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This thesis presents the Digital Watt Hour Meter by using the integral multiple signal

circuit, The result of measurement are shown by LED display in unit of Wait and Kilowatt

hours. Quantity power from measurement is sent to computer for billing.
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: Tsunsunldnululnseay

#include<stdio.h>
#include<conio.h>
#includc<dos.h>

FILE *input,*output;

it key=0,keyold=1,add[2];
int date=0,month=0,year=0;
int unit[4]]2];

char back[4010];

char mon[11);

char room[7]={"ssdd"};
main()

int counter.k.cc,cco;

key=0;
.add[0]=0;

add[1}=0;

unit{0][0]=0;

unit[1][0}=0;

unit[2}[0]=0;

unit[3][0]=0;
input=lopen("data.dat","r");
fscanf(input,"%d",&unit[0}[1]);
fscan[{input,"%d",&unit[1][1]);
fscani{input,"%d",&unit[2][ 1]);
{scan({input,"%d",&unit[3][1]);
textbackground(7);
textcolor(15);

cursorofl{);

clrscr()..

draw();

gettex((1.1,80,25,back);
pointer();

do

{

key=0;

if(kbhit());kcy=getch();
iltkey==75)add|0]=add[0]-1;
iflkey==77)add[0]=add[0]+1;
iltkey==72)add[1]=add[1]-1;
il(kcy==80)add| I J=add[]+1;
iadd{0]<=0)add{0]=0;
iftadd[0]>=1)add[0]=1;

if(add[ 1]<=0)add[1]=0;

ifladd[ 1 ]>=1)add]|1}=1;
il(key!=keyold)

{

pointer();

keyold=key;

}

iltkey==13&&add[0]==0& &add[ 1 }]==0)
{

readtime();
for(counter=0;counter<=6;counter++)room[counter]=NULL; .
room[0]='R';room[1]="o';room[2]="0";room[3]='m';room[4]=' ,room([5]="1";
submenu();

readri();
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cco=1;

cc=0;

do

{

k=0;
if(kbhit())k=getch();
if(k==75)cc=cc-1,
iftk==77)cc=cc+l;
itf{cc==-1)cc=2;
if{cc=3)cc=0;
if{ccl=cco)

texicolor(15);
textbackground(14);
gotoxy(17,20);cprint{("Reset");
gotoxy(38.20);cprint{("Print");
gotoxy(60.20);cprintf("Back");
ifcc==0)

{

gotoxy(17.20);
textbackground(9);
textcolor(4);

cprintf{"Resct");

iflce==1)

¢

goloxy(38,20);
textbackground(9);
texteolor(4);
cprintf("Print");

)

il{cc==2)

{

gotoxy(60,20);
textbackground(9);
texicolor(4),
cprintf{"Back");

)

cco=cc;

}

)
whilc(k!=13|jcc!=2);
pointer():

)

if(key==13&&add[0]==1&&add[1]==0)

{

rcadtime();
for(counter=0;counter<=6;countcr++)room{counter]J=NULL;
room[0]='R";room[1]="0";room[2]="0";room[3]="m';room[4]}=' ";room[5]="2";
submenu():

cco=1;

cc=0;

do

{

k=0,

if{kbhit())k=gctch();

if(k==75)cc=cc-1;

if(k==77)cc=cc+l;

if{lcc==-1)cc=2;

if{ce==3)cc=0;

il{ccl=cco)
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textcolor(15);
textbackground(14);
gofoxy(17.20);cprintf("Reset");
gotoxy(38,20);cprint{{"Print");
gotoxy(60.20):cprint{{"Back");
if{cc==0)

{

gotoxy(17,20);
lcxlbaquround(9);
texteolor(4);
cprint{{("Reset"):

}

if{cc==1)

{

gotloxy(38,20);
textbackground(9);
textcolor(4);
cprint[{"Print");

)
if(cc==2)

{

gotoxy(60.20);
textbackground(9);
textcolor(4);
cprint[{"Back");

}

€CO=CC;

}

}
while(k!=13{|cc!=2);
pointer();

}
if(key==13&&add[0]==08&&add[1]==1)

readtime();
for(counter=0;counter<=6;counter++)room[counter]=NULL;
room[0]='R*;room][1]='0";room[2}='0';room{3]='m';room[4}="';room[5]='3";
submenu();

readr3();

cco=l;

cc=0;
do

{

k=0;

if(kbhit())k=gctch();
if(k==75)cc=cc-1;
if(k==77)cc=cc+1;
if{cc==-1)cc=2;

if{cc==3)cc=0;

if{ccl=cco)

{

textcolor(15);
textbackground(14);
gotoxy(17,20);cprintf("Reset");
gotoxy(38,20);cprintf("Print");
gotoxy(60,20);cprintf("Back");
if{cc==0)

& {

gotoxy(17,20);
textbackground(9);
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textcolor(4);
cprintf{"Reset");

)

if{cc==1)

{

gotoxy(38,20);
textbackground(9);
textcolor(4);
cprintf{("Print");

if{cc==2)

{

gotoxy(60,20);
textbackground(9);
texteolor(4);
cprintf("Back");

)

CCO=CC;

}

)
whilc(k!=13]jcc!=2);
pointer();

}

if(key==13&&add[0]=1&&add[1)==1)

{

readtime();
for(counter=0;countcr<=6;counter++)room{counter]=NULL;
room[0]='R";room[1]="0";room[2]="0";room[3]='m’;room[4]=" ";room[5]='4";
submenu(),

cco=1;

cc=0;

do

{

k=0;

il{kbhit())k=gctch();

if(k==75)cc=cc-1;

if(k==77)cc=cctl;

if(cc==-1)cc=2;

if(cc==3)cc=0;

f{ccl=cco)

texteolor(15);
textbackground(14);
*gotoxy(17.20);cprint/{"Reset");
gotoxy(38.20);cprint[{"Print");
gotoxy(60.20);cprintf{"Back");
if{ce==0)

{

gotoxy(17,20);
flcxtbackground(9);
textcolor(4);
cprintf{"Reset");

)

il{cc==1)

{

gotoxy(38,20);
textbackground(9);
textcolor(4);
cprint{("Print");

)
if{ce==2)



{

2otoxy(60,20);
textbackground(9);
textcolor(4);
cprint{{"Back");

}

cco=cc;

}

}
while(k!=13{|cc!=2);
pointer();

}

}

whilc(key!=27);
felosc(input);
textbackground(0);
textcolor(7);
cursoron();
clrser();

}

* */
pointer()

{
puttext(1,1,80,25,back);
iRadd[0}==0&&add[1]==0)

gotoxy(21,10);
textcolor(11);
textbackground(15);
cprintf(" Room 1");
}fv‘

if(add[0}=1&&add[1]==0)

{

gotoxy(51,10);
textcolor(11);
textbackground(15);
cprintf(" Room 2 "),

)

if{add[0}==0& &add[!]==1)
¢

gotoxy(21,15);
texteolor(11);
textbackground(15);
cprintf(" Room 3 ");

if{add]0}==1&&add[1]==1)

