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Title : BATTERY CHARGER AND ANALYZER

Name: CHATCHAWAN PURINAN

Field : Telecommun?cation Department : Industrial Technology
Faculty : Engineering

Advisor : PRADIT YATCHARAPIBUL

ABSTRACT : The subject of this Thesis is the design and assembly of a nickel-cadmium
battery charger and analyzer. This type of charger can be used to charge between four to ten.”
ba-teries. If also has and automatic function that selects the size of the batteries. The voltage
system can be controlled with the flow of current maintained at three levels : for quick charge,
slow charge or trickle charge. Every phase of the charge runs automatically, The watchdog
circuit system with its 7-character and 4-digit display will indicate any errors or malfunctions.
It also tells the time and the battery capacity. The charger is controlled by roprocessor No.
z-80A which helps-the system to function perfectly and flawlessly.

Only through real application, can its accuracy and performance be proven satisfactorily.
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47
43
42

HHURURBEENNRG S

0031

0,001

0ces
0005
0067
0005
oces

cCoe
(o 0 0

o892

. QCOE

o008

0es?
0oES3
0053

O06E

ObJd

ES
cs
oS
Fs
co
F1
D1

TURBOS0. Z-80 Assembler Ver 1.00

FF FF

FB.
OF 00
67 40
75 00

COUNTL
COWNT
coLu
CTRL
PCTRL
PORTA
PORTE

PORTC.

QUICK

SLOW

TRICK

PNMI
IMHCLK
PRELAY
00
ENOL
ENCO

RGAIN1

RGAINZ
RPGAINI

GG:

.

»

.

ws

ORG  OOOCH
EQ)  OLFEH
EQU  OdH
EQU  OOH
EQU  88H
QU B3H .
QU BOH -
g SiH
EQU SZH
EQU . OSH'
EQU  OBH
EQU  OaH
EQU  4OH
EQU  OCOH .
EQU  OAOH
gV SOH
EQU  04H
QU OSH
EQU  OSH
EQU  OSH
EQU  O7H
E™ . O6H

EQU .O5H

ws Wi

“t ws w1 we we

.

ON RELAY KS,KB
O RELAY K6,K4
N K6
PORT B/A

PORT CLEAR NMI
INHIBIT CLK
PORT RELAY

END QUICK CHG
ENO SLOW CHG
TIME DISCHARG
COMPARATOR
RELAY GAIN1
REALY GAIN2
RELAY GAINI

CHECK. WARM OR COOL BOOT

-~

LD HL,CFFFFH

DEC  HUL
Lo A,H
OR A

JR NZ,GG

Lo HL , QOOFH
LD (VOELAY),HL
Jp coLo

-e

;TIME FOR STROBE

NMI

e

PUSH HL

PUSH OEF
PUSH AF
CTIME
POP . AF
PoP OE

; TIMER
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Line

51

LY/
58
59

61

33828 K¢%0

NN N
b oo

NN
o

g2

G oW W (O]
0)\10\(."?“!'

0
i}

100

B & €0

IR

283RAR0LBB23Y

Addr

COSF
Q070
0071

0037

00sF
009z
0095

/ .

(016,525

oozt

QCAC
00AZ

oC4
GCC7

OOCF
0001

ocDe

obj

c1
El
03

[V A P | [n) W Ll LWLl
N.N m N N m 8 jo} 8 N.om N m

[ 2 I I ]
N omN

N

TURSGS0. Z-80 Assembler Ver 1.00

co
45

62

4F
21

80 B

.61 ¢

5F

8888

4ac

888

40
40

40
40

40

88

40

49

40

2

COLD:

COLD1:

WARM:

e

ve  ws

POP  EC
POP HL
OUT  (PMMI),A
RETH

3
cooL

H
LD HL,COOL
LD A,(HL)
P esH
JR Z, WaRt
s) IX,STACK
LD SP,IX
w A,CTRL
CUT  (PCTRL),A
LD A,C0
Lo (RELAY),A
D (RA),A
LD {STIME),A
o (SHMI),A
OUT  (INHCLK),A
‘ouT (PNMI),A
Lo A,O8H
o] {SENTER),A.
Lo a,s
s) {cooLY, A,
CALL CANALY
CALL CLEAR
CALL CLEART
LD A,00
LD (SRESET),.A
LD (MEFDISP+4),A
LD A,01
Lo (MANALY), A
) (SMODE), A
LD (HSMDISP+5),A
LD A,02
LD {SFWNC),A
LD (MEDISP+6),A
b A,00 '
LD (MEMDISP+7), A
Lo A, (SNMI)
OUT  (INHCLK),A’
LD A.(RELAY)
OUF  (PRELAY),A
LD A, (RUN)
cP O3H
hi Z,ENTER

’

OISABLE NMI

WARM B0OT

3SET STACK
SSET

’
k4
2

we e

3SET 8255

OFF CLK
ALL RELAY OFF

NORMAL MODE NOT RUN

TIME MODE OFF
STATUS, CLK

OISABLE NMI

sNOT SHOW VOLT

WARM SOOT

;CLEAR DISP ANALY

sMODE ANALY OR NCRMAL

RUN OR MAORMAL MCDE

YES
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") Line

101
162
103
104
108
106
107
108
109
110
111
112
113

114

118

116

117
115
119
120
121
122
123
124
125
126
127
123
12¢
130
131
132
133
134
135

137
1328
3%
140
141
142

. 143

144
145
148
147
148
149
150

Addr

COOE

Q0El

O0ES
00ES
QOES

COEE
OQED

OCEE
00FO
0OF3
OOFS
COFS
OOF7
0OFS
OOFE
OQFC

OOFD
OOFF
Q102
0104
0105
0106
0108

Q109
o10C
Q10F
0111
o112
Q113
Q114
QL15
Q117
Q11A

abj

c3

&

7N
m w2

4
&

11

7E
12
13
2B
10
21

7€

TURBOBC. Z-80 Assembler Ver 1.00

g4 02

cS
59 40

FC

o3

35 40

FC

a0

G4

45 40

FC

3F 30
40

R o

FAa
34 40

WARM1 :

" CLEART:

CLEARZ2:

CLEAR:

CLEARL:

"

canALY:

CANALYL:

CCP:

coP1:

L.

JP

LD
LD
LD
Lo
INC
LG
0JNZ
RET

SCANKEY

£,08H

« HL,TIME
A,00
(HL),A
HL
(HLJ,A
cLEARZ

CLEAR DISPLAY SHOW "-"

-

ws

Lo 5,034
LD HL,MEMOISP
o) A, COH
o . (HLY.& .
ING  HL
DINZ CLEARRL
LD A,40H
LD {HLS.A
RET
CLEAR DISF CURRENT ;
H
WD - &,04H -
Lo HL . MANALYS
w A0 ;BLANK
Lo (HL),A
INC  HL
DINZ CaNaLYl
RET
COPY DATA FROM LOW TO HIGHT BYTE

(&a)
Lo
Lo
LD
Lo
INC
DEC
DINZ
Lo
o -

HL, MEMVOLT +4
DE,MEMDISP
5,046H -

A, (HL)
(DE),A

DE

HL

coPl
HL,MEMDISP+1
A, (HL)



Maes

pyes

Line

151
152
153
154
155
186

157

158
159
160
i61
162
163
164

183

Addr

011B
011D
Cl1E

QLIF
0122
0125
0128
0128
012€

Obj

Fe

cs

886

B8

cs

TURBOS0. Z-80 Assembler Ver 1.00

g0

2F

02

‘F4

XX

40

FE

&F
2E

EE

-

51

‘OF

51
3F
FO

61

[
3

70

o1
o1
o1
o1
o1

40

ag

40

40

40

40

C1

v

START: . cAalL
. caLL
CALL
cALL
cALL
RET

SOH
(HL)Y,A

.

»e

SELECT
CAaL
HTOD
CONVERT
corP

SCHECK VOLT

;CAL DATA
;CONVERT HEX TO DECIMAL

.t

; SELECT RANG MEASURE VOLTAGE .

SELECT: Lo

PUSH
" aND
oR
Lo
SEL1: Lo
Lo
auT
SELD: ~LD
ouT
Lo
SELS: DINZ
: < N
BIT.
IR
INC
Lo
oR
IR
LD
AND
Lo
Lo
SRL-
AND
oR
Lo
eIt
IR
caLL
POP

a,(RELAY)
AF

OFi

3CH
(RELAY),A
C.00

‘AL (RELAY)

(PRELAY), A
A.C
(FZ).A

B, 0EH
SELS

A, (PORTC)
5,A

Z,H1

c

A,C

A
NZ,SEL2
A, (RELAY)
OFH

E,A

A, (RELAY)

A

OFOH

E
(RELAY),A
4,A
Z,SELL
ERROR .

AF

3NOT LIMIT VOLT

;RELAY

;OFF USA:B:C

o use:

YaLT

JRANG. ¢

;YOLTAGE

:CORRECT VOLT

;CHECK VOLTARGE

;CLEAR HIBYTE *-

sNEXT RANG
;CLEAR LOW BYTE
;0LD STATUS

SEMD RANG
sNO

;0LD RELAY



e

atc]
23
240
241
242
243
244
245
245
247
248
245

28¢C

W

Addr

016C
016F

0170

0173
c17s
0177
Q173
0179

Q178.

o17¢
017F
0181
0133
018%
0137
o159
G18C
013F
0191
0194
0197
0199
o1sC
019F
01AC
01A3
01A4
01A7
Q1A%

01/A
O1AE
GlAE
01B1
Q188
a1z

Oobj

32

BS8KK R

TURSO3G . 7-5C Assembler Ver 1.0

€1

R 8

FA

61
&0

4c
40

-
e

48
27

40

a0

%

n
[STNEN}

40

o7
40

40 -

4¢

40
a0
&5
40

ac

caL:

CALl:

we

Lo
RET

(RELAY),A

s

ERROR VOLT H

-

LD HL,MEMVOLT
- w  B,04
L A,SCH
w - (HL),A
INC  HL
DINZ ERRORI
RET
CORRECT. VOLT
;
LD A.(RELAY)
, Bfve) 1222
IR HZ,RY
BIT &,.A
IR NZ.R2
TREpS
£D.  HL,TABLEL
LD (TASLE),HL
TR oHIZ
Lo HL,TASLEZ
LD (TABLE).HL
I8 HIz
LD HL,TABLES
LD (TASLE),HL
LoV M YCs
Lo (POATA),A
POP  AF
LD (RELAY);A
OUT  (PRELAY),A
RET
: ;
CAL DATA A TO D 5
XOR . A
LD (SUMDATA),A
L0 (SUMDATA+L),A
LD .IX,(TASLE)
LD A,{FCATA)
sta A

; DOT DISPLAY

3 RANG1
SYES

; RANG2
; YES
sRANGS

SKEEP
;0LD. RELAY BEFORE

;0LD ETATUS

sPATT VOLT



Line

251
252
253

Addr

018A
018C
C1BF
GiC1
01C3

01C4
o1cy
oica
01C0

O1CE .

4101

Q102
0103
a10s
0105
2109
o104
010C
C10E

O1ELl
1" O1E3

0lE4
01EE
O01E7

O1ES

O1EA
OlEB
ClEL
CG1lEC
O1EE
OLFC
01F1
0173

01F4
O1F8

TURBOS0. Z-80 Assembler ver 1.00

.

Obgy

cC ca 01
Co 23
oo 23
10 FS

N
]
b
m -

_ac

| &
&

HTODL:

s

10 FC

Q
m
o
>}

21 4C 40 HTODZ:

7€ HTOOD3:

10 F9

DO 21 4E a4Q CONVERT:

QE C3

DINZ- CALL

“s
~e

; ADDC DATA A TO D ;

Lo AL, {SUMDATA)
w E, (IX+0)

LD 0,(IX+1)

ADD HL,DE

Lo (SIMOATA) . HL

ey

; COMYERT HEX TO DECIMAL

s

RO &
o HL .DECDARTR
e} S.034
LC (HLY A
INC HL
DINZ  HTODL
TLe . CLi0H
Lo HL . SUMDATA
RL (HL)
INC HL
RL (RLY
INC HL
LD B,03
Lo a,(HL)
ADC Aa.A
DPR
Lo (HUY,A
ING HL
D3INZ  MTOO3
DEC c-
IR NZ,HTOD2
RET

RGO 0ATA

; CONVERT.DECIMAL DATA TO ASCII H

Lo IX,0ECDATA
LC C,03H"




S T T T e T R

-

e

.t

Line

301
302
303
304
305

[
44

WU WO U
YR EHYEY
PhsUNPDG®

{ Ut Ll Ul
FyPdy
[ RN}

[
)

5C

Addr

. O1FA
Q1fFD
Q200
0201
Q204
02C5
Q2C7
0209
0208
Q200
0210
0212
0214
0215
Q217

0215
€213
021D
021E
021F
0221

6222

Lol

0273
0225
0225
oz2C

" gz20
oz2F
o232
023

234
0235
0235
o236
0238
0230
024
0242
0244
0247

TURSOB0. Z-80 Assembler Ver 1.C0

ObJ

1 28

oo 7E
a7
73

cs 07
cs. 07
cs 07
cB 07
oo 18
F6 01
0o 23

20 EE

(=

59

a s

PN

3
D N

40
o

oz

5t

ac

a0

4C

COM1:

CONV:

DTIME:

DTIMEL:

..

wy

OE ,MEMVOLT
A, (IX+0)
B,A

.B

NZ,CON1

01
INC
RET

s

DISPLAY TIME

o

D
s}
Lo
AND
LD
a0

‘o

e
o
INC
INC -
CINZ
Lo
eI1
IR
)
oR

&, 044
IX,MEMDISP
DE;TIME

A, (DE)

7FH
HL.DATA
AL

LA

A, (HL)
(IX+0),A
X

D€

DTIMEL

A, (TIME+1) ~
7,A

NZ,

A, (MEMDISP+1)
B0+

s

.

; DISPLAY VOLTAGE

GARSCIT TABLE

; CLEAR BITS

sCLEAR POINT

; POINT



"“-. -
§

)
A

-
[
3
(1]

[
0 n
N~

2L

ohomou o
IO RN

(.] oLl Lt (.] oot
Faddd

(0]

!

(]
)]
n

o
D 00
~)

o
8

10}

0249
624C
024E
0251
0253
0255

0257

0254,

Q25E
G262
0263

‘o264

Qz66
026¢

026C
- G260

026€
Q26F
027C
G272

274
Q275
0276
Q277
0z27a
027A
0zZ7C
0270
0Z7¢
Q27F
0zs0
¢2gz2
0254
0238

G837

0283
0289
0Z88
o280
023E
0z2sC
0291
0292
G294
0298

obJ

.
~

18

.
-~

TURB0S0. Z-80 Asserbler Ver 1.00

34
Qs
4
7F

56 8

388

24

1C

14

cA

02

40

40

40
- 59 40
58-40

0z

.

cP:

CP1:

CTIME:

Lo (MEMOISP+1).A
IR Pl
Lo A, (MEMDISP+1)
AND -~ 7FH ;CLEAR POINT
Lo (MEDISP+1),A
RET ; ’
TIME ;
Lo HL.(TIME+4)
Lo BC,{TIME)
Lo DE.(TIME+2)
INC H
LD ALH
cP OrH
ap NZ.C1 . )
S CALL  TAMALY CURRENT SHOW
XOR a
LG H,h
5
INC L
Lo &a.L
P .OEH
h NZ.C1
R A -
Lo L.8
~LNC G
Lo a.0
cP 0K
IR NZ,C1
XOR a
L T D.A
INC E
LD A.E
cP sy
ar 'NZ.C1
XOR A
LD E,CO
INC =
LD A5
cP OfH
IR NZ,C1
XOR A
LD B,0C .
INC C
Lo A,C
cp onH
IR NZ,C1
XCR




e

Line

402
403
404
405
405
407
408
409
410
411
412
413
414
415
416
417

Addr

0297
6296
c25C
G2RO
0263
0266
0206
ozeA
ozAc
02a8
0280
02E3

0zB4
o286
0259
028S
0268
¢2c1
QzC3
Gz2es
ezC7
G2c:
Qe
0zCE
G201
oz03
0zZDs
0z0s

obJ

H
b=

S8sNBEB
LARIRIEB LA

{27 I O I % B 1
m

(ST N

[}
¥

n
o

[ s
g &%

o
U
HmaHgaEnsi

TURSOS0. Z-80 Assembler Ver

8 &R

o O onow
Mo Ny oy

n
~}

-
52

27

59 40
&3 40
40
40

4C

4c

40
40

Q2

o1
40
40

(831
40

Cl:

SCANKEY:

S1:

SCANS:

1.0G
LD C,A.
LD (TIME),EC
L (TIME+2),0E
LD ~(TIME+4),HL
o) A, (TIME+1)
SIT 7,A
IR HZ.CA
SET 7,A
IR cAi
RES 7,A
w (TIME+1),A
RET )
sceN KEY T T
Lo’ A.CL
LD (SCAN1),A
] AL00
Lo {COL),A
o A(STIMED
ce O '
IR z.31
cr G2H
s % & 74
is] A.(SFUNC)
LR oa
TCALL Z,TANALYZ
IR SCANZ
CALL DTIME
IR SCANS
CALL  START
LD *HL,MEMDISP
LD a,(coL)
ACO A,L
Lo LA
10 ALHL)
ouT {(FORTB),A
L0 A,{COL)
o . (PSRTC),A
CALL  OELAY
0 AL(SCAND)
CF o024
3R 7.SCANS
(Us] A,(coL)
o1 (PORTC),A
N A, (PORTC)
8IT 4,A
IR NZ,SCANS

;CLEAR POINT

SSTATUS
;TIME ON

;OISPLAY YOLT

;SHOW CURRENT

-

;sNOT OECCDE KEY
sMODE2

;NO PRESS




——r

Line

451
452
453

035354

0357
M

035¢
0334

. 035C

TURBGS0. Z-60 Assembler Yer 1.00

obj

1 FE 1 o) 0€,1FFH
18 SCAN7: pDeEC  ©OE .
7A : o) AD -
87 6. ~A
20 B iR N, SCAN?
3a 57 40 o A, (COL)

5 52 QUT  (PORTC),A.
DS 82 - IN ~  A,(PORIC)
c8 &7 8IT  4,A -
20 AS JR - NZ,KEY
A 57 400 “ Lo A,(col)
32 55 40 : . Lo (CoL1),A
32 2 40 © . Wb (KEEFCOL),A
CC 50 O3 } CALL  DECDOE
3E 02 e Lo :A,0ZH
32 55 40 ' - D (SCANL),A
C3 05 G2 3P SEANT
31 57 40 "SCANS: LD HL,COL
3 INC " (HL)
7€ Lo A, (HL)

FE 28 47 cP oaH

20 #8 B NZ,SCANS
34 &4 40 o A, (RUN)

FE G3, cP G3H
s RET  Z
£3 BY 02 Al hiz KEY .
3A S8 4C . SCANS: LO A,(coLi)
03 82 QUT | (PORTC).H
08 32 ~IN A, (PORTC)
B 67 BIT  4,A
20 05 IR NZNPR1
3E 02° 2 - LA,G2H
32 56 40 Lo (SCAN1),A
c3'27 03 P scANG
3E 01 NPR1: Lo A,01H
32 56 40 LD (SCAN1),#
c3 52 02 ap ©EY

H DELAY H
o ———=;

11 50 O1 DELAY: W DE, 180H
e DELAYL: pec  ©Of
78 Lo A.D )
57 ) oR A
2c FB . IR MZ,0ELAYL
cs . RET

;OEBOUND

;SCAN MOOE2
;CoLUM

;ENO COoL

sRUM MOOE

"IN RN MODE

;YES

sPORTC LOW
;KEY PRESS
;NPR=NO PRESS



Line

S0o1
502
3C4
205
E0E
07
Lo

Q5

"

-
Q

fory

Ueontn (n
P =
Gt N

n
—
o

Cep
(o Uy Yt (i tn (non
r; | I B B NI N l\g
0 d O on [Z IS

lt’}blr
JHO\&

i
¢
I

D

S

Addr

Qzes
O33R
o3ed

0390

C3e3

0394

C337
039A
G320
03”0

o3az
7 - 03A4

Q3A7
C3A3
03AS

TURSOSG. Z-80 Assembler Ver 1.00

Objy

m

4 Ut
(M)

Q

64
o3
o7
57
o7
1Cc
aA

55

o3
80

[
-

[0}
~

RELBrLE2Y

Q
-

40

40

40

40

o7

40

40

40
40
40

ac

OECODE:

NT3:

MT1:

NT.:

‘NTZ:

RESET: .

