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Functional Diagram
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Pin Description

PIN
SYMBOL NUMBER TYPE DESCRIPTION
Veo 26 Ve The +5V power supply pin. A 0.1uF capacitor between pins 26 and 7 is
recommended for decoupling.
GND 7 GROUND

Do-D7 27-34 o DATA BUS: The Data Bus lines are bidirectional three-state pins connected to the
system data bus.

RESET 35 RESET: A high on this input clears the control register and all ports (A, B, C) are set
to the input mode with the “Bus Hold” circuitry turned on.

CS B CHIP SELECT: Chip selectis an active low input used to enable the 82C55A onto the
Data Bus for CPU communications.

RD 5 READ: Read is an active low input control signal used by the CPU to read status
information or data via the data bus.

WR 36 WRITE: Write is an active low input control signal used by the CPU to load control
words and data into the 82C55A.

AO0-A1 8,9 ADDRESS: These input signals, in conjunction with the RD and WR inputs, control
the selection of ane of the three ports or the control word register. AQ and A1 are
normally connected to the least significant bits of the Address Bus AQ, A1,

PAO-PAT 1-4, 37-40 o PORT A: 8-bitinput and output port. Both bus hold high and bus hold low circuitry are
present on this port.

PBO-PB7 18-25 1o PORT B: 8-bit input and output port. Bus hold high circuitry is present on this port.

PCO-PCY 10-17 o PORT C: 8-bit input and output port. Bus hold circuitry is present on this port.
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" S
8255A Basic Operation

> X INPUT OPERATION
POWER | ————b +5V <:> GFEORL:!FPAA /1\':>F‘A¥-C:'AO A1 | AOJ RD|WR]CS (READ)
SUPPLIES | __, &ND | croura (8)
CONTROL 3 0 0 0 1 0 | Port A — Data Bus
! ol 1]o] 1] 0 |Porte=pataus
GROUP A
o
BI-DIRECTIONAL <:> Z?-i;: \IA::>PCT'PC4 1 0 0 1 0 Paort C — Data Bus
DATA BUS DATA BUS /' (4) ¢
D7-D0 CID surrer K 3_B|T> e 1] 1 o] 1| o |contolWord— DataBus
INTERNAL PORTC [ > Vo
y 3 N PC3-PCO
smts | K il ) OUTPUT OPERATION
| T (WRITE)
RO ——pd )
WR iy CﬁE&%L GROUP B a 0 I 0 0 Data Bus — Port A
a1 CONTROL <: GROUF B /I— l{e]
ao —| ¢ <_> PO(E}T ° \'_:>PB?'PB° 0 1 1 0 0 | Data Bus — Port B
RESET e— N )
4 1 0 I 0 0 Data Bus — Port C
s f 1 1 1 0 0 | Data Bus — Control
A, A, Port DISABLE FUNCTION
0 0 Port A X X X X 1 | Data Bus — Three-State
0] 1 Port B X X 1 1 0 | Data Bus — Three-State
1 0 Port C
1 1 Control Word
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Interfacing 8255A to Buffered 8088 System

BD[07]
U1
BDO s34 |4 PAO
BDL 33 | DO PAO 73
BD2 32 | D! PAL 75 PA Port A
BD3 _ 31 B§ Eg 1 PA3
BD4__ 30 40
BD5_ _ 29 Bg 5’254 39 pAs 0084H
BD6 28 | 02 o |38 PAG
BD7 27 |2 oo [37
IOR/ 5 | — 18 PBO
ow/ 36 | RD PBO 719 PEl
BAD WR PBL [0 e
“BAl 8 |A0 PB2 751 Port B
L o
8255CS/ 6 Cs PES Si 0085H
PB6 [Si——EB0—
ppy 22— PBT
Pco [Hs——E<0—
pcl a>—E&l—
u2 PC2 ig—P—CZ— Port C
pC3 ai—E&S —
B2 1] 15 13 pca
> g $(1J ;ﬁ Eg‘g 12 PCs 0086H
B3 ¢ Y2 DHg PC6 —P—Cﬁ—ié
Y3 ;ﬁ pc7 H—E<L—
A ¥s P29 8255
BAS 20l gon Y6 P>—X
BA6 50| g v7 pL—X PCW
74,5138 0087H
BA15 BAl1l4 BA13 BAl12 BAl1ll BA10 BA9 BAS8 BA7 BAG6 BA5 BA4 BA3 BA2 BA1 BAO
X X X X X X X X 1 0 0 0 0 1 - -
N J N J
h'd h'd H_j
Enable Y1 Ports
Signals
CENA433 - King Saud University 5 Mohammed Amer Arafah



"
Interfacing 8255A to Buffered 8086 System

BD[07]

Port A

—BDa 30 1 paa |20 PA4 0048H

pEp 20 PB2 Port B
B 004AH

PC1 [He—ES— Port C

115 pPC4
Yo ;Hi poa |13 004CH
|11 PC6
Y2 3%( PCe |t
P11 &
BAG 6 va P
A, G1 Y5 Dﬁ 8255
5 P7 X
BAS  of 5o Y7 P—X

vy
ES
wWIN =

PCW
004EH

BA15 BAl14 BA13 BAl12 BAll BA10 BA9 BA8 BA7 BAG BAS5 BA4 BA3 BA2 BA1 BAO

X X X X X X X X
Enable Ports Enable
Signals
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"
Mode Definitions and Bus Interface

1 ADDRESS BUS

CONTROL BUS

3 DATA BUS 2

82C55A

RD, WR D7-D0 AD-A1
c
A

PET-PE0 CONTROL CONTROL PAT-PAOQ
ORI/O OR IfO

MODE 2

DIRECTIONAL
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" S
Mode Definition Format

CONTROL WORD

DT D1
G ER Bl BB A

PORT C (LOWER)
1= INPUT
0 = OUTPUT

PORT B _
| 1=INPUT ; Example
0 = OUTPUT

MODE SELECTION MOV DX, PCW
0 = MODE 0

1= MODE 1 MOV AL, 10011001B

ouT__ DX, AL

PORT C (UPPER)
1= INPUT
0 = QUTPUT

PORT A
1=INPUT
0=0UTPUT

MODE SELECTION
00 =MODE D

01 = MODE 1
12X =MODE 2

> MODE SET FLAG
1=ACTIVE
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" I
Bit Set/Reset Format

