢ e T
o, []e 16 [Joig : | | surren
mhn  wpo Bon HE e
ono[] 12 13 (Jos, ‘batataten | 'lfé‘ [} S
Bon o} :-54%@
Jiljig
o1 +—Ho o+ Mo«a@
| Heed |
B>on Lo o) i%w‘@
PIN NAMES } He | 1
|
OOk |DATAN | o5 o of1 lblo«sﬁp
00,005 | DATAGUT 7T T ] > | Heal | |
| %08, ~ DEVICE SELECT | | |
MD MODE rm—
O TS — >0t I |° °! >
Y ! INTERAUPT (ACTIVE LOW)_| calll |
TTR | CLEAR (ACTIVE LOW) I | | N
g> oy, b Io o} o¢, >
| | r"lcn l I |
i | |
B>ow LS o0 B>
meseToriver | ¢
P
> &R . | |

(ACTIVE LOW) L ot _J v _J



SCHOTTKY BIPOLAR 8212

Functional Description

Data Latch

The 8 flip-flops that make up the data latch are of a
“D" type design. The output (Q) of the flip-flop will
follow the data input (D) while the clock input (C) is
high, Latching will occur when the clock (C) returns
low.

The data latch is cleared by an asynchronous reset
input (CLR). (Note: Clock (C) Overides Reset (CLR).)

Output Buffer

The outputs of the data latch (Q) are connected to
3-state, non-inverting output buffers. These buffers
have a common control line (EN); this control line
either enables the buffer to transmit the data from
the outputs of the data latch (Q) or disables the
buffer; forcing the output into a high impedance
state. (3 -state)

This high-impedance state allows the designer to
connect the 8212 directly onto the microprocessor
bi-directional data bus. i

Control Logic

The 8212 has control inputs DS1, DS2, MD and
STB. These inputs are used to control device selec-
tion, data latching, output buffer state and service
request flip-flop.

DS1, DS2 (Device Select)

These 2 inputs are used for device selection. When
DSi is low and DS2 is high (DS1 - DS2) the device is
selected. In the selected state the output buffer is
.enabled and the service request flip-flop (SR) is
asynchronously set.

MD (Mode)

This input is used to control the state of the output
buffer and to determine the source of the clock input
(C) to the data latch.

When MD is high (output mode) the output buffers
are enabled and the source of clock (C) o the data
latch is from the device selection logic (DS1 - DS2)
When MD is low (input mode) the output buffer state
is determined by the device selection logic (DS -
DS2) and the source of clock (C) to the data latch is
the,STB (Strobe) input.

STB (Strobe) )

This input is used as the clock (C) to the,data latch
for the input mode MD = 0) and-to synchronously
reset the service request flip-flop (SR).

Note that the SR flip-flop Is negative edge triggered.

Service Request Flip-Flop

The (SR) flip-flop is used to generate and control
interrupts in microcomputer systems. It is asyn-

_chronously set by the CLR input (active low). When

the (SR) flip-flop is set it is in the non-interrupting
state. :

The output of the (SR) flip-flop (Q) is connected to
an inverting input of a “NOR" gate. The other input
to the “NOR" gate is non-inverting and is connected
to the device selection logic (DS7 - DS2). The output
of the “NOR"” gate (INT) is active low (interrupting
state) for connection to active low input priority
generating circuits.

S SERVICE REQUEST FF

DEVICE SELECTION

o> o5 B>
i3> osz ___D -, (ACTIvE Low
—EN
> Mo el WR
@STB——J Ir-——'-}-——‘l OU;:UY
BUFFER
Doy g !%
DATA LATCH | ’lﬂéﬂl |
Bor, \: o o] ;&%D
| -Lé‘l '
[>o1, oa 003 >
fiinig
|
B>o1 :' ':'n? ;%N‘E‘D
. S
R
|
B> ots e ’&To«@
d-Hew | [ :
|
E>o1y i r:’_:? :’5-{007®
Lﬂ'_l<' |
2o LGt o>
| I
|

