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Abstact

This special project was to invent the equipment for automatic
fish feeder and fish pond temperatur; cgntroller. Z84C11 Micraprocesser
was used as the work controller of these two parts. The main program
was water-bemperabure‘ contraller which kept the temperature hetween
23-30° C. LM335 Ic temperature sensors was also used as a btemperature
detector.

The automatic fish feeder was to interrupt the main program by
controlling the bhackword pull of solenoid break when food was released.
The food release done by pressing the key broad was § times a day
according to the set time. The MSM 62428 also employed as a real

t.ime clock.
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» 1 ]
LRI MSNAMERAY DL % @ wnsansenalan DBA-DB7  Fe
y o [ » 3 ’3 [ 7] )
tninstmunld Jusey 2 BIT foudasounsn wisainiagld
:d ° o v W i v o
\Rgefiaenild LCD MODULE Inafuloyauuy 4 BIT fiuf
N =0 AMMUAIIUINUTINALYY 178 DUTY uas 1/11 DUTY
N =1  (RWWIIWIULTINALYY 1/16 DUTY
F=0 fwmuadiadnys duuyy 587 pots
F =1 fmuasaenws . Junny S%10 DOTS (n9AT LCD MODULE i
) 1o
WUY ST DOTS ofiud? naslatiwansls) -
3.2.2.7 SET CGRAM ADDRESS
RS R/W DB7Y ©DB6 DBS DB4 DB3 DB2 DBI DBO
0 0 0 1 CGRAM ADDRESS
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AMFUNITAMUA  ADDRESS v99 CGRAM %o lavanisoiwualludanis

[d g

‘ o a0 & o &
TUUALNTITLUEY DATA naosny ﬂBLﬂﬂ1ﬂﬂ1N ADDRESS nnnuanun

3.2.2.8 SET DDRAM ADDRESS

RS R/W DBY DB6 DBS DB4 DB3 DB2 DBiI  DBO

0 0 1 DDRAM ADDRESS

#mFUn1snMun ADDRESS ya9 DORAM %o lavanisninueliudan13onuuas

1 L 4 1
198% DATA NA931NY sy iuldany ADDRESS Rriwuatiuh
3.2.2.9 BUSY FLAG AND ADDRESS READ

RS R/W DB7 DB6 pDB5 DB4 DB3 DB2 DBl DBO

0 1 BF ADDRESS

dMSuN1797uAN BF (BUSY FLAG) F9u8Nfien21uuToxu09 LCD MODULE |u
ﬂﬁﬁ%ﬂiaga fin BF = 0 ﬂuwaﬁeuiauﬁauguiagaﬁo1ﬂ wAfn BF = 1 wy1efege lawsoy

o
1anInNU ﬂﬂlﬂﬂﬂﬁ?ﬂﬁuﬂﬁ ADDRESS 994 CGRAM %59 DDRAM a3
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3.2.3 AT797UUALL 1AUTONANY DDRAM / CGRAM
]

3.2.3.1 WRITE DATA TO DDRAM OR CGRAM

RS R/W DB7 DB6 DBS DB4 DB3 DBZ2 DB1 DBO

1 0 DATA

éwn%unwsLiauiagaaenﬁaananuiﬂ DDRAM %39 CGRAM laaiNeninngiday
ADDRESS aagnLﬁu/aaTﬂﬂ5nTuﬁﬁnﬁuﬁﬁnnunaﬂnéq 170 {uAN#9ENTRY MODE SET uas

1.4 ¥ » J
ﬂﬁ?tﬁﬂuﬂﬂlﬁu DDRAM #7909 CGRAM uuagnuawnauwuﬂnwaouuﬂﬂsnwnua ADDRESS ﬂ1ﬂ
!

3.2.3.2 READ DATA TO DDRAM OR CGRAM

RS R/W  DB7 DBE DBS DB4  DB3 DB2 DB1 DBO

1 1 ' DATA

ﬁwu?unﬁsdﬂuiagaaﬁnnﬁaaﬂawuiw DDRAM w39 CGRAM lngiNanin1gidau
WA2 ADDRESS qsgntﬁuw?aaoTaaﬁnTuﬁﬁ AANIRYAIINAT 170 luAd9 ENTRY MODE

o o dg 'w ' ) L4 o W g o [
SET uaﬂﬂﬁTlﬂEﬁQBlﬂu DDRAM %59 CGRAM nuuaqnuaﬂ N8uRUINAIY INININUN

ADDRESS fila
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3.2.4 777 INaAONKINEBNLILL BY

LCD MODULE ednanininanonyinoonuuuiasla Taensenrld e madnus
ﬂ' w dﬂ -] Elﬂ » ) o nl
FanannThng 1inﬂn11Taaﬂ3ﬂuuunnﬂwun15uaa adlumua8A21337 CGRAM ADDRESS
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2. ziﬂuiagaﬁtﬁuzﬂuuuﬁa5nvs 288189 WRITE DATA Tnszﬂunuﬁau1i
8 BYTE mowloWasnys @0 (See ROW ANU0WNAANS uasld BIT 7 0-a iy ms.
Twaninern1d FoaqTaslaiwasimun ADDRESS Tng

3. Wsnushinanacitudy  awnsnifen] Fansonlimediliidas Foms

) (]
Trantlinsenarunuldsunsulaiag
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7.2 lﬁ?ﬂiﬂ?ﬂﬂﬂgﬂleﬂﬂﬁ

g » l;. ¢ - J-. . L] o
7.2.1 ﬂﬂflﬂﬂﬂa!aﬂ1ﬂﬂﬂﬂl37ﬂ!ﬂﬂ01 LM335 Lﬂ?ﬂﬂlﬂﬂﬂﬂﬂﬁﬁﬂﬁﬂﬂﬂﬁg

dauﬁatiﬁﬁuaaasnauqxnﬁsﬁﬁawu

é1qmm§§ usaﬁutanﬁqn ATUTINY aaawatn | et igun

CRTRYETIE B Al n1anqH] AINAANAN
8 2,811 2.81 0.001 0.035
10 2.832 2.83 0.002 0.070
12 2.851 2.85 0.001 0.035
14 2.872 2.87 0.002 0.070
16 2.891 2.89 " 0.001 0.034
8 | z.913 2.91 0.003 0.103
20 2.931 2.93 0.002 0.068
22 2.951 2,95 0.001 0.034
24 2.970 2.97 0.000 0.000
25 2,980 2.98 0.000 0.000
26 2.993 2.99 0.003 0.100
27 3.002 3.00 0.002 0.067
28 3.011 3.01 0.001 0.033
29 3.024 3.02 0.004 0.132
30 3.028 3.03 0.002 0.066

7190 7.1 uanauaﬂﬁsﬁuﬁndﬁuseﬁuaﬁnnwsnsaqiﬂqmwgﬁnao LM 335

-85~



éﬁqmnqﬁ useﬁutawﬁqn AT 9NN adauan | 1edugun

991 9aL 384 A3nla ANAMGH] AMARANAN
31 3.041 3.04 0.001 0.033
32 3.052 3.05 0.002 0.065
33 3.064 3.06 0.004 0.131
34 3,077 3.07 0.007 0.228
36 3,094 3.09 0.004 "~ 0,130
38 3.1089 3.11 0.001 0.032
40 3.132 3.13 0.002 0.066
45 3.185 3.18 0.005 0.157
52 3.263 3.25 0.013 0.400
58 3,348 a.a1 0.038 1.148
62 3.354 3.35 0.004 0.120
68 3.446 3.41 0.035 1.026

A1979N 7.1 (da)uaﬂauanwsﬁuﬁnénuseﬁuaﬁnnﬁsnsnﬂinqmnqﬁuaa LM 335
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dwqmwgﬁ ufoﬁutawﬁqn ATy | ARewatn | et gud
awirigaden | #iald LRt AUEANATN
25,0 2.980 2.980 | 0.00 0.00
25.5 2.985 2.985 0.00 0.00
26.0 2.990 2,990 0.00 0.00
26.5 2.995 2.995 0.00 0.00
27.0 3.000 3.000 0.00 | 0.00
27.2 3.002 3.002 0.00 0.00
27.4 3.004 3.004 0.00 0,00
27.6 3.006 3.006 0.00 0.00
27.8 3.008 3.008 0.00 0.00
28.0 3.010 3.010 0.00 0.00 .
28.2 3.012 3.012 0.00 | 0.00
28.4 3.014 3.014 0.00 0.00
28.6 3.016 3,016 0.00 0.00
28.8 3.018 3.018 0.00 0.00
29,0 3.020 3.020 0.00 0.00
28,2 3.022 3.022 0.00 0.00
29.4 3.024 3.024 0.00 0.00
29.6 3.026 3.026 0.00 0.00
29.8 - 3,028 3.028 0.00 0.00
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éwqmnqﬁ usaﬁutawﬁgn Augenu | arfiewann | et gud
99A1L 1A 1 384 Asnla AN ANHAUAA
30.0 3.030 3.030 0.00 0.00
30.5 3.035 3.035 0.00 0.00
31.0 3.040 3.040 0.00 0.00
31.5 3,044 3,045 0.001 0.033
32.0 3.0489 - 3.050 0.001 0.033
32.5 3.053 3.055 0.002 0.065
33.0 3.058 3.060 0.002 0.065
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ﬁﬁﬂn§uuaﬂ1uiaoqquﬁﬁqiaﬁu
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sunadlL Ay qmnqﬁTnﬁ taaﬁﬁ1§
99d1L 1AL g8d | D9ANLTaLT8E U
19 20 2.8
20 21 2.9
21 22 2.7
22 23 2.8
23 24 2.7
24 25 2.5
25 26 2.4
26 27 2.5
27 28 2.4
28 29 2.3
29 30 _ 2.3
30 31 2.2
31 32 2.1
32 33 2.2
33 34 2.0
34 35 1.9
35 36 2.0
36 a7 2.0
37 38 1.9

1379 7.3 wanams s lumansasdueanaiives LM 335
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7.2.2 ﬂ??lﬂﬂiﬂeaﬂﬁiﬂﬂiﬂuﬂaﬂlﬂ?ﬂiﬂ?ﬁﬂﬂﬂmﬂeﬂﬂﬂ NnNITNAIoILAL LNY
LI

Youa 3 AT9 @ LAWY A9l
L §

ATIN 1
L1281 qmﬁgﬁ (99@1 C) (281 qmngﬁ (99A1 C)
07.00 26.7 12.00 28.7
07.30 26.9 12.30 . 30.1
08.00 27.5 13.00 29.8
08.30 28.0 13.30 29.5
09.00 28.2 14,00 30.2
09.30 28.7 14.30 30.3
10.00 29.3 15.00 30.1
10.30 29.5 15.30 29.8
11.00 29.8 16.00 30.2
11.30 30.1 16.30 29.5
12.00 30.0 17.00 29,7

] v b4 L}
f719 7.4 iﬂ%ﬂﬂﬂ?ﬂﬁﬁﬂuﬁﬂﬂlﬁ?ﬂﬂﬂ?ﬂﬁ”gﬂﬂﬂﬂuﬂ ATIn 1
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17287 qmaqﬁ (89A7 ©) L1281 qmnqﬁ (9961 C)
07.00 25,2 13.30 29,4
07.30 26.0 14.00 30.2
08.00 26.5 14,30 30.1
08.30 26.8 15,00 28,7
09.00 27.0 15.30 29.3
09.30 27.8 16.00 29.6
10.00 28. 1 16.30 29.7
10.30 28,4 17.00 29.1
11.00 29.3 17.30 29.3
11.30 29.5 18.00 29.6
12.00 29.6 18.30 29.3
12.30 28.5 19.00 29.0
13.00 29.8 19.30 28.7

i 174 4 +
A1%18 7.5 x'i'azgam‘smmwacmsaamuquqmﬂ_uu'\ ATn 2
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1281 qmuqﬁ (89¢1 C) L7381 qquﬁ (99A7 C)
14,00 29.7 18.20 29,2
14,20 29.9 18.40 29.5
14,40 28.5 19.00 29,4
15.00 29,7 18,20 28.7
15.20 29.2 19.40 29.6
15,40 29.7 20.00 29.3
16.00 29.8 20.20 29.0
16.20 29.2 20.40 28.8
16.40 29.0 21.00 28.9
17.00 28.8 21,20 29.1
17.20 28.5 21.40 29.2
17.40 28.7 22.00 28.5
18.00 29.0 22.20 28,7

1 v v
A1378 7.6 'ﬁ'aasam'sma'\waomsaemuquqmm'mm A7dn 3
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NMAEULIN U

Tisunsuntamaens

g0oge  CPU "Z8O0.TBL"

0000  HOF "INT8®
R L g e T e e P R e T s T s s
t+ Program Monitor
t Eprom Version

{ These inverupt address must bhe set correctly

+ ADDRESS PROGRAM REMARK
i

H 0 JUMP TO START PROGRAM START
: 38H JUMP TO RTC PROGRAM M1
H 66H IRET NMIO

PRERERRRERERRE RO
3 VARIABLE

3R PORT LCD s0RERORERE

o080 PDATA3 EQU  BOH

gos2 PSING: EQU  82H

0084 PREAD} EQU  B4H



0054
0050
0055
0051
0056

0052

0030

0034

00A0
00AQ
00A1l
00A2
00A3
00A4
00AS
C0AD
00AE
00AF
003A
0040
0044
8500

9506

$ FEERECE PORT
CONTA: EQU
PORTA: EQU
CONTB: EQU
PORTB: EQU
CONTC: EQU

PORTC: EQU

CONTROL TEMP #REHEEEHRESEEE

S4H

50H

55H

5tH

56H

52H

R L T L T e e

3300k PORT KEYBOARD #%%%

PORTD: EQU

CONTD: EQU

30H

34H

e T e e s

RTCs EQU
SEC1: EQU
SEC10: EQU
MIN1: EQU
MIN1O: EQU
HOUR1: EQU
HOUR1OQ: EQU
GREG_D: EQU
CREG_E3 EQU
CREG_F EQU
COLONs EQU
PORTE: EQU
CONTE: EQU
BUFF3 EQU

BUFFTI13 EQU

OAOB .
RTC
RTC+1
RTC+2
RTC+3
RTC+4
RTC+5
RTC+0DH
RTC+OEH
RTC+OFH
3AH

40H

441
9500H

9506H



0000

0000

ooas

0038

0066

0066

0068
0068
0068
006E
0070
0072
0074
0076

0078

007B
p0a7c

007F

R T T L s L L T e L e I L L L e e e e s e s T

i

MAIN PROGRAM

START

R T g g L e L L L e e E e T

C3s800

€39301

ED4S

F3
ED56
31609E
3E01 -
D3AF
3E04
D3AF
D3AE

CDOFO1

FB
cps3og

21FB0O0

ORG  ©OOOH

MONIT_START: JP  REAL_START

ORG  0038H

IM1_SUB: JP RTC_INT

ORG 0066H

NMI_SUB: RETN

REAL_START: DI ;
IM 1 ' :
LD SP, 9E60R ;
LD A, O1H ;

OUT (CREG_F), A
LD A, 04H

OUT (CREG_F), A
OUT (CREG_E), A

CALL SETTIME i

El
CALL CLRLCD

LD HL, WAIT _DISPLAY

no accept NMI

set
set

set

set
set

get

interrupt to mode 1|
stack memary

24h aor 12h

24h
INT every 1 sec

real time clock



goB2
00Bs5
0oss
o00BB
00BE
00390
00392
0093

0096

0098
0098
008A
009c
008D
ObQF
00A2
00AS
00AB
GOAB
00AE
00B1
o0B4
0087
00BA
00BD
00co
00C3

00C6

€DSDOg
€Ds800
€D8309
COD60S
FEFE
28B7A
AF
CDCFO1

18F3

C5

ES
0648
48
06FA
240000
240000
240000
240000
240000
240000
240000
240000
240000
240000
240000
2A0000
240000

2A0000

TIME:

STOP:

TDELAY:

TDELAYI1:

TDELAYZ2:

CALL WRLCDLINE
CALL TDELAY
CALL CLRLCD
CALL SCAN

CP OFEH

JR Z,TT

XO0R A

CALL WRITE_RTC

JR STOP

PUSH BC

PUSH HL

LD

LD

LD

LD

LD

LD

LD

LD

LD

LD

LD

LD

LD

LD

LD

LD

LD

B, 75D
C.B

B, 250D
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL, (00)

HL, (0O0)



oocs
gocc
00CF
0op2
00D5
oons
00DB
0ODE
00E1
00E4
00E7
00EA
00ED
00F0
00F2
00F3
00FS
00F6
00F7

00F8

010C

oigc

g10F

010F

2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
10AD
41
10A7
El

Ct

c9

LD HL,(00)
LD HL,(00)
LD HL,(00)
LD HL,.(0O)
LD HL,(00)
LD HL,(00)
LD HL,(00)
LD HL,(0Q)
LD HL,(0O)
LD HL,(00)
LD HL,(00)
LD HL,(00)
LD HL,(00)
DJNZ TDELAY2
L B,C

DJNZ TDELAYI
POP HL

POP BC

RET

55706461 TAWAIT_DISPLAY: DFB "Update RTC.... "

TT:

C38E02

CD6BOS

SETTIME:

I

JP MODEQ

D1

ws

CALL INIT

;— - -

$ shaw last hour




0112 3EO07 LD A, O7 { set time

0114 D3AF 0UT (CREG_F), A

0116 COE1Q LD C, 10H

0118 217F01 LD HL, DISPLAY!