CONTROL WORD

I 0 3 ) 8 3 I

, Set PC6
BIT SET/RESET
1=SET MOV DX, PCW

0 = RESET
MOV AL, 00001101B
OouT DX, AL

il
DON'T
CARE

- Reset PC6
MOV DX, PCW

BIT SET/RESET FLAG

OuT DX, AL
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I
Mode O (Basic Input/Output)

m This functional configuration provides simple input and
output operations for each of the three ports. No
handshaking is required, data is simply written to or
read from a specific port.

m Mode O Basic Functional Definitions:
Two 8-Dbit ports and two 4-bit ports.
Any Port can be input or output.
Outputs are latched.
Input are not latched (tri-stated).
16 different Input/Output configurations possible.
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Mode O Port Definition

GROUP A GROUP B

PORTC PORTC
D4 | D3| D1 | DO |PORTA|(Upper)| # |PORT B|(Lower)
0 0 0 0 Output | Output | 0 | Qutput | Output
0 0 0 il Output | Output | 1 | Output | Input
0 0 1 0 Output | Output | 2 Input | Output
0 0 1 1 Output | Output | 3 Input Input
0 1 0 0 Output | Input | 4 | Output | Cutput
0 1 0 1 Output | Input | 5 | Qutput | Input
0 1 1 0 Output | Input | 6 Input | Output
0 1 1 il Output | Input | 7 Input Input
1 0 0 0 Input | Qutput | & | Output | Cutput
1 0 0 il Input | Cutput | 9 | Output | Input
1 0 1 0 Input | Cutput | 10 1 Input | Output
1 0 1 1 Input | Qutput | 11 1 Input Input
1 1 0 0 Input Input | 12 | Qutput | Cutput
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
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Mode O Configurations

CONTROL WORD #0

D7 Dé D5 D4 D3 D2 D1 DO

Llefolofofofofo]

D7 - D0 e}

A
82C55A

d

CONTROL WORD #1

D7 Dé D5 D4 D3 D2 D1 DO

Llefolofofofoft]

D7 - D0 s

A
82C55A

d

#rm?-
ﬂL.Fvc:v-
%Pcs-
#PB?-

ﬁs;»m?-
ﬂL.Fvc:v-
HLPcs-
#PB?-

PAQ

PC4

PCO

PBO

PAQ

PC4

PCO

PBO

CONTROL WORD #2

D7 D6 D5 D4 D3 D2 D1 DO

Llofefofofef ]o]

D7 - D0

A
82C55A

d

CONTROL WORD #3

D7 D6 D5 D4 D3 D2 D1 DO

Llofefofofef ] ]

D7 - D0 ]

A
82C55A

d

CENA433 - King Saud University

ﬁLPPAT-
ﬂLppcr-
ﬁL»Pca-
HLPB?-

ﬁLPPAT-
ﬂLppcr-
HLPca-
HLPB?-

PAO

PC4

PCO

PBO

PAO

PC4

PCO

PBO

CONTROL WORD #4

D7 D6 D5 D4 D3 D2 D1 DO

Llefefefrefefe]

A ﬁL»PA?-
820554 .
el PCT7-
D7 - DO 4———p) C{ .
—<— PC3-
B ﬁL.Fvew-
CONTROL WORD #5
D7 D6 D5 D4 D3 D2 D1 DO
Lefefofe]ofof]
A ﬁL»PA?-
820554 .
—<L——re7 -
D7 - DO g———p) C{ .
M PC3 -
B ﬁL.Fvew-
12

PAQ

PC4

PCO

PBO

PAQ

PC4

PCO

PBO

CONTROL WORD #6

D7 Dé D5 D4 D3 D2 D1 DO

Llefofol feo] o]

8
A—<— PAT- PR
82C55A .
i PC7 - PC4
D7 - D0 4—) C{ .
—<— PC3 - PCO
8
B e—<——FPB7 - PBO
CONTROL WORD #7
D7 D6 D5 D4 D3 D2 D1 DO
Llefofol fe] ] ]
8
A—<— PAT- PR
82C55A .
i PC7 - PC4
D7 - DO s C{ .
—r<——PC3 - PCO
B HLPBT-PBO
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CONTROL WORD #8

D7 Dé D5 D4

D3 D2 D1 DO

Mode O Configurations

Llefeftfefofole]

8
A ¢ PAT - PAD
82C55A .
< 5 PCT-PC4
D7 - D0 >y c{ .
—~<— PC3-PCO
8
B |—<— FB7-FEO
CONTROL WORD #9
D7 D6 D5 D4 D3 D2 D1 DO

Llefefifefofel]

D7 - D0 eyt

A
82C55A

d

HLPAT-PAO
ﬁL. PCT7-PC4
HLPca-Pco
ﬂL. PBT7-PBO

CONTROL WORD #10

D7 Dé D5 D4

D3 D2 D1 DO

Llefefifefol ]e]

Llefef fefol ]}

8
A PAT -

82C55A .
il PCT -

D7 - DO ————) C{ .
—~<— PC3 -

8
B e—<—FPE7-

CONTROL WORD #11
D7 D& D5 D4 D3 D2 D1 DO

D7 - D0 et

A
82C55A

{

lﬁLPA?-
ﬂ.lﬂ.;pPC?-
lﬁLPCS-
quPB?-
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PAO Aje—E——rpa7-
82C55A .

PC4 Ml PC7 -
D7 - D0 4——— C{ .

PCO —~<— PC3-
8

PBO ep—<—»PB7-

CONTROL WORD #13
D7 D6 D5 D4 D3 D2 D1 DO
Llefel i frfefe] ]

8

PAO Aje—<—rpa7-
82C55A .

PC4 M PCT -
D7 - DO 4>} C{ .