{

gotoxy(51.15);
textcolor(11);
textbackground(15);
cprintl(" Room 4 ");

}

}

/* */
draw()

{

int edunt;
for(count=2;count<=79;count++)
{

gotoxy(count, 1);
cprintf{"%<c",205);
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goloxy(count,25);
cprintf("%c",205);

)
for(count=1;count<=25;count++)
{

gotoxy(2,count);
cprint{"%c",186);
gotoxy(79,count);
cprintf{"%c",186);

)

goloxy(2.1);
cprintf{"%c",201);
gotoxy(79.1);
eprintf{"%c",187);
gotoxy(2,25);
cprintf("%c",200);
gotoxy(79,25);
cprint{{"%c",188);
texicolor(14);
gotoxy(25,3);
cprintf(" Program ");
texicolor(14);
gotoxy(24.5);
cprintf("Pleasc select number of the room.");
textcolor(10);
for(count=0;count<=10;count++)
{
gotoxy(20+count,9);
cprintf{"%c",196);
gotoxy(20+count,11);
cprint{{"%c",196);
gotoxy(50+count,9);
cprint{{"%c",196);
gotoxy(50+count,11);
cprint{("%c",196);
gotoxy(20+count, 14);
cprintf("%c",196);
gotoxy(20+count, 16);
cprintf("%c",196);
gotoxy(50+count, 14);
“cprintf("%c",196);
gotoxy(50+count,16),
cprintl("%c",196);

)

fOr(CoUNt=0;COUNIS=2;CoUN**F A *EE KRR R R4 dt bbbt d b a bbb RNREEARRERENIRERRRRRRARRRREERE SRR RRRAN
L L L L T T T T T I
AR R AR R R R R R OR R ok ok ok R R R R R ok ok ok Aok R Rk oh ok ok kR
L T T T T T T T
L T Ty e LTI m
ttttttttttt!!!ttttttt#!t‘ttttt*"ttttttt#*#"‘l‘*l‘####‘#‘*###l‘#‘####“#‘##‘##*#""]9]);

gotoxy(60,9);
cprintf{"%c",191);
goloxy(30,14);
cprintf("%c",191);
gotoxy(60,14);
cprintf("%c",191);
gotoxy(30,11);
cprintf("%c",217);
gotoxy(60,11);
cprintf{"%c",217);
gotoxy(30,16);
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cprfnlf("%c",Z 17);
gotoxy(60,16);
cprintf{"%c",217);
gotoxy(20,11);
cprint{("%c",192);
gotoxy(50,11);
cprintf("%c",192);
gotoxy(20,16);
cprintl{"%c",192);
goloxy(50,16);
cprintf{"%c",192);
textcolor(5);
gotoxy(23,10);
cprintf{"Room 1");
gotoxy(53,10);
cprintf("Room 2");
textcolor(5);
gotoxy(23,15);
cprintf{"Room 3");
goloxy(53,15),
cprintf{"Room 4");
textcolor(9);
goloxy(33,19):
cprintf{"ED ENGINEER 17");
goloxy(17,21);
cprintf{"King Mongku's Institute of Technology Ladkrabang");
» y
readtime()

union REGS r;
r.h.ah = 0x2A;
int86(0x21,&r,&r);
year=r.x.cx;
month=r.h.dh;
date=r.h.dl;
)
I* *
cursoroff{()
{
union REGS r;
rhah=1;
r.h.ch = 0x20;
r.hel=0;
int86(0x10.&r,&r);
}
/* */
cursoron()
{
union REGS r;
r.hah=1;
r.h.ch = 0x0d;
r.h.cl = 0x0d;

int86(0x10,&r,&r);
)
Y . */
submenu()
{

int counter;
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for(counter=0;counter<=8;counter++)mon[counter]=NULL;

iffmonth==1){mon[0]=")";mon[I J='a";mon[2)="n";mon{3]="u";mon[4]="a";mon[5]="r";
mon[6]='y";}

ifimonth==2){mon[0]="F";mon[1]="¢";mon[2]="b";mon[3]="r’;mon[4]="u";mon[5])="a";
mon[6]="r';mon[7}="y";}

ifimonth==3){mon[0]='M";mon[1]="a";mon[2]="r";mon[3}="c';mon[4]="h';}

if(month==4){mon[0]="A";mon[1]="p";mon[2]="r";mon[3}='i";mon[4]="1";}

il:(monlh==5){mon[0]='M';mon[ 1]="a";mon[2]="y";}

iftmonth==6){mon[0}=')";mon[1]}="u";mon[2]='n";mon[3]="¢";}

ifimonth==7){mon[0]="J';mon[1]="u";mon[2]="';mon[3}="y";}

ifitmonth==8){mon[0]='A";mon[1]="u’;mon2]="g";mon[3}="u";mon[4}='s";mon[5]="t";}

ifimonth==9){ mon[0]='S";mon[1]="¢";mon[2]="p";mon[3]="t;mon[4]="¢';mon[5]='m';

, mon[6]='b";mon[7]="¢";mon[8}="r";}

if{month==10){ mon[0]='0";mon[1]='c";mon[2]="t';mon[3]="0";mon[4]="b";mon[5]="¢";
mon[6]='r’;}

il{month==11){mon[0]="N';mon[1}='0’;mon[2]='v';mon[3]}="e";mon[4]="m';mon[5]}='b';

n mon|[6]='e";mon[7}='r";}

iftmonth==12){mon[0]='D";mon[1]="¢";mon[2]='c’;mon{3]}="¢";mon[4]='m’;mon[5]="b";
mon[6}='c';mon[7]="r";}

window(10,5.69,20);

textbackground(14);

clrser();

window(1,1,80,25);

for(counter=0;countcr<=59;counter++)

{

gotoxy(10+counter,5);cprintf{"%c",205);

gotoxy(10+countcr,20);cprint{{"%c",205);

i(‘(counftcr<= 15)

gotoxy(10,5+counter);cprint{("%c",186);
gotoxy{69,5+counter);cprint{("%c",186);

if{counter<=9)

{.
gotoxy(35+counter,6);cprintf("%c",205);
gotoxy(35+counter,8);cprintf("%c",205);
}

}
gotoxy(10,5);cprintf("%c",201);
gotoxy(69.5);cprintf("%c",187);
gotoxy(10,20);cprint{("%c",200);
gotoxy(69,20):cprint{{"%c",188);
gotoxy(35,6);cprintf{"%c",201);
gotoxy(35,8);cprint{("%c",200);
gotoxy(44.6);cprint{("%c",187);
gotoxy(44.8);cprintf{("%c",188);
gotoxy(35.7);cprintf("%c",186);
gotoxy(44,7);cprint{("%c",186);
textecolor(13);
gotoxy(37,7);cprint{("%s",room);
texteolor(15);

switch(month)