011B CDOAOA CALL DELAY1

011E CDSpoOS CALL WRLCDLINE

012t 3E40 LD A, 40H

01%3 CDBEOY CALL GOTODDRAM

0126 CDBCO1 CALL CHECKKEY ‘ jenter hour
0129 2839 JR Z, SETEND /
012B D3AS 0UT (HOURIQ), A

0120 CD6CO1 CALL CHECKKEY

0130 2832 JR Z, SETEND

0132 E60F AND OFH

0134 D3A4 . ouT (HUURI;. A

0136 163A LD 0, COLON

0138 CDACO9 CALL WRLCDBYTE

0138 CD6CO1 CALL CHECKKEY t enter minute
013E 2824 JR Z, SETEND

0140 EGOF AND OFH

0142 D3A3 OUT (MIN10), A

0144 CD6CO1 CALL CHECKKEY

0147 28B1B JR Z, SETEND

0148 E60F AND OFH

014B D3A2 OUT (MIND), A

014D 163A LD D, COLON



014F
0152
0155
0157
0159
015B
018E
0160

o162

0164
0165
0167
0169
0168
016C
016F
o171
0173
0174
0175
o178
0179
0178
g17C
017D
017E

0L7F

CDACO3
CD6CO1
280D
EGOF
D3Al
CDECO1
2804
E6OF

D3AO

AF SETEND:
D3AD
3E04
D3AF
Cc9
€¢Dce09 CHECKKEY
FEOB

280B

F§

57

CDACOS

TA

D630

57

F1

TA

Cc9 EXIT_CAECK:

456E746572BISPLAY1:

CALL WRLCDBYTE
CALL CHECKKEY
JR Z, SETEND
AND OFH

QUT (SEC10), A
CALL CHECKKEY
JR Z, SETEND
AND OFH

0UT (SEC1), A

X0R A
OUT (CREG_D), A

LD A, O4H

‘0UT (CREG_F), A

RET

CALL éCAN_KEY
CP OBH
JR Z, EXIT_CHECK
PUSH AF

Lp D, &

CALL WRLCDBYTE
LD A, D

SUB 30H

LD D, A

POP AF

LD A, D

RET

DFB “Enter new time! "

tenter second



0193
0194
0185

0196

0197
0199
o198
019D
01A0
01A1
01A3
01A5
O1A7

01A8

01A9
01AB
01AD
O1AF
0iBO
0iB1
0183
01B5
0187

01B8

F§
CS
D5

ES

DBAS
EGCF
€630
210095
77
DBA4
EGOF
€630
23

77

DBA3
EGOF
€630
23
77
DBAZ
E60F
€630
23

77

RTC_INT:

PUSH AF

PUSH BC

PUSH DE

PUSH HL

IN A, (HOURLO)

AND OFH

ADD A, 30H
LD HL,BUFF

LD (HL),A

IN A, (HOURL)
AND OFH

ADD A, 30H:
INC HL |

LD (HL),A

IR A, (MINI1O)
AND OFH

ADD A, 30H
INC HL

LD (HL),A

IN A, (MIND)
AND OFH

ADD A, 30H
INC HL

LD (HL),A

s write hour to Buffer

$ write minute to huffer



0189
01BB
01BD
01BF
g1co
c1C1
g1C3
g1Cs5
oict

gics

01cs
01CA
01CB

01CC

01CD

D1CE

01CF

01D0O

o101
01D4
0107
giDs
O01DB
01DC

01DD

DBA1
E6OF
C630
23
77
DBAO
EGOF
€630
23

77

E1l
D1
C1

F1

FB

Cc9

ES

D5

CDBEQY
210095
56
CDACOS
23
56

ChACO9

IN A, (SEC10) H
AND OFH

ADD A, 30H

INC HL

LD (HL),A

IN A, (SECL)
AND OFH

ADD A, 30H
INC HL

LD (HL),A

POP HL

POP DE

POP BC

POP AF

El

RET

WRITE_RTC:

PUSH HL

PUSH DE

CALL GOTODDRAM
LD HL,BUFF

LD D, (HL)

CALL WRLCDBYTE
INC HL

LD D, (HL)

CALL WRLCDBYTE

second +to buffer

$ Write hour to LCD



01EQ 23
01E1 163A

01E3 CDACGS

01E6 56
01E7 CDACOS
O1EA 23
01EB 56
01EC CDACO9
O1EF 23
01F0 163A

01F2 CDACO9

01F5 56
01F6 CDACOS
01F9 23
O1FA 56

01FB CDACOS

O1FE D1

O1FF El

0200 C9

0201

0201 F5

g202 C5

CHECK_TIME:

INC HL
LD D, COLON

CALL WRLCDBYTE

LD D, (HL)
CALL WRLCDBYTE
INC HL

LD D, (HL)

CALL WRLCDBYTE
INC HL

LD D, COLON
CALL WRLCDBYTE
LD D, (HL)

CALL WRLCDBYTE
INC HL

LD D, (HL)

CALL WRLCDBYTE

POP DE

POP HL

RET

$ Write 't°

t+ Write minute to LCD

3 Write '3

t Write second to LCD

R L P e e R e T e s e

4 SET TIME COMPARE REAL TIME

PUSH AF

PUSH BC



0203 D5 PUSH DE

0204 ES PUSH HL

0205 DDE5S PUSH IX

0207 1605 LD p,05H ; number of time
0209 DD210695 LD IX,BUFFTI!

020D 210095 CHKT1: LD HL,BUFF
0210 0606 LD B,06H

0212 DD7ECO LOOPP1: LD A, (1X+0)

0215 BE CP (HL)
0216 2007 JR NZ,LOOPP2

0218 23 INC HL

0219 DD23 ING IX

021B 10F5 DJNZ LOOPP1

021D 18BOD JR WAKE

021F 15 LOOPP2: DEC D

0220 T7A LD A,D

0221 FE0O ‘ CP OOH

0223 2872 JR Z,T_EXIT

0225 48 LD C,B

0226 0600 LD B,0

0228 DDOS ADD IX,BC

022A 1BE1 . JR CHKT1

022C 3EFF WAKE : LD A,OFFH

022E D344 OUT (CONTE),A 4+ give portc is output
0230 3EFF LD A,OFFH

0232 D340 OUT (PORTE),A + set bit 1 of port is "1"



0234
0235
0236
0238
0238
0238
023E
0241
0244
0247
024A
024D
0250
0253
0256
0259
025C
025F
0262
9265
0268
0268
026E
0271
0274
0277
027A
027D

0280

Cs

ES
O06FA
48
06FA
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
2A0000
240000
2A0000
240000
2A0000
2A0000
2A0000
2A0000
2A0000

2A0000

DELAYY:

DELAYY1:

DELAYY2:

PUSH BC

PUSH HL

LD
LD
LD
LD
LD
LD
LD
LD
LD

LD

LD

LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD

LD

B,250D
c,B

B, 250D
HL, (00)
HL, (00)
HL, (00)
HL, (00)
HL,(00)
HL, (00)
HL, (0G)
HL, (0G0)
HL, (00)
HL,(00)"
HL,(00)
HL, (00)
HL, (00)
HL, (C0)
HL, (00)
HL,(00)
HL,(00)
HL, (00)
HL,(00)
HL, (00)
HL, (00)
HL,(00)
HL, €(00)

HL, (00)



0283 2A0000 LD HL,(00)
0286 2A0000 LD HL,¢00)
0289 2A0000 LD HL,(0O0)
028C 10AD DJNZ DELAYY2
028E 41 Lb B,C
028F 1OA7T DJNZ DELAYY1
0291 E1l PGP HL
0292 C1 POP BC
0293 3EGO LD A,00H
0295 D340 0UT (PORTE),.A
0297 DDEtl T_EXIT: POP IX
0299 Et pPOP HL
029A Dt POP DE
029B C1 POP BC
029C F1 POP AF
029D CS RET
PR MATN BRRERRCERR0ERE
0SE CDA102 MODEO: CALL MODE sselect mode 1)TEMP
i 2)TIME
$RST 18
$ RREREREREERERREEERRERRROREER
1¥kk SELECT MODE SRBERRRRERRE
R L e ey T ey s
02A1 CDB309  MODE: CALL CLRLCD

0244 21ECO2

02A7 3ECO0

02AS8 CDBEO9

LD HL,TAB! i
LD A,OCH

CALL GOTODDRAM

MODE

MODE

"SELECT MODE 1 OR 2 "

t$set position of cursor



02AC CDSDOS CALL WRLCDLINE jwrite line to LCD

02AF 210403 LD HL,TAB2 3 "Press Enter Key"
02B2 3E40 LD A,40H

0284 CDBEOS CALL GOTODDRAM tset position of cursor
02B7 CDSDOS CALL WRLCDLINE twrite line to LCD

02BA CDC609 CHK1: CALL SCAN_KEY iscan keyboard. for select modes -

02BD FEFE CP OFEH 3 OFEH = # FOR ENTER
02BF 20F9 JR NZ,CHK1

02C1 211C03 LD HL,TAB3 $"1)TEMP  MODE"
02C4 3EO00 LD A,Q0H

02C6 CDBEOY9 CALL GOTODDRAM

02Cs CDSDOS CALL WRLCDLINE

02CC 213403 LD HL,TAB4 $t"2)TIME MODE"
02CF 3E40 LD A,40H |

02Dt CDBEOS CALL GOTODD&AM

0204 CDSDAs CALL WRLCDLINE =

02D7 CDC609 CHK2: CALL SCAN_KEY sscan keyhoard for select modes

.02DA FE31 Cp 031H $press key "1"

02DC 2806 JR. Z,TEMP 380 to subroutine TEMPERATURE MODE
02DE FE32 cp 032H tpress kaey "2"

02EQ 2808 JR Z,TIMEL $1¥0 to subroutine TIME MODE

02E2 20F3 JR  NZ,CHK2

02E4 CD4CO3 TEMP: CALL TE_MODE
02E7 C9 RET
02E8 CpS007 TIME1: CALL TI_MODE

02EB C9 RET



02EC 202053454CTAB1s DFB " SELECT MODE 1 OR 2 "
0304 2020202020TAB2s DFB " PRESS ¥ KEY "
031C 2031295445TAB3: DFB " 1)TEMPERATURE MODE "

0334 2032295448TAB4s DFB " 2)TIME MODE "

‘
3+ FRERERCOERRERERREREER R
$BEEERE TEMP MODE #RBECREERE

R T L T

034C TE_MODE:
034C CDB309 CALL CLRLCD
034F 216207 LD HL,TE_TABLE1
0352 3E00 LD A,00H
0354 CDBE0Y CALL GOTOBDRAM
- 0857 CDSD0Y CALL WRLCDLINE.
035A 217907 ° LD HL,TE_TABLE2
035D 3E40 LD A,40H
035F CDBE0S CALL GOTODDRAM
0362 CD9DOS CALL WRLCDLINE
0365 3EAS LD A,48H tset, address on LCD for cursaor on
0367 CODBEOY CALL GOTODDRAK jroutine set address

s eI T e e e e e n T T
H CONTROL  TEMP
e T T e R T T T g
i

036A 3EQO LD A,COH

036C D354 OUT (CONTA),A



036E
0370
0372

0374

0376
0378

0378

037E
0380
0381
0383

0385

03se6
0387
03as

0389

038B
038C

038D

0390

0392
0394

0395

3E00
D355
JEFF
D356
3EOB START:
CDCFO1

CcDo102

D850
4F

DB51
EGOF

47

ES CONVERT:
cS
F§

DDES

69

60
017208
E6FF
ED42
4D

0600

LD A,00H
OUT (CONTB),A
LD A,O0FFH

OUT (CONTC),A

LD A,11D
CALL WRITE_RTC

CALL CHECK_TIME

IN A,(PORTA)
LD C,A
IN A, (PORTB)
AND OFH

LD B,A

PUSH HL
PUSH BC
PUSH AF

PUSH IX

Lp L,C

LD H,B

LD BC,0B72H
AND OFFH
SBC HL,BC
LD GC,L

LD B,0
$1SLA C

$SLA C

3
*

B bit up

4 hit low

$ 20 celciet



0397
0398
039F
g3A1
03A3
03A5
0349
03AD
03B0
0381
0383
0386
0388
0389
03BC .
03BD
03BF
gact
03C4

03C6

03C9
03cB
03cC
03cD
03CE
03CF
0302

0304

ED43009E
DD2AC0SE
Dpos
ppos

DDOS

DD22008F

ED4BOO9F
213E04
09
3E4S
CDBEODS
0604
56
CDACO9
23
10F9
1620
CBACO9
1643

CDACOS

DDE1
F1

Ct

El

C5
210208
E6FF

ED42

CVT?1:

LD (SEOOH)Y,BC
LD I1X,(SEQCH)
ADD IX,BC
ADD 1X,BC
‘ADD IX,BC
LD (9FOO0H),IX

LD BC, (SFOCH)

LD HL,POINT_TEMP

ADD HL,BC

LD A, 48H

CALL GOTODDRAM
LD B,4

LD D, (HL)

CALL WRLCDBYTE
INC HL

DJNZ CVT?1

‘LD D, 20H

CALL WRLCDBYTE
LD D, 43H

CALL WRLCDBYTE

POP IX

POP AF

POP BC

POP HL

PUSH BC

LD HL,0BC2H
AND OFFH

$BC HL,BC

e

{ 28 celciet
$ clear carry

$ compare 12 bit



03pe C1 POP BC

0307 D22904 JP NC,ON
03DA 21CCOB LD HL,0BCCH $ 29 celciet
03DD EGFF AND OFFH

03DF ED42 “SBC HL,BC
03E1 D2EBG3 JP NC,DELAY
03E4 3E0O0 OFF: LD A,O00H
03E6 D352 ouT (PORTC),A
03EB C5 DELAY: PUSH BC

03E9 ES PUSH HL

03EA 064B Lb B,78D
03EC 48 DDELAY1: LD C,B .,
03ED 06Cs8 LD B,200D

03EF 2A0000 DDELAY2: LD HL,(00)

03F2 2A0000 LD HL,(00)
03F5 2A0000 ' LD HL.(OO)
03F8 2A0000 LD HL.fOO)
03FB 2A0000 LD HL,(00)
03FE 2A0000 LD HL,(00)
0401 2A0000 LD HL,(00)
0404 2A0000 : LD HL,(0Q)
0407 2A0000 LD HL,(0D)
040A 2A0000 LD HL,(00)
040D 2A0000 LD HL,(QO0)
0410 2A0000 LD HL,(00)

0413 2A0000 LD HL,(00)



0416
0418
041icC
041E
041F
0421
0422
0423

0426

0428
042B

042D

0430

0433
0436
0438
0434

0438

043E
045E
047E
049E
04BE
04DE

D4F86

2A0000
2A0000
10Dt
41
10CB
El

C1
CD3304

€C37603

3EFF oN:
D3s2

C3EBO3

CD9D0o9

CbD603 CHK31:
FE32

2801

c9

€33007 TI_MODE1:

LD HL,(00)

LD HL,(00)

DJNZ

LD 8,

DJINZ

PCP HL

DDELAY2
€

DDELAY1

POP BC

CALL CHK3

JP START

LD A,OFFH

0UT (PORTC),A

JP  DELAY

CALL WRLCOLINE

CALL SCAN

CP 032H

JR Z,TI_MODE1

RET

JP TI_MODE

32302E3032POINT_TEMP: DFB

32302E3832
32312E3632
32322E3432
32332E3232
32342E3032

32342E3632

DFB
DFB
DFB
.DFB
DFB

DFR

"20.0","20.1","20.2","20,3",%20,4","20,5","20,
"20.8","20.9","21,0","21,1","21,2","21,3","21,
“21,6","21,7","21.8%,"21,9","22,0","22,1", "22,
"22.4","22,5","22.6","22,7","22,8","22,9","23,
"23,2","23,3","23.4","23,.5","23.6","23, 7", "23,
"24,07, 924,17, %24, 27,24, 3", %24, 4%, %24, 5",

"24.6","24.7","24.8","24.9","25,0","25,1","25,



0516 32352E3432
0536 32362E3232
0556 32372E3032
0576 32372E3832
0596 323B2E3632
05B6 32392E3432
0506 33302E3233
05F6 33312E3033
0616 33312E3833
0636 33322E3633
0656 33332E3433
0672 33342E3133
0692 33342E3933
06B2 33352E3733
06D2 33362E3533
06F2 33372E3333
0712 333B2E3133
0732 33382E3933

0752 33392E3733

0762 2054696D65TE_TABLE1L:

0779 2054454D50TE_TABLE2:

0790 DD210635

0794 CD8309

DFB
DFB
DFH
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

DFB

DFB

"25.4","25,5","25.6","25.7*,"258.8","258.9","26.(
"26.2","26.3","26.4","26.5","26.6","26.7","26.¢
"2T O, 2T, 2T 2", 27,3, "2T 4", "2T 5" 2T 8
"27.8%,"27,9","28.0","28.1","28.2","28.3", "28.!
r28.6","28.7","28.8","28.9","29.0","29.1","28.:
*29.4","29,5","28.6","29.7","29.8","29.9","30.(
*30,2","30,3","30,4","30.5%,"30.6","30.7","30.¢
»*3t.g*,"3t1,1","31,2","31.3","31.4","31.5","31.¢
*31.8","3t.9","32.0","32.1","32.2","32.3","32.«
"*32.6","32.7","32.8%*,"832.9",%33.0","33.1","33.1
"33.4","33.5".“33.6","33.7"."33.8"."33.9","94.(
*34,t","34,2","34.3","34.4","34.5","34.6","34."
"34,9%,"35,0","35.1","35.2","35.3","35.4","35.!
*35.7","35,8","35.9","36.0","36.1","36.2","36.!
"36.5","36.6",%36.7","36.8","36,8*,"37.0","37.:
*37.3»,"37.4","37.5","37.6","37.7","37.8","37.!¢
v38,1%,"38.2»,"%38.3","38,4","38.5","38.6","38."
»*38,.,9%,"3%.0","39.1","39.2","39.3","39.4","39.!

