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Abstract

The Digital Timer and Thermometer shows the times and temperatures on
the big display board ,it will be shows and change every 20 seconds between
Time and Temperature. We use Z-80 CPU microprocessor system control these
operations. LM3911 is use to sensor the temperatures. MSM6242B is the Real

Time Clock (RTC) chip which use to base times. If currently time was wrong ,
we can set the new times by keyboard. The key * is use to set the time

values.
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2.32 Inseadreves MSM 62428
MsM 62428 1hu'led RTC ¥iia cMOs Ti 18 41 ussqegludIGaULY DIP Package

o Y P ar . o P
FMTUMUINULAZNITANIATY 9 499 MSM 6242B Ll‘dﬂdﬁdzﬂ‘ﬂ 2.5

AW 18
——{3wr VR 5
—5cs0 X7 i
—2JAMEz XTI
——M 2 cg}) 14

Al

a2 S Dl ——Pz—

a D2
i - S

e‘ ar A
517 2.5 M3tanae o ¥Bs MSM 62428
" 1 (STD.P) iU output 1111 N- CH open drain laudoya output
¥

L AT L R VAR BT

N 2 (CSO) dlun chip select active low
4 >
U1 3 (ALE) {lunIuguIT Latch 499 Address 197 Ao-A38197)
€ 1 v P
i 0” A1 Address 191 Ao-A3 920 Latch 13

c& | o
U1 4 -7 (Ao-A3) Lﬂu‘lﬂ Address ‘UQ‘H&'?\GL%"IﬂUﬂW Address Ao-A3 YD

cpU Taomss
41 8 (RD) dusndmsuewmdoyaly registeryos RTC Active Low
V1 9 (GND) $11497 Ground
41 10 (WR) dlunidmfudioudeyandly register 499 RTC Active
low

¥1 11-14(D3-Do)  1ifuv1 Data input/output F19@61f17LU¥1 Do- D3 V64
cPU Tagasa

U1 15 (CS1) {fhun Chip select active high

41 16,17 (XTXT) Hundmiulou Clock F19s1¥ crystal i1 32768 kHiz
Aot fuvinaaoail

U1 18 (VDD) HundmsuflouIwides +5 v

2.38 Register f14 9 Y03 MSM 6242B

register 1014 MsM 62428 amunsoutialdiflu 2 Uszian Ao register 101 uas

register AR



register 19471 'l4un s1, 510, MI1 , MI10, H1 , HI0, D1, D10, MO1 , MOI10, Y1,
Y10 uUns W register “Blﬂtit)n‘lmﬂ Secondl, Second10, Minuteei, Minute10 ,Hourl , HourlO ,
Dayl, Day10, Month! , Month10, Yearl, Yearl0 Q% Week register IR0 register mtiﬁ'iyﬁqus
muiAnane Tl

- MAN 9 mylu register i BCD

- register v‘fqnuﬂi‘i’ﬂzﬁmuﬁ Logic positive.

- lunsdizdousnailuios RIC wsdeansziedugndes mste
register UNFIIMIsiANIIdoya 1wy s10 vio Mi 10 sedoudeyalmildiawe o5, Hio
widoudoynldinmz 01 wie 02, D10 wwidoudeyaldimms 03 winfudhidy

- MSM 62428 11 esaliiuauamnaduay 12 Hour uie 24
Hour fi'14

- d M5 register Y1, Y10 ¥83 MSM 6242B segnesnuuu’l3Iisy .
Jdoyanazuamwaihil asaafnse (a.e)

. ar r o ' | o d
& MFY register w 3zgniriadoyaldud 0-6 mniu dweasluaised 1

A N o T
ATTNN 1 UTAINTIVOIIUAN 9 Tu register w

0 0 0 Sunday

0 0 1 Monday

0 1 0 Tuesday

0 1 1 Wednesday
1 0 0 Thursday

1 0 1 Friday

1 1 0 Saturday

Register ATUAY
sznevudae 3 register éun co register (Control D register) , CE register (Control E
register) U402 CP register (control F register) 13U 1wazi0uan 151997 register A 14 9

i
ta1tg 14970 Data sheet Tumaruan
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Tue May 14 1996 23:16

2500 A.D. 180 Macro Assembler - Version 4.02a

1 OFFF

2 9FFF A3

3

4 8000

5

6

7

8 0080
9 0081
10 0082
{1

12 0090
13 0091
14 0092
[5

16 0040
17 00A1
18 0042
19

20 0080
21 0081
22 0082
28

24 0083
25 0093
26 0043
21 0083
28
29

30
31

32 00Co
33 00C!
34 00€2
33 00C3
36 00C4
37 00Cs

38 00Cé

Input Filename :
Dutput Filename : pa.obj

pa.asm

ORG 9FFFH  ;AUTQ RUN
D8 OAJH

ORG 8000H

¥x% PORT 8255 %%«

EQU  8OH ;PORT A 8255 U8

EQU 8l ;PORT B 8255 U8

EQu- 82H ;PORT C 8255 U8

EQU 90H ;PORT A 8255 U9

£QU i +PGRT B 8255 U9

tQu 92 ;PORT C 8255 U9

Lau 0AOH ;PORT A 8255 U10

EQU - OALH ;PORT & 8255 VL0

EQU 0AZH ;PORT C 8255 U10

EQU  0BOK ;PORT A 8255 U1t

EQU 081K ;PORT B 8255 U1l

£QU 082K ;PORT C 8255 U1l

EQU 83 ;CONTROL PORT 8255 8
EQU 93H ;CONTROL PORT 8255 U9
EQU 0A3H ;CONTROL PORT 8255 U10
EQU 083K ;CONTROL PORT 8255 Uil

SEC1
SEC10
HIN!
NINIO
HOR1
HOR10
DAYl

¥3x PORT RIC ***

EQU ocoH ;SECOND 1
EQU oClH ;SECOND 10
EQU oC2H ;MINUTE 1
EQU OC3H MIRUTE 10
£QU 0C4H ;HOUR 1
£QU OCSH ;HOUR 10
tAU OCGH ;0AY 1



39
40
41
42
43
44
45
46
47

48
49
50
51
52
53
54
55
56
51
58
59
60
61
62
63
64
65
66
61
68
69
70
11
12
13
74
15
76
17
78
19
80
81
82
83
84
85
86
87
88
89
0
91

8000
8001
8002

8004
8006
8008
8004
800C
800¢
8010

8012
8014

8016
8018
801n
801A
801D
801f
8021
8023
8026
8029
8028
802D
802F
8031
8034
8035

00C7
00C8
00C9
0ocA
008
gocc
00CD
00CE
00CF

Af
3D
20 FO

3t 81
D3 83
3E 80
D3 93
DI A3
3E 98
D3 83

3t 04
D3 CF

26 00
2E 00

C0 3F 82
FE FF

28 05

FE 0C

Ch D5 80
€D 3F 82
fE FF

28 07

fE 04

20 03

€3 01 82
iC

FE 00

DAY10
NONTL
HONT10
YEARL
YEARLO
HEEK
REGD
REGE
REGF

MODE

CHEKT
CHEKK
SCANS

SCANT

CHEKN

¥

PClow IN ,PCup OUT

pC2 out
pC3 Ut

EQU OCTH DAY 10

EQU 0C8H ;MOUNT 1

EQU 0C9H :MOUNT 10

EQU OCAH YEAR 1

£QU 0CBH SYEAR 10

EQU 0CCH ;DAY IN WEEK

£QU OCOH :REGISTER D

EQU OCEH :REGISTER €

£QU OCFH {REGISTER F
$x2 INITIAL PROGRAN %2

X0R A

DEC 4

IR NI,PROG
2% INITIAL 8255 *£2

LD A,81H

Ut (pcel),a sPAL OUT , PBL OUT

L0 A,80H

0uUT - (PCC2),A :PA2 OUT , PB2 OUT

ouT  (PCE3),A PR3 OUT , PB3 QUT

L 8,984

OUT - (PCC4),A P4 IN , PB4 IN
% INITIL RTC %2

D 4,081

0UT - (REGF),A :SET MODE 24 HOUR
£X% MAIN PROGRAN X%

b H,00H “SET HODE=0

L0 L,004 :SET CHECKTINE=0

CALL  SCANK

CP OFFH

IR I,SCANT

cP OCH

P 1,SET

CALL  SCANK

P OFFH

IR 1,CHEKN

cP o oaM

JR - NI,CHEKM

3P SSEC

0 &H

CP 00K



92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

8037
8038
803C

803F
8040
8042
8044
8046
8048
8048
804¢€
BO4F
8050
8053
8054
8055
8058
8059
805A
805C
803D
805E
8061
8063
8064
8066
8068
8064
8068
806D
BO6F
8071
8072
8074
8076
8078
807A
807C
807F
808!

8084
8085
8087
8089
8088
808D
8090
8093

ch 3F 80
FEOL
Ch 84 80

L

FE 00

28 04

fE 01

28 03

¢b C2 82
Ch 21 83
8

92

FA 18 80
79

93

Fa 18 89
18

BA

20 05

19

88

CA 7F 80
08 B0

2f

03 90

D3 &l

D8 B!

2F

03 81

D5 A0

08 80

2f

D3 80

D3 92

3£ 08

D3 91

03 A2

€3 1 80
26 01

€3 18 80

0

FE 00

28 04

FE 01

28 03

¢b €2 82
€D 21 83
18

THEMO

AR
B8

THEHOL

Ml

TIME

P
ce
P

LD
cp
JR
cp
JR
CALL
CALL
Lo
Sus
JP
LD
Su8
Jp
Lo
cP
JR
Lo
ce

Y
v

IN
eoL
T
out
IN
ChL
ouT
out
IN
crL
ouT
T
Lo
out
ouT
Jp
Lo
Jp

LD
cp
JR
cp
IR
caLL
CALL
Lo

L,THEMO
014
I,TINE

¥xx THEMO ROUTINE *¥x

(Pa1),8

(pC2),A

4,8H

(P82),A

(pC3),A

CHEKK

H,01H ; SET MODE =1
CHEKT

*xx TIME ROUTINE **x

AL
Q0H
1,CC
014
1,bD
SETCK
LOCK
R,8



146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
17
172
173
174
175
176
177
178
i79
130
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199

8094
8095
8098
8099
8094
8090
809E
809F
80A1
80A2
80A3
80A6
goas
80AA
80AD
8OAF
8081
8083
8085
8088
808A
808¢
808¢
80C0O
80C3
80C5
8oc?
80C9
goce
80CE
80D0
8002

80D5
8006
8007
8008
goda
80DC
800t
80£0
BOtE2
80E4
80E7
80E9
808
80ED
80F0
80F2
80F5
80F7
BOFA

92

FA 18 80
19

93

fa 18 80
18

BA

20 05

79

88

Ch 16 80
08 €5

£ Of

¢ 85 82
03 80

D3 92

D8 C4

£6 0f

€0 85 82
D3 81

D3 RO

08 C3

£6 OF

CD 85 82
D§ 90

D3 Al

06 C2

£6 0f

€0 85 82
03 91

D3 A2

¢J 1A 80

F5

€5

D5

3t 88

DI 92

3E 00

D3 A0

03 Al

03 A2

¢b 3F 82
FE FF

28 F9

FE 01

€4 FC 80
FE 02

CA FC 80
FE 08

CA FC 80
18 8

TIME]

SETT

SCt

SU8
JpP
D
Su8
Jp
]
ce
R
LD
cp
JP
¢!
AND
Catt
ouT
oyt
It
AND
CALL
ouT
out
IN
AND
CALL
ouT
ouT
IN
AND
CALL
out
ouT
Jp

PUSH
PUSH
PUSH
L0
ouT
]
ouY
ouT
out
CALL
e
IR
cp
JP
cp
JP
cp
JpP
JR

D
M, CHEKT
8,0

3

M, CHEKT
a,8

D

NI, TINEL
A,C

3

1, MODE
A, (HOR10)
OFH
SHOW
(Pal1),4
(rC2),A
A, (HORL)
OFH

SHOH
(sB1),4
(Pn3),A
A, (KINLO)
ofH

SHOM
(Pa2),A
(P83),A
A, (HIN1)
OFH

SHOW
(PB2),4
(pc3),
CHEXK

;SHOW HOURLO

; SHOW HOURL

;SHOW MIRUTELO

; SHOW MINUTE]

*3% SETTIME ROUTINE *xx

AF

8C

DE

A, 884
(Pc2),A
A, 008
(Pa3),A
(r83),A
(pC3),A
SCANK
OFFH
1,501
01H
1,K11
02H
1,K11
0BH
1,K11
s¢1

HATT KEYL



200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
iy
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
231
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
2533

80rC
80FE
8100
8102
8103
8106
8108
8108
810D
810F
8111
8113
8114
8116
8118
811a
811€
811E
8120
8123
8125
8127
8129
8128
8120
812f
8131
8134
8136
8138
B13A
813C
813t
8140
8142
8144
8146
8148
8144
814¢C
814F
8150
8151
8154
8156
8159
8158
815D
815F
8161
8163
8165
8167
8169

fFE 08
20 02
3E 00
47

Ch 85
03 92
CD 3f
fE FF
20 F9
3£ 08
D3 A0
18

FE 01
28 08
FE 00
28 04
fE 02
28 11
Ch 3f
fE FF
28 F9
fE 04
28 F5
FE 0OC
28 F1
18 19
¢p 3f
FE FF
28 F9
FE 01
28 27
fE 02
28 23
fE 03
28 IF
FE 08
28 18
18 £7
FE 08
20 02
3€ 00
4f

€D B5
D3 A0
Cp 3f
FE FF
20 F9
3E 08
D3 Al
18 17
fFE 08
20 02
3£ 00
4F

82

82

82

82

82

82

K11

Kl

A0

CHECK

SC2

K22

K2

Al

K33

3

e

JR

L0
LD
CALL
out
CALL
cp
JR
LD
ouT
Lo
cp
JR
ce
JR
cp
IR
CALL
cp
JR
P
JR
P
IR
JR
CALL
P
JR
cp
JR
cp
IR
cp
JR
ce
JR
JR
cp
IR
b
w
CALL
out
CALL
cp
JR
LD
out
IR
ce
IR
b
Lo

08H
NI, K1
A, 00H
8,4
SHOK
(pc2),A
SCANK
OFFH
NI, A0
A, 08H
(PR3),4
A8
01K
1,502
00H
1,502
02K
1,563
SCAKY
OFFH
1,502
0aH
1,502
ocH
1,502
K22
SCANK
OFFH
1,503
01H
1,k33
02H
1,k33
03H
1,k33
08
1,33
5C3
0BH
NI, %2
A, 004
C,A
SHOW
(Pa3),A
SCANK
OFFH
NI, Al
A, 08H
(P83),8
Sc4
0BH
NI, K3
A, 00H
¢,A

JHAIT KEY2



254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
210
211
212
213
214
275
276
271
218
219
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
291
298
299
300
301
302
303
304
305
306
307

816R
816D
816f
8172
8174
8176
8178
8l7A
817b
817F
8181
8183
8185
8187
8189
8188
818D
818F
8191
8193
8195
8197
8199
8198
8190
819F
§1A1
8142
8145
8187
81Af
81AC
81AE
8180
8182
8185
8187
8189
8188
818D
818f
81C1
81C3
81C5
81c7
§1c8
81C8
81CD
8100
8102
8104
8107
8109
8108

O 85 82
03 A0

€D 3F 82
FE FF

20 F9
3E 08

D3 Al

¢b 3F 82
FE FF
28 F9

FE 0!