{

dase 1:gotoxy(32,10);break;

case 2:gotoxy(32,10);break;

case 3:gotoxy(34,10);brcak;

case 4:gotoxy(34,10);break;

case 5:gotoxy(35,1 0);break;

case 6:gotoxy(34,10);break;

case 7:gotoxy(34,10);break; .
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case 8:gotoxy(33,10);break;
case 9:gotoxy(31,10);break;
case 10:gotoxy(32,10);break;
case 11:gotoxy(32,10);break;
case 12:gotoxy(32,10);break;

cprintf("%d %s %d",date,mon,year);
gotgxy(26,l2);cprintl'("First Unit :");
gotoxy(26,14);cprint{{"Last Unit :");
gotbxy(26,16);cprint{("Unit per month : ™);
gotbxy(26,18);cprintf{"Service charge : ");
gotbxy(17,20);cprintf("Reset");
gotoxy(38.,20);cprintf("Print");
gotoxy(60,20);cprintf{("Back");

readrl()

int ch,c=0,kcy valuc[2],counter,b[8],t{8];
init();

sport(0x55);
for(countcr=0;counter<=120;counter++)
{

sport(0x40);

value[0]=rport();

)
for(counter=0;countcr<=120;counter++)
{

sport(0x04);

value[1]=rpori(};

)

b[0]=valuc[ 1]%2:
value[1}=(value[1]-b[0])/2;
b[1]=value[1]%2;
value[l]=(value[1]-b[1])/2;
bf2]=value[1]%2;

value[1]=(value[ 1]-b[2])/2;
b[3]=value[1]%2;
value[1]=(value[1]-b[3])/2;
b[4]=valuc[1]%2;
valuc[1]=(valuc[1]-b[4])/2;
b[5])=valuc[1]%2;
valuc{1]=(valuc[1]-b[5])/2;
b[6])=valuc[1]%2;
b[7]=(value[1]-b[6])/2;
t{0]=b[7]:t[1]=b[6];t[2]=b[5];[3]=b[4];
{4]=b[3]:[S]=b[2:t{6]=b[1]:[7)=b[0];
value[1]=(t[7]* 128)+([6]*64)+(t[5]*32)+(1[4]* 16)+(t[3]*8)+(t[2]* 4)+(1[1]*2)+(t[0]*1);
textcolor(1);
unit[0][0}=(value[1]*256)+value[0];
gotoxy(45,12);

cprint(" %d" unit[0][1]);
gotoxy(45,14);

cprintf(" %d",unit[0][0]);
gotoxy(45,16);

cprintf(" %d",unit[0](0]-unit[0][1]);
gotoxy(45,18);

cprintf(" %d",(unit[0][0]-unit[0][1])*5);
gotoxy(52,12);

cprint[("Unit");
gotoxy(52,14);
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cprintf("Unit");
gotoxy(52,16);
cprint("Unit");
gotoxy(52,18);
cprintf("Bath");
}

readr3()

{ ,

int ch,c=0,key,value[2],counter,b[8],t[8];
init();

spori(0x53);
fér(counter=0;counter<=120;counter++)

{

sport(0x20);

value[0]=rport();

}
for(counter=0;counter<=120;counter++)
{

spori(0x02);

valuc[1]=rport();

}

b[0]=value[1]%2;
\galuc[l]=(valuc[l]-b[0])/2;
b[1]=value{1]%2;
value[1]=(valuc[1]-b[1])/2;
b[2])=valuc[1]%2;

value[ 1]=(value[1]-b[2])/2;
b[3])=value[1]%2;
value[1]=(valuc[1]-b[3])/2;
b[4]=valuef 1]%2;
value[1]=(valuc[1]-b[4])/2;
b[5]=valuc[1]%2;
value[1]=(valuc[1]-b[5])/2;
b[6]=valuc[1]%2;
b[7]=(valuc[1]-b[6])/2;
t[0]=b[7};t[1]=b[6];1{2]=b[5};t[3]=b[4];
t[4]=b[3];t[5]=b[2}:t[6]=b[1];t[7}=b[0];
value] [J=(1[7]* 128)+(L[6]*64)+(U[S]* 32)+(L[4]* 16)+(t[3]*8)+(t[2]* ) +(t[1]*2)+([0]*1);
texteolor(l);
unit{2][0}=(valuc[1]*256)+value[0];
gotoxy(45,12);

cprintf{" %d".unit[2][1]);
gotoxy(45,14);

cprintf(" %d",unit[2][0]);
gotoxy(45,16);

cprint(" %d",unit[2][0]-unit[2][1]);
gotoxy(45,18);

cprintf(" %d" (unit[2][0]-unit[2][1])*5);
gotoxy(52.12);

cprintf("Unit");

gotoxy(52,14);

cprintf("Unit");

gotoxy(52,16);

cprintf("Unit");

gotoxy(52,18);

cprintf("Bath");

}

sport(int ch)

{
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union REGS 1}
r.x.dx=0;
r.hal =ch;
r.hah=1;
int86(0x 14,&r,&r);
}
rport()

union REGS ;
r.x.dx=0;
r.h.ah = 0x02;
int86(0x 14,&r,&r);
return r.h.al;

}

inie() -

union REGS r;
r.x.dx =0;
r.h.ah=0;

r.h.al = Oxe3;
int86(0x14,&r,&r);
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Figure 28, Frequency Doubler
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MC1ig35

The cefining equation for balanced modulagan is
K(Emcos e (E; cas g =

E—E—’:zi“ (28 {ee - wmyt + €238 (1 ~ o t ]

‘wnere w; is e camier frequency, oq is the modulatcr
frecuency ana K is the muitiolier gain ccnstanc.

AC csuoling at the outout efiminates the need lor lavel
vanslation or an operanonal amoiifier: a higner operating
fraguency results.

A proolem ccmmon o eammuniczdons is to exuact the
interlfigence from singie-sidecana received signal. The ssh
signal is of the form:

essp = A €0 (s + om) ¢
ana if muitiplied by the-appropnate camer waveiorm, cas st

essbecarrier "‘%K‘ {cas (2uig + ot + cos (v 1]

If the Irequency of the band-limitea carier signal (e} is
ascertained in advance, the cesigner can insart a law pass
filter and obtain the (AK/2) (cosawt) iamn with easa. He/she
2lso can use an aperational amolifier for 2 combinadon level
snift-acuve filter, as an extemal ccmponent. But in potted
multigliers, even if the Irequency range can be covered. the
aperational amolifier is inside ana not accessible, so the user

must accept the leve! shifting providea. and sall add a low
pass fiiter.