"38.7%,"39.8",%39.9","40.0"

" Time iss

" TEMP "

g s s e

$RERERE TIME MODE ERRERRRRRE

$ FEEERERERERRRRE R
LD IX, BUFFTI1

TI_MODEs

CALL

CLRLCD



0787
073%A
073C
079F
07A2
07A5
O07AT
07AA
07AD
Q07AF
07B2
07B4

078S

0788
07BB
078D
07cCo
07C3
07C6
07cCs8
- 07cB
07CE
0700
0703
0705
07D6
0709

070C

21CF08B
3E0C
CDBEOSY
CbsDos
21E908
3E40
CDBEQS
CcDSDO9
3E4C
CDBEQS
DDES
E1l

cp4sgs

21CF08
3E00
CDBEOS
€pspos
210308
3E40
CDBEOS
cpspos
3E4C
CDBEGS
DDES
El
CD4s08
21CF08

3EQQC

LD HL,TI_TABLE1
LD A,00H

CALL GOTODDRAM

CALL WRLCDLINE

LD HL,TI_TABLE2
LD A,4CH

CALL GOTODDRAM

CALL WRLCDLINE

LD A,4CH

sset address gn LCD for cursocr an

CALL GOTODDRAM jroutine set address

PUSH IX
POP HL

CALL CHEK

LD HL,TI_ TABLEl
LD A,0CH

CALL GOTODDRAM

CALL WRLCDLINE

LD HL,TI_TABLE3
LD A,40H

CALL GOTODDRAM

CALL WRLCDLINE

LD A,4CH

CALL GOTODDRAM

PUSH IX

POP HL

CALL CHKK

LD HL,TI_TABLE1

LD A,00H

1set, address on LCD for cursor

troutine set address



07DE CDBEOS
07E1 CDSDOY
07E4 211D09
07E7 3EAQ
07ES CDBEQS
0TEC CD9DOS
07EF 3E4C
07F1 CDBEQS
07F4 DDES
07F6 E1

Q7F7 CD4908

07FA 21CFO8
07FD 3EQO
O07FF CDBEOS
0602 CDSpDOS
0805 213709
0BO8 3E40
080A CDBEOS
080D CDSDOS
0810 3EAC
0812 CDBEOS
0815 DDE5S
0817 El

0818 CD4s0s

081B 21CF08
0B1E 3E0OQ

0820 CDBED9

CALL GOTODDRAM
CALL WRLCDLINE
LD HL,TI_TABLE4

LD A,40H

'CALL GOTODDRAM

CALL WRLCDLINE

LD A,4CH tset address on LCD for cursor on
CALL GOTODDRAM jroutine set address

PUSH IX

POP HL

CALL CHKK

LD HL,TI_TABLE1
LD A,00H

CALL GOTODDRAM
CALL WRLCDLINE
LD HL,TI_TABLES
LD A,40H

CALL GOTODDRAM

CALL WRLCDLINE

LD A,4CH tsett address on LCD for cursor on
CALL GOTO troutine set address

PUSH IX

POP HL

CALL CHKK

LD HL,TI_TABLE!
LD A,00H

CALL GOTODDRAM



0823 CDSDOY CALL WRLCDLINE

0826 215109 LD HL,TI_TABLEG6

0829 3E40 LD A,40H

082B CDBEOS CALL GOTODDRAM

082E CDSDOS CALL WRLCDLINE

0831 3E4C _ LD A,4CH 1set address on LCD for cursor omn
0833 CDBEQS CALL GOTODDRAM jroutine set address
0836 DDES PUSH IX

0838 El POP HL

0839 CD43sgs CALL CHKK

083C CDC609 CHK4: CALL SCAN_KEY

083F FEFE CP OFEH

0841 2802 JR Z,RTCC1

0843 20F7 JR NZ,CHK4

0845 C38800 RTCC1: JP TIME

0848 CS EXIT: RET

0848 CD6508 CHKK: CALL SET

084C CDC609 CALL SCAN_KEY
0B4F FEFF CP.OFFH jclear data
0851 200D JR NZ,CHKK1
0853 O1FAFF LD BC,-6

0856 DDOS ADD IX,BC

0858 3EA4C LD A,4CH

085A CDBEDS CALL GOTODDRAM
085D C34908 JP CHKK

0860 FEFE CHEK11 CP OFEH

0B62 20FC JR NZ,CHKK1

0864 C9 RET



0865
0868
0B6H

086D

086E
0870
0871
0874
0875
0876
0879
0B87A
087cC
087F
(11231
0882
0885
08686

o887

08BA
osac
08BF

0891

0892

0894

CD6EOB SET:
010600
ppos

C9

0602 SET_TIME:
56 ST?1:
CDACOS

23

56

CDACOQS

23

163A

CDACGOS

10EF

56

CDACOS

23

56

CDACO9

3E4C
CDBEOS
DDES

El

0602

€pB308 §T?2:

CALL SET_TIME
LD BC, 6
ADD [X, BC

RET

LD B, 2

LD D, (HL)

CALL WRLCDBYTE
INC HL

LD D, (HL)

CALL WRLCDBYTE
INC HL

LD D,"s"

CALL WRLCDBYTE
DJNZ ST?1

LD D,(HL)

CALL WRLCDBYTE
INC HL

LD D, (HL)

CALL WRLCDBYTE

LD. A,4CH
CALL GOTODDRAM
PUSH IX

POP HL

LD B, .2

CALL CHECKKEY1

.
*

i

.
1]

write hour,min

write sec

enter haour,min



0897
0898
0899
089A
089D
089E
089F
08AO0
08A2
0BA5
0BA7
0BAA
08AB
0BAC
0BAD
08B0

08B1

o8B2

08B3
0886
0Bsa8
08BA
08BC
0BBE
0BBF
08co

08C3

7A
77

23
CDB308
7A

77

23
163A
CDACO9
10ED
CDB308
7A

77

23
CDB308
7A

77

Cs

CDC603
FEFE
280C
FEOB
2807
F5

57
CDACOS

TA

EXITT:

CHECKKEY1:

LD A,D

LD (HL),A

INC HL

CALL CHECKKEY1
LD A,D

LD (HL),A

INC HL

LD D,COLON
CALL WRLCDBYTE
DJNZ ST?72

CALL CHECKKEY!1
LD A,D

LD (HL),A

INC HL

CALL CHECKKEY!
LD A,D

LD (HL),A

RET

CALL SCAN_KEY

CP OFEH

JR Z,NEXT_SET

CP OBH

JR Z, EXIT_CHECK1
PUSH AF

LD D, A

CALL WRLCDBYTE

LD A, D

¢ enter sec

{1 enter time when want not the



08C4 F1 POP AF

08C5 C9 EXIT_CHECKt: RET

08C6 010600 NEXT_SET: LD BC, 6

08CS DDOS ADD 1X, BC
08CB D1 POP DE
gs8cc D1 PGP DE
08CcD D1 POP DE
0BCE CS RET

08CF 2054494D45TI1_TABLELl: DFB " TIME MODE ‘ "
0BE9 2053455420T1_TABLE2: DFB " SET TIME1l "
0903 2053455420TI_TABLE3: DFB " SET TIME2 *
091D 2053455420TI_TABLE4: DFB " SET TIME3 v
0937 2053455420TI_TABLESs DFB " SET TIME4 "

0951 2053455420T1_TABLE6: DFB " SET TIMES "

H LCD Module

3 INITIAL LCD ¥
H Input 3 - *
H Return: - ¥
} Destroy: A ¥
H Call Function ¢ CLRLCD *

§ IR R R R R R
i
096B 3E38 INIT: LD A,00111000B sfunction set 3BH



096D D380 OUT (PDATA),A

096F CDOAOA CALL DELAY1
0972 3ECF LD A,00001111B t{display on/off control
sD=1 off,C=1 cursor on,B=1 blink
0874 D380 QUT (PDATA),A
0976 CDOACA CALL DELAY1
0979 3EQG6 LD A,00000110B tentry mode set
+1/B=1 increment,5=0 right
097B D380 QUT (PBATA),A
097D CDOACA CALL DELAY1
0980 CD8309 CALL CLRLCD

L L L e e T L s

; Clear LCD . *
H Input ¢ - *
3 Return 1 - *
H Destroy: A *
3 Call 3 DELAY! ¥

R T T L L e

0983 3EO1 CLRLCD: LD A, 00000001B jclear all display
0985 D380 OUT (PDATA),A

0987 CDOAUA CALL DELAY!

098A CD3603 CALL LCDREADY

0g8p C9 RET



L S L g S L S R T e R L e L e e

Goto Display DATA RAM Address ¥

we

s Input ¢ A = Address *
H Returns - ¥
H Destraoy: A ¥

R ey s s s L e T e ey ]

09BE CBFF GOTODDRAM: SET 7,A
0930 D380 QUT (PDATA),A
0992 CD9609 CALL LCDREADY
0985 C9 RET

i
0996 DBB4 LCDREADY: IN A,(PREAD)
0998 CB7F BIT 7.A
099A 20FA JR XZ,LCDREADY
089C C9 RET

e e T L e e e e e L

H Write STRING LCD *
H Input 3 HL = point tao data to write ¥
H C = Number of charactor *
H Return 3 - ¥
H Destroy: A *

R s T P e e T g

098D C5 WRLCDLINE:  PUSH BC
0939E D5 PUSH DE

095F 0614 LD B,20



09A1 TE TEST11: LD A, (HL)

08A2 57 LD D,A

09A3 CDACOS CALL WRLCDBYTE
09A6 23 INC HL

09A7 10F8 DJNZ TEST11
09A9 D1 POP DE

09AA C1 POP BC

09AB C9 ‘RET

e

R L L e S T e e R L e ]

H WRITE BYTE LCD ¥
H INPUT: D = ASCII] to write *
H Return: - *
H Destray? A *

R L L L L L T R eI e e e e e e T 2

09AC 7A WRLCDBYTE: LD 4A,D

09AD D382 OUT (PSING),.A
D9AF CD9B0S CALL LCDREADY
0982 C9 RET

09B3 DS GOTOLCDs PUSH DE

09B4 EGOF | AND OFH

09B6 C630 ADD A, 30H
09B8 57 LD D,A

09B3 7B LD AE

09BA CDBFO0S CALL WRLCD



098D D1

09BE C9

09BF CDBEODS

08C2 cDspog

09C5 C9

038C6
09Cs
09CB
08CE
08D1

09D3

09D6
09D7
0909
09DB
09DD
09DF

09E1

CDD6OS
30FB
CD110A
CDD&0S
38FH

CD110A

C5

1600
0604
LE7F
3EQF
D334

€BO3

WRLCD:

POP DE

RET

CALL GOTODDRAM
CALL WRLCDLINE

RET

e

Keyboard Module

SCAN_KEY:

PRESS:

SCAN:

KEY_ROW:

CALL SCAN tcheck bounce and debounce

JR NC,SCAﬁ_KEY tout of loop when no press any key
CALL DELAYZ2

CALL SCAN icheck release key

JR C,PRESS

CALL DELAYZ2

PUSH BC

LD b,0H

LD B,04H tregister.B for djnz-loop use in K
LD E,01111111B sregister.E for sent

LD A,OFH sset ! for output P.DO-P,D3

CUT (CONTD),A +0 for input P.D4-P.D7

RLC E



09E3 7B LD A,E

0SE4 D330 OUT (PORTD),A

09E6 C5 PUSH BC

09E7 0603 LD B,03H sredister.B for djnz-loop use KEY_COLU}
0SES DB30 IN A, (PORTD) $ Input data from keyboard
0SEB EGF0Q AND OF0H sclear high nibhble

09ED 4F LD C.A

O9EE CBi1 RL C tseek free one time for bit 7 in 3%4 ki
09F0 CB11 KEY_COLUMN: RL C

0SF2 3802 JR C,NEXT_KEY

09F4 7A LD A,D

09F5 08 EX AF,AF'

09F6 14 NEXT_KEY: INC D

09F7 10F7 DJNZ KEY_COLUMN

09F9 C1 POP BC

09FA 10E5 DJNZ KEY_ROW

0SFC 08 EX AF,AF!

09FD ES& CHANGEKEY: PUSH HL

09FE 21180A LD HL,TABLE_KEY

CAO1 &7 LD B.A.

0A02 04 INC B

0AD3 23 LOOP: INC HL

0A04 10FD DJNZ LOOP

0A06 7E LD A, (HL)

0AQ07 El PpP HL



0AOB C1 POP BC

0AQS C9 RET

OADA C5 DELAY1: PUSH BC

0AOB 0680 LD B,BOH

0AOD 10FE S_DELAY1: DJNZ S_DELAY1
OAOF C1 POP BC

0A10 C9 RET

0All C& DELAY2: PUSH BC

OAl12 OGFF LD B,OFFH
0A14 10FE S_DELAY2! DJNZ S_DELAY2
0A16 C1 - POP BC

0A17 CS RET

OAl18 0033323136TABLE_KEY: DFB 0OH,033H,032H,031H,036H,035H,034H4,039H,038H, 037!}

0A23 30FE DFB OFFH,030H, OFEH
o o o e e e e e
0000 END
9500 BUFF 9506 BUFFT1 09FD CHANGEKEY
016C CHECKKEY 08B3 CHECKKEY! 0201 CHECK_TIME
02BA CHK1 0207 CHK2 0433 CHK3
083C CHK4 0849 CHKK 0860 CHKK1
0200 CHKT1 0983 CLRLCD 003A COLON
0054 CONTA 0055 CONTB 0056 CONTC

0034 CONTD 0044 CONTE 0386 CONVERT



Q0AD
0388
03EB
0234
017F
O17E
0983
goae
09E1
0212
00A3
0000
0066
oaso
0051
0040
0082
0845
03Ch
0865
0B6GE
0376
0Al4
031C
o0o9s
02E4
0762
02E8

08CF

CREG_D
cvT?1
DELAY
DELAYY
DISPLAY1
EXIT_CHECK
GOTOLCD
IM1_SUB
KEY_ROW
LOOPP1
MINI1O
MONIT_START
NM]_SUB
PDATA
PORTB
PORTE
PSING
RTCC1
SCAN_KEY
SET
SET_TIME
START
S_DELAY2
TAB3
TDELAY
TEMP
TE_TABLE1
TIME1

TI_TABLE1

O00AE
03EC
0ACA
0238
oB4s8
0B8CS
00A4
0968
0996
021F
02A1
09F6
03E4
043E
0052
o084
0068
0193
00AO
0164
0870
0oss
02EC
0334
00scC
08A1
0778
0780

0BES

CREG_E
DDELAY!-
DELAY1
DELAYY1
EXIT
EXIT_CHECK1
HOUR1

INIT
LCDOREADY
LOOPPZ
MODE
NEXT_KEY
OFF
POINT_TEMP
PORTC
PREAD
REAL_START
RTC_INT
SEC1
SETEND
ST?1

STOP

TAB1

TABA
TDELAY1
TEST11
TE_TABLE2
T1_MODE

TI_TABLE2

OQAF
03EF
0A1l
0238
08B2
098E
00AS
09F0
0AQ3
00A2
028E
g8cCe
g4a23
00580
0030
09CE
C0AD
08D6
0CA1L
010F
0894
0AOD
0304
OA1lB
009F
034C
goes
0438

0803

CREG_F
DDELAY2
DELAY2
DELAYY2
EXITT
GOTODDRAM
HOUR1O
KEY_COLUMN
LooP

MINt
MODEO
NEXT_SET
ON

PORTA
PORTD
PRESS

RTC

5CAN
SEC10
SETTIME
sT?2
S_DELAY!L
TAB2
TABLE_KEY
TDELAY2
TE_MODE
TIME
TI_MODE1

TI_TABLE3



091D

010C

022¢

09AC

TI_TABLE4
TT
WAKE

WRLCOBYTE

0937
0297
01CF

093D

T1_TABLES
T_EXIT
WRITE_RTC

WRLCDLINE

0951 TI_TABLEG
O0FB WAIT_DISPLAY

098F WRLCD
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TECHNICAL DATA

6-Pin DIP Optoisolators

Triac Driver Output

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

They are designed for applications requiring isolated triac triggering.
UL Recognized File Number 54915 Q\)
Output Driver Designed for 240 Vac Line
Viso Isolation Voltage of 7500 V Peak
Similar to MOC3010 and MOC3011
Standard 6-PIN Piastic DIP .
VDE approved per standard 0883/6.80 {Certificate number 41853}, with additional
approval to DIN IEC380/VDE0806, IEC435/VDE0BOS5, IEC65/VDED860, VDE110b, covering
all other standards with equal or less stringent requirements, including IEQM@
VDE0113, VDE0160, VDE0832, VDEO833, etc. 883
® Special lead form available (add suffix.“T” to part number) which satisfies VDE0883/

e

MOC3020
MOC3021
MOC3022
MOC3023

6-PIN DIP
OPTOISOLATORS
TRIAC DRIVER QUTPUT

€.80 requirement for 8 mm

solder pads.