> &t

sT8 [ Mo [ (0%, 0%;) DATA OUT EQUALS || cLn | (580850 [ 578 | *sn [ w7
19 2 ¢ kAR
:mu.n"
ATA LATCH T
ATA LA
DATA IN ~
A
DATA W SR FLIR-FLOP
CUR - RESETS DATA LATCH e
SETS SR FLIP-FLOP
MO0 EFFECT ON OUTPUT BUPFER)
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SCHOTTKY BIPOLAR 8212

Absolute Maximum Ratings*
Temperature Under Bias Plastic .. —65°C.to +75°C

“COMMENT: Stresses above those listed under A gs
may cause permanent damage to the device. This is a siress rating only and

Storage Temperature .......... ~68°C to +160°C _ [kostonal coraiion of the cavice At these os_ sl any aihe/ condiiion abovs
All Output or Supply Voltages ....—-0.5to +7 Volts
All Input Voltages ............... -1.0t0 5.5 Volts
OQutPUt CUFEBIS .« .o oo v S o oo oo ot wleis oue 125 mA
D.C. Characteristics
Ta=0°Cto +75°C Vcc = +5V £5%
Symbol Parameter Lining Unit Test Conditions
; Min. Typ." Max.
le Input Load Current -.25 mA Ve = 45V
ACK, DS;, CR, DI1,-Dl; Inputs ; :
le Input Load Current -.75 mA Ve = 45V
MD. Input
e Input Load Current -1.0 mA Vi = .45V
. DS, Input
Ie Input Leakage Current 10 HA Ve = 5.25V
ACK, DS, CR, DI,-Dl; Inputs
la Input Leakage Current 30 RA Ve = 5.25V
MO Input
In Input Leakage Current 40 mA Ve = 5.25V
DS, Input
Ve Input Forward Voltage Clamp -1 \' lc = =5 mA
Vi Input “Low" Voltage ) .85 Vv
Viu Input ““High" Voltage 2.0 .V
Vo Output “Low" Voltage 45 v lo. = 15 mA
Vou Output “High" Voltage 3.65 4.0 \' low = —1mA
lse Short Circuit Output Current -15 1\ -75 mA Vo=0V
o] Output Leakage Current ' 20 LA Vo = .45V/5.25V
High Impedance State ; 1
lee Power Supply Current 90 130 mA
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“"SCHOTTKY BIPOLAR 8212

Tlmlng' Diagram

. ~
8T8 or B3¢ « DSy 1.5V } x 1.5v
OuTPUT ‘Xf

T P S N S S P SR 4

ouTPUT }\uv
D e S S———

NOTE: ALTERNATIVE TEST LOAD =R "‘

Vec

AAA.
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intel"  silicon Gate MOs 8255
PROGRAMMABLE PERIPHERAL INTERFAC‘VE}

® 24 Programmable 1/0 Pins ® Direct Bit Set/Reset Capability

m Completely TTL Compatible Easing Control Application Interface

® Fully Compatible with MCS™-8and  ® 40 Pin Dual In-Line Package
MCS™-80 Microprocessor Families m Reduces System Package Count

- The 8255 is a-general purpose programmable /O device designed for use with both the 8008 and 8080
microprocessors. It has 24 1/O pins which may be individually programmed in two groups of twelve and
used in three major modes of operation. In the first mode (Mode 0), each group of twelve 1/0 pins may be
programmed in sets of 4 to be input or output. In Mode 1, the second mode, each group may be programmed
to have 8 lines of input or output. Of the remaining four pins three are used for handshaking and interrupt
control signals. The third mode of operation (Mode 2) is a Bidirectional Bus mode which uses 8 lines for a
bidirectional bus, and five lines, borrowing one from the other group, for handshaking.

Other features of the 8255 include bit set and reset capability and the ability to source 1mA of current at
1.5 volts. This allows darlington transistors to be directly driven for applications such as printers and high
voltage displays.

