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Table 1 Equation for Calculation Azimuth AZ from

Spherical Triangle Angle «

SITUATION EQUATION
1- Subsatellite point southwest of earth station AZ = 180 + &
2. Subsatellite point southeast of earth station AZ = 180 -«
3. Subsatellite point northwest of earth station AZ = 360 -«

4. Subsatellite point northeast of earth station AZ = «

1/2

Ty Mﬂ\ﬁ%ﬂﬂ@ﬂi % = 2 tan~1 sin(s-¥)sin(s-[Lg])

sin(s)sin(s-[lé—ls]

S =0.5(a+c+Y)
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A0

+ ) port A

AZ A7

A10|——— | port ¢/1
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list

10
15
20
25
30
35
40
45
50
S5
60
65
70
75
80
85
100
110
130
140
200
210
230
240
300
330
340
350
360
370
380
400
430
440
450
460
470
480
500
530
540
550
560
570
580
600
630
640
650
660
670
680
1000
1004
1005
1010
1100
1110
1120
1130
1140
1150
1160

STRING 70,10

DIM N(2),M(2),MI(2)
DIM G(3),F(3)

DIM ELA(2),EARTHLA{2)
DIM ELO(3),EARTHLO(3)
DIM SATA(3),SA(3)
DIM SAAN(S5),DISAT(S)
LET XBY(OEOE3H)=88H
LET XBY{OEOE1H)=01H
GOSUB 100

LET XBY(OEOE1H)=06H
GOSUB 100

LET XBY(OEOE1H)=0CH
GOSUB 100

LET XBY(OEOE1H)=3CH
GOSUB 100

GOTO 2000

REM *write instructionk
LET XBY(OEOE2H)=04H
LET XBY{(OEOE2H)=00H
RETURN

REM *write data#*
LET XBY(OEOE2H)=05H
LET XBY(OEOE2H)=01H
RETURN

REM *line 1%

LET C=127+X

LET XBY(OEOE1H)=C
GOSUB 100

LET XBY(OEOE1H)=A
GOSUB 200

RETURN

REM *xline 2%

LET C=191+X

LET XBY(OEOE1H)=C
GOSUB 100
LET XBY(OEOE1H)=A
GOSUB 200

- RETURN

REM xline 3%

LET C=143+X

LET XBY(OEOE1H)=C
GOSUB 100

LET XBY(OEQOE1H)=A
GOSUB 200

RETURN

REM*line 4%

LET C=207+X

LET XBY(OEOE1H)=C
GOSUB 100

LET XBY(OEOE1H)=A
GOSUB 200

RETURN

REM *write displayx
LET XBY(OEQOE1H)=01H
GOSUB 100

IF P=0 THEN 1130
FOR L=1 TO 16%P
READ A

NEXT

FOR X=1 TO 16
READ A

GOSUB 300

NEXT X

b



1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1281
1282
1299
1300
1305
1310
1315
1320
1325
1330
1335
1340
1345
1350
1351
1355
1360
1365
1370
1375
1380
1385
1390
1395
1399
1400
1405
1410
1415
1420
1425
1430
1435
1439
1440
1445
1450
14355
1460
1465

1470,

1475
1480
1485
1490
1495
1499
1500
1505
1510
1515
1520
1525

FOR X=1 TO 16
READ A
GOSUB 400

NEXT
FOR
READ

X

X=1 TO 16

A

GOSUB 500

NEXT

X

FOR X=1 TO 16

READ

A

GOSUB 600

NEXT X

RESTORE

RETURN

REM *data main menu#*

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

77,65,73,78,32,77,69,78
85,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32
49,32,65,85,84,79,77,65
84,73,67,32,32,32,32,32
50,32,77,65,78,85,65,76
32,32,32,32,32,32,32,32
51,32,73,78,73,84,73,65
76,32,32,32,32,32,32,32
65,85,84,79,77,69,84,73

REM *data automatic mode*

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

67,32,77,79,68,69,32,32
32,32732,32,32732,32,32
32,32,32,32,32,32,32,32
49,32,83,69,84,32,32,32
32,32,32,32,32,32,32,32
50,32,83,69,76,69,67,84
320:-32,32 3125,/32,824,32,32
51,32,76,73,83,84,32,32
32,32,32,32,32,32,32,32

REM #*data .auto set#*

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

83,69,84,32,32,32,32,32
32,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32
49,32,69,65,82,84,72,32
83,84,65,84,73,79,78,32
50,32,83,65,84,69,76,76
73,84,69,32,32,32,32,32

REM *data set-estx

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

83,69,84,45,69,83,84,32
32,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32
76,65,84,73,84,85,68,69
58,32,32,32,68,58,32,32
32,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32
76,79,78,71,73,84,85,68
69,58,32,32,32,68,58,32
32,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32

REM #*data set-sat#

DATA
DATA
DATA
DATA
DATA
DATA

83,69,84,45,83,65,84,32
32,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32
32,32,32,32,32,32,32,32
78,65,77,69,58,32,32,32
32,32,32,32,32,32,32,32

4



1530 DATA 65,78,71,76,69,38,32,32
1535 DATA 32,32,68,58,32,32,32,32
1539 REM *data sat-list#*

1540 DATA 83,65,84,69,76,76,73,84
1545 DATA 69,32,76,73,83,84,32,32
1550 DATA 32,32,32,32,32,32,32,32
1585 DATA 32,32,32,32,32,32,32,32
1560 DATA 49,58,32,32,32,32,32,32
1565 DATA 32,32,32,32,32,32,32,32
1570 DATA 50,58,32,32,32,32,32,32
1575 DATA 32,32,32,32,32,32,32,32
1580 DATA 51,58,32,32,32,32,32,32
1585 DATA 32,32,32,32,32,32,32,32
1590 DATA 52,58,32,32,32,32,32,32
1595 DATA 32,32,32,32,32,32,32,32
1600 DATA 53,58,32,32,32,32,32,32
1605 DATA 32,32,32,32,32,32,32,32
1610 DATA 54,58,32,32,32,32,32,32
1615 DATA 32,32,32,32,32,32,32,32
1620 DATA 55,58,32,32,32,32,32,32
1625 DATA 32,32,32,32,32,32,32,32
1630 DATA 56,58,32,32,32,32,32,32
1635 DATA 32,32,32,32,32,32,32,32
1640 DATA 57,58,32,32,32,32,32,32
1645 DATA 32,32,32,32,32,32,32,32
1649 REM *disply manual modex*
1650 DATA 32,32,77,65,78,85,65,76
1655 DATA 32,32,77,79,68,69,32,32
1660 DATA 32,32,32,32,32,32,32,32
1665 DATA 32,32,32,32,32,32,32,32
1670 DATA 32,32,32,32,32,32,32,32
1675 DATA 32,32,32,32,32,32,32,32
1680 DATA 32,32,32,32,65,90,32,32
1685 DATA 32,32,69,76,32,32,32,32
1689 REM*data auto selectx

1690 DATA 83,69,76,69,67,84,58,32
1695 DATA 32,32,32,32,32,32,32,32
1700 DATA 32,32,32,32,32,32,32,32
1705 DATA 32,32,32,32,32,32,32,32
1710 DATA 32,32,32,32,32,32,32,32
1715 DATA 32,32,32,32,32,32,32,32
1720 DATA 32,32,32,32,65,90,32,32
1725 DATA 32,32,69,76,32,32,32,32
2000 REM*idsplay main menux

2001 LET P=0

2005 GOSUB 1000

2010 ONEX1 2070

2011  IDLE

2020 IF M=17 THEN 3000 : REM *goto automatic modex*
2030 IF M=33 THEN 7000 : REM *goto manual modex*
2040 IF M=49 THEN 5000 : REM #*goto initial modex*

2050 IF M=97 THEN 2080
2060 IF M=65 THEN 2120
2061 PRINT M

2065 GOTO 2010

2070 LET M=XBY(OEOE2H)
2075 RETI

2080 FOR L=1 TO 16%3
2090 READ A

2100 NEXT

2110 GOSUB 1210

2115 GOTO 2010

2120 FOR L=1 TO 16%*2
2130 READ A

2140 NEXT



2150 ¥ GOSUS 1210

2160
3000
3005
3010
3020
3021
3030
3040
3050
3060
3070
3080
3085
3090
3095
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3205
3210
3220
3221
3230
3240
3250
3255
3260
3265
3300
3305
3310
3330
3340
3345
3350
3360
3362
3363
3365
3374
3375
3376
3377
3378
3379
3385
3386
3387
3388
3389
3390
3392
3393
3394
3395
3396

GOTO 2010

REM *display auto mode#*

LET P=5

GOSUB 1000

ONEX1 3090

IDLE

IF U=1 THEN 2000
IF U=17 THEN 3200
IF U=33 THEN 9500
IF U=49 THEN 3800
IF U=97 THEN 3100
IF U=65 THEN 3150
GOTO 3020

LET U=XBY(OEOE2H)
RETI

FOR L=1 TO 16%8
READ A

NEXT

GOSUB 1210

GOTO 3020

FOR L=1 TO 16%7
READ A

NEXT
GOSUB 1210
GOTO 3020

REM *display setx
LET P=10

GOSUB 1000

ONEX1 3260

IDLE

IF S=1 THEN 3000
IF S=17 THEN 3300
IF S=33 THEN 3500
GOTO 3220

LET S=XBY(OEOE2H)
RETI

REM*display set-estx*

LET P=14
GOSUB 1000

LET XBY(OEOE1H)=0FH

GOSUB 100
FOR V=1 TO 2

REM *returnto previous menu
REM *goto auto set*

REM *goto auto select#

REM *goto auto list¥

REM *return to previous menu
REM *goto set earth stationx
REM *goto set satellitex

LET XBY(OEOE1H)=152+V

GOSUB 100
ONEX1 3378
IDLE

GOSUB 3800

LET EARTHLA(V)=F(V)-48

LET XBY(OEOE1H)=F(V)

GOSUB 200
GOTO 3385

LET G(V)=XBY(OEOE2H)

RETI
NEXT V

LET ELA(1)=EARTHLA(1)*10
LET ELA(2)=EARTHLA(2)*1
LET ELAD=ELA(1)+ELA(2)

LET XBY(OEOE1H)=158

GOSUB 100
ONEX1 3397
IDLE

IF D=32 THEN DEA=78
IF D=128 THEN DEA=83

GOTO 3392

GOTO 3400
GOTO 3400

G



3397 LET D=XBY(OEOE2H)

3398 RETI

3400 LET XBY(OEOE1H)=DEA

3401 GOSUB 200

3402 FOR L=1 TO 16%18

3403 READ A

3404 NEXT L

3405 GOSUB 1210

3406 FOR V=1 TO 3

3407 LET XBY(OEOE1H)=153+V
3408 GOSUB 100

3410 ONEX1 3426

3411 IDLE

3412 GOSUB 3800

3422 LET EARTHLO(V)=F(V)-48
3423 LET XBY(OEOE1H)=F(V)
3424 GOSUB 200

3425 GOTO 3430

3426 LET G(V)=XBY(OEOE2H)
3427 RETI

3430 NEXT V

3435 LET ELO(1)=EARTHLO(1)*100
3436 LET ELO(2)=EARTHLO(2)*10
3437 LET ELO(3)=EARTHLO(3)*1
3438 LET ELOD=ELO(1)+ELO(2)+ELO(3)
3440 LET XBY(OEOE1H)=159