Amplitude Modulation
The muttiotier performs amatitude moduladon, similar ©
balanced modulaton, when a OC ierm is added o the
modulatng signal with the Y-ofiset adjust gotentometer (see
Figure 30).
Here, the idemity is:
Em(1 + m cos wm) Ec oo aid = KEmEcess agt +
KEm&cm
2

wherg m indicates the degrees of modulation. Since m is
adjustable, via potentometer P{. 100% modulation is
possible. Without extensive tweaxing, 96% modulation ary
te obtained where w- ana o &re the same as in he batanced
modulator examgle,

( cos(ue + omit + c=s {0e — om) t]

Linear Gain Control

To gotain finear gain contre!. e designer can faed o ana of
ifle twa MC1435 inouts a signas that wiil vary the und's gain. . .
The lollowing examole demonsuates e feasinility of this
écolicavon. Suopose a 200 kHz sinewave, 1.0 V
peak-to-peak, is ihe signal to wnich 2 gain conuot will be-
2cded. The dynamic range of tie congol vartzge VcisOVto:
-1.0 V. These must be ascarameq znd the proger values of
Ay and Ay can te seiected for cozmum ceriomance. Forthe-
220 kHz cperanng irequency. 22a resistars of 100 Q were
<nosan o broagen e oceratng sancwiath of the murtctier,
sut Gain was sacriced. It may ce mzce up with an ammifier
tseranng al e acorecnare frecuency (sae Figure 31).
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Figure 30. Ampiitude Modulation
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The signal is appliea to the unit's Y-input. Since the total Hence, the scale facior tor this configurztion is:
inout range is limited to 1.0 Vp.p, 2 2.0 V swing, a current
saurca of 2.0 mA ang 2n Ay value of 1.0 kQ is cnosen. This K= AL
iakes best advantage of the dynamic range and insures linear Ax Ry la
ooeraton in the Y-channel, 100
Since the X-input varies between 0 and +1.0 V, the current - W -1
source selected was 1.0 mA. and the Ry value cnosen

was 2.0 k(. This aiso insures linear operauon over the'” b 1

X-input aynamic rangs. Chaosing R = 100 assures wide 40

Sanagwidth coeratian. The 2 in the numerator of the equanon is mussing in this scale
{actor expression because the output is single-enaed and AC
coupled.

Figure 31. Linear Gain Control
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Figure 25. Sasic Square Root Clreuit

Square Root
A sgec:alcase of the Givige circuitin wnich (ne two incuts ic
e muitiolier are ccnnected togetner is the sguare rcat
‘unceen as ingicatea in Figure 25. This circuit may susier irom
latcn-uo croolems similar o thase of the oivide circuit. Note
that onty one polanty af input is allowed and oioge clamoing
(sae Figure 27) protects against accidental laten-ua.
This circuit alse may ce acjusied in the closed-lcoo mage
as Jollows:
1. Set V7 10 -9.01 V and adjust Py (output offseq) ‘ar
Vo = +0.316 V. teing careful to aoproach the outout
from the pasitive side o preclude the efiecs of Tle
Quput giode ciamoing.
2. Set VY7 0 0.2 V and adjust P2 (X aojust for
VO = +3.0V.

3. SetVzto ~i0 V and aajust P4 (scale factor acjusi)
farVo = ~10 V.

. Steos | througn 3 may be repeated as necessary o
achieve desireg accuracy.

AC APPUCATIONS

The apolicanons that iciicw cemonsaate the versaniity of
the monaiithic muticlier. if 3 corted muitiolier is used lor these
casas. (neresuits generasly wouid notce 2s good tecausa the
potted units have cicuns nat. anhougn ey oparmze CC
multiolicagon coeradon. can hinger AC acplicatdons.

Frequency ccubling cftan is cona with 2 dioce where
the ‘luncamenial plus a sares of hammonics are
generated. However, extensive filtaang is required to obtain
the desired harmonic, ana the secend harmonic ootined
under this tecnngue usualy is smail in magnitude and
requires ampiificaoon.

When a muiticiier is usea o double frequency the seccnd
harmoric is cotained cirecay. exceptior a CC tarm, wnich can
be removed with AC caucting.

g = KE2 casl
KE2

Bg - (1.~ cSs 20,

A potted multiclier can te usad io obtain the doudle
[requency component, but frecuency would be fimited by its
intemal lavel-shit amptifiler. !n Sie monclithic unrts, the
amolifier is omired.

In a typical doubler circuit. canventonal = 1SV suoplies are
used. An ingut dynamic range of 3.0 V peak-o-peak is
allowed. The circuit generatas wave-formms that are double
lreouency; less than 1% cisicruon 1S encountered without
filtering, The configuraton nas teen successiully usad in
excess of 200 kHz: reaucing Tie 'sczle factor by decreasing
ihe load resisiors can lurther 2xoand Sie banawidth.

Figure 29 represents an zecaticanon for the manalithic
muitiolier as a balanced mccutator. Here, the audic input
signal is 1.6 kHz anc the carmer is 20 kHz.

Figure 27. Square Raot Clrcuit
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Dtvide Cireuit

Consider the dircuit shawn in Figure 24 in which the
muiticlier is placeg in Sie feecosck gatn of an coeradonal
amotifier. For this canfiguration, the operational amoiifier wiil
maintain a ~Jirual greuna”® atthe inverting (=) input Assuming
that the tias current of the cperataonal amplifier is negtigibte,
then {1 = I and,

KVxVy -=Vz
a1 Rz “)

-At V
Vy = =& @

Sotving for Vv, R2K Vy

WR1=A2, Vy= %‘Z 3

X

v
Il Rl= KR2. Vy "'v_f @

Henca. the output voltage is the ratic of VZ ta Vy and
provides a divide functicn. This armaiysis is. of course, the ideal
canaition. If tha muitiplier erroris taken into acoount. the output
voltage is found to ba:

Voo JBLIVZ  aE
Y= R2K| vy " vy (s)

where AE is the emor voitage at the outout of the muitiplier.
Frem miis equation, it is $een that divide accuracy is strongty
ceocenaent upon the accuracy at wnien the multiplier can oe
set. sarticutarty at smail values of V. For example, assume
hat A1 = R2, and K = 1/10, For thesa canditions the output of
the divide circuit is given by:

-—|0VZ 19A0E
vy vy F vy (5)

From Eguation 6, it is sean thatonty when Vy = 10 V is the
eor voltage of the aivide dircuit as low as the error of the
muriply circuit. For example, wnen Vy is small, (0.1 V) the
amor voitage of the divide drcuit can be expected to be a
hundred times tha error of the basic multiplier circuit.

In terms of percentage eror,

emer ¢ 100%

percent2ge ernor =

or from Eguadon (S),

AE
kv JR2iaE
PED-W LRl vz @

A2 K vy
From Equation 7, the percentage error is inversefy ralated
to valtage V7 (i.e., lorincreasing vatues ct V7, the percentage
error decreases).
A circuit that performs the civide lunction is shawn in
Figure 25.

Two things should te emghasized canceming Figure 25.

1. The input voltage (Vx*) must be greater than zers and
must ba positive. This insures that the curent out of Pin
2 of the muitiplier will alvways te in a directon compatible
with the palarity ot Vz.