MOOE :

H DECCOE KEY H

~e

-

L0~ A, (RAN)
cP o34
IR NZ,NT3
LD a,(coL)
cP G7H
JR - Z,NT2
LD " A, (KEEPCOL)
SUB o4 :
Lo (KEEP1),A
4D B,A
b~ 0,00
L0+ E,03
Lo HL,PATTIP
LD A,B
R A
IR Z,NT
AD0 HL,0E
DINZ  NT1
‘1P (HL)
Lo HL,PATTIP
b (HLY
RET
;  -RESET ;
<52 H
LD A,00
o] (CooL).A
hi-E coLD
5 MOOE H
0”77 A, (S0oE)
L Ao 8.A
Trall oHk
Lo (MEMDISP+5).A
LD {SMCOE), A
LD A, (SFWNC)
cP CaH
R Z.MODE4
W] A, (SENTER)
cp osH
IR Z,MCOE4
LD A,01

IT TH RUN MODE-

sNO

; ENTER
;YES
;C0L

sPRTT. JP

3JP TO ROUTINE

sINHISIT CLK

;TIME?
;YES

sNOT VOLT



e L

- g e

A

[N

Ut n
NN

wn
N N
F

J
o

" tn
~NONL

n
W

N
s

1]

w

h

)
~l

[/

TUREC2C0. Z-80 Assembler Ver 1.00

Addr  Obj
03/D 32 37 40 LD (MEMDISE+4),A
G380 3A 51 40 MODES: LD A, (SMIDE)
033 FE 02 cP ozH SANALY MOOE
038S 20 09 IR Z ,MODE1L sNO
0387 3£ o1 : Lo A,O1H ) ;CHARG MODE
0352 32 32 40 ) Lo (HEMDISP+6),A e
o3eC 32 33 40 . W Tshwic),a : .
03SF C3 . RET '
03C0 FE 01 FOODEL : cp O1H ;CHARG
03Cz 20 0% : Ir NZ,MODEZ
03ca 3E 02 - Lo A0ZH ;DISP MODE:
03ce 32 39 40 o Lo (MEDISP+6),A
0309 32 53 40 : LD (SFUNC).A ..
G3CC C9 MODEZ: RET
03C0  3E 02 MODE4: LD A0 _ ;0ISPLAY VOLT
03CF 32 SF 40 . . Lo (STIME},&
0302 AF XOR- 4 .
0303 32 37 46 _» . Lo (MEMDISP+4), A
G3DE 18 08 ’ IR MOOES
; FUNC TION ;
w : ] ‘.—2.
0302 A 53 40 FmC: Lo A, {SFLRNC)
czDB 47 - Lo 3,8
03IDC €D £7 Ca CALL  CHk
C3DF 32 3% 46 LD (MEMDISP+6),A
4382 3z 53 40 O (sFwo),a
G3ES 47 . . w B.&
03ES A 49 40 : Lo A, (MEHALY )
G3ES FE 02 . . ¢ ce oy
03EB Ca BE 08 ap: Z,TANALY1  ;SHOW TIME OR CURRENT
O3EE 7% . A,B
O3IEF FE Ca cp Q4H . ;TIME ON
CIF1 20 OF IR NZ,0ISCH1
O3F3 3. 01 - Lo A,014 ;TIME MODE.
C3FS 3z SF 40 —F (STIHE),A
3F3 3E Ca ’ 7 o AL O3H ;TIME
Q3F& 32 37 a¢ LD (MEMDISP+4),A
03FD 32 33 40 Lo (SFENC),A
0400 18 17 IR DISCH2
04Z2  3A 54 40 DISCH1 : Lo A, (SEMTER)
0405 FE 08 cp osH
04C7 23 07 IR Z,DISCHS
cacs  3E 01 Lo A,01
0402 32 37 40 ) (MEMOISP+4),A
G40E 18 04 IR DISCHS
0410  AF DISCHS: X0R A
0411 32 37 40 ' Lo (MEMDISPH ), A



o

HA
"‘(‘)‘3

o}

~—

vt

- TUREDSO. Z-60 Assembler Ver 1.C0

fddr  ObJ
0414 3IE C2 OISCHE: _ 5] #,02 ;DISPLAY VOLT
6416 3I2 5F 40 ' LO (STIME}, A : .
0419 €S DISCH2: RET
; ENTER FMCTION ;
0aiA IE 0O EHTER:- Lo £,00
0alC 32 54 40 Lo {SEHTER),A
® 041F  3A S1 40 Lo A, (SMOOE) ;STATUS

422 FE 01 e o ;CHARG ONLY
04za 25 21 IR 7, ENTERL . SYES
0426 FE GZ cP ozH SANALY FUNC
042s 25 29 IR Z,ENTERS -
c4aza 15 67 : IR ENTERS : .
042 OO &7 S ENTERG: CALL  DISC ;0ISCHARG

¥ €O A3 04 ENTER3: LL  CHARG ;CHARG
casz 3 9\ = :
G433 34 5T 40 ENTERS: Lo A, {SFLNC) SCHK FUNTION
D436 FE Or s , cP o1 . ;CHARG ONLY
pass 23 ot R Z,ENTERO SYES
ca3a  FE 02 cP ‘oz ;OISCHARG ONLY
04SC  zm 0% IR Z, ENTERIO ;YES
043E €2 RET '
0a3F  CC A3 (4 ENTERD: CALL  CHARG ;CHARG ONLY
D442 CF RET
C443 €O 7 05 ENTER1O: CALL  DISC ;DISCHARG ONLY
ca4s €9 ENTER7: G RET
0447 3a S3 40 ENTERL: . LD A, (SFLNC)
044A FE C1 cP 01K : ;CHG ONLY
o4ac ze El JR 7, ENTERS
04aE FE 02 cP oz ;OISCHG BEFORE CHG
0450 ZB DA 4 IR Z,ENTER4 »
0452 €9 ENTERS: : RET .
0453 3& 53 40 ENTERS: LD A, (SEWIC ) ANALY ONLY
045:  FE 04 ) B cp CaH 52 :
C45E CC 64 04 =T CALL  Z,ENTERLL SYES .
G453 O O1 G5 CALL  ANALY
0458 3E OO ; Lo A,00
0460 32 64 40 ' LD {RUM)LA
0453 C9 RET °
0464 C3 CF 06 ENTER11: P TANALYZ ;OISPLAY CURRENT

; CHECK ° ;

0467 78 CHK: . o) A.G
0483 CB 27 sta & sNEXT MOOE



o

@
N N0

ol

3899
:
d'J'—‘O

o M gr
N VERN IR SR
L7 J V2 IS S LY ;B ¢

a3

3

2470
0471
0474
0476
047e
0476
G470
047F

Q4A3
04AS
C4A5
Q4R

04AD
Q480

:\ﬂ
(2]

TURSCS0. Z-50 Assembler Ver 1.00

obJ
CB 5F

28 G2
3e 01

25 1C

3A &3 4C

cg 3F
32 0A

o o
Ot uu o

FB

&

81

284N
3 &

0
a
~J
fave

€ 01

(%]

3 40

03

INDEX:

INGEXS:

INDEX1:

INDEXZ2:

CHARG:

CYRETY

.s

-

x

BIT 3.A
IR Z,sS1

Lo A,01

RET -~

CALL CLEART

Lo A,01H

Lo (SHMI),A
OUT  (INHCLK),A
ouT (PNMI),A
4D’ A,O1H

RET

;ENO MODE
Hols]
5SEGIN MODE

3ON. CLK

INDEX PATT. CHARG

we

Lo OE, 0000
DEC- A

JR ' Z,INDEXZ
LD 5,00
SCF.

CCF

Lo A, (DIPSW)
OR A

RET z

SRL A

I C, INDEX1
INC B

PUSH  &F

LD A,B

cP 08

iR Z, INDEX2
pop AF
. IR INCEXS
INC DE

INC  DE

INC DE

CINZ  IMDEX1
RET

CHARG FUNCTION

'

-t

N, A, (PORTB)

cPL

Lo (DIPSW).A
OR A

JrP Z,RESET
caLL SCH

LD ‘ A,O1H

ws

sEACH RANG

sRETERN IF NO BATT.

;0IPSW
; INVERSE

iNQ BATT.
;YES RESET SYSTEM

;LED VOLT



Lin2

7G1
7G2
7C3
704
705
7C5

707

7C3
769
710
711

712.

713
714
715
716
T 717

Addr

0482
0485

abj

32
32

TURBO3GC. Z-80.Assembler Ver 1.00

38180

8 4

=2

FiA

SC
5C

;40

2R

. 7€

05
&1

40
40

8% 38

97

&9 ag

o6

C7

40

64 40
89 C2

40

FANG:

RANGL :

LD (MEMDISP+4),A

Lo (MEMDISP+7),A

QUICK' CHARG 5

LD A, (DIPSW)

CALL  INDEX

) IX,PRANG

o) 8,00

LD C,00

SCF .

CCF

SRL A

IR C,RANG1

INC c

PUSH  AF

Lo A,C

cP - osH

Jr 7, RANGL

POP AF

LD (RPATTC), I

ADC IX,EC

LD HL,COMQ

ADG HL,DE

Lo (PATTC),HL.

Lo HL. (PATTC)

s} A, (HL)

ouT (P2),A

Lo IX,(RPATTC)

Lo A, (IX+0)

R QUICK

Lo (RELAY),A

ouT (PRELAY),A
L A,03

LD (RW),A

CALL  KEY

IN A, (PORTC)

8IT 5.A

IR NZ -CHARGZ

Lo A, (TIME+Z)

cP ENDQ

IR NZ ,CHARG1

SLOW CHARG

.t

3 QUICK LED

sPATT. RANG CHG
;COUNT RANG OF RELAY

.

3SHIFT RIGHT
SWHEN "HAVE CARRY

$ERROR

;PATT RELAY CHARG
;SEATH RANG

PATT D/A

;INDEX PATT.

;SEND O/A

SRELAY RANG CHG
SRELAY QUICK CHG

sON RELAY
SRUNFUNCTION

;CHECK COMPARATOR
;CORRECT

;YES

;CHECK TIME



TURBCSC. Z-80 Assembler Yer 1.00

751 0s0A 3E 02 CHARGZ: 0 A,0Z
75z 0SOC 32 3A 40 LD (MEMDISP+7),A  -;SLOW LED

753 0QSOF 2A SC 07 ) HL, (PATTC) ;PATT. SLOW CHARG
754 0512 2C INC S L )

785 0513 22 SC 07 ) (PATTC),HL

756 0516 28 5C G7 CHARGS: Lo HL,(PATTC)

757 0519 7E o) A, (HL) . ;INDEX PATT.

755 0S1A D3 40 . oUT  (P2),A ;SEND -D/A

75¢ O51C 3A 61 40 o) A, (RELAY)

765G C51F E5 FC. AND  OFCH . CLS CHARG RELAY
761 0521 F6 06 R . SLOW '

752 0323 32 61 4C 3] (RELAY),A

763 0526 03 60 ; oUT  (PRELAY),A . 30N RELAY
754 0526 CO 63 02 i CALL  KEY )

765 0828 08 82 \ N A, (PORTC) - ;CHECK COMPARATOR
766 052D CB &F BIT  5,A ’
787 0S%2F 20 07 IR MZ ,CHARG4 L.

765 0S31 3A 5B 40 sl A, (TIME+2)

769 0534 FE 09 cP ENDL ;TIME OF. SLOW CHARG
TG G536 26 DE IR NZ,CHARGS

=71 :

772 3= ;

773 ; TRICK CHARG ;

774 H ;

775 |

776 053% 3E 04 CHARG4 : LD A,04H

777 OS3A 32 3A 40 Lo (MEMDISP+7),A ;TRICK LED

775 0530 TA 61 40 LD . A,(RELAY)

77S 054G €8 FC TANG  OFCH iCLEAR CHARG RELAY
730 0542 F6 04 R TRICK

781 0544 32 61 40 LD (RELAY),A

782 0547 03 &0 QUT  (PRELAY),A 50N RELAY

763 054 CD B3 02 TRICK1: CALL  KEY

784 054C 21 63 40 D HL,DIPSW

785 054F D5 Si IN A, (PORTB)

786 0581 2F < cPL

757 0552 BE P (HL)

733 0S33 26 F4. . IR Z,TRICK1

78% 0S35 3E o1’ LD A,O01H - ;NORMAL MODE NO RUN
796 0357 32 64 40 o (RIN),A

791 0SSA C3 83 03 hi RESET

792

793 H - ;

794 . ; OISCHARG FUNCTION ;

795 - ;

796 )

797 0SsD 06 61 ™ A, (PORTE) :0IP W

798 O0SS5F 2F CPL

799 0S80 32 §3 40 Lo (DIPSW),A

800 0563 87 CR A sNO BATT
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Line

201
802
303

805

06
07

&1C

o 0 M
e
L N

o
n

1

W) 0 O % @0 0 W W
NN e Y
CLN) = Gy hin

i3

oo
[T S B I 2
s

~1

X

(111

]

|

E) -0 0
U l-< Is,
© W0

&
o

REE

Addr

0564
0557
055
08&C
0S&F
c572
0573
0574
0576
0578
0579
0578
as7€
0577
0552
0586
0583
0558
0saC
053¢
0592
0525
0553
QS35
ossC
G597
Q5AL
oeAd
05A7
0362
0568
03A0
oS30
0582
Qss4q
0557
05E9
ossC
dsze
0sc1

0sC4

G5CE
osCT
0scE
osca
0scs
0SCE

obJ

28

aF
32
c3

TUREDS0. Z-80 Assembler Yer 1.00

F9
13

65
21

6B

75

R &

o7’

40
1R

40

co
40

&4 40

02

a0

40

4¢

02
40

4a¢
0

07

40

pISC:

pIrsca:

DISCS:

DISC3:

DISC1:

DI3C4:

BISCH:

~e

P Z,RESET
EALL  SCH,

W) A,01

LD~ (MEMOISP+4),A
s BC, 0000

SCF

CCF -

SRL A

IR C,DISCS

ING  C .

IR DISC2

D HL,PATTD
AOD HL,BC

Lo (PPATTD),HL
o) IX,RELAYD
A0 IX,BC

LD HL, (PPATTD)
Lo A, (HL)

ouT (P2),A

LD IX,(RPATTD)
LD A, (IX+0)
0] (RELAY),A
CUT ~ (PRELAY),A
Lo A, 034

Lo (RUN),A

Lo A,02

Lo (STIME),A.
CALL  KEY

N A, (PORTC)
8IT  S,A

IR z,0IsC4

¥o) A, (TIME+1)
ce ENDO

JR NZ,DISC3
D A, (RELAY)
AND  OCH

i) (RELAY),A
ouT (PRELAY),A
CALL.  KEY

LD HL.DIPSW

IN A, (FORTE)
cPL

cp {HL)

IR 7.0ISCs
X0R A

) (cooLy,A
h{2 coLo

ANALY FUNCTION

;YES RESET SYSTEM
;LED VOLT

;COUNTER

sPATT RELAY OISCH.
5SEACH RELAY

3SEND .D/A

;0> RELAY

";NO RUN MODE

;KEY MODE 2
;SHOW VOLT

;COMPARATOR

;END OISCHARG
;OFF RELAY

;SCANKEY BORRD
;CHK BATT.

;CHK BATT IN PACK?
; INVERSE

sCHK

;YES ON PACK

;CLS

;COLD BOOT

;RESET SYSTEM



Moo

BEEEE

N W W v
~, \j ~3 b\ ? &
—- e W B

!

el

Y
4

o

~
1.
?‘
. %)
wh o~

(SR

43
~.
m {n

m
3 3

3
3
W

0;
by
4

}
n

R

o

[

M Oy 3
2839398
G 0N ot AW

ot
\,

8

Addr

ool
G504
0506
0502
0503
OSCE
OSEL
05€E3
0SES

2. O3E7

O5ES
QSEB
OBEE
C5FC
Q5F3
@5f6
OSFA
QSFC
O5FF
81500004

0600
610

[s13]

(R
N o m

)
h

SHBEHYUSS

O
7

TURSOEO. Z-80 Assembler ver 1.00

43 40
FO 0Q

49 40

A3 04
21 2%

37 40

71
o0
3A 40
a0
o0

a.8

-
IN]

- N
D -
SIS

oo
2z 6F
71 40
2A 6F
7€ 00
40

71 a0

05

o7

40

40

i
v

ANALY:

ANALYS:
ANALYS:

ANALY7:

ANALYL:

ANALY2:

AMALY3:

Lo

cAaLL

JR

IR
IR
caLL
IR
CALL
CALL
Lo

Lo
GALL

RET

IR
INC

JR

JR
cAaLL

LD
Lo
Lo
Lo
ouT
LD
Lo

-

A, (MANALY)
O2H
NZ,CANALY
a,02H
(MANALY), A
A, (SFUNC)
O1H
Z.ANALYS
Om o
Z,ANALYS
ANALY7
CHARG
ANALY7
DISC
CHARG
IX,PANALY
A,02H
(MEMDISP+4),A
SCH

A,Go

(MEMDISP+7),A-

£,00
c,00

A, (DIFSW)

ANALY1

SCH
HL,RELAYD
HL,BC

IX,.8C
(APATTD), IX
(RAPATTD),HL
IX. (APATTD)
A, { IX+0)
(P2),A

HL . (RAPATTD)
A, (HL)

-

;LAST ANALY MODE

37

sNO -

;ANALY MODE
;KEEP

;CONDITION ANALY

;CHARG BEFDR ANALY
_3YES

sCHARG AND DISC

;BEFOR -ANALY
ANALY ONLY

.

7 CHARG
JANALY PATT.
;CURRENT LED
:SHOW

;0N CLK
BLANK

;OFF LED ColumM?
sCOUNT RANG RELAY

sSHIFT RIGHT

SWHEN HAVE CARRY

;CHECK RELAY
;ERROR

;ON CLK,

sPATT RELAY DISCH.

;SEACH RELARY
SEACH RANG

;VOLT
;SEND D/A

sRELAQY



A

e

">t

S4E
247
94

95¢

fddr

063D
0640
0642
064d
0547
0649
064C
064F
0651
o853
0635
0557
0559

065E

0586

0679
0s87C

0632
s34
0635

33

08BF
0691
0593
0594
0697
0694
0698
069E
0BA0

32

BEK

TURBOS0. Z-30 Assembler Yer 1.00

61
60
03
64
02
5&
B9

82

ED
85

2 47

cA
22

47
46

45
OA

40

40

02

40

o4

40

c3

40

a0

40
40

40

40
40

40

ANALY4:

ANALYS:

TAMALY S

CY I

Lo

Lo
tD
Lo
LO
CALL
IN
BIT
JR
IR

. 4D

(a]

CcALL

(RELAY),A
(PRELAY),A
A,0H
(RWN),A
A,02H
(3CAN1),A
KEY

‘A, (PORTC)
5,A
Z,ANALY4
ANALYS
A,00
(RELAY),R
(PRELAY ), A
A,01H
(MANALY),A
KEY

A,00
(SHMI),A

* (INHCLK),A

HL,DIPSW
&, (PORTE)

(HL)

“Z,ANALYE

RESET

CURRENT FOR ANALY MOOE

LD
INC
LD

IR
XOR
Lo,
Lo
INC
Lo
cp
]
XOR
Lo
¥s)
INC
LD

JR

A, (MANALYS+S)

A
(MANALY3+3),A
oo 2

NZ, TANALY4

A
(MANALY3+3),A
A, (MANALY3+2)
A
(MANALY3+2),A
oAH

NZ, TANALY4

A
(MANALY3+2),A
A, (MANALY3+1)
A
{MANALY3+1),A
OAH

NZ, TANALY4

;ON RELAY
;RN MODE

sKEY MODE- 2

;COMPARATOR
;CHECK VOUT
;CORRECT VOLT

;OFF RELAY
sNORMAL MODE

SCANKEY BCARD
;CLK OFF O0DE’
;STATUS

;OFF CLK R
;0L0 STATUS DIPSW

“INEW STATUS DIPSW

s INVERSE
sBATT ON PACK?
;YES

~.

.....
2%

;CHECK = 107

;NO
;CLEAR A
;RESET BYTE

;CHECK = 107
;=107

sNO

;CLEAR
;RESET

;CHECK
;=10
;NO

Vi



TURS08Q. Z-80 Assembler Ver 1.00

.