3441 GOSUB 100

3442 ONEX1 3447

3443 IDLE g
3444 IF D=96 THEN DEO=69 : GOTO 3450
3445 IF D=64 THEN DEO=87 : GOTO 3450
3446 GOTO 3442

3447 LET D=XBY(OEOE2H)

3448 RETI

3450 LET XBY(OEOE1H)=DEO

3455 GOSUB 200

3456 FOR T=1 TO 600 : NEXT
3457 LET XBY(OEOE1H)=0CH

3458 GOSUB 100

3460 GOTO 3200

3500 REM *display set-sat*
3510 LET P=20

3520 GOSUB 1000

3522 LET XBY(OEOE1H)=0FH

3523 GOSUB 100

3530 FOR A=1 TO §

3535 FOR B=1 TO 10

3536 LET XBY(OEOE1H)=148+B
3537 GOSUB 100

3540 FOR C=1 TO 2

3545 ONEX1 3560

3550 IDLE

3555 GOSUB 3770

3556 GOTO 3570

3560 LET N(C)=XBY(OEOE2H)
3565 RETI

3570 NEXT C

3575 LET MI(1)=M(1)%10

3580 LET MI(2)=M(2)*1

3585 LET ASC($(A),B)=MI(1)+MI(2)
3586 LET XBY(OEOE1H)=ASC($(A),B)
3587 GOSUB 200

3590 NEXT B

3595 LET V=0

3596 DO : V=V+1



3600
3605
3610
36135
3620
3625
3630
3635
3640
3645
36350
3655
3656
3657
3658
3659
3660
3665
3670
3675
3680
3685
3690
36935
3700
3705
3710
3715

3720

3725
3730
3735
3740
3745
3755
3770
3771
3772
3773
3774
3775
3776
3777
3778
3779
3780
3800
3801
3802
3803
3804
3805
3806
3807
3808
3809
3810
3811
3812
3820
3825
3830
3835
3840
3850

LET XBY(OEOE1H)=213+V

GOSUB 100

ONEX1 3645

IDLE

GOSUB 3800

LET SATA(V)=F(V)-48

LET XBY(OEOQOE1H)=F(V)

GOSUB 200

GOTO 3655

LET G(V)=XBY(OEOE2H)

RETI

UNTIL V=3

LET XBY(OEOE1H)=217

GOSUB 100

LET XBY(OEOE1H)=223

GOSUB 200

LET SA(1)=SATA(1)#%100

LET SA(2)=SATA(2)*10

LET SA(3)=SATA(3)*1

LET SAAN(A)=SA(1)+SA(2)+SA(3)
LET XBY(OEOE1H)=220

GOSUB 100

ONEX1 3715

IDLE

IF DISAT(A)=96 THEN DISAT(A)=69
IF DISAT(A)=64 THEN DISAT(A)=87
GOTO 3690 J
LET DISAT(A)=XBY(OEOE2H)

RETI ~

LET XBY(OEOE1H)=DISAT(A)

GOSUB 200

NEXT A

LET XBY(OEOE1H)=0CH
GOSUB 100

GOTO 3200

IF N(C)=0 THEN M(C)=
IF N(C)=16 THEN M(C)
IF N(C)=32 THEN M(C)
IF N(C)=48 THEN M(C)
IF N(C)=64 THEN M(C)
IF N(C)=80 THEN M(C)
IF N(C)=96 THEN M(C)
IF N(C)=112 THEN M(C
IF N(C)=128 THEN M(C
IF N(C)=144 THEN M(C
RETURN

IF G(V)=0 THEN F(V)=48

IF G(V)=16 THEN F(V)=49

IF G(V)=32 THEN F(V)=50

IF G(V)=48 THEN F(V)=351

IF G(V)=64 THEN F(V)=52 .

IF G(V)=80 THEN F(V)=53

IF G(V)=96 THEN F(V)=54

IF G(V)=112 THEN F(V)=55

IF G(V)=128 THEN F(V)=56

IF G(V)=144 THEN F(V)=57

RETURN

LET P=24

RETURN

GOSUB 1000

LET P=26 ,

INPUT SLUD

IF P=26 THEN 3850

IF SLUD=2 THEN P=P-2 : GOTO 3860
IF SLUD=8 THEN P=P+2 : GOTO 3860

GOTO 3723
GOTO 3725

&1



3860
3870
3880
3890
3900
4048
5000
5010
5020
5100
5110
5120
5200
5210
5220
6000
6010
6020
6100
6110
6120
6200
6210
6220
7000
7010
7020
7500
7510
7515
7516
7520
7530
7540
7550
7560
7570
7580
7590
7591
7592
7600
7610
7650
7660
7670
8000
8005
8010
8015
8020
8025
8030
8035
8040
8045
8046
8047
8048
8050
8055
8056
8057
8058
8059

FOR L=1 TO 16*?

READ A

NEXT

GOSUB 1210

GOTO 3830

LET JJ=LLS-LLE

REM *az dvm forward#*

LET XBY(OEOEOH)=01H

RETURN

REM *az dvm reversex

LET XBY(OEOEOH)=02H

RETURN )

REM *az dvm stop*

LET XBY(OEOEOH)=Q3H

RETURN

REM *el dvm forward#*

LET XBY(OEOEOH)=40H

RETURN

REM *el dvm reverse#*

LET XBY{(OEOEOH)=80H

RETURN

REM #*el dvm stop#*

LET XBY(OEOEOH)=COH .

RETURN

REM *manual modex*

LET P=35

GOSUB 1000

ONEX1 7600

IDLE

IF D=17 THEN 8000

PRINT EE

IF D=97 THEN GOSUB 5000

IF D=65 THEN GOSUB 5100

IF D=33 THEN . GOSUB 6000

IF D=129 THEN GOSUB 6100

IF D=81 THEN 7590

IF D=1 THEN 7650

GOTO 7500

GOSUB 5200

GOSUB 6200

GOTO 7570

LET D=XBY(OEOE2H)

RETI

GOSUB 5210

GOSUB 6210

GOTO 2000

REM *angle calculations

LET LE=ELA : REM *earth latitude%*
LET LLE=ELO : REM *earth longitude*
LET LLS=SG

LET FC=PI/180 : REM*radian factor#%
LET RE=6370 : REM *earth radian#*
LET RS=42242 : REM #*satellite radian#
LET K1=RE/RS

LET K2=(RE/RS)*%2

LET O1=COS(LE*FC)

IF DEO=DISAT(S) THEN JJ=LLS-LLE
IF DEO<>DISAT(S) THEN JJ=LLS+LLE
LET JJ=LLS-LLE .

LET 02=COS(JJ*FC)

LET 0=01%02 : REM *cos gramma%*
LET GM1=((1/2)*{(0*x*3)/3))

LET GM2=((3/8)*((0*%5)/5))

LET GM3=((5/16)*((0%%7)/7))

LET GM4=((35/128)*((0*%9)/9))



8060
8061
8062
8063
8064
8065
8066
8067
8068
8069
8070
8075
8080
8100
8105
8110
8115
8120
8125
8130
8135
8140
8145
8150
81535
8300
9000
9010
9020
9030
9035
9040
9050
9100
9110
9120
9130
9135
9140
9150
9190
9195
5200
9205
9210
9215
9220
9225
9230
9235
9240
9245
9250
9255
9260
9265
9270
9275
9300
9305
9310
9315
9320
9325
9330

LET GM=(PI/2)-(O+GM1+GM2+GM3+GM4)

IF 0=1 THEN GM=0
R1=SIN(GM)

LET
LET
LET
LET
LET
LET
LET
LET
LET
LET
PRINT "elevation =",ELEV
LET
LET
LET
LET
LET
LET
LET
LET
LET
LET
LET
PRINT

R2=(1+K2-((2%K1)*0))

R3=SQR(R2)

R=R1

EL1=((1/2)*%((R**3)/3
EL2=((3/8)*((R**5)/5
EL3=((5/16)*((R*x*7)/7
EL4=((35/128)%((R**9)/9))

EL=(PI/2)-(R+EL1+EL24EL3+EL4)

/R3

ELEV=(EL*180)/PI

GMR=(GM*180) /PI

S=0.5%¥(ABS(LLS-LLE)+LE+GMR)
Q1=SIN((S*FC)-GM)

)
)

)
)
)

Q2=SIN((S*FC)-(LE*FC))
Q3=SIN(S*FC)
Q4=SIN((S*FC)~-ABS((LLE*FC)+(LLS*FC)))

Q5=((Q1*Q2)/(Q3*Q4))

Q6=SQR(Q5)
Q7=ATN(Q6)

AL=2

ALP=( (AL*180)/PI)
"azimuth =",ALP

RETURN

REM *import elevation anglex*

*Q7

LET XBY(OEO83H)=93H
LET EA=XBY(OEO80H)
LET CL=XBY(OEO082H)
GOSUB 9190

LET MEL=((EA+C)-2296)/20

RETURN

REM *import azimuth anglex

LET XBY(OEO83H)=9AH
LET AB=XBY(OEO81H)
LET CH=XBY(OEO82H)
GOSUB 9190

LET MAZ=((AB+C)=-496)/10

RETURN

REM*translate c-protx

IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF

CL=0
CL=1
CL=2
CL=3
CL=4
CL=5
CL=6
CL=7
CL=8
CL=9
CL=10
CL=11
CL=12
CL=13
CL=14
CL=15

RETURN
CH=0 THEN C=0

IF
IF
IF
IF
IF
IF
IF

CH=16
CH=32
CH=48
CH=64
CH=80
CH=96

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

THEN
THEN
THEN
THEN
THEN
THEN

C=0
C=256
C=512
C=768
C=1024
C=1280
C=1536
C=1792
C=2048
C=2304
C=2560
C=2816
C=3072
C=3328
C=3584
C=3840

C=2356
C=3512
C=768
C=1024
C&1280
C=1536

)

5>

REM *elevation anglex*



9335
9340
9345
9350
9355
9360
9365
9370
9375
9380
9500
9502
9504
9510
9520
9530
9535
9540
9545
9550
9551
9555
9560
9570
9580
9590
9600
9605
9610
9620
9630
9635
9637
9640
9650
9655
9670
9675
9680
9690
9695
9700
9710
9720
9725
9730
9740
9745
9760
9765
9770
9780
9785
9790
9800
9810
9815
9820
9825
9830
9835
9840
9845
9850
9855

IF
IF
IF
IF
IF
IF
IF
IF
IF
RET
REM
LET
GOS
ONE
IDL
IF

IF

IF

IF

IF

CH=112 THEN C=1792 |
CH=128 THEN C=2048
CH=144 THEN C=2304
CH=160 THEN C=2560
CH=176 THEN C=2816
CH=192 THEN C=3072

CH=208 THEN C=3328

CH=224 THEN C=33584
CH=240 THEN C=3840

URN
*auto sel
P=39
UB 1000
X1 9560
E
Y=17 THEN
Y=33 THEN
Y=49 THEN
Y=65 THEN
Y=81 THEN

ectx

SG=SAAN(1)
SG=SAAN(2)
SG=SAAN(3)
SG=SAAN(4)
SG=SAAN(5)

IF Y=1 THE
GOTO 9510
LET Y=XBY(
RETI

LET II=1
LET CEL=EL
LET CAZ=AZ
GOTO 9700
IF CAZ>MAZ
IF CAZ<MAZ
GOSUB 5000
GOSUB 9100
PRINT MAZ
GOSUB 9800
IF CAZ<MAZ
GOTO 9635
GOSUB 5100
GOSUB 9100
GOSUB 9800
IF CAZ>MAZ
GOTO 9675
IF CEL>MEL
IF CEL<MEL
GOSUB 6000
GOSUB 9000
GOSUB 9900
IF CEL<MEL
GOTO 9725
GOSUB 6100
GOSUB 9000
GOSUB 9900
IF CEL>MEL
GOTO 9765
GOTO 9500
REM *displ
LET W1=MAZ
LET wW2=Ww1/
LET W3=INT

N 3000
OEOE2H)
EV
IM

THEN 9630
THEN 9670

THEN GOSUB

THEN GOSUB
THEN 9720
THEN 9760

THEN GOSUB

THEN GOSUB

ay angle#%*
*10
1000
(wW2)

LET W4=W2-W3

LET W5=W4:*
LET W6=INT

. LET W7=W5-

LET W8=W7%*
LET W9=INT
LET W10=W8

10
(W5)
W6
10
(W8)
-W9

5200

5200

6200

GOTO
GOTO
GOTO
GOTO
GOTO

9580
9580
9580
9580
9580

GOTO 5700

GOTO 9700

GOTO 9790

GOTO 9790

S



9860
98635
9870
9900
99035
9910
9915
9920
9925
99630
9935
9940
9945
99350
9951
9952
9953
9960
9965
9966
9967
5968
9969
9970
9971
9972
9973
9974
9975
9980
9985
9990
9995
10000
10005
10010
10100
10105
10110
10115
10120
10125
10130
10135
10140
10145
10150
10155
10160
10165
10170
10175
10180
10185
10190
10195
10200
10205