2. Pin 2 and 14 of the multiolier have been imterchanged in
respect to the oparational amgpiifiers input terminals. In
this instance, Figure 25 differs from the dircuit
connectdon shown in Figure 21; necessitated o insure
negative feechack around the loap.

A suggestad adjustmant procecurs for tie divida circuit.

1. SetVz = 0V and adjust the oumut oitset potendometer
(P4) until the output voitage (V) remains at some (not
necessarily zero) consant value as Vy- is varied
between +1.0Vand +10V. |

2. KeepVz atQV, sat Vxr at +10 V and adjust the Y input
oifset potentiometer (P1) und Vo = 0 V.

3. LetVy-=Vzand adjust the X-input oitset potendometer
(P2) unul the outout voitage remains at soma (nat
necessarity — 10 V) consiant value as Vz = Vx- is varied
between +1.0and +10 V.

4. Keep V= V7 and adjust te scala factorpotentomatar
(P2) uniil the average vawe ot VQ is~10 Vas Vz= Vy-is
varied between +1.0 V and +10 V,

S. Repeat steps 1 througn 4 as necassary to achieve
optmum performance.

Figure 2S. Dlvide Circuit
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Fer most OC aoplications, afl three offsat zdjust
poterraometers (P, P2, P4) wiil te necessary. One or more
oifset aagjust potentomerers can te eliminated for AC
applicauons (see Figures 28, 29, 20, 31).

It weil requlated suopty voltages are available. the or‘se(
aagjust creuit of Figure 13 is recommended. Otherwise. ine
crcunt ¢f Figure 14 will gready reauce the sensitivity to cower
sucgty cnanges.

Scale Factor -

The scale lacior K is set by P3 (Figure 21). P3 varies |4
which inverseiy cantrols the scale {acior K. It should be notea
that current (3 is one-hatf the current through A1. Ay sets the
bias level for Qs, Qg, Q7, and Qg (see Figure 3). Thereiore. to
te sure that these devices reman active under all ccnartions
of input and outout swing, care should be exercsea in
acjusing P3 aver wide voitage ranges (sze General Oesign
Proeacure).

Adjusument Procedures
The following a2gjustment grocedure shoutd be used to nuil
e cusets and set the scale lactor for the muttiply moae of
operanan, (see Figure 21).
1. X-input Ctliset
{a) Connectoscillator (1.0 kHz. 5.0 Vp-p sinewave)
to the Y-input (Pin 4).
() Connect X-input (Pin 9} ta graund.
(c) Adjust X offset potentiometer (P2) lor an AC
null at the output,
2+ Y-input Offset
(a} Connect ascillator (1.0 kHz. 5.0 Vp-p sinewave)
to the X-input (Pin 9).
(©) Caonnect Y-inout {Pin 4) to ground.
(c) AdjustY offset patenuomaeter (P 1) for an AC nuil
at the outout.
3. Cuwmut Offset
(2) Connect both X and Y-inputs to ground.
(b) Adjust output offsat patentometer (Pa) undt
the oumut voitage (VQ) is 8 Vdc. -
Scate Facer
(2) Apply +10 Vdc to bath the X and Y-inputs.
B} Adjust P4 to zenieve + 10 V at the oumut,
Sapeat sieps 1 drougn ¢ 3s necessary.

w
h

The acility to accuratety agjust the MC1495 deoends tpon
the cnaractardsics of poizndometers £ through Pg
Muitd-tum. infinite resciucen potendometers with law
temperamre coefficants zra reccmmenced.

OC APPUCATIONS

Muttiply

Tha Creut shown in Figure 21 may be used to muitiply
signats irom OC io 100 kHz !noutleveis to the acual multiptier
are 5.0 V (max). With resisdve vortage cividers the maximum
could be very large however, lor this zoplicatdon two-to-one
dividers have teen used so that e maximum input level is
10 V. The maximum output !2ve: has zlso been designed far
10 V (max).

Squaring Clrcuit
I the two inputs are lieq tcgether. the resuitant function is
squaring; thatis Vg = KV2 where «is the scale taczor. Note thar
all errar tenms can be eliminated with only three adjusament
potentiometers. thus eliminaang cne of the input oifset
adjusuments. Procecures lor ru'llng with adjustments are
given as follows:
A. AC Procedure:
1. Connect oscillator (1.0 kHz. 15 Vp-p) to input.
2. Monitor output at 2.9 kHz widh tuned voltmeter
and adjust Py for cesirea gain. (8e sure to peak
. resoconse cf the vaiuwierer.)
3. Tune voltmeter to 1.9 xHz and adjust P{ far a
minimum outout voitage,
4.  Ground inout ang zciust P+ (oumut oiser) for
0 Vdc output.
S. Repeatsteps t mrct&n 4 2s necessary.
8. OC Procedure:
1. SetVy = Vy =0V ana agjust Ps (output oifset
potentdometer) suca that Vo = 0 Vdc'
2. SetVy =Vy= 1.0V ang agjust P1 (Y-input offsat
potentometer) sucn tat e ouput voltage is
+0.100 V.
3. SetVy = Vy = 10 Vdc 2na aajust P such Biat
the output voitage is + 10 V.
4. SetVy = Vy = =10 Vdc. Seoeat steps 1 through
3 as necessary.

Figure 24, Basic Divide Clrcuit

KVy v i
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The choice of an coeratonal amgtifier for this applicadon
shauid have low oias cumeats, low ofisat current. 2nd a hign
common moae inout voitage range as well as a hign comman
mode rejecton rano. The MG 1455, ana MC1741C cperanonal
ampnifiers meet these requirements.

Referring to Figure 21, e level shiit comconents wiil ce
determinea. 'When Vy = Vy = 0, the currents I2 and {; « will be
equalto l13.InSleo 2, Ai_was found to be 20 kQ ana in Steo 4,
V2 and V14 were lound to te aoproximately 11 V. Frem this
informaton A canbe found easiiy from the following equation
(neglecting the operanonal amplifiers bias current):

V2 V+ Vo
= . 1™ ——a
RL* 13 FO
And for thi te, L A LA LA v
this examople 2Oknq-l.OmA Ao

Sotving for AQ: RQ = 2.5 kAL thus. select RQ = 3.0 K1

For RO = 3.0 kL the voltage at Pins 2 and 14 is calculated
o be:
Vo aVig =104V,

The lineanty of this circuit (Figure 21) is likety to be as goad
or beger than the Grcuitof Figure 5. Further improvements are
possiole as shown in Figure 23 wnere Ry has beenincreased
suostanually lo imorove tha Y lineanty, and Ay cecreased
somewnat so as not to materally aifect the X lineanty. This

Figure 23. Multiolier with Improved Linearity

avoids increasing R significanty in crcer 10 maintzin a K
ci0.1.

