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ABSTRACT v
b

THE PAPER PRESENTS A METHOD OF DESIGN AND IMPLEMENTATION
OF A CHARGER AND ANALYSER NI—CAD BAT
TERY BY MICROPROCESSOR Z-80. THIS SYSTEM WAS DESIGNED FOR
BATTERY SIZE AA,AAA ABOUT 4-8 PIECES. THE OPERATION OF SYSTEM
COMPRISED OF 3 MODE. THERE ARE CHARGE MODE,CONDITION MODE AND
ANALYSE MODE. THE CHARGE MODE CAN BE CHARGE IN QUICK CHARGE AND
SLOW CHARGE AND THEN WHEN CHARGE IS FULLED NI-CAD BATTERY WERE
SOFT CHARGED BY  AUTOMATIC. THE CONDITION MODE WAS DESIGED FOR
SOLVE THE PROBLEM ABOUT MEMORY EFFECT OF BATTERY. THE ANALYSE
MODE USED FOR CHECKED THE EFFICIENTCY OF BATTERY.

CHARGER AND ANALYSER NI—CAD BAT

TERY HAD BEEN TRIAL WITH SATISFACTORY RESULT.
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ENDCIIAGESG
ENDDIS10
ENDCIHAGE10
FT™

ETM
OFF_BATT
DIS_BATT
QUICK_BATT
SLOW_BATT
TRICK_BATT
PAA_BATT
AAA_BATT
RANG1
RANG2
RANG3

RRR:

xt

TPRNT. ASM
TPRNT.LST

NICLE CADMUIM BATTERY
CIIARGER AND ANALIZER

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

ORG
LD
CPD

JP.

M -

* LD

00

01

02

03

9811

4011

6011

0CoI!

270011

000011

260011

003811

405LI1

408811

0A09BI

0AQE21!

05 H
03
00
01
02
03
04
05
061!
801
4011
201

MO WMo We We We we W we

START
BC, 40011

PE,RRR -
1
A,CTRE

5 1IRS. IOR QUICKCIIAR
FOR DISCIIARGE

OFF BATTERY
DISCIARGE BATT

SET QUICK CIIARGE
SET SLOW CIARGE

SET TRICKLE CIIARGE
SET PACK OR AA SIZE
SET AAA SIIEK



0ooc
000E

0038
0038
0039
003a
0033
003C
003D
0040
0043
0044
0045
0046
0047
0049
004A

004B
004E
0051
0053
0056
0058
0035A
005D
0060
0063
0066
0069
006C
006E
0071
0074
0077
007A
007D
0080
0082
0085
0088

D3
C3

F3

5

ES
D5
C5
CD
CD
C1
D1
El
F1
D3
FB
Cc9

31
CD
3E
32
3E
D3
32
32
32
32
32

32

3E
32

o
[

32
32

32

2]
&

3E
32
32
18

03
4B 00

4A 04
68 03

co

’
00 27 RESET:

01 04
40

01 26
00

60

02 26
03 26
04 26
0L 26
Or 26
10 26
01

06 26
17 26
07 26
1A 26
08 26
19 26
04

09 26
18 26
00

oUT  (PCTRL),A
JP RESET

INTERUPT MODE 1

ORG  CLOCKS

DI

PUSII AF

PUSIT IIL

PUSII DBE

PUSII BC

CALL CTIME

CALL RUN_PERCNT
POP  BC

POP DE
POP IIL
POP  AF

ouT (NMIPORT),A
EI
RET

SBY CONDITION
LD SP,STACK

CALL  CLEAR

LD A, 40l

LD (DISPM),A
LD A,00

OUT  (RYPORT),A
LD  (DISPM+1),A
LD (DISPM+2),A
LD (DISPM+3),A
LD  (CNT_AMPI),A

LD  (CNT_PERCNT),A
LD  (EI_PERCNT),A

LD A,011
LD (DISPM+5),A

LD (STATUSMOD), A

LD (DISPM+6),A

LD (STATUSSIZ),A

LD (DISPM+7),A

LD (STATUSCIIA) , A

LD A,4ll
LD (DISPM+8),A

LD (STATUSFUC) ,A

JR SHoW

-



008a
008D
0090
0092

0094
0097
0099
009C
009LE
00AQ

00A3
0044
00A7
0049
00AC
00AE
00B1

00B4
00B7
0083
00B?2
00BC
00BD
00BE
00BF
00C1
00C4

CcD
Ch
20
18

3A
IE
CA
FE
28

2
J

B
3A
IFE
CA
FE
CA
Cc3

21
2B
E5
CcD
El
7C
B3
20
CcD
Cc9

E7
AS
02
Fé

00
00
c5
01
03
4B

17
01
73
02
F5
4C

FE

E7

F6
A5

26

00

00

26
01
01
02

01

03

04

; PRESS TUNC

; PRESS ENTER

; DISP  SIIOW
b
SIOW: CALL DISP
CALL KEY
JR NZ,KEYRUN1
JR SHOoW
H
: CIHECK FIRST PRESSED.
b
KEYRUN1: LD A, (KEYCD)
cp 00 :
Jp Z,SWITCH
cp 01
JR Z,RUN ;
Jp RESET
;
; START RUN PROGRAM.
?
RUN: EI
LD A, (STATUSMOD)
CP 01l
Jp Z ,MODE1
Cp 021
Jp Z ,MODE2
Jp MODE3
KEYLAY: LD 1IL,01FEIl
ERT: DEC IIL
pusH 1L
CALL DISP
POP 1L
LD Al
OR L
JR NZ,ERT
CALL KEY
RET
; -
; ) PRESS FIRST FUNCEION. '

e e aintatn el bl el bt ———— g ——



00C5
00C7
00CA
00CD
00CL
00D1
00D4
00D6
00D7
00D8
00D9
00DA
00DB
00DD
00DE
00E1
004
00ES
00L8
00EB
00ED
00ro
00r3
00rs
00F7
00F9
00FC
OOFE
0101
0103
0106
0108
010B
010E

0110
0113
0115
0118
011A
011C
011r
0121
0122
0124
0126
0128
012A

3E
32
21
D9
CD
CD
28
08
D3
2B
7C
BS
20
08
C4
3A
FE
28
3A
FE
cA
34
FE
20

32
3E
32
18
CD
3E
32

18

3A
FE
CcA
FE
20
3A
FE
c8
FE
28
FE
28
co

04
1B
50

E7
A5
01

F0

10
1B
08
E2
17
01
03
1B
06
0cC
04
20
FTF
05
c7
A5
00
20
05
BA

0o

2]
&

4B
00
1B
1B
04

06
05
08
07

26
00

03
04

01
26

26

26
26

26

00

26

SWITCIL:

LP1:
DISS:

JUM:

QQQ:

RUNSW:

LD
LD
LD
EXX
CALL
CALL
JR
EX
EXX
DEC
LD
OR
JR

CALL
LD
Ccp
JR
LD
CP
JP
LD
CP
JR
LD
LD
LD
LD
JR
CALL
LD
LD’
LD
JR

LD
cp
JP
cP
JR
LD
cP
RET
cp-
JR
cP
JR
RET

A,04
(COUNT), A
1IL, 05011

DISP " ; DELAY ROTATE
KEY

Z,JUM ; Z=NOPRESSLED
AT, AT’

1L

Al

L

NZ,DISS

AT, AT’

NZ ,RUNSW ; PRESS KEY
A, (COUNT) ; FINAL= STOP ROTATE
081

Z,LP1

A, (STATUSMOD)

01

Z,QQQ

A, (COUNT) ; FOR MODE 2,3
06

NZ,QQQ

A, 041

(STTS),A ; 4 = START
A,OFTII

(DISPM+4),A

LP1

ROTATE

A,00

(STTS),A

(DISPM+4),A

LP1

A, (KEYCD)
02
Z,RESET
00
NZ,NEX?
A;.(COUNT)
04 ; PRESS FUNC
Z

06

Z,XXX

08

Z,YYY

NZ

=i “1

; SUBROUTINE



00C5  3E 04 SWITCII: LD A,04

00C7 32 1B 26 LD (COUNT),A

goca 21 50 00 LP1: LD 1L, 05011

00CD D9 DISS: EXX

00CE CD E7 03 CALL DISP " ; DELAY ROTATE
00D1 CD A5 04 CALL KEY .

00Dp4 28 01 JR Z,JUM ; Z=NOPRLESSED
00Ds 08 EX AT, AT’

00D7 D9 JUM: EXX

00D8 2B DEC 1L

0opg 7C LD A,

00DA BS OR L

oopB 20 IO JR NZ,DISS

oopp 08 EX AT, AT’

OODE C4 10 01 CALL NZ ,RUNSW ; PRESS KLY
OOE1 3A 1B 26 LD A, (COUNT) 3 FINAL= STOP ROTATE
00OE4 FE 08 Cp o8n

00E6 28 E2 JR Z,LP1

00E8 34 17 26 LD A, (STATUSMOD)

O00EB FC 01 CP 01

O0ED CA 03 01 JP Z,QQQ

ooro 3A 1B 26 LD A, (COUNT) ; FOR MODE 2,3
00r3 FE 06 CP 06

00rs5 20 OC JR NZ,QQQ

00r7 3E 04 LD A, 0411

00F9 2 20 26 LD (STTS),A ; 4 = START
00rc 3E [T LD A,OFTFH

00FE 32 05 28 LD (DISPM+4),A

0101 18 C7 JR LP1

0103 CD A5 02 QQQ: CALL ROTATE

0106 3E 00 LD A,00

0108 32 20 26 LD (STTS),A

010B 32 05 26 LD (DISPM+4),A

010E 18 BA Ji LP1

0110 3A 00 26 RUNSW: LD A, (KEYCD) ; SUBROUTINE
0113 T[FE 02 CcP 02

0115 CA 4B 00 JP Z,RESET

0118 TFE 00 cp 00

011A 20 1B JR NZ,NEXT

011C 3A 1B 26 LD A, (COUNT)

011r TFE 04 Ccp 04 ; PRESS TFUNC
0121 C8 RET Z

0122 FE 06 032 06

0124 28 05 JR Z,XXX

0126 FE 08 cp 08

0128 28 07 JR Z,YYY

012a CO RET NZ

ey



0184 3A 19 26 A33: LD A, (STATUSCIIA)

018D FE 01 cp 01

018r 28 05 JR Z,QUICK
0191 OE 03 LD C,SLOW_BATT
0193 CD 32 05 CALL  SETRELAY
0196 3A 18 26 QUICK: LD A, (STATUSFUC)
0199 TFE 01 Ccp 01

0193 20 18 JR NZ, GOCIIAGE
019D OE 01 LD C,DIS_BATT
019F €D 32 05 CALL SETRELAY
01A2

01A2 CD 21 06 00D: CALL RUN_DISP
01A5 CD A5 04 CALL KEY

01A8 C4 5B 06 CALL NZ,SW1
01AB CD 00 05 CALL V_TEST
01AE 28 05 JR Z ,GOCIIAGE
01B0 CD EO 04 CALL DOTIME
01B3 38 ED JR C,00D

01B5 CD 4 04 GOCIIAGE: CALL TIMCLR
01B8 3A 21 26 LD A, (RYFG)
01BB CB CF SET 1,A

01BD D3 60 ouT (RYPORT) , A
01BrFr 3E 01 LD A,01

01C1 32 21 26 LD (RYFG),A
01C4 32 08 26 LD (DISPM+7),A
01C7 32 19 26 LD (STATUSCIIA) , A
01ca

01CA CD A5 04 MOD: CALL KEY

01CD C4 5B 06 CALL NZ,S5W1
01p0 CD 21 06 CALL RUN_DISP
01D3 CD 00 05 CALL V_TEST
01D6 20 r2 JR NZ,MOD
01p8 CD Bl 05 CALL CIIECKTIME
01DB 20 ED JR NZ,MOD
01DD OF 04 LD C,TRICK_BATT
01pr CD 32 05 C_TRICK: CALL SETRELAY
01Eg2 3E 00 LD A,00

01c4 32 28 26 LD (DISPFG),A
01E7 CD 21 06 ENDM1: CALL RUN_DISP
01ZA CD A5 04 CALL KEY

O1IED CD 86 06 CALL BATTLEAF
01F0 30 I5 JR NC,ENDM1
01r2 C3 4B 00 JP RESET

________________________ N T T Ty

MODE 2 CONDITION.

-y w2, -



1F5
01rs8
01ra
01FC
O1FE
0201
0203
0206
0208
020B
020k
0210
0213
0216
0219
0z21C
oz1r
0221
0224
0226
0229
022B
022E
0231
0234
0237
0239
023C
023E
0241
0244
0245
0247
0249

024C
024E
0251
0253
0256

259
025C
0251
o262
0265

24
J

FE
20

Cb
3E
32
3E
32
CD

CD
Ch
Ch
C4
Cb
28
Ch
38
CD
OE
CD
CD
CD
CD
28
CD
38
CD
3A
3D
FE
20
c3

3E
32
o
CD
CD
CD
C4
Ch.
CA
CD

1A
02
05
06
32
00

2]
L

03
24
F4
01
32
21
A5
5B
00
05
EO

F4
02
32
21
AS
00
05
EQ
FO
57
2A

00
BF

0o
28
02

2]
32

21
A5
5B
00
6A
EQ

26

05
26

26
04

03
06
04
06
05

04
04

05
06
04
05

04

03
26

01

26

05
06
04
06
05

2]
&

04

PEN:

PRC1:

PZZ:

AZ:

PRCZ:

AY:

A, (STATUSSIZ)
02

NZ,PEN
C,AAA_BATT
SETRELAY
A,00
(DISPFG),A
A,3

(N),A
TIMCLR
C,DIS_BATT
SETRELAY
RUN_DISP
KEY

NZ,SW1
V_TEST
Z,AZ
DOTIME
c,PzZ
TIMCLR
C,QUICK_BATT
SETRELAY
RUN_DISP
KEY

V_TEST
Z,AY
DOTIME
C,PRC2
TIREESEC
A, (N)

A

00

NZ,PRC1
C_TRICK

;C = TIME

O e e e e e et e e e v e ——

PPZZ:

A,00
(DISPFG),A
C,QUICK_BATT
SETRELAY
RUN_DISP

KEY

NZ,SW1
Y_TEST

Z,AAZ

DOTIME ™



0268 38 EC JR C,PPZZ ;C 1= TIME

026A CD F4 04 AAZ: CALL  TIMCLR
026D OE 01 LD C,DIS_BATT
026F CD 32 05 CALL  SETRELAY
0272 CD 21 06 PPRC2: CALL  RUN_DISP
0275 CD A5 04 CALL  KEY

0278 C4 73 06 CALL  NZ,SW2

027B CDh 00 05 CALL V_TEST

027E 28 05 JR 7, AAY1

0280 CD EO 04 CALL DOTIME

0283 38 ED JR C,PPRC2

0285 3E 01 AAY1: LD A,01

0287 32 10 26 LD (EI_PERCNT),A
0284 OF 02 LD C,QUICK_BATT
028C CD 32 05 CALL  SETRELAY
028F Ch 21 06 B1: CALL RUN_DISP
0292 CD A5 04 CALL  KEY

0295 C4 73 06 CALL  NZ,SW2

0298 CD 00 05 CALL  V_TEST

0298 28 05 JR Z,AAZ1

029D CD EO 04 CALL  DOTIME

02A0 38 E3 JR C,AAY1

0242 C3 DF 01 AAZ1: Jp C_TRICK

; ROTAGE FOR SELECTION MODE

0245 3A 1B 26 ROTATE: LD A, (COUNT)
0248 TL 04 CP 04
0244 20 11 JR NZ,NXT1
02AC  3A 17 26 LD A, (STATUSMOD)
02AF 17 RLA
02B0 CB 5T BIT 3,A
02B2 28 02 JR- Z,AAA
234 3E 01 LD A,01
2B6 32 17 26 AAA: LD (STATUSMOD) , A
2B9 32 06 26 LD (DISPM+5),A
0z2pc  C9 RET
02BD FE 05 NXT1: cp 05
02Br 20 11 JR NZ,NXT2
02C1  3A 1A 26 LD A, (STATUSSIZ)
02c4 07 RLCA
02C5 CB 5F BIT 3,A
02C7 28 02 JR Z,BBB
02C3 3E 01 LD A,01
02CB 32 1A 26 BBB: LD (STATUSSIZ),A

02CE 32 07 26. . - 1A) (DISPM+6),A.



0201
02p2
02D4
02D6
02D9
02pA
02DC
02DE
02EQ
02E3
02ES6
02E7
02E£9
02EA

02ED
02EF
02F1
02F3
02r4
02r6
02F8
02ra
02FD
0300

0301
0304
0306
0308
030B
030D
0310
0313
0314
0316
0317
0318
031B
031E
0320
0323

c9
FE
20
3A
17
CB
28

32
32
c9
FE
co
3A

FE
20
3E
07
CB
28
3E
32
32
C9

3A
FE
28
11
18
11
34
6F
26
29
19
11
01
ED
11
DD

06
11
19

57
02
01

19 2
08 2

07

18

04

o
&

80

57
02
01
18
09

1A
02
05
64
03

0E

00

1ip
02
BO
1D
21

26

26
26

08

09
26

26
00

26
01 26

RET
NXT2: cp 06
JR NZ,NXT3
LD A, (STATUSCIIA)
RLA
BIT 2,A
JR Z,CCC
LD 4,01
CCC: LD (STATUSCHA),A
LD (DISPM+7),A
RET
NXT3: CP 071
RET NZ
LD A, (STATUSFUC)
Ccp 04N
JR NZ,XX
LD A, 80l
XX: RLCA
BIT 2,A
JR Z,DDD
LD A,01
DDD: LD (STATUSFUC) ,A
LD (DISPM+8),A
RET
H
; INPUT : CNT_AMPII.
; OUTPUT : DISPM = PRESENT AMPII.
; __________________________________________
DIS_AMPIIL: LD A, (STATUSSIZ)
CP oz2n
JR Z,SAREBUT
LD DE, AA_AMPII
JR MOKULLA
SAREBUT: LD DE,AAA_AMPII
MOKULLA: LD A, (CNT_AMPII)
LD L,A
LD 11,00
ADD  IIL,IIL 3 ¥2
ADD IIL,DE
LD DE, IITEMP
LD BC,02
LDIR
LD DE, IITEMP
LD IX,DISPM

a w —



0327
0328
0328
032D
o3zr
0333
0335
0337
0338
033A
033D
0340
0342
0343
0344
0346
0348
0349
034A
034C
034E
034F
0351
0353
0356

0357
035A
035D
0360
0363
0365
0367

0368

01
16
1E

3E
ED

FD
FD
DD
DD
1D
(41}
FE
28
15
7A
FE
20
23
18
3E

o
&

c9

CD
CD
CD
3A
FE
20
Cc9

00
02
04
21
00
6F

09
7E
77

23

00
09

00
El

DE

01

09

21
AS
14
03
F3

00

5A 08

00
00

26

04
06
04
26

3A 17 26

y 1IL= AMPIITEMP.

; COUNT 1 BYTE

. 3 COUNT 2 BYTES

; POUNT 7 CODE.