PIN CONFIGURATION 8255 BLOCK DIAGRAM
ra3(] NS [ ras
raz(]2 [ ras
rar1]s n[ras i
[¥]al] n[rar Jowtn e onow
ws )W o K N troar K % Jae
maje o S =4 o=t Al A
ano[]7 xo, o
ar[]s n]o, T
aol]e no, -~ - i
rcr 1o no, Gaour
res[n 82556 o, iy A ]
res 12 a0 o: m"E'."‘ S:- o
rca[]13 »[]o, S1DINECTIONAL DATA BUS A
rco[J1e oo, wa ) St )
mde  be el [
rca[ln 4[] ree 1 mu:: c 4:."
reo[1s 23] res 45
rs1]e 2] rea '
rs2(]20 n)re . |
. o = -
PIN NAMES . L) ':' C: a
a
L J s
0,-0y DATA BUS (BI-DIRECTIONAL) f
RESET RESET INPUT
CHIP SELECT
[ READ INPUT -
KL WRITE INPUT 3
AD, A1 PORT ADDRESS

PA7PAO_| PORTA(BIT)
PB7-PBO_| PORTB (BIT)
PCIPCO_| PORTC (BIT)
[ Vec +5 VOLTS
GND g VoLTS




SILICON GATE MOS 8255

8255 BASIC FUNCTIONAL DESCRIPTION

General

The 8255 is a Programmable Peripheral Interface (PPI1) de-
vice designed for use in 8080 Microcomputer Systems. Its
function is that of a general purpose 1/0 component to inter-
face peripheral equipment to the 8080 system bus. The
functional configuration of the 8255 is programmed by the
system software so that normally no external logic is nec-
essary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state, bi-directional, eight bit buffer is used to inter-
face the 8255 to the 8080 system data bus. Data is trans-
mitted or received by the buffer upen execution of INput
or OUTput instructions by the 8080 CPU. Control Words
and Status information are also transferred through the Data
Bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the 8080 CPU Address and
Control busses and in turn, issues commands t0 both of the
Control Groups.

(Cs)

Chip Select: A “low” on this input pin enables the com-
munication between the 8255 and the 8080 CPU.

(RD)

Read: A “low” on this input pin enables the 82556 to send
the Data or Status information to the 8080 CPU on the
DataBus. In essence, it allows the 8080 CPU to “’read from"
the 8255.

(WR) |
Write: A “low” on this input pin enables the 8080 CPU to
write Data or Control words into the 8255.

(Ap and A1)

Port Select 0 and Port Select 1: These input signals, in con-
junction with the RD and WR inputs, control the selection of
one of the three ports or the Control Word Register. They
are normally connected to the least significant bits of the
Address Bus (Ag and A4).

8255 BASIC OPERATION
Ay | Ag | RD | WR | CS | INPUT OPERATION (READ)
o\ [Re Y0 1 0 | PORT A= DATA BUS
o[ 1 0 1 0 | PORTB=DATA BUS
1 0 0 1 0 | PORT C= DATA BUS
OUTPUT OPERATION
(WRITE)
ol o 1 0 0 | DATABUS=PORTA
a1 1 0 0 | DATABUS=PORTB
1 0 1 0 0 | DATA BUS=PORTC
1 1 17 0 0 | DATA BUS=CONTROL
DISABLE FUNCTION
X | X X 1 | DATABUS= 3-STATE
1 1 0 0 | ILLEGAL CONDITION
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% .Q’A:" "“'.f";»_'tﬁ‘-‘:-_v"'z
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;1 R e
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8255 Block Diagram
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SILICON GATE MOS 8255

(RESET)

Reset: A-“*high’"-on this input clears all internal registers in-
cluding the Control Register and all ports (A, B, C) are set
to the input mode.

Group A and Group B Controls

The functional configuration of each port is programmed
by the systems software. In essence, the 8080 CPU “out-
- puts” a control word to the 82565. The control word con-
tains information such as “m e”, “bit set”, “bit reset”
etc, that initializes the functional configuration of the 8255.
Each of the Control blocks (Group A and Group B) accepts
“commands” from the Read/Write Control Logic, receives
“contic! words’ from the internal data bus and issues the
proper commands to its associated ports.
Control Group A — Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower (C3-C0)
The Control Word Register can Only be written into. No
. Read operation of the Control Word Register is allowed.