Line #Addr GCbj

951 O6AZ AF ) XOR A ;CLEAR
952 06A3 32 46 40 LD - (MANALY3+1),A ;RESET BYTE
953 O06AG TA 45 40 LD A, (MANALYS)
954 0SA2 3C e A :
955 06AA 32 45 40 LD (MANALY3),A 3CHECK
956 OE&AG FE OA cP OFH : ;=107
957 OBAF 20 04 JR NZ,TANALY4 sNO
y 958 0681 AF . XR A
7 959 0882 32 49 40 LD (MANALY) ,A
960 O05BS C9 © TAMALY4: RET
. 981
' ee2 ; ;
963 ; CHECK SHOW TIME OR CURRENT ;
3 264 : 5
" gss
965, 06BS 3A 53 40 TANALYL: LD A, (SFUNC) ;0ISPLAY TIME
3 967 0689 FE 01 . e O ’ ;TIME MODE -
%65 C6BS 26 06 IR Z,TANALYS ;YES
959 068D FE 02 - cp o . ;DISPLAY VOLT
") I7C CSBF 25-08 IR Z,TANALY6S ;YES .
971 ©06C1 18 OC IR TANALYZ ;SHOW CURRENT
97z 08C3 3E O TANALYS: Lo A,O1H STIME
, 973 0&CS 32 SF 4G LD (STIME),A
974 ©&CE €3 . RET ) .
975 08CT 3E 02 . TANALY6: LD A, 02H © o voLy
, S76 06CS 32 5F 40 . LD (STIME),A
< 977 o6CE Co RET
73 ;= ; .
, 979 ; COPY CURRENT TO DISP ;
K 950 s - 5
561 2]
y 982 OECF 06 04 TANALY2: LD 5,04H ;COUNTER
963 . 06D1 DO 21 33 40 LD IX,MEMOISP ;DISPLAY
S54 06DS 11 45 40 w DE, MANALYS ;CURRENT
; %35 ose 1a TANALYS: ) A, (DE) '
- o986 0809 21 €D 06 LD HL,DATA ;ASCII TABLE
957 0SDC &S A0 AL .
). 95 0800 SF T L.A
.o ee9 osDE TE Lo A, (HL) SASCIT
geC ©08DF 0OC 77 00 ) (IX+0),A, ;DISPLAY CURRENT
y 991 ©0SEz 00 23 e IX )
' 992 osE4 13 INC  DE
953 O0GES 10 F1 DINZ  TANALYS
994 0SE7 3E 04 LD A, 0dH ;CURRENT
995 OSEQ 32 SF 40 Lo {STIME)}.A
o9 OSEC C2 RET
g7
Soa
799 3 H

10CC : ; DATA NUMBER

A
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Line aAddr Obj :
1001 3 ;
1062
1003 OBED 3F 06 SB 4F DATA: 0B IFH,06H, SBH , 4FH 30,1,2,3
1004 O6F1 65 60 7D 07 DB~ 66H,80DH,70H,07H ‘34,5,6,7
% 1008 C6FS 7F 6F 0B 7FH,6FH ;8,9
L 1’.}06‘ ’
1607 ; - ;
,  1o0E ;  PATT ALL CHARG ;
1009 : - H
, 1010
' 3 1011 C6F7 ©0 Ol 02 comMQ: o8 OOH,C1H,02H - ;BATTL
1012 06FA O3 04 05 08 O3H,G4H ,05H - - 1BATTZ2
1013 C6FD 07 08 3 O6H,07H, 084 ;BATTS
', 014 0700 02 OA 0B 08 O5H , 0AH , OBH :8ATT4
1015 0703 00 OE 08 GCH , O0H , OEH ;BATTS
1016. 0708 OF 10 11 DB OFH', 10H, L1H © ;BATTS
j 1017 0709 12 13 14: o8 12H,13H,14H ;BATT10
1018 :
1019 : H 3
"y 1020 : i PATT. ARMG RELAY. ;
1021 : £ ;
1022 :
, 1023 07CcC 30 PRANG: 3 20H 41 RELAY RANG O-5v
© 1024 G700 S0 oe 80H ;K1 RELAY RANG -5V
1025 G70E 20 (53 30H iK1 RELAY RANG O-5V
, o6 Q70F 40 0B 40H ‘
© lozy o7iec 40 o5 40H K2 RELAY RANG S-10V
1025 071 20 .o 20H ;K3 RELAY RANG 10-15v
y lexe o7z 20 ') 20H K3 RELAY RANG 10—1SV
103C i
1c31 . ] 3
1032 ; PATTERN DISCHARG ;
1033 . : A !
1034
1055 0713 ©0 PATTD: ) 0OH BATT = 1
1036 0714 0 08 OCH sBATT = 2 -
1037 0715 @O 06 OCH $BATT = 3
~ 1035 0716 00 o8 OOH ;BATT = 4
B 1033 0717 00 o8 OOH BATT = 6
= 1040 0718 00 o0& OCH BATT = 8
= , 1041 0713 00 o8 OCH ;BATT = 10
<104z
1043 . C : ;
) 1044 ; RELAY FOD DISCH{ARG H .
- 1045 H H
1048 . )
’ ., 1047 071A B4 RELAYD: 08 a4H ~ ;RELAY RANG O-5V BATT 1
, -1 1045 0718 84 05 84H 3BATT 2
1048 071C 54 06 a4t ;BATT 3
. 1050 o71C 84 08 S4H $BATT 4
} )




Line

1081
1052
1093
1054
1058
1036
1087
1053
1059
1650
1061
1062

1CE3
1064

1065
1066
1067
1063
1059

)' 107¢

-]

1071
1072
1073
1074

s
[oxi3

1076
1677
VA

s

107

1081
1082
1033
10&4
1085
1338¢
1087
106

1082.

105G
1091
1092
1033
[Re=
1095
1096
1087
1098
1089
116G

Addr

G71€
G71F
Q72C

o721
G724
o727

0728
o72C
0730
0734

0748
074C
o7sC
0754

Q7se
Q7sC
Q75E
G7e0
0753

0755

0789

4000
4000
4004

88 %

$a8

c4a

EEE
g 8

5598

5

48

10888
5828888

-

d

-~

c2

83
8 8

TURBOSO. Z-30 Assembler Ver 1.00

o1
o4

G2

13

01

10
a7

8 &

(074
Qo5

&893
88 R %

ca
76
Ao

BS
81
Fo

o0

o3
o3
o3
04

o0
Q0

[0/
G2
co

OE
a3
[ele]
00

Qo
00

888

40H
4CH

.

; PATTERN ANALY

PANALY :

888

©0,01,02
03,04,05
07

s

GAIN1

.

TABLEL:

388 B

.

»

;sBATT 6
;BATT 8 RANG 5-10V
3BATT 10 RANG S5-10V

i8aTT. 1,2,3
BATT. 4,5,6
BATT. 7

OC4H ,09H ,CE7H , 04 -
768,021 ,38H, 01H

OACH , OGH , SOH , OCH
20H, O0H ,-14H ,COH

GAIN2

TABLEZ:

T}

we

0S3H , 13H, 0CaH , O9H
OE7H ,G4H ; 0764 ,G2H
B4, 014, CACH , COH
S0k, 00H , 28H, 0OH

GAIN3

TABLES3:

PATTL:.
PATTC:
PATTR:
PATTIP:

STACK1: 2.5

3859

55558878

45H, 10H , OBSH , OEH
621,071, 081H,03H
OEOH , 01H ,OFOH , 00H
784,004, 3CH, 004

0,0,0,0
030
0.C
RESETY
MODE
FUNC
ENTER

4000H

¢,0,0,0,0,0.0,0,0,0



-

sy

T

Line

1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
uis
1116
1117
1118
1119
1120
1121
1z
1173
1124
1125
1126
1127
1128
122
1130
1131

-

1132

1133
1134
1135
113s
1137
1132
113¢

1140
S7114%
-

1142
1143
1144
1148
1146
1147
1148

1142

4003
4000
4008
4012
4014
4016
401T
40LE
4602
4026
4028
402c
4030
4032
4033
4037
4038
403F
4c41

4058
4051,
405z
4053
4034
405E
4086
4057
4055

BR8888838882888838838¢88888888888803838 38888332888

88888838

TUREOB0. Z-80 Assembler Vor 1.00.

888888

8 8

o]

88

88888888
g8

8 8

00 &0

STACK:
MEMDISP:

8
888

MEMVOLT:

MANALYS:
MANALY:
KEEPCOL:
POATA:
SUMDATA:
oo CECDATA:
SMODE:
SRESET:
SFUNC:
SENTER:
KEEP1:
SCAN1:
COoL:
coLl:

3
8 8

Q0 &0 TIME:

STIME:
SNMI:
RELAY:
CcooL:
DIPSW:
RUN
TABLE:
VDELAY:
RPATTC:
PPATTD:
RPATTD:
APATTD:
RAPATTD:

MEMVOLT1:

8

E333388838885888

B388EB8858888 584

0,0,0,0,0,0,0,0,0,0

~

0,030,0,0,0,0,0,0,0 -

0,0,0,0,0,0,0,0,0,0

0,0,0,0,0,0,0,0,0,0

o]

©0,0,0,0,0,0,0,0

0.0,0,0,0,6

©,0,0,0

-0,0,0,0

OH

- 0,0

SCHECK ANALY OR NORMAL

$STATUS MOOE

N
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FEATURES: 7 " . ... N\ R

M The ZBO microprocessors and associated famiy of

® The instruction set contains 158 instructions. The 78 system. This system may be daisy-chained o ailow
instrucdons of the 8080A are:included as a subser 3 nmmememanon of a priority interrupt schema. Litde, if =
8080A software comgaability is main@ined. " any, aaditional logic is required for dalsv-c.“lammg i

_ B Eight MHz, 6 MHz, 4 MHz, and 2.5 MHz clocks farthe  m. Dugiicate sets of both general-puroose and flag regisiers © =~

..Z80H, Z808B.. ZBOA,. and. ZBQ0° CPU: result in-racid~-"" - are—;:rowdec—easmg—'r'e*dﬂsrg'r—’nc"o eration_ o
instruction execution with- conseguent high data system sonware through single-context Swatcning, A
throughput. \ 4 O, { background-foreground programming, and singie-evel .

® The extensive instruction set includes string, bit, byte, =— tnzterrup( o a’d”d.non two ¥5-bit index N
and word operauons. Block searches and block raergaxs-ers speiate) progréim- fricessing “of tables and T
transters. together with indexed and retative addressing, ¥S - B -
_result in the mast powerful data nanahng capabilities in ®- There are three modes of high speed interrupt
themrcrocanputef industry- ———__ % _processing: 8080 -simiar—non- 480 peﬂonera!~ devici

and Z80 Farmily peripnerai with o without daisy chain.

penpheral comrollers are iinked by a vectored mterrupt Rt Oncho dynarmc .“en“ory re!resh counter..

T —— f—
3 R SN
>y .
- ‘ =
— b
.
- L [ BUS T P o sauke —rt = B —
- - = o ax (s (] &
— sk [Yu Y
| o s 3] A
.
cru — i - o (s 12(] 4
CONTROL |} e S o (310 28400 311] 4
— P +sv(J 1 ZB0CPU  30(] A
I SR 22 (] ano )
\ ———d RE3ET 0 (s 18 (] AFSR
O o Oy (314 L AR
CPY e lauzazg 8y o (s 28 (] REEET
cuur;g: — BUSACX O [ INT [ te 13 ] 3USREC
Oy fowe——re= | DATA e T YRET
e X o, fo———me  BUS RACT [ 10 23 (] BUSACK
. ——— 4 ¥ Oy et REa (0 z (] ws
‘ ————{ano 00 frmmrmme 798G 3 o n il )
- N o R \ i I

Figure 2a. 40-Pln Quat-in-Line Paz:xage (01P)
Figure 1. Pln Functions . Pin Aasignments
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oals 2]
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. e —_— . : ‘ & DD O & 4T PRI M - . -
o . - s SEgEFET *;g?'é;’ -

i Flgure 2h, 44-Pin Chip Carrier Pin Assignments -

R

. .- GENERALDESCRIPTION &

Z & . x

T Tne Z80; Z80A, 7808, and Z8oH CPUs are third-geperaton ___-TheZ80 also contains a Stack Pointer, Program Counter, two
’ “single-chip- mMICroprocessors with - éxceptionar computa- ==, qdex;’f_rggég;c_s._w_a{a&fzeswglster‘ {coumer), and am 27
tianal power. They ofter higher system throughput and more Interrupt regisier. The CPU i§ easy 0 incorporate intoQ a~
afficient memory utilization than comparable secornd:.and system since ft requires only a singie + 5V power source. All
e T .. third-generation Microprocessars. The internal registers outout signals are fully gecoded and timed to control

- - contain 208 bits of read/wnte memorytha('are accessible (o ~~—siandard memory of peripheral circutts; the CPU is _
the programmer. These registers include two sets ot six suoponed by an exiensive tamnily of peripneral controlers. .

o ©  generakpurpose reqisters which may be used individually The wuernal block diagram (Figure 3) shows the prmary

C ... aseither8-bitregistersoras 16-bit register.oairs. inadditon, ~_ functons of the 280 processars. Subsequent text pravides

there are two sets of accumulator and flag regrsters. A group - more aetatt on_the Z8O KO controller family, registers, . __
of “Exchange” instrucions makes etther set of main or  inswruction set. interrupts and daisy chaining,.and CPU ™™ ~" "

The  tming.

. - = S ‘1_ pata BUS
. INTERFACE

INSTRUCTION INSTRUCTION ALY
- DECCOER REGISTER

- »5Y —o

GNO —= iL REGISTER
ARRAY
CLOCK ——=, .
. cry cpy .
TIMING - .
Bl TIMING ) .

ADDOAESS
LOGIC AND

BUFFERS

i 8 SYSTEMS §CPU
: ANO CPU  CONTROUL
. CONTROL INPUTS 16.81T
o QUTPUTS: - ADDRESS 8US

4 ]
. Figure 3. 280 CPU Block Diagram



Z30 MICROPRQCGESSCOR FAMILY.

The Zlog Z8Q microprocessor is the central element of a
comorenensive AUCIoprocessor product famuiiy. This farmuiiy
works logether in most aoplicauons with minimum
requirements ‘or addiional logic. {aciitaong the design of
efficient ang cost-erfecave microcemouter-based systems.

. Zllog has designed five components 1o provide extensive

support for the ZE0 microprocessor. These are:

n The PIQ (Parallel InpuvQutpur) operates in both
“dara-byte VO transier moge (with handshaking) ana in oit
mode (without handshaking). The PIO may b
configured to intefiace with standard paratlel peripheral
devices sucn as pninters, tape punches, and keyboaras.

1 The CTC (CountersTimer Circu) feawres four pro-
grammaole B-bit courtertimers, each of whicn has an

8-tit prescaier. Eacn.of the four channeis may te
cecafigured to aperate in either counter or imer moda.

M The OMA (Direct Memory Access) controiler provides
duai port dawa transfer operasons and the ability to
terrminate data transfer as a resuft of a cattern maten.

The SIO (Serial InourvQutput) cenwrofler offers two
cnannels. It is capable of operaung in a vanety af
programmaole modes for both synchronous and

asynchronous communicaton, incluging 8i-Synch and

SOLC.

® The DART (Cual Asynchronous Recewver/Transmuter)
device provides low cost asynchronous serial

" communication. It has two channels and a fuil modem
controt interface. T

5

Z30CPURERISTERS ., . -

P o

Figure 4 shows three groups of registers within the Z80°
__CPU...The ﬁrsr group consists of dupticate - sets. of 8-bit

! {pnmel e.g.. A7. Bom sets cons:st of the Accumularor
Register, the Flag Register. and six general-purpase
registers. Transfer of data between these duclicate sets of
reqisters is accomplishned by use of “Exchange’
instructions. The result is faster resoonse to interrupts and

TITIT wamm l(ﬂl’"' IIT- Ca e

easy, efficient impiementaoon of sucn versatle pro-

- - - . - e
L ST e e e e aegma e pme el -

grammmg techniques as background-foreground data
processmg The second set of regisiers consxsrs of six

Reqnser) the A (Refresh Register), the X and Iy {Index
Regisiars), the SP (Stack Pointer), and the PC (Program
Counter). The third group consists of two interruct status
flip-floos. plus an aaditionat pair of fiip-flaps which assistsin
idenufying the interrunt mode at any parucular ume. Table 1

_provaes further information on these registers.

LL"'.‘" ALGIITEN SOT -~ — o e

e e

A ACCUSMULATOR £ FLAG REGISTER A' ACCUMULATOR F FLAG REGISTER
e A e i B - —— 4 L S / , S .
_ TTTBI GENERAL PURPGSE. .. | C_ GEMERAL PUASOSE - s GENEAALPUAROSE |- G GENERAL PURPOSE
0 GENERAL PURPOSE € GENERALPUAROSE O GEMERAL PURPOSE—S:-| 2 FGENERM PUAPOSE ——— -
- - e v -V T o o~ L. —— o e = e e 2
f — M- GENERALPURPOSE | T TILGEMENALPUAPOSE- _ | | I GENERALPURSOSE-
4 8iTS
RO e B s - T ELRF 7 ~ema® T Tl e e e e -
1% 8T INTERAUPT FUPFLOPS STATUS
IX IMDEX RECISTER ry L' ¥Fy

1Y IMOEX AEGISTER

'SP STACK POINTER

PC PROGRAM COUNTER

I INTERRUPT VECTOR R MEMORY REFRESH

4 8ITS

STORES IFFT o
BURING Fnit
SERVICE

0 = INTERRUPTS OISASLED
L 1 = INTERAUPTS ENASLED

INTERAUPT MODE FLIS-FLOPS

INF, INFy
] ° INTEARUPT MOOE 0
9 1 NOT USED
1 q INTERRUPT 4OQE |
1 1

INTERRUPT MODE 2

- i F-"Iguru 4. C?U Registers R -



Z80 CPU REGISTERS. (Cononueq) . .

Table 1. Z80 CPU Ragisters

. Register Size (Bits) Remarks .
A A Accumulator 8 Stores an operana or tne results of an operason,
3 FF . Flags 8 See Instruction Set.
8.8° General Purpose 8 Can be used separatety or as § 16-bit regisier with C.
oo C.C" - - -General Purpose” -~ -8 - See 8, above. ——-- - S —
. 0.0’ _General Purpose 8 Canbe used separately orasa 16-b« reqister with E.
) . E. € General Purposa 8 -See D, above. [
- 7 MM 7 GeneralPurposs 8 - Can be used secaraiely o as 1sm reg:sxefwdhL_ =z
LU 77 .GeneralPupose . 8- See H. above. ppui \, Ui Tl
. : Note: The (8.0, (0.6). and(HL)setsarecombmeda.sfdlow: T
. N . L - 7 [ B—Highbywe . C—~tlowbyte - _
i - s\l 7 ” [ T Ry - D—Highoyte - E'— Lowbyte- -
) I &t H—Highbyte L — Lowbyte: i AR
T imerruptRegier e -8 " === Gores upper eignt WW" ne m(om.lpt—-. e T
- - N - . ] \ . <3 ~ processing. - e .
R Retresh Register 8 Pravides user-transparent dynamic memoryre«esh Amomaticauy

i i Weovosoe ‘-mcremenmdancrptaceam the address uusdunngead1
i . E ; — " instruction teten cydle. : R R iy

- X - Index Registar 16 Used for inaexed addrmng Lzt e
- Ty ‘e -~ Index Register Satziiik Used faringexed addressing_ =°_ - - " -
T8 T Stack Pom\'er » :

=~ FFdFR - Interrupt Enable A“Set orresetta mdkz:e mtefrupt status (see F gure red). -

oo o IMFaiMFD

Interruot Moce >\ L Reﬂocz lmerruot mode (see rlgure 4)

—_— T g = ) 7 Iy —p— el -

lNT:HRUPTS G::NERAL OPERATIO -‘—.
The C'-"Uaccepsmu-lmermpﬁnpursxgna!s:NMt-and lNT——r’heC”Usemxmenups—brsampfmihe—NM)—and |N|
The NMI is a non-maskable interrupt and has the hlgq& --signals at the rising edge of the iast clock of an insructon.

pnomy “INT 75 a iower priomy interrupt and & requires nat
interructs ba enabled in scftware in order to aperate. iNT
can be connected to mulliple peripheral devices in a
wired-CR configuration. . -

The Z80 has a single response mode for interrupt service for
the non-maskable interrupt. The maskable imerrupt, INT,
has three programmable response modes available, Thess
are;

® Mode 0 — simiiar to the 8080 miéroprocesor.

® Moage 1 — Perioneral Interrupt service, for use with
non-8080/Z80 systems.”
% Mode 2 — a vecored interrupt scheme, usually

daisy-chained, for use with Z80 Family and compatible
penpheral devices.

Further interfupt Sarncs procéssing dependsuponthe type ~
of interrupt that was detected. Detaiis on interrupt responses
are shown in the CPU Timing Secuon.

Non-Maskable Interrupt (NMI). The nonmasiable
interrupt cannot be disabled by program control and
thereiore will be accepted at all imes by the CPU. NMI is
usually reserved for servicing only the highest priority type
imerruots, such as that for orderly shutdown after power
failure has been detected. Aher recognition of the NMI

‘signal (providing BUSAREQ is not active), the CPU jumps ©

reszant location’ 0066H. Normally, software stanting at this
address conins the interrupt service routine.

Maskable Interrupt (INT). Regardiess of the interrupt
mode set by the user. the Z80 resoonse to a maskable
interruct input follows a comman timing cycle. After the



interrupt has been detected bv the CPU (provided that
interrupts are enablea and EUSAEQY is not actve) a special
interrupt processing cvcle oegins. This is a special fetch
(MT) cycte in whicn TORQ becomes actve ramer than
MEED, as in a normal M1 cycle. In addition, this soecial M1
cycle is automancally extended by two WAIT states, to allow
for the ume required to acknowiedge the interrupt request.

Mode 0 Interrupt Operation. This mode is similar to the
808Q_microprocessor interrupt service: procedures. The

~ iterripting device places an insirucuon on the daté bus.

Thisis normally a Restartinstruction, which will initiate a call

followed by two meniofy fead cycles.

Mode™ Interrupt Operation. Mode 1"cperation is very
imilars to that torthe NMi. The pnncipal ditference is that the.
Mode 1 interrupt has only one restarnt locaton, 0038H.%

Mode 2 Interrupt Operation. This interupt mode has

-~ _fiip-floos is descrived in Table 2. For mere details, referto the

e

been designed to utilize most effectively the capabilities of --

the ZBO microprocessor and its associated peripheral
tamnily. The interrupting penpheral device selects the starting
address of the interrupt service routine. it does this by
placing an 8-bit vector on the data bus during the interrupt
_ acknowledgecycle. TheCPUformsa pointer using this byte
as the lower 8 bits and the contents of the 1 register as the
upper 8 bits. This points to an entry in a table of addresses

—forintermupt-service routines. The CPU then jumps ta the

routine at that address. This flexibility in selectng the
interrupt service routine accress allows the peripheral
device 10 use saveral different types of service routines.
These routines may be located at any available location in
memory. Since the interrupting device supplies the

low-order byte of the 2-byte vector, bit 0 (Ag) must beazero. -

Intarrupt Priority (Dalsy Chaining and Nested
Interrupts). The interruot priority of eacn pericheral cevice
is determined by its physical locauon within a daisy-chain
configuration. Each device in the chain has an interrupt
enable inout fine (IEQ) and an interrugt enable outout line
(IEQ). which is fed to the next lower pronity device. The first
device in the daisy chain has its i€} input harawiredto a High

The Z50 CPU wiil nest (queue) any pending rRerrupts of
o e ————- 10 the selected one of eight resian locations in page zero of -~ :;z;se? -fecewecl ue—a—sele.c_:ed. penp-he{al_.:s_riea ng
memory. Uniike the 8080, tne Z80 CPU responds o the Call___ i)
instruction with only -one intefrupt dckriowlédge Tycle

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

Theinterrupting device disables its IEQ line o the next lower
prionty penoneral unul it has been serviced. After servicing,
its IEQ line is raised. ailowing lower priorty peripherals to
demand interrupt servicing.