PCo —<——PC3 -
8

PBO ep—<—»PB7-

13

CONTROL WORD #12

D7 Dé D5 D4

D3 D2 D1 DO

Llefef ffofo]e]

PL

P(

P(

PE

PL

P(

P(

PE

CONTROL WORD #14

D7 D&

D5 D4 D3 D2 D1 DO

Llefol fr]ofr]e]

8
A e PAT - PAD

82C55A .
—<—PCT7-PC4

D7 - DO C{ .
—~<— PC3 - PCO

8
B e—<——FPB7 - PBO

CONTROL WORD #15
D7 D6 D5 D4 D3 D2 D1 DO
[CCT T

8
A e PAT - PAD

82C55A .
—<—PCT -PC4

DT - DO 4 C{ .
f—rc—PC3 - PCO

8
B je—<~——FPB7 - PB0
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= I
Mode O Configurations

Mode 0 (Basic Input)

RD \

tiR — — tHR «—
INPUT N
X
i+ tAR —» +—— tRA —%
TS, A1, AD X'—

r
l+—— tRD — tDF —

Mode 0 (Basic Output)

— tWW—— »

N /
tWD

— tDW e

D7-DO Xf ;K
tAW tWA
CS, A1, A0 XL

QUTPUT )‘l

WR \

v_

—— tWE ——»

CENA433 - King Saud University 14 Mohammed Amer Arafah



" S
Decoding Circuit for 1/O Chips

Example 1.

m A system has 8 1/O chips.

m The dedicated I/O space is: 8000H — 9FFFH.

m Some of the I/O chips require 16 contiguous 1/O

ports.
Solution:
8000 - 9FFF
—— —

1000 1001 - BA15, BA14, and BA13 are constants.

BA15 BAl14 BA13 BAl12 BAll BA10 BA9 BA8 BA7 BAG BAS5 BA4 BA3 BA2 BA1 BAO

1 0 0 X X X X X X 0 0 0 - - - -
\ J N J - /
Y YT
Constants Eight 1/O Chips 16 contiguous I/O ports
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Decoding Circuit for 1/O Chips

Solution of Example 1:

7415138
BA, A vo | 8000 — 800FH
BA; . v1| 8010 — 801FH
BA; . v2 | 8020 — 802FH
v3 | 8030 — 803FH
BAs v4 | 8040 — 804FH
El
BA vy5 | 8050 — 805FH
—0 e
BA,, v6 | 8060 — 806FH
C E2B/
v7 | 8070 -807FH

CENA433 - King Saud University
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8255ACS/ ¢

Port A

8000H

Port B

8001H

Port C

8002H

102CS/
103CS/
104CS/
1O5CS/
106CS/
107CS/
108CS

CW

8003H
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" S
Decoding Circuit for 1/O Chips

Example 2:
m A system has 4 1/O chips.
m The dedicated I/O space is: 4000H — 40FFH.

m Some of the I/O chips require 8 contiguous 1/O
ports.

Solution:
4000 - 40FF

- BA15 - BAS8 are constants.

BA15 BAl4 BA13 BA12 BAl1l BAI0 BA9 BA8 BA7 BA6 BA5 BA4 BA3 BA2 BAl BAO
0 1 0 0 0 0 0 0 X X X 0 0 - - -
N— 7 NG J

—~— — v

Four 1/O Chips 8 contiguous I/O ports

Constants

CENA433 - King Saud University 17 Mohammed Amer Arafah



" S
Decoding Circuit for 1/O Chips

Solution of Example 2: (
Port A | 4000H
7415139 Port B | 4001H
BA, . YO‘4OOO—4OO7H 8255ACS/ * bortC |2002H
4008 — 400FH 102CS/ CW | 4003H
BA, — B Y1 \
) 4010 -401/H 103CS/
— ) El s 4018—401FH  104CS/
BA;5 40
BA, ——
BA13 —C
BA, —(
BA11 —C -
BA, — O
BA, —(
BA;, —(

CENA433 - King Saud University 18 Mohammed Amer Arafah



"
Application 1: Basic Input/Output

V
o

BD[07]

NN\
NAYAY

[

o

=

o

3

\I' S
U1 J s1
BDO 34 4 PAD 1 —| 8
—=~— DO PAD |
R ) PAL 3P =1
BD3__ 31 | D2 PAZ ™y PA3 il R 5
BD4 30 | D3 PA3 75 —T=
BD5 29 | D4 PA4 H(SQ e
BD6 28 | D5 PAS (352K SWDIP-4
BD7 27 | DS PA6 [37
—=L 1 p7 PA7 X u3 R1 L]
o35 | KD Pe0 e ——F0 1 N T I T AN S
D).
BAD 9 | WR PBL ™50 PB2 2 |2 B 11 3 ANNIET
D).
BAL g | A0 PB2 51 PB3 6 |4 C 10 4 NANIET] S——
D).
RESET 35 | AL PB3 55 4| 8 D9 S NANET
87ecS/ & | RESET PB4 55X —=9| BIRBO E Pig - AN
CS PB5 ﬁ4 vee '—03 RBI F ‘14 7 A 3
PB6 52X o 9| LT GP NAAN, -
PB7 =—X | -
1 S 74.547 330 Ohm
PCO ﬁ 7-Seg LED
PC1 T(
u2 pPC2 ﬁ
BA4 1 15 PC3 13X
BAS 2 |A Y0 Pig PC4 [ X
BAG 3 |B V1P ¥ PC5 71 X
——cC Y2 DW PC6 W(
v3 PIT—X pc7 X
BALS 6 v4 PIo ¥
BAL3 4g| Gt v5 Py X 8255
BAL4 5| A v6 P7—X
20t —20| G2 y7 p—X
74,5138
BA15 BAl14 BAl13 BAl12 BAl1ll1l BA10 BA9 BA8 BA7 BA6 BA5 BA4 BA3 BA2 BA1 BAO
1 0 0 X X X X X X 0 0 0 X X - -
H_/ . J H_/
Y
Enable Y1 Ports
Signals
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"
Application 1: Basic Input/Output

PORTA EQU  8000H
PORTB EQU  8001H
PORTC EQU  8002H
PCW  EQU  8003H

: 8255A Initialization
MOV DX, PCW
MOV AL, 10011001B
ouT DX, AL

; To read port A unconditionally
again: MOV DX, PORTA
IN AL, DX

; To write the value to port B unconditionally

INC DX
ouT DX, AL
JMP again

CENA433 - King Saud University 20 Mohammed Amer Arafah



" A
Application 2: 7-Segement Display

T T

ﬂ WG &
1 Turns -

Segment ON s L-H—': = o
) Digit Digit

o
1
I

iy : A 1 i 1 »
BDO ne T [ -
o0 o N 1) | M|
BD3 ad m A : il | FH TR
BD4 i ] o Py [0 3 ] A
BD5 i s PAL K] L A S—
e o o B ——
o He e
" up PR [ 5
RESET 2 AEgEr I::J-:_I W E L . .
— 5 pas (45—} Digit transistor
pg (et ' switch controlled
I ;D: —}‘r e by Port B bit
o Aln 2 - 0 Turns y(
BA4 o wAL H : L. Vcc
o5 51— Fes (A Digit ON + volts 7
BA7 & :'T:I_ F‘O-:l:-:.—
BA8 iy j.l.:,_ Pt == H_]
BA9 o] s
BA10
BA11 ' e g

Baz — | H ] ;-- 7 Segment data transistor switches
Cd ]

Egg I/,_/ controlled by Port A bits.