; NEXT 2 COLUMN SEGMENT

EX  DE,IL
LD  BC,00
LD  D,02
LD E,4
JIKJ: LD  IY,SEGT
LD  A,00
RLD
ID C,A
ADD  1Y,BC
LD  A,(IY+0)
LD  (IX+0),A
INC  IX
DEC E
LD A,E
CP 00
JR  Z,SSKS
DEC D
LD  A,D
CP 00
JR  NZ,JJKJ
INC IIL
ke, QLD
SSKS: LD A,01l
LD  (DISPM48),A
RET
/
: WAIT FOR 3 MINUTES.
)
TIREESEC: CALL  TIMCLR
IM: CALL  RUN_DISP
CALL  KEY
LD A, (TIMEM+3)
CP 03
JR NZ,JM
RET
INPUT:  STATUSMODE

ENABLE_PERCENT
COUNT_PERCENT
COUNT_AMPII
MEM_PERCENT

’
’
)
)
)
H OUTPUT:
?
RUN_PERCNT:

N

LD A, (STATUSMOD)

R &

L3



036B
036D
036E
0371
0373
0374
0377
0378
0378
037D
037E
0380
0383
0386
0387
038A
038D
0391
0392
0393
0395
0397
0399
039
039B
032D
039F
03A1
03A3
03A5
0348
03AB
03AF
03B0

0380
03B3
03B7

B9
03BA
03BD
03BE
03BF
03C1
03c2

FE
co
3A
FE
C8
3A
3C
32
FE
co

32
3A
3C
32
2A
ED
04
78
FE
20
06
0C
79
FE
20
)0
26
3E
32
22
ED
Cc9

11
DD
06
1A
21
85
6F
3E
8C
67

04

10
00

or

5A

00

OF 2
0L 2

oA
4B

0A
11
00

0A
09
00
01
00
10
0A
43

0A
21
04

SA

00

26
26

0C 26

26
26

0C 26

26
01

08

26

El:

DISPPERCNT:

ARR:

RET

DISPLAY RERCENT.
LD DE,MEM_PERCNT
LD I1X,DISPM
LD B, 0411
LD A, (DE)
LD IIL,SEG7
ADD A,L
LD L,A
LD A,00
ADC Al
LD II,A

4

LD A, (EI_PERCNT)

LD A, (CNT_PERCNT)

LD (CNT_PERCNT),A

Cp 04
RET NZ
Cp 00
RET Z
INC A
cp 5All
RET NZ
LD A,00

LD (CNT_PERCNT) ,A

LD A, (CNT_AMPII)

INC A

LD  (CNT AMPI),A
LD 1L, (MEM_PERCNT)

LD BC, (MEM_PERCNT+2)

INC B
1\ NAD
CP OAll
JR  NZ,E1
LD B0
INC C

Locsy WG
CP  0All
JR  NI,El
S
LD I,1
LD A,0

LD (EI_PERCNT),A
LD (MEM_PERCNT), L

LD (MEM_PERCNT+2),BC

i

b

.
]

?

MODE 3

Orr
ON

o
o
([

54 =1;30 IIR = 1 %

; OFF PERCENT



03C3
03C4
03C7
03C9
03CA
03cc

3CE
03p2
03D5
03p8
03DB
03DD
03E0
03E2
03E4
03E6

03L7
03EB
03ED
03ro0
03F2
03r3
03r5
03r8
03FA
03rn
03rcC
03TFE
0400

0401
0404
0406
0408
0409
0404
040C

7E
DD
DD
13
10

DD
DD
21
3A
CB
CA
CB
18
CB
03]

DD
06
DD
D3
78
D3
CD
DD
04
78
FE
20
C9

21
06
3E
77
23
10
C9

77
23

ED

21
77
01
12
T
£4
FE

2}
o

BE

21
00
7E
01

02
0D
23

09
ED

01
20
00

FC

00

01 26
00
26
26

01 26

00

04

26

LD A, (1IL)

LD (1x+0),4A
INC IX
INC DE
DJNZ  ARR
LD A,0F31
LD IX,DISPM
LD (IX+0),A
LD IL,DISPM
LD A, (TIMEM+1)
BIT 7,A
JP Z,CAT
SET 7, (IIL)
JR CAT1
CAT: RES 7, (IIL)
CAT1: RET
>
H DRIVE DISPLAY PROGRAM
; ——————————————————————————————————————
DISP: LD IX,DISPM
LD B,00
DIS: LD A, (1X40)
OuT (PB),A
LD A,B
OuT (PC),A
CALL DELAY
INC IX
INC B
LD A,B
CP oo
JR NZ,DIS
RET
?
H CLEAR  MEMORY TIME
?
CLEAR LD IIL,DISPM
LD B, 201
LD A,00
CL1: LD (L) ,A
INC ML
DJNZ CL1
RET

T e e

Ly

; DISP 'P.’

;CLEAR POINT



040D
0410
0411
0412
0413
0415

0416
0418
041C
041r
0420
0422
0425
0426
0427
0428
042
042D
042E
0430
0433
0435
0437
043A
043C
043F
0441
0444
0446
0449

0444
044D
0451
0455
0456

21
2B
7C
B5
20
c9

F6

E6
32
C9

2A
ED
ED
24
7C

75

FB

04
21
11

5A

77
23

EF
12
T
0A
80
02
05
02
T
02

15
4B
5B

00

01
26

08

00

26

26

26

26

26

28
11

13

26

3 DELAY FOR BOUNCII

DELAY: LD

DLL: DEC
LD
OR
JR
RET

1L, 751 +10011 RUN

i

Al
L
NZ,DLL

; DISPLAY TIME

DTIME: LD B, 0411
LD IX,DISPM
LD DE, TIMEM
DTIMEL: LD A, (DE)
AND 7Tl ; CLEAR BITS
LD IIL, SEGY
ADD A,L
LD L,A
LD A, (1IL)
LD (Ix+0),4A
INC IX
INC DE
DJNZ  DTIME1
LD A, (TIMEM+1)
BIT 7,A
JR NZ,CP ;CLEAR POINT
LD A, (DISPM+1)
OR 8o ; POINT
LD (DISPM+1),A
JR CpP1
CP: LD A, (DISPM+1)
AND TEII ;CLEAR POINT
CP1: LD (DISPM+1),A
RET
H
) TIME
; ______________________________________
CTIME: LD IIL, (TIMEM+4)
LD BC, (TIMEM)
LD DL, (TIMEM+2)
INC 1
LD A,ll



0457
0459
045C
045D
045E
045F
0460
0462
0465
0466
0467
0468
0469
0463
046D
046L
0461
0470
0471
0473
0475
0476
0478
0479
047A
047C
047E
0471
0481
0482
0483
0485
0487
0488
0489
048D
0491
0494
0497
0499
049B
049D
049r
04A1
0444

FE
c2
AF
67
2C
7D
FE
c2
AF
6F
14
7A
FE
20

57
1C
78
FE
20
AF
1E
04
78
FE
20
AT
06
0C
79
FE
20
Al

ED
ED
22
34
CcB
20
CcB
18
CcB
32
C9

0A
89

07
89

0A
1C

06
14

00

0A
oB

00

0A
02

43
53
15
12
v
04
FF
02
BF
12

04

04

11 26
13 26

26
26

26

‘}l

; CLEAR POINT

Ccp OAIl
JP NZ,C1
XOR A
LD II,A
INC L
LD AL
Cp 071l
JP NZ,Cl
XOR A
LD L,A
INC D
LD A,D
CcP 0All
JR NZ,C1
Xor A
LD D,A
INC E
LD AR
CP oslt
JR NZ,C1
XOR A
LD E,00
INC B
LD A,B
cp 0All
JR NZ,C1
XOR A
LD B,00
INC c
LD A,C
Cp OAll
JR NZ,C1
XOR A
LD C,A
Cl: LD (TIMEM),BC
LD (TIMEM+2),DE
LD (TIMEM+4),IIL
LD A, (TIMEM+1)
BIT 7,A
JR NZ,CA
SET 7,A
JR CAl
CA: RES 7,A
CAl: LD (TIMEM+1),A
RET
’
H PRESSED NZ, KEYCD



NO PRESSED = Z

Y e we
=]
*5

04A5 3& 98 : LD A, 981

04A7 D3 03 OouT (PCTRL),A

04A9 06 00 LD B,00

04AB 78 KEYL: LD A,B

04AC D3 02 ouT (pC),A

04AE 5T LD E,A

04AF DB 02 IN A, (PC)

04B1 CB 67 BIT 4,A

04B3 28 07 JR Z ,SAFKY

04B5 04 INC B

04B6 78 LD A,B

04B7 FE 03 cp 03

04B9 20 FO JR NZ,KEYL

04BB C8 RET Z

04BC 7B SAFKY: LD A,E

048D IE 02 cp oz2n

04Br CA 4B 00 JP Z,RESET

04Cc2 32 00 26 LD (KEYCD) ,A

04C5 DB 02 MMM: IN A, (PC)

04C7 CB 67 BIT 4,A

04C9 20 05 JR NZ,NNN

04CB CD E7 03 CALL DISP

04CE 18 T5 JR MMM

04DC 21 07 00 NNN: LD IIL, 000711

04D3 E5 NN1: PUSII IL

04D4 CD E7 03 CALL DISP

04D7 El POP IIL

04D8 2B DEC HL

04D3 7C LD A,ll

04DA BS OR L

04DB 20 T6 JR NZ,NN1

04DD EE. 7T XOR 7TH

04Dr CO RET NZ
; #DOTIME INPUT : ETM (END TIME DISCIA.
H : TFTM (FULL TIME QUICK.
H OUTPUT: C = CONTINUE TIME
H NC= OK TIME
?

04E0  3A 19 26 DOTIME: LD A, (STATUSCIIA)

043 FE 01 cp 01 ; CIIARGE ?.

04K5 20 04 JR NZ,MBR

04E7 06 05 LD B,FT™

04E3 18 02 JR MMY

- ¢ =

3
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04EB 06 03 MBR: LD B,ETM

04ED 3A 12 26 MMY: LD A, (TIMEM+1)
04F0 B8 cP B

04F1 DO RET NC

04F2 BY OR A

04F3 C9 RET

04F4

-e

; CLEAR MEMORY TIME 6 BYTE

04r4 21 11 26 TIMCLR: LD IL, TIMEM
04F7 06 06 LD B,06
04r9 3E 00 LD A,00
04rp 77 SIXL: LD (L) ,A
04rFCc 23 INC IIL
04FD 10 FC DJINZ SIXL
04Fr C9 RET

H Z = VOLTS_OK

3 NZ= NO_OK

?
0500 3A 18 26 V_TEST: LD A, (STATUSTUC)
0503 TIE 01 cp o1
0505 20 1A JR NZ,DIS1
0507 3A 24 26 LD A, (ENDCHAGE)
0504  4F LD C,A
050B 3A 21 26 LD A, (RYFG)
050E E6 1F AND 1FI
0510 B1 OR C
0511 D3 60 OUT  (RYPORT),A
0513 3A 25 26 . LD A, (ENDCIIAGE+1)
0516 D3 40 V_TST: OUT  (ADCP),A
0518 06 13 LD B, 13l
051A 10 FE JRR1: DJNZ JRR1
051C DB 02 IN A, (PC)
051E CB 6F BIT 5,A
0520 (9 RET
0521 3A 22 26 DIS1: LD A, (ENDDIS)
0524 4r LD C,A
0525 3A 21 26 LD A, (RYFG)
0528 E6 1r AND 1TFI
052A Bl OR C
052B 3 60 OUT  (RYPORT),A
052D 3A 23 26 LD A, (ENDDIS+1)

0530 18 E4 JR V_TST



INPUT= C REGISTER

?

b
0532 A7 SETRELAY: AND A
0533 79 LD A,C
0534 21 21 26 LD IIL,RYFG ;OFF BATT
0537 TIE 00 cp 00
0539 20 02 JR NZ,B_ONE
0530 18 70 JR OK1
053D TIE 01 B_ONL: CP 01 ; DISCIIAGE
053F 20 10 JR NZ,B_TWO
0541  3E 02 LD A,02
0543 32 08 26 LD (DISPM+7),A
0546 32 18 26 LD (STATUSFUC) ,A
0549 CB C6 SET 0, (lL)
054B CB 8E RES 1, (IIL)
054D T7E LD A, (IIL)
054E C3 AD 05 JP OK1
0551 FE 02 B_TWO: Ccp 02 . ; CIHAGE+QUICK
0553 20 1B JR NZ,B_TREE
0555 3E 01 LD A,01
0557 32 08 26 LD (DISPM+7),A
055A 32 18 26 LD (STATUSFUC),A
055D 3E 02 LD A,02
055F 32 07 26 LD (DISPM+6),A
0562 219 26 LD (STATUSCIA) ,A
0565 TE LD A, (IIL)
0566 CB C7 SET 0,A
0568 CB CF SET 1,A
056A CB 9T RES  3,A
056C CB A7 RES  4,A
056E 18 3D JR OK1
0570 FE 03 B_TREE: cp 03 ; CIIAGE+SLOW
0572 20 19 JR NZ,B_FOUR
0574 3k 01 LD A,01
0576 32 08 26 LD (DISPM+7),A
0579 32 18 26 LD (STATUSFUC) ,A
057C 32 07 26 LD (DISPM+6),A
057F 32 19 26 LD (STATUSCIIA) ,A
0582 7E LD A, (IIL)
0583 CB C7 SET O0,A
0585 CB CTr SET 1,A
0587 CB DF SET 3,A
0589 CB A7 RES 4,A
0583 18 20 JR OK1

058D FE 04 B_IFOUR: CP 0411 ; CIIARGE+TRICKLE

[ - - e -
- *



058F 20 19 JR NZ,B_IIVE

0591 3E 01 LD A,01
0593 32 08 26 LD (DISPM+7),A
0596 32 18 26 LD (STATUSIUC) ,A
0599 3E 04 LD A,04
059B 32 07 26 LD (DISPM+6),A
059E 32 19 26 LD (STATUSCIIA) ,A
05A1 TE : LD A, (1IL)
0542 CB C7 SET O0,A
05A4 CB CF SET 1,A
05A6 CB E7 SET 4,A
0548 18 03 JR OK1
05AA CDB D6 B_FIVE: SET 2, (IIL) ; SET AAA SIZE
05AC T7E LD A, (1IL)
05AD 77 OK1: LD (L) ,A
05AE 3 60 ouT (RYPORT), A
05B0 €9 RET
05B1 3A 19 26 CIIECKTIME: LD A, (STATUSCIHIA)
05B4 TFE 01 Ccp 01
05B6 28 03 JR Z,DUK
05B8 11 05 00 LD DE, 0005 ; SIIRS.
05B3 11 14 00 DUK: LD DE, 00141l y 14 IRS.
05BE 2A 11 26 DAA: LD IIL, (TIMEM)
05C1 ED 52 spC  IIL,DE
05C3 C9 RET s Z = FULL
;3 NZ= NO
05C4
; INPUT : 8255 PORT, STATUS SIZE.
; OUTPUT: PACKIG,NUMBER
(BTSN, ). SRR " M 4 S——
05C4 3A 1A 26 SETBATT: LD A, (STATUSSIZ)
05C7 TFE 04 cp 04
05C9% 20 24 JR NZ,YES
05CB DB 02 IN A, (PC)
05CD CB 77 BIT 6,A
05CF 28 12 JR Z,TANG
05D1 3E 00 LD 4,00
05D3 32 29 26 LD (PACKIG),A ; 0=P6
05D6 21 88 40 LD IIL, ENDCIIAGES ; 1=P10
05D9 22 24 26 LD (ENDCIIAGE ), IIL
05DC 21 5E 40 LD IIL,ENDDISSE
05pr 22 22 26 LD (ENDDIS),IIL
05E2 €9 RET

05E3 21 E2 AO TANG: LD IIL, ENDCIIAGE10



05E6
05E9
0SEC
05Er
05F1
05F4
05T5
05F8
05rB

05FC
0600
0602
0605
0607
060A
060C
o60r
0611
0614
0616
0619
061C
061r

0621
0624
0626
0628
0624
062C
062E
0630
0633
0636
0638
0633

22
21
22
3E
32
C9
Ch
DA
C9

DD

DD
3E
DD
3E
DD
3E
DD
3E
DD
Ch
Ch
18

3A
FE
28
FE
28
FE
28
CD
Ch
3E
32
c9

24
B
22
01
29

BF

21
40
77
73
77
06
77
40
77
00
77
L7
AS
F8

28
00
27
01
17
02
0c
01
E7
04
05

26
AQ
26
26

06
05

01
00
01

02

08
03
04

26

03
03

26

26

LD
LD
LD
LD
LD
RET
CALL
JP
RET

YES:

(ENDCIIAGE) , IIL
IIL,ENDDIS10
(ENDDIS),IIL
A,01n
(PACKFG),A

NUMBER1
C,ERROR1

; DISPLAY ERROR1

; DISPLAY "E1"FOR BATT ERROR.
; WAIT FOR KEY RESET.

ERROR1: LD IX,DISPM
LD A, 401 ; 7911
LD (1X+0),A
LD A, 79I ;06
LD (IX+1),A
LD A, 0611
LD (IX+2),A
LD A,401
LD (1X+3),A
LD A,00
LD (IX+8),A

NEARN: CALL Disp
CALL KEY
JR NEARN

H

;  RUN_DISPLAY 00 = VOLTS

; 01 = TIME

H 02 = PERCENT

) 03 = AMPII

H

RUN_DISP: LD A, (DISPFG)
CcP 00
JR Z,VOL_DISP
Cp 01
JR Z,TIM_DISP
Ccp 02
JR Z,PER_DISP
CALL DIS_AMPI
CALL DISP
LD A,04
LD (DISPM+4),A
RET



063C
063F
0642

0643
0646
0649
064B
064L

064F
0652
0655
0657
065A

0658
065E
0660
0661
0664
0666
0669
0663
066D
o66r
0672

0673
0676
0677
0679
067A
067D
067E
067r
0681
0682
0684
0685

CD
Cb
c9

)
CD

32
C9

CD
CDh
3E
32
c9

3A
FE
co
3A
FE
cA
3E
18
3E

o
32

C9

21
7E
FE
co
21
34
7E
FE
co
3E
77
C9

Bo
E7

16
E7
02
05

12
E7
01
05

00
00

28
00
6D
00

L2
&

01

28

00

00

28

04

00

03
03

04
03

26

07

03

26

26

26

06

PER_DISP: CALL DISPPERCNT

CALL DISP
RET
TIM_DISP: CALL DTIME
CALL DISP
LD A,02
LD (DISPM+4),A
RET
VOL_DISP: CALL VOLTS
CALL DISP
LD A,01I
LD (DISPM+4),A
RET
b
H RUN_SW SUB:
3 SW1 = VOLTS/TIME
; SW2 = VOLTS/TIME/PERCENT/AMPII
?
SW1: LD A, (KEYCD)
CPp 00
RET  NZ
LD A, (DISPIG)
CP 00
JP Z,TOGG
LD A,00
JR FGII
TOGG: LD A,01ll
FGII: LD (DISPFG),A
RET
Swea: LD IIL,KEYCD
LD A, (IIL)
Ccp 00
RET NZ
LD IIL, DISPTG
INC (IIL)
LD A, (IIL) .
cp 04
RET NZ
LD A,00
LD (L) ,A
RET

.
’

; INPUT : NUMBER,STATUSSIZE,SW BATT,PB

s 7



0686
0688
0688
068D
0630
0693
0696
0699
069C
069D
06A0
06Al
06A4
0645
06A6
06A7
0648
06AB
06AD
06AF
06B1
0683
06B5
06B7
0689
0683
068D

06BF
06CO0
06C3
06C4
06C6
06C8
06CB
o6cC

DB
3A
FE
CcA
3A
32
CD
3A
47
3A
90
cA
37
D8
B7
DO
3A
FE
28
DB
CB
28
18
DB
CB
28
18

AF
21
77
DB
CB

o
&

34
18

01
1A
02
A8
26
27
BF
27

26

A6

20
01
08
02
w
F1
ED
02
77

ES

26
01
27
CE

r8

26

06
26
26
06

26

06

26

26

06

) ; PACK FLAG <0=P6,1=P10>

+OUTPUT:

C= [lIAVE BATT

NC= NOBATT

CHANGE:

NOCIIANGE:

CIIEKPK:

YESP10:

CP
JR
IN
BIT
JR
JR
IN
BIT
JR
JR

A, (PB)
A
0

Nw -

Z,CIIEKPK
A, (NUMBER)
(ATEMP),A
NUMBER1

A, (ATEMP)
B,A

A, (NUMBER)
B

Z ,NOCIIANGE

C
A

NC

A, (PACKFG)
01
Z,YESP10
A, (PC)

7,A
Z,NOCHANGE
CIIANGE

A, (PC)

6,A
Z,NOCIIANGE
CIIANGE

(STATUSSIZ)

»

.
’

7 AAA+HAA

; IS IT LEAF ?

0=P10

NUMBER :
ENDCHAGE:
ENDDISCIIAG
CARRY
NOCARRY :

INPUT = DIPSW FROM BATT.

OUTPUT= NUMBER OF BATT.