® Various lead form bptiorls available. Consuit “Optoisolator Lead Form Options™ data

sheet for details.

ym creepage di

MAXIMUM RATINGS Tp = 25°C unless otherwise noted)

0y

e between input and output

CASE 7304-02
PLASTC

;
L Rating l Symbol ] Value l Unit COUPLER SCHEMATIC :
INFRARED EMITTING DIODE j

Reverse Vohage VR 3 Voits - I
Forward Current — Continyous IF 60 mA
Total Power Dissipation @ Tp = 25°C Pp 100 mw 1 §
Negligible Power in Triac Driver ‘
Derate above 25°C. 133 mwWrc
204 “xzos
OUTPUT DRIVER 1
Off-State Qutput Terminal Vohage VDRM 400 Volts Iy =) LD ‘
Peak Repetitive Surge Current Irsm 1 A '
(PW = 1 ms, 120 pps)
Total Power Dissipation @ Ta = 25°C Pp 300 mw
Derate above 25°C 4 mwre 1. ANODE
2. CATHOD:
TOTAL DEVICE INC
isolation Surge Vohtage (1) Vviso 7500 Vac 4 MAIN TERMA_
(Peak a¢ Voltage, 60 Hz, 5 Second Duration) £. SUBSTRATE
— D0 NOT Cshve T
Total Power Dissipstion @ Tp = 25°C Pp 330 mwW € MAIN TERM o2
Derate above 25°C 44 mwWrC
Junction Tempersture Range Ty -40t0 +100 <
Ambient Operating Temperature Range Ta -4010 +85 c
Storage Temperature Range ' Tsig -40 10 + 150 b o
Soldering Temperature (30 s} - 260 c
(1) Isolation surge vohage, Vi5p. is an & ) device diel b rating.
6-93
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MO0C3020, MOC3021, MOC3022, MOC3023

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

[ Charscteristic ] symbot | min | Typ | Max | umt |
INPUT LED
Reverse Leskage Current IR — 0.05 100 uA
(Vg = 3V)
Forward Voltage Vg —_ 115 15 Volts
{Ig = 10 mA)
OUTPUT DETECTOR (I = 0 unless otherwise noted)
Peak Blocking Current, Either Direction IDRM - 10 100 nA
{Rated Vprm. Note 1}
Pesk On-State Vohtage, Either Direction VTM™M -— 18 3 Volts
it = 100 mA Pezk)
Critical Rate of Rise of Off-State Voitage (Figure 7, Note 2) dv/dt -— 10 - Vips
COUPLED
LED Trigger Current, Current Required to Latch Output ) (33 mA
{Main Terminal Voltage = 3 V, Note 3) MOC3020 -— 15 30
MOC3021 - 8 15
MOC3022 - — 10
. MOC3023 — —_— 5
Holding Current, Either Direction M - 100 - #A
Notes: 1. Test voltage must be applied within dvidt rating.
2. This is static dvidt. See Figure 7 for test circuit. C ing dvidt is a ion of the lpad-driving thyristor{s) only. e s
et ded i b max

3. All davices are guaramteed o trigger st en If value tess than or equal 10 max fgT. Th '3
157 (30 mA for MOC3020, 15 ma for MOC302?, 10 mA tor MOC3022, 5 mA 1or MOCS023) and absolute max i 160 mA).

TYPICAL ELECTRICAL CHARACTERISTICS

© TA=25C
2 i + 800 1
17 //1
_ yit Vo
@18 = |
g | ————rustony /Y7 £ a0 /
3 | TrustoR £V = / i
18 z
g Rl g . 4
4 v )
2w (!} § P !
£ | Ll 2 A
E | fe-sc T 111 3-w 7 '
¥ 12 ——"‘”?s':__.-rr" ”d = //
,""15‘:6 uu'J - 8OO / N
10 100 1000 - =

i, LED FORWARD CURRENT (mA) Vi, ON-STATE VOLTAGE (VOLTS)

Figure 1. LED Forward Voitage versus Forward Current Figure 2. On-State Characteristics

i
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) uA
3 Voits
o nA,
Volts
- Vius
mA
0
S
0
5
- pA
lies betwesn max
4
/
/
/'/
=
Ts)
eristics

Ify. TRIGGER CURRENT — NOAMALIZED

14 ™ b3
- [ T
~N i £ 2 NOF AALIZED T0:
12 ! 3 P, 2 100 s
i = - t
i z
1" t § 13 \ l
I .
\\ ; o \
M i <
09 : l g 10
) o E
08 [ S
Do S 5
[ A -
0.7 ' I - -
0.6 i 1]
-4 -n 0 ) 0 60 C ! 2 10 L 0 00

Ta, AMBIENT TEMPERATURE ()  ~

Figure 3. Trigger Current versus Temperature

PWin, LED TRIGGER PULSE WIDTH (ps)

Figure 4. LED Current Required to Trigger versus
LED Pulse Width

e
{ T T 11 "
——STATICdv e

1 4] STA

0 CIRCUIT IN FIGURE 7 10 i
® 8 =
K < 2 TEST CIRCUTT IN FIGURE 7
2 . N 2 g
5 S 5
g ) \\ g 6

4 — -

\i‘

2 -~ ¢

o 2

-3 N C G 70 80 CEES 0. 04 08 12 16 ?

T AMBENT TEMPERATURE (°C) Ry LOAD RESISTANCE (k{}}

Figure 5. dvidt versus Temperature

v T3

Figure 6. dv/dt versus Load Resistance

Ve [ [Rrest §
] QR=1WK
| 3
] R 1 The mercury wetted relay provides a high speed repested pulse 10
i -T. 0 the D.U.T.
PULSE ) Crest 2. 100x scope probes sre used, 10 allow high speeds and voltages
INPUT MERCURY 3. The worst-case condition for static dv/dt is esubhished by trggarnng
WETTED X 1he D.U.T. with a normal LED input current, then removing the
A 4 SCOFE current. The varisble RTEST atlows the dvidt to be graduslly
RELAY DUT.] o K:#‘: incressed un°il the D.U.T. continues 1o trigger ir. response to the
bl spplied voltage puise, even shier the LED current has been removed
The dvrotl is then decressed until the D.U.T. stops triggering. 1R 18
measuted st this peint and recorded.
——)
Vmax = 0V
vt = 063 Vnpy - %2
TRC TRC

Figure 7. Static dv/dt Test Circult
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' MOC3020, MOC3021, MOC3022, MOC3023
Rin 1 76/ ’ ) i 470
vee O A MOC O VA -0 HOT
. 0 O 005 uF IR 3w 20
\‘\_ 3 32 4 1 VAC
) ¥ A 0.0 uf

*This oproisolator should not be used to drive a load directly. ftis
intanded to be a trigger device only.

Additiona! inforrnution on the use of optically coupled triac drivers is

svailable in Application Note AN-780A.

@—o GROUND

In this circuit the “*hot” side of the line is switched and
the load connected to the cold or ground side.

The 39 ohm resistor and 0.01 uF capacitor are for snub-
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
:'.
il
I
;; OUTLINE DIMENSIONS
Al = . :
r -l - ooy L2173 1. DIMENSIONING AND TOLERANGING PER ANSI
Fo NIy wo PR 1. ANDDE YIS, 1562,
“'T BTN ;:W 2. CONTROLLING DXMENSION: IVCH.
CENTER OF LEAD WHiEN FORMED
- < W ey
R TRy — : 6 MAN TERMIMAL
c L WELLMEYERS nous
i " ' | ome ["wen | | wen | wax
l | | - A |81l sm om0
[} 10 1] 9.
f c 1293 | s |one | oo
L a1 0% | o0 | 007
N V67 1o \77 | go®0 | 0w
f . i [: X 1
6 J ol """ eTee] FERT] l| 0% | oo [ oot
€ ] 4eupms® 11 6@ | A@® X | 03 | 25 [ 0015 | Gtoo
i 16 2300 6SC
b n O T 2
. [Henpon® [[a®[e®] CASE 730A-02 o s e T ow 1 ous
PLASTIC S g i
R}
7
{




National
/71 Semiconductor

Corporation

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

General Description

The LM135 series ara pracision, easlly-calibrated, integrat-
ed circuit temperature sensors. Operating as a 2-terminal
2ener, the LM135 has a breakdown voitage directly propor-
tional {o absolute temperature at + 10 mV/*K. With less
than 1f} dynamic impedance the device operaies over a
current range of 400 uA 1o 5 mA with virtually no change in
performance. When calibrated at 25°C the LM135 has typle
cally less than 1°C arror over & 100°C temperalure range.
Unlike other sensors the LM135 has a linear output
Applications for the LM135 Include aimost any typs of lem-
peralure sensing over a —55'C to +150°C temperalure
range. The low impedance and linear output make inlerfac-
ing to readout or control Sircuitry especially easy.

The LM135 oparates over a —55°C 10 + 150°C lemperature
range while the LM235 operates over 8 —40°C t9 +125°C
temperature range. The LM335 operates from —40°C lo
+100°C. The LM135/LM235/LM335 ara avallable pack-
aged in hermetic TO-48 ftransistor packages while the
LM335 s also availabie in plastic TO-82 packeges.

Features

= Directly cslibrated in *Keivin

8 1°C inilial accuracy available

& Operales from 400 pA to S mA

= Less than 11 dynamic impedance
m Easily calibrated

a Wide oparating temperalure range
& 200°C overrange

n Low cost

Schematic Dilagram

s
> 136

Connection Diagrams

Sy .
: "o
A== &3 ATETEINT
$he
) TLM/SE08-
TO-92 TO-48
Plastic Package Metal Can Package*
00TTOM vilw sotTOM VHW TUW/5606-8

Order Numbar LM335Z or LM335AZ
See NS Package Number ZOJA

*Casa Is connecied 10 negatve pin
Order Number LM135H, LM235H,
LMI35H, LM135AH, LM235AH or LM335AM
See NS Package Number HO3H

VSEENT/VSEZWT/VSELINN 'SEENT/SEZNV/SELWT




LM135/LM235/L.M335, LM135A/LM235A/LM335A‘

Absolute Maximum Ratings
It Military/Aerospece specified devices are required,

Specified Operating Temp. Range

contact the National Semiconductor Sales Office/ intermittent
Distributors for availabliity and specitications, Continuous {Note 2)
(Note 4) ' LM135,LMI135A ~-55'Cto +150°C  150"C o 200°C
Reverse Current 15mA LM235,LM235A —40°Cto +125°C  125°C10150°C
Forveard Current NOmA LM335, LM335A —40*Cto +100°C  100°Cto 125°C
Storage Temperature L’;g};‘":" (ks:'dfw' 10 seconds) 280rC
TO-46 Package -60°Cto +180°C TO-4§ P:Euag:: b
TO-82 Puckage -60°C 10 +150°C )
Temperature ACCUracy LMi13s/LM23s, LM135A/LM235A (Note 1) -
Parameter Conditl LM135A/LM235A LM135/LM23S Units
Min Typ Max Min Typ :
Operalting Output Voltage To = 25°C.lg = 1 mA 2.87 2.98 2.99 2.85 2.88 3.01 v
Uncalibrated Temperature Error | Tg = 25°C. IR = 1 mA 0.5 1 1 3 *C
Uncalibrated Temperature Error | Tyun = Te 2 Tmax. I = 1 mA 1.3 2.7 2 ]
Temperature Error with 25°C TN = Te < Tmax. lr = 1 mA 0.3 1 0.5 1.5 °c
Calibration
Calibrated Error at Extended Tc = Timax (Intermittent) 2 2 c
Temperatures
Non-Linearity = 1mA 03 | 0s 0.3 1 C
Temperature ACCUracy Lm3ss, LM33sA (Note 1)
Parameter Conditions LM335A LM335 Units
. Min Typ Max Min Typ Max !
Operaling Output Voltage Tc = 25'C. Iy = 1mA 285 | 298 | 301 | 282 | 298 | 2.04 v
‘Uncaibrated Temperature Ertor | Te = 25°C, Iy = t MA 1 3 2 [ ‘c
Uncalibraled Temperature Error | T = Te = Tmax, I = 1MA . 2 5 4 L] *C
Temperature Error with 25°C -TMNS Te < Taax, Ig = 1MA 05 ) 1 2 °c
Calibration .
Calibrated Emror at Extended Tc = Tuax (Intermitiont) 2 2 -
Temperatures -
Non-Linearity In = 1TmMA 0.3 1.5 03 1.5 *C
Electrical Characteristics ot 1) , :
LM135/LM235 LM335 i
Parameter Conditions LM13SA/LM235A LM33SA Units
Min Typ Max Min Typ Max ;
Oparaling Output Voitage 400 pAlgS5mA 25 10 3 14 mv
Change with Current Al Constant Temperature
Dynamic Impedance IR=1mA 0.5 0.6 [
Output Voltage Temperature +10 +10 mvrC
Coetticient R
Time Constant Sull Ax 80 80 soc
100 11/Min Air 10 10 soc
" Surred Oil 1 1 sec .
Time Stability Te=125C 0.2 0.2 *C/kir +

Nols 1: ACCuraCy MmossuoMenis &t Made in & wol-slried Of Dath, For Olher CONKLONS, Balf heabng Mus! be consdie oud.

Nots 2: C P at those
Nots 3: Thirmat Remslance
834 (Junclon 10 amisanl)
8¢ enclion 1o case)

o 10¢ 10,000 hows (X H pachage and 5,000 hows lor Z packege Mmay ductesss kis axpeciancy of e devce.

T0-82 Y046
202°CIW 400" Crw
170°Ciw NIA

Nots 4: Reter 1o RETS135H lor mulary apeciications.
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Typical Performance Characteristics

REVERSE VOLTAGL CHANGE (mv)]

VOLYAGE Swing (V)

THEAMAL RERSTANCE "CAN)

LR L ]

Reverse Yoltage Change Calibrated Error Reverse Characteristics
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} 2 g ! ===
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Appilcation Hints

CALIBRATING THE LM 138

Included on the LM135 chip 18 8n easy method of calitvating
the device for higher accwacies. A pol connecled across
the LM135 with the arm Lied to the adjustment terminal al-
lows & 1-point calibration of the sensor thal corrects for
inaccuracy over the tull tempurature range.

This single point calibration works because the outpul of the
LM135 is proportional 1o absolule lemperature with the ex-
rapolated oulput ol sensof going 10 OV oulput at 0°K
(—273. 15*C). Ertors in output voltage vorsus lemperalure
are only siope (or scale faclor) efrors so a slopa calibraton
al one temperature corrects at all lemparalures.

The output of the device (calibraled or uncalibraled) can be
expressod as:

T
Youry = VOUTT° x I
o

where T is the unknown temperature and T, is a reference
temperature, both expressed in degrees Kelvin. By calibral-
ing the output to read coreclly at one temperature the out-
put at all temperatures 1S correct. Nominaily the output is
calibrated at 10 mv/°K.