An 8-digit LED display interfaced to an 8088 microprocessor through 8255A
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"
Application 2: 7-Segement Display

Character [dp [ g | f | e | d|[c | b | @ Hex
— [
- | |f b
Segment B i Iﬂ o|1f(1|1]1f(0]0]|1 79H
Driver 9 I
— . .
— dB. LI 0 0 1 1 1 1 1 1 3FH
common Iy ol1|o|lo|lo]lo|lo]oO 40H
ot
Two Types:
Common Anode (CA) Common Cathode (CC)
CAControI Vcce CCControI GND
Anwe******** Cathode********
Cathode a a9 dp Anode 0
Select Segments. Select Segments
Switched Resistors to GND Switched Resistors to Vcc
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Application 2: 7-Segement Display
Common To segment
on all Digits
a
PAO > "
PAL >
PA2 > Z kﬁlﬂ kﬁlﬂ kﬁlﬂ klaﬂ klaﬂ klaﬂ klaﬂ klaﬂ
e > Segment e | | | (1] 1] 1] 1] 1]
o orver L e et P e B
i > g 0 0 0 ) 0 0 0 )
PAG f dp Common Cathode
PAT - A A A A A A A A
Digit 8 | Digit 7| Digit 6] Digit 5| Digit 4| Digit 3| Digit 2| Digit 1
8255A Digit Driver
A A A A
PBO
PB1
PB2
PB3
PB4
PB5
PB6
! Sequentially Turn ON one digit at a time

Recommended Rate: 100 — 1500 times/sec
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Application 2: 7-Segement Display

PLD Program for Address Decoding

library ieee;
use ieee.std_logic_1164.all;
entity DECODER_11 21is

port (

A, A Address Port

0 0 700H Port A

0 1 701H Port B

1 0 702H Port C

1 1 703H Control Word

Al5, Al4, A13, Al12, Al11, A10, A9, A8, A7, A6, A5, A4, A3, A2: in STD_LOGIC;

DO: out STD_LOGIC
);

end;

architecture V1 of DECODER_11 17is

begin

DO <= Al15 or A14 or A13 or A12 or A1l or not A10

or not A9 or not A8 or A7 or A6 or A5 or A4 or A3 or A2;

end V1;

BA15 BAl14 BAl13 BAl12 BAll1 BA10

0 0 0 0 0

BA9 BA8 BA7 BA6 BAS5 BA4 BA3 BA2 BA1 BAO
1 1 0 0 0 0 - -
———— - —
14-bit address decoding Using PLD On chip
Selection

24 Mohammed Amer Arafah
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"
Application 2: 7-Segement Display

Memory
oo R R .
DS| 0050 > 500 | | | | | | | |
501 — || — ] — ] — | — | — ] — | —
502 — .
S| = Offset 503 |_| |_ | | | | N | |
oo | T
505
MEM [—— : % MEM = 506
507 MOV SI, OFFSETMEM-1 = SI=(506-1) - 500 = 5
508 00
o 509 MOV AL, [BX + SI] -> DS = 00500
BX=8 BX= 0008
. 20 S| = 0005
L 508 0050D
E 50C Content of the address 0050D is ‘H’.
H 50D
[ X J
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"
Application 2. 7-Segement Display

; Program the 82C55 for Port A and Port B are output ports in mode 0
MOV DX, 703H ; Address of Command Port into DX
MOV AL, 80H ; 80H Data into AL
OUT DX, AL ; Write 80H into Command Port to program PPI
; An assembly language procedure that multiplexes the 8-digit display.
; This procedure must be called often enough for the display to appear stable
DISP PROC NEAR USES AX BX DX Sl
PUSHF
MOV BX, 8 ;load counter BX with # of display digits
MOV AH, 01111111B ;load initial digit selection pattern to enable MS digit
MOV SI, OFFSET MEM - 1 ;Load Sl with offset (MEM) - 1
MOV DX, 701H ;address Port B (for Port A: decrement DX)
:Sequentially display all 8 digits starting with MS digit
.REPEAT
MOV AL, AH
OUT DX, AL ;send digit selection pattern to Port B
DEC DX ;Address Port A (to send Digit Data)
MOV AL, [BX+SI] ;Load digit data from memory into AL
OUT DX, AL ;send digit datato Port A
CALL DELAY ;wait 1.0 ms leaving displayed digit ON
ROR AH, 1 ;adjust selection pattern to point to next digit
INC DX ;Address port B
DEC BX ;decrement counter for data of next digit.
{UNTIL BX ==
POPF
RET
DISP ENDP

CENA433 - King Saud University 26 Mohammed Amer Arafah



" JEE—
Application 2. 7-Segement Display

; Delay Loop
DELAY PROC NEAR USES CX
MOV CX, XXXX ; XXXX determines delay, = Delay required / loop exec time
D1:
LOOP D1
RET
DELAY ENDP

Loop execution time is calculated from instruction data and the clock frequency.
An 80486 executes “LOOP D1” in 7 clock cycles

With a 20 MHz clock, loop exec time = 7 x 50 = 350 ns

XXXX = 1ms/350ns

Display Flashing Rate:

- Assume the DISP Procedure is called continuously
- Ignore loop execution times relative to delay time (e.g. 350 ns << 1 ms)

<1—TS DISP Proc DISP Proc
Digit Displayed g 7 2 1 8 7 2 1

8 ms Flashing rate = 1/8 ms = 125 Hz
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"
Application 3: Stepper Motor

2 Coils
Driven at a Time

m Stepper motor is digital in Gé\\, (’q@\)
N Elj// \}‘ ‘/;/
nature. - PR
. w2y P W
m |t rotates in a sequence of SN 7 S._ZEEAN

discrete steps controlled by
sequentially energizing a set
of coils (windings).

l
m Step angles vary from 1° to U% %
: . - B
15 _dependlng on precision sz 2525 00, ats TR
required (and cost) & y @
o \\ AN
@ = @%D
© N

* N Pole lies between the two energized coils
» Rotation Direction: Anti-clock wise
» Step angle: 90°
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"
Application 3: Stepper Motor