28 16

fE 02

28 12

FE 03

28 0t

FE 04

28 0A

FE 05

28 06

FE 08

28 02

18 OF

FE 08

20 02

3E 00

51

¢h B85 82
03 Al

€0 3f 82
FE Ff

20 F9

3E 08

D3 A2

Co 3f 82
FE Ff

28 £9

FE OR

28 F5

fE OC

28 F1

fE 08

20 02

3E 00

5F

¢ 85 82
D3 A2

¢D 3f 82
FE FE

20 F9

¢b 3f 82
FE FF

28 F9

FE 0C

A2

SC4

K44

K4

A3

SCS

X35

K5

A4

Ké6

CALL
ouT
CaLL
cp
JR
LD
out
CALL
cp
JR
ce
JR
ce
JR
cp
JR
cp
JR
cp
JR
cp
IR
JR
cp
JR
LD
Lo
CALL
out
CALL
ce
JR
)
ouT
CALL
ce
JR
ce
IR
cp
JR
cP
JR
LD
LD
CaLL
out
CALL
ce
R
caLt
ce
IR
cp

SHOW
(PA3),A
SCANK
OFFH
NZ,A2
4,084
(PB3),A
SCANK SHAIT KEY3
OFFH
1,504
01K
1,K44
02H
1,%44
03H
1,544
04H
1,44
05
1,K44
0BH
1,K44
sc4

084
NI, K4
A, 00H
D,A
SHOW
(PB3),A
SCANK
OFFH
NI, A3
A, 08H
(pc3),0
SCANK SHAIT KEY4
OFFH
1,505
0AH
1,505
oCH
1,505
08H
NI, K5
A, 00H
E,A
SHOW
(PC3),A
SCANK
OFFH
NI, 04
SCANK
OFFH
1,66
ocH



308
309
310
i
312
313
314
315
316
37
318
319
320
32
322
323
324
326
326
27
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361

8100
81DF
81E1
81E4
81E6
81E8
81£9
81E8
BIEC
81EE
81EF
81F1
81fF2
81F4
81F7
81fF9
818
81FC
81FD
81FE

8201
8202
8203
8204
8205
8207
8209
820C
820¢
8210
8212
8214
8217
8219
8218
8210
821F
8222
8224
8226
8228
822
822D
822F
8231
8234
8236
8238
8239
8238
8238

28 02
18 F3
ch 3F
FE FF
20 F9
18
D3 €5
19
D3 C4
1A
03 C3
8
D3 C2
€0 3F
FE FF
20 F9
)
€l
Fl
03 26

F5

€5

D5

£5

D8 C3
£6 OF
¢h B5
D3 80
D3 92
08 C2
£6 OF
¢ BS
D3 8l
03 A0
D8 C1
6 OF
D 85
D3 90
D3 Al
08 Co
E6 OF
D 85
D3 91
03 A2
¢o 3F
FE FF
20 CD
£l

0l

€l

F1

82

82

80

82

82

82

82

RTC

KEYC

JR
JR
caLL
e
JR
Lo
out
Lo
out
o
ouT
Lb
out
CALL
cp
R
POP
Poe
pop
Jp

PUSH
PUSH
PUSH
PUSH
IN
AKD
catt
our
out
IN
AND
CALL
out
0uT
IN
AND
CaLL
ouT
out
IN
AND
CaLL
out
ouT
CALL
cp
JR
il
pop
pop
pop

1,RTC

K66

SCANK
OFFH
NI,RTC
A,8
(HOR10),A
A,C
(HOR1),A
A,D
(KINL0),A
A,E
(NINI),A
SCANY
OFFH
NZ,85

D

8

AF

SCANT

X2 GECOND ROUTINE +*x

AF
8

OE

L

#, (MIN10) ;SHOH MINUTELO
OFH

SHOW

(PaL),h

(p€2),4

4, (MIND) {SHOW HINUTEL
OFH

SHOW

(pB1),A

(PA3),4

A, (SECL0) *SHOW SECOND10
OFH

SHOH

(PA2),A

(PB3) A

8, (SEC1) ;SHOW SECONDI
OFH

SHOH

(PB2),A

(PC3),A

SCANK

OFFH

NZ,S1

i

DE

8

AF



362
363
364
365
366
367
368
369
310
n
312
373
374
315
376
31
378
379
380
381
382
383
384
185
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
4§07
408
409
410
411
412
413
414
418

823F

8240

8242
8244
8246
8248
824A
824C
824F
8251
8253
8255
8258
8259
8258
825¢€
825E
8260
8262
8264
8266
8269
8268
8260
826F
8272
8273
8274
8276
8218
8214
821c
827t
8280
8283
8285
8287
8289
828C
828D
828t
8290
8291

8292
8292
8294
8296

€3 34

5

3E EF
D3I 82
08 82
£6 OF
FE OF
28 O
CD 3A
08 82
£6 OF
06 00
Cb 92
€l

9

3t DF
03 82
D8 82
£6 OF
Ft 0f
28 0O
£ IA
08 82
£6 Of
06 01
Cb 92
Cl

c9

J€ 8F
D3 82
08 82
£6 OF
FE OF
28 0f
¢h 3A
DB 82
£6 OF
06 02
€b 92
¢l

9

3E FF
1

c9

€8 SF
20 04
3E 01

80

83

82

83

82

82

82

SCANK

SCANL

SCAN2Z

SCAN3

NOKEY

BITT
ROWI

Jp

PUSH
0]
ouT
IN
AND
e
IR
CALL
IN
AND
Lo
CALL
pap
RET
Lo
ouT
it
AND
ce
JR
CALL
IN
AND
Lo
catt
Pop
RET
LD
out
IN
AND
ce
IR
CALL
IN
AND
LD
CaLL
pap
RET
LD
pop
RET

BIT
JR
Lo

CHEKH
¥3x SCANKEYBOARD SUBROUTINE #xx

B
A, 0EFH
(pc1),A
8, (pC1)
OFH

OFH
1,5CAN2
DELAY
A, (pc1)
OFH
8,00H
BITT

8¢

A, 00F K
(PC1),A
A, (PC1)
OFH

OFH
1,SCAN3
DELAY
A, (PC1)
OFH
8,014
BITT

8¢

8, 08FH
(pC1),A
A, (PC1)
OFH

OFH
1,NOKEY
DELAY
A, (pc1)
OFH

B, 02H
BITT

8

A,OFFH
8C

¥¥% CHECKBIT SUBROUTINE *x

3,A
NI,ROW2
A,018



416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
431
438
439
440
44]
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
439
460
461
462
463
464
465
466
461
468
469

8298
8294
829C
829t
8280
8262
8244
8286
8208
8244
824C
82AE
8280
8281
8282
8284

8285
8286
8289
8284
8288
828¢C
828E
828f
82C0
82C1

82C2
82C4
82C6
8207
8209
82C8
82eD
82CE
8200
8202
8204
8205
8207
82DA
820¢
82Df
82t1
82E4
82E6
8289
82ER

18 16
8 57
20 04
3E 04
18 OF
C8 4f
20 04
3E 07
18 06
8 47
20 04
3E 0A
80

€9

3€ FF
9

£3

21 47 83
85

6F

7€

CE 00

67

1t

£l

€9

DB €2

£6 OF

41

D Co

E6 OF

€6 00

4f

D8 ¢!

€6 Of

Cé 02

57

06 05

FA E9 82
fFE 00

CA €9 82
FE 0!

CA F9 82
fE 02

CA 0C 83
1A

8 07

ROW2

ROH3

ROW4

PA

EXIT

SHOK

SETCK

NORML

IR
8IT
IR
Lo
IR
BIT
JR
LD
JR
BIT
JR
L0
ADD
RET
Lo
RET

PUSH
LD
/DD
o
LD
ADC
LD
LD
POP
RET

IN
AND
Lb
IN
AND
ADD
()
IN
AND
ADD
Lo
sus
Jp
ce
Jp
ce
Jp
e
Jp
L0
RLC

PA

2,A
NZ,ROH3
A,04H
PA

1,4
NZ,ROH4
R,07H
PA

0,4

NI EXIT
A, 080
A,B

A, 0FFH

XXX SHOW DISPLAY ¥xx

HL
HL,TABLE
AL

¥*x SETCLOCK  SUBROUTINE *x¥

4, (HIN1)
OFH

8,A

A, (SECL)
OFH

A, 00H
[

8, (SEC10)
OFH

A, 02H
D,A

05H

4, NORHL
00H

7, NORML
0LH
1,0VERI
02H

1, OVER2
4,0

A



470 82tC  CB 07 RLC A

471 82tt (8 07 RLC A

472 82F0 CB 07 RLC &

473 82F2 E6 FO AND  OFOH
474 82F4 81 ADD  A,C
475 82F5 4F W CA
476 B2f6 2t 01 b L,0HH
477 82F8 (9 RET

478 82F9 78 OVERT LD A,B
479 B82fa (6 01 ADD  A,01H
480 82FC  FE OA CP 0
481 82ft 28 03 JR O 1,XX1
482 8300 47 b 8,A
483 8301 18 02 R 1
484 8303 06 00 XX1 L0 8,004
485 8305 3E 00 111 b A,004
486 8307 81 ADD  A,C
487 8308 4F b C,A
488 8309 2t 01 Lo L,0lH
489 8308 €9 RET

490 830C 78 QVER2 LD A,B
491 8300 C6 0L ADD  A,0LH
492 B30F  FE OR CP  OAH
493 8311 28 03 R 1,XX2
494 8313 47 b 8,A
495 8314 18 02 R 12
496 8316 06 00 xX2 tb 8,004
497 8318 3£ 10 112 LD A&,10H
498 B831A E6 FO AND  OFOH
499 831c 81 A0 A,C
500 831D 4F . CA
501 831E 2 01 0 L,0M4
502 8320 ©9 RET

503

504 Y ¥xx LOADCLOCK  SUBROUTINE xx
505

506 8321 DB C2 LDCK IN A, {MIN1)
507 8323 €6 Of . AND  OFH
508 B325 57 b 0,4
509 8326 0B CO IN 4, (SECT)
510 8328 E6 OF AND  OFH
Si1 8328 5F b EA
512 8328 DB Cl IN  A,(SEC10)
313 8320 CB 07 RLC A

514 832 CB 07 RLC A

515 8331 ¢B 07 RIC A

516 8333 (8 07 RLC A

517 8335 6 FO AND  OFOH
518 8337 83 ADD  A,E
519 8338 SF b EA
520 8339 €9 RET

521

522 ; ¥3% DELAY SUBROUTINE *x*

523 /



524 8338 CS DELAY  PUSH 8C
525 8338 fS PUSH AF
526 833C 01 00 10 b 8C,
527 833F 08 DELAY! DEC BC
528 8340 78 b A8
529 8341 81 R ¢
530 8342 20 FB JR NI,
531 8344 Fl por  Af
532 8345 (I poP  8C
533 8346 (9 RET

534

535 ;
536

537 8347 BF 86 DB CF E6&  TABLE

834C  ED FD 87 FF EF
8351 00 BF 00

538

539 8354 END
Defined Symbol Name Value
206 A0 8108
244 Al 8156
25% A2 816f
283 Al 8147
301 A4 81CD
321 RS 81F4
103 AA 8048
104 88 8048
412 BITT 8292
143 ¢C 808D
211 CHECK 8113
18 CHEKK 801A
90 CHEKM 8034
17 CHEKT 8018
Pre  CODE 0000
Pre DATA 0000
3 DAY = 00C6
39 DAY10 =007
144 DD 8090
524 DELAY 8334
521 DELAY! 833f
430 EXIT 8282
36 HORL = 00C4
37 HOR10 = 00CS
203 Kl 8102
200 Kl 80FC
241 K2 8150
238 K22 814n
253 K3 8169
250 K33 8163
280 K4 81A1
20T K44 8198
298 K5 81C7

1000H

DELAY1

XXX TABLE 7 SEGMENT *%*

References

208
246
258
285
303
323
100
102
317
140

132
86
107

142
3713
530
426
162
157
201
194
239
225
251
230
218
265
296

390

1
88
110

386

316
314

196

232

267

403

362
134

399

198

234

269

147

236

271

150

273

DB BFH,86H,DBH,CFH,E6H, EDH, FDH,87H, FFH, EFH,00H, BFH, 00H

215



295 K55
304 K66
355  KEYC
506 LDCK
34 KIN1
35 MINIO
76 MODE
40 MONTL
41 HONT10
406  NOKEY
468  NORML
418  OVERI
490 OVER2
428 PA
8 pal
12 PA2
16 PA3
20 PA4
9 P8l
13 g2
17 PB3
21 pg4
10 PCI
14 pC?
Defined
18 pCc3
22 PC4
24 pCCl
25 9Ce2
26 PCC3
27 PCC4
53 PROG
45 REGD
46 REGE
47 REGF
413 ROW1
417 FOK2
421 ROW3
425  ROW4
310 RTC
335 51
190 SC1
218 SC2
226 SC3
261 SC4
288 SCS
367 SCANI
380 SCAN2

81C1
8104
8231
8321
00C2
00C3
8016
00c8
00C9
828
82£9
82F9
830C
8280
= 0080
: 0090
= 0040

e

LA ¥

0080
0081
0091
0041

0081
0082

0092

Value

0042
0082
0083
0093
00A3
0083
8001
00CD
00CE
0oCf
8292
8294
8242
82h4
81E1
8205
8ot4
8120
8131
8174
8182
8240
8258

" X3 LX) LI N "

306

104
172
167
156

398
461
465
461
416
125
19
124
344
i
123
130
120
349
121
368
394
395
128

131

60
62
63
65
54

1

414
418
422
308
357
192
213
217
249
290

372

309

144

320 340
318 335
463

420 424
127 160
170 348
166 187
165 343
175 353
171 188
369 314
400

161 185

References

176 189
312

199

215 220
228 237
263 216
292 2%

449

338

210

248

381

205

287

222

506

243

260

382

339

300

224

255

282

387

354



393
366

19
84
32
33
449
181
435

133
331
337

98
1y
138
157

44
484
496

42

43
485
497

SCAN3
SCANK

SCANS
SCANT
SEC1
SECI0
SETCK
SETT
SHOW

Sl
SSEC
TABLE
THENO
THEMOL
TIKE
TINE]
WEEK
XX1
XX2
YEAR]
YEARID
111
n

Lines fAssembled :

8274 385
823rF 19
244
301

801A
8026 81
= 0000 350
T QoCt 345
82C2 103
80D5 83
8285 159
254
347
807F 116
8201 89
8347 436
803F 92
8061 113
8084 94
80a6 153

= pocc
8303 481
8316 493

: 00CA

: 00CB
8305 483
8318 495

539 fssembly Errors :

84
256
304

32
452
456
143

164
281
352

190
261
310

509
512

169
299

206
283
321

174
337

218
288
355

204
342

226

242
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LM3911 Temperature Controller

General Description

The LM3911 is a highly accurate temperature measurement
and/or control system for use over a —25°C to +85°C tem-
perature range. Fabricated on a single monolithic chip, it
includes a temperature sensor, a stable voltage reference
and an operational amplifier.

The output voltage of the LM3911 is directly proportional to
temperature in degrees Kelvin at 10 mV/*K. Using the inter-

nal op amp with external resistors any temperature scale -

factor is easily obtained. By connecting the op amp as a
comparator, the output will switch as the temperature trans-
verses the set-point making the device useful as an on-off
temperature controller.

An active shunt regulator is connected across the power
leads of the LM3911 to provide a stable 6.8V voltage refer-
ence for the sensing system. This allows the use of any
power supply voitage with suitable external resistors.

The input bias current is low and refatively constant with
temperature, ensuring high accuracy when high source im-
pedance is used. Further, the output collector can be re-
turned to a voltage higher than 6.8V allowing the LM33811 to
drive lamps and relays up to a 35V supply.

The LM3911 uses the differenca in emitter-base voltage of
transistors operating at different current densities as the ba-
sic temperature sensitive element. Since this output de-
pends only on transistor matching the same reliability and
stability as present op amps can be expected.

The LM3911 is available in two package styles, a metal can
TO-46 and an 8-lead epoxy mini-DIP. In the epoxy package
all electrical connections are made on one side of the de-
vice allowing the other 4 leads to be used for attaching the
LM3911 to the temperature souce. The LM3911 is rated for
operation over a —25°C to +85°C temperature range.