Interrupt Enable/Disabte Operation:we.fip-lops; TFR ===

s === and lFF-_;.-referredmh.tbe.regis;er;descriotiomﬁ usedtn. L

signal the CPU interrupt status. Operation of the two

2780 CPUJechnical Manual (03-0028-01)and ZE0 Assembly

Language Programming Manual (03:0002:01)

- . _ Table 2. State of Flip-Flope ~
%

=

Action IFFy JFFy Comments
CPU Reset 0 o} Masxable interrupt -
5 INT disabled
Dl inszucnon execuson .0 0  Maskable smerrupt -
- 2 INT disabled
Elnstrucuon exscuton ———— —i———3——Maskable interup: e -
o INT enabled
LD Alingirucion execution  ® e |FFy—Pantyflag
LD ARinsqucton execution ¢ - o IFFg—~Parityflag -«
*Accept NMI 0 IFFy IFFy—iFF2
) y (Maskable interrupt
e r INT disabled) . __
RETNinsTuctonexecuton  IFF o IFFz—IFFy &t :
P . compteton of an
NMi service
s - - routine.




INSTRUCTION SET

The Z80 microprocessr has one of the most powerful ana
versamle instructon sets avaiabie in any 8-bit micro-
processor. It inciuges such uniaue ooerations as a block
move for fast, eHictem data transiers winin memory, of
between mamory and [C. &t alsc allows operations on any
biz in any iocanon it memaory.

The iollowing is a summary of the ZEJ instruction set which
shows the assembly fanguage mnemonic, the operauon,
the flag stas. and gives comments o each instruguon. For
an exotanauan of flag notatons ana symbois for mnemaonic
tables. see the Symbolic Notauons secton which follows
these tables. The Z80 CPU Technical Manual (03-0028-01 ).
- the. Programmer's Reference Guide (03-0012.03), and
Assembly Language Programming Manual (03-0002-01)
contain significanty more details for programming use.

. Theinstructions are. divided into the following categories:

Qa 8-bitloads

R $ s,

P J Relative

Rotates and snifts

-0

3it set. reset, ana test coerauons

0

9}

Jumps

-

Cails, returns, and resiaris
o

A variety of addressing modes are implemented to permit
efficient and tast data transier between vanous regsters,
memary locations, ar4d input/cutput devices. These
addressing modes include:

Input and output coerauens

g immediate
2 immediate extended
G Maodified page zero

" -Q Extended-

.0 16-bitloads f

O Exchanges. block transfers, and searches

g 8-bit anthmerc and logic operations
2.

3 General-purpose arithmetic and CPU control

._O.Indexed ;... =ZItl. .
C Aegister i
Q Register indirect

3 Implied )
O 16-bit arithmenc operatons - o B8it
f
e - 8-8BIT-LOAD GROUP - - SR SO ) L -
- """_'-‘"‘—-.gymba'it:—_:—"""-? ‘—-J_iFl-;gs’. .- Qpcode = T Nelof—No.of M No.of T P _.T‘-:
=~=Mnemonic Opemxtion s Z H PV N 76 543. 210 .Hex Bytes Cycles  States Comments.” ~ 7 -
RSP ¥ = ¥ 4 o .-;--_;—-r.-'r’.*..-~ e o= X o X o e o .01 r r - 1 1 4 .t Reg.
o Dea . gmma e X Xoomwantnn00 b 110 —nnmn 2 oo 2emol o000
N S N\ ) N YA " A 001,
- - X ,:_(HH—::”'—:"": X e X s e e Qi J10 - T 010.

e f—(X+d) ~+ ¢ X + X e ¢ + 11 0u 101 00 3 5 19 011 E
L TN Vgt T T 108 Mo o
. 2 Y g 181 L
WDOY+d) r=(¥+d) = ¢ X e X s sce 31 111 101 FO 3 5 19 111 A
_ 01 1. 0
. © =g
WHL.r  (HO =T e o X o X e s o Q1 110 ¢ 1 2 7
WDX+dLr (X+d)—r ¢ ¢ X * X + + ¢ 11 011 101 0D 3 5 19
g1 110 r -
. —ge
LD@Y+dhe (Y+d)=r » * X ¢ X o ¢ o 11 111 101 FD 3 5 19
° ot 110 o« -
—a- . A
WML, (HY=—n e » X ¢ X s e = 00 110 110 3B 2 3 10
. ——
LO@X+dnn (X+d)=n " o+ X "X s o o 11. 011 101 oD 4 5 19
00 110 110 36

—

—n—



8-BIT LOAD GROUP (Contnueq)

Symbolic Flags Opcode No.ot No.ofM Nao.ofT-’
Mnemonic  Operatlon s 2 H PIVN C 76 543 210 Hex Bytas Cycles States Comments

Lo@Y+agln (iY+d)=n e ¢ X e X o e « 11 111 101 FD 4 .5 .19
00 110 110 38

-n—

LDA.(EC) A—(8C) o« o X o

X e e o 00 001 010 OA 1 2 7
LDA.(DE)- A~—(DE) e« e X o X e o ¢ 00 011 010 1A 1 2 7 .
4 LD A, (nn) A—(nn)’ e o X o X e e o 00 111 010 3AT 3 4 - 13 -

———
e r -n-'

- DBy A —— (BT~ At Xt K tca e -00.-000-- 010 <02t o= 2o T -

LODE.A (0B —A ST Td o107 10 12 1 - 2 7

LD {nn)A——{nn)—A a—s e 00110 010 -

to—

X 0 XIFFQ o

010 111 57

101701 €D
011 ‘1115 SE=
101 101
000 111 47
101 1017 ED 2 2= 1B - -
001 111- 4F - e . b

NOTE: IFF, the content ot the interrunt enadte tio-foo, (IFFZ), 15 copred mto the PV flag. -

-16-8IT LOAD GROUP %
T T . symbelie T & - “Fiags ~ - .. Opcode . .- .- No.of Mo.otM Ne.otT - T T TIIIT
Mnemonic  Operation s 2 H PIVN C 76 543 210 Hex .Bytu Cycles States Comments
- -LDed.nn ad—nn e « X = X = w-e .00 gd0 001 3--..3%-. 10 dd Par P
: A " S AET L : b - .
.- = % % .. N\S s Y3 e eee =m0V DE
ToTTT®* DonT X—nn 70XV X e STeTa1 o011 101 0O 4 - - 4r 14 10 HUD -
- - N Vg s ome- w200 1100 001 21 . . .- .. m sP
e 3 4 y - -_n—- 3 ’
—n— &
LDIY. nn ¥ —nn e s X e X e s o 11 111 101 FD 4 4 14
-7 e - < ---e - 00 100 001 21 ) -

-y

—

LDHL.(nn) H=—(an+1) & ¢ X o X e o o 00 101 Q10 2A 3 5 16 .
L —inn) -n=—
-n= . -l
LDed.(nn)  odu—tnn+1) > ¢ X ¢ X + s e« 11 101-101 ED 4 6 20
ag, —{nn} 01 ‘ozt 011

-

- -

NQTE: (PAIR).. (PAIA),_ reter 15 mgn orCer ana Iow Oraer egnt Bits of tne regrsier oar resoectivery. e.g., 8C = C. AFy = A




1G-BIT LOAD GROUP {Conunued)

.

Symbolic Flags Opcode No.ot Nc.of M No.of T
Mnemonic  Operation s Z H PIWN C 76 543 210 Hex Bytas Cycles States Comments
LDIX, (nny Xy —(on+1) ¢ o X o X o o o 1 011 101 DD 4 6 20
X, =¢nn) 00 101 010 2A
Rl t R N
. - -n-
] LDI.(n)  Mpy=—(nn+1) ¢ ¢ X o X ¢ v e+ 11 111 101 FD 4 8 20
Y, = {n) 00 101 010 2A
e e -—n-
e r— e U S A Sy 5 - -
’D(nn),Hl.___(nn+_1)— e o X o X » s e 00 100 010 22 3 5 16

110101
- .01 edd 011

-——

= =§r——ne zo-_._. S s e

-n-' P
1041101 DO . - o =)
- - {nn) = iX( ; 00 100 010 22 oL
- S o i AN A R — .
—~ - . = o5 . > - ) L = ale - - L
L) 1Y T lon+ 1) =Yy ¢ Tg X o X e e e 11 M1 101 FD 4 & 20
() — 1Y = 00 100 010 22 \ i . -
iy \B Wala —n— . ’ .
—n— .y~ I -
LDSPHL  SP=—HL e o X o X s s o 11 111 001 F9 1 1
LDSPIX _ _ SP=IX e o X e« X.o e s 11 011 101 DO. 2 2
' TR T L 11 =131~ 001 - 8 e e
LDSRIY SP—=iy =~ e 8 X X s e e 1L 1M 01 D 2 T2 - e
. - . . 11111 001 79 " oo Par
) PUSH aq (SP-2)—cq, *-* X -+ X e ¢ o 11 cq0 101 1 - 3 11 _ 00 BC
- . SP-1)—qaun . o1 DE
. - .. SP—SP=2 p / P 10 HL )
PUSH IX (SP=2j—fX ¢ = X * X s s ¢ 91 011 101 OD 2 4 15 11 AF .
(SP= 1)~ Xy 11 100 101 E5 ’
. . ..SP—8P -2 R -
PUSHIY (SP-2—1Y, » + X » X ¢ » o 11 11 101 FD 2 4 15
SP-n=ty 11100 101 5
SP—5P -2 — - ; -
POP Qg Qou=—(SP+1) e ¢ X o X o ¢ ¢ 1 qa0 001 1 3 © 10
- ozl —(SP)
SP—SP=+2
pPOP IX X, <{SP+1) « « X ¢ X o ¢ ¢ 11 011 101 DD 2 4 14
X, —(SP) 11 100 001 E
SP—SP +2 ;
P0P 1Y Wy =(SP+1) ¢« ¢ X » X ¢ o « 11 111 101 7D 2 2 14
1Y, —{S?) 11 100 001 E1

SP—SP -2

NOTE: (PAIR)y. (PAIR),_ refer to mgn oroer and tow oraer eigt bits of the register ozt resbecuvely, 6.G.. BC = C. AFy = A




EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS

Symbolic Fiags Opcode No.of No.ofM No.of T
Mnemonic  Operation s Z H PIWVN C 76 543 210 Hex Bytes Cycies States Comments
EXDE.HL  DE—HL o o X7 s X e = ¢ 11 101 011 E3 1 1 4
EXAF. AF'  AF — AF? e o X e X e e e 00 001 COO 08 1 1 4
~ZXX s8C~-3C" e o X e X e = ¢ 11 011 COU 09 1 1 4 Register pank
DE -~ 0OF’ ano auxiiary - - ...
HL =—HL’ ‘\ register bank
e e e . . S . excnange
; EXEPLHL H—(SP+1) s o X1WT X TN TTATT00 011 ESTIRATTIIISS T 49 v e o
R e SP}— -
ST TR (cp)'m-_-‘lx,. SP= 1)*1*”-'73(“-—:(. -_—,_~_—v-—11~—011—-101-—
= X e (SP - ~11-=100- Q11
T SRR Y (Se AT 917111 101"
YL —=(sP) oy n“”wo 011
. 0L T eer -(DE} -(HL). S X 0 X 3 0 10170101 ED . . Load (HL) into
| T DE—DE T e T 1007 000 AQS :
E HL=—=HL+1 % 4 the painters and
} Tt BC —8C-4 anpe <4058 =3 ol ) eiedeind Al | N e decrementthe .
: - J AAA RN aps T =~ byte counter
E ‘- 7 @ - - < ” . (EC)
LDIR (OE)—(HL) e« * X 0 X 0 0 e+ 11 10t 101 ED 2 5 21 fBC#0
“DE~—DE+1 10 110 000 80 2 4 16 HEC =0
| HL = HL+1 4 p ’
8C—8C-1
e - Repeatunt! _ : y 4 = B R
TR ~EC-0el ' 7 — e
T o 7 _ (OB =(HY 11°101 101 ED 2 - -4 _ 18
pE~DE-1 10 101 000 A8
Y _ HL=HL-1 - - gl
- ac-—ac-1 \ y } o )
: ® .
LCOR OB—=(HL) e« » X 0.X 0 0 ¢ 11 101 101 ED 2 5 21 HBC#0
DE—DE-1 10 111 000 28 2 4 16 HEC = 0
— m——-  HL=HL=1 s s = R
BC —3C-1 -
Repeat unul
8C=0" ®
®
or] A~ (HY 5 4 X ¢ X 3 1 s 11 101 101 ED 2 4 16
HL—HL+1 10 100 €01 Al
8C =3C-~1
NCTE: (@ PNtaguOdmneresutciBC -1 = O, ctherwise PV = 1.

@ P agis C erey st comoienon of instructon.
@ Z2agisiitA = HL, ctnerwise Z = Q.



EXCHANGE, BLCCK TRANSFER, BLOCK S

EARCH GROUPS (Conunuea)

A R .-

No.ot No. }:f M No. ohT

Symvolic Flags Opcoae
Mnemonic  Operation s Z H PIVN C 76 543 210 Hex Bytes Cycies States Comments
®

| com A = (HY) $ 8 X & X 5 1 e 11 301 10t =D 2 5 21 K&C=0ang
| ) A (HY
[ HL=—HL+1 10 110 001 31 2 4 16 HBC =0or
‘ §C—2C-1 A= (HL.
! Repeat untl - -
F - A = (HL)or . -
| 5C =0
e . 0PD = A{HU oo f-XemdoKmf o e 11 301 1GH--EDmefe g 4§ - o e
T o HL—=HL=1 10 101 001 A9 : h

IT 10T 10T E0— 7=,

HL—HL~-1
44 BC—8C-1 .
o T S et TR T Repeat Unfl - TTT
A = (HLYor
.BC =0 ALY 4 5

A (HL)
HEeC = Dor -

= A= HL).

10 111 oot BY 2 4 16

2T WECHGand - — -

NOTE: (D PVtiagisOZteresuiof 801 = 0, onerwasa PV = 1
Q@ PV hag s 0 onty at comoretion of Instruction.
Q Zhagis 1A « (HL), cinerwse Z = 0.

8-BIT ARITHMETIC AND LOGICAL GROUP

—toz, .. Symbofic ~-—--- --- Flags —-—--. - Opcode—-————-No-of—Norof- M-Norof F-———- -
Mnemonic  Operation S Z -+H PIVN C 76 543 210 Hex Bytes Cycles States Comments
ADDA.r | A=A+r 4 X ¢ X.woo ¢ 10 [000] 1 1 4 r Req.
ADDA.n™  A=—A+A "~ + & X 4 X v 0 ¢ 11 [069] 110 -~ 4 & 7 oc0. B
. 157 Vg ) R 001 C
s - - & S 3 010 D
ADDA(HL) A=A+(HL) ¢ ¢ X ¢ X Vv 0 ¢ 10 [G35] 110 - 1 .2 7 o, E
ADDA . (IX+d)A—A+(X+d) ¢ } X ¢ X V 0 ¢ 11 011 101 DD 3 5 19 100- H
B . 10 000l 110 . - ’ 101 L
i - "t A
ADDA (IY+d)A=A+(IY+d) ¢ 3 X ¢ X V 0 ¢ 11 1M 301 FD 3 5 19-
10 (0301 110 -
—c—. -
ADCA.s A—A+s+CY 4 + X ¢t X V 0 ¢ {go1] sisanyolon,
SuUss A= fye s tr X 8 X Vo1 [e19] (HLY, (X +d),
SECA.s A—A-s=CY ! ! X ¢ X V 1 ¢ 0i1] (Y<dias
ANDs A=—ADS ¢ X1 X P OO 11094 shown for ADD
ORs A=—ADS i s X0 X P OO {130} insirucnion. The
XOR's A~ tes t X0 XPOO oy incicated bits
CPs A-s $ 8 X 1 X Vo1 G reciace the
C33] inthe
ADRD set apove.




8-2IT ARITHMETIC AND LOGICAL GROUP (Conunuea)

F

NOTE: misany of ¢, (HL), (X +c). (Y = @) 2s snown tor INC. DEC same format ana siates as INC. Rectace 1 1C0 jwnn @ mnopcoae.” Y .

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS ™

No.of Na.o!M No.of T

Symbolic Flags j Opcode
Mnemonic  Operation s 2 H PIVN C 76 543 210 Hex Bytes Cycles States Comments
DAA @ 8 X ¢ X P e 3 00 100 11t 27 =T+ 1 4 Decimal acuust -
accumuiater.
CPL A=A e e X 1 X e 1 e 00 101 111 2F 1§ 1 4 Comoiement
accuemuiator
s s - e — rotemoratliP R {ones . cemlo T
. 5 Y - comotement).
NEG A—=0-A $t X 8 X Vo1 ot 11 101 101 ED 2 2 8 Negate acc.
- 01 000 100 44 R iwo's
- comeiement).
CF —  CY-—CY o s X X X » 0t CO TV _M_3F_ __1_.__ .1 ¢ Comciemers
- A R carry flag.
sCrF CY~—1 » &« X 0 X « 0 1 00 10 11 37 1 1 "4 Setcarry ftag. .
NCP Nooperaton + ¢ X ¢ X e« e ¢ 00 000 CCO €O 1 1 4
HALT CPUhatted » = X o X » o o 01 110 110 76 1 1 4
Ol IFE =0 . o X e X s o < 11 110 O11 F3 1 1 4
gl w FE -1 e e X o X s e e 11 111 Q11 FB 1 1 4
iMO Setmterrugt 0+ ¢ X e X e s s 11 101 101 ED 2 2 8
moge 0 01 '000 110 46
M1 Setuperruor = ¢ X ¢ X o s+ e 11 101 101 ED 2 2 8
moce 1 01 010 110 358 -
M2 Setinterrupt e ¢ X s X ¢ o e 11 101 101 E 2 2 8
mcae 2 0t 01t 110 3T ’

NGIZ3. @ convents accumuiator contert o cacrea SCT folowing a0 of Suc:ract wmin cackes SCO ooeranas.
IFF ing:cares tne imerrust enacte fio-noo. '

CY incicates tne carry 5-400.
* INCIC2les INterruCts are Not samared atthe ena ot El or ClL

Sympolic Flags Opcode No.ot No.ofM No.of T
Mnsmonic  Operation s 2 H P/IVN C 76 543 210 Hex Bytes Cycles States Comments
' INCt r—r+1 $ 1 X 4 XV 0 s 00- [ICD] . ! 4
INC (HL) (HL) — N == . )
(HU+1 $ 4 X 3 XV 0 e 00 110 {100] 1 3 1
{ INC{X+d) (X+a)=— $ 3 X 4 XV O e 11 011 0% OO - 3- 6 23
e (¥ o=\ 1 o TSR -00—a10 Q1 . . oa S
T . 7 o 3 : . ‘
[ ING (I Y~+d)—(¥~+a) — s bt X VO es 11 A1 A0L—FD— e Fommem§ 23 ST T
TTTTTTT T T (Y+a)+1s-- 7 07 _wmoeego m0 ooy T TR TR T
S ST s T L LT s Ty s T Rt i ege— s TR STm T T —
0SCm me—m-1_ & + X $ XV 1 . (53] S



16-BIT ARITHMETIC GROUP . -

Symbolic Flags Opcode No.ot Nc.oftM Ne.of T
Mnemonic Operstion. S Z H PIYN C 756 543 210 Hex Bywes Cycles Statiss Comments
ADDHL.ss HL—HL+ss » « X X X o 0 ¢ 00 ss 001 1 3 1. ss - Fegq.
N R 00 B8C
ADCHL ss - HL=— : . 01 DE.
- HL+ss+CY ¢ ¢ X X.X V 0 ¢ 11 101 101 ED 2 4 15 10 HL
- 01 ss1 010 R 1 sp
. ——.SBCHLss. _HL= . . _ . 7 4
HE=ss = CY 33X XX~V t—¢—11 - 101--101--ED

. - 01 ssO 010
. T == ADDIX.pp - ~{X =X+ pp--—e -4~ 112011 -10% - -.0D
R, : .-Q1_pp1 001 _ _

-0 $=—11—111—301—FD

00 "t 001 7
INC ss sS~=ss+1 e o X o X o o a (00 ,ss0 o1
i INCIX X—IX+1 s « X-s X e+ + 11 011 101 DO
| = . 00 100 011 23
| INC 1Y IY =Y+ e e X o X e e e a1 111 101 F i
. 00 100 .011 23
; DEC ss sS=ss=1 » « X + X o e e 00 ssi 011, 1- 16
- DECIX IX=1X=1 e o X -« X e e ¢ 11 011 101 DD 2 .2 . 10
‘ { / 00 101 011 28
; peCcIy - IY=1¥=1- -+ = X -o X_® -z 11 311 101 FD 2 2 1o .
' = - = “ G50 Xy 3 = © 00 101 011 28 T .
ROTATE AND SHIFT.GROUP
. 'Symbolic g’ Flags - Opcode No.of No.of M No.ol T
Mnemeonic Operation s Z. H, PIVN C 76 543 210 Hex Bytaz Cycies Stastes Comments
ARLCA [E——wi~ & o X 0 X!+ 0 & 00 000 111 07 1 1 4 Romelet
Lo - circuiar
: accumutaior
RLA Yo7 ¢ ¢ X 0 X « 0 ¢ 00 010 11 17 1 1 rl Rciate left_
B accumutator,
RRCA =_—=<—=] + » X 0 X » 0 % 00 001 111 OF 1 1 . 4  Rowengnt
crcular .
ccumulaot
RRA = ——iord + + X 0 X s+ 0 ¢ 00_011 111 ¥F 1 1 4 Rotate nght
- accumuialor,
p -



ROTATE AND SHIFT GROUP (Centnuec)

Symoolic Flags Opcode ’ No.of No.ofM No.of T
Mnemonic Operation s Z H P/IVN C 76 543 210 .Hex Bytes Cycles States Comments
: RLC: + 4 X 0 X P O*: 11 001 Ot1 CB 2 2 8  Rotteleft.
co [coal r circutar
- i . register ¢
e e e - - RLC{HL— o4 1 X0 X.P O s 111 001 OnN c3 2% 4 18> Reg. _
W A X 00 000 110 ** -7 ¢ mc e 000 0B .oe—— —
S § o7 e T o e L L, A oot C
T ALC {IX+d) ; ¢ ¢+ X' 0.X P O % 11°°011- 101 DD— '4- — 6 22 00 D .
R S RO Y e ST T 1100 011 C8 T YL T e _E
mumr e s ooz s . mmnaeo. . -3Y " —d—- S oof H
00 110 i 101 L
A AR < . - 1M A
me—ars. LT TRLCUYeQTTTTTT & —H5e=g X 0 x 7.9/ i 11__)—53f -10'1”_FDV' ot M oWy, I TS
41 001 011 C8- : R |
, —g—- . | Instruction -
) I = e 7= o0 1107 o D Ry , format and
RLm le—{== '~ : x 0 x P 0 % - T saesareas
m=(HL(IX +d).(Y + ). E Y shown for
. 3 y A RALCs. Totorm
| ARCm =& : 3 X 0 X P O ¢ 001 : new aocode
L . = ((HL).0X + GL{Y +.0) - reoiace{C00]
; : or RLCs with
.- e . ot . W] S - i snowncoge., ..
RRm SHr—sr—a i s x 0 X P O [} R
' m = ((HLLIX + Q)07 +0) : -
SlAm [E——al=«t § X 0 X P O ¢ )
mw= (HLLIX + ALY + 0) \ Y 4 .o
.. sAam (=S 1 4 x 0 X P O 51
’ m = (HL)L (X + a){lY + 0) >
SALm e=_—e—J&1 ¢ 3 X 0 X P O ¢ (kK
mesr,(HL),(IX + Q),(IY + Q) - R
————
A0 ) (GEei ¢ ¢ X 0 X P O e 11 101 101 ED 2 5 18 Rouate gigt
s 01 101 311 6F left and
rignt berween
the accumu-
lator ana
—_— locauon (HL).
RAD eiser—Tmi ¢ ¢ X 0 X P O « 11 101 101 ED 2 5 18 Theconent
L= 01 100 111 &7 of the upper
half ot the
accumutator
is unarfectea.