Typlcal Applications '
Basic Temperature Ssnsor Calibrated Sensor Wide Operating Supply
v Ve
V-V
1]
: M3 .
e {—- SUTIT 18 avPK
Laan > * - u
outrur
- it 107,
= . of
Tunosel2 s
- TL/8688-9 L.
*Caituais lor 2.562V 81 25°C -
TL/HI5808-10
Minimum Temperature Sensing Average Torﬁpor:um Senaing * . Remote Temperature Sensing -
"y wy -
1
- "
e OUTHIT
> T Tavg M av/ 't}
. mv/ &
LM a2 [T Ll 1,
- l LMa3s l—- '-—_L
TL/M/bED0 -4 ‘e 't:/muu-n
Wre langth tor 1°C amor due 10 wre drop
— ln=1mA g =05mA*
AWG FEET . FEET
Treess-1e 14 4000 8000
16 2500 5000
18 1600 3200
20 1000 2000
22 625 1250
24”7 400 800

To insure good sensing accuracy several preceutions mus!
be laken. Like any lemperalure sensing devica, seif heating
can reduce accwacy. The LM13S should be operated &l the
lowes! current swilable for the apphcation. Sutficient curent,
of course, must be available to drive both the sensor and
the calibration pot al the maximum operating temperatwe
as well as any external loads.

Il the sensor ls used in an ambient where the thermal resist-
ance is constant, self heating errors can be calibrated oul.
This is possible if the device is tun with a temperature slable
current. Heating wili then be proportional to zener vollage
and theralore temperature. This makes the sell healing er-
tor proportional to absolule lemperature the same as scale
lactor errors.

WATERPROOFING SENSORS

Mailtable inner core heat shrinkable 1ubing such as manu-
laclured by Raychem can be used to make low-cost waler-
proof sensors. The LM3JS is inserted into the tubing about
14" trom the end and the tubing hualed above the meiling
point of the core. The unfilied ¥,° end melits and provides 8
seal over the devica.

*For iy = 0.5 mA, the tsm pot muat be celsted

6-24

-9




Typlcal Applications (contnued)

Isolated Temperature Sensor
LM

SAAAS sounns
2% -ove?

"

SUTAYT

Wav/x

TL/M/%E08-20
Simple Temperature Controlier *
v -0v ]
L
an
w HLATIR
:; n o0 ™
1
b , * &
-
Lasia il § 'V 'Luu - '\1 }/ o
o£1n d
g T A
::u "':m ' |
= TL/M/S898-5
.. - > . ’
‘ - ’ Simpls Tempersture Control
[ )]
nIATIR
e aiaials s Bl
a0 L -
119 : -
HWPERATUR) ‘,:A ,‘.r‘.n.‘
. g
‘h
i: "
* -

TL/H/5696-21

VSEEWT/VSEZWT/VSELINT ‘'SECWT/SETWNT/SELINT




Typlqal Applications (conunusa)

Ground Referred Fashrenheit Thermometsr -

Centigrade Therinometer
iy
a ll‘ "wy
- WAy
L] " e 4
L) - 1 <
' . ] SR
Lo osteut
b Sl ) l e’
> 1. = * [
vy Y1) o " L s
A e V¥ 1P S < e
4‘ MAdd aH :;“‘ - fatal L -
i " - w I .
In® =
W = 1
TL/Hsb008-22 - = 3
TLN5608-23

*Adiust R2 for 2.554V acyoss LM338.
Adyuat R for contect output.

*Adpst for 2.7315V a1 output 0f LM308

Fahrenhelt Thermometer

sutTT
(X2 1 4

—— 14."

.,

Vvt —tty
b . 3

3 < =l < a

L f—":m um‘}—ﬁ:m

*To cautvale adusi A2 for 2554V acroas LMIJE.
Agjust R1 lor conect ouiput. *

Ti/H/5608~24

THERMOCOUPLE COLD JUNCTION COMPENSATION -
Compenasation for Grounded Thermocoupls

*Select R3 for proper thermecouple type

v THERMO-~ R3 SEEBECK
COUPLE (2 1%) COEFFICIENT
o 4 37701 52.3 uVr'C
w1y T 30811 42.8 uV/I°C
—4vh K 2930 40.8 uV/r°C
azss (2 SOUUES BN\ S 4s5.80 6.4 pV/I°C
5 Vo vy l Adpsaunenia: Componaaies or DOI sensor and fessior loiorancas
13 = 1. Shon LM32e8
I 2. Acust R tor Seebeck C umes amb P {n dog
= 'Y K) across R, X
(L] 2o 30 3. Snon LM335 and adust A2 for voitage acions AD coresponang (o ther
Nnwn |, - e mocouple type
BAAd utrn J 14.32 mv K 1MA7mV
" INLANOCOUPLE T 11.79 mv S 1.768 mV
“IsY -

TL/n/bea8-8

- ' 6-26
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Typical Applications

{Continued)

Singie Power Supply Cold Junction Compensation

*Select R3 and R4 for tharmocouple type

THERMO- SEEBECK
Tutauocount COUPLE R3 Re COEFFICIENT
J 1.05K 3850 52.3 uv/*C
T 85601 3isn 42.8 uv/*C
K 81611 300N 40.8 uV/°C
S 1280 46.30N 6.4 uv/°C
Adjusiments:
1. Adpst R1.lor tho voltage scross R3 oqual 1o the Seeback Coethoent
wmes amben! lemperaiure in degrees Kevn. '
. 2 Adwsit R2 for voliago across A4 corresponding 1o thermocoupie
700 " outeut J 14.32 mV
- - T 11.79 mV
l:: K 1117 mv
, S 1.768 mv
b3
- ,DL R

TL/H/BEPE~ 11

Centigrade Calibrated Thermocouple Thermometer

4Lh

-15¥

AAA 1"

Terminate (hemmocouple reference ncton n
ciose proxwnaty 10 LM335.

Ditferentlal Temperature

an

<
h

Sensor

iw

~

TL/HIS608 -

Adjustmenta:

1. Apply signal in place of thermocoupie and ad-
ust RJ tor a gan ol 245.7.

2. Shorl non-invering mpul of LM308A and out
pui of LM3290 10 ground

3. Aduat RY 30 thal Vour = 2 982V @ 25°C.

4, Femove short across LMI298 and aonist R2
50 that Vo1 = 248 mV @ 25°C.

8. Remove snort across thermocouple.

TL/H/5898-12

Fast Charger for Nickei-Cadmium Batteries

f— sTARY
> ) T 001 |
< < < P.
Pl b S 4
< < N I i»
< s
\
o *m s
>
(1} 1 cut
[T )
> 12
(L)
AAA
A Al
THIRAMALLY COUAA [ N —— o e - —
v -1y
LAdust D1 to 50 mV grealor Vz than D2
! D2 to batiery. —
Charge onsC mo Couplo D2 1o batiery. — fUnusese-13

VSCEWT/VSEZWT/VSELINT ‘SEEWT/SETNT/SELNT
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LM135/LM235/LM335, LM135A/LM235A/LM335A'

Typlcal Applications (coninusq)

Ditterential Temperature Sensor
137
00
AAA
A Ad
in Y
<«
0
A A
A4 A
Y
A A A

AA A o ]
180
[T+ 1338

"W 1

ouTeLY
1 ;v C

. TL/M/5638- 14

outeyt

TAQus! (or 2870 with ssnacr at 0°C anc 10T pol sel 81 O°C
*Adjubt for 260 Oulpul with 107 pol sul at 100°C and senaor
al10rc

1Output reans oty b v
of 107 pot

and dial setung

n!mﬁ

A

[
om

100 avi't

LM32e0

TL/MISE88-18

8-28




N e

| Typlcal Applications (continued)

Ground Referred Centigrade Thermomaeter

ouTHT
™\ evre

TLIH/5808-16

Definition of Terms
Oporsating Output Voltage: The voltage appearing across

the pasilive and negatlve terminals of the device at speci- -

fied conditions of operating temperature and current,
Uncslibrated Temperature Error: The emmor between the
operating output voitage at 10 mV/*K and case lemperature
8t specilied conditions of current and case temperalure.

Alr Fiow Detector®

LM BUTPUT-MIGH
WITH AIR FLOW
>
o
> 3
<
‘P
0
™ rOINT (L
ADnS
TUHI8698-17

*Seif heating is used 10 dotoct ax fiow

Cailbrated Temperature Error: The error between operat-
ing output voltage and case lemparature at 10 mV/*K over
a lemperature range at a specified operating current with
the 25°C error adjusted to zero.

6.29
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T HIARRIS
m SEMICONDUCTOR

GENERAL DESCRIPTION <~

The ICL7108 is a high perfonnance CMOS How power
integrating A/D converter designed to xsny mteﬂace wnh
Microprocessors. bt

The oulput data (12 bits, polarity and overrange) rnay be
directiy accessed under control of two byte enable inputs
and a chip select input for a simple parallel bus interface. A
UART handshake mode is provided to allow the ICL7108-to
work with industry-standard UARTSs in providing serial data
transmission, ideal for remote data logging - applications.
The RUN/HOLD input and STATUS output aliow rnomtonng
and contro! of conversion fiming. o

The 17168 providas the user with- !heJ'ugh acwram/.
{ow noise,-low drift, versatility and economy*df'the:dual-
slope integrating A/D canverter. Features like true differen-
tial input.and reference, drift of less than 1p.V/ *Coraximum
input bias cument of 10pA, and typical power‘consumption
of 20mW make the ICL7109 3n attractive per-channe! <lter-
native to analog-multiplexing for many data acqulsm n ap-
p!uhons S

G Yoy
ORDERING lNFORMATlON

RE e

2} BRI TR

Lo = AYD ‘Converter

OFERTURES IR

: 22=4CL7109
12-Bit J,u,P Compatible

S eI DL .-

© 12 Bit Binary {Pius Polarity-and Overrange) Dual
Siope integrating-Analog-to-Digital Converter: =

* Byte-Organized TTL-Compatible Three-State Outputs
‘and UART Handshake llode tor Simple Paralief or:
Serial intertacing to Microprocessor Systems Lo

© RUN/HOLD input and STATUS Output-Can Be Used
to Monitor and Control Conversion Tlmlng e

® True Dlﬂerential Anput and Dlﬂerentlal neference

©iow Noise—-Typlcaﬂy 15pV p-p T

s 1pA Typical Input &lrrent o

® Operates At Up to 30 Ccmversions Per Seeond

® On-Chip Oscillator 0perates WithinexpensNe A SO

. 3.58MHz TV CrystalGiving 7.5 Conversions Per.. . S

. Second for 60Hz Be]ect.on May Also Bs. Use :

e ich'r.too

K . - ﬂﬁ LA

. Part Number : . .- &= =Temp.Range. ..-?*
=- ICL7109MDL —-55°Cto +125°C  “40-Pin Cerami¢ DIR:
+~-ICL7109IDL " ~25°Cto +85°C " 40-Pin CeramicDIP
. IcL7i08lL  —25°Cto +85°C . .. 40:PinCERDIP *
- —=ACLTI09CPL ~ - e 0°Crt0 70°C 7= 77 40-Pin Plastic DIP~—m—— -~
e : e T
. YOP VIEW R R,
GHD ——{J1.GND > W/ T vt eo 5y, - ¢
2STATUS | <, DR -39 — o
wigH [J3POL * U REF CAP—38 - i DIFFERENTIAL
ORDER :E 40R © . REFCAP + 37 s.7is § 3 REFERENCE
BYTe T} Hser. - REFIN+36 ST ot .
outputs | 881 s N W1 38 ST INPUT HIGH
:Enw' T Lo K INPUT LOW
LLJ8 892 1224 COMMON 33 - GND
i, e P ST
tow [ Ji1ps e UF e
oroer | J1zes REF OUT 290 REF 1N —
eYTE ™ {J13 84 o, YT iy
QUTPUTS 14 83 " senp2rh o> REF IN +
SR 15 82 -~ -~~~ RUN/HOLD 28] S e e - -
L1681 - . BUFOSCOUT 253 v+
+sv 17 TEST OSC SEL 24[F—GND - 241t
evTe r{]1s CBER os¢ out 23— -
CONTROL 19 ABER OS¢ IN 22 35795 MKy
weuts L{}20 EEASAD - - MODE 21 ; TV CRYSTAL
. "Rin1 = 20k11 FOR 0.2V REF
- 200k(} FOR 2.0V REF
0336-1
(SeergursZ!oftypmlcormclron\oaUAHTorMmocommm ——— . N
Figure 1: Pin COnfiguranon and Test Circult

B

HAFL:S SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OSUGATION WITH RESPECT TO THIS FRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONINTION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL 8E IN LIEL OF Al OTHER WARRANTIES, EXPRESS, MPLIED OR STATUTORY, INCLUDING THE (MPUED

WARRANTIES OF MERCHRANTABILITY AND FITNESS FOR A PARTICULAR USE
NOTE: AZ fypica) vaksss have beea charscienzed 1 28 ned lesiod. 3-24

-- 301655003
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ICL710¢

ABSOLUTE-MAXIMUM:RATINGS. - ST BRI
~Positive Supply Voltage (GND !oV"’) ?TZ“.‘......L'..‘GPB.ZVw-w J&‘Power'Dtsspahon (NotsB) e
«Negative Supply Voitage (GNDtoV~=) ............. —8V- .  -—Ceramic Packa
Analog tnput Yoltage (Lo or Hi)(Nota 1k. Ytriov:o _lasﬁcEax:ka.ge-.... ..........._........SOOmW Q+70'C
Ralarenca Input Voitage.(Lo or H).(Note 1) .x.... VZ.to V= .o ;."Operating. Temperature :.. '

input Vottage - VA~ 0 3V ~———Caramic Package (MDL) *———-‘*-55'010 +125'C
-{Pins 2-27) (Note 2) ..N,...'...,.,..'. ...... GND —0.3V  ~=Cit GeramicPackage(lDL) oo g .—25°Cto +85°C

R . Qv o+ 27 5 Plastic Package (CPL) .. 0°Cto +70°C

T T EET - SfﬁrageTempefamre ..... 65°Cto’+150°C
HT S Ak S e S Lead_Temperauze(Soldenng JOwc)_., ays et 300°C
mmmmwm Absam;ummnﬁamgs mmmwmmmmwemmmmwurw
oparationof the davice at thase or any otha condftions above those indic fhb‘)s af sact NMMMBMWEWJBIDMH'
mmmnmmmmmm' SR ~'“‘" N

B TP 1 Lot o - ToK)

- “ELECTRICAL CHARACTERISTICS ~(v+ 2 4Vv- -5V GND=0Y, TA=25'crfcn<

_ottawnsemdncated.)_]‘estwqmasshown on firsitpage ot.th;sda!ashe_e_t_._ —_— -
ANALOG SECTION | .. | =

P :
-2 S‘ zenss f e fgmt )
Symbol

N .- . s ' -t

Parafnste?

T “Test conmuoné":" M ‘Tfp"' IMax | untt
VIN = 0.0000V C,*Tigeraneiae : e 1- -

Zero lnpuLRegdmg'___.. VRgF & 2048 AV T
" | RatiometriC EFOR | Vi = Ve = 20481V
** ~ | Non-Liriearity (MeX déviation [ Full SCI6=409.6MV 15 zmav

oo = | trom baﬁsua»ghtﬁneﬁt)-———- Over-full operatmg ten':perahn'e-—--- e
R range. (Note 4), (Note 6)- -~ -

| Rol-over Error '(diifer'éiféé‘ .| Full Scale=409.6mV b 2. zmav R
in readmg for equalpos.and (Note 5), (Note 6) VAS S
-1 neq. inputs nearfullscale)’“ =
g P N Ve v, V.FOV—_—“ ;"—
lCMRFl Common Mods Rejection Ra!lo Eull Scala = 409.6m TSR !

-

VCMR | Input Common Mode Range™.”. | tnput i, input Lo Common (Nofé 4y =7*

=7 = | Noige (p-p va]uenot"’m‘" i .=0vn-"1 D ooy o2 ¥ e’ A -
o TAITRY AL 1Y T -

En = axspeded 95%.of o) bore FullSmle=309 S BV o o ol Lo
== [N s g -

P o e et ', pA
; Leaka current atlnput T . B

; LK ge m‘m‘ _ AT THA
T i = - lCL7109|DL 2s-cs‘r,;s~+fas'cmote 4) #fi- SpA--

T ICL7109MDL 55°cs'r‘s+125°c-—-r e LTREaN Py - “nA-
ZeroReading Drift . * . |Vw=0VR{=00 (Note4) ) : ‘02 17 | pVre

Scale Factor Tempemmra T ViN=408.9mY = >7T709 o ’

g ppm/‘C

_|reading _.. _. i R
Ext Ref. 0 ppm/°C (Nota 4) .