8255 BLOCK DIAGRAM

g e e A

Ports A,B,and C

The 8255 contains three 8-bit ports (A, B, and C). All can
be configured in a wide variety of functional characteristics
by the system software but each has its own special features
or “personality” to further enhance the power and flexi-
bility of the 8255.

Port A: One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B: One 8-bit data input/output latch/buffer and one
8-bit data input buffer. .

Port C: One 8-bit data output latch/buffer and one 8-bit
data input buffer (no latch for input). This port can be di-
vided into two 4-bit ports under the mode control. Each 4-
bit port contains a 4-bit latch and it can be used for the
control signal outputs and status signal inputs in conjunc-
tion with Ports A and B.

PIN CONFIGURATION

!
1
)
o

3 ra3(] w0 ras
A raz(]2 »[Jras
. j sar1 (a2 3 [Jras
4 1' [¥1sD) n[ear
vy Ao(]s ) wn
i ae 38 [ mesev
< ano ] 1o,
ar(]e 1o,
a(]e nlo,
rcr 10 no,
ecs [ 8255 2[]o,
vcs (]2 »[Jo,
rca]12 o,
rco (1 n]o
rc1]is 26 Yee
rca]re ) sy
rca ] 24[) res
vso[]1e n)res
[ 1=l 12[)res
s} n]em
PIN NAMES
Dy-0y DATA BUS (BI-DIRECTIONAL)
RESET RESET INPUT
18 CHIP SELECT
"AB | READ INPUT
WR WRITE INPUT
A, A1 PORT
. PAT-PAD PORT A (BIT)
Afihe: P87-PBO PORT B (BIT)
- PC7PCO PORT C (BIT)
A i Ve +6 VOL1S
: l“}‘«gy:-tr GND # VOLTS




SILICON GATE MOS 8255

8255 DETAILED OPERATIONAL DESCRIPTION

Mode Selection

There -are three basic modes of operation that can be select-
ed by the system software:

Mode 0 — Basic Input/Output
Mode 1 — Strobed Input/Output
Mode 2 — Bi-Directional Bus

When the RESET input goes “high* all ports will be set to
the Input mode (i.e., all 24 lines will be in the high im-
pedance state). After the RESET is removed the 8255 can
remain in the Input mode with no additional initialization
required. During the execution of the system program any
of the other modes may be selected using a single OUTput
instruction. This allows a single 8255 to service a variety of
peripheral devices with a simple software maintenance rou-
tine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be “tailored” to almost any 1/0
structure. For instance; Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

! ADDRESS BUS )
1y
( CONTROL BUS 1
- DATA 8US

JLUHULAL

n::. , A.;.l
-oo—J o e gk R

TET T
=L b=

Basic Mode Definitions and Bus Interface

CONTROL WORD

0; ] % | O | Bs|B}D]D| D

ne

GROUP B

PORT C (LOWER)
1= INPUT
0=0UTPUT

PORTB
1= INPUT
0=0UTPUT

s 0=MODE 0
1= MODE 1

MODE SELECTION

GROUP A

PORT C (UPPER)
1= INPUT
0=0UTPUT

PORT A
1= INPUT
0= 0UTPUT

MODE SELECTION
00 = MODE 0
01 =MODE 1
1X = MODE 2

MODE SET FLAG
1= ACTIVE

Mode Definition Format .

The Mode definitions and possible Mode combinations may
seem confusing at first but after a cursory review of the
complete device operation a simple, logical 1/0 approach
will surface. The design of the 8255 has taken into account
things such as efficient PC board layout, control signal defi-
nition vs PC layout and complete functional flexibility to
support almost any peripheral device with no external logic.
Such design represents the maximum use of the available
pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.
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SILICON GATE MOS 8255

[}

CONTROL WORD

0, | D | Oy | Oy | O3 | Py | Dy | Oy

[ BIT SET/RESET
X x__x 1= SET
0= RESET
DONT
CARE
BIT SELECT
o[ 1[2[3]a[s]e]7
&5
o[1]o[1]o[1]o[ 1]
S - o[o[1[1[o[o[1][1[B
lefofofo[3[3]4]+
BIT SET/RESET FLAG
0= ACTIVE

Bit Set/Reset Format

|

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255 is programmed to operate in Mode 1 or
Mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt request
signals, generated from Port C, can be inhibited or enabled
by setting or resetting the associated INTE flip-flop, using
the Bit set/reset function of Port C.