Features

W Uncalibrated accuracy +10°C

B Internal op amp with frequency compensation

& Linear output of 10 mV/°K (10 mV/°C)

® Can be calibrated in degrees Kelvin, Celsius or
Fahrenhsit

® Qutput can drive loads up to 35V

® Internal stable voitage reference

a |ow cost

Block Diagram
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Typical Applications

Ground Referred
Centigrade Thermometer

AA

*—

> RI
> §.5k

< e AAAA

v

* Output goes negative on
temperature ncrease

Rg=(V+ -6.8V) kN1

* Trms out initial zener tolerance.
Set output 10 resd C

v Basic Temperature Controller w9

{Jr )
Proportioning Temperature
v Cantroller

(NOTE D
A
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!
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%
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o oureyt [ Sy x=‘. o] I‘J
>
0avie 3 BT A9 AA
currt nugur:u hS - ) - M m our \m-u
m [‘ ATmvrE S 1
- e Y surryr ouTrNY .. v
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{ ! E L
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£33 L i
WEAT “9FF~
=
wore TL/H/ST01-1
Note 1: C1 determines proportioning frequency f = ReCT
NotezA10 = S t¥_ 7

0.0015
Note 3: Either V= or V*+ can be ground.



:Absolute Maximum Ratings

i

CREERGE

e - ~

Operating Temperature Range

2 gupply Current (Externally Set) 10 mA —25'Cto +85°C
£ oytput Coilector Voltage, V+ + 36V Storage Temperature Range —65°C to + 150°C
> Feadback Input Voltage Range OVto +7.0V Lead Temperature (Soldering, 10 seconds) 300°C
~;' Qutput Short Circuit Duration Indefinite

& Electrical Characteristics (ot 1)

£ Parameter | Conditions Min Typ | Mex | unks

+ SENSOR ]

" Gutput Voltage Ta=—25°C, (Note 2) 2.36 2.48 2.60 v

" Output Voltage Ta= —25°C, (Note 2) 288 298 3.08 v
Output Voltage Ta= —85°C, (Note 2) 3.46 3.58 3.70 \

" Uinearity AT=100"C 0.5 2 %
Long-Term Stability 0.3 %
Repeataoility 0.3 %
VOLTAGE REFERENCE
Reverse Breakdown Voltage 1mA<I, <5 mA 6.55 6.85 7.25 \
Reverse Breakdown Voltage: 1 mA<;<S5mA 10 35 mv
Change With Current :

Temperature Stability 20 85 mv
Dynamic Impedance 1= 1 mA 3.0 [e}
RMS Noise Voltaga 10 Hz< <10 kHz 30 pv
Long Term Stability Ta=+85C 6.0 mv
OP AMP

input Bias Cumrent Ta=+25C 35 150 nA
input Bias Current 45 250 nA
Voitage Gain Ry =36k, VTF =36V 2500 15000 VIV
Qutput Leakage Current Ta=25"C (Note 3) 0.2 BA
QOutput Leakags Current {Note 3) 1.0 pA
Output Source Current Vour<3.70 10 pA
Cutput Sink Current 1V<Vour<36Vv 2.0 mA

Note 1: These soecifications apply for —25°C< Ty < +85°C and 0.9 mA SlguppLy< 1.1 MA unisss.otherwise specifiec; C <50 pF.

Nouz:TheoumvohaqaWswmmmmmmmmmmwmmmmwnwmmaz 1.0 MQ. This is
mnedbucksansevonsgenndhdudnmhbommomorandopm.mmhmmmmhlwmoﬂmmmb

referred to V+,

Note 3: The output leakage current is specified with z!OOmVovudriw.S&muﬁswhqecmawmm&mmgedmglwumﬂmnwwu
defined as Vou7 {with output and input shorted) — 100 mV. This specification appiies tor Vout = 36V,

Application Hints

Although the LM3911 is designed to be totally trouble-free,
certaln precautions should be taken to insure the best pos-
sible performance. - .

As with any temperature sensor, intemal power dissipation
will raise the sensor's temperature above ambient. Nominal
suggested operating current for the shunt regulator is 1.0
mA and causes 7.0 mW of power dissipation. In free, stili, air
this raises the package temperature by about1.2°K. Al-
though the regulator will operate at higher reverse currents
and the output will drive loads up to 5.0 mA, these higher
currents will raise the sensor temperature to about 19°K

media will conduct the heat from the sensor. Also, there are
many, small heat sinks designed for transistors which will
improve heat transfér to the sensor from the surrounding
medium. A small finnad clip-on heat sink is quite effective in
free-air. It should be mentioned that the LM3911 die is on
the base of the package and therefore coupling to.the bass
is preferrable. N

. The internal reference reguiator provides a temperature sta-
- ble voltage for offsstting the output or setting a comparison

point in temperature- controllers. However, since this refer-
ence is at the same temperature as the sensor temperature

above ambient-degrading accuracy. Therefore, the sensor - -~-~-changes will also cause ‘reference drift. For application

should be operated at the lowest possible power level.

With moving air, liquid or surtace temperature sensing, seff-
. heating is not as great a problem since the measured

where maximum accuracy is needed an extemal referenca
should be used. Of course, forfixed temperature controilers:
the intemal reference is adequate.
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Typical Performance Characteristics T

Temperature Op Amp Input Current Power Suppty Current -.
Conversion " 1}
< kY
= M “ R
Tcenmicraoe = Tc ] I ::?
TraHRENHET = T . - =
TkeLvin = Tk s Lk o 2w pere L/ o
- 2 > . S
T = Te + 2735 g p= f o )j,;?
Tc = (40 + Tg) = —40 i u TR
9 S . 1::‘4:
. ]
Tr = (40 + Tg) S —~40 P ETRIE T Eyepy LRI T I PRI
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il
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Typical Applications (continueq)

Basic Thermometer
Basic Thermometer for Negative Supply for Positive Supply Increasing Gain and Output Drive
pe- 15V 1w
1 I+ L oumer v X
- W mVrK Re
oyTrYT § 754 P ~ p.
tant S :: T
eyt had oyTeyT -
Note: Load current to GND 10 =vrK + v vum‘g
- P QUTPYT 1avry
% ™ is supplled through Rg S wrat >
75 LU b3
- iNeytT it < J‘J
15v . p oUTPYT o]
Rg = (V= - 6.8V) X 1090 = "
Rg = (V= = 6.8V) X 1030 i
= Rg = (V+ ~ 6.6V) x 1090
External Frequency Compensation Operating With External Zener for
for Greater Stability when Driving Lower Power Dissipation and Temparature Controlier With Hysteresis
Capacitive Loads Amblent Reterence e ‘uv-z——_—
w ’ < T4k °
i - o :
& 15 L
) :’ . S ': R
Sim + S* S
(™) - 9 9 .
- > [T Pau YT p— quTPUT*
w [ em — surryT 3 S -
s e : o et M
vt " —
Lty uTIY AAA-
euTruT - B
= . - » m
. on Output goes positive on tamperaturs increase



Typical Applications (continvesy - Tl e e
Thermometer With Meter Output Meter Ther:pometer With Trimmed Outpu.tw
Lo __(Vvpootar *t - -

1w At vz — 0.01 To) :: "
lv' 2v <
oM Select i < &
1”‘“
N ~1oR1 -
R2 = 0.01To — IgR1
S fa
(™9 > R1*
. Sum paa¥Z_pilpe
ouTRyY o lgv
< R g€ _)
e ;.um A
eyt Vr = Shunt reguiator voitage (use 6.85)
- S AT = Meter temperature span (°K)
Saen Iy = Mater full scale curment (A)
To = Meter zero temperature (*K)
ko = Cument theough R1, A2, R3 at zero L
T oa ok meter current (10 A to 1.0 mA) (A) :
LO01A o4, iy v :
*Values shown for:
To = 300°K, AT = 100°K, “Selected as for meter thermometer axcept T should
Iy = 1.0mMA g = 100 pA be 5°K more than desired and iq = 100 xA
tCalibrates T

“*The 0.01 in the abave and foltowing equations Is in units of V/*K or V/°C,
and is a result of the basic 0.01V/*K sensitivity of the transducer

Ground Referred Thermometer

Y Ry - V2(OMVIAT)

‘ Vo (Vz - 00179 Ground Referred Centigrade Thermometer
" S| A AL
+ rodO o= 0.01 Tg = I RY 1:
oureyT nNT90s lo ___I__ 2:
st ) AL . s
eyt fa (e 1] I
— l Vy = Shuntreguiator voitage auTrYT ","'m:‘{r‘
A3 AT = Temperatre span ("K)
To = Tsmperatura for zero output (*K) Pl o
Vo = Full scale output voltage < 10V 15 . .
" ouTrUT lg = Current throupgh R1, A2, 3 at zerg- 15V -
< output voftage {typically 100 uA to .

(.
g 15 Sk 1.0mA)
i 1 *Set zero ¥

A
(vz ~-0.01 T,_) (l,. - °";:1T") + (vz - 0.01 TH) (————‘*°":’T - u_)

0.01

s Tu(Vz = 0.01TY — T (Vz ~ 0.01 TH)]

R2() =

Two Terminal Temperature to Current Transducer*

A +
% v (F-)
» Ra() > ——L_~
[T
o T
T . -
o (vz-o.m T,;_" ) o
o1 1 B2001TY R2 _
3] S R4 (Vz - 0.01 TURR?) R1 1 1 R2
’ Sw @ ATV TO waav et
T ‘I
[Tl 00 | sav [
asTRUT 3 maes TL = Temperature for i ( K)
. T = Temperatwe forty ( K)
- AN i Vz = Zaner voitage (V)
“ ™ I, = Low tsmperature output curent (A)
[+ iy = Higmo_nwmmmnuM(A)
\ “Valuos shown for loyt= 1 mA 1o 10 mA for 10°F to 100°F
s < a
s S S 1Set temperature
TUH/S701-4

*"The 0.01 hmeabowandtoﬁowhgoquaﬂomhhmdvrxor,vrc,mhnmutofmebuico.oerm:yomuw



‘ Typical Applications (Continued)
Over Temperature Detectors With Common Output

15v

. el
> P4 < <
< > Ry > Ry >/,
:: o ? 5 S’ ?» m 2w
) $ ouTeuT
L 3
+ + < + +
o x 3™ <m
> ouTPUT ourret < outeuT outeyT b—
p——odi inrut eyt 1t_-.. weut eyt
o L L 3 iy 3u [ a1
Sn r 3n p: Trip Point = Vg m—omes
4 — p- b3 = b3 p P ZR1 + R2
1 (V+ —66)
= B Rg = — 2t
= = — = 0001 A + 2V
) Rt + R2

Two-Wire Remote A.C. Electronic Thermostat (Gas or Oif Furnace Control)

i0ag*

1"
NSL3RY 5
B4 -
mes? - Qe V' N
WVAC
CONTROL
TRANSFORMER
§0 H ser!
TEMP
W
L ew-vw <
<
1: e
<
REMOTE

*Solenoid or 6 — 15W heater

tPot will provide about a 50°F to 80°F satting range. The trim resistor (100k) is selected
to bring 70°F near the middie of the pot rotabon. |
SCR healing, by proper positicning, csn preheat the sensor giving control anticipa-
tion as is presently used in many home thennostats.

SLACK

oy -0

—L 5eF
v 1040
1.

a acasmsy SENSITIVE GATE TRIAC
18V TRAC  |Gr=<SmA '
o *

m - RCA T2300, 40529
™
e [+ OR SIMILAR
uv
wire " s
:: e
*Sat temperature
1SCR tums on power 10 fan of 1 /i4/5701-5

cooler when temperature in-
creases.



Typical Applications (continued) "

184004

Three-Wire Electronic Thermostat

—
i
dils . R
LOAD (KEATER: 19 mA TO 384) -
""v
S
4 182% :» v
S %
<
| -
fox >4 WA
- T
0120V, L] s
LUNF > e -
i M= Sua S
Vaas 1% ]>
um
P—if 2 v”—o
e 144842 (4) OR USE EQUIV, BAIDGE
“Divider is set for @ nominal 0°C ~ 125°C range.
Wire wound resi will provide i
temperature stability.
**Almost any TRIAC rated 1 to 35 amperes
usabie with sppropriate load.
Ditferential Thermometer
) "y
150k l
AA
Keivin Thermometer With ouTRUT VWA
Ground Referred Qutput g ::
18v <
v L
S
din j
R1SAIN
< Ll
R v 1"] 1h, 1% S
hd s L] % VWA _I_ —{x
LMast 2001 — (v
eyt n0,1 ofm = NO.2
Laest
< oyt 1 our
ouTPYT s L4 ,'_‘ 4
¥
1~ 10avrx
L] M ]
;:; ouTruT 1.5 Y .
10 33
ax

Ag =

Vs+ — 6.8V X 1030
2

Connection Diagrams

< sy

> 1004
Vout = 0.01 (51T-2) (T2 = Tr)"i—p%%;&

Output can swing +3V at £50 uA

with low output impedance b
*Theomhmowovooqucﬁonhnmdvrxorw'c and is a resuit
of the besic 0.01 V/°K sensitivity of the tranaducer

~15v

Dual-in-Line Package
A
ot L.
w = (g
-t L
Tor view TUH/5T01-6 TUH/W-’
Order Number LM3911N Order Number LM3911H46 i

See NS Package NOSE See NS Package NOSE




MOTOROLA
t SEMICONDUCTOR
TECHNICAL DATA

MOC3020

6-Pin DIP Optoisolators MOC3021

Triac Driver Output ViOC3022
MOC3023

These devices consist of gallium-arsenide infrared emitting diodes, opticelly coupled
to a silicon bilateral switch.

They are designed for applications requiring isolated triac triggering.

UL Recognized File Number £54915 Q) 6-PIN DIP
Output Driver Designed for 240 Vac Line OPTOISOLATORS
VisQ Isolation Voltage of 7500 V Peak TRIAC DRIVER OUTPUT

Similar to MOC3010 and MOC3011

Standard 6-PIN Plastic DIP
VDE approved per standard 0883'6.80 (Certificate number 41853}, with additional

approval to DIN IEC380 VDE0806, IEC435VDE0805, IEC65 VDE0860, VDE110b, covering
all other standards with equal or less stringent requirements, including lEC204
VvDEQ113, VDEO160, VDE0832, VDE0833, etc. 883
Special lead form available (add suffix “T** 1o part number} which satisfies VDE0883"

*
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads.
. ; . . * by CASE 730A-02
o Various lead form options available. Consult “Optoisolator Lead Form Options™ data PLASTIC

sheet for details.

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

Rating 3 Symbol { Value X Unit ‘I COUPLER SCHEMATIC

INFRARED EMITTING DIODE
. Reverse Voltage VR 3 : Voits -

Forward Current — Continucus {13 60 : mA - N

Total Power Dissipation « Ta = 25°C " Pp 100 o omw i 1 6

Negligible Power in Triac Driver
Derate above 25°C 1.33 mW C 2 .
5
OUTPUT DRIVER o
! OH-State Output Terminal Voitage VDRM 400 4 volts s 0 ‘
‘ Peak Repetitive Surge Current ITsm 1 A
! (PW = 1 ms, 120 pps)
:r Total Power Dissipation it T = 25°C Po 300 mwW
|  Derate above 25°C 4 mw=C 1 ANDDE
2 CATHCDE

TOTAL DEVICE 1LNE
i lsalatinn Surge Valtage (1) i Viso 7500 ; Vac \ 4 MAN TEAMINAL i
‘L {Peak ac Voltage, 60 Hz, 5 Second Duration) i § SUBSTRATE i
h D0 AJT CONNI
| Totai Fower Dissipaiion i Ta = 25°C Pp 3 L mw s vt
1 Derate above 25°C 4.4 i mweC
runclion Temperature Range ! T4 -40to +100 i

Ambient Operating Temperature Range J Ta -401to -85 ; ’C

Storage Temperature Range H Tsig -40to ~150 i ‘C

Soldering Temperature (10 s) - 260 ! )

L
{1 isolation surge voliage, ViSO 1s an internal device dielectric breakdown rating.