READY

LET W11=W10%*10

GOSUB 9950
RETURN

LET WwW1=MEL*10
LET WWw2=WW1/100
LET WW3=INT(WW2)
LET WW4=WW2-WW3
LET WW5=WW4=x10
LET WW6=INT(WWS5)
LET WW7=WW5-WW6
LET WW8=WW7%10

GOSUB 10100

RETURN

LET TT(1)=W3
LET TT(2)=W6
LET TT(3)=W9
LET TT(4)=W11

FOR N=1 TO
IF TT(N)= 0
IF TT(N)
IF TT(N) 2
IF TT(N)

IF TT(N)s=:

IF TT(N)
IF TT(N)
IF TT(N)
IF TT(N)
IF TT(N)
NEXT

FOR Q=1 TO

nmuwunoeinun ll ] lI

O oo~ wn A

4
THEN EE(N)=48
THEN EE(N)=49
THEN EE(N)=50
THEN EE(N)=
THEN EE(N)=32
THEN EE(N)=53
THEN EE(N)= 54
THEN EE(N)

THEN EE(N)= 56'

THEN EE(N)=57

4

LET XBY(OEOE1H)=147+Q

GOSUB 100

LET XBY(OEOE1H)=EE(Q)

GOSUB 200
NEXT
RETURN

LET MM(1)=R3
LET MM(2)=R6
LET MM(3)=RS8

FOR N=1 TO
IF. MM(N)=0
IF MM(N)=1
IF MM(N)=2
IF MM(N)
IF MM( )
IF MM(N)
IF MM(N)
IF MM(N)
IF MM(N)
IF MM(N)
NEXT

FOR Q=1 TO

O oOIAhW W

3

THEN NN(N)=48
THEN NN(N)=
THEN NN(N)=50
THEN NN(N)=51
THEN NN(N)=52
THEN NN(N)=53
THEN NN(N)=54
THEN NN(N)=55
THEN NN(N)=56
THEN NN(N)=37

3

LET XBY(OEOE1H)=152+Q

GOSUB 100

LET XBY(OEOE1H)=NN(Q)

GOSUB 200
NEXT
RETURN

5
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GENERAL DESCRIPTION

The ICL7109 is a high performance, CMOS, iow power
integrating A7D converter designed to easily interface with
microprocessors.

The output data (12 bits, polarity and overrange) may be
directly 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 aflow the ICL7108 to
work with industry-standard UARATs in providing serial data
transmission, ideal for remote data logging applications.
The RUN/HOLD input and STATUS output allow monitoring
and control of conversion timing. !

‘The ICL7109 provides the user with ?ﬁa’high accuracy,
low noise, low drift, versatility and economy of the dual-
slope integrating A/D converter. Features like true differen-
tial input and reference, drift of less than 1 uV/°C, maximum
input bias current of 10pA, and typical power consumption
of 20mW make the ICL7109 gn attractive per-channsl alter-
native to analog multiplexing for many data acquisition ap-

ICL7109

12-Bit nP-Compatible
A/D Converter

FEATURES

¢ 12 Bit Binary (Plus Polarity and Overrange) Dual
Slope Integrating Analog-to-Digital Converter

¢ Byte-Organized TTL-Compatible Three-State Outputs
and UART Handshake Mode tor Simple Parallel or
Serlal Intertacing to Microprocessor Systems

® RUN/HOLD Input and STATUS Output Can Bs Used
to Monitor and Control Conversion Timing

¢ True Differential Input and Differentiat Reference

¢ Low Noise — Typically 15,V p-p

® 1pA Typical Input Current

© Operates At Up to 30 Conversions Per Second

® On-Chip Oscillator Operates With Inexpensive
3.58MHz TV Crystal Glving 7.5 Conversions Per *
Second for 60Hz Rejection May Also Be Used With
An RC Network Oscillator for Other Clock
Frequencies

plications.

ORDERING INFORMATION

Part Number Temp. Range Package
ICL7109MDL —55°Cto +125°C 40-Pin Ceramic DiP
ICL71091DL —25°Cto +85°C 40-Pin Ceramic DIP
ICL71091JL —25°Cto +85°C 40-Pin CERDIP
ICL7109CPL 0°Cto 70°C. 40-Pin Plastic DIP
. YOP viEw j
GND —-EM +3v
h! 2 sg:ms AEF IN-29, -
3P = DIFFERENTIAL
oRoEa s0R REF CAP 237 :E:"" REFERENCE
sYTE 5812 REF IN+ 38 :"“*‘gﬁ_"-o +
oursurs |(JeBit IN H1 38 D—aar INPUT HIGH
{]7810 N LO M2 INPUT LOW
.'E : :: COMMON 33 : — GNO
it e Wb
Low § 11 86 BUF X 8 2
ORDER 12 85 REF OUT 29() 1 REF IN —
8YTE 13 Be V=28 [ }—o-sv
oursurs | 1e 83 seno 273 KM} > ———0 REF IN +
L 1502 RUN/HOLD 2¢ [
16 81 BUF OsC ouT 253~ vt
+sv 17 TEST 0SC SEL 24[}— GNO 24k
8Y1E r{]1s (BER 0s¢ our 231)
CONTROL 19 HEER OSC 1IN 22 3.5795 MM
. INPUTS 20 CETLOAD MODE 21 1) TV CRYSTAL
: At + 20k1) FOR 0.2V REF
200k1) FOR 2.0V REF
0336-1
(See Figure 2 lor typical connection to a UART or Microcomputer)
Figure 1: Pin Configuration and Test Circuit
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ABSOLUTE MAXIMUM RATINGS

- Fpstive Supply Voltage (GNDtoV+) ............. +6.2v Power Dissipation (Note 3)

fwgative Supply Voltage (GNDtoV~=) ............. -9V Caramic Package ...................... 1w @+ 85°C
Meadng Input Voltage (Lo or Hi) (Note 1)-........ V+tov- PlasticPackage .................... 500mwW @ +70°C

Kwegrence Input Voltage (Lo or Hi) (Note 1) ...... V+toVv— Operating Temperature
£397al Input Voltage v+ +0.3V Ceramic Package (MDL) ...... «... =55°Cto +125°C
P 22T)(NOB2) ovviiinvnernnnnnnn, GND -0.3V Ceramic Package (IDL) .....-........ —25°Cto +85°C
Plastic Package (CPL) .................. 0°Cto +70°C
Storage Temperature ................ —65°Cto +150°C
Lead Temperature (Soldering, 10sec) ........... +300°C

WOTL: Stresses above those lsted under “Absolute Maximur Ratings” may cause permanont damage (o the device. These are stress ratings only and functional

swraton of the davice at these or any other conditions above those indi

rating ditions for

d k1 the op
ded periods may affect device rekability.

tions of the specifications is not impkied, Exposure to absokste
f

*

ELECTRICAL CHARACTERISTICS (v+=+5V,V—=—5V,GND=0V, Tx*25°C, fc.x = 3.58 MHz, unless

etharwise indicated.) Test circuit as shown on first page of this data sheet.

ANALOG SECTION

%

Symbol Parameter Test Conditions Min Typ Max Unit
! Vin = 0.0000V "
Zero Input Reading VRgr = 204.8 mV 0000 | £0000| 40000 | Counts
Ratiometric Error(4} Vin = VREF-= 204.8 mvV -3 0 Counts
Non-Linearity (Max deviation Full Scale =409.6mV to 2.048V
- ; +1
from best straight line fit) Over full operating-temperature ! % Counts
range. (Note 4), (Note 6)
Rofl-over Egror {ditference Full Scale = 409.6mV to 2.048V
- = +
in reading for equal pos. and (Note 5), (Note 6) ! e 1 Counts
neg. inputs near full scale)
. ; Veum £1V, Vin=0vV =
CMRR | Common Mode Rejection Ratio Full Scale = 409.6mV 50 rvIvV
YCMR -} Input Common Mode Range Input Hi, Input Lo, Common (Note 4) V—+15 vV+-—-1.0 \'
-~ Noise (p-p value no‘! ViN=0V 15 R
‘ exceeded 95% of time) Full Scale=409.6mV
: Vin=0 All devices at 25°C 1 10 pA
twe |Leakage cumentat Input ICL7109CPL 0'CS TA< + 70°C (Note 4) 20 | 100 | pA
ICL7109IDL ~25°C<Ta < +85°C (Note 4) 100 250 pA
ICL7109MDL —55°C<Ta< +125°C 2 5 nA
Zero Reading Drift ViN=0V Ry =00 (Note 4) 0.2 1 puv/°Cc
Scate Factor Temperature Vin=408.9mV = >7770g R .
Coelficient reading o ! P ppm/°C
Ext. Ret. 0 ppm/*C (Note 4) ™
Supply Current V+ to Vin=0, Crystal Osc
*>
: GND 3.58MHz test circuit %9 1500 rA
Isupp Supply Current V+ to V=~ Pins 2-21, 25, 26, 27, 29; open 700 1500 rA
Referred to V+, 25k}
Vaer Ref Out Voitage between V+ and REF OUT 24 28 3.2 v
Ref Out Temp. Coefficient 25k between V *+ and REF OUT 80 ppm/*C

NOTE. AR typical vakses have been characienzed dut are not tested.

3-25
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ELECTRICAL CHARACTERISTICS (v+=+5v.v-

indicated.) Test circuit as shown on first page of this data sheel. (Continued)

DIGITAL SECTION

= =5V, GND=0V, Tp=25°C, unless otherwise

Symbol Parameter Test Conditions Min Typ Max Unit
VoH Output High Voltage :%‘,:;11201;;: 19,20 35 4.3 v
VoL Output Low Voltage louT=1.6mA 0.2 0.4 \
Qutput Leakage Current Pins 3-16 high impedance 1.01 +1 RA
Control 170 Pullup Pins 18: 19,20 Voyr=V+ -3v 5 A
Current MOOE input at GND
Control 1/0 Loading HBEN Pin 19 LBEN Pin 18 (Note 4) 50 pF
Vin Input High Voltage 5 f::‘:‘r ::L’f; 'cfzbn : 3.0 v
ViL Input Low Voltage 2?:{::;2 \ : :‘027' 1 v
Input Pull-up Current Pins 26, 27 Voyr=V+ -3V 5 pA
Input Pull-up Current Pins 17,24 Voyr=V+ —av 25 RA
Input Pull-down Current Pin 21 Voyr=GND +3v 5 pA
OoH Oscillator Output High Vour=2.5V ] mA
Oot Current Low Vour=2.5V 1.5 mA
BOow Buffered Oscillator High Voutr=2.5V mA
BOoL Output Curreny Low Vour=2.5V mA
w MODE Input Pulse Width (Note 4) 50 ns

Y

NOTES: 1. Input voltages may exceed the supply voitages provided the input current Is fimited 1o + 100puA

2. Due to the SCA structure Inh in the p used to fabri thesa devices, ‘.mydoiminpmsovoulyulalovonnguvulmtmnv'

" or less than GND may cause destructive device laichup. For this reason it is recommended that no inputs from sowrces other than the same power
supply be applied to the ICL7109 belore its Power supply is established, and that in multiple supply systams the supply lo the ICL7109 be activated first,

3. Thia fimit refers to that of the package and will not be obtalned during normal operation.

4. This parametsr is not production testod, but is guarantoed by design.

8. Rol-over error for To= —55°Cto +125°Cis 3 counts maximum,

6. A tull scale voitage of 2.048V is used because a full scale vollage of 4.096V the devi Ci

7. For Cerdip pachage the Ratiometric error can be —4 {Min.).

Mode Voitage Range.
-

’