- This function allows the Programmer to disallow or allow a

specific 1/0 device to interrupt the CPU without effecting
any other device in the interrupt structure.

INTE flip-flop definition:
(BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) — INTE is RESET — Interrupt disable

Note: All Mask flip-flops are automatically reset during
mode selection and device Reset.

Operating Modes
Mode 0 (Basic Input/Output)

This functional ‘configuration provides simple Input and -

Output operations for each of the three ports. No “hand-
shaking” is required, data is simply written to or read from
a specified port.

Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit ports.

Any port can be input or output.

Outputs are latched.

inputs are not latched.

16 different Input/Output configurations are possible
in this Mode.

o ety ‘—/T
BASIC INPUT
TIMING (D7-Dg
FOLLOWS INPUT INPUT X X
NO LATCHING)
: T DELAY TIME TDELAY TIME
_’r FROM RD R FROM INPUT DATA .
- L T ¢ \__/
BAs.lc OUTPUT /- SET-UP VIOLATION
TIMING (OUTPUTS By0, ) (_—————-m————-—
LATCHED) —— ( ‘) e e i s
ouTPuT
tDATA TDATA
seroe le—o — -
T} ¢DELAY TIME OUTPUT DAT
FROM WR INVALID

Mode 0 Timing
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SILICON GATE MOS 8255

MODE 0 PORT DEFINITION CHART

A B GROUP A GROUPB
D4 | D3 | Dy Dg PORT A i # PORT B ol
(UPPER) (LOWER)
0 0 0 0 OUTPUT OQUTPUT 0 OUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT
0 0 1 0 OUTPUT OQUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 V-1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 [+] 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT
1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 1] 1 [+] INPUT QUTPUT 10 INPUT OUTPUT
1 ] 1 1 INPUT OQUTPUT 1 INPUT INPUT
1 1 0 ] INPUT INPUT 12 OUTPUT OUTPUT
1 1 0. 1 INPUT INPUT 13 QUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 INPUT | INPUT
MODE 0 CONFIGURATIONS
CONTROL WORD #0 CONTROL WORD #2
0, Dg Dy DO, O; O, D, D D, Dg Dy D, D, D, D, D
Clelefefefefe]"] [lefefefefe] 0]
At eayea, A rayea
wss 8288
i e poy P,
0y 0y = c{ 0,0y =" c {
e rcyc, e poy e,
. Lo re,rn, 8|7t re,0n,
CONTROL WORD #1 . CONTROL WORD #3
B, Oy Oy D, Oy Dy O, D O, Dy Dy D, Dy D O, D
[lefefefefefe] ] [lefefefefel ] ]
Afb—rt—era, e, At ray e,
: T ) A — reyc
0,0, c{ 0y-0y =————]| c{
e ry ey A — 17,
B Ly, ey,




SILICON GATE MOS 8255

CONTROL WORD =4
D, Dy Dy D, Dy O D, Dy

pedefeielefefe]e]

Al—At—ra,ra,
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CONTROL WORD #12
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CONTROL WORD #14
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CONTROL WORD #13
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CONTROL WORD #16
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Operating Modes Mode 1 Basic Functional Definitions:

Mode 1 (Strobed Input/Output)

This functional configuration provides a means for trans-
ferring 1/0 data to or from a specified port in conjunction
with strobes or “handshaking” signals. In Mode 1, Port A
and Port B use the lines on Port C to generate or accept
these ““handshaking” signals.