L} -
BIT SET, RESET AND TEST GROUP
Symoalic Flags Opcode . No.of No.otM No.ofT -
Mnemonic  Operation Sg7 H PIWN C 76 543 210- Hex Bytes Cycies States Comments
—— e BUIDL L Zmlpe X 3 X 1. X X O e 11001 011 _CB. 2 . _ 2. L B Reg. o
N - - 01 b r 000 B
BITE (0T Z=TH0p 7 X7 X771 X X "07 ¢ 317 001011 —CB—="2="" = 3~ ~="12=-- 001 G - .
<7 - - > - 01 b 110 ] Y - 2777 o010 D
e I T ST i 2 IO T X T X0 § S 10101 DD e S5 T 20t onmEnon
PR o N SO S— 218~ L NNMBVD0L 01T OB e ez e, Y00 M
~d - . 101 L
. 01 b 10 .- IR E L PR
E o s o By o 2 b Bit Tested e
— (Y +Q)g X 0« 1 1M oam 4 5 20 000 0
11 001 011 001 1
e A N B) —-d= Lt N 010 .2 LE.
V' 01 b 110 ~ =3 011 3
SETb.r =1 e o X o X e = 11 001 011 CB 2 2 I 8 100 4
. b r 101 §
SETB.(HL)  (Hljp =1 e e X e X « « 11 001 011 C3 2 4 15 110 6
i T j Th SEEAXRN @ b 110 &Y 17
SETh (IX+d) (X+d)g—1 = o X * X e e 11 011 101 DD 4 8 23
- e e 7= 22 .. 11 .003__011_CB T BB it e e e
8 :d__’ -
1] o 110 )
SETbL.(Y+d) ((Y+d)g—1 ¢ o X o X e s 11 131 101 FD 4 6 23 -
11. 001 Q11 CB
= N o 4
- b 110
RESBH,m mp =0 e o X X - - -010] To form new
. mar, (HL), oocoge replace
(IX+a), (IY +0) @d__s?rb.s
with! 10} Fiags
- T _ and ume
o states for SET
- instruction.

NCOTE: The nowtion my, inc:cates locavon m. bt 5 (010 7).



-t

JUMP GROUP

Symbalic
Mnemonic Operation

S

Flags

Opcode

No.ot No.ofM No.of T -
4 H PIVN C 78 543 210 Hex Bytss Cycles States Comments

cc  Congition

NGTTS: e represents tne exiension in Mg re1atve adaressing moae.
€ 1S a £CNal WO S COMTIement numoer In tha range < — 125, 129>,

e - 2 in e cococe crovges an eteckve adcress cf o¢ + @ as PC is incremented by 2 DNor 10 (ne acc:uon of e.

SPC—nn e Xoo X e.e e 11000 OGI1%=C3_ .3 __ .3 --_30- w —
T FF IR —-n— : . 000 NZ(monzero)
R -—n-- 001 Z(zero)
{conditioncs e ¢ X ¢ X o o 11 ecc 010 3 3 .10 010 NC (non-carry)
- _istrue PC—nn, -n--- 18 N 011 - C{carry)
. atherwise . Blae o N Sy 100 PO ({panty odd)
conunue 101 PE (panty even)
T PC—PC+e o s X o X o o s 00_011_000— 18~ 2 3 i=- 32Z- L116- P(sgn postvel —- -~
B ) 2 F0'es) T T -2 s ’ 111 . M(sign negative) '
HC=0, e o X o X o o o 00 111 000 38 . 2 2 7. tconditionrnotmet —
connnue —e-2 ———- ez
Y ncan, i * " A 2 3 12 ltconationis met -
" PC=PCre s . ) -
IFCm1, o e X ¢ X o o 00 =110 000— 30 L1 Lo 7 - ltconationnotmet ==:
connaue —8-2— L) e
C=0, e 2 3 12 -lfconditionismet.
PC—PC+e | b ne .
JPZLe HZ=0 s e Xe X(si'e 00 —103- 000 - .28 ¥ . A2 .7 ., _itcongiionnotmet. _... -
- .ceninue —em2= . LT I
TUHZ=1, N Gee T 2 "3 12 If cenamon s met,
PC=PC+e ) T g
; JANZ e ItZ=1, ‘e o X e X o e o 00RI0.00Q720 2, . 2. . 7. :Mcondionnoumet z %
continue —p-2-= % O ’
HZ=0. 3 12 If cendition is met. —
| PC—PC+e ‘ .
JP(HL) PC—HL © o X e.X o o 11:7101. 00t~ E8.. 1. _ ... S -
4P (%) PC —iX e ¢ X o X o o 11 =011 101—- 2 8. - -
l 11101 oo ir -
) JPEYY  PC—IY e e X s X = o o111 10 2 8. - -
: . 11 101 0Ot o eme o=
OINZ.e™ B=—3-3 e s X o X s o s 0O 010 00O 2 8  K#Bw0 - -- :
HB=0, —e-2-—
conunue
1 B840, 2 3 137 WB#0.
' PFC—PCre



CALL AND RETURN GROUP

Symopolic - ...
K¥nemontc Operation s Z H

Fiags ..

PIVN C

CALLan  SP-1—PCx * = X °

EP-2—2C,
" PC~nn, ) —

CAllcsaniiconaton = o X =

ccis taise
= f;:onnnue. »

= - T omerwse - v

sameas i

_ CALLnn
RET _PC_—(SP) ==t X
PCH—EP+1) =

BZTec it conaion s o X o
coislaise J
csnunue,
sinerwse

same as RET

Rewrntrem o ¢ X °
nerruo.

Aewrnfrom ¢ ¢ X °
nor-masxapie

merruot

SF=1=PCH « « X *
(SP -2=F0
_PCy=—0

PCy =2

RSTp

s s o
e« o o
e o o
s o e
« e e

-—pe—

-—

11 001 00V —C8am 1

Mmoo 000'____._._____..:_ 1

T1=101 101 ED.—— 2
01 001 101 -4D.—

11, 10 1013 8D —==2-

01 000 10145 ...

5 .17 Meoiswue. .. .

";_._3 Z 0. WR o omeT
U : S 4&::.=s(atse..-'-»—-___—~
3 11 ltesis true. )
- cz  Condition
L - 000 NZ(non-zero) R

(@ C01  Z(zero)
B 010 NC (non-carry)
o A —34 . 01 Cleary) x s
100 PO tpamyodd) ==
- .::'f;:-' - 0 . PE (pamygven):-.__
110 P (yion poginve) ==
111 M{sign negauve)
1t D -
000 COH
001 08H
010 10H
011 "18H
100 20H
101 28H
110 30H
111 38H

R

NOTE: 'REZTN1oacs iFF; —iFry

Opcode _____ Nao.ot No.of M No.ofT )
76 543 210- Hex_Byles. -Cycles States__Comments .~ ‘
41 901 161—CD—3 s . a7 i _—

—n— R

-_n= P = — - — PSS
M0 3 3. 10 _ Hccistalse,




. A

INPUT AND QUTPUT GACUP
Symooiic Flags Opcode No.of No.otM No.ofT

Mnemonic Operation S Z H PIVN C 78 "543 210 Hex Bytes Cycles States . Commients

INA.(D)  A={(n) “e e X o X e e e 11 011 0 08 2 3 11 noAg~Ar

> —n-— Acc. 0 Ag~ Aygg

INCIC) =G PP X 2 X PO e 11 101 101 €D 2 3 12 Claag~Ar
ifr=11Qoniy 0t r 000 BloAg~Ays
the fdags wul :
be aifeciad / .

N HU={) X 5 X X X X 1 X 11 101 101 ED 2 .4 16 ClaAg~Ar
B3t < 10 100 Q10 A2 BloAg~ Ayg
HL=HL+1 @) g o T

INIR HU=© X 1 X XXXt X 11 101 101 ED 2 -5 21 ClaAg~A7
=31 ] 10 119 910 92 aresn) BloAg~Ass .
HL = HL+ 1 2 4 16 ..

Aepeatuntl — oo o T . (tB=q) e .
8=0
@ r

IND HU— X ¢ X X X X 1 X 11 101 101 €D 2 4 16 CloAg~Ar
B—8-1 10101 010 AA BloAg~ Arg
Ho=HL-1 @ .

INDR (HL) —{C) X 1 XX XX 1 X 11 101 101" €D 2 5 s CloAg~ A7
B—=3-1 -10 111, 010 Ba (it 840) ~~ BlaAg~Agg
HL =ML~ 1 2 4 16 h
Repeat unnt Y ({8 =G}

e =0 - - & T

OUT(nL A (n)—A e ¢« X o X e ¢ & 11 010 011 D3 ~ 2 3 11 nwAg~A7

. -n— y ACC. 10 Aq ™~ Ay

OUT(ClLr (Q=~r¢ o e X e X e ¢ o 11 101 101 ED 2 3 12 CoA~AT ™

— s o TSDOVIEITIOOUSIUIISST LT IS T T TiBlaAg Ays T

ny G M1 Xt XA X N X— 3T ED 2. e 16— C 0 AGN A7 -~ e .

B—3-1 10 .100 Q11 A3 BloAg~ Agg '
IR g N AP g ¢ —— e ——

QTR ©—HL X 1 X X X Xt X 11 101 101 ED 2 3 21 ClAg~A7
8—3-1 10 110 011 83 (1t 8#0) BloAg~ Agg
HL ==L+ 1 2 4 6
Regeat unut (1 8 =i}
8=0

ouTo @=HL X ¢ X X X X1 X 11 101 101 ED 2 - e 16 ClaAg~4ay
8=3-1 10 101 011 A8 BloAg~Ays
HL ==L -1

QT0R C) — L) x@x X X Xt X 11 10t 101 ED 2 5. 21 CicAg~Az
B—32 - ! 10 111 on (M EnQ) SlaAg~ Agg
HL =ML -3 2 4 16
Receat untt {{t83=2
EP

NGTES. (D ttmeresuncr8-1 §zam, me 2 22Qis Set Ctherwse f 1S reset.

© Z%ag:s setucen INSrUCIIn CoMCIeson onty.



SUMMARY OF FLAG OPERATION

Oy Do
Instructions Sl H PIY N C Commerta
ADDA,s;ADCA.s : X ¢+ X v 0o B-bit aad or aad wath carry.
SUBs:SBCA s:CPsINEG ¢ X ¢ X vV 1 3 8-t subtract. subiract with camry, camoare ang negare
accumujatoe
ANDs t ¢+ X 1. X P 0O 0 Logical goeraton,
~ QRs.XORs [ e TR N\ M -/ ) Logicat operavon,
INCs ¢ 8 X X V. 0 - 8-bitinzrement.
- DECs ¢ X 3 XV 1 e 8bitdecrement.
ADDDO. ss e« « X X X e 0 % 16btadd ’
ADCHL. ss A s A= VLI ™ ¢ 16-tit aaa wath carry.
; b . SBCHL. ss 1t X X XV 1} --i6-bit subtract wmincany, - . =
§ ALA: RLCA: RRA: RACA s e X 0 X e 0 : Aotateaccumulalct
: RLm: RLC m: AR m: $ 4 X 0 X P 0 ¢ Razate and shift locations.
: ARC m; SLAm: A -
| s S-SRI UTSRAMISALM T W V. (Ve d
[ RLD: RRO 49X F0 VISR ‘fO . Rotate cigit teft and right.
1, 0AA babim. A /2 AYRA T\ B Decmai agjust accumutator
: CcPL 2 S W/ YN P Compiement accumulator. .
| SCF - e ¢ X 0 X e 0 1 Setcamy. 1
CCF e o X X X = 0 3 Comoternent carry.
INr(C) ™ 9 AL AOARDO)S nout register indiirect.
INI: INO: QUTI: QUTD X ¢ X X X X 1 = Blockinowangoutow.Z = 1ifB#0, ctherwiseZ = 3.
- . .. INIR:INOR: OTIR: OTOR X 1 X X X X 1. e _ Blockinoutangoutcut.Z = 1ifB#0.cnermseZ = Q.
LOL LDO - X X X 0 X % Q0 - Siock trangier inzructons, 8 = 11 BC # 0. gtherwmsa PV = 0.
LCIR: LCOR X X X 0 X 0-0~+ Blockiransiermnsiuctons. PV = 1ifEC # 0. cthermise PV = 0.,
- i ... CPLCPIR; CPD;.CPOR X ¢+ X X _X & 3 . Block searcn instructons. Z = 1A = (HL), otherwse Z = 0.
— S e e e L - - PiV-= 1{BC A0, otherwmse PV = 0.~ ——= 7 7 7 -
LOALLLDA.R ¢ ¢ X 0 X IFF 0 = -IiFF tneconient of tneinterruct enacie fio-fiac, (IFFy). is cooied
i o tne PAV flag.
) 8iTb, s X ¢ -X 1 X X 0 e  Thesatectbiboctlocanon sisccoed ino the Z flag. B
-- L SYMBOLIC NOTATION

Symbol Operation

TTST T "Signilag.S = 1ifthe MSS cftneresultis 1.7
- Z Zeroflag. Z = 1 itthe resuit of the cceranon s C.
PNV Parity or overfiow flag. Pamty (P) ang overiiow (V)
snare the same flag. Legical operauons aftect
this flag with the parity of the resuit while
anthmeuc oogerzuons aifect this fag with the
overtlow of the resutt. If P/V holds party: P/V = 1
if the resuit of the operaucn is even; PNV = 0 if
resutt 1s 0dd. if PV hoids overflow, P/V = 1 ifthe
result of the cperation proguced an overticw. If
2/ does not hoid overflow, PV = Q.
Halt-carry flag. H = 1 if the 2dd or subtract
operation proguced a carry into. or borrow from,
bit 4 of the accumuiator. ’
Add/Subtract fag. N = 1 if the previous
operauon was a suptract. : .
Carryflink fiag. C = 1if the cgerauon groduced
a carry frormn the MS3 cf the operand or resuit.

H*

C

" Symbol Operatln '“' T

T ¥ The flag'iSTatfest=d atcorcing o the result of tie ~~ "
ageration.

The flag is uncnanged by the aoeration.

The flag is reset by the coeration.

Tne flag is set by the operauon.

The flag is indeterminate.

PV fiag aifecied according to the overfiow resuit

of the operation.

X220 o

P PN flag affectea according to the oarty result of
the operaton.

r Any one o'the CPU registers A, 8.C.D. 2. H. L.

s Any 8-brt location for all the addressing moces
allowed for the sanicular instructon.

ss Any 16-bit locaton for all the acaressing modes

’ allowed for tnatinstruction. -

i _Any one of the two ingex regisiers IX cr 1Y,

R Aefresh counter.

n 8-bitvaiue inrange < 0, 283 >.

nn 16-bit value in range < 0. 83335 >.

"Hana N flags are uS8a 1 ConIACTIoN with the Ceamar agwst Instruction (OAA to Brooerty carrect ine resutt 1o packed ECO format followng acaiton o

SUDHACHoN ust~L L Jer3nas win cackea BCC iormat.



PIN DESCAIPTIONS

N

‘M1. Machine Cycle One (cutput, active Low). M1, together
with MEEQ, indicates that the current machine cycie is the
opcaae feten cycle of an instructon execution. M1. logether
with IORQ. incicates an interrupt acknowiedge cycle.

Ag-Ays. Aadress Bus (cutout, actve High. 3-state). Ag-A1s

‘orm a 16-bht adaress bus. The Address Bus provides the

accress for memory Gata bus exchanges (up 1o 84K bytes)
=~ and-iori/Q gevice excnanges, — —————— - == ~= o= —
e e __ BUSACR..Bus -Acxnowleage (outbul, aciive Low). Bus _ MREQ. Memory Request (output. active Low, 3-siate).

~ . Acknowieage indicales {o the requesting cevice that e MREQ indicates that the aadress tus holds a valid address - -
—- - . CPU acaress bus. daia bus, and control signais MAEQ,  _for amemory read or memary w_ri(_g c_ggrat_lo_n..

iORG. BD. and WA have entered theif hign-impedance ™"

sates The externat cirélitry canmow coritrol these lines.™

.BUSRAERQ. Sus Aeguast (inout. active Low). Bus Reguest

. _has.a highet priofity than NMI and is alwavs recognized at'

~" the end of the current machine cycie. BUSAZQ forces the
CPU agaress bus. data bus. and control signals MREQ.
ICAQ, AD, and WR to go to a high-mpeaance swte so that
other oevices can control these fines. BUSREQ is normaily
wired-OR and recuires an_external puilup for these
applicauons. Extended BUSREQ penods due 1o extensive
DMA operations can prevent the CPU from properly
refresnung cynamic RAMS.

Do-D4. Darta Eus (incutoutcut. active High, 3-state). Og-O7
censutute an 8-bit bidirectional cata bus, used for gatd
axcnanges with memory and YO, -« -

Han. Haft State (cutout, acuve Low). HAL indicares tat the
CPU has executeda a Han instructen and is awaiting either 2
nonmaskable or a maskable interruct {with the mask
enableq) before coerauon can resume. While haned. the
CPU executes NOPs to maintain memory refresn.

INT. interruct Recuest (input. active Low). Interrupt Request -
is generated by /O gevices. The CPU-honors a request at
the end of the current instiucuon® it the internal
schware-ccniroled nterruct enapie flio-lop (IFF) is

__enablea. INT is normally wired-OR anc reauires an external
culluo for these acoticauons.

10RQ. !nput/Cutcur Recuest {cutout. active Low, 3-state).
iGAQ incicaies nat tne iower naif o! the acaress cus tolds a
vaiid 1/O agaress ior an /O reaq or wnte operauon. IORQis
also generzieq concurrentdy with M1 cunng an interrust
acknowiegge cycie 10 Ncicate that an interrupt resoonse
vecior can ce placea on the gata bus.

NMI. Non-Maskable~Interrupt (inout. necative edge
triggereq). NMI has a Higher priority than INT, NMiis aiways
recognized at the _end of the current instruction,
ingecenaent of the stats of the interrupt enable fip-iop,
and automancaily fofces the”CPU W restanatjocavon © -
CO66H. '

RD. Read (output, active Low, 3-siate). AD indicates that the
CPU wants to read data irom memory or an /O device. The
addressed /O device or memory should use this signal to
gate gata onto the CPU data bus, .

RESET. Reset (input, acdve Low). RESET initializes the CPU
as ‘ollows: it resets the interrupt enable flip-flap, cears the
PC and Registers | and R, and sets the interrupf status ©

- Mcoe 0. Dunng resetume. the address and databusgotoa

hign-impecance state. and all centrel output signais go to
the inacuve swate. Note that RSSET must te active lor a
rinimum of three iull clock cyGles before the reset operanon
is compiete. . . iy .-

RFSH. Aeiresh (outout, active Low). RFSH, togetner with
MREQ. indicates that the lower seven bits of the system’s
acdress bus can be used as a refresh address to the
system's dynamic memones. ’

WAIT. Wait (input, acuve Low). WAIT incicates o the cPU
that the acaressea merhofy or /O aevices are not ready for
2 gata transfer. The CPU conunues o enter a Wait staie as
long as this signal is acuve. Extenced WAIT periccs can
preventtne CPU from refresning dynamic memcry prooerty.

WHR. Wiite {outout, actve Low, 3-sate). WA indicates haithe
CPU aata bus nelds vaiid cata 1o be storea atthe acoressed
memory or O lccation.