Coefficient _
Supply Currert V¥ 10 -.; : = | Vin=0, Crystal Osc

* GND - - 3.58MHz test circuit _ 700 |- 1500 |- pA
isupp | Supply CurentV+ to V- Pins 2-21, 25, 26, 27, 29 open 700 .| 1500 pA
© -inmtiv o (RefemedtoVr, 25k ¢ ' gy
Vrer |RefOutVoltage -,  |potwesnV+ and REFOUT._..w- . .. | 2% -28.| =32 | v
Ref Out Temp, Coefficient 25k between V+ 'and REF OUT 80 ppm/°C

NOTE: Al typical vaiues have boon chamctorized but are pot tesied. TS s et UG (R EVER TR S It WA VN

- —em o ————— 0 AU U Y




ELECTRICAL CHARACTERISTICS (v+ = +5V, y-=—5V, em:-pva}.c 25 nioss ptheriss 10

O AR "y "3, o

mdxmted.)Testcn’untassnwnonﬁrstpageowusdatasmt (Conhnued) I*Vc'cmfms..w“'s:n.'?.mq -
tDIGITAL"SECTION i v uE A omenT - 4 T epmmioY vioru svBapsy)
s fe T " e - St LAl T dam s T A s 2Tl e b
7 i «: Parameter’: v - Test Conditions  -.- 1 | ouf’“\ STy P9 Max 4| Hnit*
gt e dpe = e R =

= 1% T lqrrﬂ“lOOy.A RO 5 T‘_“‘T - [k W) EN R SO E
Hooad o"m""'r'g“vm’ge SPINS216,18,19.20  ©7" “rouy’ (380 el | e

lou'r 1.6mA

‘MODE input at GND

" Control l‘lb Loading

" FiBEN Pin 18 [BEN Pin 18 m&{éﬁi’:

PoE "Pins 18-21, 26, 27 RSEI 1
e e ont0101700 10 GND — .o rrin -
v e e | PINS 4821, 26,27« s
- referredto GND - wv
' ‘"putPuﬂ-up cuwenx-.-é--"—- —Pins 26,27 vom=v+~av =z 5 A
.~ {npot Pui-up Gurrent - -— | ~ Fins 17, 26 Voiy =V +—aV—t T g
-<Input Pulkddown Curent ... .___{ - Pin 24:Vour=GND +30> _i;'___, R
1 oscltator Output High | Vour=2.5V.-
Coment . | Low | Vour=25V .-
: Buffered Oscilator | High | Vour=25V
“Outpit Current - |- Low - Vour=25V - -
iw ~ & | -MODE input Pulse Width {Note 4)

noms.i. mmmmmwmmm inautemem s&rﬁedio tIODpA
._.__zn;ebmescamnmnmmmtn

these dave

wwmmmmwmM.mm:wkbwﬂadmmiumﬁmmmm:mmm
supptybeapp&sd!omeMﬁwmbmmaWWMnmmmmmywmmmmm&

a
——_ s mmmmmumwmmmmmmmm
_.‘_LThs s ot prods tested, but is ¢

S Rou-overmor(whﬂ—ss‘cw +125Cis 23(=mm:sma;dm.m
L6 A full scale voltage of 2.048V isassad bocause a full scalse voltage of 4095V
=+ 7. For Cerdip packegs the Ratiometric erTor can be —4 (Min.).

bydesgn .




ICL71098.

-~ “TABLE 1: Pin Assignment and Function Description —--—~- . m———
Description ;- Pin| Symbol . - Descriptior
ND _ ___ | Digital Ground. OV. Ground return for all digital - 21 [MODE Input Low — Dwrect output mode wners .
.5 e |-logic. — [T . -|« - +———-| CE/LOAD (Pin 20). HBEN (Pin 19) and LBEN .
2 | STATUS.- O\mnl-ﬁqudmmegrateanddehtegmte ’ ‘fpmﬁ)ﬁﬂﬂsmd!fecﬂvwmw_m
tumwe | il dataris Jatched. . mlsed High— )
saction Aul& " — Causes mmexiate entry
e ?.mmeowwhananalog sin e S mhandshaksmodeandamofdamaam
eruconﬁgtnnon Gty IR L. anure 10,
3 | pOL = |-Polarity = Hi for Positive input ot High—&nables“?é—(mm)“
a }-omt- -~ | Ovemangs— Hi i Overranged. HEEN (Pin 19), and TBEN (Pin 18) as
. N . -] _Outputs, handshake mode will be entered and
MR Bit12 | (Most Significant Bi) | s outout 2 in Fieares B and 8 at _
6 | B1t - f:Brttt |-~ conversion completion. C——
7 |80 JBRiG..] T | osclatorirpat - e :
8 | B9 .. [BiR9 ‘| Oscillator Output ;
9] B8 Bit8 Oscillator Select — input high configures :
0|87 "~'Bh7 Hi=true o ) 0S8 IN, OSC OUT, BUF OSC OUT asRC™
- S s B - |oscillater — dodtwmbesameprasemd“~
11188 Bits duty cycle as BUF OSC GUT. . :
12 | B5 Bit5 — Input low configures OSC IN, OSC OUT for |
- crystal osciliator — clock frequency will be o
13 | B4 Bit4 L
- - . ~f .- <e-e - - | 1/58 of frequency at BUF OSC-OUT. i i
14 Ba____,_ Bf?___ _ . . {25 |BUFOSCOUT | Buftered Oscillator Output="= "
1 sz', — B2 - : *% | 26 | RUN/HOLD lnpmuigh-mmconﬁrmaly-,_,
16 | B1' "7, . 1 Bii_._| (Least Significant Bit) e performed every B192 clock pulses. -4
17.4 TEST. .| Jr’tp'zhl:ﬁ'éh‘_-—‘—ﬁorrna!‘Operaﬁon [P ... . |inputLow —Cbnversion in progress *_
== -, | "Input Low — Forces all bit outputs high. ——- - }— Se - corr«plemmwlstopm@ho ‘
,,__Note.msmpm:susedfortestpwposasmly counts before integrate. i M L
—|-Tiehigh if not used. - = i i -4 ‘SEI‘_IQ_’_::’_‘I_npt.ﬂ' Usadhwadshanemodatogicﬁwm 5:
18 | TBEN™ =t LowBytaE:mble—thMode(PmZ‘l)low,!; PR I :.....,._.:__;- ability of an external device to accept data. :
. and CEJLOAD [Pin 20) low, taking this pinfow " ] =~ ‘Connetto H5Vif notused. =<7 Sy~ %2~ '
acnvakeslowordetbwemm—m : Voo e AnalogNegauveSlwry—Nonﬁnaw—sv ;l
. 21 g, s .0y i — | with resp tn.GND(Pm1) i *{
Y ——Wrmuode( 21 pin servesasa. = R B
) lowby‘leﬁagbutputusedmhandshakemodé?" RE’_:,_O i |7 ng’;g:;*" - .--fni
e - .| SeeFigures 8, 9, 10. down ‘ . 5:,
i 19 | IBEN | High Byts Enable—With Mode (Pin 21) lowjT T [ix:2 30| BUFFER oo,y Buflor Ampiifier Output . : - 3
= it fand t-and CE/LOAD (Pin 20) Iow*takmgths‘ihbw— *3nilid 31:4-AUTO-ZERG -~ Amo-ZeloNode—bsidefoﬂo{cAz——-- }1
Er. ac""a‘“"'g“’“"’mm“—mzm*f 32 | INTEGRATOR | integratorQatput<=-Outside foilot Cair T3¢ £}
[ . . - L
H 33 | COMMON AnalogConvnon——SystemlsAnnovZemedto
R COMMON .. _. bl ;
T - 3| iNpuT L. - | Diterantial inpui LowSide . © == b
-| SeeFguessa i - . - 35 | INPUT.HF - » | Diflereritial Inpust High Side i
| Chip Enable Load — With M°d°(P”‘2”'°"‘ | 36 |[REFIN + " | Differential Reference Input Positve™ <% == 1
"CE/TOAD sarves as a master output enable. | - - ~ nput - — 5
“When-high, B1:— B12, POL. OR outpmsare- . — |37.| REF CAP + .. | Reference Capacitor Positve ... .. 3w H
disabled - " " 7 - 38 | REF CAP - "'{ Referénce Capacitor Negative .~ -3".:.. ;T
— With Moda (Pin 21) high, this pin serves asa 39 |REFIN | Differential Referonce input Negative * :
.load strobe used in handshake rnodaSee R 40 |v+ - Positive Supply Voitage — Nominally +5V
| Figures 8, 9, 10. - : with respect to GND (Pin 1).
. . c. Note: Ali digital levels are positive tue. . :

. e el ‘ . -
NOTE: All i Kias n charscterizad bt 876 no! tested ALt G TITIMN vTe e e oy A2 s T T -
3-27 i
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v
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4CL7109

20.dnt 3ctRlme s ’

£ 13 OIFR - R = L
ﬂlle———--———OOCMa - .
syl o&cuaTnmm
PO LT109 . .

CMDS AD !

Figure 2A. Typkzl Connectlonnlagram UART lnter(ace ce s To ;ransmit latest result, send anrword to UART—

PR Flgureza Typical’ COnnectlon Dlagram Parallel lnterface With 8048 Mlerocomputer Tal-

Analog Section ™ ™"

T Figure 3 shows the equrvalent urcun of the Analog Sec-
tmn of the ICL7109, When the RUN/HOLD input is left open
or connected to V+, theclrcuit will perform conversions ata
rate determined by.the clock- “frequency (8192 clock periods
per cycle)Each measuremant-cycle-ts divided -into-three
phases.as shown in Figure:4. They_are {1) Auto-Zero (AZ),‘
(2) Sngnal lntegrate {INT} and (3) Deintegrate (DE)

©om ememmedgineg bmeped T

NOTE: A% typces! vaksos have been charactarizod but a8 oot tostod,

Auto-Zero Phase

During auto-zero three things happen. Fn'st. input high
and low are disconnected from their pins and mtemally
shorted to analog COMMON. Second, the reference capaci-

tords-charged 1o the reference voltage: Third, a feedback:

loop_is_closed around the system to-charge the auto-zero
capacitor Gaz to compensate for offset voitages inthe buft-
er ampliﬁer. integrator, and comparator. Since the compara-
tor is included in the loop, the AZ accuracy is fimited only by
the noise of the system. In any case, the ‘e offset referred to
- themputuslessthanww T

F A T R .




rmﬁwiéhﬁkw wabises

EN 'd.::&',t

ot o LAt o

Elgure 3 Analog Sectlon

i ETE
w0 Sys l"l &
(s

Lo ~r e

i o o] 5

masa il b e PO
! I M AEY i « M

.t

E: '\s..na vepst

al NUHBER OF coum JO 2ERO CROSSING/.
T PRO?OHT!ONM. TO VN

5ignal lntegrate. Phase
H Dunng sngnal mtegra&e%he auto-zero Ioop IS cpened the
internal short is removed and the lmemal ‘high;and:low- in-
puts are mnnected to the external pins. The converter then:
integrates the ditiéreritial voltags between IN HI ard IN.LO
for a fixed ti e 5 'of 2048 clock: penods. Nots that this drﬁer-

NOTE: ALl typiea! valuas have boen charactunized bt arp not tsted

“The ﬁnal phasq.ishe—'iri’téﬁiate,. or reference integrate. Irj-
put fow is mtemally conpected 1 analog COMMON and i iny-
put high is .connected acr a 'previously cnarged (during’
auto-zero) eferenca capacno ,Cn'curtry within the chip en--
sures. that. t,pe.canacrtor will be Connected with the Gorrect
polarrty fo0.causé tha- mtegrator‘output to ‘retumn. to. zem
crossmg (establlshed in:Aute.Zero) wrth a fixed slope.. Thus'
tha txme {or the .output 1o.1etum to zero (representeclby tr_te‘
numbér 6t clock ‘poriods counted) is proportionat to the in-

* put signal.
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IACL7109

iDifferential input ————="—="
| The input can accent difterential voltages anywhere with-

=== —==reduced-turther=Ttuswwillsincrease-bothrmoise~and Toliover .
errors. Toimprove the performance, supplies of +6V may -

R . . N be used.

lin the common mode range of the input amplifier; or specifi- Pttt ol

«ally.from™1.0 volts balow the:positve supply.t0-3.5 volts. . Integratlng‘ﬂeslslor B g
:above-the negative suppIyAnmsrangemesystem hasa— = - =:Both’ efampﬁﬁefandmemtegmtorhave aclass A

'CMRRA.of B6dB typical. However, Since the imtegrator also ——outpmstage wnh 100pA of quiescent.current. They supply

‘swmgs with the common mode-voltage, caremust bo exer-
:cised 1o assurdthe integrator output dees not saturate. A

:worst case.condition . would be.a_lafge .positive :common_..-

jmode voitage with a.near fullt-scale negative differentiat-in-
:put voltage. The negative,input signal drives the integrator
positive when:most of its swmg.hasbeen used up by the

ipositive common mode Voltage!.ForIhese critical applica- - -
itions the integrator swing mn"be reduced T—I”ess than the — —relation -":‘

irecommended 4V full scale with som&Joss ot acciiracy. The
untegrator output can.swing vmhin Oswohs-af:erther supply
jwithoth 1088 of Innaanty =% é* B

‘ THEICL7109 has, however, been opnrnlzed Tor ¢ operatlon
twith analog common near digtal ‘grouind.. -With: power :sup- .

ZOy.Anf trive& t-with negfigible non-linearity. The inte;
_~grating resistor; should ‘be darge enough-to remain in this
auvery:lifear Jagion over the nput-volagé.range, but small
“~.  enoughrthat undueleakage requiremants ara :nofplaeed on
--the PC board. For4:086wvoltull scale, 200k is near opti-

" mum-and similarly a‘ZOkINor a 409.6mV scale. For other
-~ —values of full stale'vohage .Flm~srnuidbe chosen by the

7
5
"‘
B R ) - el

'l scale voltage-- "a-x

S~ “—l’v t‘*‘"‘ L——ZOMJ-——QDLJ&J-
Integrating Capacltor " {

] ‘Themtegratmg capacitor Om-r"should.be selected to give

3
5
¢

iplies™ot + 5V and. =5V, this allows a 4Y/.full scale integrator-u. - oethé miaximum ftegrator output voltage SWing Without,satu:
1swing positive-or negative {m:smxlmlzma the periormance — —rating the integrator{approximately 0.3.volt from either-sup;

-of the analog section.
lefferenttal Reference -

ply). For the ICL7109 with +5 volt supplies-and analog

common connected to GND, a £3.5 to +4 volt integrator -

oulputsvmg is nominal. For 7-1, conversaans per second

! The'raterence valtage cari b6 generd éﬂ"a"ﬁ'yﬁhé?a’ﬁth’nﬁ'“" TI6T.72KRZ Llock Treqiericy) &S provided’ by the crystal oscil;

jthe power supply voltage of the converter. The main source

_Jator=nominalwalyes-for-Ciny_and Caz are 0.15uF and

-
Fl
A

tof comron:mode error is a roll-over voltage caused by the e 0 33pF, respeeuve]y‘lfd'rﬂerem clock trequenelesare used,
freference Capacitor losing or gaining charge to stray capaci- - ™ —thesd values should be-changed to maintain” ‘the-iftegratof

#y on its Tiodes. If thare-is.a large common modé Voltage; =% dutpitd/oitage swing. Tn. general, thevalua.of Gt s given

'tﬂe?eterence‘capadtormn‘gain“c.ﬁa’rge'g__ease‘vbhage)_

Ly [REE2] T

When called up {0 deimegrate a positive signal but lose
icharge'(deerease voltage) when called up to deintegrate a

‘negative input signal. This ditference in. xeterence lor.( +)or.- .
{—) input voltage will give-a mll-over*arror Hawever -by"
‘selecting the reference capacitor{arge -enough in compari-—

son to the stray capacitance, this'error-.can be held to less

than 0.5 count for thie worS{ Case CORON | (see Component _

c—g-ﬂ—--—\n'. e

¥alues Selection below) -

The roli-over errof- from these sources-isminimized by - j

‘having the reference eornmon mode voltage near or at ana

(204Bxcloekpenod)(é0pA) !
mtegmtor output vottage swmg P'F -"

Tie

“that' ﬂhave low dielectric absorption tnprevam I’O"-Ovef er-
_ > rors, While otfier types of capacitors.are.adequate for this
apphmﬁon:'polypm’pyfene tapacitors give undetectable er-
%% rors'at réasonable cost up to 85°C. For the military tempera-
™ ture: range,’ Teflon®-Eapacitors-are-recommended. While
‘thelr dielectric absorption characteristics 5_vary somewhat
J’omnnrtio unit, selected devices should give less than 0. 5

Jog COMMON, =g s :

‘Component Value Selectlon'—-—-s :

. For optimum performance :of the.analog. secuon care.__
:must be taken in the selection of~alues for the _integrator
capacrtor and resistor, auto-zero -capacitor, reference volt-

oomu.oLerror due to dielectric abs_grpﬁon
Auto-Zero-Capacitor' -
o ~'The size .of theauto-zero capacitor has-some influence

“7igh the noise of the' system: a smaller physical size and a
larger capaetlance -value .lower.the overall. system -noise.

.