ROL AL,1

——|33H = 00110011

@ ROL AL,1

66H = 01100110

ﬂ ROL AL,1

CCH=11001100

ﬂ ROL AL, 1

9H = 10011001

CENA433 - King Saud University

@ -
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"
Application 3: Stepper Motor

ROR AL,1

——|33H = 00110011

@ ROR AL,1

9H = 10011001

ﬂ ROR AL,1

CCH=11001100

ﬂ ROR AL, 1

—— | 66H= 01100110
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" JEE—
Application 3: Stepper Motor

Motor stepper

“’ )
Do —32— Do PAO |3
D1 D1 PA1 10K
32 2
D2 39 D2 PA2 7
D3 30 D3 PA3 70 Q2
D4 —55— D4 PA4 Loo—
D5 —58 D5 PA5 a8 O 12V
D6 D6 PA6 (—=—
27 37
D7 —=— D7 PA7 |
. 5 |gp 18
<IQWC —2— RD. PBO | —g—
+0RC —3— WR PB1 —— Q3 o
A0 —5— AD PB2 51
8
Al 35 ] Al PB3 55
RESET —==— RESET PB4
6 | == 23
— ES PBS 54
PB6 55
PB7 Q4 e
PCO (13
PCA 16
pPC2 17
PC3 13
PC4 >
PC5 G am
PCé 0
PC7 |- r—
82C55 Note: # = active low -
CENA433 - King Saud University 31 Mohammed Amer Arafah



"
Application 3: Stepper Motor

CX has:
PORTA EQU 40H Sign of Rotation
0: ACW 1.CW
;An assembly language procedure that controls the stepper motor # of Steps
STEP PROC NEAR USES CX AX
MOV AL, POS ;get position e.g. 0000H (0)
OR CX, CX ;set flag bits 0005H (5,ACW)
AF IZERQO? 8007H (7,CW
AF ISIGN? ;if not sign -2 Rotate left
.REPEAT
ROL AL,1 ;rotate step left
L : . MOV DX, PORTA
CX Positive: Rotate Anti-clockwise OUT DX, AL
CALL DELAY ; wait 1 ms for motor to move
{UNTIL CXZ
.ELSE
AND CX, 7FFFH ;make CX positive
.REPEAT
ROR AL,1 ;rotate step right
: : MOV DX, PORTA
CX Negative: Rotate Clockwise OUT PORTAL
CALL DELAY ;wait 1 ms for motor to move
UNTILCXZ
.ENDIF
.ENDIF
MOV POS,AL ; Save POSN for next step
RET
STEP ENDP
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"

Application 4: Interfacing a 4x4 Key Matrix

VCC
Row Inputs - _ - —_ P
U1 _ Fo O—n r——() O— l—() O——=n r() o0——
BDO .—35_ DO PAO 4 s 1 ,\/\/\——h
o o i B e o e O
BD3 31 1 ] ] ! \
BD4 3 B¢ PAY L sl B 2 - & ANNN—sn
o —2in o v ssel gl smsal swe
o7 ———=2p7 PA7 L Y Row2 - [ [ - AN\
w—R 2 e
— 2 WR
BAO 9 50 Oo— O—a O—a O—=
BAL e oo B Q? gg% 21 Row3 P AR
RESET — 35| RESET PB4 (22— X
s Egg 124 = Col0 Col1 Col2 Col3
PB7 |25
Peo e
Ports 50H-53H 6
o PCa [z Column Outputs 0 0 0 0
PC4 -
PCs 2 — 0 +—» 2. Scan columns with ,
pee L — 1. All O’s
Fe7iil— one 0 to locate a To check
U2 82C55
ressed ke
BA2 1 of P y For any

BA3

Press/Release
« With no keys pressed, all row inputs are 1's due to the pull up
resistors connected to Vcc.
Column outputs are sequentially scanned as 0’s.
- « If key (X,Y) is pressed, it connects the scanning O from column X
BALs output to row Y input. If no other key is pressed on the same column,
this allows the pressed key to be identified.

BAS
BA6
BA7
BA8
BA9
BA10
BAll

S
o
n
[e]®) OQ(P
slonfo) \Aloo|<o

S5
Q0
~No

[®]
o

L

ey

=
o
[ ]

An 4 x4 keyboard matrix interfaced to an 8088 microprocessor through 8255A
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"

Application 4: Interfacing a 4x4 Key Matrix

START

Mo

Wimir 20 s
for bounce
on relocase

Weadt 20 s
for bounce
on closure

3

es m ) L=

T

Set pointor
o column 2

1
+

! FRotate data
right one bit

Aclcd one Lo
whies prasigpuesy

1 -

CF = O7

o=

Feich code
from oable

L
RETURN
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Application 4: Interfacing a 4x4 Key Matrix
;KEY scans the keyboard and returns the key code in AL.

KEY

Keep calling SCAN
Until FF (no key pressed)
i.e. wait for key release

Keep calling SCAN

Until (Not FF) (a key pressed)

i.e. wait for key stroke

KEY
SCAN

SCAN

COLS

ROWS

PORTA
PORTB

PROC

MOV BL,FFH
SHL BL,ROWS
MOV AL,0

OUT PORTB,AL
— » REPEAT

.UNTIL ZERO?
.REPEAT

EQU 4
EQU 4
EQU 50H
EQU 51H

NEAR USES CX BX
;compute row mask

;place all zeros on Port B
;wait for release

——— > .REPEAT

.UNTIL IZERO?
MOV CX,00FEH
WHILE 1

.ENDW
WHILE 1

.ENDW

MOV AL,CH
RET

ENDP

PROC

IN AL,PORTA
OR AL,BL
CMP AL,OFFH
RET

ENDP

CENA433 - King Saud University

.REPEAT
CALL SCAN
.UNTIL ZERO?
CALL DELAY10 ; Release debounce
CALL SCAN
;wait for key press (to be determined)
CALL SCAN
.UNTIL !ZERO? ; (not zero, i.e. not = FF)
CALL DELAY10 ; Press debounce
CALL SCAN , scan again after things have settled 1st Column
;find column AL =11111110
MOV AL,CL

OUT PORTB,AL

CALL SHORTDELAY ;Wait till data outputted to PortB have settled!