MOC3020, MOC3021, MOC3022, MOC3023

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Vg, FORWARD VOLTAGE (VOLTS)

[ Characteristic [ symbot [ sin | T Max | unit |
INPUT LED
Reverse Leakage Current IR - 0.05 100 HA
(Va = 3V}
Forward Voltage Vg - 1.18 15 Volts
{lg = 10 mA)
OUTPUT DETECTOR (lg = O unless otherwise noted)
Peak Blocking Current, Either Direction IbRM - 10 100 nA
(Rated Vprm, Note 1)
Peak On-State Voltage, Either Direction VTm —_ 1.8 3 Voits
(ITmM = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2) dvrdt - 10 — Vius
COUPLED
LED Trigger Current, Current Required to Latch Output T mA
{Main Terminal Voltage = 3V, Note 3) MOC3020 — 15 30
MOC3021 — 8 15
MOC3022 —_ - 10
MOC3023 —_ — 5
Holding Current, Either Direction (M) - 100 _ phA
Notes: 1. Test vohage must be spplied within dv/dt rating.
2. This is static dv dt. See Figure 7 for test circuit. Co g dvidtis 8 f o! the load -dsiving mynslov(sl only
3. All devices are guerantieed to trigger at an if value less lh-n or equal to max Ig7. Th g if fies b max
17 (30 mA for MOC3020, 15 mA for MOC3021, 10 mA for MOC3022, 5 mA for MOC3023; and absolute max If (60 mA)
\-
TYPICAL ELECTRICAL CHARACTERISTICS T
TA = 25°C
: +800 "
A
V4l
8 7 z //
————— PULSE ONLY [1] E 400 4
[ ——— PULSEOROC /v = )
16 s &
A7 £ 4
g g
4 4 7 < / JIoN o
// Ve L, g 4
A= -4C L i S - 4
2t , 2 P
F T s L | LA 7
et 1
e LT - s00l_2 I .
1 10 100 1000 - -2 -1 1

If. LED FORWARD CURRENT (mAl}

Figure 1. LED Forward Voltage versus Forward Current

VM. ON-STATE VOLTAGE (VOLTS)

Figure 2. On-State Characteristics



MO0C3020, MOC3021, MOC3022, MOC3023

14 b
. i T
g‘ B g, NORMALZED T0:
2, § PW,“.> 100 ps
§ =
iRA) g 1 \
% . \\ . E \ .
T
=
£ ] 2 o)
<08 5]
g 08 &
= H
= 03 g Ras
& 07 -; _—
0.6 0
-4 -2 0 20 L ] L] 100 10 20 0 100
Ta. AMBIENT TEMPERATURE (°C) PW,q, LED TRIGGER PULSE WIDTH (ps)
Figure 3. Trigger Current versus Temperature Figure 4. LED Current Required to Trigger versus
LED Pulse Width
12 12
L] ]
0 e STATIC dv et | | STAT‘C
N CIRCUIT IN FIGURE 7 1
% 8 ]
z ? 1 TEST CIRCUIT IN FIGURE 7
z < = 8
2 2
< ¢ ~ =3
v — s < /3
1 s 7
z ¢ [ ~3 L3
'\\
[~ &
2
[ 2
% ¥ 40 50 €0 0 80 i 100 0 04 08 12 16 2
Ta- AMBIENT TEMPERATURE {°C} R;. LOAD RESISTANCE (k())
Figure 5. dv/dt versus Temperature Figure 6. dv/dt versus Load Resistance
vde ! | nngf}"
E
: 1 The mercury wetted relay provides a high speed repeated pulse to
i the D.U.T.
PULSE ! 2. 200x scope probes are used, 10 allow high speeds and voltages.
INPUT MERCURY 3. The worst-case condition for static dv dt is established by triggering
D the D.U.T. with 8 normal LED input cutrent, then removing the
WETTE current, The variable RTEST allows the Jv-dt 10 be graduaily
I RELAY increased until the D.U.T. i 10 trigger in to the
applied voltage puise, even after the LED cuerent has been removed.
The dv'dt is then decreased untit the D.U.T. stops triggering. 1R is
measured at this point and recorded.
Vinax = 400V
APPLIED VOLTAGE
WAVEFORM
vy = 8 Vmax _ B2 ,
ovours———f — - —— - —— > - wmC W

Figure 7. Static dv/dt Test Circuit



MOC3020, MOC3021, MOC3022, MOC3023

Rn 1 6 30 420
VEC O———A—O—{ MOC  }omO——AA VA —O HOT
2 | M| 1 '
0V |—o 005 pFR b 20
3 02/ 4 VAC
o0
o— ¥ 2 0,01 uF

@—o GROUND

*This optoisolator should not be used to drive a ioad directly. It is In this circuit the “hot’ side of the line is switched and

intended to be a trigger device only. the load connected to the cold or ground side.
Additional information on the use of optically coupled triac drivers is The 39 ohm resistor and 0.01 #F capacitor are for snub-
avaitable i lication Note AN-780A. A q ; .

vailale in Application No bing of the traic, and the 470 ohm resistor and 0.05 uF

capacitor are for snubbing the coupler. These compo-
nents may or may not be necessary depending upon the
particular triac and load used.

Figure 8. Typical Application Circuit

OUTLINE DIMENSIONS

(9 NOTES:
s™Es. . '
ormonat 1. DIMENSIONING AND TOLERANCING PER ANS!
ke ) Pk ¥ ANODE Yi45M, 1882
"_"' CONRGUAATION 2 CATHODE 2. CONTROLLING DIMENSION INCH.
3 M 3. DIM L TO CENTER OF LEAD WHEN FORMED
€ Mah TERMINAL PARALLEL
5. SUBSTRATE
T -1t 6 MAIN TERMINAL
c Lt —~y WILLIMETERS NCHES
1 - . L | pme [ wen | WAX | WIN ] MAX
| I A | 813 ¢ 889 | 0320 § 03%0 |
s | 610 | 660 | 0200 | 0260
57 C_] 283 ] 508 | 0115 | 0200
—r—" D_| 041 | 050 ! 00 : 0020
SEATING N
v £ ng SKFI] o.o::w 0070
G ' i I‘T“"‘*‘ "‘7j — 3y o [z 008 Siu
e ¢ 0Rcxs@ (7 8T A0 K {03 | 254 ] 0ots | 0100
E o B (A& e L= 1 162 85C 0.300 BSC
e f—— D 4 M I 1_15. o ‘r—_“L 15°
Hlenpma@ [1Ta@mls@]  CASE 730A-02 W | 25 | 381 | 0100 ! G150 |
PLASTIC




intel
8255A/8255A-5

'PROGRAMMABLE PERIPHERAL INTERFACE

u MCS-85™ Compatible 8255A-5 e Direct Bit Set/Reset Capability Easing
- Control Application Interface

x Reduces System Package Count
x Improved DC Driving Capability

u 24 Programmable 1/O Pins
= Completely TTL Compatible

a Fully Compatible with Intel® Micro- s Available in EXPRESS
processor Familles —Standard Temperature Range
u Improved Timing Characteristics —Extended Temperature Range

The intel® 8255A is a general purpose programmable 1O device designed for use with intel® microprocessors. It has
24 /O pins which may be individually programmed in 2 groups of 12 and usec in 3 major modes of operation. In the tirst
mode (MODE 0}, each group of 12 /O pins may be programmed in sets of 4 to be input of output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 21 is a bidirectional bus mode which uses 8
lines for a bidirectionat bus, and 5 lines, torrowing one {rom the other group, for handshaking.

”"{—"""__ - c:ﬂ‘::’ O YN N 4 P
s L .‘G' Sl
: 8 7 15 4
a(]e Nsl
L | = -p
o e K- -g B
———cm o a i = ,__,: .;_:- wi}e.
—-— = = __ | ‘,g‘ aaa Be
: M | ennams (¥, TS sevmm PR ~g- -Fe
L 8)% s “Oe
—_ ] l e oo
[ PI— i i -:-g-‘ :Fux
~——-"3—“-—'-c:"]6:>+<::;:>_:. =i :E:
——d T 1 e -~ .E..
i } ~ ) e

J

Figure 1. 8255A Block Dlagram ) Figure 2. Pin Conflguration
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8255A/8255A-5

8255A FUNCTIONAL DESCRIPTION

Generai

The B255A is a programmable penpheral interface (PPY)
device designed for use :in intel microcomputer
systems. Its function is that ¢f & general purpose 110
component to interface penoneral equipment (o the
microcompuler system bus. The functional configura-
lion of the 8255A is programmec by the system software
50 that normally no externat logic 1s necessary to inter-
face peripheral devices of structures.

Data Bus Buffer

This 3-state bidirecTional 8-bit ou:tter 15 used to interface
the B255A 10 the system data tus. Data 1s ransmutted or
received by the bulfer toon execution of input or output
instructions by the CPU. Contror worgs and status infor-
mation are aiso translerred inrcugh the data dus butler.

(RD)

Read. A “low" on this input pin enadles the 8255A to
send the data or status information to the CPU or the
cata bus. in essence, it allows the CPU to “read from"
the 8255A.

(WR)
Write. A “low" on this input pin enables the CPU 1o write-.
data or control words into the 8255A.

(Ag and Ay)

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

B255A BASIC OPERATION

Ayl A9 T D | WR ! TS I INPUT OPERATION (READ!
0 0+ ol 11 0 PORT 2=DATABUS

Read/Write and Control Logic
0 1 g Py 0 : PORT 2 ~ DATA BUS
The tunction of this block is 0 manage all of the internal 1 - 0 €0 : 0 | PORT C = DATA 8US
and external transiers of both Cz:a snd Control or Status ] I i i . OUTPUT OPERATION
words. It acceots nouts from he CPU Address and Con- p | i ; (WRITE)
trol busses and in turn, ssues ccmmands 10 both of the 9 O izl 1B | 0 DATA8US~PORTA
Q L e [k of 0 | DATA EUS ~ PORT B
Control Grougps.
rol Group ’ N 10 ¢ 1 D | 0 ' DATA 8US<PORTC
. b /19 =i 0 i 0 | DATA BUS~ CONTROL
— i | | DISABLE FUNCTION
(Cs) x " x | x| «x ' | DAT4 BUS~ 3-STATE
Chip Select. A “fow" on this inzut pin enadbies the com- T+ 7 0 1 0 P ILLEGAL CONDITION
muniction between tne B255A z-c :he CPU. X X i % 1t O | DATA €US~ I-STATE
W 2C P O
—— i1 Lo
T ) e : ] = = K=,
[ emiem i “
ji
g
- I
: : urO
=y (. ST Smm— Y
Comrgromne sare ! 7
5 |
: sl [ ]
4 < X ety Vel
x ~l el e
{ ! - 1
{ 1 {
| H
(Sed ; o
* — it b A s
histias , ‘v—(\———> i v—(——>"?ﬂ-
— : -
—— L i I
. 1
J
2

" Figure 3. 8255A Block Diagram Showing Date Bus Buffer and Read/Wrlte Control Logic Fupctions
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8255A/8255A-5

Input Control Signal Definition

STB (Strobe Input). A “jow™
the input latch.

IBF (Input Buffar Fuli FIF)

on this nput loacs data into

A "high” on this output indicates that the data has been
loaded into the input fateh: jn essence, an acknowledgement
IBF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (Interrupt Request)

A "high™ on this outout can be used to interrupt the CPU
when ‘an input device is requesting service. INTR is set by
the §TB is a “one”, IBF is 3 “one” ang INTE isa "“one”
It is reset by the falling edge of RD. This procedure allows
an input device 1o TeQuest service from the CPU by simply
strobing its data into the port.

INTE A
Controlled by bit setreset of PC,.
INTE B

Controtled by bit set/reset of PCo.

HO0€ 1 PORT 4)
-u,.u'l( .
CONTAOL wWORD
0, by 0, D, 0; O, T, B, T T
WTE 317
K7 ”<, 578,
[LLLENK | (7] ~
=T} | — of— s
Yo tour D L
0 » OUTRUT
L_]r_.c—,-_. nNTe, f
RO ey . ’
’C‘_,_J'——‘—— no 1

&00€ 1 (POAT 8y

oK 3
CONTROL WORO

8y 0, £, 0, 0, 0. 0. o, -
' wTE
7 W G,
LR ] [ LE )
;! ;—' o f—— 1nr,
L
n S Y
—-. Fc“_..—l\'\
;— ]

L1 R—

Figure 8. MODE 1 Input

[

!

i" N 7 '"—_.S

| !

| ! y : i

’i - ‘!-c-‘: v * ! :

! 8F [ .

¢ ‘

5 'uv.-'—— Y Vo e

[’ INTR ¢

! / -Tay ==\ _

i il 3

! - - - i
o N\ =

Figure 8. MODE 1 (Strobed Input)



lntel 8255A/8255A-5,

Output Controt Signal Definition

MODE 1 (PCAT A}
OBF (Output Butfer Full F/F). The OBF output will go .. . . >
“low” 10 1ndicale that ihe CPU has wnitten cata out to the CoNTROL woRD
spectlied port. The OBF F/F will be set by the rising edge > % 0 0, 0, 0,0, B .
of the WR input and‘res.el by ACK input being low. 1101 o XXX . el o,
3 <, TINTE e, i

ACK {Acknowiedge Input). A-low” on this input informs .- * LAl *a
the B255A that the data from pon A or port B has been peouUTPYT
accepled. In essence. a resconse irom the penpheral
device indicating that it has recteved the data output by .
the CPU. . A .

oy b

INTR (Interrupt Request). A “fugh 0n this cutput can de
used 1o nterrupt the CPU wnen an oulput device has

‘ MOOE 1 (PORT 88

acceptea cata transmitted by the CPU INTR s set wnen :
—_ X re, re, .J\

1

'

i

ACK isa~one” OBFisa“one” anc INTE is a “one” itis AV .
reset by the falling eage of WR
¢ 5: 9% 0, 0,0, 9,0, 9, s
(' % \V o¥F,
INTR (Interrupt Request). A “hign™ on this output can ce =,

used !0 nlerrupt the CPU when an ouiput Cevice has
acceptec data transmittec by the CPU. INTR s set wnen
ACKisa~one’, OBFisa~one”. and INTE 1sa ‘one’ It1s
reset by the falling eage ot WR.

s TR,

; WA ey
INTE A . !
Controiled by tit setreset of PCq ! 2825
INTE B ]
Controlied by ot setireset of PC,. ] : Figure 10. MODE 1 Output

>
AR SR

S
i g w

Figure 11. 'Mode 1 (Strobed OQutput)



ICL7106/ICL7107
31/, -Digit LCD/LED

Single-Chip A/D Converter

GENERAL DESCRIPTION

The intersit ICL7106 and 7107 are high performance, low
~wer 3Y;-digit A/D converters containing all the necessary
isuve devices on a single CMOS L.C. Included are seven-
sagment decgoders, display drivers, a reference, and a
wack. Tha 7106 is designed to interface with a liquid crystat
~splay (LCD) and includes a backplane drive; the 7107 will
wectly drive an instrument-size light emitling diode (LED)
~3play.

The 7106 and 7107 bring together an unpracedented
=moination of high accuracy, versatility, and true economy.
t tealures auto-zero 1o less than 10uV, zero drift of less
2an 1uV/°C, input bias current of 10 pA max., and rollover
nor of less than ane count. True ditferential inputs and

‘ warence are useful in all-systems, but give the designer an
| scommon advantage when measuring load cells, strain
! 2qes and other bridge-type transducers. Firally, the true
ic.)nomy ol single power supply operation (7106), enables

FEATURES

BINMNERSIIL

¢ Guaranteed Zero Reading for 0 Volts Input on All

Scales

¢ True Polarity at Zero for Preclse Null Detection
* 1pA Typical Input Current
® True Ditferential input and Reference

¢ Direct Dispisy Drive — No External Components
Required — LCD ICL7106
-— LED ICL7107

¢ Low Nolse - Less Than 15V p-p

® On-Chip Clock and Reference

* Low Power Dissipztion ~ Typlcally Less Than 10mW
* No Additlonal Actve Clrcults Required

* New Small Outiine Surtace Mount Package Available
¢ Evalustion Kit Avsilable

1gh performance panel meter 10 be built with the addition ORDERING INFORMATION
4only 10 passive components and a display.
t
Part Number ffamppcitore Package
Range
ICL7106CPL 0°Cto +70°C | 40 pin ptastic DIP
ICL7106CIL 0°Cto +70°C | 40 pin CERDIP
: ICL7106CM44 0°Cto +70°C | 44 pin Surtace Mount
H ICL7107CJL 0"C1o +70°C | 40 pin CERDIP
; ICL7107CPL D*Cto +70°C | 40 pin piasuc DIP
; ICL7106EV/Kit | Evaluation kits contain IC, aisplay,
' ICL7107EV/Kit | circuit board, passive components and
i hardware.
i
H
| vt Ny Whosc 1
l 01 E 2 »{osc2
c1]a s osca
i o | ev (e ST TEST
' £{ ags IS REF HI
‘ ERNG=0 I AEF LO
i T 617 cinos (Leo) HPCaer
i E1CIS icirio7 (LED) 333 Caer
: b2} 32{7 COMMON
i = | cage nphmm
| 2 ] B2 30N Lo
w Y a2gd2 WP Az
Ll rrdn 200 BUFF
214 2703 INT
= ( pacs 2000V
g (.- Jus R4 250362 (TENS)
- F) 17 243Cca =
“ g 2304318
(1000) AB<(C]18 22003 =
POLCY29 210 sP/GND
(MINUS} (7106) (7107)
0335-1
0335-2
Figure 1: Pin Configurations -
<

#o.'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION wiTh RESPECT TO Trud FAOOUCT SHALL BE THRAT STATED IN THE WARRANTY ARTICLE OF ThE CONDITION OF SALE.
SARANTY SRALL BE EXCLUSIVE AND ShALL BE W LEU OF ALL OTHER WARRANTIES, EXPRESS, IMPUED OR STATUTORY, INCLUOWG THE IMPUED WARRANTIES OF
LaNTABIUTY AND FITNESS FOR A PARTIQULAR USE.