® Two Groups (Group A and Group B)
® Each group contains one 8-bit data port and one 4-bit
control/data port.
® The 8-bit data port can be either input or output.
" Both inputs and outputs are latched.
® The 4-bit port is used for control and status of the
8-bit data port.
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Input Control Signal Definition
STB (Strobe Input)
A “low” on this input loads data into the input latch.

- IBF (Input Buffer Full F/F)

A “high” on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgement.
IBF is set by the falling edge of the STB input and is reset
by the rising edge of the RD input.

INTR (Interrupt Request)

A “"high” on this output can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the rising edge of STB if IBF is a “one” and INTE is a

MODE 1 (PORT A)

RN ¢ =
CONTROL WORD
P; Oy Oy D, D; D; D; D, e
INTE ! le—— &8
LIl T DaIXI | LA | ™ '
| Lo m—e-
1= INPUT
0= OUTPUT
PC, ——= INTR,
RD ————=0 3
e, 7 [ 10
MODE 1 (PORT B)

“one”. It is reset by the falling edge of RD. This procedure CONTROL WORD "'n,' <I|
allows an input device to request service from the CPU by D, D Oy D, Dy D, D, D, i
simply strobing its data into the port. I 1] 71X 1EL | reyfe—iTB,
-wd
'T °C, [ 18F,
INTEA
Controlled by bit set/reset of PC. i -
AD ———ea
INTEB
Controlled by bit set/reset of PC.
Mode 1 Input
MODE 1 (STROBED INPUT)
BASIC TIMING
1BF 1
(INPUT BUFFER FULL) / y \
-——1 S e

§TROBE

<

Y

NO PROTECTION
FOR THIS OPERATION

INTERNAL
INPUT LATCH

L/

lNTR’

- Basic Timing I.nput



SILICON GATE MOS 8255

110

Output Control Signal Definition

OBF (Output Buffer Full F/F)

The OBF output will go “low” to indicate that the CPU has
written data out to the specified port. The OBF F/F will be
set by the rising g edge of the WR input and reset by the fall-
ing edge of the ACK input signal.

CONTROL WORD
Dy By Oy D, Dy D, D, O,
1/{o|v]0]|0

PC
ACK (Acknowledge Input) yetuouT
0=0UTPUT
A “low” on this input informs the 8255 that the data from
Port A or Port B has been accepted. In essence, a response
from the peripheral device indicating that it has received WR ——=0 <
the data output by the CPU. PCos fore
INTR (Interrupt Request) MODE 1 (PORT B)
A *high” on this output can be used to interrupt the CPU -
when an output device has accepted data transmitted by the CONTROL WORD
CPU. INTR is set by the rising edge of ACK if OBF is a 0, Dy Dy D, Dy D; D, D,
“one” and INTE is a “one”. It is reset by the falling edge 110 OBF,
of WR. e ATR,
INTE A )
Controlled by bit set/reset of PCg. o
INTEB BN
Controlled by bit set/reset of PC 5.
Mode 1 Output *
INTR \
58F
(OUTPUT BUFFER FULL)
il
(DOUBLE
FOR THIS OrERATION  WRITE
= | A 4

- Basic Timing Output
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Combinations of Mode 1

Port A and Port B can be individually defined as input or
output in Mode 1 to support a wide variety of strobed 1/0
applications.

e

AD —=q Py lo— T8,

PCy —— 18F,
CONTROL WORD

0, D4 Dy D, D, D, D, D, PC3 b INTR,

uo||]1lml|!m 'C.,,<—,L.|/o

%)
Joamr e R
w_n—-tl-—o PC, [——s OBF,

e, [o— Ak,

PCo |—— INTR,

PORT A - (STROBED INPUT)
PORT B — (STROBED OUTPUT)

e
WA ——=0f vc;——. WA
PCq [o— ACK,
CONTROL WORD
D; B Oy D, D, D, D, D, 'C‘IL_"”‘"‘A
1o o Jio|1 2
BOODDOD ¥ o
PCos
L, ]
AD——e0 ’C; fe 3T,
rc, 1BFy
PCy [——= INTR,

PORT A — (STROBED OUTPUT)
PORT 8 ~ (STROBED INPUT)

Operating Modes

Mode 2 (Strobed Bi-Directional Bus 1/0)

This functional configuration provides a means for com-
municating with a peripheral device or structure on a single
8-bit bus for both transmitting and receiving data (bi-direc-
tional bus 1/0). ““Handshaking” signals are provided to main-
tain proper bus flow discipline in a similar manner to Mode
1. Interrupt generation and enable/disable functions are
also available.