2ge, and conversion rate.'These values:must be chosen 10:.2-723. However, Gz cannot-besincreased without limits since it, in

;surt the particular application? % -2 ius .52 - LR

f..x1o.a..ne~r-1r~. o
: The smost important consideration is -that the integrator

“parallélawith. the Jntegrating .capacitor.forms, an -R-C time
.constant that determines the speed of:ecovery trom over-

output swing (for full-scale input) bé.as targe-as possible. ,. -,,.,eloads ‘and more important the eror that.exists at the end of

For example, with_*5V_supplies and-COMMON conpnected ="

‘an“agto-zero cycie. ‘For‘409.6mV, full scale where noise is

to GND, the norminal integrator. oiitplit,swing at full scale is ~--—very-importantand the integrating |

1 4V. Since the integrator output £an'go to O. 3V frorfl enher
supply wrthoutsngmﬁmnﬂyszchng‘hnearrty' 2 av |rnegra-
tor ootput: swing -allows 0.7V ot varial g
due to component ‘valié_dnd-osci llator ?ol,era.nccs."wm
+5V supplies and a common modemnge B erqwed
the_component vaiugs “should be ‘selacted o provide -+ 3V
intégrator “Gutput swmg ~“Noise=and rollovererrors Wit be
slightly worse’ thafy in"thé" 14\{‘&9 For farger Eomman
mode vohage-ran ﬁeiﬁt‘e'gm‘tor ‘ottpot swmg ust-be

N -G by DOt AU il 1) (PN

WNOTE: Al typice! vaives have been charscsxzred turt are not sastod.

small, 2 velgq of
Caz twice Ciy Is optimum. Similarly for 5096V full séale
Where-récveny is-morg-important than 'nolss;*a :ralue of

CAz-eqﬁﬂiotn]f%TG,masmnmanded~ fie g7

"Fort opuma! V‘e}ej:txon ot stray ‘pickup, the 8 puteroil of Caz
shouldbe obnnebted 10 the’R-C’ junc'don and the
inner foif td pih 31."Similarly the outér toll bf Cikt “sholid be
tonnected 16 pin 32 and the inner 161 10°the m
hinction: Tefion®; ‘of equivalent, mpadtors ‘are recom on

ed above 85°C for their low leakage characteristics: =~

<.
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1CL7109

Reference-Capacltor———- ——— —— ==~ .— -——— - Note that-t pins 29 and 39 are tied together and pins 39

A 1iF capacitor gives good results in most applications. — -and 40 acmdentally shorted (e.g., during testing), the reter-
However, where a large reference common mode voitage _ ence supply will sink-enough current to destroy the device.
exists (i.e. the reference low is_not at analog common) and:. . This can ba avoided by placing a 1ka res:stor in series wuth

a'409.6mV scale is used, a larger value s required to°pre~ . ¢ PN 39.7 17777 R T

vent roli-over.emor. Generally 10pF will-hold themll—over*- - .
error 10 0.5 count in this instanca. Aua'm. Teflon®, or equiva-_::..: 5. DETA"'ED "'DESCRIPTION RN
lent capacitors should be used for xempe;atures abovs ss‘c Dig]tal Sect]on - A
for their low leakage characteristics. The digital section includes the clock oscillator and scal-
Reference Voltage _ =~ ————— ing’ circuit, a'12-bit binary counter with output latches and
! The analog input required to generate 2 tull scale output --..TTLcompatible three-state output drivers, polarity, over-
of 4096 counts is Vjy=2VRgr. Thus for a normalized scale, range and control logic, and UART handshake logic, as

a reterence of 2.048Y should be used for@:4.096V full ~ " ~ shown in Figure 5.
. - Throughout this description, logic levels will bé réferred t to

= “scale; and 204.8mV should be used for .0.4096V. full scale, .

X However, in many applications where the A/D.Is sensing . as “low” of “high". The actual logic levels are defined in the
78 the output of a-transducer, there will exist ascale~factor ~__—"Electrical Characteristics Table. For minimum power con-
j.i other than unity between the absolute output-voltage to be_____ _ sumption,.all [nputs should swing from GND (low) to V+:
;ﬁ measured and a desired. digital output. For mstancea ina_ (high). Inputs driven-trom TTL gates should have 3-5kQ
" weighing system, the designer might like to have & full scale = ‘puliup resistors added for maxlmum noise immunity. !

"

A
Wi,

3
"

reading when the voitage from the transducer is 0.682V."
Instead of dividing the input down to 409.6mV;the input
voltage should be measured directly and a reference volt-.

--— MODE-input™

The. MODEanut is used 1o control the output mode of the

§§ age of 0.341V should be used. Suitable values fof ntegrat- > _ - converter. When the MODE pin is low or left open (this input
€ ing resistor and capacitor are 33k and 0.15xF. Thisavoids ~  is provided with a pulldown resistor to ensure a low level
3 a divider on-the input. Another advantage of this system  when the pin'is left‘open), the converter is in its "Direct™
B pccurs when a zero reading is desired for non-zero mput. £ output mode, where the output data is directly acoessﬂale
3 Temperatyre_and weight. measurements “with an offset of._____ ~Under the control ¢ onﬁ" chip and byte enable inputs_WHan
e tare are examples. Ths offset may be introduced by con- the MODE input is. puised high, the converter enters the
;3 necting the voltage output of the transducer between com- UART-handshake mode and outputs the data in two bytes;
i mon and analeg high, and the offset voitage between com- ' then retuims to “direct” mode. When the MODE input is left
3 mon and analog low, observing polanhes carefully. “Howev- . High,“thd converter-viill output data in the handshake mode

o

7 te b,

i

er, in processor-based systems using the ICL7109, it may .-

be more efficient 10 perform this type of s@lmg of tare sub- -
traction digitally using sottware.

it - -

"~ at the end of every conversion cycle: (Ses sec:;on entrﬂed
= “"Handshake- Mode" for (uﬂherdatauls)

SEBTASESS

e w— ew

'STATUS Output“ T "

Reference.Sources. -
" Thestabllity.of the reference voltage is a major factorin

the overall absolte Accuracy of the converter,.1ha re resolu-

tion. of_the_ICL7109.at 12 bits.is one.parl in *4006,-0¢ -

244ppm. Thus if the reference has a temperature coefficient
of 80ppm/°C (onboard reference) a temperature d‘rfference
of C will mtroduce a ong—brt absolute error.-

Y Sy

During a convamon.cyde. the STATUS outpu’t goes high
at the beginning of Signa! Integrate (Phase 1), and goes.low

one—hatfcloclrpeno&aﬂarne\rdata’*from the conversion
—has beenstored'imthe output latches. See Figure 4 for ded

talls of this t:mmg-Thls &gna] may be used as a.:data valid",
flag (data never.changes while STATUS is low) to drive_ind

~"For*lms reasan,-rr sreeohmended'thzrarrextemrh

rnents are bemg made “ 9 o7
“The “ICL7109" provides “a ‘REFerence ouTpt’ {pir f
which.may-be used with:a resistive divider to generate 'd
suitable reference voltage. This ouiput will sink up to about
20mA without significant variation in output_voltage, and is
provided . with" & pullup bias, device which sdurces “about
10uA; The output voltage is nommally 2.8V'below V+, and
has a temperatiire coefficient of +80ppm/*C. typ.-\ When us-
ing the onboard reference, REF OUT {Pin 29) shquld be
connected fo- REF = (pin 39), .and REF + should*be con-
nected 1o the Wi rvof a precision potentiometer between
REF OUT-and.V+. The ‘circuit for a 204.8mV. reference is
shown in the test mrcuit Fora 2.048mV reierence the fixed
resistor: should be removed and a 25k preczsuon potenti-

or.” FatraveqC L . “Herrupts, or'for momto'mg the status ot the converter.

RUN/HOLD Input’;;
~:Whenthe' RUN/—_O'EE_)mput high;<or feft open,'xhe cuh-
cuit’ will- continuotisly perform conversion cycles, updating
the output’latches" after zero crossing during the Deinte-
grate (Phasé my portiori of the conversion cycle’ (See Figure
4). In‘this 'miode of operatiori,:the conversion: ¢ycle will ba
perlormedln 8T92‘clock penods regardless of the resultlng

BTy e 1

i RUN/HOLD goes Tow at_any time dunng Delntegrate
(Phase: Hi)-after.the zero ¢trossing.has‘occurred, the circuit
will: immediately-terminate Deintegrate- and jump to Auto=
Zero. This feature can be used to eliminate the ime'spent in
Deintegrate aftar the zero-crossing. if RUN/HOLD ‘stays or
goes low, ‘the converter-will ensure minimum™Auto-Zero
time, and then wait in"Auto:Zero until the RUN/HOLD input
goes high. The converter:will begiri the Integrate (Phdse I)
portion of the next conversion {and the STATUS output will
go high) seven clock periods after tha high fevel is detected
at RUN/HOLD. See Figure 6 for details.
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Using_the RUN/FOLD input in this manner dllows-an
easy “convert on demand”.interface’to be used. The-con-
verter.may be held at idie in auto-zero with. RUN/HOLD low.
Whean RUN/HOLD goes high the conversion-is started; and
when the STATUS output goes low the new‘data isvalid (or
transferred to the UART —see :Handshake -Mode).- RUN/
HOLD. may.now be taken low which terminates deintegrate
and ensures a rummum Au'to-Zero time-before thenext
conversion: e

Altemately. HUN/HOLD mn be used lo_mlnimlze conver7
sion. time -by. £nsuring that it-goes low during Deintegrate,
after zero crossing,.and goes high-after the hold-point-is
reached..The required activity on.the RUN/BOLD input can
be. provided by connecting it to the Buffered Oscillator Out-
pul-in this-mode the conversion time is dependent.on the
input value measured. Also refer to Harris Application Bulle-
tin. A032 for- a d:scuwon of the eﬁecis this wnll have on
Auto-Zero perlormance - ol :

+: if the RUN/HOLD-input goes low-and*stays:low. during
Auto-Zero (Phase [), the -converter will :simply: stop at-the
end of Auto-Zero and wait for RUN/HOLD to:go-high- As
above,lmegmte {Phase 1) begms seven'clock penods aﬂer

When the MODE pinis teft ;‘the,data ouiputs
(brts*i throughi8'low’ ofder byte} bits 9. through/12, ~polarity
and overmge-mgh order byte) are awesstble under _.con-
trol ofthe byte:and chip-enable terminals ‘as jnputs: These
three i ~are allacﬁve iow, and-are provided with’ puliup
resistors 16 éfisure an“inactive high level when feft open.
When 'ﬂle"chtp{ena.ble input.is fow, taking
| 16 futputs.of that byte to betomme active
(thre&stated n) lis aliows'a’ ariely. of parallel data_ac”
&eto be. used s Shown in thesection énti-
“Thé timing reql.nrernents Tor these out-
puts areshownm Figure 7 and.Table 2..- =

332
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.;o +———Table 2— Direct Mode Timing - - -
: Reguirements
5 (See Note 4 of Electrical Characteristics)

JCL7109

-~ JCL 7108 provides all the control and-flag-signals-necessary

to sequentially transfer two bytes of data into the UART and
initiate their transmission in serial form. This greatly eases
the tgsk dnd reduces the cost of designing remote data ac-
quisition stations using serial data transmission.

.-Entry inio—the handshake mode.is controlled by the
! When-the MODE—terminal is held high, the
- 1CL7108 wili-erter the handshake mode atternew data has

—— beenstoredmﬁeoutputlatmesatmendofaconvemon

(See Figures' 8 and"9)"The"MODE ‘terminal may also be

5 MOdGim e e

Tused to trigger entry into the handshake mode on demand.
tah’i_s:ﬁle";ddnn‘g" the_conversion:cycle, the low.to high
__transition of a’short:pulse-at the MODE input wili cause
"“immediate entry.into the_handshake moda. If this pulse oc:

- ___curs while .new data is-being stored, the entry into hand-

shake mode-is-delayed until the data is Stable."While the
*-converter- Is -in" the- handshake-mode, 'the MODE input is
-—- ignored, and although conversions “‘will stil be ‘performed,
data updating will be inhibited (See Figure 10)-until *he con-

i venercompletes the output.cycle and clears the handshake

[ :' St :

SYMBOL | DESCRIPTION |MIN|TYP|#MAX|UNIT|
= tgea | Byte Enable Width+350 | 220°|° “ns_| ——MODE-pin.
- ; Data Access Ti i U P
& oA8* | go e ? 210 [ 350 | ns
. o .| DRt2HOId Time ~ 7 T o
=1 0" | rom Byt ENEbIE >~ g e
rf lcga | Chip Enable Width |-400-3,260 ns
- Data Access Time | = | - : ’
z 104G - | trom Chip Enable || 280 | 490 |18
B o Data Hold Time_. -
C | trom Chip Enable | z++] T
o e
- AS NPUT g LI
| ST ] WA |
) e T "0 W\l ——{m77 |
o QI BN
" - -' iz T oTela % ms- -
Figure 7. Diredﬂod“mg FeRc i

~— - .-~-When tha.converter enters 1heJ1amishake rnode or when '
the MODE input is high, the chip and byte enable terminals
become TTL-compatible outputs which. provide the control

~""" signals for the oltput cycle (See Figures 8, 9, and 10).

-« = In handshake mode, the SEND input is used by the con-
Vvener as an indication of the ability of the receiving devnoe
. (such.as.a. UART) 1o accept data. _
chure-a shows the sequence of- the-outmn-cycle_mth
«*~SEND-held-hign.-The handshake-mode~{intemal -MODE
-high} isentered aftér the data latch pulse, and-since MODE
. -.- remains hlgh the:CE/LOAD, LBEN and HBEN terminals are
active as=outputs:_The:high, leveiat. the .SEND input is
sensed on the same high-to 1w intemal clock .edge that-
. ~~terminates the.data latch pulse. On the next low to. high

T o e

-~ -intemal-clock edge-the CE/LOAD and-the’ FEEN"butputs -

assumea low'leval and the high-order. byts (bits 9 through
=127 POLand ' OR) outputs'are enabled: The CE/LOAD out-
put remains 16wW-for orig Tull intemal clock:period: only; thq
remain active fo tor-1- ‘/2 internal: elockpenods

- dafa OUfputs |
,_y_gnd tng mgh byte enable remains low fortwa.clock | penods‘

Thus_the. CE{LOAD output.low_level.ortiow to high: edge

nouswnh respect to the converter clock — the data may.be’
‘accessed at any time-Thusit ls-posible to access the—
Jlatches while they are-being-updated-which could lead to-
‘erroneous data. Synchronizing the- access-ofsthe. latches -
;with the conversion cycle by monitéring the STATUS output__
‘wll prevent thns Data is never- updabd while STATUS s
Jdow:- . .

Handshake Mode o

The handshake ouiput mode is provndedas analtematwe
:means of interfacing the ICL7109-tod‘|grla.l ‘Systems; whefe™

et e e e Rage

N

‘the A/D converter becomes activa in controlling the flow of _ _

idata instead of. pasrvely responding to chip and byte en-
;able inputs. This mode is specifically-designed. 10 allow .a,
!dxrect interface between the ICL7109 ¢ and mdush'y-stand‘ard"
"UARTS (such as the Haris IM6402/3) with no external logic
required. When triggered into the handshake mode, the

. It shouid be noted thatthese control inputs are asynchro-- ...

=% .and-thie-byte énable:as an.output fmay- beused.as abyte
—"identification flag. With-SEND: remaining high-the-convertet

——completes—the~outputtycle. using:CE/LOAD and+LBEN .
while’ thé low.order byte outputs {bits 1 ‘through- 8y are"acti-
vated. Thé“FEna’shaRé ’n‘féd" ‘terminated when both byles -
_aresent: CLTETE M

G a s

se

2 “Figure® Q'Tows an mﬁpm sequence whera ‘e SEND'ind -
— -—putis-used todelay portions of the sequence, or handshake -

to ensure correct data transfer. Thns‘ttmlng diagram.shows
.. the. relationships -that-occur using’ an'-industry-standard -
IMB402/3 CMOS UART to interface to serial data channels®
In this interface, the SEND input to the ICL7108 js driven by
the TBRE (Transmitter Buffer Register Empty) output of the
s, ;v TUARTcdnd thé: CEZEOAD terminal of the ICL7109 drives
-the-TBRL- (Transmitter- Buﬂer—Regzster—hoad)-lnpui-to-the
UART The data outputs are paralleled mto the enghl Trans-
nmer Buﬁar Register inputs.