TABLE 1: Pin Assignment and Function Description

Pin Symbol Description Pin Symbol Description
1 | GND Digital Ground, OV. Ground return for alf digital 21 | MODE Input Low — Diract output mode where
logic. CE/LGAD (Pin 20), HBEN (Pin 19) and LBEN
2 | STATUS | Oulput High during integrate and deintagrate (Pin 18) act as inputs directly conlroliing byte
until data is Iatched. outputs.
Output Low when analog section is in Auto- .| Input Pulsad High — Causes immediate entry
Zero configuration. |Fn'lo har‘u;shako mode and output of data as in
— igure 10,
3 | POL- Polarity — Hl for Positive input. Input High — Enables CE7COAD (Pin 20),
4 | OR Overrange — Hi if Overranged. HBEN (Pin 18), and [BEN (Pin 18) as
R " .| outputs, handshake mode will be entered and
B1 it Most t R
8 2 Bit12 {Most Significant Bit) data output ag'in Figures 8 and 9 at
6 {81 Bit 11 conversion completion.
7 ;810 Bit 10 All 22 | OSCIN Oscillator Input
8 89 Bit9 three 23 | oseout Oscillator Output
9 | B8 it state 24 | OSC SEL Oscillator Select — Input high configures
10 | a7 Bit7 Hl = true output OSC IN, OSC QUT, BUF OSC OUT as RC
o oscillator — clock will be same phase and
1186 16 dala duty cycle as BUF OSG OUT.
12 | BS Bit5 bits — Input low configures OSC IN, OSC OUT for
13 | B4 Bit4 crystal oscilator — clock frequency will be
5 P 1/58 of frequency at BUF OSC OUT.
14 3 it
s o 25 | BUF OSC QUT | Butfered Qscillator Output
15 2 t2
- - v 26 | RUN/ROLD | Input High — Conversions continucusty
16 | Bt Bit 1 (Least Significant Bit) ; performed every 8192 clock puises.
i7 | TEST Input High — Norrmal Operation. Input Low — Conversion in progress
Input Low — Forces all bit outputs high. completed, converter will stop in Auto-Zero 7
Note: This input is used for test purposes only. counts before integrate.
Tie high if not used. 27 | SEND Input — Used in handshake mode to indicate
18 { TBEN Low Byte Enable — With Mods (Pin 21) low, ability of an external device to accept data.
and CE7LOAD (Pin 20) low, taking this pin low Connect to + 5V if not used.
activates low order byte oitputs B1 — B8, 28 |v~- Analog Negative Supply — Nominally - 5V
with respect to GND (Pin 1).
— With Mode (Pin 21) high, this pin serves as a ]
low byte flag output used in handshake mode. 29 | REF OUT ga(en:nce z?u;ge‘%ulput —Nominally 2.8v
See Figures 8, 9, 10. ovn.fromV” Lk 40).
19 | ABEN High Byte Enable ~ With Mode (Pin 21) low, 30 | BUFFER Butfer Amplifier Output
and CE7UCOAD (Pin 20) low, taking this pin low 31 | AUTO-ZERO | Auto-Zero Node — Insida foit of Caz
;‘g":ag; high order byts outputs B9 — B12, 32 | INTEGRATOR | Integrator Output — Outside foil of Gyt
i 33 | COMMON Analog Common — System is Auto-Zeroed to
-— With Mode (Pin 21} high, this pin servas as a COMMON
high byte flag output used in handshake mode. 34 | INPUT LO Diffarential Input Low Side
See Figures 8, 9, 10. 35 | INPUT HI Diferential nput High Side
20 | TE7LOAD | Chip Enable Load — With Moda (Pin 21) low. - ” —
IN + { 1
TETLOAD serves as a mastar output enablo. 36 | REFIN Ditlerential Reference Input Positive
When high, 81 — B12, POL, OR outputs are 37 | REF CAP + Reference Capacitor Positive
disabled. 38 | REF CAP Referance Capacitor Negative
— With Mode (Pin 21) high, this pin serves as a 39 | REFIN Differential Reference Input Negative
load strobe used in handshake mode. See 40 (V! Positive Supply Voltage — Nominally + 5V
Figures 8, 9, 10. with respect to GND (Pin 1),

Note: All digital levels are positive true.

b



ICL7109

vt o h— rsv
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ano 3 aro 0 30 ~5v ;‘f —{2s7ATUS ALF Cap « 37 |8 W-F RErentncy
vsv——J4 ARD A% oF ACE N 38 : .
513 Ty -4 19 HREN LR mo T
—4Raf1-8 898 % WLO M .Y
b ! s 5 123 com S
—nre CAL ML, sv l—f— #3-812.P0L.08 INT 32 -
~J1are .: ' AZ 3
—{1s o Tan L % 1804, sUF 30
o8V —ud 18 $FO TAE 2¢ |- vov—{ 17 TESY ner outT 20~ Aur 2040 0.3V REF
oAR 18 18 (3TN v-asg- sy 20000k 2V AEF
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Figure 2A: Typlcal Connection Diagram UART Interface - To transmit latest resuit, send any word to UART

L

Figure 2B: Typlcal Connection Diagram Parallel Interface With 8048 Mlcrocomputeé
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DETAILED DESCRIPTION

Analog Section

Figure 3 shows the equivalent circuit of the Analog Sec-
tion of the ICL7109. When the RUN/HGLD input is left open
or connected to V +, the circuit will perform conversions at a
rate determined by the clock frpguency (8192 clock periods
per cycle). Each measurement cycle is divided into three
‘phases as shown in Figure 4." They are (1) Auto-Zero (AZ),
(2) Signal Integrate {INT) and (3) Deintegrate (DE).

Auto-Zero Phase

During auto-zero threa things happen. First, input high
and low are disconnected from their pins and internally
shorted to analog COMMON. Second, the reference capaci-
tor is charged to the reference voltage. Third, a feadback
loop is closed around the system to charge the auto-zero
capacitor Caz to compensate for offset voltages in the buif-
er amplifier, integrator, and comparator. Since the compara-
tor is included in the loop, the AZ accuracy is limited only by
the noise of the system. In any case, the offset referred 1o
the input is less than 10uV.



AZ
DEINT(z)

Rt

TO ZERO CROSS
DEYECTOR
OIGITAL SECTION

r—

AZ -
15 —_ FROM CONTROL
DEINT (+) =—

LOQIC
DEINT {-) ~— DIGITAL SECTION

0336-4
Figure 3: Analog Section
.
POLARITY ZERO CROSSING
DETECTED OCCURS
INTEGRATOR | | ’)\ \ ZERO CROSSING | |
ouTPUT i ocx i } A DETECTED i
Lo v ey T~
I—-—AZ PHASE n—-lo—-mr PHASE :nak——o—VZosmr PHASE il —}o—az—
wremwaL cuocx | [ "LHJ'U'L, AU, nanrr g
t
INTERNAL LATCH ! ) J"'[ {
| ! 1 1
STATUS QUTPUT | | ) . ]
] 2048 FIXED [ 1 i
'._coum( ¥ 2048 ! } 4096 COUNTS ]
] MIN, 1 COUNTS - MAX ]
l / I \AFTEA ZERO CROSSING,
NUMBER OF COUNTS TO ZERO CROSSING ANALOG SECTION wiLL
PROPORTIONAL TO Vin BE IN AUTOZERO
CONFIGURATION
A0S
: 0336-5

Figure 4: Converslon Timing (RUN/HOLD PIn High)

Signal Integrate Phase

During signal integrate the auto-zero loop is opened, the
internal short is removed and the internal high and low in- .
puts are connected to the external pins. The converter then
integrates the differential voltage between IN Hl and IN LO
for a fixed time of 2048 clock periods. Note that this differ-
ential voltage must be within the common mode range of
the inputs. At the end of this phase, the polarity of the inte-
grated signal is determined.

De-Integrate Phase

The final phase is de-integrate, or reference integrate. In-
put low is internally connected to analog COMMON and in-
put high is connected acrass the previously charged (during
auto-zero) reference capacitor. Circuitry within the chip en-
sures that the capacitor will be connected with the correct
polarity to cause the integrator output to return to zero
crossing (established in Auto Zero) with a fixed slope. Thus
the time for the output to return to zero (represented by the
number of clock periods counted) is proportional to the in-
put signal.

&7
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Differential Input

The input can accept differential voltages anywhere with-
in the common mode range of the input amplifier; or specifi-
cally from 1.0 volts below the positive supply to 1.5 volis
above the negative supply. In this range the system has a
CMRR of 86dB typical. However, since the integrator also
swings with the common mode voltage, care must be exer-
cised to assure the integrator output does not saturate. A
worst case condition would be a large positive common
mode voltage with a near full-scale negative dilferential in-
put voltage. The negative input signa! drives the integrator
positive when most of its swing has been used up by the
positive common_ mode voltage. For these critical applica-
tions the integrator swing can be reduced to less than the
recommended 4V full scale with some Icss of accuracy. The
integrator output can swing within 0.3 volts of either supply
without loss of linearity.

The ICL7109 has, however, been optimized for operation
with analog common near digital ground. With power sup-
plies of +5V and ~5V, this allows a 4V full scale integrator
swing positive or negative thus maximizing the performance
of the analog section.

Ditferential Reference

The reference voltage can be generated anywhere within
the power supply voitage of the converter. The main source
of common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capaci-
ty on its nodes. !f thers is a large common mods voltage,
the refarence capacitor can gain charge (increase voltage)
when called up to deintegrate a positive signal but lose
charge (decrease voitage) when called up to deintegrate a
negative input signal. This difference in reference for (+) or
(—) input voltage will give a roll-over error. Howaver, by
selecting the reference capacitor large enough in compari-
son to the stray capacitance, this error can be held to less
than 0.5 count for the worst case condition (see Component
Valuas Selection below).

The roll-over error from these sources is minimized by
having the reference common mode voltage near or at ana-
log COMMON.

Component Value Selection

For optimum performance of the analog section, care
must be taken in the selection of values for the integrator
capacitor and resistor, auto-zero capacitor, reference volt-
age, and conversion rate. These values must be chosen to
suit the particular application.

The most important consideration is that the integrator
output swing (for full-scale input) be as large as possible.
For example, with 1 5V supplies and COMMON connected
to GND, the nominal integrator output swing at full scale is
+4V. Since the integrator output can go to 0.3V from either
supply without significantly atfecting linearity, a 4V integra-
tor output swing allows 0.7V for variations in output swing
due to component value and oscillator tolerances. With
1 5V supplies and a common mode range of + 1V required,
the component values should be selected to provide +3V
integrator output swing. Noise and rollover errors will be
slightly worse than in the 14V case. For larger common
mode voltage ranges, the integrator output swing must be

reduced further. This will increase both noise and rollover
errors. To improve the performance, supplies of +6V may
be used.

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100pA of quiescent current. They supply
20pA of drive current with negligible non-linearity. The inte-
grating resistor should be large enough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 4.096 voit full scale, 200ks} is near opli-
mum and similarly a 20k} for a 409.6mV scale. For other
values of full scale voitage, Ry should be chosen by the
relation
_ lull scale voltage

R
INT 20pA

Integrating Capacitor

The integrating capacitor Cyyt should be selected to give
the maximum integrator output voltage swing without satu-
rating the integrator (approximately 0.3 volt from either sup-
ply). For the ICL7109 with +5 volt supplies and analog
common connected to GND, a £3.5 to 4 volt integrator
output swing is nominal. For 7-%4 conversions per second
(61.72kHz clock frequency) as provided by the crystal oscit-
lator, nominal values for Cyyt and Caz are 0.15pF and
0.33uF, respectively. If different clock frequencies are used,
these values should be changed to maintain the integrator
output voltage swing. In general, the value of CinT is given
by 5

(2048 X clock period){20uA)
integrator output voltage swing K

An additional requirement of the integrating capacitor is
that it have low dielectric absorption to prevent roll-ovar er-
rors. While other types of capacitors are adequate for this
application, polypropylene capacitors give undetectable er-
rors at reasonable cost up 10 85°C. For the military tempera-
ture range, Teflon® capacitors are recommended. While
their dielectric absorption characteristics vary somewhat
from unit to unit, selected devices should give less than 0.5
count of error due to dielectric absorption.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence
on the noise of the system: a smaller physical size and a
larger capacitance value lower the overall system noise.
Howaever, Caz cannot be increased without limits since it, in
parallel with the integrating capacitor forms an R-C time
constant that delermines the speed of recovery from over-
loads and more important the error that exists at the end of
an auto-zero cycle. For 409.6mV full scale where noise is
very important and the integrating resistor small, a value of
Caz twice Cyyt is optimum. Similarly for 4.096V full scale
where recovery is more important than neise, a value of
Caz equal to half of Cyt is recommended.