‘uwmmwmwm—amuvuw
'

301650-003

LO1LI01/20121D1




ICL7106/ICLT107

ICL7106/ICL7107 BINTERSIL

ABSOLUTE MAXIMUM RATINGS Pawer Dissipation (Note 2)

Suppiy Voliaga . Caramic PACKAQE ...... -....ciiiiieiannn 1CCCmwW
ICL7106. V™ 10V ™ .. tve teiiaans aeeaaaaan e PlastC PACKage .. .ceverreniaereaeaeae. oo 300mW
ICL7I07. VT 10GND . oo v et arens .. Operaung TOMPErAIUIe ... ..ov evenn. o*Co ~70°C
ICL7107, V- 10 GND ' Storage Temperature ................ —85°Ci0 + 150°C

" Vollage (erther MouNGte 1} nnn. V= Lead Tamperature (Soldernng, 10sec) ........ .... 300°C

Analog Input Vollage {erther input)(Note 1} ...
Reference Input Yoltage (etner nput) .........
Clock Input
ICL7106
ICL7107

NOTE: Srosses doove (NOse uS18d wiCH “ADS0KITE MaxaTusm Faungs™ may Cause POIMAanen: OaMage i0 e oeviCe, Thase are suess (alngs only and LnCLoral
Operation Of the 0SviCe 31 1P9SP OF &Ny OINN CONTILONS D0V IND3S MNOICRIST M INS OPHBLONA! SECIONS OF ING SDYCINCALONS 1S NOT HMProY. Eaposure 10 a0sOtE

M&XNTRAT! (317) CONCILONS 1D BXiINCIT PINOTIS Maly BITECE JBviCo Imufy.
NOte 1: Input vOURGES My 62CE60 tho SUDPly vOIEQES PIOVIGSQ T NDuL CurTént 1S tMied 10 = 100A.

NOte 2: Dissiation raung assumas QeveCe 15 MOUNtea wilh all leass $UCHAC 16 pANted Cwcur boasa.

ELECTRICAL CHARACTERISTICS (Note3)

Characteristics Test Conditions Min Typ ] Max Unit
Vin=0.0V
Zero Input Reading FL’E 1 o Be “H/ —000.0 | =000 | +000.0 | DgtalRsacing

Vin=V
i PrEr 999 | 999/1000 | 1000 | Dignal Reacing

Ratiometnc Reacing Va 100mV
EF =

Rollover Error (Ditterence in 2
—Vin= T Vin & N b = d
reading for equal postive and Nl A LA ! g 3! Counts
negative nputs near Fuil Scale)
Lineanty (Max. asviation from Full scate =200.0mV a -2 1 c
best straight line ht) of full scale = 2.000V (Note 6) S ax ounts
" Common Mode Rejecuon Ratio Vem = =1V, Vi =0V : 50 VIV
(Note 4) Full Scale = 200.0mV ®
Noise (Pk-Pk value notexteeded | Vin=0V . 15 B v
95% of time) Fult Scale= 200.0mV #
Leakage Currant input Viy= 0 (Note 6) 1 10 pPA
. V|~ =0

R . N
Zero Reading Duft 0° <TA<70°C (Note 6) 0.2 1 uvG
Scale Facior Temperature ViN= 189.0mV .
Coetticient 0 <TA<70°C 1 5 ppm/°C

(Ext. Ref. Oppm/*C) (Note €)
V+ Supply Curtent {Does not
include LED current for 7107) Vin=0 0.8 1.8 mA
V= Supply Current (7107 only) 0.6 1.8 mA
Analog Common Voltage (With 25k0N bawween Common &
24 2.8 3.2 v

respect 10 Pos. Supply) Pos. Supply
Temp. Costl. ot Anatog Common | 25k} petween Common & 0 .
{With respect to Pos. Supply) Pos. Supply PP

INTERSIL'S SOLE AND EACLUSIVE WARKANTY CBLrBATION wiTh RESPECT 10 Trus PACOUCT Sratl 8E TRAT STATED & TE WARRANTY ARTICLE OF TrE CONDITION OF SaLf
ThE WARAANTY SmaLL 9E EXC.uSVE AND SmaLL BE N LiEu OF ALl OTRER WARRANTIES, EXPAESS. SPUED OR STATUTORY, INCLUDING THE #PUED WARRANTES OF

MERCHANTAGAITY AND FITRESS FOR A PARTCULAR USE.

NOTE: AN Nacel venws faed Do M aSiardod Dol 400 MO 10sied.
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-
-y
ELECTRICAL CHARACTERISTICS (Note 3) (Continued) g
T S
Characteristics I Test Condltlons Min | Typ Max | unit o
-
7106 ONLY ]
V¥ ioV-= 5
Pk-Pk Segment Drive Voltage tovT =8V ‘- 3 ° v "o‘
Pk-Pk Backptane Drive Voltage ~
{Note 5)
¢ 7107 ONLY ' V* =50V s 60
" Segment Sinking Cutrent Segment vollage = 3V . mA
, (Except Pin 19 & 20}
!
' (Pin 19 only) 10 16 mA
' {Pin 20 onty) 4 7

NOTES: 3. Untess oihenwss noted, specihcations apply 10 both the 7108 ana 7107 at Ta« 25°C. lagos = 4BRHZ. 7106 o 104180 ¢ e cvoud of Figure 2, 7107 .
1ested w1 the cwcur of Figwe 3.
4. Reter 10 “Defterenual Inpul™ duscussion.

5. Back plane Onve s i phase wilh saQ dnve 1or *Ofl" 50
OC component 1s less than SOmV,

NO1 1ested, Guaranieed by dasign.

TEST CIRCUITS

1807 out Of phase tor ‘on’ segment. Frequency 1s 20 Lmes STNverson rale. Average

; e
H s 3
R

'!..t 14 Whave

SRR S

D wTensL 7108

‘L[j 3| L] b U

WAAT
L] <
0335-3
Figure 2: ICL7106 Test Clrcult and Typlcal 0135-4
Application With Liquid Crystal Display Figure 3: ICL7107 Test Clrcuit and Typlcal
Application With LED Display

ATEASHL'S SOLE ARD EXCLUSIVE WARRANTY OBLIGATION WiTh RESPECT TO TriS PRODUCT SAALL BE THAT STATED W THE WARRANTY ARTICLE OF ThE CONOITION OF SALE
"af WARRANTY SPALL BE EACLUSIVE AND SMALL BE W LIEU OF ALL CTHER WAARANTIES. EXPRESL wsPUED OA STATUTORY, WiLUDNG Iré -wPUED WARRANTIES OF
WERCRANTABIITY AND FITNESS FOR A PARTICULAA USE.
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TO C+GsTAL $ACTION

Figure 4: Analog Section of 7106/7107

DETAILED DESCRIPTION

Anatog Section
Figure 4 snows the Analog Section for the ICL7106 and
7107. Each measuremant cycle is divided into three phas-

** @s. They ase (1) auto-zero (A/2), (2) signal integrate {INT)

and (3) de-integrate (DE).
Auto-zero phase |

Dunng auto-zero three things happen. First, input hign
and low are disconnected from the pins and internalty snor-
ed 1o analog COMMON. Sacond, the reference capacior 1s
charged to the referenca vollage. Third, a feedback loop 1S
closed around tha systam to charge the aulo-zero capacitor
Caz 1o compensate for otfset voltages in the bufter amplifi-
er, integralor, and comparator. Since the comparator is in-
cluded in the loop, the A/Z accuracy is limited only by the
noise of the system. In any case. the offset referred to the
input is less than 10uV.
Signal Integrate phase

During signal integrale, the auto-zero loop is opened, the
internal short 1s removed, and the ntarnal input high and
low are connacteo 10 the external pins. The converter then
intagrates the difterential voltage between IN Hl and IN Lo
for a fixed yme. This diferental voltage can be within a
wide common mode range: up 1o one volt {rom either sup-
ply. if. on the otner hand, the input signal has no return with
respect 10 the converter power supply, IN LO can be tied to
analog COMMON to establish the cofrect common-moae
voltage. At the end of 1his phasa, the polarity of the integrat-
ed signal is getermined.
De-Integrate phase

The final phase is de-integrate, or reference integrate. In-
put low 1s miernally connectea 1o analog COMMON and in-
put high is connected across ihe previously charged refer-
ence capacitor. Circuitry within the chip ensures that the

capacitor will be connecieégd with 1ne correct polanty 10
cause the Integrator outputl 10 return 10 2ero. The ume re-
quirea for the output 1o return 1o 26r0 1s proportional to the
input signal. Specitically the aignal reaaing cisptayed Is

Vv
1000 (-—'"— .
VREF

Differential Input

The input can accept cifferential voltages anywnere with-
in the common moae range of ine nput amptifier, or specili-
cafly trom 0.5 volts betow ine posiive supply 0 1.0 voit
above the negative supply. In this range, the sysiem has a
CMRR of 86 0B typical. Howeéver, Care mus! De exercised 10
assure the integrator output does not saturate. A worst case
congition would be a large positive common-mode vollage
with a near full-scale negatve aitlerennal input voitage. The

. negalve input signal anves the integrator positive when

most of its swing has been used up by the positive common
mode voltage. For these cnitical apphcauons the integrator
ontput swing can be reduced 10 less than the recommended
2V full scale swing with tle loss of accuracy. Tha integrator
output can swing 10 within 0.3 volts of either supply without
loss of linearity. See Appiication Note A032 for a discusson
of the etlects of sray capacitlance.

Ditferential Reference

The reference voltage can be generated anywhere within
the power supply voltage of the converter. The mawmn source
of common mode error 1s a roll-over voltage caused by the
reference capacitor 10sing or gaming charge to stray capaci-
ty on its nodes. If there 15 a large common mooe voltage.
the reference capacitor can gan charge (increase voltage)
when catled up 10 ce-nlegrate a posiive signal but fose
charsge {decrease voitage) when called up to gentegrate a
negative input signal. This aifference in reference for posi-
tive Of negative input voitage will give a roll-over arror, How-
ever, by selecting the reference capacitor such Wiat il is

INTERSAL'S SOLE ARD £AC USIVE WARRANTY O3LIGATION ;vnn RESPECT TO TriS PACOUCT SMALL BE THAT STATED & ThE WARRANTY AATICLE OF ThE CONDITON OF SALE.
TnE WARRANTY SmaLl 52 EACLUSIVE AND SmALL BE 1 LIEU OF AuL OTRER WARRANTIES. EXPRESS, IMPLIED OR STATUTCRY, MCILDING ThE IMPUED wAARANTIZS OF

MERCHANTARILTY AND FITRESS FOR A PARTICULAR USE

NOTE: AZ JDCB wansm3 iove Dwwt SNatalionted Dut 85w NOT 153
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a:ge enough in comparison 10 the stray capacitance, this
<110t can be held 1o less than 0.5 count worst case. (See
Zomponant Value Setection.)

Analog COMMON

Tns pin s incluged primarily {0 set the common mode
+2.age 1or patiery operation (7106) or for any system where

nput signals are tloating with respect 1o the power sup-
, Tne COMMON pn sets a voltage that 1s approximately
§ voils more negative than the positive supply. This 1s
&Cted 10 give a mwwmum end-of-life batiery voltage of
2250t BV, However, anatog COMMON has some of the attri-
£ .iés Ot a reterence vottage. When the total supply voltage
.» .2rge enough 10 cause the zener 10 regulate (> 7V), the
CCMMCN voltage will have a low voltage coefficient
:3.001%/V), low output impedance (= 150}, and a temper-
aluid coetlicient typcally less than 80ppm/°C.

Tne wmiations of e on-chip reference should also be
tecognized, however. With the 7107, the internai heating
~fuch r@suits rom the LED dnivers can cause some degra-
zaton n peniormance. Due 10 ther higher thermai resist-
anca, plasuc paris are poorer n this respect than caramic.
Tra compination of relerence Temperature Coetlicient
\"C), nternal chyp dissipanon, and package thermal resist-
&-.cé can increase rowse near tull scale from 25 uV to
=2.Vp-p. Also the lineanty in going from a hugh dissipation
zzunt such as 1000 (20 segments on) to a low dissipation
sount suchn as 1111(8 segments on) can sutier by a count or
ware. Devices with a positve TC reference may require
saverai counts to pull out of an overrange condition. This is
-Cau5a Overrange s a low dissipation mode, with the three

———uést ssgnihicant digits blanked. Sirularly, units with a nega-

+.& TC may cycie between overrange and a nonoverrange
sount as the qie attesnately heats and cools. All these prob-
«ms are of course eiminated f an external reference is
»yu0.

The 7106, with its negligible dissipation, sutfers from
nona of these probiems. In either case, an external refer-
ence can easily be acded, as shown in Figure 5.

v v
r——_r
° aes v ™
ssvoL?
deman
asoted 11087107
71047907 :"
— . U, ;mmo
1 13v

>
aes 0 j agsenence
COuuOn |
—_—
~
- (0]

2338-6
Figure 5: Using an External Reference

LINERSIL

Anzlog COMMON is also usea as the :mnput fow return
dunng auto-2ero and oe-integrate, i IN LO is aitferent from
anaiog COMMON, a3 common moce voltage 6xists in ine
system and is taken care of by tne excellent CMRR of the
convener. However, in some apphcatons IN LO will be sat
al a fixed known voltage (power supply common for :n-
stance). In this application, analog COMMON should be ted
10 the same pont, thus removing the COMMOoN mode voit-
age from the converter. The same nolds ttue for the refer-
ence voltage. if reference can be converently ted 10 ana-
tog COMMON, it should be since this removes the common
moge voltage from the reference system.

within the 1C, analog COMMON s ued 10 an N channel
FET that can sink approximately 20mA of current to hoid
the voitage 2.8 voits below ne positive supply (when a load
IS trying 1o pull the COMMON N6 POSiive). However, there 1s
only 10uA of source current, so CCIMMCH may easily De
tied 10 2 more negauve vollage thus over-nging (he 1Nternal
refersnce.

TEST

The TEST pin serves two tunctons On the 7106 i s
coupled 10 the internally generaleco cigital supply through a
5001} resistor. Thus it can £ useq as the negalve supdiy
for externaily generaled segment Crivers Such as decimal
poinis or any other presenialicn the user may want 10 -
clugs on the LCD aisplay. Figures 6 ang 7 show such an
apphcaucn. No more than @ 1mA Icao should be appiled.

& AN

ALY

1104 ! 10 CO
INTEASW DECIMAL POINT
111250
J
I 1[: i
Test -+
n To1LD
BACK PLang

03387
Figure 6: Simple Inverter for Fixed Declmal Point

-
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= :
i _T:” >—— 1 1040
hos CECimat . 3
FOmT { . f;f:"‘:‘
seeev i _i - ;D—- |
T Vo
Dot
; )
~ — i3 J
. .
resy | cown .
ono
0335-8

Figure 7: Exclusive '‘OR’ Gate for
Decimal Point Drive
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Figure 8: Digital Section 7106 6335-9
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Figure 9: Digital Section 7107 0335-10
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The sacond lunction is a “lamp test”. When TEST s
~ullea hugh (to V™) all segments wal D@ iurned ¢n and the
~spiay should read — 1888. The TEST zin will sink about
10mA under these conditions.

Caution: on the 7106, in the lemp test mode, the seg-
ments have a constant DC voltage (N0 square-wave) and
may burn the LCD dispiay if left in inis mooe for several
munutes.

DIGITAL SECTION

Figures 8 and 8 show the digital section for the 7106 and
7107, respectively. In the 7106, an wniernal digital ground is
gansrated from a 6 volt Zener dioce and a large P channel
scutce foltower. This supply is mace sutf 1o 2dsord the rela-
uva large capacitive currents when the back ptans (SP) voit-
age is switched. The BP frequency 1s the clock frequency
amiced by 800. For three readings/second this 1s a 60Hz
square wave with a nomminal amptituce of 5 voits. The seg-
ments are dnven at the same freguency and amplitude and
are in pnase with BP when OFF, but out o phase when ON.
in all cases negligible DC voltage exists across the seg-
mants.