I

: ERROR

NOERROR

O et e e e e e e Y o . e o o S e St s s e i i e i Sl . o o

]
NUMBER1:

MAIN:

IIL , NUMBER
(L), A

A, (PB)

A

NC,ROUI
(L)

MAIN

’

; CLEAR CARRY FLAG



06CE
06Cr
06D1
06D2
06D3
06D6
06D7
06D8
06DA
06DB
06DC
06D
06EO
061
06E4
06E7
06ES

06L9
06EA
06ED
O6EE
06LF
06T1
06F2
06F3
0676
06r7
06F8
06FB

06rC
06FF
0702
0704
0705
0706
0707

7E
FE
D8
4F
21
87
ST
16
13
TE
32
23
TE
32
Ch
B7
DO

30
21
87
ST
16
19
7E
32
23

32
Cc9

21
11
06
7E
12
13
2B

04

46

00

22

24
E9

50

0]4]

23

25

2r
01
04

08

26

26
06

08

26

26

26
26

.
’

< 4 CELL EXIT ERROR

ROUT : LD A, (L)
CcP 40
RET C
LD C,A
LD  IIL,ENDVALVE
ADD A,A
LD LE,A
LD D,0
ADD IIL,DE
LD A, (IIL)
LD  (ENDDIS),A
INC 1L
LD A, (L)
LD  (ENDCIIAGE),A
CALL ~ SET_RANGE
OR A
RET NC
;_ _____________________________________
; SET RANGE OF PROGRAM
?
SET_RANGE: bk, (K
LD  IIL,RANGPATT
ADD  A,A
EREal> NG
LD  D,00
ADD  IIL,DE
LD A, (lIL)
LD (ENDDIS+1),A
INC L
LD A, (lIL)
LD  (ENDCHAGE+1),A
RET
; ————————————————————————————————————————
: COPY DATA FROM LOW TO HIGHT BYTE
; ————————————————————————————————————————
COP: LD  IIL,MEMVOLT+4
LD  DE,DISPM
LD  B,04l
CoP1 LD A, (lL)
LD  (DE),A
INC DE

DEC IIL



0708
070A
070D
070E
0710
0711

0712
0715
0718
071B
071E
0721

0722
0725
0726
0728
0724
072D
o72r
0732
0734
0735
0737
0739
073B
073D
073r
0741
0742
0743
0744
0746
0749
0748
074C
074F
0751

10

FA

21 02 26

(40
F6
77
c9

CD
CD
CD
CD
)]
c9

3A
F5
L6

32
0L
3A
D3
79
D3
06
10
DB
CB
28
0cC
79
B7
20
3A
E6
5F
3A
CB
E6

80

22
D
C5
E7
FC

21

1F
80
21
00
21
60

40
oc
FE
02
6r
2E

EL
21
or

21
ar
FO

07
07
07
07
06

26

26

26

26

DJNZ COP1
LD IIL,DISPM+1
LD A, (IIL)
OR 8011
LD (11L),A
RET
; ________________________________________
; A/D
; ________________________________________
VOLTS: CALL SELECT ;CIIECK VOLT
CALL// CAL ;CAL DATA
CALL 1TOD ; CONVERT IIEX TO DECIMAL
CALL CONVERT
CALL COP
RET
g ) PR P22 WA ANRa N P2 1 il TN N\ ¥
; SELECT RANG MEASURE VOLTAGE
; ________________________________________
SELECT: LD A, (RYFG) sRELAY
PUSH AF
AND 1FI ;OFF U9A:B:C
OR 8011 ;ON U9C:
LD (RYFG) ,A
SEL1: LD c,00 s VOLT
LD A, (RYFG)
OUT  (RYPORT),A ; RANG
SEL2: LD A,C ; VOLTAGE
OUT  (ADCP),A
LD B, 0CII
SEL3: DJNZ  SEL3
IN A, (PC)
BIS "R
JR Z,11 ; CCRRECT VOLT
INC C
LD A,C
OR A :CIIECK VOLTAGE
JR NZ,SEL2 ;NOT LIMIT VOLT
LD A, (RYFG)
AND  OFI ;CLEAR IIBYTE
LD E,A
LD A, (RYFG)
SRL A ;NEXT RANG
AND OOl ;CLEAR LOW BYTE



0753
0754
0757
0759
0758
075E
075F
0762

0763
0766
0768
076A
0763
076C
076E

Q76T
0772
0774
0776
0778
077A
077C
077F
0782
0784
0787
0784
078C
078r
0792
0793
0796
0797
0794
079cC

B3

12}
4

B
28
CD
F1
32
c9

21
06
3E
77
23
10
C9

3A
€B
20
CB
20
18
21
22
18

n
L

22
18
21
22
79
32
F1
32
D3
103

21
67
D2
63

21

2B
04
80

FA

21
(40
06
77
0A
10
16
36
OF
26
36
06
36
36

38

21
60

26

07

26

26

26

08
26

08
26

26

26

ERROR:

ERROR2:

R1:

R2:

R3:

II2:

LD
LD
LD
LD
INC
DJNZ
RET

E
(RYFG),A
4,A
Z,SEL1
ERROR

AF
(RYFG),A

1IL ,MEMVOLT
B,04

A, 801

(IIL) ,A

IIL

ERRCR2

CORRECT VOLT

LD
BIT
JR
BIT
JR
JR
LD
LD
JR
LD
LD
JR
LD
LD
LD
LD
POP
LD
ouT
RET

A, (RYFG)
7,A

NZ,R1

6,A

NZ,R2

R3

IIL, TABLE1
(TABLE),IIL
12

IIL, TABLE2
(TABLE),IIL
Ir2

IIL, TABLE3
(TABLE),IIL
A,C
(PDATA),A
AF
(RYFG),A
(RYPORT) , A

;OLD STATUS

;END RANG
;NO

;OLD RELAY

; DOT DISPLAY

; RANG1
sYES

s RANG2
s YES

; RANG3

sKEEP
;OLD RELAY BLEFORE

;OLD STATUS

O e e e e e e e e e e ok e e Y o e e e e



079D
079L
07a1
07A4
07A8
07AB
07AD
07B0
07B2
07B4
07B6

07B7
07BA
07BD
07Cco
07C1
07C4

07C5
07C6
07C9
07CB
07CC
07CD
Q7CF
07D1
07D4
07D6
07D7
07D9
07DA
07DC
070D
07DE
07DF
07E0
07E1
07E3
07L4
07E6

32

2]
[

DD
3A
CB
DC
DD
DD
10
c9

2A
DD
DD
19
22
c9

21
06
77
23
10
OF
21
CB
23
CB
23
06
7E
8T
27
77
23
10
0D
20
c9

31
32
2A
38
27
B7
23
23
F5

31
5E
56

33
03

FC
10
31
16
16

03

F9

EB

26
26
36
26

07

26
00
01

26

26

26

26

CAL:

CAL1:

XOR
LD
LD
LD
LD
SLA
CALL
INC
INC
DJINZ
RET

A

(SUMDATA), A
(SUMDATA+1),A
IX, (TABLE)

A, (PDATA)

A

C,ADD

IX

IX

CAL1

; PATT VOLT

;ADD DATA

1IL, ¢SUMDATA)
E,{IX+0)

D, (IX+1)
IIL,DE
(SUMDATA) ,HIL

IITOD1:

[ITOD2:

IITOD3:

XOR
LD
LD
LD
INC
DJINZ
LD
LD
RL
INC
RL
INC
LD
LD
ADC
DAA
LD
INC
DJINZ
DEC
JR
RET

A
IIL,DECDATA
B, 03I

(L) ,A

L

1ITOD1
C,101

IIL, SUMDATA
(HL)

IL

(L)

IL

B,03

A, (IIL)

AA

(L) ,A
L

IITOD3

c
NZ,lITOD2

=

H



07E7
07EB
07ED
07r0
07r3
07r4
07F7
07F8
07ra
07rcC
Q07TE
0800
0803
0805
0807
0808
0804

0803
080E
0810
0811
0812
0814
0815

0816
0814
081E
0822

DD
OE
11
DD
47
CD
78
CB
CB
CcB
CcB
CD
ré
DD
oD
20
c9

21
E6
85

ED
oC
c9

1A
D5
B6
2C

21
03
2B
TE

0B

07
07
07
07
0B
01
23

E6

5A
OF

AQ

ocC
02
00
00

v

33 26

26
00

08

08

08

0A 06
72 01
58 00
16 00

CONVERT: LD
LD
LD
CON1: LD
LD

CALL

LD

RLC
RLC
RLC
RLC
CALL

OR

INC
DEC

JR

RET

1X,DECDATA
C,03l1
DE,MEMVOLT
A, (IX+0)
B,A

CONV

A,B

A

A

A

A
CONV
01n
IX

C
NZ,CON1

; DISPLAY VOLTAGE

IIL, SEG7
OFll
A,L

yASCIT TABLE

01Al1, OCII, OAIll, O8Il
0DSI1, 0211, 7211,0111
0B611, 0011, 5811, 0011
2CI1, 0011, 1611, 0011

O e e e e o e e = S e e e e e e Sk e ke s e S . o



0826
082A
082K
0832
0836

0836
083A
083L
0842

0846
0844
084C

0850
0854
0856

085A
085E
0862

34
0A
72
58

4L
DF
28
84

3r
SE

40
40
40

3r
66

18
06
01
00

24
08
02
00

5B
88
ar

40
40
40

06
6D

1A
D5
B6
2C

24
47

42

40

AO

3B
7D

0C

[2]
o

00
00

12
04
01
00

72

B6

40

A0

4T
07

TABLE2: DB 03411, 1811, 1All1, 0ClI
DB 0AlI, 0611, OD5II, 0211
DB 7211,0111,0B611, 001!
DB 5811, 0011, 2CII, 00N
; ________________________________________
H GAIN3
TABLE3 DB 4Ell, 2411,02411,1211

DB ODFII, 0811,04711, 0411
DB 0281t, 0211, OEI, 011
DB 08411, 0011, 4211, 00!

H ENDDIS : ENDCIIAGE

b
ENDVALVE: DB 3riu, 5811, 4CH, 7211, SEII, 881

DB 6EIl, 9F1I, 7El1, OB6I1

?
RANGPATT: DB

4011, 4011, 4011, 4011, 4011, 401!
DB 4011, 4011, CAOII, 0AOII
3
3 CODE FOR 7 SEGMENT DISPLAY
)
SEGT7: DB 3r1, 0611, 5BII, 4TIl
DB 6611, 6DII, 7DII, 0TI
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FEATURES-

m The instruction set contains 158 instructions. The 78

instructions of the 8080A are included as a subset;
8080A software compatibility is maintained.

Eight MHz, 6 MHz, 4 MHz, and 2.5 MHz clocks for the
Z80H, Z808B, ZB0A, and Z80 CPU result in rapid
instruction execution with conseguent high data
throughput.

The extensive instruction set includes string, bit, byte,
and word operations. Block searches and block
transfers, together with indexed and relative addressing,
result in the most powerful data handling capabilities in
the microccmputer industry.

The Z80 microprocessors and associated family of
peripheral controllers are finked by a vectored interrupt
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Figure 1. Pln Functions
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system. This system may be daisy-chained !0 allow
implementation of a priority interrupt scheme. Litlle. if
any, additional logic is required for daisy-chaining.

® Duplicate sets of both general-purpose and flag registers
are provided, easing the design and operaton of
system software through single-context swatching,
background:-loreground programming, and single-level .
interrupt processing. In addition, two t6-bit index
registers facilitate program processing of tables and
arrays.

® There are three modes of high speed interrupt
processing: 8080 similar, non-Z80 peripheral device,
and Z80 Family peripheral with or without daisy chain.

u On-chip dynamic mémbry refresh counter.
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Figure 2a. 40-Pin Dual-in-Line Package (DIP)
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GENERAL DESCRIPTION

The 280, Z80A, 2803, and Z80H CPUs are third-generation
single-chip microprocessors with exceptional computa-
tional power. They offer ugher system throughput and more
efficient memory utilization than comparable second- and
third-generation MICFOPIOCESSOrS. The internal registers
contain 208 bits of read/wnte memory that are accessible 10
the programmer. These registers include two sets of six
general-purpose registers which may be used individually
as either 8-bit registers or as 16-bit register parrs. Inaddition,
there are two sets of accurmnulator and flag registers. A group
of “Exchange” instructions makes either set of main or
alternate registers accessible to the programmer. The
alternate set allows operation in (oreground-background
mode or it may be reserved for very fast interrupt response.

INSTRUCTION
DECODER

INSTRUCTION
REGISTER

+ 5V —

GND == ! !
CPU

TIMING
CONTROL

CLOCK —a~

cPU
TIMING

8 SYSTEMS SCPU
ANDO CPU  CONTROL
CONTROL  INPUTS
OUTPUTS

-

Figure 3. 280 CPU Bfock Diagram

The Z80 also contains a Stack Pointer, Program Counter, two
index registers, a Refresh register” (counter), and an
Interrupt register. The CPU is easy to incorporate into a
system since it requires only a single + 5V power source. All
output signats are fully decoded and timed to control
standard memory or penpheral circuis; the CPU is
supporned by an extensive tamily of peripheral controllers.
The nternal block diagram (Figure 3) shows the primary
functions of the Z80 processors. Subsequent text provides
more detal on the Z80 1O controller family, registers,
instruction set. Interrupts and daisy chaning, and CcPU
timing.
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Z30 MICROPROCESSOR FAMILY-

The Zilog Z80 microprocessor is the central element of a
comprehsnsive microprocessor product famuly. This family
works together in most applications with minimum
requirements for additional logic, facilitating the design of
efficient and cost-effective microcomputer-based systems.

Zilog has designed five components to prdvide extensive
support for the Z80 microprocessor. These are:

m The PIO (Parallel Input/Output) operates in both
data-byte /O transfer mode (with handshaking) and in bit
mode (without handshaking). The PIO may be
configured to interface with standard parallel peripheral
devices such as printers, tape punches, and keyboards.

m The CTC (Counter/Timer Circuit) features four pro-
grammable 8-bit counterftimers. each of which has an

8-bit prescaler. Each.of the four channels may be
configured to operate in either counter or timer mode.

u The OMA (Direct Memory Access) controiler provides
dual port data transter operations and the ability to
terminate data transfer as a resuit of a pattern match.

u The SIO (Serial Input/Output) controfler offers two
channels. It is capable of operating in a vanety of
programmable modes for both synchronous and
asynchronous communication, including Bi-Synch and
SOLC.

® The DART (Dual Asynchronous Recewver/Transmitter)
device provides low cost asynchronous serial
communication. It has two channeis and a fuil modem
control interface. 2o

-

Z30 CPU REGISTERS

Figure 4 shows three groups of registers within the Z80
CPU. The first group consists of duplicate sets of 8-bit
registers: a principal set and an alternate set (designated by
! [prime], e.g., A). Both sets consist of the Accumulator
Register. the Flag Register. and six general-purpose
registers. Transfer of data between these duplicate sets of
registers is accomplished by use of "Exchange’
instructions. The result is faster response to interrupts and
easy, efficient implementaton of such versatie pro-

MAIN REQISTER SET

-~

gramming techniques as background-foreground data
processing. The second set of registers consists of Six
registers with assigned functions. These are the | (Interrupt
Regster), the R (Refresh Register), the IX and IY (Index
Regsters), the SP (Stack Pointer), and the PC (Program
Counter). The third group consists of two interrupt status
flip-flops, plus an additional pair of flip-flops which assists in
identifying the interrupt mode at any parucular time. Table 1
provides further information on these registers.

ALTERNATE REOISTER SET

A ACCUMULATOR F FLAG REGISTER A ACCUMULATOR F' FLAG REGISTER
8 GENERAL PURPOSE C GEMERAL PURPOSE B' GENERAL PURPOSE C' GENERAL PURPOSE
0 GEMNERAL PURPQSE £ GENERAL PURPOSE 0' GENERAL PURPOSE E' GENERAL PURPOSE

H GENERAL PURPOSE

L GENEAAL PURPOSE

H' GENERAL PURPOSE

' GENERAL PYRPOSE

4 BITS

6 8IS

IX INOEX REGISTER

1Y INOEX REGISTEA

SP STACK POINTER

PC PROGRAM COUNTER

| INTERRUPT VECTOAR A MEMOAY REFRESH

TS

INTERAUPT FUPFLOPS STATUS

wEy | #Fy

STORES IFFY
OURING NWi
SERVICE

r 0 = INTERAUPTS DISABLED
L1 = INTERRUPTS ENABLED

INTERRUPT MQOE FLIP-FLOPS

IMF, IMFy
] 70 INTERRUPT MODE 0
° 1 NOT USED
t [ INTERRUPT MOOE 1
1 [ INTERRUPT MODE 2

Figure 4. CPU Registers



280 CPU REGISTERS (Conunued)

Table 1. Z80 CPU Reglsters
Register  _ Size (Bits) Remarks
A, A’ Accumulator 8 Stores an operand or the resuilts of an operation.
F.F’ Flags 8 See Instruction Set.
8.8’ General Purpose 8 Can be used separately or as a 16-bit register with C,
c.c General Purpose 8 See B, above. -
D.D’ General Purpose 8 . Can be used separately or as a 16-bit register with E.
E.E’ General Purposs 8 See D, above. .
H, H' General Purpose 8 Can be used separately or as a 16-bit register ;:vilh L
L General Purpose 8 See H, above.
Note: The (B,C), (D,E), and (H.L) sets are combined as follows:
B—Hightyte C—lowbyte ’
2 D—Highbyte E— Lowbyte
H—Highbyta L— Lowbyte
| Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt .
- processing. .
R Retresh Register 8 Provides user-transparent dynamic memory refresh. Automatically
- of e -incremented and placed on the address bus dgring each
instruction fetch cycle.
1X Index Register 16 Used for indexed addressing.
Y Index Register . 18 Used for indexed addressing
SP Stack Pointer 16 Holds address of the top of the stack. See Pus{r 'or Pop in instruction
sel.
PC Program Counter 16 Holds address of next instruction.
IFFFFy Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4).
IMFa-IMFb Interrupt Mode Flip-Flops Refiect Interrupt n:lode (see Figure 4).

-

INTERRUPTS: GENERAL OPERATION

The CPU accepts two interrupt input signals: NMi and iNT.
The NMI is a non-maskable interrupt and has the highest
priorty. INT is a lower priority interrupt and it requires that
interrupts be enabled in software in order to operate. INT
can be connected to multiple peripheral devices in a
wired-OR configuration.

The Z80 has a single response mode for interrupt service for
the non-maskable interrupt. The maskable interrupt, INT,
has three programmable responsa modes available. Thesa
are:

® Mode 0 — similar to the 8080 microprocessor.

8 Mode 1 — Peripheral'lnterrupt service, for use with
non-8080/Z80 systems.

® Mode 2 — a vectored interrupt scheme, usually
daisy-chained, for use with Z80 Family and compatible
peripheral devices.

The CPU services interrupts by sampling the NMi and iNT
signals at the rising edge of the last clock of an instruction..
Further interrupt service processing depends upon thetype *
of interrupt that was detected. Details on interrupt responses
are shown in the CPU Timing Section.

Non-Maskable Interrupt (NMI). The nonmaskable
interrupt cannot be disabled by program control and
therefore will be accepted at all times by the CPU. NMi is
usually reserved for servicing only the highest priority type
interrupts, such as that for orderly shutdown after power
failure has been detected. After recognition of the NMI
signal (providing BUSREQ is not active), the CPU jumps to
restart location’ 0066H. Normally, software starting at this
address contains the interrupt service routine.

Maskable Interrupt (INT). Regardless of the interrupt
mode set by the user, the Z80 response to a maskable
interrupt input follows a common timing cycle. After the



interrupt has been detected bv the CPU (provided that
interrupts are enabled and BUSAEQ is not active) a special

interrupt processing cycle begins. This is a special fetch

(MT) cycle in which IORQ becomes active rather than
MAED, asin a normal M1 cycle. In addition, this special M1
cycle is automatically extended by two WAIT states, to allow
for the time required to acknowledge the interrupt request,

Mode 0 Interrupt Operation. This mode is similar to the
8080 microprocessor interrupt service: procedures. The
interrupting device places an instruction on the data bus.
This is normally a Restartinstruction, which willinitiate a call
to the selected one of eight restart locations in page zero of
memory. Unlike the 8080, the Z80 CPU responds to the Call
instruction with only one interrupt acknowiedge cycle
followed by two memory read cycles.

Mode 1 Interrupt Operation. Mode {1 operation is very
similar to that for the NMI. The principal differenceis that the
Mode 1 interrupt has only one restart location, 0038H.