For optimal rejection of stray pickup, the outer foil of Cpz
should be connected to the R-C summing junction and the
inner foil 1o pin 31. Similarly the outer foil of CinT shouid be
connected to pin 32 and the inner foil to the R-C summing
junction. Teflon®, or equivalent, capacitors are recommend-
ed above 85°C for their low leakage characterlistics.




Reference Capacitor

A 1puF capacitor gives good results in most applications.
However, where a large reference common mode voltage
exists (i.e. the reference low is not at analog common) and
a 409.6mV scale is used, a larger value is required to pre-
vent roll-over error. Generally 10pF will hold the roll-over
error to 0.5 count in this instance. Again, Teflon®, or equiva-
lent capacitors should be used for temperatures above 85°C
for their fow leakage characteristics.

Reference Voitage

The analog input required to generate a full scale output
of 4096 counts is Vi = 2VRer. Thus, for a normalized scale,
a reference of 2.048V should be used for a 4.096V full
scale, and 204.8mV should be used for a 0.4096V full scale.
However, in_many applications where the A/D is sensing
the output of a transducer, there will exist a scale factor
other than unity between the absolute output voltage to be
measured and a desired digital output. For instance, in a
weighing system, the designer might like to have a full scale
reading when the voltage from the transducer is 0.682V.
Instead of dividing the input down to 409.6mV, the input
voltage should be measured diractly and a reference volt-
age of 0.341V should be used. Suitable values for integrat~
ing resistor and capacitor are 33k and 0.15uF. This avoids
a divider on the input. Another advantage of this system
occurs when a zero reading is desired for non-zero input.
Temperature and weight measurements with an offset or
tare are examples. The offset may be introduced by con-
necting the voitage output of the transducer between com-
mon and analog high, and the offset voltage between com-
mon and analog low, observing polarities carefully. Howev-
er, in processor-based systems using the ICL7109, it may
be more efficient to perform this type of scaling or tare sub-
traction digitally using software.

Reference Sources

The stability of the reference voltage is a major factor in
the overall absolute accuracy of the converter. The resoly-
tion of the ICL7109 at 12 bits is one part in 4096, or
244ppm, Thus if the reference has a temperature coefficient
of 80ppm/°C (onboard referencs) a temperature dillerence
of 3°C will introduce a one-bit absolute error.

For this reason, it is recommended that an external high-
quality reference be used where the ambient temperature is
not controlled or where high-accuracy absolute measure-
ments are being made.

The ICL7109 provides a REFerence OUTput (pin 29)
which may be used with a resistive divider to generate a
suitable reference voltage. This output will sink up to about
20mA without significant variation in output voltage, and is
provided with a pullup bias device which sources about
10pA. The output voltage is nominally 2.8V below V+, and
has a temperature coefticient of 1 80ppm/°C typ. When us-
ing the onboard reference, REF OUT (Pin 29) should be
connected to REF — (pin 39), and REF+ should be con-
nected to the wiper of a precision potentiometer between
REF OUT and V+. The circuit for a 204.8mV reference is
shown in the test circuit. For a 2.048mV reference, the fixed
resistor should be removed, and a 25k0 precision potenti-
ometer between REF OUT and V+ should be used.

L ]

Note that if pins 29 and 39 are tied together and pins 39
and 40 accidentally shorted (e.g., during testing), the refer-
ence supply will sink enough current to destroy the device.
This can be avoided by placing a 1k resistor in series with
pin 39.

DETAILED DESCRIPTION

Digital Section

The digital section includes the clock oscillator and scal-
ing circuit, a 12-bit binary counter with output latches and
TTL-compatible three-state output drivers, poliarity, over-
range and control logic, and UART handshake logic, as
shown in Figure 5. e,

Throughout this description, logic levels will be referred to
as “low" or “high”. The actual logic levels are defined in the
Electrical Characteristics Table. For minimum power con-
sumption, all inputs should swing from GND (low) to V+
(high). Inputs driven from TTL gates should have 3-5kf}
pullup resistors added for maximum noise immunity.

MODE Input

The MODE input is used to control the output mode of the
converter. When the MODE pin is low or left open (this input
is provided with a pulldown resistor to ensure a low level
when the pin is left open), the converter is in its “Direct"”

output mode, where the output data is directly accessible -

under the control of the chip and byte enable inputs. When

the MODE input is pulsed high, the ccnverter enters the

UART handshake mode and outputs the data in two bytes,
then returns to “direct” mode. When the MODE input is left
high, the converter will output data in the handshake mode
at the end of every conversion cycle. (See section entitled
"Handshake Mode" for further details).

STATUS Output

During a conversion cycle, the STATUS output goes high
at the beginning of Signal Integrate (Phase 1), and goes low
one-half clock period after new data from the conversion
has been stored in the output latches. See Figure 4 for de-
tails of this timing. This signal may be used as.a “data valid”
flag (data never changes while STATUS is iow) to drive in-
terrupts, or for monitoring the status of the converter.

RUN/HOLD Input

When the RUN/HOLD input is high, or left open, the cir-
cuit will continuously perform conversion cycles, updating
the output latches after zero crossing during the Deinte-
grate (Phase Ill) portion of the conversion cycle (See Figure
4). In this mode of operation, the conversion cycle will be
performed jn 8192 clock periods, regardless of the resulling
value,

If RUN/HOLD goes low at any time during Deintegrate
(Phasa |ll) after the zero crossing has occurred, the circuit
will immediately terminate Deintegrate and jump to’ Auto-
Zero, This feature can be used to eliminate the time spentin
Deintegrate after the zero-crossing. If RUN/HOLD stays or
goes low, the converter will ensure minimum Auto-Zero
lime, and then wait in Auto-Zero until the RUN/HOLDinput
goes high. The converter will begin the Integrate (Phase Il)
portion of the next conversion {and the STATUS output will
go high) seven clock periods after the high level is detected
at RUN/HOLD. See Figure 6 for details.

Y
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Using the RUN/HOLD input in this manner allows an
easy “convert on demand" inlerface to be used. The con-
verter may be held at idle in auto-zero with RUN/HOLD low.
When RUN/HOLD goes high the conversion is started, and
when the STATUS output goes low the new data i$ valid {or
transferred to the UART — see Handshake Mode). RUN/
HOLD may now be taken low which terminates deintegrate
and ensures a minimum Auto-Zero time before the next
conversion, '

*

Alternately, RUN/HOLD can be used to minimize conver-
sion time by ensuring that it goes iow during Deintegrats,
after zero crossing, and goes high after the _hold point is
reached. The required activity on the RUN/HOLD input can
be provided by connecting it to the Butferad Oscillator Out-
put. In this mode, the conversion time is dependent on the
input value measured. Also refer to Harris Application Bulle-
tin AO32 for a discussion of the effects this will have on
Auto-Zero performance.

if the RUN/HOLD input goes low and stays low during
Auto-Zero (Phase 1), the converter will simply stop at the
end of Auto-Zero and wait for RUN/HOLD to go high. As
above, Integrate (Phase 1) begins seven clock periods after
the high level is detected.

Direct Mode

When the MODE pin is left at a low level, the data outputs
(bits 1 through 8 low order byte, bits 9 through 12, polarity
and over-range high order byte) are accessible under con-
trol of the byte and chip enable terminais as inputs. These
three inputs are all active low, and are provided with puflup
resistors 1o ensure an inactive high level when left open.
When the chip enable input is low, taking a byte enable
input low will allow the outputs of that byte to become active
(three-stated on). This allows a variety of paralle! data ac-
cessing techniques to be used, as shown in the section enti-
tlad “Interfacing.” The timing requirements for these out-
puls are shown in Figure 7 and Table 2.




Table 2 — Direct Mode Timing
Requirements
(See Note 4 of Electrical Characteristics)

SYMBOL | DESCRIPTION | MIN | TYP | MAX | UNIT
tseA Byte Enable Width | 350 | 220 ns
Data Access Time
1048 | rom Byte Enable 210 1 350 | ns
' Data Hold Time
'ore from Byte Enable 1501 300 | ns
tcea | Chip Enable Width | 400 | 260 ns
Data Access Time
4
'DAC | from Chip Enable 260 | 400 | ns
Data Hold Time .
loHe from Chip Enable 240,75 ns
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Figure 7: Direct Mode Output Timing

!t should be noted that these control inputs are asynchro-
nous with respect to the converter clock — the data may be
accessed at any time. Thus it is possible to access the
latches while they are being updated, which could lead to
arroneous data. Synchronizing the access of the latches
with the conversion cycle by monitoring the STATUS output
will prevent this. Data is never updated while STATUS is
low,

Handshake Mode

The handshake output mode is provided as an alternative
maans of interfacing the ICL7109 to digital systems, where
te A/D converter becomes active in controlling the flow of
riata instead of passively responding to chip and byte en-
able inputs. This mode is specifically designed to allow a
aaect interface between the ICL7109 and industry-standard
UARTSs (such as the Harris IM6402/3) with no external logic
required. When triggered into the handshake mode, the

ICL7108 provides all the control and fiag signals necessary
to sequentially transfer two bytes of data into the UART and
initiate their transmission in serial form. This greatly eases
the task and reduces tha cost of designing remote data ac-
quisition stations using serial data transmission.

Entry into the handshake mode is controlled by the
MODE pin. When the MODE terminal is held high, the
ICL7109 will enter the handshake mode after new data has
been stored in thd output latches at the end of a conversion
(See Figures 8 and 9). The MODE terminal may also be
used to trigger entry into the handshake mode on demand.
At any time during the conversion cycle, the low to high
transition of a short pulse at the MODE input will cause
immediate entry into the handshake mods. 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 still be performed,
data updating will be inhibited (See Figure 10) until the con-
verter completes the output cycle and clears the handshake
mode.

When the converter enters the handshake mods, or when
the MODE input is high, the chip and byte enable terminals
become TTL-compatible outputs which provide the control
signals for the output cycle (See Figures 8, 9, and 10).

In handshake mode, the SEND input is used by the con-
verter as an indication of the ability of the receiving device
(such as a UART) to accept data.

Figure 8 shows the sequence of the output cycle with

-SEND held high. The handshake mode {Internal MODE

high) is entered after the data latch pulse, and since MODE
remains high the CE/LOAD, UBEN and FBEN terminals are
active as outputs. The high level at the SEND input is
sensed on the same high to low internal clock edge that
terminates the data latch pulse. On the next low to high
internal clock edge the CE/LOAD and the FBEN outputs
assume a low level, and the high-order byte (bits 9 through
12, POL, and OR) outputs are enabled. The CE/LOAD out-
put remains low for one full internal clock period only, the
data outputs remain active for 1-; internal clock periods,
and the hi%h byte enable remains low for two clock periods.
Thus the CE/LOAD output low level or tow to high edge
may be used as a synchronizing signal to ensure valid data,
and the byte enable as an output may be used as a byte
identification flag. With SEND remaining high the converter
completes the output cycle using Cé/LOAﬁ and LBEN
while the low order byte outputs (bits 1 through 8) are acti-
vated. The handshake mode is terminated when both bytes
are sent._

Figure 9 shows an output sequence where the SEND in-
putis used to delay portions of the sequence, or handshake
to ensure correct data transfer. This timing diagram shows
the relationships that occur using an industry-standard
IM6402/3 CMOS UART to interface to serial data channels.
In this interface, the SEND input to the ICL7108 is driven by
the TBRE (Transmitter Buffer Register Empty) output of the
UART, and the CE/LOAD terminal of the ICL7109 drives
the TBRL (Transmitter Buffer Register Load) input to the
UART. The data outputs are paralleled into the eight Trans-
mitter Buffer Register inputs.
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Figure 10: Handshake Triggered By Mode

Assuming the UART Transmitter Buffer Register is empty,
the SEND input will be high when the handshake mode is
entered alter new data is stored. The CE/LOAD and HBEN
terminals will go low after SEND is sensed, and the high
order byte outpuls become active. When TE/LOAD goes
high at the end of one clock period, the high order byte data
is clocked into the UART Transmitter Buffer Register. The
UART TBRE output will now go low, which halts the output
cycle with the HBEN output low, and the high order byte
outputs active. When the UART has transferred the data to
the Transmitter Register and cleared the Transmitter Buffer
Register, the TBRE returns high. On the next ICLZ109 inter-
nal clock high to low edge, the high order byte outputs are
disabled, and one-half internal clock later, the HBEN output
returns high. At the same time, the CE/LOAD and LBEN
outputs go low, and the low 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 returns to a high it will be sensed on the
next ICL7109 internal clock high to low edge, disabling the
data outputs. One-half internal clock later, the handshake
mode will be cleared, and the CE/LOAD, HBEN, and LBEN
terminals return high and stay active {(as long as MODE
stays high).