CALL SCAN
.BREAK !ZERO? ;Key found at this column- Quit WHILE1!
ADD CH,COLS ;Key not found at this row- move on to next row —add COLS to CH
ROL CL,1 ;AL = 11111101 on 2" trial
;find row from pattern Read into PortA in SCAN
SHR AL,1

.BREAK .IF ICARRY? ; LSB of AL is shifted into the carry flag by SHR! So we stop on 15t zero bit
INC CH ; for each shift until row is found

;get key code into AL: AL=CH=(COLS)X+Y=4X+Y;X=0,1,..,3,Y=0,1,..,3
NEAR
;read rows

;test for no keys
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I
Mode 1 (Strobed Input/Output)

m This functional configuration provides a means for
transferring 1/O data to or from a specified port in conjunction
with strobes or “hand shaking” signals. In mode 1, port A and
port B use the lines on port C to generate or accept these
“hand shaking” signals.

m Mode 1 Basic Function Definitions:
Two Groups (Group A and Group B).

Each group contains one 8-bit port and one 5-bit
(Group A) or 3-bit (Group B) control/data port.

The 8-bit data port can be either input or output. Both
Inputs and outputs are latched.
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Mode 1 (Strobed Input)

MODE 1 (PORT A)

CONTROL WORD P”'PA”

[ LI
D7 De D5 D4 D3 D2 D1 DO I IN‘IEI PC4 STBA
o e S
PC5 IBFA
PC8, PCT
—p 1= |NPUT
0=0UTPUT
FC3 = INTRA

INTE A RD ' I PC8, PCT 4724>|fo

Controlled by bit set/reset of PC4.

MODE 1 (PORT B)

CONTROL WORD PBT'FBO

==
D7 D6 D5 D4 D3 D2 D1 DO [INTE]  [Pez

nﬁ’x"x‘xﬁ L I ‘_ﬁB

PC1p—» IEFB

FCOp— INTRE

RD—N:I
INTEB

Controlled by bit set/reset of PCZ.

CENA433 - King Saud University

CONTROL WORD P”'PM
D7 D6 D5 D4 D3 D2 D1 DO I',F,T'E': o le— STHA
|1o111m11 L s
o~ PC5 b IBFA
L 1=INPUT
0 = QUTPUT
PC3 —» INTRA
RD ' PC8, PC7 472L>uo
MOV DX, PCW
MOV AL, 101111108 ||._. ,F'E”"FB”
I 'N;E 1 |PC2je— ___
ouT DX, AL Lp=a STEB
PC1}—> IEFB
MOV AL, 00001001B
ouT DX, AL pcoj—» INTRE
MOV AL, 00000101B
ouT DX, AL
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" S
Input Control Signal Definition

m  STB (Strobe Input)
A “low” on this input loads data into the input latch.

m [BF (Input Buffer Full F/F)

m  A"high” on this output indicates that the data has been loaded into
the input latch: in essence, and acknowledgment. IBF is set by STB
Input being low and is reset by the rising edge of the RD input.

m  INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU when and
Input device is requesting service. INTR is set by the condition:
STBis a “one”, IBF is a “one” and INTE is a “one”. It is reset by the
falling edge of RD. This procedure allows an input device to
request service from the CPU by simply strobing its data into the
port.

CENA433 - King Saud University 38 Mohammed Amer Arafah



=
Mode 1 (Strobed Input)

1ST —»
sTE 7l

1'!1—1 )

. tSIB ;ﬁ — I -
INTR ‘—J[ tRIT | \
| J/" )
RD }‘. )rf \

tPH
INPUT FRDM ----- ;E ---------------------------
PERIPHERAL »
tPS >
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" J
Interfacing a Keyboard to uP using Port A in Mode 1

;A procedure that reads the keyboard and returns the ASCII key code in AL

; Quit polling when bit 3read is not ZERO (INTR,=1)

; get ASCII value of key pressed from keyboard

BIT3 EQU 08H ;00001000 PC3 (INTR,)
PORTC EQU 22H
PORTA EQU 20H
READ PROC  NEAR
REPEAT :poll IBF bit
MOV DX, PORTC
IN AL, DX
TESTAL, BIT3
UNTIL IZERO?
MOV DX, PORTA
IN AL, DX
RET

READ ENDP

BDO-7

8255 should be programmed for operation in:

- Group Ain Mode 1
- Port Ais input

CENA433 - King Saud University
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P,

PA,

PC,

B2CS55

Keyboard

< ASCI

STB

Dy
D,

DAV

il

1us
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I
Mode 1 (Strobed Output)

CONTROL WORD

D7 De D5 D4 D3 D2 D1 DO

1T]op1]o

INTE A

—p 1= INPUT

MODE 1 (PORT A)

PC4, PC5

0= OUTPUT

WR

PAT-PAOD

PCT

PCe&

D=

PC4, PC5

Controlled by Bit Set/Reset of PC6.

MODE 1 (PORT B)

] 3

CONTROL WORD PET-PEO :>

D7 D6 D5 D4 D3 D2 D1 DO o M
pc2 fe— ACKE
pcol—» INTRB

INTEB

Controlled by Bit Set/Reset of PC2.

CENA433 - King Saud University

CONTROL WORD
D7 De D5 D4 D3 D2 D1 DO

NOBODOON
e
o= olreur
WR
MOV DX, PCW
MOV AL, 10101100B
OUT DX, AL
MOV AL, 00001101B
OUT DX, AL
MOV AL, 00000101B
OUT DX, AL
41

PAT-PAOD

PC7

— OBFA

PCs&

— ACKA

— [NTRA

PB7-PBO

PC1

T

—» OEFB

PC2

— ACKE

PCO

— INTRE
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" S
Output Control Signal Definition

m  OBF — (Output Buffer Full F/F). The OBF output will go “low” to
indicate that the CPU has written data out to be specified port. This
does not mean valid data is sent out of the part at this time since
OBF can go true before data is available. Data is guaranteed valid
at the rising edge of OBF. The OBF F/F will be set by the rising
edge of the WR input and reset by ACK input being low.

m ACK — (Acknowledge Input). A “low” on this input informs the
82C55A that the data from Port A or Port B is ready to be accepted.
In essence, a response from the peripheral device indicating that it
IS ready to accept data.

m  [INTR - (Interrupt Request). A “high” on this output can be used to
interrupt the CPU when an output device has accepted data
transmitted by the CPU. INTR is set when ACK is a “one”, OBF is a
“one” and INTE is a “one”. It is reset by the falling edge of WR.
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I
Mode 1 (Strobed Output)

— » tWOB |&—

i} A g
- B

AT —
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"
Interfacing a Printer to uP using Port B in Mode 1

;A procedure that transfers an ASCII character from AH to the printer connected to port B