The versaglity of the MC 1 295 ailows Tie user lo o opunmize
its gedormanca [cr vanous input ana cumut signal levers,

OFFSET AND SCALE FACTOR ADJUSTMENT

Otfset Voltages

Within the monolithic multiolier {Foure 3) transistor tase-
emilter junctions are fypically maicad wittin 1.0 mV and
resistors are typically matcneg widin 2%. Even with this
careful matching, 2n output ercr can ccur. This output eor
is comorised of X-input offsat vataga. Y-input offset voitage,
and outout offsetvoitage. These emmors can be adjusted to zero
with the tecnmiques shown in Figure 21. Cliset terms can be
snown analytcaily by the transier funczon:

Vo = K[Vx = Vigx = Vx(oth)] Vy = Viey = Vy(off] =Yoo (1)

Where: K
Vx

= scale factor
= "X input voitage
Vy =Y input voitags

Vigx = "x" input oifset voitzge

Vigy =Y" input oftsat vaitage
Vx(oif) =X input ofiset agjust voltage
Vy(oif) =7Y" input offset acjust voitage

QO = output oifset voltage.

- 15V
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OPERATION AND APPLICATIONS INFORMATION

THEORY OF QPERATICN
The MC1 435 is a menaiithic. four-quadrant multiolier wnicn
operates on the princioie of vanaple ranscancucznca. A
detarlea theory of coerauan is covered in Aogriczaon Ncia
AN489, Analysis and Basic Coeradon of the MC:555. Tre
resuit of this analysis is at te citferentat output current ct
tha muttiptier is given by:
g = al = 2YxVY
la~lg=al —F\xﬁylg
wnere, la and Ig are the currents into Pins 14 and 2,
resoecively, and Vyx and Vy are the X ana Y input voltages at
he murtiptier input tenminals.

DESIGN CCNSIDERATIONS

General

The MC1495 permits the designer to tailor the muttiplier to
a spectic aoplicadon by proper selecton of extemal
csmoonents. cxtemal components may be selected o
opunuze a given parameter (e.g. bandwidth) which may in turn
resuict another parameter (e.g. maximum outut voitage
swing). Eacn impartant parameter is discussed in detzl in the
tollowing paragraphs.

Unearity, Output Error, Egy or EQy

Lineanty emrcr is definea as the maximum deviaton of
outout vaitage from a siragnt line transier funcson. 1 is
exaressed as error in percent of full scate {see figure oeiow).

For example. il the maximum deviation, Veimax). is
=1C0 mV and the full scale outputis 10 V, men the percentage
emor is:

ER = JS(max) | g0 10021073 400 . 21 0.
Vo(max) 10
Linearity emor may be measured by either of the fallowing
meqods:
1. Using an X-Y ploaer with the dircuit shown in Figure
S. obtain plats for X and Y similar to the one snown
abave.

2. Usathedircuitot Figure 4. This method nulls the level
shrited ouout of the muiticlier with the onginalinout.
The peak outut of the nuil operational zmplifier wil

ta equal lo the error vortage., Ve {max)-

Cne source of lineanty error can arise from large signal
~estineanty in tne X and Y inoutcitierential amolifiers. 7o avord
“Tocuang emor irem s source. the emiger cecenerzncn

resistors A ana Ry must te cosenlarge enougn sa muag
noniinear base-amitter vowzce variagon can te ignoraq.
Figures 17 and 18 show me errcrexcected from this scurce a5
afuncian oi the values of Ay ana Ry with 2n operanng curent
ot 1.0mA in eacn sie of the ciiterennal ampifiers (e Iy miya
= 1.0 mA).

3 dB Bandwidth and Phase Shift

Banawigth is primanly aetenminea by e load resiswors 2ng
the stray murtiolier cutput capacitance and/or the coerationat
amptifier used o level shilt the cutout. If wideband coerarianis
desired. low value load resisiors and/or 3 widebandg
ogeratonal amplifier should Sa used. S¥ay oucwt canac-
itance wiil decend lo a large extent en creuit layout.

Phase shiitin the muitiolier cxrcuit results from two sources:
phasa shift common lo botn X ana Y channels (due to the keag
resisior-ouput capacitance gole mentdoned zbove) ana
relative phase shiit tetween X and Y channels (due io
differences in transaamittance in the X 2nd Y channels). if the
input to cuput phase shilt is onty 0.6, e oulput proadue of
wao sine waves will exhibit a vecicr error of 1%. A 3° retatve
phase shift between Vx and Vy results in a vector eor of 5%,

Maximum Input Voitage
VX(max). VY(max) input vortages must be such thar
VX(max) <l1g Ay
+Vy(max) <i3 Ay -
Exceeding this value wiil drive one side of the input amgiifier ro
“cutort” ana cause nontinear coeragon.

Current |3 ana {13 are c¢nosan at 2 convenient value
(observing power dissinatian limmaocn) between 0.5 mA ana
2.0 mA, approximately 1.0 mA. Then Ry and Ry can te
determined by considering the input signal hanaling
requirements.

For VX(max) = VY{max; = 10 V;
10V
1.0 mA
. 2Vx Vy
IB L e
Rx Ry 13

RX’RY> = 10 kQ.

The equadon ip -

2V Vy

Ry +25T 2KT
(Rx :ug)(RY‘.QB M3

is derived from | ~Ig =

with the assumodon Ry >> 2T and Ry >> T .
ql13 qi3

AlTA=-25°Candlig =iz = 1.0MA,

2T %1

gha ci3

Theretore, with Ax = Ay = 10 kQ Ne above assumobon is

vaiid. Reference ta Figure 19 wil inccate iimitzdons of

Vximax)arVy(max)duetoVs anaV+. Exceedingtheselimutswil

czusa saturaton or “cuft” af tha ncut ransistors., See Stao ¢
cf Ganeral Design Procedure fer ruriner cetzils,

=320
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0 set currents Iq ana 13 to ¢ie dasired value, it is onty
Necessary 19 connect a resisicr between Pin 13 and grouna.
ana terween Pin 3 2nd ground. From the schemanc snown in
Figure 2. it can be seen mat &ie resistor values necessary are
grven cy:
IV5-0.7V

h3
N--0.7V

]

A13+-35000%=

R3+300Q =

Let V== —i5V, then Rqg + 520 = 143 ¥ or Ry3 = 133k
1.0mA

Let Ryg = 12 k. Similarty, A1 = 13.8 kL let A3 = 15 kQ

Howaever, for zoplicanons wiich require an accurate sczie
fackr, the acjuscment of A3 ana conseguendy, I3, c¥ers a
csavenient method of making a {inal tim of the scale facier.
For This reason, as shownn Figure 21, resistor A7 is shown as
a fixed resistor in series with a potendometer.

Fer aoclicanons - not requiring an exact scale facor
(Easanced moaulator, frequency doubler, AGT amglilier, etc.)
Pins 3 and 13 can be conneciad together and a single resistor
Irom Pin 3 to ground can te used. In this case, the singte
reststoe would have a value of 1/2 the above calculated vaiue
lor Ry3.