Figure § is the Digital Section of the 7107, Itis idenucal 10
ing 7106 except that the regulated supply and back plane
snve have been eliminated and the segment anve nas been
.nereased from.2 10 8 mA, typical for instrument size com-
mon anooe LED displays. Since the 1000 ouiput {pin 19)
must sink current from two LED segments, it has twice the
cnve capability or 16mMA,

in poth devices, the polanty incication 1s “on™ for nega-
uve analog nputs. i IN LO anc IN H! are raverssd, this
.faication can be reversed also, i cessea.

System Timing

Figure 10 shows the clocking arrangement used in the'
7106 and 7107. Three basic clocking arrangaments can be
«36d:

1. An exiernal oscillator connecied 10 pin <0.

2. A crystal between pins 38 zna 0.

3. An R-C oscillator using &l three pins.

t neumer .
) ]
) ]
H = :
X ¥ CounTEn
i 1
'
' '
. ; .
' 230 : !
S, -SRI . U X S 4
=Y
LrTeanaL O i
osiILLATOR 2E mE TwOAR
TesT (7100
« and Men
033511
Flgure 10: Clock Clreuits

SINTERSIL

The oscillator frequency is dividea by four betore it clocks
the decace counters. it 1s then further dwvided 1o form the
three conver-cycle phases. These are signal integrate
(1000 counts), relerence de-integrate (0 to 2000 counts)
and auto-zero (1000 to 3000 counts). For signals less than
full scale, auto-zero gets the unused portion of reference
deintegrate. This makes a complete measure Cycle of 4,000
counts (16,000 clock pulses) indepencent of input voltage.
For three readings/second, an oscillator frequency of
48kHz would be used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a muitiple of §0Hz. Oscillator tre-
quencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 40kHz,
33Y4kHz. etc. should be selected. For 50Hz rejecton, Oscil-
fator frequencies of 200kHz, 100kHz, 6624 kHz, 50kHz,
40kH2, etc. would be suitable. Note thal 40kHz (2.5 reac-
ings/secong) will reject both 50 and 60Hz (aiso 400 and
440Hz).

COMPONENT VALUE SELECTION

Integrating Resistor

Both the buffer amplitier and the integrator have a class A
output stage with 100uA of quiescent current. They can
supply 20pA of drive current with negigible non-linearity.
The integrating reststor should be large enough to remain in
this very hinear region over the input voltage range, but
small enough that undué leakage requiremenis are not
placed on the PC board. For 2 volit full scale, 470k{1 is near
optimum and simdarty a 47kl for a 200.0 mV scale.

Integrating Capacitor

The integraung capacitor shouid be seiected o give the
maximum voltage swing that ensures iolerancé build-up will
not saturate the integrator swing (approx. 0.3 volt from ei-
ther supply). In the 7106 or the 7107, 'when the analog
COMMON is used as a reference, a nommnal =2 volt full
scale integralor swing is fine. For the 7107 with x5 voit
suppiles and analog COMMON ued to supply ground, a
=3.5 10 =4 voil swing is nominal. For three readings/sec-
ond {48kHz clock) nominal values for Ciyt are 0.22uF and
0.10uF, respectively. Of course, if different oscillator ire-
quencies are used, these values should be changed in in-
verse proporion 10 maintain the same output swing.

An additional requirement of the integrating capacitor is
that it must have a low dielectric absorpuon 1o prevent roll-
over errors. While other types of capacitors are adequate
for this apptlication, polypropylene capacitors give undetect-
able errors at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor nas some nfluence
on the noise of the system. For 200mV full scale where
noisa is very imporant, a 0.47uF capacnor is recommend-
ed. On the 2 volt scale, a 0.047pF capacilor increases the
speed of recovery rom overioad and 1s adequate {or notse
on this scale.

<
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Reference Capacitor

A 0.1uF capaciof givas Gooa resuds . most agpica-
nons. Howaver, wnere a iarge common mooe voltage exists
{i.e. the REF LO pin 1s nOt at anaiog COMMON) anoc a
200mV scale is used, a largar value 1s t&quired 10 prevent
roll-over error. Generally 1.0pF will hoia the roli-over error
10 0.5 count in this instance.

Oscillator Components

For all ranges of frequency a 100k} resisior is recom-
mended and the capacior 1s selected from the eguation

.4
l-%éé. For 48kHz clock {3 readings/second). C= 100pF.

Reference Voltage

Tra anaof ool fEC.FEC L jererete (Ll-slaie Sutpul
(2000 counts) st ZYREF. Thes, 100 e 200.0mv anc
2.000 voit scaie, Vre! snould equal 100.0 mV ana 1.000 volt,
respecuvely. However, in many appucaucns where e A/D
is connected to a transducer, there wil exist a scale facior
other than unity between the input voiiage and he digual
teaoing. For instance, in a weigning system, the assigner
ugnt like 10 have a tull scale teaging when the voliage from
the wransducer ts 0.682V. Instead of oivicing the input down
10 200.0mV, the designer should use tne nput voltage di-
recity and select Vger = 0.341V. Sunable values for inte-
graung resistor and capacitor would be 120k{1 and 0.22uF.
This makes tha system slightly quieter and also avoids a
divider network on the input. The 7107 with x SV supphes
can accept nput signals up 1o = 4V. Another aovantage of
this system occurs when a dignal reaaing of 2610 is 0esired

.. tor VN #0. Temparature and weighing systems with a vari-

able tare are examples. This offset reacing can be conve-
niently generated by connecung the voitage transgucer be-
tween IN Hl ana COMMON ana the vanable (or fixeg) ofiset
voltage between COMMON and iN LO.

7107 Power Supplies

The 7107 is designed to work from =5V supples. How-
ever, if a negative supply 1s not available, i1 can be general-
ad from the clock output with 2 gi00es, 2 capacitors, and an
inexpensive 1.C. Figure 11 shows wis applicavon. See
ICL7660 data sheet {or an aiternative.

1
Yosc
osca
o8C 3
107
_ w0
¥
l
v o-dd
0335-12
Figure 11: Generating Negative Supply
from + 5V
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in fact, in S@IECIad appHCaLONS ©id NEZEUve SUPPlY IS re-
quired. The conoiions 10 use a singié ~ 3V supply are:

1. The input signal can De r&l&reniec 10 ind center of
the common mode range ot ne Lorvener.

The signal is less than = 1.5 vouts.
An external reference IS usea.

TYPICAL APPLICATIONS

The 7106 and 7107 may be used in a wioe vanety of
contigurations. The circuils which tollow snow soma of the
possilities, and serve 10 illustrate the exceplional versauli-
ty of these A/D converers.
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Flgure 12: 7106 using the internal reference.
Values shown are for 200.0 mV full scale,- -
3 readings per second, floating supply

voltage (SV battery).
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Figure 13: 7107 using the internsl reference.
Values shown are for 200.0mV full scale, 3
readings per second. IN LO may be tled to either
COMMON for Inputs floating with respect to
supplles, or GND for single ended Inputs. (See
discussion under Analog COMMON.)
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Figure 15: 7107 with Zener diode reference.
Since low T.C. zeners have breakdown vollages
~ 6.8V, diode must be placed across the total
supply (10V). As In the case of Figure 15, INLO
may be tied to either COMMORN or GND.
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Figure 14: 7107 with an
reference (1.2V type). IN L
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O is tied to COMMON,
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Flgure 16: 7106/7107: Recommended
component values for 2.000V full acale.

thus establishing the correc

t common mode

voltage. it COMMON |s not shorted to GND, the
Input voitage may tioat with respect to the
power supply and COMMON acts as a pre-
regulator tor the reference. 1f COMMON Is
shorted to GND, the Input is single ended
(referred to supply ground) and the pre-
regulator is over-ridden.
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ICL7106/I1CL7107

ICL7106/ICL7107
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Figure 17: 7107 operated from single + 5V
supply. An external reference must be used in
this application, since the voltage between V™
and V- Is insufficient for correct operation of

the Internal reference.

1107

0335-19

Figure 18: 7107 measuring ratlometric values of
Quad Load Cell. The resistor values within the

bridge are determined by the desired sensitlvity,
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= Figure 19: 7106 used as a digital centigrade
0335-18 thermometer. A silicon diode-connected

transistor has a temperature coetiiclent of
about —2mV/*C. Callbration Is achleved by
placing the sensing transistor In lce water and
adjusting the zeroing potentiometer for a 000.0
reading. The sensor should then be placed In
bolling water and the scale-{actor potentiometer
adjusted for 100.0 reading.

ve .
1 Ld
Ve ~ - 3]
5 o1 oacs 5
. [} Oac
-‘.— o nn. =
" " wiwoh !
Yo wem
Cloa Common [
E : - ]
= B
gn suee
~ [_: [T} -y ;
Crhange 3 v -
= dogr o
” Py
Cianes :EJ bt >
G oL o 5

=

0235-21
Figure 20: Circult for developing Underrange
and Overrange signals from 7106 outputs.
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KIT), passive components, and misceilaneous hardware.

[ 13 -0

ICL7106/ICL7107 BINTERSIL, o
-
-3
-
al components required, tnen winng a breadboard, can of- O
ten cause gelays of gays or someumes weeks. To avoid this 2
problem and faciitate evatuztion of these unique circuits, a
o ner “ Intersi is offenng a kit wnich contains all the necessary p~
i } v < oD components 10 buid a 3';-cigit panel meter. with the help ~
CJos osc2 i) of thus kit, an enginear of technician can have the system 3
| g o i % “up and ruaning™ in about halt an hour. ~
! :" ::; Two kits are oHered, the [CL7106EV/KIT and the
ga, Py % ICL7107EV/KIT. Both contain the appropnate IC, a circunt
' caer board, a display (LCD for 7106EV/KIT, LEDs for 7107EV/
OQos COmamn [}
E o]
]
a =]

APPLICATION NOTES
a .t A016 “Selecting A/D Conveners”, by David Fullagar.

E—-—O-_?——q:' pr b X AG17  “The Integrating A/D Convener”, By Lee Evans.
J"CB—Q: n by AD18  ~Do's and Don'ts ot Applying A/D Converters”, by
ase a Pster Bradshaw a2nc Skig Osgond.
20

i AD23 “Low Cost Digual Panei Meter Designs”, by David
L al . Fullagar and Michasi Dufort.
H : A032 “Understanding the Auto-Zero and Common Mode
o TaC10 gnnn ! Pertormance of the ICL7106/7/9 Family™, by Peter
= aK Bracshaw.
\ AD46 “Building a Batery-Opserated Auto Ranging DVM
PP with the ICL7106", Sy Larry Goft.

Figure 21: Circuit for developing Underrange
and Overrange signals from 7107 outputs. The
LM333 Is required to ensure logic compatibllity

with heavy dispiay loading.

ADS2  “Tips for Using Singie-Chup 3Y2-Digit A/D Convert-
ers”, by Dan Watson.

7106/7107 EVALUATION KITS

After purchasing a sample of the 7106 or the 7107, the
majority of users will want 10 build a simple voltmeter. The
pants can then be evaluated against the data sheet specifi-
cations. and tried out in the intended applicauon. However,
locating and purchasing even the small number of adaion-
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Figure 22: AC to DC Converter with 7106. TEST Is used as a common mode reterence level to ensure
compatibllity with most op-amps.
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Flgure 23: Display Buffering for increased drlve current. Requires four DM7407 Hex Butfers. Each butfer is
capabie of sinking 40 mA.
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Z80:CPU _ 5
Z80A-CPU Product Specification

MARCH 1978

The Zilog Z80 product line is a complete set of micro- multiple fevel interrupts, unlimited subroutine nesting and
computer components, development systems and support simplification of many types of data handling.
software. The Z80 microcomputer component set includes
) P po ' The two 16-bit index registers allow tabular data manipu-

all of the circuits necessary to build high-performance . N -

micsocomputer sysiems with virtually no other logic and a lation and easy implementation of relocatable code. The

minimum number of low cost standard memory elements. Refresh register provides for automatic, totally transpatent
tefresh of extesnal dynamic memories. The | register is used

The 280 and Z&OA CPU's are third generation single chip in 2 powerful intcrrupt *esponse mode to form the upp-r &
micraprocessors with unrivaled computational power. This bits of a pointer to a interrupt service address table, while
nceeased computational power results in higher system the interrupting device supplics the lower 8 bits of the
through-put and more efficient memory utilization when pointer. An indirect call is then made to this service address.
compared to sccond generation microprocessors. In
ddition, the Z80 aud Z30A CPU's are very casy to imple-

ment into 3 systean because of their single voltage require- FEATURES

ment plus all vutput signals are fully decoded and timed to ¥ 3 £

control standurd memory ar peripheral circuits. The circuit 2 Smgl.c chip. !‘J-chzfmd Siigeq Gate CPU. A

i implemented using an N-channel, ion implanted, silicon S [ oggns\ruetjsgeNagfuaball us JIRREGE0A tpruc-

pate MOS process. lfons with total software cor.npahbul:!y. Nc?/ nstruc-
tions include 4- 8- and 16-bit operations with more

Figure 1 is a block diagram of the CPU, Figure 2 details uscful addressing modes such as indexed, bit and relative.

the internal 1egister configuration which contains 208 bits @ 17 internal segisters.

of Read/W'ite memory that are accessible to the program- _®_Three modes of fast interrupy_response plus a non-

mer, The registers include two sets of six general purpose maskable interrupt.

registers that may be used individually as 8-bit registers or © Ditectly interfaces standard speed static or dynamic

s 16-tit regisier pairs. There are also two sets of accumu- memorics with virtually no external logic.

lato: and Nag registers. The programmer has access to either @ 1.0 ps instruction execution speed.

set ¢f main or altemate registers through a group of ex- o Single 5 VDC supply and single-phase § volt Clock.

change instructions. This alternate set allows foreground/ ® Qut-performs any other single chip microcomputer in

hackground mode of operation or may be eserved for very 4..8-. or 16-bit applications.

{ast Interrupt respoanse. Each CPU also contains a 16-bit e Al pins TTL Compatible

stack pomnter which permits simple implementation of ® Built-in dynamic RAM refresh circuitry.
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780, Z80A-CPU Pin Description
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280, 280A CPU PIN CONFIGURATION

Ag-Ajs
{Addiess Bus)

Do -D7
(Data Bus)

My
{Machine
Cycle one) -

MREQ
(Memory
Request)

JORQ
(Input/
Output
Request)

RD
(Memory
Read)

WR
(Memory
Write)

Tri-state output, active high. Ag-A; ¢
constitute a 16-bit address bus. The

addiess bus provides the address for

memary (up to 64K byies) data

exchanges and for H/Q device data exchanges.

Tri-state input/outpul, active high.

Dg- D7 constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and 1/O devices,

Qutput, active low. M indicates that the
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low. The memory
request signal indicates that the address
bus holds 2 valid address for 2 memory
read 01 memory write operation.

Tri-state output, active low. The IORQ
signal indicates that the lower haif of the
address bus holds a valid 1/0 address for
2 1O tead or write operation. An IORQ
signal is also generated when an interrupt
is being acknowledged tondicate that an
interrupt response vector can be placed
on the data bus.

Tri-state output, active low. RD indicates
that the CPU wants to 1cad data from
memory or an 1/O device, The addressed
1/O device or memory should use this
signal 1o gate data onto the CPU data bus.

Tri-state output, active low. WR indicates
that the CPU data bus holds valid data to
be stored in the addressed memory or 1/0
device.

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI
{Non
Maskable
Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK
(Bus
Acknowledge)

-

Qutpul, active low. RFSH indicates that
the lower 7 bits of the address bus eon-
tain 2 sefresh address for dynamic
memoties and the current MREQ signal
should be used 1o do a refresh read to all
dynamic memorics.

Output. active low, HALT indicates that
the CPU has exccuted 3 HALT sofiware
instruction and is awaiting either a non-
maskable or a2 maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU exccutes
NOP’s to maintain memory refresh
activity.

Input, active low. WAIT indicates 10 the
Z-80 CPU that the addressed memory or
1/0 devices are not ready for a data
transfes. The CPU continues 10 enter wait
states for as Jong as this signal is active.

Input, active fow. The Interrupt Request
signal is generated by 1/O devices. A
request will be honored at the end of the
cusrent instruction if the internal soft-
ware controlied interrupt enable flip-flop
(IFF) is enabled.

Input, active low. The non-maskable
nterrupt request line has a higher prionty
lhanl_r{de is 2lways recopnized at the -
end of the current instruction, indepen-
dent of the status of the interrupt enable
fhp-flop. NM1 automatically forces the
Z-80 CPU 10 restart to location 0066y.

Input, active low. RESET initializes the
CPU as follows. reset interrupt enable
Nip-flop, clear PC and registers | and R
and set interrupt to BOBOA mode. During
reset time, the address and data bus go to
3 high impedance state and all contiol
output signals go to the inactive state.