Mode 2 Interrupt Operatlon. This interrupt mode has
been designed to utilize most effectively the capabilities of
the Z80 microprocessor and its associated peripheral
tamily. The interrupting peripheral device selectsthe starting
address of the interrupt service routine. It does this by
placing an 8-bit vector on the data bus during the interrupt
acknowiedge cycie. The CPU forms a painter using this byte
as the lower 8 bits and the contents of the | register as the
upper 8 bits. This points to an entry in a table of addresses
for interrupt service routines. The CPU then jumps to the
routine at that address. This flexibility in selecting the
interrupt service routine address allows the peripheral
device to use several different types of service routines.
These routines may be located at any avalable location in
memory. Since the interrupting device supplies the
low-order byte of the 2-byte vector. bit 0 (Ag) must be a zero.

Intarrupt Priority (Daisy Chaining and Nested
Interrupts). The interrupt prionity of eacn peripheral device
is determined by its physical location within a daisy-chain
configuration. Each device in the chain has an interrupt
enable input line (IEl) and an interrupt enable outout line
(IEQ). which is fed to the next lower priority device. The first
device in the daisy chain has its IEl input harawired to a High

level. The first device has highest priority, while each.
succeeding device has a corresponding lower priorty. This
arrangement permits the CPU to select the highest priority
interrupt  from several simultaneously interrupting
peripherais.

The interrupting device disables its IEQ line to the next lower
priority peripheral untt it has been serviced. After servicing,
its IEQ line is raised. allowing lower priorty peripherais to
demand interrupt servicing.

The Z80 CPU will nest (queue) any pending interrupts or
interrupts received while a selected peripheral is being
serviced.

Interrupt Enable/Disable Operation. Two fiip-flops, IFF4
and IFF,, referred to in the register description, are used to
signal the CPU interrupt status. Operation of the two
fiip-flops is described in Table 2. For more details, refertathe
780 CPU Technical Manual (03-0029-01) and Z80 Assembly
Language Programming Manual (03-0002-01).

Table 2. State of Flip-Flops ~

Actlon IFFy [FFy Comments
CPU Reset 0 0  Maskablenterrupt
INT disabled
Ol instructon execution o} [o] Maskable interrupt
. INT disabled
El instruction execution 1 1 Maskable interrupt
INT enabled
LD A.linstruction execution . o IFFy— Panty flag
LD AR instruction execution o - e  IFFp—=Parity flag
*Accspt NMI 0 IFFy IFF—IFF;
(Maskable interrupt
- INT disabled)
RETNinstruction execution  FFa o IFFp—=IFFjat
completion of an
NMI service
routine.




INSTRUCTION SET

The Z80 microprocessr has one of the most powerful and O Rotates and shifts
versatile instruction sets available in any 8-bit micro-
processor. It includes such unique operations as a block
move for fast, efficient data transfers within memory, or T Jumps
between memory and /0. It alsc allows operations on any
bitin any location 1n memory. =

(@]

Bit set, reset, and test operations

Calls, returns, and restarts
The foliowing is a summary of the Z80 instruction set which O Inputand output operations
shows the assembly language mnemonic, the operation, A variety of addressing modes are implemented to permit
the flag status, and gives comments on eachinstruction. For  efficient and fast data transfer between vanous registers,
an explanation of flag notations and symbols for mnemonic  memory locations, and input/output devices. These
tables, see the Symbolic Notations section which follows  addressing modes include:

these tables. The Z80 CPU Technical Manual (03-0029-01).

the Programmer’s Reference Guide (03-0012-03), and a .Immedlate
Assembly Language Programming Manual (03-0002-01) O Immediate extended
contain significantly more details for programming use. O Modified page zero
The instructions are divided into the following categories: O Relative
O 8-bitloads -5 Extended:
Q 16-bitloads O Indexed
O Exchanges, block transfers, and searches C Register
QO 8-bit arithmetic and logic operations S. -~ —. O Registerindirect -_
3 General-purpose arithmetic and CPU control 3 Implied
a 16-bit arithmetic operations o Bit
8-BIT LOAD GROUP
Symbolic Flags ~ Opcode No.of No.ofM No.of T
Mnemonic  Opasration s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
LDrr! r~~r e o X o X o o o 0f 4 r 1 1 4 rr Reg.
Lorn ren e o X o X o o o 00. r 110 2 2 7 000 B
—n-— ‘ 001 C
LDr,(HL) +r=(HL) e o X o X o e o 01li.r1 110 1 2 7 010 D
LD (IX+d) r=(X+d) e o X o X e o o 11 011 101 0D 3 5 19 011 E
01 r 110 100 H
. -d- 101 L
LOr(iY+d) r=—(Y+d) e ¢ X o X e oo 11 111 101 FD 3 5 19 111 A
0t r. 110
LD (HL). ¢ (HL) =r e o X o X e o o 01 110 r 1 2 7
LD{X+d).r (X+d)=r e o X o X o o o 11 011 101 DD 3 5 19
o1 110 r
LDUY+dLr (Y+d)=r e o X o X o o o 11 111 101 FD 3 5 19
: 01 110
—d- e
LD (HL), n (HL)>=n s ¢« X ¢ X e o e 00 110 110 36 2 3 10
. —_——
LO@X+dln (X+d)=n * » X s X o e o 11 011 101 DD 4 5 19
: 110 1190 36

i ~dee

et R -

(33



8-BIT LOAD GROUP (Continued)

Symbolic Flags Opcode No.of No.otM No.of T
Mnemonic  Operation s Z H PIWVN C 76 543 210 Hex Bytes Cycles States Comments

LY +d),n (Y+d)=n e o X o X e o o 11 111 101 FD 4 S 19
00 110 110 36
~n=

LDA, (BC) A —=(BC) e o X e X e o o (0 001 010 OA 1 2 7

LDA.(DE) A~—(DE) e o X o X e o o Q0 011 010 1A 1 2 7
LDA (nn)  A={nn) » o X o X e e o 00 111 010 3A. 3 4 13
—n—
-n—
LD{BC),A (BC)—A e e X o X e e o 00 000 010 02 _ 1 2 7
LO(DEL,A (OE)—A e o X e X e o o (00 010 10 12 l o2 7
LD (nn), A (hn)—A » o X e X e ¢ o 00 110 010 32 3 4 . 13
—ne- -~
—_—n—
LDA At t ¢ X 0 XIFFO « 11 101 101 ED 2 2 g .
01 010 111 57 - ’ .
LDAR A—R $t ¢ X 0 XIFFO o 11 10t 101 ED 2 2 9 -
01 011 111t SF
LOLA 1=A e e X o X o s e 11 101 101 ED 2 2 9
01 000 111 47
LDRA * R=—A e ¢ X o X e e e 11 101 101* ED 2 2 9
01 001 111 4F
NOTE: IFF, the content of the interruct enable fiio-flop, (IFF ). 18 copred into the PV Rag,
16-8IT LOAD GROUP V.,
Symbolic Flags " Opcode No.of No.ofM No.ofT
Mnemonic  Operation s 2z H P/IVN C 76 543 210 Hex Bytes Cycles States Comments
LDda.nn dd —=nn e o X e X o o o 00 dd0 001 3 3 10 da  Pair
—n=- b 00 BC
-n— 01 OE
LDIX, nn 1X = nn e o X e X o e o 11 011 101 OD 4 4 14 10 HL
100 001 21 ) 11 8P
-
-p— .
LDIY.nn IY = nn e o X o X o o ¢ 11 111 101 FO 4 4 14
100 001 21
-
—n—
LDHL.{(nn) H-—(n+1) + e X e X o o o 00 101 010 2A 3 S 16 .
L = (nn) ’ -n—
-n-r ’ RN
LDad.(nn) ddu=—(nn+1) ¢ e X e X e e e 11 101.101 ED 4 6 20
dd, —{nn) 01 ‘¢ar Ot

- -

- -

NQTE: (PAIR). (PAIR)_refer to nign arcer ana low oraer exgnt bits of the register oarr respectvery. e.g.. BC = C, AFy = A,

- -



16-BIT LOAD GROUP (Connnued)

N&O! No.of M No.of T

Symbolic Fiags Opcode
Mnemonic  Operstion S H PV N 76 543 210 Hex Bytes Cycies States Comments
LDIX, () Xy —(nn+1) e« X o o 11 011 10T DD & 6 20
X, = (nn) 00 101 010 2A
Q-n— i
—-r—
LO 1Y, (nn) Yy=(n+1) ° e X o o 11 111 101 FD 4 [ 20
1Y, = (nn) 00 101 010 2A
-
-n- .
LO(rn).HL (n+1)—H o o X o o 00 100 010 22 3 5 16
(nn)y—=L -n-
. jal
‘LD(nn), dd  (nn+ 1) —ddy o X s o 11 101 101 ED 4 6 20
(nn) = dd 01 dd0 0N
—-n—-
T .
LO(n).IX  (n+1)=IXy ° ¢« X o o 11 011 101 . 0D 4 6 20
(nn) = 1X 00 100 010 22
3 Lempe-
.—n-. .
LD(nn)IY T (nn+1)=IYy o « X o @ 11 111 101 FD 4 6 20
(nn) — Y. 00 100 010 22
—-n—
-n-
LD SP. HL 8P —HL . e X o o 11 111 001 F9 1 1 <]
LD SR IX WSP =X . o X .o o 11 011 101 OO 2 2 10
11 111 001 F8
LOSP Y SP =—1Y . e X o o 11 111 101 FD 2 2 10
11 111 001 F9 ag Par
PUSH aq (SP-2)*~aqq_. * e X o o 11 Qg0 101 1 3 1 00 BC
(SP-1)=qan o DE
. SP—=SP -2 10 HU
PUSHIX (SP-2)=iX_ o e X o o 11 011 101 DD 2 4 15 11 AF
(8P = 1)~ Xy 11 100 101 E5 '
SP—SP -2
PUSH IY (SP=2)—1Y_ e X o o 11 111 101 FD 2 4 15
(SP=1)=1IYy 11 100 101 €5
SP-—~SP -2 .
POPaq QQu = (SP+1) ¢ o X o o 11 qe0 001 1 3 10
qgL —(SP)
SP—=SP+2
POPIX Xy = (SP+1) » o X o o 11 011 101 OD 2 4 14
1Xg = (SP) 11 100 001 Et
SP=SP +2
POPIY Y= (SP+1) * o X o o 11 111 101 FD 2 4 14
1Y, = (SP) 11 100 001 E!
SP—SP +2

NOTE: (PAIR)4(PAIRY_ refer 1o high oraer and low oraer exght bits ot the regisier oair respectvely, e.g.. BC, = C.AFy = A.
- s w

-

.



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS

Symbolic Fiags Opcode No.of No.ofM No.of T
Mnemonic  Operation s Z H PIVN C 76 543 210 Hex Bytes Cycies States Comments
EXDE.HL DE=HL e o X“e' X e ¢ o 11 101 O11 EB 1 1 4
EX AF, AF' AF «~ AF! e« o X o X e o e 00 001 000 OB 1 1 4
EXX BC ~8C’ ¢« o X ¢ X e o e 11 011 001 D9 1 1 4 Register bank
DE - OE’ and auxiiiary
HL = HL’ . . reg:ister bank
\ . exchange
EX(SP).HL H=(SP+1) ¢ & X o X o ¢ o 11 100 011 E3 1 5 19
L~=(SP)
EX(SP). IX IXy*o=(SP+1)- ¢ ¢ X o X ¢ o o 11 011 101 DD 2 6 23
X, *(SP) 11100 011 €3
EX(SPLIY  IYuy=(SP+1) o o X o X e o o 11 111 101 FD 2 6 23
IYL = (SP) o 11 100 031 E3 L .
[Re]} (DE)=(HL) e« ¢ X 0 X ¢ 0 ¢ 1 101 101 ED 2 4 - 16 .load(HL)into
DE=QE+1 10 100 000 A0 © (0E). increment
HL=HL+1 i the painters and
BC~-8C-1 decrement the
. byte counter
| ©) . &)
LDIR DE)=(HL) s o X 0 X 0 0 ¢ 11 101 101 ED 2 5 21 ItBC#0
-DE~DE+1 10 110 000 80 2 4 16 tBC =0
HL = HL+1 )
8C-8C-1
Repeat unti
BC=0
©)
LbD . . (OB =(HL) e e X 0 X & 0 e 11 101 101 ED 2 4 16
DE~-DE~1 10 101 000 A8
HL=HL-1
sBC-8C-1 "
® :
LOOR (DB) = (HL) e o X 0 X 0 0 ¢ 11 101 101 ED 2 5 21 teC#0
DE~-DE-1 10 111 000 88 2 4 16 ItBC = O
HL—~HL -1
BC ~-8C-1
Repeat untl
BC=0 @
crl A - (HY) $ 4 X ¢t X % 1 e 11 101 101 ED 2 4 16
HL=HL+1 10 100 001 A1
8C ~8C -1

NOTE: (D PV tagisOrdtheresutci8C~1 = O, otherwise PV = 1.
@ P tag s 0 onty at comcleton of instructon.

@ Z%agis1iA = HL, otherwise Z = 0.



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Comm:y'gd)

LRV

Symboiic Flags Opcode No.of No.ofM No.ohT

Mnemonic  Opemtion s 2 H PIVN C 76 543 210 Hex Bytes Cycies States Comments

® ®
CPIR A - (HL) ¢ X 8 X ¢ 1 e 11 101 10t ED 2 5 21 #BC = 0ang
A#(HL)

HL—=HL+1 10 110 001 B1 2 4 16 ItBC =0or
BC-8C-1 A = (HL).
Repeat until
A = (HL)or
BC=0 @

CPD A = (HY) H C:? X ¢ Xt 1 e 11 101 101 ED 2 4 16
HL =HL=1 10 101 001 A9
8C—BC-1 @ @

CPDR A - (HL) $ ¢ X ¢ X ¢ 1 e 11 101 101 ED 2 5 21 tBC #0and

' A+ (HL)

HL = HL -1 10 111 001 By 2 4 16 HBC =0Oor
BC—~BC-1 A = (HL)
Repeat until
A = (HL)or
BC=0

NOTE: (D PNV fhagisOtineresutof BC~1 « 0, otherwise PV =1,
@ PN hag s 0 only at completion of instruction.
Q@ Ztagis1itA = (ML), otherwise Z = Q.

8-BIT ARITHMETIC AND LOGICAL GROUP

i Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation §$ 2, “H PIVN C 76 543 210 Hex Bytes Cycles States Comments
ADDA. ¢ A—=A+r t 2 X ¢ x v ot 10 [000] r 1 ¥ 4 r Reg.
ADD A, n A=A+n ¢t x ¢ x v o s 1 {ooo] 110 2 2 7 000 B
. —n-- 001 C
~ 010 0
ADDA (HL) A=-A+HL) ¢ ¢ X ¢ X V 0O ¢ 10 110 1 2 o7 011 E
ADDA, (X+d)A—A+(X+d) ¢ ¢ X $ X V 0 & 11 011 101 DD 3 5 19 100 H
10 {000) 110 101 L
—g-—- 1" A
ADDA,(IlY+d)A=A+(Y+d) ¢ ¢ X ¢ X V. 0 ¢ 11 111 101 FD 3 5 19
10 [060] 110 -
—
ADCA,s A—A+s+CY ¢t § X ¢ X V 0 ¢ 001 : sisanyofrn,
SUBs A—A-s ¢t P X 8 X Vo1t (HLY, (X + ),
SBCA.s A=A-s=CY$! ¢ X ¢ X V 1 ¢ (Y+das
AND's A=A>s ¢t 1 X 1 X P OO [o0) shown for ADD
ORs A—A>s t ¢t X0 XPOO 110 ‘instruction. The
XOR's A~ Aes $ $ X0 XPTOO [101] inaicated bits
CPs A-s P8 X X Vo1 reolace tne
{000] inthe
~ ey

ADD & abgve.

-

-
A}
I3



8-8IT ARITHMETIC AND LOGIiCAL GROUP (Conunued)

Symbolic Flags Opcode No.of No.ofM No.ofT
Mnemonic  Operation s Z H PWN C 76 543 210 Hex Bytes Cycies Slates Comments
INC rec+1 $t ¢+ Xt xvo e 0 - [icd 1 1 4
INC (HL) (HL) ~ n B
(HL+1 t + X ¢ X Vv o e 00 t10f{100] 1 3 11
INC(IX+d) (X+d)+~ $ 4 X § XV 0O s 11 011 101 OD 3 6 23
X+ +1 Q0 110 .
.—d-.
INC(Y+d) (Y+d)~ $ 4 X £ X V.0 e- 11 111 101 FD 3 6 23
1Y +d) +1 00 110
"‘d"‘
PECm mem-1 $ L X 8 X V1.

NOTE: misany of r, (HL), (IX + ), (IY +d) as snown for INC. DEC same format and states as INC. Reptace l 1C0 iw-m 101 | n opcoae.

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

Symbaiic Flags Opcode No.ot No.ofM No.of T
Mnemonic  Opernation s Z H PIVN € 76 543 210 Hex Bytes Cycles States Comments
DAA @ $ 4 X ¢ X P e } 00 100 11y 27 1 1 4 Decimal acjust
accumulator.
CPL A-A e ¢ X 1 X e 1 e (00 101 111 2F 1= J 4 Compiement
accumulator
{ones
compiement).
NEG A+=0-A Pt X 8 X Vo1 ¢ 11 101 101 ED 2 2 8 Negate acc.
01 000 100 44 {two's
; complement).
CCF — CY=Cy e o X X X e 0 ¢ 00 11 111 _3F. 1 _. .1 4 Compiement
" \ carry flag.
SCF CY~—1 e ¢ X 0 X e 0 1 00 110 111 37 1 1 4 Set carry flag.
NOP Nooperaion o o X e X e e « (00 000 000 CO 1 1 4
HALT CPU hatted e e X e X o s o 01t 110 110 76 1 1 4
Dl » IFF -0 e o X o X e o o 11 110 011 F3 1 1 4
] {FF =1 e ¢ X o X ¢ e e 11 111 011 FB 1 1 4
IMQ Setinterrupt ¢ e X e X e e e 11 101 101 ED 2 2 8
mode 0 01 "000 110 46
M1 Setinterruct  » o X s X e e o 1% 101 101 ED 2 2 8
mode 1 01 010 110 56 - -
M2 Setinterrupt ¢ X o X e e s 11 101 101 ED 2 2 8
‘mode 2 01 013 110 S5E ’

NQTES: @ convens accumuiator content into cackea BCD following aaa or suniract with packes BCD ooeranas.
IFF ingicates the interrupt enaote fip-fop.

CY indicates tha carry fi0-flop.
* INDIC3LES INterrupts are not sampied atthe eng of Ej or CI.

we
"

s



16-BIT ARITHMETIC GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
M i Operat) s Z H PVN C 768 543 210 Hex Bytes Cycles States Commaerts
ADDHL.ss HL=HL+ss © ¢ X X X » 0 ¢ 00 s 001 1 3 11-  ss  Reg.
00 BC
ADCHL.ss HL=— . : . 01 DE
HL+ss+CY ¢ ¢ X X.X vV 0 ¢ 11 101 101 ED 2 4 15 10 HL
01 sst 010 A 1n sp
SBCHL,ss HL-
HL-ss-CY ¢ ¢ X X X Vv 1 ¢ 11 101 101 ED 2 4 15
01 ssO 010
ADDIX.pp IX—IX+pp e e X X X ¢ 0 ¢ 11 011 101 0D 2 4 15 op  Reg.
01 pp1 001 o0 8C
01 DE
e 10 1X
11 sP
ADDIY, r IY=IY+m e ¢ X X X o 0 % 11 111 101 FD 2 4 1§ (] Reg.
00 1 001 00 BC
INC ss ss=ss+1 e o X o X o e e 00 ssO 011 1 1 6 ot OE
INCIX IX—IX+1 e o X e X o e o 11 011 101 DD 2 2 10 10 Y
0 00 100 011 23 ¥ 11 " SP
INCIY 1Y =1Y +1 e o X o X e e o 11 111 101 FD 2 2 10
. 00 100 011 23
DEC ss ss—ss—1 e o X e X o o e 00 ssi 011 1.- 1 6
DECIX IX=1X~1 e o X e X o o e 11 011 100 OD 2 2 10
’ 00 101 011 28
DEClY IY =1Y=1 e o X o X o e & 11 111 101 FD 2 2 10
. 00 101 011 2B
ROTATE AND SHIFT GROUP
. Symbolic Flags Opcode No.of No.oftM No.of T
Mnemonic Operation s Z H PIWN C 78 543 210 Hex Bytes Cycies States Comments
RLCA E-=i « « X 0 X s 0t 00 000 113 07 1 1 4 Rotatelet
-t cireular
azcumutator,
RLA {Cvle—{ 7 —0 } e o« X 0 X o 0 ¢ 00 010 111 17 1 1 4 Rotate lett
‘ accumulator.
RRCA —[I—=31--@] o+ o X 0 X o 0 ¢ 00 001 111 OF 1 1 . 4  Rowengnt
* arcular .
- accumutator.
RRA T— e e+ X 0 X e 0 % 00_O11 111 IF 1 1 4 Rowmtenght
‘ accumuiator.