S:eo 2. The next step s to select Ry and Ry. To insure that
the inout transistors ‘il always be actuve. the foilowing

nrTens snould be met:

Bdm. ﬂdg
R Ay

A ¢o0a rule of thumo is to make I3AY 2 1.5 Vy{max) and
lia Hx.>.1.SVx(max).TheIargermel3ﬁyandl1gﬂxprocn.lcaln
relagon to Vy and Vy resoectively, the more accurate the
muetiolier will be (see Figures 17 ana 18).
Let Ax = Ay = 10k
then 3Ry =10V
Ii3RY = 10V
sinca VX(max) = VY{max) = 3.0V.thevalueof Rx=Ay=10kQ
is sutficdent.
Step 3. Now that Ry Ry and i3 have been chosen, A;_can
be cetermined:

. 2R
K =
Ax Ayl3
Thus A1 = 20 kQ.

Stap 4. To determine what power supply voitage is
necessary for this applicadon. aengon must be given o tie
croat  schematic shown in Figure 3. From the Creunt
scremanc it can be seen that in oraer (o maintain ransssters
C1.Cp, Q3anaQuinanacive regionwhen the maxamumnout
voi=ges are applied (Vx' = Vyr = 10 V or Vx = 5.0 V.

@Ry ¢
(10k) {(10k) (1.0 mA) 10

2 ar
10 °

Vy = 5.0 V), their respecsve cilecer voitage shouid te at
least a few tenwns of a vort figner Slan the maximum inps
vottage. It should 2iso be nodced that the callector voltage of
ransisiors Q3 ana Qais ata cotental which is tvo ciode-droes
telow the voitage at Pin 1. Thus. the vortags atPin | snouid be
about 2.0 V higher than de madmum input voltzge.
Therefore, ta hancle +3.0 V at the inputs. e voitage at Pin t
must be atleast +7.0 V. Let ¥y = 9.0 Vdc.

Sinca the current flowing into Pin 1 is aiways equal to 213,
ihe voitage at Pin 1 can be setby placing a resisior (R1) frem
Pin 1 ta the pasiive suopty:

V+ -V
213

At e
iSv-3gvVv

LetV+ = ISV, then Ay = 2) (10 mA)

Ay =30 KkQ

Note that the voltage at the basa of iransistors Qs, Qg, G7 and
Qg is one diode-drep belaw tha voltage at Pin 1. Thus, in order
that these transistors stay acsve, the voltage atFins 2and 14
should be apgroximately hatway between the voitage at Pin 1
ang the positive supply voltage. For this examole, the voltage
at Pins 2 and 14 shouid be zooroximatety 11 V.

Step 3. For OC applicanons. such as the mulliply, divide
and square-foot functions, it is usually cesiranla to convert the
ditterenual output to a single-2ndea oumut voltage referenced
to ground. The circuit shcwn in Figure 22 perfarms ‘this
luncaan. ltcan be shown thatme ouut valtage of this dreuitis
given oy:

Va=ilz -1s) R

2xty 2VxVy

i —dgmlg—lie = ® TRav R
And since lp —lg = 12 -1e I I3AxRY

2R VY VY
4Rx RX I3
the input to the voitage dividers.

then Vg = wnere, VX' VY’ is the voitage at

Figure 22 Level Shitt Clreuit
ye

Rg
Ya
h 4
—
Vig
ha
i
Ry,
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MC142s, MC1535

Maximum Qutput Voltage Swing

The maximum ouput voltage swing is deaencent uoon the
facrs mentioned below and upon the particudar craat being
consicered.

For Figure 20 the maximum cuwmut swing is deoendent
Do V+ for positive swing and uoon the vortage at Pin 1 lor
neganve swing. The potental at Pin 1 cetermunes the
quiascent level lor ransistors Qs, Qg, Q7 and Qg. This
patenoal should be related so that negaove swing at Pins 2 or
14 ocoes not samwrate those ransisiors. See General Dasign
Proceaure for further informanon regarcing selecson of
these potenaals.

Figure 20. Basic Multiplier

It an ogeradonal ampiifier is used for level shitt. zs shownin
Figure 21, the outout swing (of the mulipiien is greatdy
reduced. See Secton 3 lor furtner cetails,

GENERAL DESIGN PROCEDURE

Selecon of component values is bestcemonsaatad by me
lallowing examgte. Assuma resisave clviders are used atthe X
and Y-inguts to limit the maximum multiplier inout to = 5.0 V
V¢ = V¥(max)] for a = 10 V irout (V- = VY (max)]
(see Figure 21). If an overail scale {acor of 1/10 is desired,
Vxe vy (2vx) (2Yy)

0 - 10
Therefore, K = £/10 lor tie multiotier (excluging the civider
network).

-

then, Vo = =410 Vy Vy

————y I . .
i Stap 1. The fist step is tc select current I3 and cument I13.
Ay Av a a There are no restrictions cn e selecton of either of these
g‘“‘. 00! ' o currents except the power dissioation of the devica. I3 and 14
g 199 ' 95 9501 . # A will normaity be 1.0 mA or 2.0 mA. Further. I does not have (o
. S o a———— be equal to 13, and there is normally no need to make them
i 21 “ | l vq different. For this example, tet
,___,;_ . Mg - I3mlj3 = 1.0 mA.
* [
L e I
g v KV Wy
LI19 =] 14 =
S 'y Ks =
fxfivh
Al Ay
£ :
Y 11
= = ¢
-
Figure 21. Muitiplier with Operational Amplifler Level Shitt
-15v - 'iv
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woR o min | L
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tox ¢ V06 MO 65 o607 °'.
Yy ~— i 3
é vy . -
VeV
1 ucirae vge
= L
1]
3?12
1% = :
L.} o A
Oups
P¢ | Csm
.r——- st
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-1GY Sy S vV reamt = e T
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Figure 15, Linearity versus Temperature
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MC14ge5, MC1585

Figure 18. Scale Factor versus Temperaturas
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MCi485, MC1

Figure 12. Power Supply Sensitivity
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Figure 13. Otfset Adjust Cireuit
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MC14395, MC1£2

Figure 5. Input and Outgut Current
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Figure d. Output Resistance
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MC1485, MC1585

MAXIMUM RATINGS (Ta = -25°C, uriess otherwise noted.)