CPU TIMING

Instruction Opcode Fatch. The CPU places the contents
of the Program Counter (PC) on the address bus at he san
of the cvcie (Figure 5). Aporoxmately one-halt ciock cycie

The 280 CPU executes insirucuons by proceeding through
a specific sequence of operanons:

] - .
y B Memory read o wiita later, MREC goes active, When acuve, RD inaicates mar the
m /O device read or write memory gata can pe enablea onto the CPU Gaia pus.
T TSt T T interrupt acknowledge T Tt e T me e e CPU samples the WAIT. _input with the _falling_eqge tf
. & L : clock siate To.During clock states T3 and T, of an M1 cycte
[~ time or N | ’
... .. Tnetasicclock periodisreferred toasaTtmeorcycte.and___ Gynamic RAMTeiresh-ca uf while-the-CPU sans

tnree or more T cycles make up amachine cycle (M1, M2or- -
aecoding and executing the instruction. When the Refresh
a
M2 for insiance). Machine cycles can be extenoe_dve_rrf_gr by__Comro!_s.gnal _becomes _active rerreshmg_ of__ cynamxc
.. memory cantake place. " 77" -

“the CPU attomancally msérting one of mofe Walt states of

~ by the insertion of 6RE or more Wait states by the user =

g4

H

| 4
- _ o [P |
WaATT | f_i 7 AN |
L Va3 Ln |
- ) 2 1k —— —t@-ﬂ . - .
- .
H ’r . | l
— ey 1 3
B A S
Do=D7 — \'\ —~ N _X VALIO DATA ;( |
AFSH ' \1\ _/— )

*Tw = Wil CYCIe 300ed wnen Necessary Jof siow anciliary sevices.

Figure 5. instruction Opcoeae Feich



SOG FH ot Wy

beccmes acilive whenthe address busis stable The WR line __

_ is acive when the daa bus is stable, so that it can be used
dxrec’Jy asan RNV pulsa to most semicenductor memones.

Memory Read or the Cycles. Figure 6 shows the ummg
of memory read of wme Cy<ies offief than'd@f dpcdde fereh 7

(M 1) cycie. The MAZQ and RO signals function exactlv asin
- the fetch cycle: In a memory write cycle, MREQ also————"——— "

,/9 Ze
A

l'-_

READ .
OPERATION i r—'
EY
i
WR
WRITE ST, e~
OPERATION l . =
-y N '
Bo-07 { L, daraout .}__._

Figure 6. Memory Raad or Write Cycies

“



11O read of 1O write operaton.
TOTTTTTTTT UTCRY autormacally-insens-a-singie-Wai-siate-{Twa)Lhis

During VO operations, tne

Jnput ar Outpi Tycles. Figurer? smowsthe timingHor-aR-—extia wait state allows.sufficient ime for an ¥O_port 0 _____ . _
Hecoae the address irom the pon adaress hnes” ™ =~

= ‘SLOCK
ao-dr 1 X1 | vaupeortavomess |} J”ﬁ " i £
N i < <
2V 8 ol o
ioRa | - ! e S
B e SR AR
¥

\

-'! e ®
o
READ @ @&+~ - n— .
OPERATION ., i .
e | Py o fer —
Po=br l N——s ——lk A oavi Al
. ¢ Edd - v
| L___l
SR ——i(3
\ —® @t
WA | { '1 l-—1®~
w '": | l . '1?»—1 '
AT ST
OPERATION i € A l
7
Dg-01 —_— ] DATA OUT - —
—F

Twa 8 One wadt cyce automatically insensd by CPU.

Figure 7. Input or Output Cycles



LTSI T T interupt Request/Acknowledge Cycte- The CPU. — During.this M1_cycle. IORQ becomes—active (instead-af —
== samples the interrupt signal with the fising edge of.the last _-MREQ)to indicate that the interrupting device can place an~

r === —— - —— —-dockcycle atthe end of any instruction (Figure s 8), Wherian-—. &-bitvector ol thedaa-tus. The-CPU.automaucaHy adds—

interruot is ac:emeu—a"“‘xzr M1 c,vceé“ts*genefated—‘ =two Waitsiatestothiseycle, - - e L 0 T

t, \i’t A\ £
* _  ioRg ‘ L . Y~ I = T
. o = @~ 1~ ..'m;ﬂ‘i
waAT ] . \ F U
-~ B Ongl -l— |

~3
R e —
Do-0 iy =
0-07 e - e~ . g VAUID SATA

rd

MOTES: 1) Tu = Last state of s instruction Cycle.

2} Twa = Wt Cveie sutOmaticaiy insertes by CPU.
f

Figure 8. Interrupt Ro_quutIAcknuwledgs Cycle
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Hait Acknowicuge Cycle. Wnentne CPU receives 3 HALT  acuve and remains so untl an intesrupt is receved (Figure
\nstrucuon, &t executes NO?P siates until etner 2n INT or NMt 11). INT wilt a1so iorce a Halt exit,

nput 1s recervec. Wnen in ine Halt state. tne HALT outputis

——— g A - - = e el e mmm e e a3 - - B . o

e T e R e e T e T e e e — - — . PR S - R ——Y

- - . - *Altnougn Nl 1s an put. 10 g s Being onine 3 cycre, MNI'S Baling o0pe must ocTur no
1atee tnen Ine NUNG €0Ge Of 1he CIOCK CYCle PrUCRGINg the ias] SIS O) SNy INKINUCDHION CyTie Tk

... ..Figure 1T-Hal Acknowledge Cycle ==

. Reset Cycle. RESET must be active for at least three clock  internal T cycles are consumed before the CPU resumes
.- T cycies for théCPU to croperly accept it. Aslong as AEZSET  nommal processing operauon. RESET clears the PC register,
- - remains active, the address and data buses fioal, and the so the first opcode fetch will be to locauon 0C00H

centrol cutouts are mastve. Once RESZT goes inactive, two (Figure 12).

Ao—Aas l ;E___{L £ .
< o
~ { R FLOAT
-= Do=07 z j'_"
- ) — D) %—-—-
T / | S
MAED.
Ro. WR j 75
Arss. ////1// \
BUSACK
HALT

.- Figure 12. Resat Cycle



AC CHARACTESISTICS?

.

Z308 CPU

230 CPU Z30A CPU Z80H CPU
Numpoer Symopol _ Parameter - in  Max Min  Max Min Max Min Max
] TeC Cicck Cyca Time 400" 250° 165~ 125°
2 TCh Clocx Puise Wictn (High) 180 2000 ‘110 2000 65 2000 S5 2000
3 W " Clock Puisa Wigth (Low) 180 2000 110 2000 &5 2000 55 2000
s TC Ciock Fall Time 20 23 20 10
5 TC Clock Risa Time ” 30 30 20 10
6  TcCiHA) Clock t 1o Agdress Valid Delay 145 110; %0 80
7 TOAMREQN)  Adcress Valid to MAZQ ¢ Deltay 125° 65" 35 20"
8 — TCCYMRERN-- —ClockHo MAEQ ¢ Delay ~ -~~~ =~ ===~ 100~ -85 ~— [0~ " 60— .
__ 9 TdC{MREZQn  Clock tioMREQ t Deiay 100 85 .70 50
" 10 TwMREGQH MREQ Puise Wigeh (Hign) "~ ir0c T T T 1i6¢ 5" a. L
M- TWMRECI ___ MREQ Pulse Wiath (Low) . 360°. T 2207 . 13T ... _-3001_ . . .__._
12 TCCHMREQR — Clock dlo MAEQ tDelay PP - s\\ 7 )
13 TCKRODN Clock + o &D & Deray 130 95 80. 70
"4 __JEGHRCN) T Clock tHo R0 D2y | cpmm oo -, 100 S5 5 -70 60 -
1$7°7Ts0C) 7T T Data Setus Time to Ciock ¢ =0 s 20 30
s 16 ThOD(EDr) .  DataHoid TimetwoRDt 0 0 0 0
A7 -TsWAIT(C)  WAIT Setuo Time 1o Clock b 7007 10 T80~ - 50 i
18 ThWAITICS WAIT Hold Time after Clock 4 0 0 ] 0
19 TaCoMiy .Clock t 1o M1 ¢ Detay 130 100 80 70
20 TCCHM1) ~  Clocktio M1 t Delay 120 10 80 70
21 TdCH{RFSHN iock tto AFSH ¢ Detay 180 130 110 - e
22 TcCARFSH)  Ciocktio AFSHt Deway ~ 150 120 100 85
23 - TeCHADY Ciock bt ] 110~ = 8 .- 707 “60
24 TeCrRDY - Clock 10 5D 4 Detay 100 85 70 60
25 TsCiCH Data Setuo o Clock § dunng Mo, Mg, 60 50 40 20
. Mg, or Mg Cycles
26 - TeA(ORQH) Address Stzote orior 19 IORQ ¢ 30 T et . 1o 75 -
27 TeCH{ICRQS Ciack 13 [GAG ¢ Delay 0 73 & 55
28 TdCHIORAY)  Clock +10ICAQ t Delay 110. a5 70 80"
29 TcCMWRY Data Stagte cror 1o WA + 150° 80° 25° 5
36 TCCUHWAN Clock $to Wh ¢ Deizy =) 20 70 60
31 TWWR” WR Puise Wicth 38507 220° 135 100*
2 TeChwAn Clock bio WA t Detay | 1c0 80 70 60
33 TeowRy Data Stacle oror 1o WA + 20° -ic° -35° s5°
34 TCTHNRD Clock tto WA  Desay 20 €3 &0 5
35 TowRdD) Cata Stacle from Wh ¢ 120° §0° 20" 157
35 TeCiHAU Clock Ho AALT tors ace 200 280 2235
37 TwNMI NMI Puise Wicth 80 &0 70 80"
38 TsBUSRZQICY) SUSRAED Setuo Time to Ciock t 80 50 0 40

TGr C:0CK CeNoas ciner than te mimimurms Snown, CAIC3te DAraMeters USING 18 a0 on me Giowing Sage. Caicutates vaiues aoove
Assumea T » TIC « 20ns.
TURTS in rancsecznes ().



- AC CHARACTERISTICST (Conunued)

ZsoCrU 2B0A CPU 280B CPU ZBOH CPU

A Number Symbol Parametor Min  Max Min  Mex T Min  Max  Min Max
39 _ThBUSF’.EQ(C.’) SUSAZQ Hotd Time aher Clock 1 0 [} 0 0
20 TcCHSUSACK) Clock 1o BUSACK ¢ Desay 120 100 %0 20
'—'" =41~ —TeCHBUSACKr) ~Ciocich to BUSACK-Delay 100 100 50 80
2 TCCHD2) Clocs 110 Data FloatDeiay_ % s0 g0 T
o - e3  TdC(CTz) ~  Clock tto Contol Outputs Float Deiay - - o T T8t - TO - - 8
- T e e e (MREQ,JORQ,AD.andWR) 2o . 2 . .l T - -
Clock 10 Agaress Float Delay == - 80" prnt—CCHE [+ RO
RSt 0RO ADtand WAt 1607 20° .
. Acaress Hold Time ~
) T TSRESEMCY, T RESET toClockt Sewp Time = 60" - 80 __ 45,
47  ThRSSET{CH)  PESETtoClock tHold Time - ; 0 0 o 0
a8 TsINTHCH TNT 1o Clock ¢ Selup Time - 80 _ 80 70 35
- 49 ThINTCH TNT to Clock ¢ Hold Time : ¥/ go 0o . TTT o e T
- 50 TMI(IORQN  Mi4101ORQ + Detay 220° 555° " 385° 270°..
51  TCCHIORQN  Clock$1010AQ ¢ Delay f 110 es 70 0
52 TdCIGORQY _ ClocktiOAQ ¢ Delay .10 &5 70 50
53 TdCKD) Giock 4 10 Data Valid Delay " 230 150 130 0 s
- For cocxk Denoas oiner INan e Mrkmums snown, caiculate parameters using ine i.o_l‘wng tapie. Caicutatec vaues aoove
2ssumed TC = TIC ~ 207 5 : et memeee
N tUnrs in nanoseconas (ns). ra "
FOOTNOTES TO AC CHARACTERISTICS Y il 3 o 4
* “Number Symbol General Parsmeter - 280° 280A 2808 280H
1 T FwCh = Wl + TC + TIC 4
7.  TAAMRZQDH FWCh + TIC -75 -& -50 -45
10 TWMAZOh wCh + TIC - 30 -20 -20 <20
I TWMAEQ! TeC ] - 40 -30 -30 -25
. % TAA{IOROY) TeC - 80 -70 -55 ~50-
28 TCOWR) TcC Za10 - 170 -140 -120
3 TWWR TeC - 40 - 30 -30 -25
33 TAO(WR) TWCl + TC - 180 - 140 ~140 -120
35 TaWR(D) WG+ TC - 80 -0 -3 -50
45 TACHA) Wl + TC - 20 -30 . -30 -45
50 TAM1{IORQN 27 + wCh + TIC - 80 -85 -50 —25
’ 22 7est Canoons:
Vi = 20V Vou = 1.5V
Vy = 0.8V Vg, = 1.5V
Ving = Voo =08V FLOAT = =05V

VG = 045V



ABSOLUTE MAXIMUM RATINGS

Venzges on ail cins wath rescect to ground .

Cceraung Amcient
TEMISABUIE oo veevennnnns See Crdering Infcrmanon

CraGe Temceralure . ... ... -63°Cto +150°C

..0.3Vio +7V

Strasses grearer inan Mose isied unaer ADsoiute Maxynum Ratngs mav
cause cermanent camage fo ine cewice. This i$ a stress raung cniv;
coeranon cf e gewce at any CoNCIon aoove nese nciCated m ine
coerasonal seczons of nese soecficaucns is Aot imoued. Sxscsure ©
ansciule Maxumum NG ConGions fof extences Tenoas May arec
cevice renaoibty..

STANDARD TEST CONDITIONS

The CC Characierisucs and Czapacitance secucns delow
acciy or the loliowing sizngard iest conditions, unless

ierwise noted. Allvchages zre reierenced to GND (0V: —

“P"vae current flows into the referenced pin.

All ac oarameters assume a load cap:—:cifance of 100 gi. Add
15 ns delay for each £0 pfincrease in loaa up to amaxmum
of 266-pi-for-the-data bus. ACliming-measurements are —
referencea 10 1.5 voits {except for ciock. wnich is referenced

‘Avanatie operaring temperaiure (anges-arel-—-

—\ % tné 10% and °0% pcmzs)

en N rt .

I S“O“C 0 +70°" 1_~'73V_<_V_—<4-5‘25V

-y, o s £

%€= 7—-0""‘0 ;a«-c +4, 7=v< Voo & fs 25V
{o + .2:°C +4. :V<ch< +525V

" Tre Orcenng lnrormanon secuon lists temperature ranges

ang produc: numpers. Package drawings are in the
Package iniormation secton in this Book. Refer to the
Lierature List for agaional cocumentaton. -

DC CHARACTERISTICS
All parameters are tesied uniess chenvise notea.

Symool Parameter - Min Max Unit Test Congdition
Viee Clock input Low Vettage * -0.3 0.45 v
Vipg iock Input Hign Valtage 4 Vec--6 Voo .3 y - — e e
Vi 77 Inputiow Voltage S -a3 0.8 v
Vg _ Inout Hign Voitage - 20! Vee V.
Vo Quicut iow Voage - 0.4 v igL=2.0mA -
YeH Outout Hign Ycitage 2.4 v loH= ~250pA
‘e Power Sucgty Current N 200 mA Note 3
iy Ingut Leaxkage Current 10 A Vie=0OtoVes
o 3-State Cutcut Leakage Currentin Ficat -1i0 102 A Vour=0.4to Voo
1. For mutary grace cans. rater 12 ine 220 Maiary £lecincal Scecincanon.
2. Avgetn, Do, MRTS. ORG, RO, ano WA.
3. Measurements mage win cuiouls Ssanng.
CAPACITANCE
Guaranteeg &y gesign 2nC characienzauon.
Parameter Min Max Unit
Cisck Copacuance 3s of
ingut Casacuance ot
15 ot

Qutzut Capaciance

50

s

- 1=
SASWES TS (elurneq 12 Zrcung.



ORDZERING INFORMATION

' 280 CPU. 2.5 MHz

Z80B CPU, 5.0 MHz

£0-pin DIP 44-pin LCC 44-pin PCC 40-ptn DIP 44-pin PCT
ZB400 PS ZB40OLM® - Z8400VSt ST 784008 PS 284008 VSt
TTTTTTZBA00°CST T T JZBR00 MBSt T LT I TTTITIZBAOCECSTTIL T T T -
7B200 PE 284008 PE
Z8400CE - < : - -
Z8400CM* Z30H CPU, 2.0 MHz
78400 CM8* TTR Tm e o- - 40-pin DIP 44-pin PCC
Z8400 CMJ” - e == eo—< ZB4OOHPS -+ ZB4OOH VSt
1y = _Z80A CPU, 40 MHz.: ...z =
-~ 40-pin DIP: 44-pin LCC ~  -44-pin PCC  ES-om I
Z8400A PS ZB40DA LM~ Z8400A VSt I- A
ZB400A CS ZB400A LMB"t =~ -o B\ ——— I e - | T
ZB400A PZ - -
ZB400A CE * : et \WW=—F5 710 7% = -
ZB4A0OA CM* = i
28400A CMB”
ZB400A CMJ*
Codes - T_'_-_ I - 4
Firstiener is for package; secor)d lener is for temperature. = - RS & et
C = Ceramic DIP *T oz TuRT D2 Prowopack < -
P = Plastic DIP T -7 . T = Low Profile Protcpack - -
L = Ceramic LCC ' - . = DIP_= Duakin-Line Package - =
V = Plasuc °PCC o G -m | eadiess Chip Carner T
PCC = Plasuc Chip Camer (Leaded) - =S

TE?AFERATURE .
S =0°Cw +7C°C

Z = —-40°Ctio +83°C

M*= ~35°Cto +13128°C.

° For Minary Oroers, refer 1o tne Milrary Secuon.
TAvalaoie soon.

T I FLOWL
"B =323Class8
J = JAN38510Class B
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- HE6900(RC)  HT220 Ompi =2

H4462 H44638

H8096 H8002

“R6391

R9763

R9763-3

Motorola Radios
Alexander Radio
PartNumber Model Number
Alert Monitor

J-i'

HB900B (AC) HT220 Omni
HE682(SC) ~ HT220 Slimline

H6899(RC) HT220 Slimline

H7401(SC)  HT440
H7694(RC)  HT440
H4583(RC) HTB00
H4563(SC) HT600
H4584(RC)  HT600
H4585(RC) .. ~'  HTE00
H4588 (SC) HTSOO

MH10, MH70
MH10, MH70
MT500 Slimline

® 144538 (RC)  MT500 Omni

Original
Part Number
NLNB8047A, 60-82132J01

Expo Light Duty  NLN7161A,60-5261L01
Expo Medium Duty NLN7162A, 60-5261L02°

NLN7434A, 60-5928J02
NLN7435A, 60-5928J04

BA4, BP2946, 403525~

NLN6899A, 60-84641HO1,
-403941

NLN7401A,60-5928J03
NLN7694A, 60-5928J01
NTN4583A, 60-60930L02
NTN4563A, 60-60930L03
NTN4584A,60-60930L04
NTN4585A, 60-60930L06
NTN4588A, 60-60930L05
NLN8002A, 60-82324.J01
NLNBOSEA, 60-82387J01
NLN4462A, 60-5737€01
NLN44638, 60-5742E01

H4822(RC)  MTX800,MT1000 NTN4322A,60-60930L11
H4824(RC)  MTX80C,MT1000 NTN4824A,60-60930L13

H40028 (RC) MX300 Series
H8834C (RC) MX300 Series
H9998 (RC) ~ MX300 Series
H5860(RC) MX300Series

HS320(RC) MX300Series

H9726 (RC)  MX300R Industrial NLNS7268, 60-60930003

R6S PT200/PT300
Res PT400

H4326 STX

H4327 STX

_GE Radios

Re391 MPI(2Watt
R6393 MPI(4 Watt)

R9763(Gray) MPRMPS
R9777 (Gray) MPRMPS
R9763-3 (Black) MPX
R9777-3(Black) MPX
R2556 PE/PY, MPV
R5224 PE/PY, MPV

NLN40028, 60-5201E£03
NLNB834C, 60-5201E06
NLNSS988, 60-5201€E08
NLN58608, 60-5201E05
NLNB835A, 60-5201£02
NLN53208, 60-5201E04,

NLNG6267A, N65

Voits/ Dimensions

Capacity {Inches)

9.6v/450mah 2.66x1.35x1.20
7.5v/250mAh  2.57x1.00x1.71
7.5v/S00mAh  2.57x1.00x2.35
12.0v/S00mAh 6.34x0.75x2.57
12.0v/S00mAh 6.34x0.75x2.57
14.4v/500mAh 2.82¢1.33x2.84

10.0v/200mAh 2.88x1.30x2.15

15.0v/200mAh 2.76x0.76x2.18

12.0v/SQ0mAh 6.34x0.75x2.57
12.0v/500mAh 6.34x0.75x2.57
10.0v/250mAh 2.83x1.39x1.76
10.0v/600mAh 2.63x1.39x2.46
10.0v/600mAh 2.63x1.39x2.46
10.0v/300mAh 2.63x1.39x3.09
10.0v/900mAh 2.63x1.33x3.09
12.0v/S00mAh 5.66x0.68x2.50
12.0v/500mAh 5.66x0.68x2.50

-15.0v/225mAh 2.76x0.76x2.18

15.0v/500mAh 2.76x1.27x2.18
10.0v/600mAh 2.63x1.39x2.46
10.0v/300mAh 2.63x1.39x2.09
7.5v/500MAR  2.74x1.42x1.47
7.5v/700mAh  2.74x1.42x1.86
7.5v/850mAh  2.74x1.42x2.41
7.5v/1250mAh 2.74x1.42x3.60

7.5v/2000mAh 2.72x1.42x4.60
7.5v/1200mAh2.84x1.80x3.70

13.2v/1000mAh 7.30x1.46x3.09

NUN64Q8A, 60-83420001 14.4v/4000mAh 7.94x3.22x2.58

NTN4326A, 60-6093G01

7.5v/850mAh  1.42x2.73x2.47

NTN4327A,60-60930G02 7.5v/1250mAh 1.42x2.73x3.75

190900638G1,
190900639G2
190900639G3
190429763G1
190429777G1
190429763G3
19D429777G3
190413522G1
190413522C4

SC: Standard Charge RC: Rapid Charge

7.5v/450mAh  2.48x0.78x2.31

10.0v/450mAh 2.46x0.78x2.99
7.5v/750mAh  2.70x1.55x2.20
7.5v/1200mAh 2.70x1.55x3.55
7.5v/750mAh  2.70x1.55x2.20
7.5v/1200mAh 2.70x1.55x3.55
7.5v/600mAh  2.50x1.40x1.94
7.5v/800mAh  2.50x1.40x2.18

Factory Mutual and other intrinsically safe batteries an page 15.