ROTATE AND SHIFT GROUP (Continued) -

Symbolie Flags Opcode No.of No.ofM No.of T
Mnemonic Operation s Z H PIWVN C 78 543 210 -Hex Bytes Cycles States Comments
ALCr $ $ X 0 X P O3 11 001 011 CB ~ 2 2 8  Rotateleft.
00 r circular
. regsterf.
ALCHL) ¢ ¢+ X 0 X P O ¢ 11 001 011 CB 2 4 18> Reg.
. 00 000 110 000 B
e-=- o1 c
RLC (X +d) $ ¢+ X0 X P O $ 11 011 101 DO ‘4 6 23 010 DO
L(HL.(X + ALY +d) 11 001 011 C38 o011 E
~d- Ny 001 H
00 110 101 L
] . 111 A
ALC(Y +@) ¢+ X 0 X P O $ 11 11 101 .FD 4 6 2
11 001 011 C8 % =5
—d= . Instrucuon -
00 110 format and
ARLm g™~} $ X 0 X P O} ' states are as
m=(HL(IX +d).(Y +d) 8 shown for
. . ALCs. Toform
ARCm WT—ei—feri ¢ ¢ X 0 X P 0 ¢ new opcode
m= e (HUO(X +a)(Y + ) : repiace[Q0Q]
. or RLCs with
shown coce.
RAm (=1 1 X 0 X P 0
m=c(HL).(IX +a).(Y +d)
StAm  [@—{=2]~+t ¢ X 0 X P 0 ¢
m = (HLLIX + A).0Y +d)
sram (L= ; s+ x 0 x P o ¢
me=o(HL),(IX +a).(IY +d) =
SALm eefr—e =l ¢ } X O X P O 3} 111
mse i (HL), (X +0).(Y +d) .
o
RO (o] [==1 ¢ ¢ X 0 X P O e 11 101 101 ED 2 5 18 Rotate digit
L= 01 101 111 6F left and
right between
the accumu-
lator ana
—— — locaton (HL).
RRD [Gaima—~[<r3el ¢ ¢ X 0 X P O « 11 101 101 ED 2 5 18 Thecontent
A [ ——
] 01 100 111 67 of the upper
hait of the
accumulator

- . is unaifected.



BIT SET, RESET AND TEST GROUP

Symbollc Flags Opcode No.of No.ofM No.of T .
Mnemonic  Operation s Z H PIWN C 76 543 210- Hex Bytes Cycles States Comments
BITb.r 21y X ¢ X 1 X X 0 e 11 001 011 CB 2 2 8 r Reg.
01 b " 000 B
BIT b, (HL) Z+~(HL)p X ¢ X 1t X X 0 11 001 011 CB 2 .3 12 001 C
01 b 110 - . 010 D
BITb(X+d)p Z-(X+d)p X ¢ X 1 X X 0 = 11 011 101 DO 4 5 20 011 €
11 001 o11 CB . 100 H
~d-= 101 L
01 b 110 111 A
: b  Bit Tested
BITh.(IY+d)p Z=(Y+d)y X ¢ X 1 X X 0 e 11 111 101 FD 4 5 20 000 0
11 001 011 CB 001 1
—d—- 010 2
01 b 110 011 3
SETb.r 1 e« e X o X o e o 11 001 011 CB 2 2 8 100 4
Gl b o« 101 5
SETh.(HL) (HL)p =1 e o X e X o o e 11 001 011 CB 2 4 15 110 6
t & O EM e 0] o 110 k 17
SETh, (IX+d) (X+d)jp—1 o s X » X e s e 11 011 101 DD 4 6 23
. 11 001 011 CB
—g—
] b 1o
SETb, (IY+d) (IY+d)p—1 ¢ o X o X o o » 11 111 101 FD 4 6 23
11. 001 011 CB
b 110
RESb.m mp =0 e o X o X o o o To form new
mar, (HL}), opcode replace
(X+d), (Y +0) [3)ctseTh. s
with(10] Flags
B and tme
o states for SET
instruction.

NCTE: The notation my, indicates locatonm, bt b (010 7).



JUMP GROUP

Symbolic Flags Opcode No.of No.of M No.ofT
Mnemonic Operation S H PIVN 78 543 210 Hex Bytes Cycles Ststes Comments
JPnn PC = nn . e X o o 11 000 011 C3 Ny 3 10 cc Conaition
~-n-—=~ 000 NZ(non-zero)
-n-— 001 Z(zero)
JPcc,nn  lfconditionce o X o o 11 ¢c 010 3 3 10 010 NC (non-carry)
istrue PC=nn, -n-= 011 Cfcarry)
otherwise —n- 100 PO (panty odd)
continue 101 PE (panty even)
JRe PC~PC+e o e X o o 00 011 000 18 2 3 12 110 P (sign positive)
—e-2— 111 M(sign negative)
JRC.e #C=Q, . o X o o 00 111 000 38 2 2 7 If condition not met.
continue -—e-2~
HCat, 2 3 12 If condition is met.
PC~=PC+e
JANC.e IFC=1, . e X o o 00 110 000 30 2 2 7 ltconation not met.
continue —g-2-— . ’
#C=0, 2 3 12 If condition is met.
PC—=PC+e & .
JPZe #Z=0 . s X o o 00 101 000 28 2 2 7 1f condition not met.
continue ~-g-2=
fZ=1, 2 3 12 If condition 1s met.
PC—=PC+e
JANZ. e IfZ=1, . o X o o 00 100 000 20 2 2 7 If condition not met.
continue -e-2
1Z=0, 2 3 12 If condition is met.
PC—~PC+e ’
JP (HL) PC ~—HL o o X o o 11 101 001 E9 1 1 4 -
JP(1X) PC «~iX . e X o o 11 011 101 DD 2 2 8
11 101 001 E9
PGV PC-IY . e X o o 11 111 101 FD 2 2 8
. 11 101 00t ES
DINZ.e B-B8-i ] e X o o 00 010 000 10 2 2 8 fB=0
1f8=0, —g-2-
continue
1180, 2 3 137 #8s0.
PC~fPC+e

NOTES: @ rapresents tha extension in the reiauve addressing mode.
eis a signal two's compiemer numoer 1n the range < — 126, 129>,
@~ 2in the cocods provides an srfectve address of pc + e as PCis incremented by 2 pnar to the aoditon ot e.

.



CALL AND RETURN GROUP

No.of No.of M No.of T

Symbolic Flags Opcode
Mpemonic Operation s Z H PIVN 76 543 210 Hex Bytes Cycles States Comments
CALLnn (SP=1)=PCq & * o« X o o 11 001 101 CO 3 5 17
(SP-2—PC_ -n—
PC = nn, -n—
CALL cz.nntf conaition L) o X o o 11 cc 100 3 3 10 I cc s false.
cc s false -n—~
continue, - h = 3 5 17 Itceistrue.
otherwise
same as
CALL nn
RET PC_—(SP) .o o e X o o 11 001 001 C9 1 3 10
PCH=—(SP+1)
RET cc It conartion ° o o X & o 11 cc 000 1 1 5 f cois false.
ccs false
continue, 1 3 1 ltccis true.
otherwise : -
same as RET cc  Condition
p¢ 000 NZ(non-zero)
a 001 Z(zero)
010 NC (non-carry)
RETI Returntrom = ® o X o o 11 101 101 ED 2 4 14 011 C{carry)
interrupt 01 001 101 4D 100 PO (panty odd)
RETN? Returnirom o e X o o 11 101 101 ED 2 4 14 101 PE (panty even)
non-maskable 01 000 101 45 110 P (sign positive)
nterrupt 111 M (sign negative)
RSTp (SP=1)=PCl * * e X o o 11 t 1 1 3 11 t D -
(SP-2=PCy_ 000 OO0H
PCx=—0 001 08H
PCL=p 010 10H
011 18H
100 20H
101 28H
110 30H
111 38H

NOTE: 'RETN Ipads IFFy ~ IFF4



INPUT AND OQUTPUT GROUP

Symboiic Flags Opcode ' No.of No.oftM No.otT
Mnemonic Operation S 2 H PIVN C 78 543 210 Hex Bytes Cycles Statss - Comments
INA.()  A={n) e e X e X e e 11 O11 O1 DB 2 3 11 noAg~Ay
: -n— Acc.toAg~ Agg

INGLIC)  r=(C) $ 4 X P XP O e 11 101 101 ED 2 3 12 CloAg~Ay
itr=1100nly o r 000 BloAg~Aqs
the flags will ’
be affectad @

INI H={C) X $ X X X X 1 X 11 101 101 ED 2 -4 16 CloAg~Ay
B-8-1 - 10 100 010 A2 BtoAg~Agsg
HL=HL+t @ . ’

INIR HO={C) X 1 X X X X 1 X 11 101 101 ED 2 5 21 CioAgn~Ay
8-2.1 1 110 010 82 (rewoy BtoAg~ Agg
HL—=HL+1 2 4 16 .

Repeat unti (tB=0)
8=0 o . i

IND HO=(C) X $ X XXX 1 X 11 101 101 ED 2 4 16 CloAg~Ay
B—8-1 10 101 010 AA BtoAg~Ags
HL=HL-1 @ .

INDR (ML) = (C) X 1 XXX X 1 X 11 101 101" ED 2 5 3 CloAg~Ay
B—8-1 10 111 010 BA (1t 840) BtoAg~Aqg
HL=HL-~1 2 4 16
Repeat untl ({B8=Q)

B=0
QUT(n). A (n)=—A o o X o X e o = 11 010 011 D3 2 3 11 ntoAg~ Az
b -n— . Acc.toAg~ Agg
OUTEC).r (C)=r ® o X o X e o o 11 101 101 ED 2 3 12 CloAg~Ay
01 r 001 BloAg~ Ayg

-0oun -(C) =L X C?X- X=X X 1 X 11 101 101 ED 2 ry’. 16 CloAg~A7
B=B8-1 10 . 100 011 A3 BtoAg~Ays
HL=HL +1 .

QTR ©=HL X1 X XXX 1 X 11 101 101 ED 2 5 21 CilAg~Ay
B=8-1 10 110 011 B3 (1t 840) . BloAg~Agg
HL=HL+1 2 4 16
Regeat unti ({B=0)

B8=0 ’
©) .

ouTo C=HLD X ¢ X XXX 1 X 11 101 101 ED 2 - 4 16 CloAgn~Ay
B~B8-1 10 101 011 AB BtoAg~Aqg
HL =HL-1

QTOR (C) —(HL) x@x X X X 1 X 11 101 101 ED 2 5 21 CioAg~ Ay
B~8-1 10 111 011 (It BvQ) BloAg~Ays
HL ~HL -1 . 2 4 16
Reoeat uny) (1B=0
8~0 I

- i

NGTES: (D !the resun cr 8 - 1-s zgro, tne Z 1ag 1s gef, ojperwise 13 resat, !

@ Zag:s set uoon instruciion comotetion oniy.
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SUMMARY OF FLAG OPERATION
Dy Do
Instructions s 2Z H PW N C Comments
ADDA, s;ADCA. s t ¢ X ¢t X VvV 0 ¢ 8-bit add or add with carry.
SUBs;SBCA.s;CPs:NEG ¢ ¢ X ¢t X V 1 ¢ 8-bit subtract, subtract with carry, compare and nega'e
accumuiator. )
AND s ¢ ¢ X 1 X P 0 O Logical operation.
ORs. XORs t ¢ X 0 X P 0 O Logical operation.
INCs t ¢ X ¢ X V 0 . 8-bitincrement.
DECs P 8 X 1 X V1 e 8-bit decrement.
ADD DD, ss e o X X X e 0 ¢ 16-bit add.
ADC HL, ss ¢t X X X VvV 0 ¢ 16-bit aad with carry.
SBCHL, ss Pt X X X Vv 1 % 16-bit subtract with carry.
ALA: RLCA: RRA: RRCA e e X 0 X o 0 ¢ Rotate accumutator.
RLm; RLC m; RRm; ¢ ¢ X 0 X P 0 ¢ Rotate and shift locations,
RAC m; SLAm;
SRAmM: SRLm
RLD: RRD ¢ ¢ X 0 X P 0 e Rotatedigtleftand nght.
DAA NEKRIYAVA 9~ Decimal adjust accumutator.
CPL e X 9N X ENERlY © Compiement accumulator.
SCF e o X 0 X e 0 1 Set carry.
CCF e o X X X o 0 ¢ Comolement carry.
INF(C) fedtdl] XY JOf <XUNEYAYOAIL® Input regster inuirect.
INI: IND; OUT); QUTD A 2 XS X AN Block nput and output. Z = 1i{ B# 0, otherwise Z = Q.
INIR; INDR; OTIR: OTOR X & X AL LXILELLe. Block input and output. Z = 1B # 0, otherwse Z = 0,
LOL LDD X X X 0 X ¢ 0 - Black transfer instructions. PV = 1.1 BC # 0, otherwise P/V = 0.
LDIR: LDDOR X X X 0 X 0-0 o Block transfer.nstructions. P/V = 1it BC # 0, otherwise PV = 0.
CP1; CPIR; CPD; CPDR X 3+ X X X ¢ 1 Block search instructions. Z = 1if A = (HL), otherwise Z = 0.
. : PV = 1itBC # 0. ctherwise PV = Q.
LOAILLDAR t ¢ X 0 X IFFE Q0 o IFF, the content of the interrupt enable ffip-flop, (IFF3), is copied
into the P/V flag.
BiTb.s X ¢ X 1 X X 0 e Thesateofbitboflocation s:scopiedntothe Z flag.
SYMBOLIC NOTATION
Symbol Operation Symbol Operation
S Sign flag. S = 1ifthe MSB of the resuttis 1. H The flag is affected according to the result of tne
Zz Zeroflag. Z = 1 if the result of the operation is 0. operation.
PV Parity or overflow flag. Parity (P) and overflow (V) . The flag is unchanged by the ooeration.
share the same flag. Logical operations affect 0 The flag is reset by the operation.
this flag with the parity of the result while 1 The flag is set by the operation.
- arithmetic operations affect this flag with the X The flag is indeterminate.
overflow of the result. If PV holds parity: PV = 1 \ PN flag affected according to the overfiow result
if the result of the operation is even; PV = 0 if of the operation.
result is odd. It P/V holds overflow, PV = 1ifthe P PN fiag affected according to the parity result of
result of the operation produced an overflow. If the operation.
PN does not hold overflow, P/V = Q. r Any one o'the CPU registers A, B, C, D, E. H, L.
H*  Hall-carry flag. H = 1 if the add or subtract s Any 8-bit location for all the addressing modes
operauon produced a carry into, or borrow from allowed for the particular instruction,
’ bit 4 of the accurriulator. ss Ang 16-bit location for all the addressing modes
N*  Add/Subtract flag. N = 1 |f the previous . allowed for that instruction. -
operation was a subtract. ii _Any one of the two index registers IX or IY.
C Carry/Link flag. C = 1 ifthe operation produced R Refresh counter.
a carry from the MSB of the operand or resuit. n 8-bit value inrange < 0, 255 >.
nn 16-bit value in range < 0, 63535 >.

*H and N flags are usea in conunction with the aecimas acjust instruction (DAA) to prooeny correct the result Into packed BCD tarmat following aadition o
SUBLracton using, LJe:ands with packed BCOD format.



PIN DESCRAIPTICNS

Ag-Ays. Address Bus (cutput, active High, 3-state). Ag-Ass
form a 16-bit address bus. The Address Bus provides the
adcress for memory cata bus exchanges (up to 64K bytes)
and for /O device exchanges.

BUSACK. Bus Acknowledge (outout, active Low). Bus
Acknowleage indicates o the requesting device thal the
CPU aqdress bus. data bus, and control signals MREQ,
JORQ, RD. and WA have entered therr high-impedance
states. The externat circuitry can now control these lines.

BUSHEQ. Bus Request (ingut, active Low). Bus Request
has a higher priority than NMI and is alwavs recognized at
the end of the current machine cycle. SUSREQ forces the
CPU address bus. data bus, and control signals MREQ.
ICRQ. RD. and WR to go o a high-impedance state so that
other devices can control these lines. BUSREQ is normally
wired-OR and requires an_external pullup for these
applicatons. Extended BUSREQ pernods due to extensive
DOMA operations can prevent the CPU from properly
refresning dynamic RAMs,

Dg-D+. Data Bus (incutoutput. active High, 3-state). Do-D7
constitute an 8-bit bidirectional cata bus. used for dala
exchanges with memory and l/O.

Hait. Halt State (cutput, active Low). HAUT indicates that the
CPU has executed a Hait instruction and is awaiting ether a
nonmaskable or a maskable interruot (with the mask
enabled) before operaton can resume. While halted. the
CPU executes NOPs to maintain memory refresn.

INT. Interrupt Request (input. active Low). Interrupt Request -

is generated by I/O devices. The CPU honors a request at
the end of the current instruction if the internai
software-controlled  interruot enaple flip-flop (IFF) is
enablea. INT is normally wired-OR and requires an external
sullup for these applications.

I0RQ. /nput/Output Request (cutput, active Low, 3-state).
ICAQ indicates that the lower haif of the address bus holds a
valid /O aadress for an /O read or write operaton. ICRQis
also generated concurrently with M1 during an interrupt
acknowledge cycle to indicate that an interrupt response
vector can be placed on the data bus.

W1. Machine Cycle One (output, active Low). M1, together
with MREQ, indicates that the curfént machine cycle is the
opcode fetch cycle of aninstruction execution. M1, together
with IORQ., indicates an interrupt acknowledge cycle.

MREQ. Memory Request (output, active Low. 3-state).
MREQ indicates that the address tus holds a valid address
for a memory read or memory write operation. ’

NMIL. Non-Maskable Interrupt (input,_negative eage-
wiggerea). NMi has a higher prionty than INT. NMl is always
recognized. at the end of the current instruction,
indecendent of the status of the interrupt enable flip-fiop,
and automarcally forces the CPU to restart at location
0066H.

D. Read (output, active Low, 3-state). RD indicates that the
CPU wants lo read data from memory or an I/Q device. The
addressed /O device or memory should use this signal to
gate data onto the CPU data bus.

RESET. Aese! (input, active Low). RESET initiafizes the CPU
as follows: it resets the nterrupt enable flip-flop, clears the
PC and Registers | and R, and sets the interrupt status to
Mcde 0. Dunng resettime, the address and databusgotoa
hign-impedance state, and all control output signals go to
the inacuve state. Note that RESET must be active for a
minimurm of three full clock cycles before the reset operation
is complete.

AFSH. Refresh (output, active Low). RFSH, together with
MREQ, indicates that the lower seven bits of the system’s
address bus can be used as a refresh address to the
system’s dynamic memornes.

WAIT. Wait (input, active Low). WAIT indicates to the cPU
that the aadressed merhofy or I/O gevices are not ready for
a data transfer. The CPU contnues to enter a Wait state as
long as this signal is active. Extended WAIT periods can
preventthe CPU from reiresning dynamic memcry property.

WR. Whte (output, active Low, 3-state). WH indicates thatthe
CPU data bus holds valid cata to be stered at the accressed
memory or I/Q location.



CPU TIMING

The 280 CPU executes instructions by proceeding through
a specific sequence of operations:

u Memory read or write
® /O device read or write
®m Interrupt acknowledge

The basic clock period is referredtoas a T time or cycle, and
three or more T cycles make up a machine cycle (M1, M2 or
M3 for instance). Machine cycles can be extended either by
the CPU automatically inserting one or more Wait states or
by the insertion of one or more Wait states by the usar.

Instruction Opcode Fetch. The CPU places the contents
of the Program Counter (PC) on the address bus at tne start
of the cvcie (Figure 5). Approximately one-half clock cycle
later, MREQ goes active. When active, RD indicates that the
memory data can be enabled onto the CPU data bus.