I HY BN W L R EILAE. T SV Eratty W WA TN
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may be used as-a synchronizing s;gnal 1o ensurevalid data; .
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Assufmng 'the UART TransmrnerBuﬂef Regtsler is empty, .

the SEND-input will be hnghwhen the. handshake mode is

. - entered after new data i is, stored TheCI—E7LOAD and H m

—terminals will go’ Iow‘aﬂe:. SEND i ,sensed,.and.the mgh
order byte outputs become,,acmvefWhen ‘CEJLOAD goes
high at the end of one clock period, thehlgh orderbyte data”
is clocked into the UART . Transmitter Bufter Register. T The.
UART TBRE output will now go low, ‘which haits the output
cycle_with.the. HBEN output low, and the high order_byte ~

' outputs active. When.the UART" has*kansferreddh&data to

. the Transmitter Register and cleared the Transmitter Buﬂer
-Register, the TBRE returns high. On the neit ICL7109 inter-
nal clock high to low edge, the high order byte.outputs are’*
disabled, and one-halt internal clock later, the HBEN output
returns high. At the same time, the CE/LOAD and LBEN
outputs go low, and the Jow order byte outputs become ac-
tive: Similarly; when the CE/LOAD returns high at the end of
one clock period,-the low order data is clocked into the
UART Transmitter Buffer Register, and TBRE again goes
low. When TBRE retums to-athigh it will be sensed on the
riext ICL7109 ntemal.clock high to4ow.edge, disabling the

mode will be cleared, and the CE7LOAD, HBEN, and [BEN
terminals return hlgh and s!ay actrve (as Iong as MODE
stays hngh) -

NOTE: A% typical vahses have bean charactarized but 879 not tested,

data outputs. One-halt iritenal clocke later, the handshake . -

-1-With the, MODE-input remalmng high asin these exam-.
““’ples. “thé-tonverter-wilt output-the-fesults: ofevery conver-
sion except those completed duririg'a handshake operation.
. Bytriggering the converter intg fiandshaké mbde with'a low
s —lo, hngh _edge on the MODE:input, handshake output se-
- quencés may be performed on demand Fzgure 10shows a
~ 3 :handshaké output Sequence tnggared by,%;uch ‘art edge. In
o _additign, the SEND inpiit is ¢hown as being-low, when the
= “converter enters handshake modé.’ Ig this case, the whole
——output-sequence s cont ntrolled bx the ‘SEND input, and the
- sequence for the first thrgh order) byte is is similar to the se-
* quence for the second-byte.~This-diagram-also shows the
« +“output “sequence taking longer:than a conversion cycle.
""" -Note that the converter “still makes'conversions, with the
* STATUS output and RUN/HOLD input functioning normally.
The only difference is_that new data-will not be latched

: M'»en in hand handshake moda, and is Wherefore Ios?.

Osclllator e :

- L. The'ICL7109 Is. provndea’wnh a- versatne three ten-mnal

scillator to genemte the intemal clock: The oscillator may

be overdriven, or may be operated with an RC network or

crysta! The OSCILLATOR SELECT input changes the inters

. nal eonﬁguraﬁon of the; oscﬂlatpr.tg opt\mzze it 1or FlC or
- brystal operatlon:*““ M i ks .
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rANhen‘mg‘OSCnD\TOR‘SELECanm ﬂs‘—'mgnv'!eﬂ
Lopen (the input is provided with a puliup resistor}, the oscil-

-dator is configured-for RC.operation:-and the internal clock

will beof:hesamefrequencymdphaseasmesgna!atme
BUFFERED OSCITATORQUGTPUT: The resistor and ca- .
pacitor should be connected asin Figure 1 1. The Greuit will
psciliate at a trequercy-given by 1=20.45/RC. A 300k re-

sistor is recommendedor: useful-ranges of ﬁnquency::g—-,

Pptimum S0Hz fineejection; the- capacitor valueshoul
thosen such thatw2048 clock periods is” ¢ciosa 0 an integral -

multipie. oLthe.SOHz.peuod .(buLShould Tiot.be. leJMbmm@SGB}IORJNPM UART, saving
; L T mmthe meed for s Second iystal..However, the, BUFFERED
T S e, e e g’" S30SCILLATOR OLIPUThesTiothava

S0pF).

————

-~=:ﬂ'ivir|gsiginlshotndbaapp(‘|edatﬁwe OSCILLATOR IN-

-+ PUT, and the OSCILLATOR OUTPUTshouldbeseﬂopan.

7 The memal dod(wmbeo‘memmairequency -duty cycial
.aardptaseasmsmnsmwmﬁnOSClLLATOR SELECT' .
,___;s«leﬂupen WhenDSCILLAIOR'SELECT:sa!GNDm :
-t clockaill be 1 facior oti58 helow the input frequency.

-~ Whien W"C‘JTOSW HiTTMB403 UART: His DOS—
sl t0~pssTone 3 58MHLtrystal - for -both Uavices. The
- BUFFERED QOSCILLATOR OUTPUT of the ICL7:108 may be

a:great ‘deal of drive;
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...___Flgure.u F{C..Clst':lllator......w\’__.._gml

e
v ———%‘-—-Wh

__=GNDj)ivoltage (orto V+) a!ﬂvne-dockts'apphed all the'

~When'the TESTmplﬁ" is tﬁkemo-aievel halfway between
-GND=the countemutputdstches acs _enabled,
the counterz:orﬂents&o‘.ha examined anytime.
en»ﬂme«'fESthWc‘s‘ ed-to GNDxthe countaf-—
——Zw=0ltputs are all forced mtothe foh state, andthe internal
r.rdodns Jethstome'/z(v*;‘l

comﬁerwtputswﬂlbe clocked o the low state. This allows’
.;eumeasyi?ashng ofmecomtas-and-nsautputs. E-Aas

Whe&!be.psCIUATOR SELECT input is
'dsvu:e and output-and-input-capacitors-ere added to™th

)
‘oscillator. i $is{Configiration;-as-shown-in i ure‘TZ,‘m?""""D
: in meg 15 BNHE = Figine-| 3 Shws ST O1 I TOMbINEGG NS of Chip enab!a .

osciliator will opefa(ém:h.mos
Tange with no external components. Taking the OSCILLA-

TOR SELECT input low also nserts & fixed 258" mwdemmngﬁwmﬂmtwamﬂelda&ﬁnes The

circuit between the BUFFERED - OSCILLATOR OUTPUT -
and the' mtemal dock Using an- mexpens:ve 3.:>BMl-jz

a5 n‘ht AT

-penod5) X, (Ta.ocz:<i:= 33

-
This nme is very close to two 60Hz penods or 33 aams.
error is less ‘than-one percent, ‘which will give better than -
40dB 60HzZ re;ecbon.‘The ‘Gonverter will.operaie’ :ehabfy“zn
conversxon rates of up’ 1o 30 per second whnch co-responds

NOTE: AN typical xatues ave boon cheracsrzed but 70 ot ssied.
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~and byte enable control signals which may be used when
LOAD, .
--irput may be tied low, allowing either byte to be controlied*
“by its own enable.as in-Figure 13A. Figure 13B shows &'
%’n’zﬁon'wrm thefwo byte enables are connected
&, In this WE/L‘OAD séfves as' d
chip enzble, and the HBENandLBEN maybe connected to
~GNDofsera 5 as H'sgcond chip ehableé. The 14 data cutpuls
Wil be‘embled‘snﬁtaneousv Figure-13C-shows the
mw LBEN as flag inputs:-ahd CE/LOAD as a master
*. L-gnable; Which- could be the’ l;!EAD'stmbe avallable from
. -—nwst‘rmc:cprocems. ~LLE 3,
e~ Figma 14 shows .afi" apprcgch fo mterfaung * saveral
ICL']mas toabts,gang'ng-me HBEN and LBEN signals to

!

FTSY RPN

__: . Séveral converters together,and.ising the CE/LOAD inputs.

(pefhaps decoded frorh an_address)'to select'the desired
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Figure14- Trl-staﬂng Several-7109’s toa Small Bus

. Some practical circuits utilizing the parallel three-state
output capabilities of the ICL7109 are shown in Figures 15
through 20. Figure 15 shows a-straightforward application to” gaps

converter clock period. If STATUS i ls ow low the second!
reading is corect, and if it is still high, the first reading is:
Lomect~.Allematively, this timing -problem is completely

the -Intel-8048/80/85- microprocessors..via. an.-8255RP.......-avoided by using.a read-after-update sequence, as shown’

° where the ICL7109 data outpits.are active at alj times. The,
l/o ports of an 8155 may, bgmsedm me,‘samway.iﬂus
read, performed while.the data_tatches arg bemg"dﬁdated
wilt lead to scrambleddata. Thnswl gccuwery {arely, in the,

fitis hngh read the data agaxn aftera delay of more than Y

o

n Figure 16: Here the high.to low transition of the STATUS:
output dnves .an. interrupt. to the mnuoprocessoruusmg it
to access the. data latches. ThlS applimuon also shows the.
RUN/HOLD input bemg used to initiate conversions under-

.software control. _ . :

X systems is shownin Figura 17, The figh fo low, tran..

' snhomoi the STATUS output generates an mtem.rpt via the

TiwmIS e
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DAYTA BUS

Control glster B-CB1- lme Note that-CBz controls the
RUN/FAOLD pinthrough‘Controt Register B,-allowing -soft-
ware-oont'olled Jnmatlono( conversions in:this: system as
wellr- T it .anud : Of Toou BNEC LT

The three-state ou1put capability of the 1CL7109 allows
direct mtertacmg to mostimicroprocesser buss&s"Examples
of this-are shown-in Figures 18:and:19: it is’ ‘necessary to

carefully consider the system timing in this type of interface,

to be sure’that requirements’ for-setup -and hold -times, and
rinimumpilseé awidths are met.: Note aisa*thé drive Jimita-
tions on'long buses.- Generall)’thls typé%f intertacéis only
favored 4f the memory ‘periphieral address denshy 156w S0
that simple-address decoding caf’ be-(sed.‘lmem:pt han
dﬁngmn also- réquire many-additidnal Compénents and us-

ing‘an'interface dewce wﬂl usuaﬂly simplify-the' sfstem n ths
case"“"i.. DO g : BF...)E»L‘ b'.-ﬂ' b
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Interface fo MC680X or MCS650X Microprocess
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xwa;;;g Handshake Mode ~ msomva:asconuowo;:mamn:.poﬁuhe ?:5 isnot
R
kel ! The handshake mode aliows ready-interface with a““de——aﬁangemeﬁrw:g‘gsgneo uég‘m ce.he samex

iaty_of.external devices. Eor instance, extemal latches

y_be clocked_ by, the rising edge_of CE/LOAD, and $he_—w=sse L1gure 21 sfiows a Sirifar arvangemment with the M Mcssoo
byte enables may be used as byie identification ﬂags oras " eOEMCSB50X icropracessors, except that both MODE am:!
load-enables.— - - ‘

g UN/HOLD.are tied-high-to save port-outputs.. :
;: Figiite 20 shows a“handshake mteﬁa‘ca to intel ‘micro "% The handshake mode is particularly convenient for d“'ect‘

brocessors again sing an 8255PPL.{The handshake-opera————y-ntertacing to industry standard UARTs-{(such as the Har-
tion with the 8255 is controlled by inverting its_Input Bmﬂw“ﬁéﬂMGHOZI 8403 or Westem'ngnaT‘m1602) providing &

Full (IBF) flag to drive the SEND input to the ICL7108, and miAimuMm Component count means™Gf senally transmitting
using the CE/LOAD to drive the 8255 strobe The intemal _-

TR

. converted data. A typical UART connection is shown in Fig-
control register of the PPI Should be S8t in MODE 1 for the ....-....1,,3 2A.In this circuit-any word recéived by the UART caus-,
: port used. If the 7109 isin-handshake mode and the 8255 | s ihe UART DR (Data Ready) output to go high. This drives’
: 1BF flag is low, the next-word will be strobed into the port. § the MODE input to the ICL7109 high, triggering the ICL7103
i The strobe will cause-IBF to go high (SEND goes low), +  into handshake-mode."The high ordpr byte is output to the.
which will keep the enabled byte outputs active. The FPI will UART first, and when the UART has transferred the data to
generate an interrupt which when executed will resultinthe | the Transmitter Register, TBAE (SEND) goes high and the
data being read. When the byte is redd, the IBF willbereset  ; second byte is output When TBRE (SEND) goes high
jow, which causes the, ICL7109 to'sequence into the next ¢ 2gain, IBEN will go high, driving the"UART DRR (Data
byte. This figure shows the MODE input to the ICL7109 con- | Ready Reset) which will signal the.efdof the transfer of
: nected to a control ine on the PP Ifthis outputis left high,  + 98ta from the ICL7108 to the UART,

i of tied high separately, the data from every conversion (pro- : rgure_22 Shows an extension of the one converter —
* vided the data access.takes less time.than a conversion) ™% ‘-one UART scheme to-several JCL7109s with one UART. In
P will be sequenced in‘twosbytes into the system. it this circuit, the word-réceived by the'UART (available at the

saquance can be obtained on demand, and the interrupt

be used to reset'the MODE bit. Note that the RUN/ <

’ © If this output is made to go from iow to high, the output RBR outputs when DR is high) is.used to select which con-

verter will handshake with the UART. With no external com-,
: = ponents; this scheme wiil allow up to eight ICL7109s to in-

o0 input to the ICL7108 may alsd-bb.driven bys’ bnof-'——gra“?t‘aww“h@"e UART. Using a few more components. to

e theveceived word_mn,allomupmzss convertersio’ ..

!he 8255 so that convetsaons maybe*ob’(amedon comm

accesed on one serial line. . - -

NOTE: AR typica! vaises have boan charactarired i a6 not tesiod. o e oLt EELE e

o reepa s
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Flgure 20: Handshake lnterface — ICL7109 to 8048 80/ 85
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—Flgure 22 Mumplexing Converters wlth Mode lnput -

~ The -applications ‘of the |CL7109 are not fimited to-those L
shown here. The purpose of these examples is 1o provide a
starting point for users.to-develop :uselul 'systems; and 1o
show some of the variety of interfaces and uses of the
ICL7108. Many of the ideas suggested here may be used in
combination; in particular the uses of the ST, ATUS FIUNI
FiOLD and MODE signals may befmxed.‘ -

APPLICATION NOTES:

A016 “Selecting-A/D Canveriers,” byDawd Fuilagar - .
A017 “The Integrating A/D Converters," by Lee Evans. )
A018 - “De's and Don'ts of Applymg A/D Converters,” by

10 . e

Peter Bradshaw and Skip Osgood. & ¢ z
AD30 ~*The ICL7104-=A" Binary Output A/D Converter for"“""’”“’
Microprocessors,™ by Peter Bradshaw - -
. “Understanding the Auto-Zero and Common Mode
Performance -of —the - lCL7.106 Famﬂy by Peter
Bradshaw " e
“Inte-facing Data Gonverters & Mmproeessors
h by Peter Bradshaw et al, Elecb'oxm, Dec. 9, 1876..
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ICL7109
IN-EGRATING A/D CONVERTER -
- EQUAT!ONS o e
Dlsp!ay.t:oum LT
: YR TT. 'R
: OOUN'T, 2048 X ——
? SR See il U ’VREF
! ~Convarsion Cygle == -
teve = loock X812 . <
' = “({n Free-Run Mode, R:mIHOLD

- -Oscmatar Period "~

_~losc = RC/0.45 -
—tosc = 1/2.58 MHZ{CTYS!N)_, .onEn T

megration Clock-Freq - SN
{ feroex = fosc (HCﬂDde) sl
{ foroek = fosc/58 (Crystal). . . — ...
, sterock = Vicoex L L
; xn‘tegrahon Period =~ 77 T T -
. HUNT = 2048 X ook L, T

60/50. Hz Rejection Critenop
- tny/teo tz OF UnT/ts0Hz =
Optimurn Integration Current . ts ..
i Nt = 200 pA
Fuil Scale Analog Input Yoltage- |
+ Vines Typically = 200 mV or 2.0V
integrate Resistor
v
, Rixy = 0
H INT .
lntegrate Capacitor
. '-'Tllu'r) ThwT) Gantd
1 Vur
Integrator Output.Voltage Swinge——— . ..
vy = o )

' vt Maximum Swingi_ .= 50 Feri

“when i ook =-60kHz, teve =‘1.33, m
Comumion Mode input Voltage:. .

(Vo2 1ov <V <vT -0-5\0
Aits Zeto, Eapacitor g :
001 F.L Loz < 10pF. .
Reference.Capacitor... .-
0.1 pF < Tagr <10 ,.I.F
VRiEF: PR Y

* Biased between’ v" and V7
"'VHEF =yt 28y -I-
: “Regulation lost when V™ toV— 2 64y

"M Yaer Is not used, ﬂoa‘loutput pln.- R T

T cAwmaL -

Output -Type —
BinaryAmplitude with Polanty and.Overrange Bits -

_ Tips: Always tie TEST.pin HIGH. . -

Don't Jeave»eny-mputs ﬂaating

(V7 + 0.5V) <-Vm1"<-(V 0.5V)—

FU ; oV ;mj'ypmuyﬂ 20V rin IS

3
e i ks Ljug L
- :
r -,
>
: ;
i
: i
B, -l B
a3 .
S Y
= H
L
- .
F
o

=

NOTE umwmmmm-dn:n-xm
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