See back cover for authorized representative in your area.




GE Radios (Continued)

Alexander Radio
PartNumber Model
R20918 Porta Mobile
R2092 (Insert) Porta Mobile [l
R7815 (Complete) Porta Mobile It
R815 PR Series
S312T Voice
Commander

Aerotron Radios
H156 =

H6761 —
H6682 —
R817S(RC) Pac-1
R817(SC) Pac-1
H2978(RC) Pac-lt

Original
PartNumber
198209138P3,
418004KDG6,
41B0388A00301
19A134172P1
19D417815G1
19C317000G1
198201887,
400701-29,
418001H002°

8TM2M44
BAG
BA4

40520827015
4052-0827-016

Volts/
Capacity

Dimensions
{Inches)

12.0v/2200mAh 2.50x2.05x825

10.0v/4000mAh 3.87x1.30x6.85
10.0v/4000mAh 4.53x1.65x7.98

7.5v/1200mAh
3.6v/1200mAh

12.4v/S00mAh
15.0v/450mAh
15.0v/200mAh
12.0v/450mAh
12.0v/450mAh
10.8v/450mAh

Autophon Radios (See International Radios Page 14)

Bendix/King Radios

RA100 (PH2023-00,
LPH2023-01,
LPH2023-02,
LPHS023A,
LPH2142A,
LPH5140A,
LPH5141A,
LPH51424,
LPX2101A

RA105 LPH2023-00,
LPH2023-01,
LPH2023-02,
LPHS023A,
LPH2142A,
LPH5140A,
LPHS141A,
LPHS1424,
LPX2101A

LAA1C0

LAA105

10.0v/500mAh

10.0v/800mAh

Bosch Radios (See International Radios Page 14)

EF Johnson Radios
5R225T —
RA1058(Brown)  —
5CHS00(Takes2) FMS40,
Messinger 109
8AAP (Insert) FMS547,733
R733-10 FMS47,733
R733-12 FM547,733

503-0003-001
40070349 -~
403410
503-0002-018

1239-0128

503-0002-003
023-3413-004,
418020AJ00801
023-3413-001
023-3413-003,
41B90SKD136,
801-003-068

SC: Standard Chﬁrge RC: Rapid Charge

Factory Mutual and other intrinéically safe batteries on page 15.
See back cover for authorized representative in your area.

6.0v/250mAh
10.0v/800mAh
6.0v/500mAh
10.0v/S00mAh

10.0v/S00mAh
12.0v/S00mAh

3.95x1.08x3.10
0.88x4.85

3.27x1.62x2.34
2.76x1.27x2.18
2.76x0.76x2.18
2.60x1.422.21
2.60x1.42x2.21
2.36x0.85x3.96

2.54x1.50x1.70

2.54x1.50x2.94

1.03x1.72

2.54x1.50x2.94
1.45x1.34x2.03
1.99x0.55x4.34

2.72x0.68x5.51
2.72x0.68x5.51

RA100

RA105




R1012B H155

H156-10

G18

H8153-S.

EF Johnson Radios (Continued)

Alexander
Part Number
7AAP-1 {Insert)
R4047

R577

R578

A588

R590

A594

R817

R817L

R819

R2442

Radio

Model

FM548

FM548
FM577(2Watt)
FM577(4 Wat)
FM588

FM590

FM594
FM617,545

. FM617,545

FM817,545
X

Original
PartNumber
023-4047-001
023-4260-004
023-4260-005
023-4260-009
023-3275-001
023-3533-002

022-3802-005
023-2442-710

Voits/
Capacity
10.0v/S00mAh
10.0v/500mAh
10.0v/500mAh
10.0v/750mAh
12.0v/500mAh
7.29/450mAh
7.2v/1200mAh
12.0v/450mAh
12.0v/600mAh
12.0v/650mAh
7.5v/500mAh

Ericsson Radios (See International Radios Page 14)

Federal Signal Radios
R10128 1010/9010
(Binding Posts)
R1012H 1010/9010
{Snap Terminals)
Ri012W 1010/8010
(Wire Leads)
H185 a
H156 HVP-11,HVP-7
H156-10 HVP-11,HVP-7
R3817(SC) HVR-500,
HVP-150, HVP-50
R817S(RC) HVP-500,
HVP-150, HVP-50
R817L(SC) HVP-500,
HVP-150, HVP-50
R819(RC) HVP-500,

HVP-150,HVP-50

Genave Radios

G18
H8153-8

1585-8-112,

Dimensions
(inches)
2.52x0.55x3.80
2.73x0.60x5.49
2.27x1.89x2.73
2.27x1.89x3.05
2.27x1.89x2.73
227x121x2.55
2.27x1.89x3.05
2.60x1.42x2.21
2.60x1.42x4.10
2.60x1.42x4.10
3.13x2.20x0.69

12.0v/1200mAh 4.57x1.93x1.94

418001KD36-1,N86

155-8-112.
1558112
1558111

R156-1
R0O05-1

R066-1
RR102-1

RR103-1

GHTPSH18
PS132

12.0v/1200mAh 4.57x1.93x1.94

12.0v/1200mAh 4.57x1.93x1.94

12.0v/800mAh
14.4v/S00mAhQ
12.0v/500mAh
12.0v/450mAh
12.0v/450mAh
12.0v/600mAh

12.0v/650mAh

10.0v/500mAh
Q.SVISOQmAh

Hallicrafter/Redicom/KokusaiRadios

HC100 HC100

5R225T —

R157 HC400

Henry/Tempo Radios
* H4250 £M-MRU-3

CS15(Insert) FHM15

CS15P FMH15

P8000 FMHS, FMH42

H2978 FMH44

H8250 S-1

XF817
XF7211
150-015742-001

MR3,406293-11,
41B019AB008G0
CS15,8N-450AR
B1-P

8P2 (Tempo)

S-1

IEC (Sab-Harmon) Radios

R608(SC)

R609{RC)

1EC-100,
LE-1000
IEC-100

02-165852-1

02-165852-1

SC: Standard Charge RC: Rapid Charge

12.5v/500mAh
6.0v/250mAh
12.5v/450mAh

4.8v/250mAh

9.6v/450mAh
9.6v/450mAh
12.0w/S00mAh
10.8v/450mAh
9.6v/250mAh

10.0v/600mAh

10.0v/600mAh

Factory Mutual and other intrinsically safe batteries on page 15.

3.36x1.40x2.07
3.27x1.622.34
3.27x1.622.34
2.60x1.42x2 21

2.60x1.422.21
2.60x1.42x4.10

2.60x1.42x4.10

2.25x121x2.43
2.08x0.58x24.33

2.84x0.77x4.70
1.03x1.72
2.47x1.25x2.08

2.24x0.60x1.29

1.36x1.36x2.25
1.40x1.40x2.25
2.24x0.68x5.90
3.26x0.85x2.36
2.24x1.20x1.29

'2.77x1.46x2.20

2.77x1.46x2.20

See back cover for authorized representative in your area.



e

IcomRadios

Alexander Radio

Part Number Model

CM2 H Series,'U Series

CM3 H Series, U Series
{wall & DC)

CM5 H Series, U Series

CM5A H Series, U Series
(Wall & DC)

CM7 H Series, U Series
(Wall & DC)

CcM8 H Series, U Series
(Wall & DC)

CM10 H Series, U Series
(wall & DC)

CM13 H Series, U Series
(Wall & DC)

CM18 H Series, U Series
(Wall & OC)

Kenwood Radios

KNB-1 (Insert)
R562t

TK200, TK300
TK200, TK300

King (See Bendix/King)-

Original

Part Number
IC-8P2,1C-CM2
IC-8P3,IC-CM3

1C-BPS,IC-CMS

IC-BPSA, IC-CM5A

IC-BP7,1C-CM7

IC-8P8,1C-CM8

KNB-1
KNB-1

Volts/
Capacity
7.2v/450mAh
8.4v/250mAh

10.8v/450mAh
10.8v/450mAh

13.8v/450mAh
8.4v/800mAh

9.6v/1100mAh
8.4v/1300mAh

7.2v/1800mAh

10.8v/430mAh
10.8v/490mAh

Kokusai Radios (See Hallicrafter/Redicom/Kokusai)

Marconi Radios

H156 Marconi
H2978 (RC) Marconi
R817(SC) Marconi

) DP44, DP45,DP46
Midland Radios
R7008 (Insert) Midland
R7012(Insert) Midland

DP15,DP85
oPes
DP2,DP41,DP42,

R70-B08
R70-812

14.4v/S00mAhR
10.8v/450mAh -
12.0v/450mAh

7.5v/800mAh
7.5v/1200mAh

Philips/PYE Radios (See International Radios Page 14)

Plectron Radios

PsS
P45

P2233
P333
P9450

P2333
GB610 (Takes 2)

500,700

P-1

P-1

P8000 Series
(P8150,P8160,
P8190, P8200)
PSK,TE4
R18B5

Factory Mutual and other intrinsically safe batteries on page 15.
See back cover for authorized representative in your area.

54-6008
41B001KD26G1
§4-5568

42-8152
54-7014,84-7014
54-8381, *
406389

42-3258

. SC: Standard Charge RC: Rapid Charge

12.0v/1000mAh
10.8v/1000mAh

12.0v/1000mAh
10.8v/1000mAh
10.8v/450mAh

13.2v/1000mAh
6.0v/900mAh

Dimensions
(Inches)
2.55x1.42x1.68

2.55x1.42x1.68

2.55x1.42x2.36
2.55x1.422.36

2.55x1.42x3.28
2.55x1.423.28
2.55x1.42x4.32
2.55x1.42x6.16

2.55x1.42x6.16

2.03x0.68x3.32
2.35x0.83x3.92

3.27x1.62x2.34
3.96x0.85x2.36
2,80x1.422.21

1.99x1.36x1.95
3.24x2.52x122

5.82x2.15x1.09
5.82x2.15x1.09

3.54x2.05x2.14
3.54x2.05:2.02
4.01x1.37x1.33

3.54x2.05x2.14
1.65x1.99x1.99

CM8 CM10

R7008

R7012

‘.
LMy

BP4W




H7152-p

H7152F-P

RCA Radios

Alexander Radio

Part Number Model

Re4 —

‘H156 Persanalfone 150
R760 Personalfone 450
R707(SC) Tac-Tek
R747C(RC) Tac-Tek

R747C-3(RC)(Black) Tac-Tek 15

Original

Part Number
942744
940963
37207860,
418905LD08G1
1559707C
1559747C

RF Communications Radios

H6682(SC) RF2810 RF2842, RF2861
H6899 (RC) RF2810 RF2898
HE761(SC) RF2822 RF2863
H6900 (RC) RF2822 RF2899

Volits/ Dimensions
Capacity (Inches)
14.4v/500mAh  2.80x2.80x1.32

14.4v/500mAh  3.27x1.62x2.34 .

15.0v/500mAR  2.76x1.26x3.06

10.0v/800mAh  2.50x1.51x3.19
10.0v/800mAh  2.50x1.51x3.19
10.0v/800mAh  2.50x1.51x3.19

)

15.0v/200mAh  2.76x0.76x2.18"

15.0v/200mAh  2.76x0.76x2.18
15.0v/450mAh  2.76x1.27x2.18

15.0v/450mAh

Redicom Radios (See Hallicratter/Redicom/Kokusai)

7.2v/450mAh

11.7v/S00mAh

—

2.76x1.27x2.18

3.37x0.70x1.37

2.17x0.71x3.43

14.4v/500mAh  2.80x2.80x1.32
13.2v/1000mAh 6.05x2.20x1.38
12.0v/500mAh  2.29x0.67x5.66
12.0v/S00mAh  2.29x0.67x5.66
12.0v/450mAh  2.60x1.42x2.21
12.0v/450mAh  2.80x1.42x2.21
12.0v/600mAh  2.60x1.42x4.10
12.0v/850mAh  2.60x1.42x4.10
14.4v/500mAh  3.27x1.62x2.34
6.0v/500mAh  2.70x0.58x2.06
9.6v/500mAh 2.08x0.58x4.33
9.6v/S00mAh  2.08x0.58x4.33
9.6v/500mAh  2.08x0.58x4.33
9.6v/800mAh  2.05x0.68x5.22
'9.6v/800mAR  2.05x0.68x5.22
7.2v/500mAR 2.08x0.58x3.30
7.2v/500mAh  2.08x0.58x3.30
7.2v/800mAh  2.05x0.68x3.95
7.2v/800mAh  2.05x0.68x3.95
7.2v/i800mAh  2.05x0.68x3.95
8.4v/500mAh  2.08x0.58x3.80
8.4v/S00mAh  2.08x0.58x3.80
8.4v/800mAh  2.05x0.68x4.60
8.4v/i800mAh  2.05x0.68x4.60
8.4v/800mAh 2.05x0.68x4.60

Regency Radios

H6702 CC-492, TRPH102, 41B025AG00101
MA702.TRPU102

BP4W Mini-Comm 182 MA18/U
HHA400, HH2500

Repco Radios

R64 Clamshell 810-188-01

R816 Mabile Part 816-007-01

H8006 (SC) PC400 821-006-01

H8007 {RC) PC400 821-007-01

R817(SC) RPX450, 817-005-01
Tek10-2,RP1010

R817S(RC) RPX450, Tek10-2,  817-066-01
RP1010, Sprint .

R817L(SC) RPX450, 817-125-01
Tek10-2,RP1010 ‘

R819(RC) RPX450, 817-124-01
Tek10-2,RP1010

H156 Tek10-8 810-156-01

Ritron Radios

SAAP-P RT-15 “Jobcom” —

H8153-P RT-125RT-50,RT-153  BP-8NM

H8153-S RT-125RT-50,RT-153  BP-8N

H8153-C RT-125RT-50,RT-153  BPE-8N

H8153F-P RT-125RT-50,RT-153  BP-FENM

H8153F-S AT-125RT-50,RT-153  BP-FaN

H6151-P RT-151°C,"RT-450 BP-6NM

H6151-S RT-151*C,"RT-450 BP-6N

HE151F-P RT-151*C,"RT-450 _BP-FENM

“HE151F-S RT-151C,"RT-450 BP-FEN

HE151F-C RT-151°C,"RT-450 BPE-F6N

H7152-P RT-152,RT-154, BP-7NM
AT-450"8"

H7152-S RT-152,RT-154, BP-7N
RT-450 "8°

H7152F-P RT-152, AT-154, BP-F7NM
RT-450 8"

H7152F-S RT-152,RT-154, BP-FIN
RT-450 "8°

H7152FC RT-152, AT-154, BPE-F7N
RT-450°B"

S2/450RL RT-156

41BK25AC0040 12.4v/450mAh  0.68x2.23

S: Snap Connector, P: Plug connector, RL: Radial Leads C: Contact At End
SC: Standard Charge Battery RC: Rapid Charge Battery
Factory Mutual and other intrinsically safe batteries on page 15.
Qaoa Back caver 1Ar A1 i1tRariron ramencomtotirm e 1o oo o o



SEL Radios (See International Radios Page 14)

Shinwa Radios (See International Radios Page 14)

Sonar Radios

Alexander Radio Original Voits/ Dimensions

PartNumber Model PartNumber Capacity - (Inches)

3CH500 2305 37-030-006 3.6v/500mAh  0.55x5.8% s
3CH450/T (Takes 4) — 37-030-011A 3.6v/450mAh  0.63x3.19 %
H2920 — 8P2920 15.0v/500mAh  6.64x0.63x2.39 =YR3CH500 %
H2978(RC) —_ BP2978 10.8v/450mAh  3.96x0.85x2.36

Standard Radios

8P4 (RC) 831S-6 -~ 12.0v/500mAh  1.19x2.24x2.84

BP7(SC) 831S-6 — 12.0v/S00mAh  1.19x2.24x2.94

R810S-2(Snaps) 831S-6 8P2,SC-UPB-1 12.0v/S00mAh  1.19x2.24x2.94

BP11 834S,734L,HX300 BP11,CNB2 11.0v/450mAh  2.32x0.93x3.95

Storno Radios (See International Radios Page 14)

Telefunken Radios (See International Radios Page 14)

]

Tempo (See Henry)

w

Thompson CSF Radios (See International Radios Page 14}

FTC2203,4703

R810S-2

BP7 BP4 BPI1

Wilson Radios
P8000 — BP2-W, 406180-011 12.0v/500mAh  2.24x0.68x5.50
BPAW APX500 BP4,BP4C,406551, 11.7w/500mAh  2.17x0.71x3.43
41B025AK00201,
. 41B025AK00501
BPSW MH200 BP5,BPS5C 7.2v/450mAh  2.02¢1.36x1.13
41B025AG00301
9/450-1 — BP3-C 12.0v/450mAh  2.05x0.69x4.00
Other Radios .
BP4W Advanced Video — 11.7v/500mAh  2.17x0.71x3.43
H5250 Bachrach .- 6.0v/250mAh  2.71x0.57x1.20
H156 Comco 802 802-COM-PAK-Il  14.4v/500mAh  3.27x1.62x2.34
B8P4W Comm-panion — 11.7v/500mAh  2.17x0.71x3.43
CP0510,CP0500,
CT0520
BPSW Dixcom1500(2 Watt)— 7.2v/450mAh  2.02x1.36x1.13 H5250 G2100
4500 (4 Watt) . :
H156 Dumont DH300, — 14.4v/S00mAh  3.27x1.62x2.34
KAARDP-15 .
G2100 General Time 41B901BD0SGT  2.4v/100mAh  0.56x1.31
(Set back thiermostat) P-63713
H12600 Hy-Gain 3506 12.0v/600mAh  3.35x0.83x4.47
(Specity white, beige, blue/gray)
BPAW Maxon CA-1450 11.7v/500mAh  2.17x0.71x3.43
P8000 Pace 152 - 12.0v/500mAh  2.24x0.68x5.90
9/450-1 Tampaphone T-165MX 12.0v/450mAh  2.05x0.69x4.00
BPaW Uniden{Forcs) APU42 11.7v/S00mAh  2.17x0.71x3.43
G2100 White Rogers 41B9018D0SG1 ~ 2.4w/100mAh  0.56x1.31 :
(Set back thermostat) 145-0650 H12600 H12600 H12500
BP4W YaesuFTC2003, FT20TR 11.7v/S00mAh  2.17x0.71x3.43

SC: Standard Charge Battery RC: Rapid Charge Battery

Efactory Mutual and other intrinsically safe batteries on page 15.
See back cover for authorized representative in your area.
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AB17L A608

Non-Rechargeable Radio Ba

tteries

Whether your needs require longlasting mercury, economical alkaline or
even lithium batteries, you'll find Alexander Batteries to match your needs,
Ifyoudon't find the battery you need listed below, call your representatwe

We may have added it recently.

Alkaline Batteries
Motorola Radios
.- Alexander Hadio
PartNumber , Model
H534 HT200
H423 HT220, MT500
Slimline
H568 HT220, MT500
Omni :
A7401 HT440
A4590 'HTE00
A7435 HTS0
H5002 MH10, MH70
A8835 MX300'Series
A6 PT400
GE Radios
A9763(Gray) MPR, MPS
A9763-3(Black)  MPX
A9777 (Gray) MPR, MPS
A9777-3(Black)  MPX
A2556 PE,MPV
A2556D PE,MPY
EF Johnson Radios
A733 733
A577 FM577
- AS88 FM588
ABITL FM617,545
RCA Radios
A760 Personalfone 450
A156 Personaifone 150
A707 Tac-Tec
Repco Radios
A156 Tek10-8
AB1TL APX 450, Tek 10-2,
RP1010
Other Radios _
AA1CE Bendix/King
A817L Federal HVP50
AB08° IEC-100, LE-100
CM4 lcom H Series,
U Series
A14309 Philtips PFX85
A323 Wilson
Mini-Comm 1&11

Original
PartNumber
NLN6477,

Volté?Capaciry
18.0v/2000mAh

60-83624C01, 303620'

303752

NLN7212A,

60-5460J01,303858
© 15.0v/1800mAh

NLN7883A,
60-5943J01
NTN4590,
60-60-936E01
NLN9I876A,
60-5943J02
NLN8470,
60-83062J01

NLNS5204A,

.60-5692G01

Double Capacity

18.0v/1800mAh

15.0v/1800mAh

12.0v/2100mAh

15.0v/1800mAh *,

15.0v/2000mARQ

9.0v/4200mAh

18.0v/10000mAh

9.0v/1800mAh
9.0v/1800mAhQ
9.0v/4200mAh
9.0v/4200mAh
9.0v/1800mAh
9.0v/4200mAh

15.0v/1800mAh
12.0v/1800mAh
15.0v/1800mAh
15.0v/2100mAh

18.0v/1800mAh
18.0v/2100mAh
12.0v/2100mAh

18.0v/210CmAh
15.0v/2100mAh

13.5v/2100mAh
15.0v/2100mAh
12.0v/1800mAh

IC-BP4,IC-CM4,1C<09.0v/2000mAR

12.0v/1800mAh
16.5v/750mAh

~

See back cover for authorized representative in your area.