Mode 2 Basic Functional Definitions:

® Used in Group A only.
~ ® One 8-bit, bi-directional bus Port (Port A) and a 5-bit

control Port (Port C).

® Both inputs and outputs are latched. ;

® The 6-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port (Port
A). ;

Bi-Directional Bus 1/0 Control Signal Definition

INTR (Interrupt Request)

A high on this output can be used to interrupt the CPU for
both input or output operations.

Output Operations

OBF (Output Buffer Full)

The OBF output will go “low" to indicate that the CPU has
written data out to Port A.

ACK (Acknowledge)

A “low” on this input enables the tri-state output buffer of
Port A to send out the data; Otherwise, the output buffer
will be in the high-impedance state.

INTE 1 (The INTE Flip-Flop associated with OBF)
Controlled by bit set/reset of PCg.

Input Operations

STB (Strobe Input)

A “low” on this input loads data into the input latch,

IBF (Input Buffer Full F/F)

A “’high” on this output indicates that data has been loaded
into the input latch,

INTE 2 (The INTE Flip-Flop associated with IBF)
Controlled by bit set/reset of PCg4.



SILICON GATE MOS 8255

112

CONTROL WORD
o, D, 0,

o, D, Dy Dy O

]

mat
1= INPUT
0= 0UTPUT

‘———————e PORT B
1= INPUT
0= 0UTPUT

L —————————= GROUP 8 MODE
] 0= MODE 0
1= MODE 1

rC, |——— INTR,

KD

'c,———*mA
i I
INTE
TE || reyf—— AT
[ AP |
(gomrinedgy |
WTE || e, [T,
L‘_._J
e 18F,
#E O
3
85 >0 ’Cy f—F— w0

Mode 2 Control Word

Mode 2

IBF

o

DATA
1/0 DEVICE - 1/0 CHIP

o ST g, gy SHRREE

DATA
1/0 CHIP - 1/0 DEVICE




113

CONTROL WORD
D, Dy Dy D, D, D, D, D,

/ g I|F|I;Ia>—<|0||||ml

el

1= INPUT
0= OUTPUT

RO —————=(

WA —————e

SILICON GATE MOS 8255

MODE 2 AND MODE 0 (INPUT)

rc, - INTR,

PA, PA @

PC, |———= OBF,

g |lo— ERA

rc, f——— 18f,

PCy o |o—r—e 110

re, 8, @

MODE 2 AND MODE 0 (OUTPUT)

CONTROL WORD
D, Dy Dy D, D, D, D, D, -

L1 DXIXPXT oo Jie]

PCa0
1= INPUT
0= 0UTPUT

AD e}

V’ll—-—q

", TR,
N
ro, |——— o7,

¢, |o——— AcK,

rc, 578,
Sy 18F,
3
P [o—F— w0

n.».I}

MODE 2 AND MODE 1 (OUTPUT)

CONTROL WORD
D, Og Oy Oy D, D, D, D,

1Y ~ 1/o0

PC; e INTR,

PA,PA, <I':>

rc, __.ﬁ‘

PCy fo— ACK,

#c, fo— 5,

¢y f——e 185,

e, e, L__-:)

PC, |———— 0BF,

#C, fe—— ACK,

PCy f———e INTR,

MODE 2 AND MODE 1 (INPUT)

CONTROL WORD

Py Oy Oy D, Dy D, D, D,

0 [ XXX T IX)