The CPU samples the WAIT input with the falling 0 eage of
clock state T,. During clock states T3 and Tg of an M1 cycle,
dynamic RAM refresh can occur while the CPU starnts
decoding and executing the instruction. When the Refresh
Control signal becomes active, refreshing of dynamic
mermory can take place,
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Figure 5. Instruction Opcode Fetch



7
Memory Read or Write Cycles. Figure 6 shows the timing
of memory read or witt write cycles other than an opcode letch
(M) cycle. The MREQ and AD signals function exactlv asin

the fetch cycle. In 2 memory write cycle, MREQ also
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becomes active whenthe address busis stable. The WR line
is active when the data bus is stable, so that it can be used
dlreCUy asanRW pulse to most semiconducior memories.
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Input or Output Cycles. Figure 7 snows the timing foran ~  extra War state allows sufficient tme for an /O port to
110 read or IIQ write operation. Duning VO operations, the decoae the address irom the port address iines.

CPU automatically inserts a single Wart state (Twa). This
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= i W2
ionG - i /e ‘ l l
5 3 iU} )
I s SR
o S N {Laf” N\ I
T 0 A
= \ = ~ | o
1o \ 7 . =0
orendmion O ” o~ 7T
o &z y; ~TE X
® o
WR ‘ e ’-—142“‘
. wull:': "®_:1 ® ' L®’{
OPERATION iy .
Do-Dy ——=——— _7,”? DATA OUT - —

Twa = One wart cycie sutomaticaily inserted by cry.

Figure 7. Input or Output Cycies



During this M1 cycle. TORQ becomes active (instead of
samples the interrupt signal with the rising edge of the last  MRAEQ) toindicate that the interrupting device can place an
clock cycle atthe end of any instruction (Figure 8). Whenan  8-bit vector on the data bus. The CPU automatically adds
interrupt is accepted, a special M1 cycle is generated.  two Wait statesto this cycle.

Interrupt Request/Acknowiedge Cycle. The CPU

Tu T, T2 Twa Twa Tw Ty
cLoCX r_\—
ool
5 |-——'~® ®
|
Ao-aus P | 07 T %
M1 1 — A
N ~or. ;i
ioAG | >/, l‘— . |
_ ) — & 3 =G i
l b @~ 1*J'F:_'>J@I.QF‘|'|
704 i \ VA
L ' | )
- 9 @ == |

Do-D B (777 ?
0-07 2 - = , g'VA\JDDA‘IL<

NOTES: 1) T, = Last state of any instruction cycls.
2) Twa = Want cycie sutomaticsily inserted by CPUL

Figure 8. Interrupt Re-quu(lAcknowledga Cycle
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Non-Maskable interrupt Request Cycle. NMI is sampied
atthe same time as the maskable interrupt input INT but has
higher priority and cannot be disabled under software
control. The subsequent timing is similar to that of a normal

mermory read operation excent that data put on tne bus by
the memory is ignored. The CPU instgad executes a restart
(RST) operation and jumps to the NMi service routine
located at address 0066H (Figure 9).

LAST » CYCLE

cuocx.—__—-_.l®.l‘_--- [ 499 \[a/eiiiar e W |
e 3¢ INLUT AW e N DO 5)e e DY 1.
iy o @ s
Ao~k | Xil | X IREFRESH | x
~®~ @ = ~ J |
w ! -.‘I /1‘ N

* 0 Wi s an input, to @ its being -l

on the

cycie, NMI's tslling eage must occur no later than the rising ecge

of the clock cyele preceding the last state of eny Inwiruction cycls (Tu).

-

Figure S. Non-Maskable Interrupt Request Operation



Bus Request/Acknowledge Cycle. The CPU samples  to a high-impedance state with the rising edge of the next
BUSAEQ with the rising eage of the last clock pericd of any  clock pulse. At that time, any external device can take
machine cycle (Figure 10). If BUSREQ is active. the CPY  contral of these lines. usually ‘o transfer data between
sets Its agdress. data, and MREQ, ICRQ, RD, and WR lines  memory and I/0 devices. :

T
cLocx
. =+ 0
@l |+
[}
BUSREQ \l
' ]
BUSACX
:u
] N oAT ——m
Ao—-Ass }—'/F
it —_—
sy g |
Bo-07 | F'e S f—
v 1; r == !ﬁul
e I }| , ruoar —
3 Ca
ioAaq : . |L—
== @ ——
i
REIH I
RALT | UNCHANGED

NQTES: 1) T i = Last state of any M cycle.
2) Tx = An aroitrary ClOck Cycle used by requesting device.

Figure 10. Z-BUS Request/Acknowiedge Cycle
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Hait Acknowiedge Cycle. Whenthe CPUrecaivesa HALT  active and remains so until an interrupt is receved (Figure
instruction, 1t executes NOP states until ether an INT or NM1 11). INT will also force a Halt exit.
input is recerved. Wnen in tne Halt state, the HALT output is

M1 L { "

AR NMiis an npUL, 10 § its being ¢ onthe 9 cycia, MNI's taliing eage must occur no
1ater than the nu:ng eage of the Clock cycle preceding thae last state of any instruction cycw (Tu).

Figure 11. Halt Acknowiedge Cycle

Reset Cycle. RESET must be acuve for atleastthree clock  internal T cycles are consumed before the CPU resumes
cycles for the CPU to properly accept it. As long as RESET ~ normal processing operation. RESET clears the PC register,
remains active, the address and data buses float, and the so the first opcode fetch will be to location OQOQH
control outputs are inactive. Once RESET goesinactive, two (Figure 12).

[ T
cLoex - -{I \ , \ \_/
[ PPN ]
~ @’:—'—”I"i" SERTY.

RESET _{ / \ _,;f \ /
-'J.®“— e iClany

Ao~Ass . | E—{,’i :‘[
o

Domby Sy FLOAT

ioma, — 7777777 "

|

- Figure 12, Reset Cycie .
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AC CHARACTERISTICS?
280 CPU ZBOACPU  Z30BCPU  Z80HCPU
Number Symboi Paramater - Min Max Min Max Min Max Min Max
1 TeC Clock Cycle Time 400° 250° 165° 125°
2 TWCh lock Puise Width (High) 180 2000 110 2000 65 2000 S5 2000
3 ™ Clock Pulse Width (Low) 180 2000 110 2000 65 2000 55 2000
4 TIC Clock Fall Time 30 3 20 10
5 TC Clock Rise Time 30 30 20 10
6 TaCrA) Clock t to Address Valid Delay 145 el 90 80
7 TAAMMREQH  Adcress Valid to MREQ ¢ Delay 125° 65° 35° 20°
8  TaCYMREQ)  Clockto MREQ + Delay : 100 85 70 60
9  TdCHMREQr)  Clock tto MREQ t Deiay 100 85 70 60
10 TwMREQh MREQ Pulse Width (Hign) 3 170° 110° ‘65 45°
11 TwMREC! MREQ Pulse Width (Low) 360° . 220° 135° 100°
12 TdCYMREQr)  Clock to MREQ t Delay 100 85 70 60
13 TdCKRDY) Clock 4 to RD ¢ Detay 130 .95 80 70
14 TeCA(ROA Clock tto RD ¢ Delay 100 85 70 60
15 TsD(Cn) Data Setuo Time to Ciock ¢ 50 35 30 30
16 ThD(RDr) Data Held Time 1o RD ¢ 0 0 0 0
17 TSWAIT(C) WAIT Setup Time to Clock 70 70 60 s0
18 ThWAITICS WAIT Hold Time after Clock + 0 0 0 0
19 TdCiM1n .Clock tto M1 i Delay 130 100 80 70
20 TdCrM1n Clock tto M1 t Delay 130 100 80 70
21 TaC(RFSH)  Clocktto RFSH  Delay 180 130 110 95
22 TcCHRFSH lock ¢ to RFSH t Delay 150 120 100 85
23 ToCHRODr) Ciock 410 RD t Delay 110 85 - - 70 60
24 TaCr(RDY) lock t10 AD ¢ Detay 100 8s 70 60
3 TsCECh Daa Setwpto Clock 4 dunng Mo, Ma, 60 50 40 30
. Mg, or Mg Cycles
26 TdA(IORQN Address Staole prior to IORQ + 320° 180 . 110° 75°
27 TeCHICRG) tock ¢ 10 I0RQ + Delay 20 75 65 55
28 TdCHIORQr)  Clock 40 [ORQ ¢ Delay 110. 85 70 60
29 TaO(WRN Data Statle prior to WA + 190° 8o* 25* 5°
36 TeCiwRn Clock } toWR + Delay % 80 70 60
31 TWWR WA Pulse Wicth 360° 220° 135° 1c0°
32 TdC{WRr) Clock § 1o WR t Delay 1€0 80 70 60
33 TdDWRY Data Stavte prior to WR 4 20° -10° -55° 55°
34 TcCr(WRY Clock tto WR + Defay 80 65 60 55
35  TeWRMD) Cata Stable from WHR t 120° 80° 20" 157
38 TeCHHALD Ciock b0 HALT tor b 300 300 260 225
37 TwhMI NMI Pulse Wicth 80 80 70 60°
28 TsBUSREQ(Cr) BUSAEQ Setup Time to Clock t 80 50 0 40

3
For clocx cenoas otner than the miimums sn.

assumea TC = TIC « 20 ns.
TUnitsin naneseccnas (ns).

awn, caicutate parameters using the table on tne tollowing Sage. Calculated vaiues aoove
M



AC CHARACTERISTICST (Continued) '

“zsocPu

ZB0OA CPU

Z80BCPU  .280H CPU'
Number Symbol Paramet Min  Max Min Max Min  Max Min  Max
39 ThBUSREQ(CH BUSREQHC!d Time atter Clock t 0 0 0 0
40 TACrBUSACKN) Clocktto BUSACK § Detay 120 100 90 80
41 TACHBUSACKR) Clock d to BUSACK t Delay 110 100 90 80
42 TdCr(D2) Clock ¢ to Data Float Deiay 90 90 80 70
43 TdCr(CT2) Clo_ck_n_o Cinic_nl gmuzs Fl_o_ax Delay 110 80 70 60
. (MREQ. I0RQ, RD. and WR) .
44 TdCr(AzZ) Clock t to Aaaress Float Defay - 110 § S0 80 70
45 TACTHA) iREGY. IORG 1. ADt.anaWRtto 160" >80 3s® 20°
Address Hotd Time
46  TSAESET(Cr)  RESET toClock t Setup Time 90 60 60 45
47  ThRESET(Cr)  RESETtoClocktHold Time - 0 0 0 0
48 TsINTHCD NT 10 Clock ¢ Setup Time 80 80 70 55
49 ThINTHCD) INT to Clock t Hold Time 0 0 e o
50 TdMI(ORQN M1 4t iORQ + Detay 920° 565° 365° 270*
51 TGCHIORQH  Clock 1o 1ORQ 4 Detay 110 85 70 60
52 TdC(IORQY)  ClocktTORG ¢ Defay 100 85 70 60
53 TdCHD) Clock + to Daa Valid Delay T 230 150 130 418
~For ciock penods Other than INa MInMUMS SNown. caiculate parameters using tne following 1aoie. Caiculatea vaiues aoove
assumed TC = TIC = 20 ns.
tUnits in nanaseconds (ns).
FOOTNOTES TO AC CHARACTERISTICS
Number Symbol General Parameter 280 ZBOA Z80B Z80H
1 TeC TwCh + TwCl + TC + TIC
7 TIAMREQN TwCh + TIC -175 - 65 -50 -45
10 TWMREQh TwCh + TIC - 30 -20 -20 -20
M TWwMREQH TeC - 40 -30 -30 -25
L% TAA(IORQY) TeC ~ 80 -70 -55 -50.
29 TAOWRY) TeC 2210 - 170 -140 -120
31 TWWR TeC - 40 - 30 -30 -25
33 TdDWRN ™WCl + TC - 180 - 140 -140 -120
35 TdWRI(D) TwCl + TC - 80 -7 -55 -50
45 TCTHA) TwCl + TC - 40 - 50 . -50 ~45
50 TaM14(10RQN 2TeC + TWCh + TIC - 80 © -65 -50 -45
AC Test Conditions: ; =
Vi = 20V Vo = 1.5V
SV = 0.8V VoL = 1.5V =

Vine = Vec =06V

viLe = 0.4

5V

FLOAT = 205V



ABSOLUTE MAXIMUM RATINGS

Vekages on all pins with rescect to ground . . .0.3V1o + v

Cgeraung Ambient
Temgerature ..... ........ See Ordering Infcsmation
Storage Temoerature . .. ... ...l ~65°Cto +150°C

-

Stresses greater than thosg lisied under Absolute Maximum Ratings may
cause permanent damage 10 the gevice. This i$ a stress raung oniv;
operauon of ine dewice at any congiton above thess incicated in the
operauonal sectons of these soecifications 1s not imphed. Excosure to
absoiute maximum raung conations for extendea pencgs may aflact
dewvice rehaoiity. .

STANDARD TEST CONDITIONS

The DC Characeristics and Capacitance sections below
apely for the following standard test conditions, unless
otherwise noted. Al voitages are referenced to GNOD (OV).
Pesitive current flows into the referenced pin.

Avanatle operating lemperature ranges are:

m S = 0°Clo +70°C, +4.75V.& Voo & +5.25V

® E = -40°Cio +85°C, +4.75V & Ve & +5.25V
® M= -55°C1lo +125°C, +4.5V < Vcc € +5.25V

Tre Orcernng Information section lists temperature ranges
and product numbers. Package drawings are in the
Package Information seciion in this book. Refer to the
Literature List for addtionat documentation.

All ac parameters assume aload capacifance of 100 pf. Add
15 ns delay for each 50 pfincrease in load up to a maximum
of 200 pf for the data bus. AC timing measurements are
referenced to 1.5 voits (except for clock, which is referenced
to the 10% and 90% points).

FROM QUTPUT
UNDER TEST 1

100 pf

DC CHARACTERISTICS
All parameters are tesied uniess otherwise noted.

Symbol Parameter Min Max Unit Test Condition
ViLe Clock input Low Voltage -0.3 0.45 v
Vine Clock Input Hign Voltage 1§ Veg~ 6 Veg+-3 v - -
Vi, Input Low Voltage -0.3 0.8 v
Vin Input Hign Voltage 20! Vee \
Vou Output Low Voltage 0.4 v loL =2.0mA
VeH Output High Voltage 2.4! v loH= =250 A
Icc Power Suoply Current 200 mA Note 3 i
Iy input Learage Current 10 BA Vin=0toVea
o 3-State Qutput Leakage Currentin Fioat -10 102 WA Vout=0.4toVee
1. Fer muatary grace cans. refer 10 the Z8O Military Electncal Scectiicanon.
2. Avg-Aq, D9-0g, MAED. iCRU. RO, and WA.
3. Measurements mage wih cutcuts foanng.
CAPACITANCE
Guaranteed by design and charactenzation.
Symbol Parameter Min Max Unit
Ceizex Clccx Capacttance 35 pt
Cw Input Capacitance 5 ot
Cour Oulpul{?apac:lance 15 of
NOTEs, = == =
Ta = 25°C.! » | MHZ

Unmeasurea pins returne@ 1o ground.



ORDERING INFORMATION

Z80 CPU. 2.5 MHz

40-pin DIP 44-pin LCC
28400 PS ZB4COLM*®
28400CS 28400 LMB"t
ZB400 PE
28400 CE
28400 CM*
Z8400CMB*
28400 CMJ*

44-pin PCC
Z8400 VSt

ZB0OA CPU, 4.0 MHz

40-pin DIP 44-pin LCC
Z8400A PS Z8400A LM*
ZB400ACS ZB400A LMB"t
Z8400A PE
ZB400A CE
ZB400ACM*
Z28400A CMB*
Z8400ACMJ*°

Codes

First letter is for package; second letter is for temperature.

C = Ceramic DIP
P = Plastic DiP
L. = Ceramic L.LCC
V = Plastic PCC

TEMPERATURE

S =0°Cto +70°C

E = —~40°Cto +85°C
M*= -55°Cto +125°C

° For Mittary Orders, reler to the Miltary Section.

TAvalabie soon.

44-pin PCC
ZB400A VST

2808 CPU, 6.0 MHz

40-pin DIP 44-pin PCC
284008 PS 284008 VSt
284008 CS
284008 PE

Z80H CPU, 8.0 MHz
40-pin DIP 44-pin PCC
ZB400H PS ZB400H VSt

R = Protopack

T = Low Profile Protopack

DIP = Dual-in-Line Package

LCC = Leadless Chip Carrier

PCC = Plastic Chip Carner (Leaded)

FLOW
B = 883ClassB
J = JAN38510Class B
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: 8255A/8255A-5 . -
PROGRAMMABLE PERIPHERAL INTERFACE :

ol

x MCS-85™ Compatible 8255A-5 .= Direct Bit Set/Reset Capabiilty Ea;i;i
. Control Application Interface .

" m Reduces System Package Count -
= Improved DC Driving Capabllity
m_Avallable in EXPRESS =

J —Standard Temperature Range
= Improved Timing Characteristics —Extended Temperature Range -

The Intel® 8255A is a general purposse programmable 1/O-device designed for use with Intel® microprocessory, “
24 1/0 pins which may be individuaily programmed in 2 groups of 12 and used in 3 major modes of operation. In {hg
mode (MODE 0), each group of 12 1/0 pins may be programmed in sets of 4 to be input or output. In MODE 1, the g
mode, each group may be programmad to have 8 lines of input or output. Of the remaining 4 pins, 3 are used to‘f.‘g
shaking and interrupt control signals. The third moce of operation (MODE 2) is 2 bidirectionel bus mode which
lines for a bidirectional bus, and 5 iines, borrowing one from the other group, for handshaking.

a 24 Programmable /O Pins
u Completely TTL Compatible

a Fully Compatible with Intel® Micro-
processor Families

=2 74 X = g Y h-
"l = J T~ ..E. .S-
= - ~ds e |
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_ U e i) :
. L= 1) -
1

Figure 1, B2S5A Block Diagram - Figure 2. Pin Configuration




$255A FUNCTIONAL DESCRIPTION

senaral

“>¢ 8255A is a programmabje peripheral interface (PP1)
sevce designed for use in [Intel® microcomputer
tratams. Its function is that of a general purpose /O
+moonent 0 interface peripheral equipment to the
mcrocomputer system bus. The functional configura-
*onof the 8255A is programmed by the system software
3 that normally no external logic is necessary to inter-
‘xs panpheral devices or structures.

Sata Bus Butfer

T 3atate bidirectional 8-bit buffer is used to intertace
Tw B255A to the system data bus. Data is ransmitteg or
wcweved by the butfer upon execution of input or output
eeuctions by the CPU. Controt words and status intor-

(RD) -
Read. A “low" on this input pin enables the 8255A to
send the data or status intormation to the CPU on the
data bus. In essence, it allows the CPU to “read from” .
the 8285A.

(WR)
Write. A “low" on this input pin enabies the CPU to write
data or control words into the 8255A.

(Ag and A4)

Port Select 0 and Port Select 1. These input signals, in
conjunction with, the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (Ag and A,).

"‘S-On‘ue also transferred through the data bus buﬂer._;‘ 8955A BASIC OPERATION

%esWrite and Control Logic

T %anction of this block is to manage all of the internat
T @temal transfers of both Data and Control or Status
=™ R accepts inputs from the CPU Address and Con-

-11 . A
i s and in turn, issues commands to both of the
=39l Groups,

=)

*\mgs:::t A *low’ on this input pin enables the com-
bBetween the 8255A and the CPU.
\

Ay | Ag | RG | WR | CS.! INPUT OPERATION (READ!

ol o 0 1 | 0 ! PORT A=DATABUS 2

0« 1 [ 1 + 0 ! PORT B8 - OATABUS -

1 10 0 1 | 0 . PORTC=-DATABUS . .
OUTPUT OPERATION

l {WRITE)

0' o 1 0 0 | DATA BUS=PORT A

0 s 1 1 [} 0 | DATABUS=PORTSB

[ 1 0 0 | DATABUS=PORTC

T v 0 0 | OATABUS=CONTROL &

S | | DISABLE FUNCTION

X i X X | X | 1 1 DATABUS~ 3-STATE

N 0 | 1 | O | ILLEGAL CONDITION

X | x 1 | 1 1 O | DATABUS=3-STATE

v
1
.§ r 1
3 L v f =
o et} = a 3 -
3 == omous | Ll Gy P
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8255A Biock Dlagram Showing Data Bus Butfer and Reac/Write Control Logic Fuactions
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(RESET) Ports A, B, and Cq.