With the MODE input remaining high as in these exam-
ples, the converter will output the resuits of every conver-
sion except those compieted during a handshake operation.
By triggering the converter into handshake mode with a low
to high edge on the MODE input, handshake output se-
quences may be performed on demand. Figure 10 shows a
handshake output sequence triggered by such an edge. In
addition, the SEND input is shown as being low when the
converter enters handshake mode. In this ¢ase, the whole
output sequence is controlled by the SEND input, and the
sequence for fhe first (high order) byte 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
when in handshake mode, and is therefore lost.

Oscillator

The ICL7109 is provided with a versatile three terminal
oscillator to generate the internal clock. The oscillator may
be overdriven, or may be operated with an RC network or
crystal. The OSCILLATOR SELECT input changes the inter-
nal configuration of the oscillator to optimize it for RC or
crystal operation.



When the OSCILLATOR SELECT input is high or left
open (the input is provided with a putlup resistor), the oscil-
lator is configured for RC operation, and the internal clock
will be of the same frequency and phase as the signal at the
BUFFERED OSCILLATOR OUTPUT. The resistor and ca-
pacitor should be connected as in Figure 11. The circuit will
oscillate at a frequency given by f=0.45/RC. A 100k} re-
sistor is recommended- for useful ranges of frequency. For
optimum 60Hz line rejection, the capacitor value should be
chosen such that 2048 clock periods is close to an integral
multiple of the 60Hz period (but should not be less than
50pF).

BUFFERED
osc
out

V+ OR OPEN

0336-12

Figure 11: RC Oscillator

When the OSCILLATOR SELECT input is low a feedback
device and output and input capacitors are added to the
oscillator. In this configuration, as shown in Figure 12, the
oscillator will operate with most crystals in the 1 to 5MHz
range with no external components. Taking the OSCILLA-
TOR SELECT input low also inserts a fixed +58 divider
circuit between the BUFFERED OSCILLATOR QUTPUT
and the internal clock. Using an inexpensive 3.58MHz TV
crystal, this division ratio provides an integration time given
by:

TinT = (2048 clock periods) X (Tcrock) = 33.18 ms

58
3.58 MHz 3
This tima is very close to two 60Hz periods or 33.33ms. The
error is less than one percent, which will give better than
40dB 60Hz rejection. The converter will operate reliably at
conversion rates of up to 30 per second, which corresponds
to a clock frequency of 245.8kHz.

where TcLock =

V' [ [
: cLocx
+$3
24
0sC {osC BUFFERED
SEL osc
GND our
CRYSTAL
! 0336-13
Figure 12: Crystal Oscillator

If at any time the oscillator is to be overdriven, the over-
driving signal should be applied at the OSCILLATOR IN-
PUT, and the OSCILLATOR QUTPUT should be left open.
The internal clock will be of the same frequency, duty cycle,
and phase as the input signat when OSCILLATOR SELECT
is left open. When OSCILLATOR SELECT is at GND, the
clock will be a factor of 58 below the input lrequency.

When using the ICL7109 with the IMB403 UART, it is pos-
sible to use one 3.58MHz crystal for both devices. The
BUFFERED OSCILLATOR OUTPUT of the ICL7109 may be
used to drive the OSCILLATOR INPUT of the UART, saving
the need for a second crystal. However, the BUFFERED
OSCILLATOR OUTPUT does not have a great deal of drive
capability, and when driving more than one slave devics,
extarnal buftering should be used.

Test Input

When the TEST input is taken to a leve! halfway between
V+ and GND, the counter output latches are enabled, al-
lowing the counter contents to be examined anytime..

When the TEST input is connected to GND, the counter
outputs are all forced into the high state, and the internal
clock is disabled. When the input returns to the 1, (V*+
—GND) voltage (or to V+) and one clock is applied, all the
counter outputs will be clocked to the low state. This allows
easy testing of the counter and its outputs.

INTERFACING
Direct Mode

Figure 13 shows some of the combinations of chip enable
and byte enable control signals which may be used when
intertacing the 1ICL7109 to paraltel data lines. The CE/LOAD
input may be tied low, allowing either byte to be controlled
by its own enable as in Figure 13A. Figure 13B shows a
configuration where the two byte enables are connected
together. In this configuration, the TE/LOAD serves as a
chip enable, and the HBEN and LBEN may be connected to
GND or serve as a second chip enable. The 14 data outputs
will all be enabled simultaneously. Figure 13C shows the
HBEN and LBEN as flag inputs, and E%ILOTG as a master
enable, which could be the READ strobe available from
most microprocessors. :

Figure 14 shows an approach to interfacing severa!
ICL7108s to a bus, ganging the HBEN and LBEN signals to
several converters together, and using the CE/LOAD inputs
(perhaps decoded from an address) to select the desired
converter.
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Figure 14: Tri-stating Several 7109’s to a Small Bus

Some practical circuils utilizing the parallel three-state
output capabilities of the ICL7109 are shown in Figures 15
through 20. Figure 15 shows a straightforward application to
the Intel 8048/80/85 microprocessors via an 8255PPI,
where the ICL7109 data outputs are active at alf times. The
170 ports of an 8155 may be used in the same way. This
interface can be used in a read-anytime mode, although a
read performed while the data lalches are being updated
will lead to scrambled data. This will occur very rarely, in the
proportion of setup-skew times to conversion time. One way
to overcome this is to read the STATUS output as well, and
it itis high, read the data again after a delay of more than Y,

converler clock period. If STATUS is now low, the second
reading is correct, and if it is still high, the first reading is
correct. Alternatively, this timing problem is completely
avoided by using a read-after-update sequence, as shown
in Figure 16. Here the high to low transition of the STATUS
oulput drives an interrupt to the microprocessor causing it
1o access the data latches. This application also shows the
RUN/HOLD input being used to initiate conversions under
software control.

A similar interface to Motorola MC6800 or Rockwell
R650X systems is shown in Figure 17. The high to low tran-
sition of the STATUS output generates an interrupt via the
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Figure 15: Full-time Parallel Interface to 8048/80/85 Microprocessors
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Figure 16: Full-time Parallel Interface to 8048/80/85 Microprocessors With Interrupt
Control Register B CB1 line. Note that CB2 controls the to be sure that requirements for setup and hold times, and
RUN/HOLD pin through Conttol Register B, allowing soft- minimum pulse widths are met. Note also the drive limita-
ware-controlied initiation of conversions in this system as tions on long buses. Generally this type of interface is only
well, favored if the memory peripheral address density is low so
The three-stato output capability of the ICL7109 allows that simple address decoding can be used. Interrupt han-
direct interfacing to most microprocessor busses. Examples dling can also require many additional components, and us-
of this are shown in Figures 18 and 19. It is necessary to ing an interface device will usually simplity the system in this

carefully consider the system timing in this type of interface, case.
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Figure 17: Full-time Parallel Interface to MC680X or MCS650X Microprocessors
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Figure 18: Direct Interface -— ICL7109 to 8080/8085
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Figure 19: Direct ICL7109 — MC680X Bus Interface
Handshake Mode ‘ under software control. Note that one port of the 8255 is not

The handshake mode allows ready interface with a wide
variety of external devices. For instance, external latches
may be clocked by the rising edge of CE/LOAD, and the
byte enables may be used as byte identification fiags or as
load enables.

Figure 20 shows a handshake interface to Intel micro-
processors again using an 8255PP1. The handshake opera-
tion with the 8255 is controlled by inverting its input Buffer
Full (IBF) flag lo drive the SEND input to the 1ICL7109, and
using the CE/LOAD to drive the 8255 strobe. The internal
control register of the PPI should be set in MODE 1 for the
port used. I the 7109 is in handshake mode and the 8255
IBF flag is low, the next word will be strobed into the port.
The strobe will cause IBF to go high (SEND goes low),
which will keep the enabled byte outputs active. The PP will
generate an interrupt which when executed will result in the
data being read. When the byta is read, the I1BF will be reset
low, which causes the ICL7109 to sequence into the next
byte. This figure shows the MODE input to the ICL7109 con-
nected to a control line on the PP If this output is left high,
or tied high separately, the data from every conversion {pro-
vided the data access lakes less time than a conversion)
will be sequenced in two bytesinto the system.

if this output is made s go-from low 1o high, the output
sequence can be obtained on demand, and the interrupt
may be used to reset the MODE bit. Note that the RUN/
HOLD input to the ICL7109 may also be driven by a bit of
the 8255 so that conversions may be obtained on command

used, and can service another peripheral device. The same
arrangement can also be used with the 8155.

Figure 21 shows a similar arrangement with the MC6800
or MCS650X microprocessors, except that both MODE and
RUN/HOLD are tied high to save port outputs.

The handshake mode is particularly convenient for direct-
ly interfacing to industry standard UARTSs (such as the Har-
ris IM6402/6403 or Western Digital TR1602) providing a
minimum component count means of serially transmitting
converted data. A typical UART connection is shown in Fig-
ure-2A. In this circuit, any word received by the UART caus-
es the UART DR (Data Ready) output to go high. This drives
the MODE input ta the ICL7109 high, triggering the ICL7109
into handshake mode. The high order byte is output to the
VUART first, and when the UART has transferred the dala to
the Transmitter Register, TBRE (SEND) goes high and the
second byte is output. When TBRE (SEND) goes high
again, LBEN will go high, driving the UART DRR (Data
Ready Reset) which will signal the end of the transfer of
data from the ICL7109 to the UART.

Figure 22 shows an extension of the one converter —
one UART scheme to several ICL7109s with one UART. In
this circuit, the word received by the UART (available at the
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 will allow up to eight ICL7109s to in-
terface with one UART. Using a few more components lo
decode the received word will allow up to 256 converters to
be accessed on ons serial line.

1]
I
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Figure 20: Handshake Interface — ICL7109 to 8048, 80/85
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Figure 21: Handshake Interface — ICL7109 to MC6800, MCS650X




ICL7109

N SERIAL OUTPUT
0O 146403 CMOS UART
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—
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Figure 22: Multiplexing Converters with Mode Input
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€713

89.912
POL, OR
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HBEN
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The applications of the ICL7109 are not limited to those
shown here. The purpose of these examples is to provide a
starting point for users to develop useful systems, and to
show some of the variety of interfaces and uses of the
ICL7109. Many of the ideas suggested here may be used in
combination; in particular the uses of the STATUS, RUN/
HOLD, and MODE signals may be mixed.