BITO EQU 1 ; Bit PCO = INTRg
PORTC EQU 62H
PORTB EQU 61H
CMD EQU 63H
PRINT PROC NEAR
.REPEAT ;Wait for printer ready to receive a new char- Poll INTRg till high
MOV DX, PORTC
IN AL, DX
TEST AL, BITO
.UNTIL !ZERO? ; INTRg =1 No data in output buffer, so can write into it!
MOV DX, PORTB
MOV AL, AH

OUT DX, AL ; Write ASCII char data into port latch
MOV AL, 8 ;Generate data strobe pulse on PC4

OUT CMD, AL
MOV AL, 9 82555 Printer
OUT CMD, AL PB, D,
RET ! ascn )
PRINT ENDP 7 6 5 4 3 2 1 0 PB, i
OXXXlOOOResetPC4 it
=T PC, [ ACK
Command byte B L Bit set/reset _| J._
1 =set _
0 = reset PC, »| DS
s . Strobe data
elects a bit i
Into Printer

CENA433 - King Saud University 44 Monammea Amer Araran



Combinations of Mode 1

RD ——J
CONTROL WORD

D7 De D5 D4 D3 D2 D1 DO
1jop 1y 1j1ofp 170

PC8, PCT

—p 1 =INPUT
0=0UTPUT

WR
DX, PCW \

PA7-PAQ

PC5
PC3
PC8, PC7
PB7, PBO

PC1

MOV

MOV AL, 10111100B
ouT DX, AL

MOV AL, 00001001B
ouT DX, AL

MOV AL, 00000101B
ouT DX, AL

CENA433 - King Saud University

CONTROL WORD
D7 De D5 D4 D3 D2 D1

1

WR

Do
ojptol 191

PC4, PC5
— 1 = [NPUT

0=0UTPUT

PAT-PAD

PCT

PC&

PC3

PC4, PC5

PBT7, PBO

PC2
PC1

PCO

RD
MOV DX, PCW
MOV AL, 10101110B
ouT DX, AL
MOV AL, 00001101B
ouT DX, AL
MOV AL, 00000101B
ouT DX, AL

45
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" J
Mode 2 (Strobed Bi-Directional Bus 1/O)

m The functional configuration provides a means for
communicating with a peripheral device or structure on a
single 8-bit bus for both transmitting and receiving data (bi-
directional bus 1/0). “Hand shaking” signals are provided to
maintain proper bus flow discipline similar to Mode 1. Interrupt
generation and enable/disable functions are also available.

m Used in Group A only.

m One 8-bit, bi-directional bus Port (Port A) and a 5-bit control
Port (Port C).

m Both inputs and outputs are latched.

m The 5-bit control port (Port C) is used for control and status for
the 8-bit, bi-directional bus port (Port A).
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Mode 2 (Strobed Bi-Directional Bus 1/O)

CONTROL WORD
De D5 D4 D3 D2 D1 DO

AR B

MOV DX, PCW
MOV AL, 11000011B P
0=QUTPUT
ouT DX, AL
PORT B
- MOV AL, 00001101B > 1=INPUT
B e OUT DX, AL  cnoue gwone
RD 1 MOV AL, 00000101B " 1=MODE 1
ouT DX, AL
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"
Bi-Directional Bus I/O 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 three-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 PCA4.

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 PCA4.
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"
Mode 2 (Strobed Bi-Directional Bus 1/O)

DATA FROM
CPU TO 82C55A

T\ |
P : 7
e T

+—— tAOB —»

[#]
m
o

h

«— tAK

=

y—"|

"

«—tST —>»
STE /
tsIB l o

IBF aD
I= tPS . — +— —btKD

BUS -

/' tPH—» [ tRIB —»
RD / I
DATA FROM DATA FROM

PERIPHERAL TO 82C55A 82C55A TO PERIPHERAL

DATA FROM
82C55A TO CPU
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" WEERERERpIE: Processor Sends

Bidirectional Bus

Mode 2(Strobed Bi

Data to External Device on the

-Directi«

PC3

PC7

PC6

5 5 PC4 |l¢———— QTB
:A procedure transmits AH through the bidirectional bus - o
PC2 -PCO ¢&—— /O
BIT7 EQU 80H | understand h
PORTC EQU 62H understand you have
PORTA EQU 60H Wait for #OBF =1 data for me in your latch.
Result = 1 (Not zero) Please put it on the bus
it!
TRANSPROC NEAR , Solcantakeit
WR NV
REPEAT 1 . 5
INAL,PORTC  OBF N Ve
TESTAL,BIT? L \ 4 3 7
.UNTIL IZERO? ACK e ~—
ata in Port A latch, Port 1/0 bus

MOV AL.AH POMTA cmeoeememeeens | butnotonits I/Opusyet _ __  Enable Jis normally HiZ

OUT PORTA,AL 7O BUS To allow use in

RET to carry The other direction

Data output (OUT) to port A ey ead from port A

TRANS ENDP By Microprocessor By external device

CENA433 - King Saud University
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u _eives Data from External Device on
Bi-directional mode 2

the Bidirectional Bus

.Mode 2 (Strobed Bi-Directi(| —j e
1. External device sending data checks if #IBF = 0 (No pending :

data in port latch not read by processor) (Hardware Polling)

2. Then it puts its data on external bus and strobes it into port latch = Ul
using #STB To P H 37 > GBF
3. IBF automatically goes high until data is read by processor 3 f‘NlT'Eg PC6 |«——SNACK

4. Processor polls IBF for IBF = 1 to make sure data is in port latch
(software polling)

5. Processor reads data from port

6. This automatically lowers IBF to enable further writes

I/P Co

» [BF
110
;A procedure that reads data from the bidirectional bus into AL
Hardware Polling for IBF = 0 by device to generate #STB
BITS EQU 20H —— / To avoid overwriting existing data in Port not read by processor yet
PORTC EQU 62H STB / N 2 7
PORTA EQU 60H / k
IBF
READ PROC NEAR 1 3 4 \
Ao . 6
.REPEAT ;Wait for IBF =1
’ Port 1/0 bus
IN AL,PORTC PORLA . anssemnrrmens < 2 > : e i T e
Step 4 TESTALBITS

.UNTIL !ZERO? E_D

IN AL,PORTA

RET ha 5

Step 5 Data stored inport A latch  HiZ external  Data input (IN) from port A
READ PROC NEAR By device on the other side fos' o By Microprocessor
processor
reads
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Mode 2 Combinations