Reset. A "high” on this input clears the control register The 8255A contain®three 8-bit ports (A, B, ang
and all ports (A, B, C) are set to the input moge. can be configured in a wide variety of functional g}
i teristics by the system software but each has it;‘i
ial features or “‘personality” to further enh
r nd Gr ontrols specia an
Group A a oup B C power and flexibility of the 8255A. *
The functional configuration ol each port is program- -
med by the systems software. in essence, the CPU “out- . :
puts” a control word to the 8255A. The control word con- s O?T ??]" data output latchibutter and ons |
tains information such as “mode", “'bit set", "bit reset”, data input latch.
etc., that initializes the functional configuration of the Port B. One 8-bit data inputfoutput latch/bulfer ang,

B255A. 4 8-bit data input buffer.

Each of the Control blocks {Group A and Group B) accepts Port C. One 8-bit data output latchibutier and ons
“commands” from the Read/Write Control Logic, receives data input bulfer (no latch for input). This port ¢,
“control words™ trom the internal data bus and issues the divided into two 4-bit ports under the mode ¢
proper commands 10 its associated ports. Each 4-bit port contains a 4-bit latch and it can be

tor the control signal outputs and status signal inpuy!

Control Group A — Port A and Port C upper (C7-C4) '
conjunction with ports A and 8.

Control Group B — Port 8 and Port C lower {C3-CO)

Thé Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

— 5 PIN CONFIGURATION
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Figure 4. 8225A-Block Diagram Showing Group A and
: Group B Control Functions ~

-




i :

FSSA OPERATIONAL DESCRIPTION

e Selection
?b- »e three basic modes of operation that can be select-
:l tv *he system software:
b
Wase 0 - Basic Input/Qutput

Woe | ~ Stronad Input/Output
Wease 2 - Bi-Directional Bus

"’lf'i?

"D, 1

Franire reset input goes "high" all ports will be set to
¥o rout mode die.. all 24 lines will be in the high im-
:P‘ant- state). After the reset is removed the 8255A can
.3-....1 - te input mode with no additional initialization
gweseg Juring the execution of the system program
"#™1 2 the cther modes may be selected using a single
A2t instruction, This allows a single 8255A to service

& wrety of penpheral devices with a simple software
Se=rerance routine.

-3

e

i-::::?ém Porf A ar.'id Port 8 can be separate.ly defined,
' m ¢ s t;lvnd‘e.d iato two portions as requlre_d by t_he
ol or: den'mnons. Allef the output registers, in-
11 $tatus flip.flops, will be re.set whenever the
:‘Ln.\m“’;:;?dt Modes may b.e combined so that their
%‘MM Fo’uf-non can be *tailored” to almost any 1/0
¥ ‘nstance; Group B8 can be programmed in

M. :
. * = monitar simple switch clasings or display compu-

A espnag -
‘\ ”“;:ul“. Group A could be programmed in Mode 1
: . ¥ kevhoard or tape reader on an interrupt-driven
<,
g
e
L g e |
2
‘i »_
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, ® 5. Bag initions )
: 5. Basic Mode Definifions

and 8us Interface

iy ¥

CONTROL WORD

Oy { Og | Oy | O, | Oy

0, { 0y | 0,

GROUP B

PORT C [LOWER)
T = INPYUT
9= ouTPUT

PORT B
* 1= INPUT
0= ouTPUT

MODE SELECTION
@~ MODE 0
1= MO0E 1

GROUP &

PORT C (UPPER)
1= iINFPUT
9=QuTrur

PORT A
1+ INPUT
0=QuTPUT

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

MODE SET FLAG
1= ACTIVE

Figure 6. Mode Definition Format

The mode defimtions and gossible mode combinations
may seem confusing at tirst but after a cursory review of
the complete device operation a simple, logical ¥O ap-
proach will surtace. The design of the 8255A has taken
into account things such as effictent PC boarg layout,
control signal definition vs PC layout and complete
functionai flexibility to sucport atmost any peripheral
device with no externas 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 S:.;t or Reset using a
singte OUTput instruction, This feature reddces software
requirements in Controi-basea soplications.



CONTROL WORD
' |
0, | Dg n,!n, n,'o, 0, | O
| |
! BIT SET/RESET
X X T 1=SET
— 0o AESET
DONT
CARE
BIT SELECT
0°1°213 4:5/6°7
=101 11011101 110° 11 Bg:
1111010 1i 118y
101071111010: 1511 By}
- U"‘l'”lz]
BIT SET/RESET FLAG
0= ACTIVE

Figure 7. Bit SetReset Format

'
When Port C is being used as status/control for Pon A !
these bits can be set or reset by using the Bit Set/R,_.."!
eration just as il they were data output ports. )

interrupt Control Functions
When the 8255A is programmed {0 operate in mog, |

mode 2, control signals are provided that can be vy,
interrupt request inputs 1o the CPU. The inter,u;;
quest signals, generated from port C, can be inhipj,
enabled by setting or resetting the associated lNTE'.'.

flop, using the bit set/reset function of port C. 'I
i

This function allows the Programmer to disallow or 5
specific 1/0 device to interrupt the CPU without ;“;
any other device in the interrupt structure.
INTE flip-flop definition:
{BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) = INTE is RESET — interrupt disaby ;

Note: All Mask flip-flops are automatically resex«,}
mode selection and device Reset., .

Operating Modes

MODE 0 (Basic input/Output). This functional configura-
tion provides simpie input and output operations for
each ot the three ports. No “handshaking" is required,

Mode 0 Basic Functional Definitions: !
® Twao 8-bit ports and two 4-bit ports.
Any port can be input or output.
Qutputs are latched, [
Inputs are not latched. ]
16 ditferent Input/Output configurations are pos,‘bj

data is simply written to or read from a specitied port. in this Mode. |
—

} tan { i

—
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MODE 0 (Basic Cutput)



WO0E 0 Port Definition

A | 8 GROUP A T GROUP 8
Dge | D3 | Dy | Dg | PORTA :3::5:) 3 ] PORT B l (Pf:;:m
ol o 0 o | output | ouTPuT | 0 | OouTPUT | OUTPUT
o ! o 0 1 | outPuT | ouTtPur | 1 QUTPUT | INPUT
0} 0 1 0 | ouTPuT | ouTtPuT | 2 | INPUT | QUTPUT
0 0 | 1 | 1 | OUTPUT | OUTPUT | 3 | INPUT | INPUT
M 0 | 1+ | 0 | 0 | OUTPUT | INPUT 4 QUTPUT | OUTPUT
0 1 o0 V1 OUTPUT | INPUT S | QUTPUT | INPUT
0 1] 0 | ouTtPuT | INPUT 6 | INPUT QUTPUT
[} 11 1 QUTPUT | INPUT- 7 1 INPUT INPUT
) o | INPUT QUTPUT | 8 | OUTPUT | QUTPUT
1] 0 0 1 INPUT OUTPUT | 9 | QUTPUT | INPUT
1 0 1 0 | INPUT OUTPUT | 10 | INPUT ouTPUT
1 4 0 [ 1t | 1 | INPUT QUTPUT | 11 | INPUT INPUT
1 1 o 0 | INPUT INPUT 12 | OUTPUT | OUTPUT
T |1 |0 1 INPUT INPUT 13 | OUTPUT | INPUT
Y . €/hr] 0 INPUT INPUT 14 | INPUT | OUTPUT
IR 1 INPUT INPUT 15 | INPUT | INPUT
WCCE 0 Configurations
EATROL woRD #0 CONTROL WORD #2
S % % o o0, 0 0 0 D, O Oy O, D 0y 0. O
nnnnnnn D GDGETE
: A—-——,L—-n,.n, - A——r’—'—-u.,»A,
255 . 25354
Lt~ rc,rc, r——ﬂ‘i—‘"‘r"‘:-
Ny — c{ 0,0, ———— ¢ .
_4—.‘ e, P, L_f"_"c!’c-l
ol—rL—ro0, 3ot 7o,

00—
¥

CONTAOL WORD #3
Oy O, By 0, Dy O; Or Do
[ulolo{o}a!‘o||£|l
i P!
SNV N
4 - "arta
82554
x)
LI .
3 r = )
€~

—_—
- #Cy PGy

8 p——r—— re, 78,




CONTROL WORD a4 CONTROL WORD =4
0. O Oy O, Dy 0, O, DB G, D¢ Oy 9 Dy B D, D,
foto|afr]o]ojo vfeflolt oi0i0 o
1 | (] ! 1 1
.8
Y e e al 'A,,"‘
82554 a2s8A
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Dy Oy = " c 1 0,0y Wi ¢~ °
4 . »
e - #Cy PGy - n ey,
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s, 8 g oy,
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Af— e ra 2a, Aot paey
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4 : ey, o
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8 e ru, r8, . [ 7 LN
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Input Control Signal Definition

STB (Strobe Input). A “low™ on this input loads daia into
the input latch.

IBF (Input Buffer Fuil FIF)

A “high”_on this output indicates that the data has been
loaded into the input latch;in essence, an acknowiedgement.
IBF is set by STB input being low 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 STB is a “one”, IBF isa “one” and INTE is 3 “‘one”
it is reset by the falling edge of RD. This procedure aliows
an input device to request service from the CPU by simply
strobing its data into the port.

INTE A
Controlled by bit setireset of PC 4.
INTE B
Controlied by bit set/reset of PCo.

)

MQCE t (PORT A}

)
§
4
CONTROL WORD I
L}
0, O, O, D, O; O, O, By - l
: INTE ; re oyt
[1To (v 17 XXX ..‘_‘-.: b
Pyt ¥ e — ]
1= INPUT %
0= OUTPUT ]
ol Y

D ———edl

]

I Bl o o

MOOE 1 {PORT B)

| R

CONTROL WOROD
t—
fo——

B, Dy Dy O, Oy D, D, D,

[ IXBAXIXT 12 X

Figure 8. MODE 1 Input
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INPUT FROM __ . i —— - —— — . — - —— — ———— e
PERIPHERAL - 1 - L]
1

‘\\
AN

- Figure 9. MODE 1 (Strobed Input)
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_Sw=aat Control Signai Definition
; MODE H'ql\‘ Ar
<% (Quiput Bufer Full F/F). The OBF output will go ermoimond - _.‘_>
;<=3 1nc:cate that the CPU has written data out 10 the
‘grztec cort. The OBF F/F will be set by the rising edge D; Oy Dy O, Dy Oy Dy Oy
¥ =& %A input and reset by ACK input being low. Lol [0 111X XX
. s
13X {Acxnowledge Input). A "low" on this input informs L= NPUT
~¢ £242A that the data from port A or port B has been o~ outeuT
¥oroied. In essence. a response from the penpheral
&wcandicating 1hat it has recieved the data output by -
Ty Ty Wi e 2
<y g i
R (interrupt Request). A “high™ on this’output can be 3 —
===z 10 interrupt the CPU when an output device has MQOE 1 [FOAT 8,
® 237red cata transmitted by the CPU. INTR is set when v, o, L_r>
*.& $30ne”, OBF is a“one”. and INTE is a one’, Itis conTRETRaRD —
=t 2y the falling edge of WR. By 0585 (0,050 D, 0y -
<
: h [ " s
. BDXIHIAEDIN e
"R (Interrupt Request). A “high” on this output can be O S Y
& 3 interrupt the CPU when an output device has l €_,
¥ 2%"ed 0ata transmitted by the CPU. INTR is set when :
-4 53 one’, OBF isa"one”, and INTE isa "one” It1s ) S
T 3y the falling edge of WR. gumi
> - pe—
¥ INTE A
) Controited by bit sevreset of PCs,
’ INTEB 7
Controlied by bit set’reset of PCj. Figure 10. MODE 1 Output
i
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£ — : | i
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Figure 11. Mode 1 (Strobed Qutput)



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
apolications.

S

a 'cu‘——ﬁ‘

[

PCy f——mee IBF,

CONTAOL WORD
B, Dy Oy D, Dy Oy O, D, PCy f——e INTR,
x:o:\numl:nw '2
N:“,._’_.. (7,
PCs.r
1= 1T 8,
0+ QUTPUT ey °\j-‘_'>
WA e ’C pf——= OBFy
#e, |—— iTx,

g Wiy

PORT A ~ ISTROBED INPUT)
PORT B - (STROBED OUTPUTY

PA,PAy I>

o |
CONTROL WORD

D, Dy Dy B, Dy D, O, Op €y by

[Tup!ou:onnm - 2 1
i
|

L LY
1= INPUT
rJue—— Py ;

0+ OUTPUT

Py 1y

PC,-—“'\.

PFORT A - ISTROBED QUTPUT)
PORT B - ISTROBED INPUTE

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus l/O). This 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 (bidirectional bus
¥0). “Handshaking™ signals are provided to maintain
proper bus tlow 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 3 5-bit
control Port (Port C).

® Both inputs and outputs are latched.

e The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port {Port
Al.

Bidirectional Bus lIO.antrol. Siggal Definition _

INTR (Interrupt Roquosi). A high on this output can be

used to intérrupt the CPU for both input or output ogera-
tions.

Output Operations

OBF (Output Butfer Full). The OBF output will go “los:
indicate that the CPU has written data out to pontA:

ACK (Acknowledge). A “tow™ on this input enable;
tri-state output buttfer of port A to send out thee
Otherwise, the output buffer will be in the higt!
pedance state. '

H
INTE 1 (The INTE Flip-Flop Associated with OBRLU
trolled by bit setireset of PCg.

Input Operations

STB (Strobe Input). A “low" on this input loads gau
the input latch. i

IBF (Input Buffer Full FIF). A “high” on this outp:
dicatas that data has been loaded into the input iz

INTE 2 (The INTE Flip-Flop Associated with 1BFLL
trolled by bit setireset of PCy.



CONTROL WORO

% 0 0 O Oy 0, O D

[ Xl

H

: GaEF,

;

; P2 —— ACK,

f 1 npyT

: 0« ouTPUT

X soATE

: 1= 1npuT " 575,
0= QuUTPUT

18F,

i \——————————= GROUP 8 MODE

0= MOOE 0
; 1=MO0E | 2
i \ KB e #ey f—rF— 110
i
Figure 13. MODE Control Word Figure 14. MODE 2
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MODE 2 AND MODE 0 (INPUT)

CONTROL WORD
O, O, Oy O, 05 By Oy Op

T DO b

1 INPUT
0= 0oUTRUT

K ———

Y

'C’ p—————te INTR,

[TV ®

e, p—— 3F,

re, |e——— X,

e, f———— T8,

MODE 2 AND MODE 0 (OUTPUT}

CONTROL WORD
D, Dy Oy O, Oy D; Oy B,

"<2e
1= INPUT
04,0UTPUT

AD ~~——=q}

I
o g
————
—
[

MODE 2 AND MODE 1 (QUTPUT!

CONTROL WORD

B, Dy ©5 B, By By Dy Oy

AR [ IX

] WE

r, fo——v—7%m8, -

e, I:)

AR,

#Cy f——e iNTR,

MODE 2 AND MODE 1 {INPUT]

CONTROL wWORD

Dy Oy Oy Dy O3 B; Oy O

LXK K

",

PAy PAy

|

nl

e,

2

n‘

i

&1

L]

r-U

st & ot

i

5]

1

D mrrem T mbane

v

Figure 16. MODE Y% Combjnations
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Wade Definition Summary

MODE 0 MODE 1 MODE 2
IN | out IN ouT GROUP A ONLY
FAg N out IN out ——
PA4 IN our IN ouT -
PAg IN ouT IN out -
PA3 IN our N ouT -—
PA4 IN ouT IN ouT -
PAS IN ouT IN ouT <
PAg IN out IN our -
PA, IN ouT N ouT -
PBq IN our IN out —— ]
8, IN . our IN ouT —_—
4.0 ] IN ouT IN ouT —— -
' T PBy IN out IN ouT — MODE 0
P8y IN out IN out e - or MODE 1
PBg ©OIN ouT IN our —_— ONLY
PEg IN our IN ouTt L
271 IN ouTt IN our —_—
PCy IN ouT INTRg INTRg 1o
PCy IN our 18Fg 08Fg 1o
PCy IN out ST8g ACKg wo
- g IN our INTRA | INTRA INTRA,
PCy IN ouT ST8A 110 §T8a
PCs IN ouT 1BF A 1o I1BF 5
PCg IN ouT 1o ACKa ACKa
P o our “| wo OBF 5 OBFa
Samcigt 4zde Combination Considerations allows the programmer to test or verify the “status” of each
- ""L‘:v‘!:ral combinations of modes when not all of the peripheral device and change the program flow accc.)rdingly.
oy oan &uw:’! used for contral or status. The remaining There is no special instruction to read lh? status mform?-
= as follows: tion from Port C. A normal read operation of Port C is
‘:'.w"“f_“ed as Inputs — executed to perform this function.
‘.‘;“" lines can be accessed during a normal Port C
.y, INPUT CONFIGURATION
tu:'?m'd as Qutputs — O, O Dby O | o, 0 0 o
u . .
ey e bi;’::/(rPC-,.Pc‘) .must be ingividuaily accessed " lr o LusA '""‘Q'Mq"‘"'l 1ary emrn,]
eset function, 4 - -
tm o Ciower {PC C . GROUP A caour 8
- . 3-PCo) can be accessed using the bit

OUTPUT CONFIGURATION
e, O O © 0 9 06 O,

une =
LY N 0N or accessed as a threesome by writing

[m.!mvs‘! w | o imrm!mn.[ﬁi‘l, }mn,]

Y c_~
By “Tent Capability on Port B and Port C

i GROUP A Grour @
> miéLT SUtput buffers, selected randomly from
Tn ageg 1 OUICE IMA at 15 volts. This feature Figure 17. MODE 1 Status Word Format
= > 10 directly drive Dariington type drivers

~ltage digpiy .
¥s that require such source current, D, O O O O o, 0o,

s " y 0, J
:T';ﬁ Pore ¢ Status F.—l;‘ i mrs,i LN }mrtzimn.M‘!xMJ

v Pm .
hanc R lhe‘éz!ran'sfers data to or from the peripheral GROUP A -~ crours
- v gen, 35 is programmed to function in Modes (DEFINED Y MODE 0 OR MODE 1 SELECTION?
h erates or aceepzs“'hand-shgiging:_signals_

Lzt -
— "Pheral device, Reading the contents of Port C Figure 18. MODE 2 Status Word Format



APPLICATIONS OF THE 8255A

The 8255A is a very powerful tool for .interfacing
peripheral equipment to the microcomputer sysiem. It
represents the optimum use of available pins and is flex-
ible enough to intertace almost any 10O gevice without
the need for additional external logic. .

Each periphera! device in a microcomputer system
usually has a “service routine” associated with it. The
routine manages the software intertace between the
device and the CPU. The functional definition of the
8255A is programmed by the /O service routine and
becomes an extension of the system software. By ex-
amining the VO devices intertace characteristics tor
both data transfer and timing, and matching this infor-
mation to the examples and tables in the detailed opera-
tional description, a contro!l word can easily be devel-
oped to initialize the 8255A 1o exactly “fit” the applica-
tion. Figures 19 through 25 present a few examples of
typicai applications of the 8255A.

INTERALPT

1

R on

NICH SPELD
PRINTER

w00k Y
HAMMER
RELAYS
DATA READY
ACK

PAPER FEED

DATA READY
ACK

PAPER FEED
FORWARD/REY
MISBON
CARRIAGE SEN,

wOOE t
HOUTPUTY =

EIREAERNARRRRAREEN

DATA READY
ACK

LTI

- <

CONTADL LOGIC AND DRIVERS
INTERAUPT
AagouesT

INTERAUPT

REQUEST

pCy
5n

MOODE 1 |
HNPUT)

MODE 1
ouTePuT)

on

Pa,

ra,

A,
LY
'l‘
pA,

e,

e,

Ry FuLLy
n, JDEcoog

KEVQQA‘

ccatTAOL

i
H
1
Ry i
i
|
!