LN —— LN

PA,PAg @

L A
n..-——”“
#C, fo— 578,

PCy |———e 1BF,

S

PC; fo— &7,

PCy = 18F,

PCy | INTR,
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DM54155/DM74155(SN54155/SN74155)
DM54156/DM74156 (SN54156/SN74156)

dual 2:4 demultiplexers

general description

The DM54155/DM74155 and DM54156/DM74156
are monolithic transistor-transistor-logic (TTL) cir-
cuits featuring dual 1 line-to-4-line demultiplexers
with individual strobes and common binary-address
-inputs in a single 16-pin package. When both sec-
-tions are enabled by the strobes, the common
binary-address inputs sequentially select and route
associated input data to the appropriate output of
“each section. The individual strobes permit activat-
ing or inhibiting each of the 4-bit sections as
desired. Data applied to input 1C is inverted at its
outputs and data applied at 2C is not inverted
through its outputs. The inverter following the 1C
data input permits use as a 3-t0-8 line decoder or
1-to-8-line demultiplexer without external gating.
See the truth tables for more details.

The DM54155/DM74155 has normal TTL “totem-
pole” outputs. The DM54156/DM74156 has open
collector outputs, but is otherwise identical to the
DM54155/DM74155.

features

® 125 mW typical power dissipation

® 17 ns typical propagation delay for the
DM54155/DM74155, 18 ns for the DM54156/
DM74156

® Pin compatible with SN54155/SN74155 and
SN54156/SN74156

- s > >

logic and connection diagrams

STROBL
6

e

DATA
i

[12)

w2

!l'lﬂo DD "_¢

1
= =

m

m

DATA
€

ouvPuT
surPyl

ouTPUT

ouTPUT

D=
.

ouTPyY

% m

sTRosE | ouTeuT
Cx m

truth tables

2-LINE-TO4-LINE DECODER OR 1-LINE-TO4-LINE DEMULTIPLEXER

Dual-in-Line and Flat Package

syTuTs
Ve y N
" " " n ” n " )
c % m m m
-
—q1C
% J 3 hazd w1 e T
2
1 2 3 L) ] s ? ]

TOP VIEW

3-LINE-TO-8-LINE DECODER TO 1-LINE-TO-8-LINE DEMULTIPLEXER

INPUTS OUTPUTS INPUTS OUTPUTS
e e secect |STROBE | 00ty @ @ w ® ® m
B Al 16 C_ | 1Y0 1Yl 1¥2 1Y3 OR DATA|
X X H X H H H H ¢! 8 A G 2Y0 2Y1 2Y2 2Y3 1Y0 1Yl 1Y2 1Y3
L L % H L H H H R 3 - = T m R T
L Hi H IR W A o B L L H H H H H H H
H L L H H H L H L L H % H L H H H H H H
H H L H H H H L L H & L H H L H H H H H
X X X L H H H H L W@ i & N bt 0 &g e a
H L L L H H H H L H H H
INPUTS OUTPUTS H L H L H H H H H L H H
SELECT | STROBE| DATA H H L L H H H H H H ; :
B Al 26 2C | 2v0 2v1 2v2 2v3 H H H L H H H H H H
X X H X H H H H
L k L L L H H H 1C = inputs 1C and 2C connected together
L H L L H L H H 1G = inputs 1G and 2G connected together
H L [ L H H & H
H H L A H H H L
X X X H H H H =
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Series b4/74

DM5404/DM7404(SN5404/SN7404) hex inverter

general description

The DM5404/DM7404 is a hex inverter utilizing
TTL to achieve high speed at nominal power dissi-
pation. It is totally compatible with other Series
54/74 devices.

features
® |Input clamping diodes
s Typical Noise Immunity 1V

Guaranteed Noise Immunity 400 mV
Fan-out 10
Allowable Power Supply Variation

DM5404 45V to 5.5V

DM7404 4.75V to 5.25V
Average Propagation 12 ns (with 50 pF)
Delay
Average Power Dissipation 10 mW per gate

)

schematic and connection diagrams

DM5404/DM7404

DM5404/DM7404
Dual-In-Line Package

Vee

14 13 12 11 10

ol lpo

™1 1

TOP VIEW

DM5404
Flat Package

GND
" lﬂ lﬂ |“ I" |' :

R [

TOP VIEW
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