Input, active low. The bus request sipnal has
a higher priority than NKT and is always rec-
ognized at the end of the current machine
cycle and is used to request the CPU addiess
bus, data bus and tri-state output control
signals to go to 2 high impedance state so
that other devices can control these busses.

Qutput, active low. Bus acknowledge is
used to indicate to the requesting device
that the CPU address bus, data bus and
tri-state control bus signals have been set
1o their high impedance state and the

external device can now control these signals.



Timing Waveforms -
INSTRUCTION OP CODE FETCH

The program counter content {PC) is placed on the

address bus immediately at the start of the cycle. One half " . " " "

cluck time later MREQ goes active. The falling edge ol . L_'L_..

MREQ can be used directly as a chip enable to dynamic  ° 4\ [ —-

memories. RD when active indicates that the memory e AT ® J_twmpmeter

dara should be enabled onto the CPU data bus. The CPU wis TTL ! e

samples data with the rising edge of the clock state Ty, . T f : '

Clock states T3 and T of a fetch cycle are used 1o rc‘l"resh ~— -t -.l-.. ----4{-.

dynamic memories while the CPU is internally decoding - r 1 g I St o

and executing the instruction. The refresh control signal - L——'-——J | emeate

RFSH indicates that a refre}h read of ull dynamic memories oo-0r C? ; !

should be accomplished. Jows l\ ] f B
| |

MEMORY READ OR WRITE CYCLES

—

Hlustrated here is the timing of memory read or write e :

cycles other than an OP code fetch (M) cycle). The MREQ r A wo|l o o " "
and RD signals are used exactly as in the fetch cycie. In . ‘J——\_J—\_‘ .
the case of a memory write cycle, the MREQ als0 becomes w o =Y . e T
active when the address bus is stable so that it can be used H S - L
directly as a chip enable for dynamic memories. The WR A \ ‘N [ T ]
line is active when data on the data bus is stable o that it - T f
can be used directly as s R/W pulse to virtuzily any type of oy |
semiconductor memory, L0 & ' N T ’

L :j: E PSRy Ui W S W RS T

' viang v gl |

i INPUT OR QUTPUT CYCLES

[Mustrated here is the timing for an 1/0 read or 1/0 write " " rar 0 "
operation. Notice that during 1/O operations a single wait . L
state is automatically inserted (Tw®). The reason for this is 2R3 IR T T
that during 1/O operations this extra state allows sufficient - ] i :
time for an [/O port 10 decude its address and activaie the - I |
WAIT line if a wait is required. < r—‘—_/_l_

o INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

(VST

The interrupt signal is sampled by the CPU with the — -

rising edge of the lust clock at the end of any instruction. [ P . o "~ v "
When an interrupt is accepted, a special My cycleis . B WS pan VNS o W o W o W
generated. During this M| cycle, the IORQ signal becomes = W,
acuve (instead of MREQ) to indicate that the interrupting B
device can place an 8-bit vector on the data bus. Two wait e 1 —<
states (Tw ) are automatically added to this cycle so that 3 s L | :
fipple priority interrupt scheme, such as the one used in the e I T L
280 peripheral controllers, can be easily implemented. s v I—!J—‘

e L =

] i 1
-] T r T J _:
14 -t 1
“ 1 | i i I




XBIT LOADS

t6-B1T LOADS

FXCIHANGES

780, Z80A Instruction Set

The following is a summary of the Z80. ZROA instruction

sct showing the assembly language maemonic and the sym-
bolic aperation performed by the instruction, A mare de-
tailed listing appears in the ZRO-CPU technical manual, and
assembly language programming manual. The instructions

are divided into the following categories:

8-bit loads

16-bit loads~

Exchanges

Memory Block Moves
Memory Block Scarches
8bit arithmetic and logic
16-bit arithmetic

General purpose Accumulator
& Flag Operations

Miscellaneous Group

Rotates and Shifts

Bit Set, Reset and Test

Input and Output
Jumps

Calls

Restarts

Returns

In the table the following terminology is uscd.

any 8-bit destination register er memosy location
any 16-bit destination register or memory location
Rbit signed 2's complement displacement used in

relative jumps and indexed addressing

8 special call locations in page 2¢ro. In decimal

d =
dd =
¢ =
L =
n =
nn =
T =
s =
LY =
58 =

notation these are 0. 8, 16, 24,32, 40, 48 and 56
any R-bit binary number .

any 16-bit binary number

any 8-bit general purpose register (A.B.C.D. E,
H.or L)

any 8-bit source register or memory location

a bit in 2 specific B-bit register or memory location
any 16-bit source register or memory locatibn

subscript “L”
subscript “H™

() =

= the low order 8 bits of 2 }6-bit register
= the high order 8 bits of 2 16bit register

the contents within the ( ) are to be used asa

pointer to a memory location ot 10 port numbe:r

b = a bit number in any §-bit register or memory
location 8-bit registers are A,B,C,D.E.H.L,land R
cc = flag condition code 16-bit repister pairs are AF, BC, DE and HL
NZ = nonzero 16-bit registers are SP,PC, IX and 1Y
Z = zero
NC = noncarry Addressing Modes implemented include combinations of
C = carry the following:  Immediate Indexed
PO = Parity odd or no over flow Immediate cxtended  Register
PE = Panty even o1 over flow Modified Page Zero  Implied
P = Positive Relative Register Indirect
M = Negative (nunus) Extended Bit
Mnemonic | Symbolic Operation Comments Mnemonic | Symbolic Operation Comments
LD1.s 1~ s=T oo (HL), LD (DE) = (HL), DE - DE+1
(IX+e). (1Y+e) ; HL « HL+1,BC - BC-1
LD d.r d-r d= L) £ LDIR (DE) = (HL). DE ~ DE+1
UXtepI4e) | o HL « HL+1.BC = BC-1
Ld.n d-n 4= (HL). X Repeatunil 8C=0 po——m -~
(IN4c). (1Y+c) =| LDD {DE) - (HL), DE -- DE-1
LD A,s A=s s=UICLOE)L | & HL = HL-1. BC ~ BC-1
() 1R % | LDDR (DE) - (HL). DE - DE-1
LDd. A d~ A d=(BCIL(DE). | F HL = HL-1.BC - BC-1
(nn) 0. R Repeat untit BC =0
tDdd.nn | dd~nn dd = BC. DE. - cPl A-(HL). L = HL+1
HL SPIX 1Y = BC - BC-1
S
LD dd.(nn) | dd = (nn) dd = BC. DE. %1 CPIR A-(HL). HL - HL+} A-HL)sets
HL.SP XY 3 BC ~ BC-1. Repeat the flags only.
LD (nn).ss | (nn) s ss = BC, DE, * until BC 20 or A =(HL) | Aisnotaffccted
HL.SPUIX.TY Sl
(9T A =1 CrD A-(HL), 1L - HL-1
LD SP.ss SP +ss ss= HL X, IY : B(‘(— B,(’-I
. = 3
PUSH ss (SP=1) == 55,1 (SP-2) s :[_ i(;_ ll))l::'.w <) cror A-(HL), HL = HL~1
Nl & BC - BC-1. Repeat
5
ror dd dd; «(SP1.ddy; - (SP+1) | dd = BC. DE, until BC= 0 or A = (HL)
HLOAF XY
ADDs A~=Ads
EX DE.HL | DE - HL ADC s A-A+s+CY CY is the
EX AT, AF" | AF -- AF ) 31 suss AvA-s carry flag
EXX BC BC* | SBCs A=~A-s-CY s=¢.n, (HL)
35 - ::E E] ANDs A=AAs (1X4e).(IY4¢)
OR s A~-Avs
EX(§P).ss | (SP)= sy . (SP+1) - ssy s=EHL X IY XOR s A-Aes




8-BIT ALU

16-81T ARITHMETIC

GP ACC. & FLAG

MISCELLANEOUS

ROTATES AND SHIFTS

wuraskable interrupt

Maemonic Symbolic Op C ts Mnemonic Symbuolic Operativn Comments
CPs A-s s=r.n(HL) « | BITb,s Iy Lis cero thy
[X#e), (1Y+e) £
INC ¢ de-drl ({Xee. Z[5ETes [yt 320 (L)
d=r (HL) 21 RESD, s % =0 {1Xre) 1hv>,
IXre)(IYvee) | 3 —
DEC d de-d-1 { IN A, (n) A=(n)
IN¢,{C) t~(C) Set tlags
ADDHL,ss | HL —HL + s IN{ (HL) —(C).HL «~HL + !
ADCHL,ss | HL ~HL *ss ¢+ CY ::fggDE B“'I:B-l . ’
- -
SBCHL.ss | HL = HL -s5-CY : INIR gib (L =L
ADDIX.ss | IX = 1X #ss ;;ES!:}- DE. Repeat until B =0
. \ IND HL) =(O)LHL ~HL -}
ADDIY, ss | IY ~1Y #5s ss2 BC. DE. & ()
1y, sp s N
) £ HL) —(C .
INC dd dd-dd e ad=8C.0E. | E[™PR i\, \Uaaht
HL,SP,1X. 1Y 2
=2 a Repeat unul 88 = 0
DEC dd dd = dd - dd = BC, DE. 2 ouTin. A ‘,,,P_J,\ \
HL,SP.IX. 1Y = e -
- 2| OUT{Crr {Cy—r
DAA Converts ,‘\ coatents nto Operands must £l ouTi {C)— (I, HL = 1L + )
packed BCD following add | be 1 packed 4
b BCD format 6 % W
g 3
NSl OTIR 1) = (1LY HL —1IL + 1
. o Be8B-1
CPL A=y Repeat unul 8 =0
NEG A '-00_—1\-~‘ ouTD {C)~(HL), HL ~ HL -1
CCF CY -CY 8-8-1
SCF CY ~1 OTDR (Cr--tHL) . HL~ HL - |
NOP No vperation :: R 5! -
HALT Halt CPU ridiblle?
[o]] Disable Intereupts B an PC ~on N B
3] Enable Intecrupts 1P ce IF condinion ve 15 true ) Lon
MO Set interrupt mode O SUSUA mode PC = na, ehe cuntinue A :.l '\,
IM} Set interrupt mode | Call 120033y z JRe PC~PCre !
M2 Set interrupt mude 2 tudirect Call S| IRkk e I condition kK s true % NZ M
= PC = PC ¥ e, ehe contmue VAN
RLCs cH=] 12 5s) rC -5 LIV,
4 DINZ ¢ B=B-1.u8=0
RL s .-. continue, ¢lse PC ~PC +e
s
CALL un (SP-1y = ICyy N
[—— ] NL R
RRCs [ —= 7] ” (SP-2) = PC| .PC = nn 7 on
$ Z|CALL e, on | ¥ condition cc 15 talse w S
RR s .-' “© continue, ¢lse same 13 CooM
B CALL nn -
SLAs sZ ¢, (HL) «;-' RSTL (SP24) = PCyy
s Xy ei¥rey | 2 (SP-2) = PCy . PCy -0
] PCp ~L
SRAs [ —=s}—f] 3 ——
Iy RET PC, - (SP).
SRLs o PC“ -~ (SPt+1)
s | RET«c If condition cc is false N2
z continue, else smane 35 RET VA
RLD [ 4 [ e 3 W P
A ] =| RET Return from mterrupt, "
— = sune as RET ¢
RRD 'mhm s RETN Return from non-
A




A.C. Characteristics Z80-Cru

Tp= 0°C 10 70°C. Ve £ 45V’ 2 §% ., Unless Otherwise Noted.
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A.C. Characteristics
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x PERIPHERALS - MSHB242BRS/GS-VK/JS =

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
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SWITCHING CHARACTERISTICS .
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{4) READ mode (With vse of ALE
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PIN DESCRIPTION
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| WIDUVSY IDRIVONY PR [

- o
" "

“rerding and waiting ol tne clock/ciiengar’y reciziess engd coNiroi 1eg stes

Ao

I

A

© Addrest inout pin for use by & microcomputer 1o select internet ciosuniesiencar’s

reqitters end contrel register: fof Reag/vrite coerztions (See Funtiion Tebte

1 €

Figure 1). Addres: inpul pin: AC-AZ ere used in combinetion with ALE for *

o Ry

~Sjoflon

10 . " podressing regiziers. . .

ALE

——

[A)

+nd T30 = 0: address daiz Is Iatched when ALE =0 Microcontroiisr/Mizre-
processers having an ALE ‘cutput should connect 10 this pin; ot
be connested et VpD.

2]+ Acdress Lateh Ensble pin. This pin enable: writing cf eddrezs €21z vhen AL

erwise it shoul?

i

e

; o! dats is pericrmes Ty this pin.
€S, = 1enc¢ T5; =0, O, ~ D, catz i vaitien Into the rezister

Reaging of recistes Ceta iy srcomplitheg using this pin Vlen Ll

. _i]. erdRD = C.1hedeta of the repister i3 Quipel 36 Do = Dy . 3! boik BT e .
set ¢t O simzlianuousty, RU is 1o be inhibitel, .
—_— . — . . - EX st - - ¢
= - 2 - Chip Seiect Ping, These pins enzblejdizable ALEZ, R 2n0VoR coratizn, Ty
cs N snd ALE work in ccmbinziion with one ansther, while C5, work indsneacent
i b b ALE. CS; must be connecied 10 power {zilurd deiection a3 shown e Figure
. i .. = i
- Ty 1 . F - 8- \\{ = £ .
STD.P 1 1 . Ouiptn ~in of N-CH OFPEN DRAIN rype. The ouiput Cate Is controltes by the
. q i 14
[, dea conte. = 28 Cgoreginter, This pin has s pricrity to TS, end C5;. -
_ s Reler 1o Figure € ang © L'~ TIONAL DESCRIPTION OF REGISTERE! "
) h l < N o
TORT l 16 l 22 37.755 WHz crysts! if 1c De connecied 10 1aksy ©ie
v 17 23 Vnen en externel clock 0f 32.768 kHr i: 10 be vseg1or 1TREFL2 oxcliletion Ll
- source, either CK0OS output orpuliep-T T Houiput is 10 bt input ina” YT, while " |
: N N7 shouid be leficoen. | Y 7 ]
! = . L
b .von iE . 24‘,.- Fowe: 3upply pin. 42 ~ 45V power is 10 be aDdfied 10 this pin, . . ]
. . . . -l . . B . . . . a‘
. GND 9 12 <. Groundpln: & N o ] - RN T
- ) R PN ~. 2 . ..
e e e ° Voo
- :- . o ? .- . . i
. 1. . © X7 'z S .
. [ xw_t H 02 outrut
. - C.L ) = . i .
. . N = .. o P .
: e cuoauvog—-L-H——i-Q———.—' L ; f—]"'cv e
- Lot ¢ X1 — . -
. PR = : '
- R RNt Y . . co !
. e rpedence of the Tovmel 1houte e bra then I
faviol, CuwliutosLime . Paue,
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LE SN

FUNCTJONAL DESCRIPTION OF REGISTERS

.J

!0'

Ml

~M!

e - -..ﬁ..-,ﬁ\'«!‘.-.- R
These ere abbrevistions for S‘CON:". ‘sec

-DAYIC, MONTHI, MONTHIC, YEART, YEARID, snd WEZK, These values are In 82D nctetlon,
. &2, 82, 81) = 102% which means © second:.
=23 rt-';iﬂt_. case limln, 13 .

e}

:b)

Al registers are lopicelly positive, Fo: exam
ch et c:u h wr!:ttn which Is ovt of 1he tic

B In the nodc seqling o’ 2<'ho.:r mc«e "A"Al-’ bl is I'-nonc whlle in xh st xmﬁ o

" -

e

H,. H

SC'

F

D,.D

ic’

S

MB hAU

NDIO, MINUTEY,

1’

Y Y:o'

MINUTEY0, HOURI, HOURIC, DAY,

cen resull In esroneous ciock Cota being res?

s PR PR

32hour mede by, Bt 1c be

ux.Omc-w-u I: csuses 3 du-crepenn in nx.‘.m, ot the P\‘IA'A b|' in 1'\: 24-hour mode tt {1 continuoutly vu:!

u:e following cxample'
autcr-:axullv o] Nuch 1,0r Decernber' s

"'.ﬁris:eq Y1, Y1000 Lezp Yee:.