STROBE

ACK

)

ﬂ|
s, SURRD
2 SELF Seay

&y DISPLay

L9

SACKSPACE

CLEAR

DATA READY

ACK
BLANKING

PCo
INTERRUPT i

REQUEST

CANCEL wORD
e

e
_ Figure 20. Keyboard and Display Interfy

Figure 19. Printer Interface
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Figure 21,. Keyboard and Terminal Addm
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Figure 23. Basic Floppy Disk interface
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o

ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias. ... ... .. 0°C 10 70°C
Storage Temperature . . ..o o vov v -65°C 10 +150°C
Voltage on Any Pin

With Respectto Ground. .. .. .o o v v —0.5V to +7V
Power Dissipation . .« v co v iinn e 1 Watt

D.C. CHARACTERISTICS

(TA=0°Ct070°C.Veg = +5V = 10%, GND = 0V) "

*NOTICE: Stresses above those listed under *,
Maximum Ratings'" may cause permansnt dem.g
device. This is a stress rating only and functiony,}
tion of the device at these or any other cond:tlon,
those indicated in the operational sections of thiy
cation is not implied. Exposure to absolute My,
rating conditions for extended periods may alffag.,
. reliability. R

i

|

g
Symbol Parameter Min. | Max. | Unit Test Conditions \.
Vi input Low Voltage -05 | 0.8 \ ™
Vi . | Input High Voltage 20 | Vce \ .
Voo (DB) | Output Low Voltage (Data Bus! 0.45°] V | loL=2.5mA Y
Vou (PER)| Qutput Low Voltage {Peripheral Port) 0.45°1 V lgL = 1.7mA S
Von(DB) | Output High Voltage (Data Bus) 24 v lon = -400uA T
Vou (PER}| Output High Voltage {Peripheral Port) | 2.4 \ lon = -200uA Y
loar!#! | Darlington Drive Current 10 | -40 | mA | Rexr=750Q; vEXT 15V ]
lce Power Supply Current 120 | mA S
e Input Load Current 210 | WA Vin = Vg to OV R
lofL Qutput Float Leakage «10 | pwA | VouT =Vcc to 45V o

NOTE: > R

1. Avkiable on any 8 pins from Port B and C.

CAPACITANCE . (Ta = 25°C. Vec = GND = OV) C
Symbol . ‘pParameter Min, Typ. Max. Unit Tost Condlﬁom !
Cin input Capacitance 10 pF fe = 1MHz ;
Cio 1/0 Capacitance 20 pF Unmeasured pins returrm

A.C. CHARACTERISTICS  (Ta=0"Cto70°C.Vce = +5V =10%, GND = 0V)

Bus Parameters

READ
8255A 8255A-5
Symbol Parameter Min. Max. Min. W Max. Unt -
AR Address Stable Before READ 0 0 ns i
RA Address Stable Atter READ 0 0, ns
tRA READ Pulse Width 300 300 ° ns
o | Dawvalid FromREADI & ™ | = 2507 | . 200 -
T e Data Float After READ _ » L . 150 Jo 100 "
1RV Time Between READs and/or WR ITEs 850 850 ns




A C. CHARACTERISTICS (Continued)

»NTE
i 8255A 8255A-5
% Symbot Parameter Min. Max. Min. Max. Unit
: taw Address Stable Before WRITE 0 ] ns
. twa Address Stable After WRITE 20 20 ns
L Iww WRITE Pulse Width 400 300 ns
‘ tow Data Valid to WRITE (T.E.} 100 100 ns
L wo Data Valid After WRITE 30 30 ns
SR TIMINGS
‘ 8255A 8255A-5
Symbol Parameter Min. Max. Min. ‘Max. Unit
— e WR = 1 to Qutputt ! 350 350 ns
»* Peripheral Data Before RD 0 0 ns
r s fuq Peripheral Data After RD 0 0 ns
o l8x | ACK Puise Width 300 300 as
e IST__ | STB Pulse Width 500 500 ns
tog Per. Data Before T.E. of STB (o] 0 ns
Ml Per, Data After T.E. of STB & 180 180 ns
). o ACK = 0 1o Qutput!?! 300 300 ns "
'<o ACK = 1 to Output Float 20 250 20 250 ns
- Yo WR =1 10 OBF = 0! 650 650 ns
L o ACK = 0to 08F = ! 350 - 350 ns
~—l58 | STB=010 1BF = jiM 300 300 ns
~~nl2s | RD=1101BF =0 300 300 ns
~~—lo1r | RD=0t0 INTR =0 400 400 ns
38T | STB =110 INTR =11 300 300 ns
Bee 2T | ACK =110 INTR = 1111 | 330 350 ns
0T | WR=010 INTR =0i!.3I | 4s0 450 ns
=
| o tons G, 2 150 o
B ' Dulse must be at least 50us during or after power on. Subsequent Reset pulse can te 500 ns min.

“1pg '7:5‘;“' as early as WR|.
; eMperature EXPRESS. use MB255A electrical parametars.

A.C. TESTING LOAD CIRCUIT

%.::':EST‘NGI

N e e
(WP
A

-5

NPUT, QUTPUT WAVEFORM

A\

%8 P4

2.0
> TEST POINTS < ¢ 150pF
s

a8z n

=
=

RS SRMEN £ 2 4V FAR A LIGIC * AND O 45 FOR
S PNREMENTS ARE WaCERATY Y FOR A L3G-C

DEVICE
UNCER
TEST

lq_-!scpl

Veyr IS SET ATV ARIGUS VOLTAGES OURING TESTING TO GUARANTEE THE
SPECIFICATION C, NCLUCES chécntc:nnce .

Eanil

= Y

L]



WAVEFORMS
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MAYEFORMS (Continued)

WCOE 1 (STROBED INPUT)
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)
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8,192 WORD x 8 81T UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

TMM27845-

DESCRIPTION

The TMM2764D is a 8192 word x 8 bit uitraviolet
light erasable and electrically programmable read only
memory. For read operation, the TMM27640°s access
time is 200 ns, and the TMM27640D operates from a
single S-volt power supply and has low power stand-
by mode which reduces the power dissipation with-
out increasing access time. The standby mode is
achieved by applying @ TTL-high level signal to the
CE input. The maximum active current is 120mA

FEATURES
e Single 5-volit power supply
e Fast access time . TMM2764D 250 ns
TMM27640-2 200 ns
o Power dissipation :
120 mA (active current} Max.
35 mA (stancdby current) Max. ¥
e Low power standdy mode

PIN CONNECTION

Lower 24 cins comoatible with 32K

(TOP VIEW) p EPROM TMM27320

" TMM27320
Vppd 1 280 Ve (TOP VIEW!
Ay202 2703 PGM
A7(]3 260IN.C. A,d 1 240 Vee
As4 255As Asd2 23P A
AsClS 240As  Asg3 2203 Ag
A6 23DAy A4 210 An
AsQ7 200 A305 200 OE/Vee
A8 21hA0 A6 19P Ao
Ade  20pCE A7 183 CE
goc 8 1700,
ooC 9 16{1 O0g
1g 15005 °
Cagg 1450,
GNDQ 13010,
PIN NAMES
Ag ~ Ay | Address Inputs
Co ~ 07 ' Outouts {Inputs)-
CE © Chip Enable Input
i OE i OQutput Enable Inout
{ PGM | Program Control Input
I NC. | No Connection
, Vee i Program Supply Voltage
1 Vee ~ Ve Supply Vottage (+5V)
{ GND i Ground

—=L840,;

)

and the maximum standby turrent is 2
For program operation, the DVOQra;\n:‘
ia -}

ed by applying a 50ms active TTL low g, %
1o the PGM input, and it is Doszb: e

sequentially individually., or at random LN
The TMM2764D is fabricated with ¢
silicon double layer gate MOS 1echn"\“="‘
F

packaged in a standard 28 pin dual ::%
package. 3 T g
e Output buffer control - OE

e Fully static operation

e Programs with one 50 ms pulse
e Single location programming
e Three state outputs
e Inputs ard eutputs”TTL compatible
o Pin compatible with 12764 and RQOM T e
. BLOCK DIAGRAM )
Ver GND Vce 000|0,0,-.
"
e,
oe ] —[—LI_HL_‘
o OE CE and PGM __J
P ] Circuit &:
Ag 5 l =
A Column |32 Ca >
Az o Decoder i -
ol
4 O ] -
ﬁ e Address| 1 -
Az c=-—Buffers sl_—“'"'
e — g | Row (256 Mere
A Qe 3 Lol
A:?: Decoder ; ag )
Arz0— 81924 ke

MODE SELECTION

o 1 PCW 1 CE | OF 1Vpe 'Veg | Op=tn -
Mogs . an ol L e menass =
Read H LlL 5V Daala *
| Output Desetect| + | ¢ | H Hn .
i . v, Irorawes O
Standby . H . .SX ) 5v W 1.:;.
. 4 t  leroecarcs
Program [ . SV Datawm -
. NI
Program -{n . v . imostrce
Inhibit 2y -
H L H sv
. Impacares
Program Venty | H [ ; 5V - Data Ot

Note. ®: H or L -



ATVUM RATINGS

us0L ] ITEM i RATING ! UNIT
- Ve Power Supply Voltage ] ~06 ~ 70 i v
- Program Suoply Voltage l ~06 ~ 220 ] \
in input Voitage —06 <~ 170 i v
T Qutout Voltage -06 ~ 70 | v
b | Power Dissipation 1.5 i w
‘ri0€R | Soldering Temoerature - Time 260 - 10 ! °C - sec
=g, | Storage Temoperature —65 ~ 12 ! °Cc
“era | Operating Temperature | 0~170 ! °c
'QOPERATION
‘ZRECOMMENDED OPERATING CONDITIONS
oo | PARAMETER i MIN, | TYP, i MAX. | UNIT
_fu | Inout High Voltage } 20 = I Ve +10 v
Lo Input Low Voitage -03 - ! 0.8 \
= Ve Power Suppty Voltage 475 | - i 5.25 v
fad Vpp Power Supplv Voltage 2.0 i Vee ¢ Vee 06 | v

N
= wd OPERATING CHARACTERISTICS (Ta =0~ 70°C, Vec = 5V £ 5% Uniess otnerwise noted)

—— !
w0 PARAMETER CONDITIONS . MIN. 1 TYP. | MAX. | UNIT
Y Inout Current Ve =0 ~ Vee — 1 - | %10 7y
.&l Suoply Current (Standby) CE=Vin - 1 - | 35 mA
':’\ Suoply Current (Active) CE =ViL g — 1 - | 120 | ma
_‘-"\L Output High Voltage i lon = —400pA 24 - b = \%
-2 ' Output Low Voitage™ | loL=2.1mA | - P - I 04 v
| Vep Current Vep =0~ Vee +0.6 -, - | =0 | wuA
-u Output Leakage Current Vout 0.4 ~ Vee | - i - | 10 | pA




A.C. CHARACTERISTICS

{Ta=0~70°C, Vec = 5V 2 5%, Vipo = 2.0V ~ Ve + 0.6V, Unless otherwise notedh

SYMBOL i PARAMETER CONDITIONS | TMM27640-2 T .

_ _ _ PMIN. | MAX.  MIN. | ar taee
tace | Adoress Access Time - CE=QE=V,  PGM=Vy, | - 200 . l X \-
tee | CE to Outout Valid OE = V,_ FGM=Vjy - 200 ‘_"—f\.ﬁ’.\;\"
108 i OZ 1o Outout Vaid- TE =V PGM=Vy b 70 -_\m~\ -
tpgm | FOMto Outout Vahd O =CE =V, = | 70 ?:_\::n‘
oF1 i .CE to Output in Hign-Z OE =V, . PGM=V,y .- i 0 | 60 -Q\m\;
tpF: | OE 1o Output in High-Z CE =V, PFGM= vy t 0 | 60 N
1DF3 PGM to Qutput in High-Z OE=CE=vy i o | 0 ﬁ“q. -
toH Quiput Data Hoid Time CE=OE =V PGM = Vg t 0 - :Qﬁ- K3

A.C. Test Conditions

1 TTL Gate and C_ = 100pF

e Qutput Load
e Input Puise Rise and Fall Times 10ns Max.
e Input Pulse Levels 0.8V to 2.2V B
o Timing Measurement Reference Level Inputs 1V and 2V, Outputs 0.8V and 2.0V
CAPACITANCE ° (Ta=25°C. = 1MH2), b
SYMBOL PARAMETER CONDITIONS COMIN. 1 TYP. i MAX, T
. GOn t  Input Cadacitance Vin =0V - 4 : s " e
'i Court : Output Capacitance { Vout =0V | - 8 i ?-\:
\-.‘E
* This parameter is pericdically sampied and is not 100% tested.
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“CRAM OPERATION

: AECOMMENDED OPERATING CONDITIONS

vagy PARAMETER MIN. TYP MAX, ] UNIT
i i Input Hign Voltage 20 - Vee +1.0 i \Y
o . Input Low Voltage -03 | - - | 0.8 i \4 |
V= Ve Power Suoply Voltage 475 l 580 5.2% | Y |
- Vpp Power Supply Voltage | 2058 1 210 215 i Y ]
Znd OPERATING CHARACTERISTICS (Ta=2525°C, Ve = 5V £5%, Vpp = 21V £0.5V)
0L | PARAMETER | CONDITIONS MIN, TYP, I MAX. uNIT
v Inout Current . Vin =0~ Vee - - oz uA
i Qutput High Voltage lon = —00pA 24 - | - \
by QOutzu: Low Voltage i oL * 2.1mA | - - | 04 v
2 Vee Suooty Current ' - - - i 120 mA
il ' Vpp Supoty Current ; Vpp =21.5V - - l 30 mA
*2PROGRAMMING CHARACTERISTICS {Ta = 252 5°C, Veg = 5V £5%. Vpp = 21V £ 0.5V)
—————.
®oL PARAMETER CONDITIONS . MIN. Tyo. | MAX. uNIT
&__ | Address Setup Time e 2 o -1 us
Foad Adaress Hoid Time = 2 = | 4 us |
g CE Setup Time oV Y 2 - - s |
™ CE Hoid Time - 2 - - us |
k] Data Setwo Time - 2 - - 'S
> Data Hold Time - 2 - - s
:\_I_Pm Setuo '«jime - 2 | o - Hs !
\I_P'GT‘J Hotd Time - 2 ! - - us
1 OESetwo Time - 2 - - - BS
e i Vpp Setup Time - 2 - | - us |
:\LProgram Putse Width PGM=CE =V 45 ! S0 i 55 ms l
ﬂjrogram Recovery Time | - i} i - | - - us i
i  Program Pu:se Rise Time | - 5 | - ! - ns !
;’ © 1 Program Puise Fail Time - 5 ! - | - ns :
"\5&- 1o Outzut Valid - - ' - i 250 ns
~&__| OF 0 Ourtcut Valid - - - {100 ns
.""‘ i CZtoOutoutin Hign Z OE =V, - - 90 ns
Q{)’E to Outout in Hign Z CE =y - - 80 ns

<
T Conditions

. *“20t Load

- :" Pulse Rise and Fall Times
Lo P_}"SE Levels

- .
g Measgemem Reference Level

1TTL Gate and CL (100 pF}
10ns Max.

08 ~ 2.2V
'Input 1V and 2V

-
g

Qutput 0.8V and 2.0V



TIMING WAVEFORMS (PROGRAM)

PROGRAM OPERATION 1. (Vpp = 21V 205V)
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PROGRAM OPERATION 2 {Vpp = 21V £0.5V)
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Note: 1. Vg must be soplisd simuitanecusly or before Vpp snd cut oft simuitaneously or stter Vep
2. Removing the device from socket and setting the cevice In socket with Vep = 21V may cause permanent demage 10 the devka
3. The Vpp swpply voltage is perminted up 10 22V tor program operstion, 10 the valtage over 22V should nat De SDRIIeD t3 e M
torrmingl, *
When the ing pul Is {iea 10 the Vep t

, the ov of its puise sNOUld NOT be exceeded I3V



USURE CHARACTERISTICS

+ TMM27640"s erasure is achieved by applying
.-apve ultraviclet light which has a wavelength of
3 {Angstroms) to the chip through the trans-
v+ window. Then integrated dose (Ultraviolet
= ntensity [w/cm?] x exposure time {sec.]) for
+¢ should be a minimum of 15 [W sec/em?].
zen the Toshiba sterilizing lamp GL-15 is used
2 e device is exposed at a distance of 1 cm from
*amp surface, the erasure will be achieved within
i mrutes.  And using commercial lamps whose
~wclet light intensity is a 12000 (uw/cm?*] will

HAATION INFORMATION

“e TMM27640's six operation modes are fisted in
* ~lowing table. Mode selection can be achieved
f&iying TTL level signal to all inputs. In the read

reduce the exposure time to about 20 minutes. (In
this case, the integrated does is 12000 [pw/cm?]
x (20 x 60) [sec] = 18 {w. sec/cm?] )

The TMM27640D's erasure begins to occur when
exposed 10 light with. waveiength shorter than 4000
A.  The sunlight and Jthe fluorescent lamps will

: mclude 3000 ~ 4000 A wavelength components,

Therefore when used under such lighting for extend-
ed periods of time, the opague seals - Toshiba
EPROM Protect Seai AC301 - are available.

operation mode, a single SV power supply is required
and the levels reguired for all inputs are TTL.

iy ~
PGM CE Ot Vep | Vee | 0o ~ O3
P
en | @o | wea | m | @ | (1~13.15~101 o
8’:»‘0 Read H L L ' Data Out Active
MTioN Outout Desetect . . H 5V 5V High Impedgance-~ Active
IN0°C) | Stanoby . H ] - High Imoedance | Standby.
“Gasu Program [ L . | Datain I Active
,'"“TlON Program i L l H . 2iv SV i High Imoedance | Active |
Xeen Inhibit R <a\\ @t i H i High Impecance { Acuve T}
Program Verify 1\ T sy, (E ; Oata Out I Active
i
Vi, L ViL. *:Vig or Vi
k J
3 Mope
" TM == . .
M27640 has three control functions. The The CE to output valid (tcz i is equal 10 the address

st *le (CE} "controls the operation power and

- - vsed for device selection,
=" %1y enagle {OE) and the program control
a ©Ntrol the output buffers, ingependent of

'?—Ctlon
::ag that CE = OF = V;_and PGM = Vi, the
N, s valid at the outputs afer address a access
$iabilizing of all agdresses.

£

access time (tacc).

Assuming that CE = ViL. PGM = Vin and all ad-
dresses are valid, the cutput data is valid at the out-
puts after e from the falling edge of OE.

And assuming that CE=0E = Vi and all addresses
are valid, the output data is valid at the outouts atter
tpgm from the rising ecae ?’f_‘PGM.
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OUTPUT DESELECT MODE

Assuming that CE= ViH or OE= ViH. the outputs
will be in a high impedance state. So two or more
TMM27640 dan be connected together on a common

{
STANDSY MCD

The TMM2764D has a low power standby mode
controlled bithe CE signal. By applyinga TTL high
level to the CE input, the TMM27640 is placed in the
standby moae which reduce the operating current

PROGRAM MODE

tnitially, when received by customers, all bits of
the TMM27QAD are in the 17 state which is erased
state. ¥

Therefore:the program operation is i0 introduce
“Qs™* data info the desired bit locaticns by electrically

programminé. Ny A

The TMM27640 is set up in the program operation
mode wheniapplieq thg_grom vol_t_age (+21V} to
the Vpp terminal under CE = PGM = QE=VH.

The progr‘fam operation occurs during the overiap
of the CE low and the PGM low. Then the program-
ming is achiéved by applyinga 50ms (tpw) active low

3

PROGRAM VERIFY MODE

The verify mode is to check that the desired data is
correctly programmed on the programmed bits.

PROGRAM INHIBIT MODE

Under the condition that the program voltage
(+21V) is applied to Vpp terminal, a high level CEor
PGM input inhibits the TMM2764D from being pro-
grammed. Programming of two or more TMM2764Ds
in parallel with different data is easily accomplished.

bus line. When CE is decoded forq
deselected devices are inlow powe, e ol S

Starem,
T=F N
X

frotn 120mA to 35mA, and then the
high impedance state, indecendens
PGM inputs.

°.u

\ ~—:a..-:-,h’

0.(_-,/7 -
N .

i v e

!

program pulse to the CE or the PGy os
addresses and data are stable, Mg

This program pulse should be a gsirn,
50ms pulse width per address word, 3"0,-'4
value is 55ms. !

The levels required for a!l inputs are 774

The TMM27640 can be programmeg ;., .
at anytime — either individually, secuens A
random. g

The TMM2764D shquld not be prog:

D.C. signal applied to both CE and PG .g;, - ¥ ey

®

Jdag wr
T,

e,

The verify is accomdiisned with OF 3¢ a,.
and PGMat Vin. -

That is, all inouts except for CE or PGU ~w
commonly connected, and a TTL low fevs Smpe
pulse is applied to the CE and PGM g! t*e S
device only and TTL high level signal is aocime %
other devices.
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