APPLICATION NOTES

A016
A017
A018

A030
)

A032

ROO5

“Selecting A/D Converters,” by David Fullagar
“The Integrating A/D Converters,” by Lee Evans
“Do’s and Don'ts of Applying A/D Converters,” by
Peter Bradshaw and Skip Osgood

"The ICL7104 — A Binary Output A/D Converter for
Microprocessors,” by Peter Bradshaw
“Understanding the Autd-Zero and Common Mode
Performance of the ICL7106 Family,” by Peter
Bradshaw

“Interfacing Data Converters & Microprocessors,”
by Peter Bradshaw et al, Electronics, Dec. 9, 1976.

f
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ICL7109

INTEGRATING A/D CONVERTER

Oscillator Frequency
fosc = 0.45/RC
Cosc > 50 pF; Rgge > 50 kN
fosc typ. = 60 kHz
or

fosc = 3.58 MHz Crystal
Oscillator Period
tosc = RC/0.45
tosc = 1/3.58 MHz (Crystal)
Integration Clock Frequency
feLock = fosc (RC Mode)
fcLock = losc/58 (Crystal)
tcrock = 1/fcrock
Integration Period
tint = 2048 X tcrock
60/50 Hz Rejection Criterion
UnT/t60 Hz OF tiNt/t50 1z = Integer
Optimum Integration Current
lm"' == 20.0 ;J.A
Full Scale Analog Input Voltage
Vinrs Typically = 200 mV or 2.0V
Integrate Resistor
Rt = Vlmrs
INT
Integrate Capacitor
Cunep = Lunr) (ivy)
INT v
INT
Integrator Output Voltage Swing
Vine = (tiny) (hint)
INT = =g
INT
VinT Maximum Swing: .
(V™ + 0.5V) < Viyr < (VP — 0.5V)
Vint Typically = 2.0V

EQUATIONS

Display Count
ViN
COUNT = 2048 X ——
VRer
Conversion Cycle
teve = tcLock X 8192
(In Free-Run Mode, Run/HOLD = 1)
v/hen fcLock = 60 kHz, tcye = 133 ms
Common Mode Input Voitage
(V7 + 10V < Viy < (VT 5 0.5V)
Auto Zero Capacitor
0.01 uF < Caz < 1.0 pF

Reterence Capacitor

0.1 uF < Crgr < 1.0 uF
VREF .
Biased between V'™ and V™~
VRer = V+ - 2.8V
Regulation lost when V* to V™ < 6.4V
It Vaer is not used, float output pin.
Power Supply: Dual 5.0V
v = +50t0 GND
V™ = -5.0toGND .
Output Type:
Binary Amplitude with Polarity and Overrange Bits
Tips: Always tie TEST pin HIGH.
Don’t leave any Inputs floating.

AUTOZERO
(COUNT)

(FIXED COUNT)
6143-2048 2043

DEINTEGRATE
(COUNT
0-409

W

TOTAL CONVERSION TIME = 8192 * g gcx (IN FREE-RUN MODE)




TYPES SN54174, SN54175, SN54LS174, SN54LS175, SN54S174, SN548175,
SN74174, SN74175, SN74LS174, SN74LS175, SN74S174, SN74S175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

BULLETIN NO. DL S 7611803, DECEMHEER 1972 REVISED OCTOBER 1976

‘174,°LS174,°S174 .. . HEX D-TYPE FLIP-FLOPS
"175,°LS175, 'S175 . . . QUADRUPLE D-TYPE FLIP-FLOPS

'174,°LS174, ‘'S174 Contain Six Flip-Flops
with Single-Rail Outputs

'175,'LS§175, 'S175 Contain Four Flip-Flops
with Double-Rail Outputs

Three Performance Ranges Offered: See
Table Lower Right

Butfered Clock and Direct Clear Inputs
Individual Data Input to Each Flip-Flop

Applications include:
Buffer/Storage Registers
Shift Registers
Pattern Generators

ription

Thess monolithic, positive-edge-triggered flip-flops
utilize TTL circuitry to implement D-type flip-flop
logic. All have a direct clear input, and the ’175,
‘L§175, and ‘S175 feature complementary outputs
.from each Hlip-flops.

“Information at the D inputs meeting the setup time
fequirements is transferred to the Q outputs on the
positive-going edge of the clock pulse. Clock
triggering occurs at a particular voltage leve! and is
not directly related to the transition time of the
positive-guing pulse. When the clock input is at either
the high ot low luval, the D input sigimal has no eHect
ot the ouwipug

Thess circuits are tully compatible for use with most
TTL or DTL circuits.

FUNCTION TABLE
(EACH FLIP-FLOP)
INPUTS QUTPUTS
CLEAR Ctock D | @ at
L X X| v H
H t H] H @
H t Ll v w
H L. x}jo Qg

H = high level {steady state)

L = tow level (steady state)

X = lresievant

1 = transition from low 10 high lavel

Qg = the level of Q befors the indicatad steady stute
Input conditions were established,

1 =175, °LS175, and *S175 only

SNS54174, SN54L5174, SNS4S174 ... J OR W PACKAGE
SN74174, SN74LS174,SN74S174 ... JOR N PACKAGE
(TOP VIEW)

Vee s (2] 50 [ 4D 40  cLocx
whsHullnjuelinljel]s

E-:) o C‘n ojc'n o‘j

cx <po-g>cx > cx
CLEAR Crean CLEAR

VIV2 (13[4l Tieftr(]s

CLEAR 10 10 0 2 0 3 GND

positive logic: ses function table

SN54175, SN54L5175, SNS4S175 ... JOR W PACKAGE
SN74175, SN74L5175, SN74S175.. . JOR N PACKAGE
{TOP VIEW)

12)fnjjwljs
[ a
P
n A
S—
1
hLTETY
]
S[Is[i2]}s
W 0 GND

positive logic: see function table

TYPICAL TYPICAL
TYPES MAXIMUM POWER
CLOCK DISSIPATION
FREQUENCY PER FLIP-FLOP
‘174,175 35 Mtz 38 mw
‘LS174, ‘LS17S 40 MH. 14 mwW
‘8174, 5175 110 Mide 75 mwW



TYPES SN54174, SlN54175, SN54LS174, SN541S175, SN54S174, SN54S175,
SN74174, SN74115, SN74LS174, SN74LS175, SN74S174, SN745175
"~ HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

REVISED OCTOBER 1976

ghematics of inputs-and outputs

SN64174, SN54175, SN74174, SN74175

EQUIVALENT OF ALL INPUTS

INPUT —_—

Clock, D: Req = 8 k2 NOM
Clear: Req =4 k22 NOM

TYPICAL OF ALL OUTPUTS

- v
100 02 ce

NOM

QUTPUT

SN541.5174, SN541L.S175, SN74LS174, SN74LS175

EQUIVALENT OF ALL INPUTS

Clock: Req =17 kil NOM
Cloar, D: Ryq = 20 kL NOM

TYPICAL OF ALL OUTPUTS

1200
NOM
OUTPUT

SN545174, SN54S175, SN74S174, SN74S175

EQUIVALENT OF ALL INPUTS

Vee

INPUT —4

TYPICAL OF ALL OUTPUTS

'
50 11 cc
NOM 1

QUTPUT




TYPES SN54174, SN5A1T5, SN5ALSII4, SN5ALSITS, SNGASTA, SN54S175,
SN74174, SN14175, SNTALSI78, SN74LS175, SNT4S174, SNIASIS
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

functional block diagrams

‘174, 'LS174, 'S174

3) ) (2)

1o L] of— 10
——d> cx *175, 'L$175, '5175
CLEAR
4
w 6 o 2w
o o ) L o«
)
. af— ¥
2% 8 Lep!
CLEAR
)
o o o,
- L o 3 1> ex
"
—
0—-4—c>cu cLEAl6 *
CLEAR 1
{12)
4, 5 ol
o b o ol TP e
Py L1
> cx CLEAR
lh—j
CLEAR
b—j, ) i)
[ 40 [+3 G &
0 M2 a L P> ex
™ = e
cLocK ir— 4
0_._0>“ cLear
CLEAR CLEAR o
—
14 1
) he 2] 0——‘ i 6Q
> cx
clocx 2
cLEAR

[AL] I
CLEAR

_¢ « + . dynamic input activated by transition from a high Invel to a low level,

s e e



TYPES SN54174, SN54175, SN74174, SN74175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Ve fseeNote 1) . ., . . . . . e v
Inputvoltage . . . . . . . . ., . I T R - ¥ 2 11
Operating free-air temperature range: SN54174, SN54175 Circuits C e e e e ... .. .. =B5Cto125°%C

) SN74174,SN74175 Circuits . . . . . . . . . .. . .. 0°Cto70°C
Storage temperature range . , ., . . coc s st e - ... oL .. ... . =65°Ctoi50°C

NOTE 1: Voltaga vatues are with reepact to network ground terminal

N
recommended operating conditions

SN54174, SNS4175 | SN74174, SN74175
MIN NOM MAX | MIN NOM MAX UNIY
Supply voltage, Voo 45 5 55 | 4.75 5 5.25 v
-High-level output current, oM - 800 —~800 | uA
Lownlevel output current, lo( 16 16§ mA
Clock frequency, feigek 0 25 0 25 | MH:z
Width of clock or clear pulse, t,, 20 20 ng
Setup time. tyy Data input 20 20 ny
Clear inactive statn 25 75 ne
Data hol tima, ty, ]= h n n-o;-
Operating fran air tampetature, iA 7 [eS 1 i:’?’: o - -‘“—7—0‘ _T
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS? MIN _TYP! Mmax ]| unir
VIH__ High-teve! input voltage 2 v
Vi, Low-level input voltege 08) v
Vik !nput clamp voltage Ve =MIN, Iy = —12mA -1.5 v
Vow High-level output voitage YRAPUIN | Migh- Page 24 34 v
ViL* 08V, Igy=~800uA
VoL Low-level output voltage Vee " MIN, -V 22V, 0.2 04) v
- Vi, 208V, 1o =16mA
1) Input current at maximum input voltage Vee = MAX, Vp=55V 1] ma
Iy High-level input current Vec = MAX, V=24V 40| pA
i Low-level input cursent Vce = MAX, Vy=04v —~1.6] mA
h 3 SN54° -20 ~57 |
los  Short.circuit output current § Vee - MAX e T 5 mA
‘174 45 65
Icc  Supply current Vee = MAX,  See Note 2 75 3 m mA
tFor conditions shown as MIN or MAX, use the appropriate value specified under operating for the sopli devicy
type.
tan typical valuas arn at Vee»5V. Ta~ 25"¢.
SNot more .(han one output should be shortad at a time,
NOTE 2: With all outputs open and 4.5 V applied to all data and clear Inputs, Ice is after a Y ground, then 45 V., i
applied 10 clock,
switching characteristics, Voo = 5 V, Ta = 25°C
PARAMETER TEST CONDITIONS | MIN  TYP MAX[umnIT
fmax Maximum clock frequency 25 35 MHz
PLH Propagation delay timae, fow-to-high-level output fram clear €L = 15 oF, 16 25 -
(SN54175, SN74175 only)
~ R =400 N,
tPHL _Propagation delay tima, high-to-low-lnval output from clear Soe Note 3 23 35 ns
tPLH _Propagatién delay time, low-10-high-iavel output from clock 20 30 | ™
tpHL  Propagation delay tima, high-to-fow-lrvel output from clock 24 35 ns

NOTE 3: Load circuit and voltaga wavafarms are shown on page .10,



TYPES SN541S174, SN54LS175, SN741S174, SN74LS175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

REVISED DECEMBER 1980

solute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voitage, Voc (seeNote 1) . . . . . . . .
Input voltage . . . .