TR T O@ETW A reameea e

Dimensions
{inches)
2.85x121x2.78

2.76x0.76x2.18
2.76x1.27x2.18
6.34x0.75x2.57
2.63x1.39x3.09
6.34x0.75x2.57
2.50x0.68x5.66

2.74x1.42x3.60
7.94x3.22x2.58

2.70%1.55x220
2.70x1.55x2.20
2.70x1.55%3.55
2.70x1.55x3.55
2.50x1.40x1.94
2.50x1.40x3.44

2.72x0.68x5.51
2.27x1.892.73
2.27x1.89x2.73
2.60x1.42x4.10

2.76x1.26x3.06
3.27x1.622.34
2.50x1.51x3.19

3.27x1.622.34
2.60x1.42x4.10

2.54x1.50x2.94
2.61x1.42x4.10
2.77x1.46x2.20
2.55x1.422.36

2.48x1.222.74
2.17x0.71x3.43



Lithiun: Batteries

Motorola Radios

Alexander Radio

Part Number Model

L7162 Expo

Mercury Batteries

Motorola Radios

M7162 Expo

Ha14 HT200

H568M HT220,MT500
Omni

H752 HT220, MT500
Slimline

M7401 HT440

M7435 HT20

H3002 MH10, MH70

M7100 MX300 Series

M8334-2 MX300 Series

M8835 MX300 Series

M9727 MX300R

GE Radios

M2556 - PE,MPVSeries

M25560 PE,MPV Series

M9763-2 (Gray) MPR,MPS

M9763-23 (Black) MPR,MPS

M9777 (Gray) MPR

M9777-3 (Black)  MPX

EF Johnson Radios

M733 Comco 733

M588 FM588

M817L-2 FM617,545

RCA Radios

M707-2 Tac-Tec

M156 Personalfone 150

M760 Personaifone 450

Repco Radios

M156 Tek 10-8

M817L-2 RPX 450, Tek 10-2
RP1010

Other Radios

MA107 Bendix/King

M817L-2 Federal HVP50

M608 IEC-100, LE-100

Original .

PartNumber Volts/Capacity
- 7.2v/4000mAh
NLN7163, 8.4v/2500mAh
60-60932801

NLNG239A, . 16.8v/2500mAh
60-82668001,303314 .
NULNG762A, 14.0v/2500mAh
60-84342H01,303858

NLNGE83A, 16.8v/1000mAh
60-83582H01, 303752

NLN7884A, 14.0v/2500mAh
60-5345J01

NLNG875A, 14.0v/2500mAh
60-5945J02

NLNBO95A, 14.0v/2500mAh
60-82325J01, 303971

NLN7100A, 9.6v/4800mAh
60-5232.J01

— 8.4v/2500mAh
— 8.4v/4800mAn -
NLN9727A 8.4v/4800mAh
60-60932802

Double Capacity

304044

8.4v/2500mAh
8.4v/4800mAh
8.4v/2500mAR -
8.4v/2500mAh
8.4v/4800mAh
8.4v/4800mAh

14.0v/2500mAh
10.8v/2500mAh
13.5v/2500mAh

A)

11.2v/2500mAh
16.8v/2500mAh
16.8v/2500mAh

16.8v/2500mAh
13.5v/2500mah

12.6v/2500mAh
13.5v/2500mAh
11.2v/2500mAh

Dimensions
(inches)
2.57x1.002.74

2.57x1.00x2.74
2.85x121x2.78
2.76x1.27x2.18

2.76x0.76x2.18

6.34x0.75x2.57 .

6.34x0.75x2.57,

2.50x0.68x5.56

2.74x1.42x3.60

2.74x1.422.27
2.74x1.423.60

~ 2.84x1.80x3.70

2.50x1.40x1.94
2.50x1.40x3.44
2.70x1.55x2.20
2.70x1.55x220
2.70x1.55x3.55
2.70x1.55x3.55

2.72x0.68x5.51
227x1.892.73
2.60x1.42x4.10

2.50x1.51x3.19
3.27x1.62x2.34
2.76x1.26x3.06

3.27x1.62x2.34
2.60x1.42x4.10

2.54x1.50x2.94
2.60x1.42¢4.10
2.77x1.46x220

See back cover for authorizéd representative in your area.
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Pager Batteries I

Dependable powerina small packave That’s what you'll get with pager

batteries from Alexander Batteries. You'll find we offer the widest selec-
tion of pagert batteries avaﬂable If you don’t find what you need on these
pages, call your representatxve chances are we havéit.

AX9 H133 MC146X Non-Rechargeable Mercury Pager Batterles
Alexander ~‘ %" Pager Criginal .
. ‘PanNumber, Model Part Number Volts/Capacity Dimensions
=1 " P 9v pagers E146X, H146X, 8.4v/720mAh 1.05x0.65x1.60
L 2z R146X . .
: == AApagers E9, NLN8277A, 1.4v/2400mAh 0.53x1.94
3 5] 60-84306A65 )
Bell & Howell 198201713-2, 8.1v/1000mAh 0.65x3.86
| 60-82292H01
T Data Medical 303077 5.4v/1000mAh 0.65x2.56
‘, Hearing Aids
Keithly Electrc 602 E1, RM1R 1.4v/1000mAh 0.62x0.64
Pageboy | NLNB430A, 4.2v/1000mAh 0.66x1.94
60-868967
Pageboy ll{Takes 2) E401,NLN6199A,  1.4v/1000mAh 0.46x1.13
2\ 60-5633A01
H132 Tone Only 60-868968,E601  2.7v/1000mAh 0.63x1.30
Non-Rechargeable Alkaline Pager Batteries
M022 \ 9v Pagers 522, MN 1604, 9.0v/S00mAhR 0.65x1.00x1.78
f R1009A .
Pageboy | PX21 4.5v/800mAh 0.65x1.94
. Pageboy Il ES0, MNS100 1.5v/800mAh 0.45x1.14
N AAPagers E91, MN1500 1.5v/1700mAh 0.55x1.97
A \ 6082383401
{ Rechargeable Nicad Pader Batteries
- Aerotron e S
| G204, .- ST BA2 5.0v/170mAh 0.66x2.71
Bell&Howell o |V /
) & 403880 3.9v/170mAh 0.66x2.04
/ SuperReachVIP  TPS-SVC, 403149 1.2v/450mAh  0.66x1.10
Voicetone ADT B8-5 3.9v/170mAR 0.63x1.92
RF753 RFE52 3.9v/170mAh 0.63x1.97
Motorola .
G7057 BPR2000 NLN7057A, 1.25v/450mAh” " 0.57x2.10
- 60D05842E02 .
G4974 “Minitor 11 NRN4974, 2.4v/170mAh 0.47x2.36
= 60005276L01
N150 Vibrator N, RF654,RF7538 1.25v/150mAh 0.46x1.13
et G203 Pageboy | NUNB431A, 3.9v/170mAh 0.66x2.04
-3 £0-83009H02,
&1 e §500 19A116252PT1,
%-! . ¥ ‘tgg ) 1559611, 403880
<y 1 ?’f'b; © Hegses Pageboy I NLN6S8S, 1.3v/150mAn 0.46x1.22
N6 B2 e | S Pagecom, Minitor, 60-5104A01,
5 : 50 Spirit, Directar Y5773, 405089 , .
G206 Pocketmate NLNG117A, 7.5v/170mAh 0.62x3.91
T eT RTS TS TR T T . £60-83009H03, 403881
i{—"ﬁ@fig‘iﬁ;&z R G202 Tone Only NLN6394A, 2.5v/170mAh 0.66x1.40
;ﬁé&tw%ﬁ_ ey 60-83009H01
2l SEs NEC
ca G013 — 15AB00501, 1.25v/450mAh 0.56x1.96
(GCE450S8
G2116 — 21AC00601, 2.5v/170mAh. 0.65x1.35
968214
Sonar
G202L SP2s18, — 2.5v/170mAh 0.66x1.43
SP2519,SP2520
G3708 — 37-030-008A 2.4v/200mAh 0.67x1.49

See back cover for authorized representative in your area.




Rechargeable Nicad Pager Batteries (Continued) e S
Alexander Pager Original
Part Number Model -Part Number Volts/Capacity Dimensions
Sonotone - -
G203 - 3-126A 3.9v/170mAh 0.66x2.04 1
G204 — 38408 5.0v/170mAh 0.66x2.71 fag
b Goos — 6-126H 7SW1T0mAR  0.62x3.91 4

G2116 - . 2-S116,2-§126  2.5v/170mAh 0.65x1.35 S
G202 — 2-216M,403879  2.5v/170mAh 0.66x1.40
Other
G206 Bell & Howell 198201713-2 .7.5v/170mAh 0.62x3.91

Keicom B8-1 - 418902HD0S f .
SH150 GE Execto ll, ShinwaP8PA10 1.25v/150mAh 0.46x1.15
£1000 Plectron P1000 2.5v/170mAh 0.66x1.35
R0205 PSi — 6.0v/225mAh 0.69x3.26
G103 Redicom/Kokusai 615 3.9v/170mAh 0.63x1.97
G203L Regency, Standard MA413,418302CD083.9v/170mAh 0.66x2.08
BAS . Risdel BA8 2.4v/170mAh '0.63x1.68

Federal Signal = TPH-150

Voice Alert TPH-35

Fanon-Courier
G2180 Harris RV2000 SeriesRA2003 2.4v/180mAh 0.83x0.42¢1.75
2CH225 Federat Signal 402037-2 2.4v/200mAh 0.66x1.28

VA3 & VA4 RP123
N150T N150 with tabs ~~ — 1.25v/150mAh 0.46x1.15
W150 West-Page 19A703502P1 1.25v/150mAh 0.46x1.13
N150T/W6E965 See W150
SCe Bell & Howell TPS-SCV 1.25v/450mAh 0.66x1.10

SuperReach VIP 403148 =

/
N Cell Chargers
These timer-based chargers are pre-set for our H6965 N cell. If you're
charging other N cells, let us know before you order and we'll set'the
_ chargertohandlethem.

SM2400-2: 24-unit N cell charger. Charging up to 24 H6963 cells at once, the
charging stations in this charger work independently to fully charge each battery in approxi-
mately ten hours. A red light indicates if the cell is being charged. A green light indicates the
cell is ready for use.

Description: 14 1/2" wide, 8 1/2" deep, 3 1/2" high. Six-foot, three-prong, grounded cord.

SIM2408-2: Eight-unit N cell charger. If you don't need the capacity of 2 24
unit charger, but still need to do some serious charging, our eight-unit N cell charger may be
the answer. Charging up to eight H6965 cells at once, the charging stations in this charger
work independently to fuily charge each battery in approximately ten hours. A red light
indicates if the cell is being charged. A green light indicates the cell is ready for use.
Description: 6 1/2" wide, 7 1/5" deep, 4" high. Six-foot\, three-prong, grounded cord.

SM2404-2: Four-unit N cell charger. Don't have many N cells? Our four-unit
N cell charger may be the answer. Charging up to four H6965 cells at once, the charging
stations in this charger work independently to fully charge each battery in approximately ten
hours. Ared light indicates if the cell is being charged. A green light indicates the cell is
ready for use.

Description: 6 1/2" wide, 71/5" deep, 4~ high. Six-foot, three--prong, grounded cord.

See back cover for authorized representative in your area.
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Cordless Phone Batteries.

CcP-3

T 7R150

2X2/250

CP-10 .:l

Your Alexander representative also carries a full line of cordless phone
batteries. Now you can power your cordless phone with batteries utilizing
much of the sophisticated technolooy we use for our long lasting radio and”
medical batteries.

ATT Freedom Fone
Alexander  Phone Voits/ Alexander FPhone Volts/
Number Model Capacity Number Model Capacity
3AAACUT  Freedom2500H  3.6v/180mAh 3AAACUT  FF1000,FF2000, 3. 8v/180mAh
CcP-1 Freedom 3500 4.8v/170mAh . FF2500
-3R225 Freedom 4000 3.6v/250mAh 3AAP-TS FF1100,FF 1700, 3.6v/500mAh
H4230- Nomad 700, 4.8v/250mAh FF200, FF300, :
Nomad 1000 FF350, FF400,
3AAP-TS  Nomad 200, 3.6v/500mAh FF740
Nomad 250, H4250 FF1500, FF1550,4.8v/250mAh
Nomad 400, \.}’FFaooo FF3050,
Freedom 400 FF3500, FF4C00,

H3250  -Nomad 3000 3.6v250mAh FF5000, FF550,
4R225 Nomad 4000 4 8vr250mAh 357 Frsss
2/2R225T  Nomad 450 4.8v/250mAh  22R225TH FF4500 4.8v/250mAh

3N150T Nomad 600 3.6v/170mAh

Voyager 700 3.6v/250mAhR

Audiosonic 55
3AAP-TS T120 fGo-Phone

GF-210 3.6W/S00mAh

Audiovox
JAARTS | AT-1 aN1SOT 3100 3.6v/170mAh
H3250 Solitaire 1000, 3.6v/250mAh

Starmate

Gutzmer Minifone

B DR AZ508, cP3 701 7.2v170mAh
(2$2505,260S, 301S,
310S, 3208, 3558, Hyostar -
995, CP120/140R, H3250 cQzsy 3.6v/250mAh
CP210RA, CP260S, ‘
CP205SA, PR205 ITT
H3250-1  80S,90,91,93,  4.8v/250mAh o
RMORE A 3AAPTS  PC1800 3.6v/500mAh
PR780S/SA .
3N1S0T  RP740SC,CP91, 36vii7omAh  Keytromnics
PR7405A 3AAP-TS  6100P,9100P  3.6w/500mAh
Cosmos Kraco Enterprises
3R225 ° 5000R 3.6v/250mAh  3AAPTS  KP-6001-H  3.6v/500mAh
(Battery Ref.
#400703-47) Midland
. : H3250-1 80-2008 4.8v/250mAh
Elite 3AAPTS  Others 3.6w/500mAR
3AAPTS 6060 - 3.6v/500mAh -
Fannon Muraphone
7R150 MP300 8.4v/170mAh
H3250-1  FCT-150 4.8/250mAh
3AAPTS  FCT-2500 3.6v/500mAh  SAAPTS - MP400 3.6wS00mAh

22R225T  MP600, MP800 '4.8v/250mAh

See back cover for authorized reptresentative in your area.
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The following pages include our popular special application batteries. If
you don’t find what you need, be sure to ask. Chances are, we're making it,
but didn’t list it.

Volts/Capacity
6.0v/2200mAh
6.0v/1000mAh
6.0v/1200mAhR
'$522 Streamhght 6.0v/2200mAN
St20 E
$540 Streamlight 6.0v/4000mAh
SL3S
Alexander ]
PartNumber Equipment Model Volts/Capacity
sV AGA Geonomete _12.0v/2200mAh
Sv2 Hewlett Packard 12.0v/2200mAh
7.2v/1200mAh
12.0v/2000mAh
12.0v/500mAh
r.Back Up Battery
Computer Original
Modef Part Number Volts/Capacity
IBMPC/AT Tadiran 6.8v/1000mAh
Numerous TLE253/C
IBMPC 1BC
Clones TL5253/R -
15-52-53-30.000 A

See back cover for authorized representative in your area.
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Powerstar™ Sealed Lead Acid Batteries

GB6100

GB682 GB1212

GB1219

GB1265

Alexander Batteries Powerstarline of rechargeable sealed lead acid batter-
ies are truly maintenance free. The captive electrolyte makes the batteries -
spill-proof. Yet, youhave access to the full battery ¢apacity regardless of .
the battery position. Ifyoudon't see the battery you need listed below, ask
your representative. It may have been added to our line recently.

Alexander Terminal

- Mode! Na. Volts/Capacity” Dimensions** Height Weight
GB610 6.0v/1.2Ah 2.00x1.65x2.08 228 0.6
GB626 6.0v/2.6Ah 5.25x1.33x2.39 2.58 1.4
GB8640 T 6.0v/4.0Ah 2.63x2.63x3.78 4.01 20
GB640(21) 6.0v/4.0Ah 2.63x2.63x3.78 4.28 20
GB685 . 6.0v/6.5Ah 5.96x1.33x3.72 3.92 25
GB682 6.0v/8.0Ah, 3.86x2.21x4.65  4.65 34
GB6100 6.0v/10.0Ah 5.96x1.97x3.72 3.92 39
GB695 6.0v/9.5Ah 4.26x2.75x5.54 5.54 49
GB6120 6.0v/12.0Ah 4.26x2.75x5.54 5.54 5.5
GB8160 6.0v/16.0Ah 8.38x2.75x5.50 5.50 8.1
GB6300(34) 6.0v/30.0Ah 6.25x3.35x6.50 6.70 10.7
GB6300(40) 6.0v/30.0Ah 6.25x3.35x6.50 6.59 10.7
GB6330(34) 6.0v/33.0Ah 6.25x3.35x6.50 6.70 10.7
GB6330(40) 6.0v/33.0Ah 6.25x3.35x6.50 6.70 10.7
GB1212 12.0v/1.2Ah 3.83x1.86x2.00 2.20 1.25
GB1219 12.0v/1.9Ah 7.02x1,33x2.38 2.58 1.8
GB1226 12.0v/2.6Ah -5.28x2.52x2.36 . 256 2.9
GB1245 - 12.0v/4 5Ah 5.12x2.63x3.78 4.05 39
GB1265 12.0v/6.5Ah 5.96x2.52x3.72 3.92 49
GB1295 12.0v/9.5Ah 8.38x2.75x5.50 5.50 10.0
GB12120 12.0v/12.0Ah 8.38x2.75x5.50 5.50 11.0
(GB12240(34) 12.0v/24.0Ah 8.54x6.90x4.98 5.15 200
GB12240(40) 12.0v/24.0Ah 6.54x6.90x4.98 5.27 20.0
GB12300(34) 12.0v/30.0Ah 6.54x6.90x6.91  7.20 215
GB12300(40) 12.0v/30.0Ah 6.54x6.90x6.91 - 7.34 215

GB12310(40) 12.0v/31.0Ah 7.75%5.19x6.12 7.12: 26.2

*Capacity at 20 hour rate
*Dimensions in Inches (length, width, height—not including tenmnal)

All batteries include solder lug/quick-disconnect tabs (0.187™ x 0.032™)
unless otherwise noted.

(21) Coil spring terminal with circuit breaker

(34) Solder lug/quick-disconnect tabs (0.25" x 0.0327)

(40) Fiat lead post drilled for #10 screw and nut

See back cover for authorized representative in your area.



Single Cells

Alexanderis truly your full-service battery supplier. Inadditionto the
numerous radio, pager, medical and video batteries, you'll find a full line of

single cells as well. -
Long Lasting Alkaline Rechargeable Nicad
Alexander Voits/ Alexander Voits/
Number Size Capacity _PartNo. - Size Capacity
Mmca22’ v 9.0v/500mAh SC1 1RAAA  1.2v/70mAh
MC15° AA 1.5v/17060mAh Sc2 13AA 1.2v/1GOmAh
MC14° - C 1.5v/5500mAh SC3 13A 1.2v/150mAh
MC13* D 1.5v/10000mARh M7 AAA 1.2v/180mAhR
522 Qv 9.0v/500mAh SC4 1/3A, 1.2v/225mAh
€92 AAA 1.5v/750mAh SCS 12AA 1.2v/250mAh
ES0 N 1.5v/800mAh SC6 2/3A, 1.2v/450mAh
Ea1 AA 1.5v/1700mAR M1 AA 1.2v/500mAh
£93 C 1.5v/5500mAR M8 : AA 1.2v/S50mAhR
£95 D 1.5v/10000mAh SC7 ©1/2 Sub C 1.2v/650mAh
*Qur Medcel® line of medical single celis SC8 12C 1.2v/750mAh
available to replace ordinary alkaline single SC10- A, 1.2v/800mAh
cells. M10 3/5C 1.2v/1000mAh
M12 Sub C 1.2v/1200mAh

Longer Lasting Mercury o [ ek e S
MC146X v 8.4v/720mAh Ao ) Al VG /3500"‘ —~
A401P N 1.4v/1000mAn L O At
AX1 Et 1.4v/1000mAR 42 2 by &l

p . mAh
RMB01 E601 1.35v/1800mAh Mo ov 8.4v/100mAh
AX9 AA 1.4v/2400mAh \

. When ordering (except M3), be sure to
Rechargeable specify solder tabs or buttons. Never
Nicad Button Cells - solder leads directly to cell.

Ro20 1.2v/20mAh
ROs0 1.2v/60mAh
R100 1.2v/100mAR
R130 1.2v/170mAh
R225 1.2v/250mAh
RS00 . 1.2v/600mAh
Button stacks can be ordered in any

voitage. Divide the voltage needed by 1.2
for the number of cells.

Example: A six voit stack will be composed
of five cells (6+1.2=5).. Order a 5R225.

CC-1: Multiple cell battery charger
The CC-1 charges up to four AA, C or D nicad batteries at once. The
charger can also be set up to charge two pairs of different size batteries at

once.
Description: 21/2"high, 73/4" wide, 4" deep.

CR0924, CR0908, CR0904: 9-volt battery chargers
Use a lot of nine-volt nicad batteries? If so,T_Alexander has a timer-based
charger to fit your needs. Our CR0924 charges up to 24 nine-volt batteries
at once. The CR0908 charges up to eight, nine-volt batteries at once. The
" CR0904 charges up to four, nine-volt batteries at once. Each of the charg-
ing stations works independently to fully charge each batteryin approxi-
mately ten hours. A red light indicates the battery is being charged. A
green light indicates the batteryis ready for use.
Description: CR0924:14 1/2"wide,81/2"deep, 31/2" high. CR0908 and = ~
CR0904:6 1/2" wide, 7 1/5" deep, 4" high. All units feature low-leakage, CRo0S24
hospital-grade, non-crushable, grounded cord with three-prong plug.

Seeback covérforauthorized representative in yourarea.
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