‘l:w P

xh:n 2 Iy continvoutly read

N 'Sul’-daY EAt
! “ondey’ J .
! : STuesday Sw - i
[d . bl TlWreonescey WL ] ’ T
3 C T Thurscay
- ; (4 | - Friday . .1
RE A H b | - Saturgay T ]

S el

JUSY b= O?

Weive gota b | | S
o Rood gats trom
f tegiten § oF"

o b 3o s

- ot Uhing OLD B

l cReag Mecuier, .. i .
0~ Firn

S )
oATAy -

L. ~8 .

Cots et
EACR
* Faghe

PRI B}

A
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hn:h 3 carn .pul.e occuss {o: the c-y E

The MSMEZC2E B én'.pned éxctu,;my {61 the Christian Ere end is capsble -
of {dentifyinp e feep year sutomaticalty, The resul: cf the setting of & non-zx.mrn day of .he month Iy shewn In ]
H ht dae Ftb'ua‘y 2% or November 31 192 ‘youi wrmen lx would bs chenged
xhc exact time 2t




Frosdeong biethed § enee ol Uiing #OLD 6t - Reoting Hetned 3 eman Mot Lrang HOLD 43

.. . . . - . . PN
] >y 0 e O Sndtiohit piae v ot Qo O%
t, . .-‘,.,--........u..wnwhc * leme 2 1. Srez
iy - .
. ty m—— T .. A= vy - . . ty — [1e XV TN . - .

- . TRPIETNT e § T herdnemoner - : 1 o— s - For evomems
HaASK . fry e Camey, " torneovine ve e 1TRP IS Ty |77 1 e fencn, -l—v-'—w‘-v‘wo

N € b g °
L R o KR W e T X)

[ e .,
1, % tency, -o—'-awwh:un“ P

X S

. VAT € st ent f . VRt Ol e, o
1,° e, Lenmemsopuincic o ¢ SV e ane L, % VoAl » § mren toguirse 1o 4
- whnis ¢t nor 1T SN e of e
iy .. 1
e e RSN : h
B . - - 1.
.- .o - . - : N . .
Retre? 1% veativng, sonce o Lo . arcisten o Rtan] -,
. Crry CCTUMPC Buieng the . . .
. coeratny,. N
- o . PR .
’ 2 Tnmotr it ennn )
: N l oo,
S
s ~'« Tt e simn @ covare L
¢ - N 15 0 e ta oo
. olocorn, H
- ° ]
nprel. Lop eniy B ECVeI —thin fre 1eVicming . . :
. :. 1IN IRl B KT e . - L i
l Ye: e--—«-u ane g " . . v
. . - -l . e .- i
' Novonal reac et .:N' S liten e T aecenc | ———e TN ARSFLAG & clame 1c '
Te = - YT e rMat Avve Ot i
H
: Teme e e e e e L 1.
- N 34 0tne a0 END : T - it
- i o . . .
x CD RE GIST‘:h (Con.rolDR Sist - .
&t} HOLD DO} = Seuting Thi i o s the THI ciotk 10 '.h coumr' 21 which time the Eusy stese

bii cen pe read, When Boss = C, tegister’s S, ~ W ezn be read cr w:i:xc-n: t'urir.; M

..\\: .. . procedure M & cerry orturs the ST eounter will he incremented by 1 seconc ter HOLD - ¢
S - . this condition i guzrenieed as l:m; & HOLD « 1 coes not excesc 1 ;r-ccno in Qurstion). 1f
.- . CSt1+~0 ﬁne ’:u:w::we of any condition, b
bl BUSY (011 s Stetus bax w‘\l'h s-wm':hc‘nr.u——frr-‘condn ion wl.h :—.:-row'\ rclle’r/mi:,- Srozestnrs. A ine
L¢ “the nemoo o' v ru.,m'- from S, ~ F‘ {edress ¢ C fe:':' 1t the fiovr chem
- i de:cnbedl J £221 ; AT .'
. c) IRQ FLAG (D2) —~ lhu status bn ccrm'»ond: i the or1out level of the STD, P ou:ou.. When STD.P = B, ther '
T . RO = 3;when STD2 L.10hen 1RO - €, The IRQ FLAG indicats thz: en intesrudt hes oocurred ..
o T b o & .10 the'mitfocomoute: i IR0 = 1. Wher DO of tegister C (MASK)-= D, 1hea the STD.P outp .
. . D Tehanger ceoeding 12 the timing set by 03 {1, 'snd DZ 1, } of repister E, Wren Dictr
o . (ITRP"'/SIND) =4 lintersunt enocel,. Lihe STDP ouUIDLCt remaing dow: unsll e tRO FLr«C-
. Lwiritten lo e "C"' voen IRC =.9 ¢nc u‘nm, for & news interrups OIZurs, the new interrun
L. .o \ <& lgnored. Wnen ITRET/STND = G [Starcard Pulte Ouiout model the STO.P outdut remiing iaw' :
o . Coumit either g wijiien 1o ﬂ‘e IRC FLAG otherwise, the IRQ FLAG automssiceity ooes 1c: ’
R -\ -‘-'"o"wunusfm \ " IS ’ .
.: e 1 When wnun; 1he H0~D or 30 'ucon—\ t-cjuﬂ bm ol «e'-m:r D, it is necenary' 10 vite the lR\.:
" [ s , ‘LAG bit'1s v N A e l-—:'-.-:. .
. Ja) ‘30 ADJ (03)-—h'hen ’K\a.wcond u:us.mmx b necuury ® . i writien 10 bl D3 during whizh time. 1h-
N . ln'ernu clock repisters should hm b: read {rom or written 10. 12.‘.'.1 ier bit DI = i it wili
° L [ autom:uca ty feturn i 2“0, : that ume reading cr wvmng of veg-ueu cen oeTur: ,
* ] — e .
: ¥ . .
) : : . . .- e aee - . A e b e
H .
iy . .
i -
HEN .




£ PERIPHERALS - M\SMB242BRS/GS-VK/JS «

“3G-SECONG ___ - -+~ 30-SECOND
. . ADIBIT =1 b T ADIBITEY ol
R : . . - --.--"-’-T IR
T “-RIAD 20-SZCONT .
ADS BIT .

o T ° .

e - ] T3CESECOND N
R L Faps 61T -0 T 2

U .
- A .

c A I ! Figur; il.:\ yriting ‘30 Second Ad,.br (Two Vuys A S) -, i . K ‘_f

‘= :CE R:GRT:F‘ {Control E ﬁe"xsler) : ;o
v T

. Thiz bit conredr the $TD.? outprl. When WASK = 1, then STDP = § (openl;when MASK = €,

’ 1hc-: sTpp -  oud rnafe Tne mauo’nhaé bnwve—: the MASK hif}snd STD.‘ ouvoul i shown

PN
a7 w:«sr (&:—m

'Xt- LR P

Frurt 12 . N ?

b) lNTRPTIST'\D {D1) ~ Tn: ll“anr-,-nhD m:w‘ s wsec, 1 e
T ot operation, interrust ent Sum..m; lu—unp wave.o-ms Vm

wnvtlov_m 3
L the IALSK bl rmust eo.:al 0 wh-le mu period in enher mode 18 de.ermmed b\ TO(D"I and TVT

R .of Repister E. 1\

¢) 7O {D2), T4 (D3} — These two bits de.er-uno the Dmod of \he S iD.P omw‘. In boxh lnurmp\ erd Fixed timing
wevelorm modes. The 12bles below thow the timing essocisted withine T, T Inpuit es weli et

lNTPF"’IoT.‘-‘D

T T their relationihis 16 INTRPTISTND end STOP, =0 meow ey -t )
.
A 11 ST R
- “rr MINTLeRUPTT DOES . - . S e 3,1 OUT e OIS NDT OISR
o r W ecioccumsecanse o ) A. LW LEVEL €LcaUSE
. pask e =T s BasC B 8 ST MASK BT T s e MaSK 1T 47 -1
. ( l  RhA\E
_s705 05U -, ( t ; T bl & c;u"r:;»u..~ = S 1IN
V- - | {'“-" Lo LevEy o - . I 1 deed tewtiviz
L. T . FINTEARUPT ™ THING = ".k { ( - QUIPLT TN
. Mg wromortag e L— AUNOUATIC RETUAN
e e aa.s ARTAISING €ReStT0 - o INTAT/STND 31T s =T~ * ”
. Figure 12, . . b’
At LT A L -.»-,.! L SR SR e e £ -

. Duty CYCLE of “C* level when |

2 d 4

so | ITRPT/STND Bt i 07 e tae-
1154 second - BEEERE R .

1ncond"*" e g 28 0 - -

7 eeei1f7680 L

|- I minute o~ o
11460800 ..

_1hour . .. c.

: LILTABLE2 - ¢ .




The timing ¢f the STD.P ownput cesigratec by 71 and TO ozzurs the moment that a carry occurs 1o & ciock digis,

PR - ©ene e,

[ - . .
. IEXAMPLE) WHEN ;= 1,1, =1 snd MASK =, '~

ST ‘./m.np‘oo [, P00 2
WHEN ITPFT/STND/ -
B1T 4 i —1_...._ . L---_——Lowu_ssz
s*ropouTru.l . ] . y
VHEN ITRPT/STND, - . -

BITIS D - “ : ” — OPEN"TTT .
. T - LOW LEVEL

.

“d} The lowleve! pulse mdm of the f|xed cycie weveform (lTRPnISTN" ~0)is 7.8125 ™ mdepenctn c! TG’T}
.3 . .
_inpis. . _“‘_--_'_}:..... e N IR P

¢} The fixed cyzie mvdon‘n modt can be ustd for edjustment of the oscdla!or fr:—ouencv ur-\e bas: {See Figure 14).]

“.7.4) During 230 second :c’unnen' 2 Carry c2n otcur that will cause the STD.P outout 1o 00 low when TOITY = 10

or 1,1. However, when T‘IITO C, 0 end ITRPTISTHND « Q, carry does net occur and the STD.P output resume:
nofna- operation, .7 .. . .

¢} The STD.F outout is held (fr}):enl 2! the point 82 which STOP = 1 while ITRPT/STND = C,

e
h} No STD.F ouiput chinge otturs 23 8 result of writing c212 10 registers S1 ~ H3

"

= C; REG T'-P (Comrol F Reﬂxster)

-2} REST (DT~ This bx* is used xc clu' \he clocP: m.emal divider/eounter of lers 1nen 2 -.e-o::m-. When
TSET

TREST F\ ST - 1 1he counter Iz Resst for the durztion of REST. 1n oroer 10 relcase this counter from .
Res "0" mun be weitlen 10 the REST bx. 11 CS! = O tren RE Sn = D zutomaticalty,
b} STOPICH —  Tne STOP FLAC Cnty Iﬂhn:}ﬂ! catries into the E182H: divioer ﬂeoe There may be vz 1g 322,'.':‘
et . Celay btlou umm* $1eris of 31001 afies chan’ung 1hu ﬂag, ) ST OPIO RUN
) ¢ arqee oy
© STOREBIV--- N s
TIMING OF , | + I l 1 : -
’CARRY"---'i.‘. o l - o l
J0.6192H:~ g : =
chan'\?"x:cu‘rtoi > Co
. Fiure 13 "CARRY" NOT Ex‘-CUTED
B N .:."-"‘a L ll R YR XN oo e e . N
€)_ 240121021 — _ Thu bn U] k_:r._x_e_le"non of 24112 hour time rnodes i D2 - 1-—?‘ houv mode is se
- . IAMbh I invelid. uoz 612 hour mode is selecled and the P14 AL bit iveticc. 0T

~z¢& HOUR/ - Sc.tmg of the 24/12 hout bu it es (ol!ows
12 HOUR" 1 REST bin 71057 1 . :
21 24/12 hour bit = 0 'or ¥
2 RESTBiR = O - - N .
* RESTbitmust 1 to write 1o the 2612 hour bit, ... . "; ) REEEE

d) TEST (¢5) =  When the TEST flag Is 2 "1, the input 10 the SECONDS counter comes from the counzer/divider
" siage instesd of the 15th divider siepe, Thu mzkes \he SSCONDS counter count ot 2.£363KH:

inttesd of 1Hz, When TEST = 1 (Test Mode) the STO? & REST (Reset) 11591 €o not inhibit X

interns! counting, When Hold = 1 during Test {Test = 1) internal counting s Inhibited; however,
when the 3‘_!0Lb FLAG goes Insctive (Hold ~ 0) counter updsting is nct gusranteed.
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APPLICATION NOTE

1. PowerS_u_pp'ly S

-

Co.Cr =10, ¢.cc
C: -h..x.,(‘ =

'
fels [P

Co -~ C; 8¢ 10 be se1 8% o3 destribed in the
.ﬁ:un end the capachior Is 10 be edjusiec -
10 Teet the settie {requency of 1, ang 3. .
N the right osz mum cer not be odtainee, -+
1 Check the wavelorm of T )

2 Check’ Cp ~ Cr eonten:
3. Check the nolse,

C3INCH

. Py
. e my e, - .~ .
_""STDP .
LTI e v Oumul'unce(med
:!.‘.7:51 5,-—.—c— A } R
it nes‘rs::"— b e s )
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3. CH, (Chip Select) L e

Vi #nd Vi1 of CH; hes 3 funztions.

#) To sccomplish the interfzce with 2 microcontrolie/microniocessor. ..
b] To inhibi: the coniic buz, c2ie bus and adcaes:
C_) To protect internal Gz12 whnen the mode iz moves 10 end from s1dndoy mode,

- - .

Yo reafize the zbove funciions:

2] More than 4/3 Vpn should be acoliec 10 1h¢ }.'.sr £942F for the interface with 2 microgon.
trolier/mizroprocesser in S\ operation. - :

b! In moving 10 the s:anZdy mode, 1/3 Vpp shauid be apoked 5o th2
disablec. In the standby mode, EoDICX. CV snould be epoliec

¢) To and from the standay mode, obey foliowing Timing cher..

al.' Cztz buses shoulc be

by 2ng 10 160UCE IRDUI [3le P23t CUTIENT in 1ne stand-by mode,

To Srtencoy Moo . Lt .. 4.t From Stengty Moce :
- : "~£\"'......__._.._.._ : . :
’ Ry . ,- B
\.——_._ ;~4\' —— / .
. N 2 AN
]
/oL
Iy 1
!
. ) :
e, Tk . :
e O i+ 4
4. S21 STD.P aterlerm moce :
—
- cieme emmmnn Seistermor 000 > A
= Yololall> . . i
MASY BT = & P '
£ 4 (TRITISING BIT =1 |
'
i o o4y.t =t ] s g \ . i
l Stert artecersnion t
i }
* !
|
:
- 1
1
- !
]
. N *
1
!
)

'y YES CPU MALT . . B
Ki o —
. ' CPU STAND BY . R
M i Lot Lo
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TYPICAL

APPLICATION — POWER SUPPLY CIRCUIT
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Mo tiRTa SOV
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SRIPPLE PR

O‘Eﬁk‘nn 120 mVEP—f .o

R euuﬁv-ﬁu‘ru' Omv

'2;..:(--‘ ’u' Y

4.7 pFitentelem

. o g
g = {3,
s won . -
P MM .
.. . . : N Voo
= 1; x\-;.sv Rl “1LEX7 02V oe
N .%.n:’..t,e -l —— DRY'CELLS = [TV
- . XS e | L0

,”... .;

SUPPLENE

C \When "°C”

Y\TAP.Y DESCRIP-ION

is writter. 1¢ the 1RO FLAG bit, the. IR“ rLAG bn is cleaved However if "0 is essigned 16 1ne

. .JR0 FLAG bz when writien 10 the other tits, the 33 -sec ADJ bit and the HOLD bin, the IRQ FLAG =

i end

wes penezeied before the wiiting an¢ IRQ FLG =

i penerzted in e moment then will be cleared.

Tc avoeid

. ._1hzs eiweys set 717 10 the 1RO FLAG unless

"C"- Is.wd:len 19 h imenzioneuy. By writing **1°" 10 i1, the IRQ

F..AG bu oots 0ol become "1".- -

0 ance 1he tRQ rLAC bn be'ones 1" in some ceses when rewriting either ol the 'lx. 1, of ITRPT/STND Lt
.of repiste: Cg. be sure 15 wiite “O” i the IRQ FLAG bit after wmmg 10 msake valid the 1RO FLAG = 110
! be genersted efter 0

o, The relmormls belw!en SDT P OUT ent 1RO FLAG bh h shown below

open

ST0. P OUT .
RO FLAG bit

| |___'__ oL -

—p—a

l approx. 1.85 ms