.-

Operating free-air temperature range: SN541.5174, SNS4LS175 Circuits
SN74L5174, SN74LS175 Circuits

Storage temperature range
HOTE 1: Voltage values sre with respect t0 network ground terminal,

rcommended operating conditions

AY
v

—65°C to 125°C
0°C 10 70°C
~65°C to 150°C

SN54LS174 SN74LS174
SN54L8175 SN74LS17S UNIT
MIN NOM MAX | MIN NOM MAX
Supply volitage, Voo 4.5 ) 551 4.75 S 8.25{ Vv
High-leval cutput current, Lo ~400 —400| pA
Low-level output current, 1oy 4 8] mA
Clock frequency, feiock [} 30 0 30| MHz
Width of clock or clear pulse, t,, 20 20 ns
Satup tima, 144 Data input 20 20 ns
‘ Clear inactive-state 25 25 ns

Oaa hold time, ty, 5 ) ns
Operating free-air temperature, T -58 125 [+ 70| °C

elactrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

SN54LS174 SN74LS5174
PARAMETER TEST CONDITIONST SNS4LS175 SN74LS17S | unit
MIN TYP! MAX |MIN TYP} MAX
Vig  High-level input voitage 2 2 v
iy Low-level input voltage 0.7 08{ V
ViX  Input clamp voltage Ve = MIN, Ij= -18mA -1.5 -15 Vv
Voo = MIN, ViIH=2V,
Vi High-level output volt 25 35 27 35 v
oH  High Pt vy e ViL = ViLmax, Igy = —400 pA
vee - MIN, V=2V, lgL =4 mA 0.25 0.4 0.25 0.4
VoL . Lowduwel 1 volts
oL Ow-luvel output voitage VL = Vi max oL - 8mA 0.35 0.5 v
N {ngpwit conrent at Ve - MAX, V-1V 0.1 0.1| mA
trandasunen gl vl tage
I High-level input current Vee - MAX, V-2V 20 20f pA
T8 Low-lgvet input current Ve =+ MAX, V=04V -0.4 -0.4] mA
lgs  Shortcircuit output current § Vee * MAX -20 -100| -20 ~100| mA
‘LS174 16 26 16 26
lcc  Supply current Vcg = MAX,  See Note 2 1S175 Y 8 2 e mA
!for conditions shown as MIN or MAX, use the appropriate valus specitied under recommaended operating conditions.
il typical values are 3t Vee = 8V, T4 = 25°C.
Not more than one cutput should be shorted at a time, and duration of the short-circuit shauld not exceed one second,
NOTE 2: With »ll outputs open and 4.5 V applied to all dats and clear 1NPULS, | 13 Measured atter 2 momentary ground, then 4.5 V, is
apptied to clock. !
switching characteristics, Vg =5 V, Ta = 25°C
‘LS174 ‘LS175
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX {MIN TYP MAX
Imax Maximum clock frequency 30 40 30 a0 MHz
tpL 4 Propagation delay time, low-to-high-levei output from clear Cyg = 15pF, . 20 30| ns
tp(. Propagation defay time, high-to-low-level output from clear Ry = 2k, 23 35 20 0| ns
tpLH Propagstion delay time, low-to-high-lavel output from clock See Note 4 20 30 13 25| ns
tpH( Propagation delay tima, high-to-low-level output from clock 21 30 18 25| ns

NOTE 4: Load cirwuit any +oltage wavetorms are shown on page 3-11,



TYPES SN54S174, SN545175, SN74S174, SN74S175
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Ve (see Note 1)

Inputvoltage . . . . :
Operating free-air tempe

Storage temperature range

rature range: SN545174, SNS4S175 Circuits
SN745174, SN74S175 Circuits .

NOTE 1: Voitage values sre with respect to network ground terminal.

recommended operating conditions

'AY
... ... 55V
. —55°C 10 125°C
... 0°Cto70°C

—65°C 10 150°C

SN545174, SN54S175 | SN74S174, SN745175 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 | 4.75 5 626 | V
High-level output current, 104 ~1 -1 ] mA
Low-level output current, IQ| 20. 20 | mA
Clock trequency, fciock 0 75 0 75 | MHz
Clock 7 7
Pulse width, t,,, Ciomn 0 0 ns
Data input 5
Setup time. tyg Claar innctive-state 6 6 n
Data hald tima, ty a a ne
Operating tree-air temperature, ?; T B -1 125 0 - 10 C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS! MIN  TYP$ MAX |UNIT
Vi High-level input voltage 2 v
Vi Low-level input voltage 08| v
VIK Input clamp voltage Vee = MIN, 1= ~18mA -1.2
Vee=MIN, Viy=2V, SNG645* 25 34
Vi High-level output voit v
OH High e ViL=0.8Y, Ioy=—1mA SN7as | 27 34
Voo =MIN, vig=2v,
\7 Lowlevel output volta 05§ Vv
oL PUbYSIR ViL=0.8Y, lgL =20mA
h input current 3t maximum input voltage Vee =MAX, V=55V 1 mA
h4  High-level input current Voo = MAX, V=27V 0| A
1, Lowlevel input current Ve * MAX, V=05V ~2| mA
105 Short-circuit output current ¥ Ve = MAX -40 ~100] mA
1 S ‘v MAX, See Note 2 il 59 Load mA
cc upply current cc . See Note 78 60 %
tFor conditions shown as MIN or MAX, use the appropriate value specified under r ded operating Tti for the i davics

type, .
3 Al typical vatues sre at Vee=5V.Ta>25C,

§Nox more than one cutput should be shorted at a time, and duratlon of the shart-circuit should not exceed one second.
NOTE 2: With il outputs open and 4.5 V applied to all data and clear inputs, 1cc is measured after 3 momentary ground, then 4.5 V. b

applied to clock.

switching characteristics, Vec =5V, Ta = 25°C

PARAMETER TEST CONDITIONS | MIN TYP MAX]|UNIT
fmax Maximum clock frequency 75 110 MH:
PLH Propagation delay time, low-to-high-leve! Q output from clear Gy = 15 bF, 10 15 .

(SN545175, SN745175 oniy) RL =280 0,
tpHL_Propagation delay time, high-to-low:level Q output Irom clear See Note 3 13 22 | m
tpy H Propagation delay time, tow-to-high-levsl output from clock 8 12 ns
tpHL Propagation time, high-to-low-level output from clock 1.5 17 ”

NOTE 3° Load clrcuit and voltane wavefarms are shown on page 3.10.
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TECHNICAL DATA
MC14419

2-OF-8 KEYPAD-TO-BINARY ENCODER

CMOS

The MC14419 is designed for phone dialer system applications, but
! 9 ° 4 ep {LOW-POWER COMPLEMENTARY MOS)

finds many applications as a keypad-to-binary encoder. The device con-
‘tains a 2-of-8 to binary encoder, a strobe generator, and an illegal state
detector. The encoder has four row inputs and four column inputs, and 2-OF-8 KEYPAD-TO-BINARY
is designed to accept inputs from 16 keyswitches arranged in a 4x 4 .
matrix. For an output on the four data lines, one and only one row along ENCODER
with one and only one column input line must be activated. All other
combinations are suppressed by the illegal state detector to efiminate
false data output.

The strobe generator produces a strobe pulse when any of the 10
keys corresponding to numerals O through 9 are depressed. The strobe
output can be used to eliminate erroneous data entry due to contact

bounce. For a strobe output to occur, the key row and column input {. 2 “
lines must remain stable for 80 clock pulses after activation. When the ' 7
contact bounce has settled and 80 clock pulses have occurred, the out- 6
put will be a single strobe pulse equal in width to that of the clock low !
state. The strobe generator will output one and only one pulse each L SUFFIX P SUFFIX
time a numerical key is depressed. After the pulse has occurred, noise CERAMIC PACKAGE PLASTIC PACKAGE
and bounce due to contact break will not cause another strobe pulse. CASE 620 CAS
With a 16 kHz input clock frequency, the pulse occurs 5 ms after the last E 648
bounce. 2
® Suppressed Output-for itlegal Input Codes ORDERING INFORMATION
® On-Chip Pullup Resistors for Row and Column Inputs
® Clock Input Conditioning Circuit MClaxxx_
® Low Current Drain in Standby Mode p
5.0uA Typical @ 5.0 Vdc Suthx  Denotes
® Subsystem Complement to the MC14408/14409 Phone L = Ceramnic
Pulse Converter P = Plastic

® Codes for Numbers 0-9 Produce a Strobe Pulse
® One Key Roflover F‘_ea(ure

PIN ASSIGNMENT

NS
1C Ay Vop 16
BLOCK DIAGRAM 20— r2 Croex 118
L. E T I, SS————— ICIR3 ST w4 '
Row R2 2 O— 15 Clock 43 Re D4 13
taputs | R3 3 & -l sC—]Cy 03 312
Re 4 © ~ 5 sC—j¢2? o2
8CD trobe
ct S o—0. »( Ostector Generator L A LAl ==R4
Column] C2 6 O - 8] Vss Capm 9
Inpus | c3 7O >~ i
cs 9O -] 14 Strobe
-3 This davice contains circwitry 10 protect
2008 *0 13 D4 the 1nputs against damage due to high static
-d b voltages or elactric fietds; however, 1t is
- ~q Binary 12 D3 advised that normal precautions be taken
-‘—*‘C: Encoder nyd Data to avoud application of any voltage higher
and Ouwuts than maximum rated voitages to this high
—— litegat —————= 11 02 impedance circuit. For proper operation it
g Code 15 recommanded that V,, and Vg, be
Voo - Pin 18 og Oerector =010 01 constrained to the range Vgg < Vi, or
Vg - Ping —————=g Vout! & Vpop.




MC14419

FIGURE 4 ~ TYPICAL KEYPAD INTERFACE APPLICATION

Keypad wi-h DPST

N.O. Switches

4 x 4 Keypad

15?

Columa N 1 ,Clock Voo
R1 D10 10
Common a2 ozf—on
Vss MC14419 03p—012
R3
04 +—013
Keypad with SPST ST 14
N.O. Switches c2 ci vgs
. Column <L
6 5 8
Row
P Common 4
Vss
FIGURE 5 — PHONE DIALER SYSTEM
MC14419 I MC 14408, MC14409
2-0f-8 Keypad-to-Binary Encodar | Binary-toPhone Puiss Converter
- LeSmH
fork = 16 kHz | 1
ol cz
. 15 fo 06T 2 1 0.04 I
uE= vss uF = v
1 my Closk i ook Osc
Row 2 R2 1 BPL —e0 11 Juwulsing
Inputs 3 0——ed A3 04 ———O——r——o—" D4
12 s
From 4 O—>G A4 03 f—O0————0—4{ 03
Keyped -n 6
§ o—=qC1 o2 }—0—+F——0—+j02 ORO }—e0 12 Dial Rotating
Column | § O—adc2 10 I 7 Ouwut®
inputs 7 0—ad c3 o1 o
9 O—e C4
Hold 9
Calt Request 13
Vpo = Pin 1 MC14408/409 Rae-Dlal 10 Vpp = Pin 16
- Control Input - Pi
Vsg = Pin e e Interdigit Time 14 O————— Vss = Pin 8
—_— . .

!
sl
|
|
!
!

Make-Bresk Ratlo 15 O0—————

*Between each digit
pulsatrain, MC14408
DRO stays high,

MC 14409 DRO goeg low
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4N35; 4N36; 4N37*

ELECTRICAL CHARACTER!STICS {TA =25°C uniess otherwise noted) ~ ';, . i -
. . - Charscteristic —... l Symbol Min l Typ ] Max I Unit I
WPUTLED - . ' . .
Forward Voltage {If = 10 mA) - - Ta = 25°C Vg 0.8 115 1.5 .V
oo TA = -55°C 0.9 1.3 A7 ’
- P e e TA = 100°C L. .~} 02 1.05 1.4,
Reverse Leakage Current (Vn =*8V) - ) R — - 10} A -
Capacitance (V = 0V, f = 1 MHz) -= - Cy - - 18 — . pF. |
OUTPUT TRANSISTOR ) - . R
Collector-Emitter Dark Current (VO = 10 V; Tp = 25°C) Iceo e L S50y ot pA
- e - - {(VCE = 30V, TA.= 100°C) R Tl — 800 - pA
Coltector-Base Dark Current (Vcg = 10V)  Tp = 25°C Icso - 0.2 200 nA
Ta = 100°C ° — 100 p.
Collector-Emitter Breakdown Voltage (Ic = 1 mA) - V(BRICEO 30 45 R © oy
Collector-Base Breakdown Voltage (Ic = 100 uzA) ' VI(BRICBO 70 100 — v
Emitter-Base Breakdown Voltage (Ig = 100 pA) V(BRIEBO ? 78 —_ v
DC Current Gain {Ic'= 2 mA, Vcg = 5V) T hgg -} = - 400 —- JU—
Collector-Emitter Cap (f = 1 MHz, Vcg =0} Cee . - = 7~ - . pF .
Collector-Base Capacitance {f = 1 MHZ Veg ™= 0) = B i
+ Emitter-Base Capacitanco (l =1 MHz,.VgB 1) B l
TOUPLED . | i+ .. "ol ol i i
Output Collector Current B <Tp = 25°C i %
(IF-10mA.ch-g10V) 4 R 3
. - Ta = 100°C <
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