MODE 2 AND MODE 0 (INPUT)

PC3
PAT-PAQ
PC7
CONTROL WORD
D7 De D5 D4 D3 D2 D1 DO PCse
111 o 1170
PC4
1=INPUT
0=0UTPUT
o PC2-PCO
RD =—p-Cf

— INTRA
(&

p OBFA
e— ACKA

je— STEA

p- |EFA
3

—<p 110

PE7-PBO ‘_
WR e—

MODE 2 AND MODE 0 (OUTPUT)

PC3
PAT-PAD
PCT7
CONTROL WORD
D7 De D5 D4 D3 D2 D1 DO PCe
111 o 0}1/0
PC4
1=INPUT
0=QUTPUT
o PC2-PCO
RD
PET. PBO
WR

— INTRA

p—p OBFA
j— ACKA
— STEA

p—p [EFA

—<— 1/O

E:}

MODE 2 AND MODE 1 (OUTPUT)

PC3

PAT-PAOQ

PC7
PC6
PC4

CONTROL WORD
D7 Dé D5 D4 D3 D2 D1 DO

111 110

PC5

PB7-PEO

PC1

i

PC2

— PCO

—p INTRA

—p OBFA
je— ACKA
j¢— STBA
- |BFA
)
—p OBFBE
je— ACKBE

—> INTRB
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MODE 2 AND MODE 1 (INPUT)

PC3

PAT-PAD

PCT
PC6
PC4

CONTROL WORD
D7 D6 D5 D4 D3 D2 D1 DO

111 11 1

PC5

PB7-PBO

PC2
PC1

— PCO

—p INTRA

—» OBFA
j— ACKA
j+— STEBA
—» IEFA
(]
= STEB

— [EFE

—» INTRB

52
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"
Mode Definition Summary

MODE 0 MODE 1 MODE 2

IN ouT IN ouT GROUP A ONLY
PAD In Out In Out P >
PA1 In Out In Out < >
PA2 In Out In Out < »
PA3 In Out In Out * »
PA4 In QOut In Out < »
PAS In Out In Out < »
PAG In Out In Out < »
PAT In Out In Out 4 »
PBO In Out In Out
PB1 In Out In Out
PB2 In Out In Out
PB3 In Out In Out }Lj"r"rﬂige ]
PB4 In Out In Out Only
PBS In Out In Out
PB6 In Out In Out
PBY In Out In Out
PCO In Out INTRE INTRB o]
PC1 In QOut IBFB OBFE 1]
PC2 In QOut STBB ACKB fle]
PC3 In Out INTRA INTRA INTRA
PC4 In Out STBA H®] STBA
PCh In Qut IBFA H®] IBFA
PCG In Out fl@] ACKA ACKA
PC7 In Out 1l@] OBFA OBFA
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"
Status Word

INPUT CONFIGURATION
D7 D6 D5 D4 D3 D2 DI DO
/0 | 110 | IBFA [INTEA[INTRATINTEE| 1BFB |INTRB

GROUP A GROUP B
OUTPUT CONFIGURATION
D7 D6 D5 D4 D3 D2 DI DO
OBFA|INTEA] 110 | 1O [INTRAJINTEB [ OBFB [INTRE
GROUP A GROUP B
MODE 1 STATUS WORD FORMAT
D7 D6 D5 D4 D3 D2 D1I DO
OBFA INTE1] IBFA JINTEZ2 [INTRA] X X X
GROUP A GROUP B

CENA433 - King Saud University

(Defined by Mode 0 or Mode 1 Selection)

MODE 2 STATUS WORD FORMAT
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82C55A-5 82C55A TEST

SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS
READ TIMING
{11tAR Address Stable Before RD 0 - 0 - ns
{2)tRA Address Stable After RD 0 - 0 - ns
{31tRR RD Pulse Width 250 - 150 - ns
{4)tRD Data Valid From RD - 200 - 120 ns 1
{5)tDF Data Float After ROV 10 75 10 Ta ns 2
(6) tRV Time Between RDs and/or WRs 300 - 300 - ns
WRITE TIMING
(7)tAW Address Stable Before WR 0 - 0 - ns
(8) WA Address Stable After WR 20 - 20 - ns
{90t WR Pulse Width 100 - 100 - ns
{10) tDW Data Valid to WR High 100 - 100 - ns
{11)twWD Data Valid After WR High 30 - 30 - ns
OTHER TIMING
{12) tWB WR =1 to Qutput - 350 - 350 ns 1
(13)tIR Peripheral Data Before RD ] - 0 - ns
{14) tHR Peripheral Data After RD 0 - 0 - ns
(15) tAK ACK Pulse Width 200 - 200 - ns
(18) 15T STB Pulse Width 100 - 100 - ns
(1TtPs Peripheral Data Befaore STE High 20 - 20 - ns
{18) tPH Peripheral Data After STE High 50 - 50 - ns
{19) tAD ACK =0 to Output - 175 - 175 ns 1
{20) tKD ACK =1 to Qutput Float 20 250 20 250 ns 2
{21) tWOB WR=1t00BF=0 - 150 - 150 ns 1
(22) tADB ACK=0to OBF =1 - 150 - 150 ns 1
{23)tS1B STE=010IBF =1 - 150 - 150 ns 1
(24) tRIB RD=1t0IBF =0 - 150 - 150 ns 1
(25)tRIT RD=0t0INTR=0 - 200 - 200 ns 1
(26) t3IT STB=110INTR=1 - 150 - 150 ns 1
(27) AT ACK=110INTR=1 - 150 - 150 ns 1
(28) tWIT WR=0tINTR=0 - 200 - 200 ns 1
(29) tRES Reset Pulse Width 500 - 500 - ns 1, (Note)
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"
Timing Parameters

AQ-A1,
TS
tAR (1) tRA (2)
tRR (3]
RD
(HIRD—  +— |\, tDF5)
DATA
BUS VALID
T — _____F
77— HIGH IMPEDANCE —
READ TIMING
AD-A1,
o]

AW (T) ——f — 1WA (8)

DATA )T . .
(tDW (10} ;i__:[WD:Hl
TWW (9)
WRITE TIMING
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INPUT

CS§, A1, AD

D7-D0

OUTPUT

— HR{13)

N

N

e tRR(3)

—

Mode 0 Timing Parameters

—

X

—+{ tHR ﬂ14};

e tRA(2)

JK

{mn 1) —»

X
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Mode 1 Timing Parameters
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Mode 2 Timing Parameters
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