Rating | Symoot ! Value i Unit
Acoiieg Vottage av | 20 | Vde
(V=¥1, VeV, V4V, V1=Y12. Vi-Ye I
V1—Vg, Vig=V7, Vg7, Va7, Ve-¥7) i I
Citferenual tnout Signal ‘ Y12-Yg I =6+113 Ay) Vde |
Ve=¥g | =543 Ry)
Maamum Bias Cyrrent h 10 mA
. i3 10
Power Qissicanon (Pacxage Limrtabon)
D Suifix. Plasoc Package Py 862 mw
Oerate adave Ty = +25°C 145 mwrC
J Sutitx, Carasmic Pacxage Pp 750 mw .
Derats apave Ty = «25°C | 5.0 oty )
Coerating Tamoacawre Range | TA C
’ MC1195 Olo+70
MC1535 | -3510 +125
Storage Tamoeranure Range | g | —S5w0s150 | °C

Figure 4. Linearity (Using Null Technique)
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* 9
L_lw 10x ’ I "
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Facxr & = ‘
Y T QIF HOTE Myt “Scale Faczy Adust loraasdia Ve -tV
T T This scneraoc ior dUSTIIve Curtosat oV, Nof JoscTheg T et conotong,
Figure 5. Linearity (Using X-Y Plotter Technique)
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{See Frres 13 v 14)

MOTCRCLA UNEAR/INTERFACE iCs DEYICE DATA



120

MC1433, MC1535

ELECTRICAL CHARACTERISTICS ieV = +22YV ., -V = =I5V, T,

A=~25C.lymly3m 1. 0MA A = Ay = 15K .
Rt w» 11 kQ. untess \.:nenmse noteq.)

i Charactensgcs

i Figure { Symool i Min ! Typ Max Unit
Uneamy (Cutout Errer 1 sercent of kal scz18) 3 : Y
TA=-25C . ' ”s
—30<Vx<~|0(Vy-:|0Vl 2 — =1.0 =2
X -_ 9.5 i =19
~10 < Vy < «10 (Vx ==10V) 3 —_— =29 =40
X =Y -— -0 : =29
TA = 0°33 +70°C :
10 <« Vx < 10 (Vy = =10W) MC:29s Eqx -_— =1.5 H —_—
=10 < Vy <+10 (Vg =210V) Eay -— =10 : —
Ta = —35% 12 ~125°C MC3S555 ]
=0 <V <+10(Vy==l10V) Eax - =475 i —_
~10 < Vv < +10 (Vx = =10 V) Exy - =5 ! -
Scuare Moge Emmor (Accuracy i Sercant ot full scate shar H g5Q i %
Ofllset ana Scate Facar aqustreny
TA = ~25C MC:235 - 2075 ;. -
MC:553 -— 0.5 ' —_—
l
Ta =07 ~70°C MCi295 - 210 0 e
Ta =~55% 0 -i25'C MC893 — =0.75 —_
Scale Facer (Agustaote) ( . 29 ) — K -— 0.1 ' —
13 Ax Ay - E
Inout Resistanca MC1495 7 Rinx —_— 30 - Ma
{f = 20 Hz) MCic9s —_— 35 ‘ —_
MC1e95 Riny — 20 ¢ -
MC1555 - s -—
Oiftereanas Qutout Aesisiance (f = 20 Hz) | 3  RAg | — 1 100 — i xa
Input Bias Cumrent 5 RA
MCi95 [ - 20 12
la - - bx
o= b2=h2 - fla - ig) MC1583 - 2.0 8.0
2 2 MC3495 oy - 2.0 12
. MC1595 - 24 3.0
Inout Clisac Cumrent g pA
g —l12 MC1495 ioxt - 0.4 .20
MC1555 - 02 : 10
da —lgf MC1495 thoyl —_ 0.4 20
MC1595 — 0.2 1.0
Average Temaoerature Caerficdent of Inout Ctiset Cument H iTCiiol AASC
(Ta = 0”30 - 70°C) MC12395 — 25 —_
(Ta = =557 +125°C MCiSSS —~ 25
Cuue Clizac Current MCi495 ' 5 | oot 20 100 pA
‘l1e— I MC1595 — W0t 5
Average Temoeratura Coerficant of Qumut Otset Current 3 ITCio0t . nArC
(Ta = 0 ta ~ 70°C) MCi£95 - 20 ! -
(TA = =357 {0 « 125°C) MC1835 - 20 ! —_
Frecuency Resoonse s.10
1.0 ¢8 Bargwiam, A a 11 kQ 8Wragg) —_ 3.0 -— MHz
3.0 8 Banawctn, Ry = 50 Q (Transcenauczanca Sanawiatl) Tgwfxa) - a0 . - MHZ
3° Aeianve Phase Shik Beween vy ang Vy —_ 750 — kHz
"' Absawste Emor Ouae 10 Inout-Outout Phase Shift re — 30 . — Hz
Cemman Mece Input Swing MC:455 l 1 I CcMV =10.5 | =12 Vas
1Sher inoun MCigs5 =15 | 13
H C:.mma'l Moge Gan MC1495° | " i ACM I -0 | -3 - c8
1 JSther inoun MC1595 | -3 ! -0 v o—
I Cmvmn Moaga Quescent 1 2 Vor e Vde
|~ OQumt Voizage I Voo - | =
t Ciflererrezl Cucit Veitage Swing Canaoiny I 3 1 Vo i —_ [ — o Ve
{ Power Suoory Sensimary o S+ I -_ ! 50 - Vomwy
. : s= - i 0 - 1
Fowar Sudowv Current 12 Ir § —_ 5.0 7.0 ! A
ZT Power Clssioanan 2 i) i - 138 79 W
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——
MOTOROLA MC1485
— -
SEMICONDQUCTOR MC1595
TECZHNICAL DATA
Wideband Lin :
ld ba d Ll ear LINEAR FOUR-QUADRANT .
Four-Quadrant Multiplier MULTIPLIER 3
The MC1495/1595is desicned lor use where the outcutis a linear product 1
ot two inout vortages. Maxmum versatlity is assurea by aflawing the user SILICON MONOLITHIC s
lo selecz the level snift method. Typical 2oplicadons include: mutticly, civide, INTEGRATED CIRCUIT :
square root”, mean scuare’, ghase datecior. {requency couoter, Salanced
moculatorrdemoaulator, and elecronic gam control.
* ‘Nide danawxdith !
) 0 SUFFIX i
® ESxceilent Lineanty: PLASTIC PACKAGE i
%% max Error on X Input. 4% max Error on Y Incut (MC1495) N . CASE751A ’
% max Errer cn X Input. 2% max Eror on Y Input (MC1535) v (SO-14) i
* Adiustaole Scale Factor, K i
* Zxcedent Temoerature Stability I
¢ Wide Input Voltage Range: = 10V L SUFFAIX "'j
® =15V Operanon ' c;aAg;gEPg:ZKAGc ul I
“Ahen Leseq W an aoeranonal amonlier, ' '
i
Figure 1. Multipller Transfer Characteristic Figure 2, Transconductance Bandwidth ;
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Figure 3. Clreuit Schematic ‘
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TLO81, TLO82, TLO84

Figure 14. Cutout Current o Voitage Transtormation
tor a O-t0-A Converter
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TLO81, TLO82, TL084

Figure 9. Large-Signal Voitage Gain and
Phase Shift versus Frequency

Figure 10. Large-Signal Voltage Gain
versus Temperature
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TL.081, TLO82, TL.084

Figure 3. input Bias Current
versus Temperature
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TLO81, TLO82, TLO84
‘Bt =cy AICAL CHARACTERISTICS (Vo » #15 V, Vez 2 —iS V. Ty = -257C. untess atherwise noted.)
TLO8 C
TLea M W3 AC
Characteristics Symbal | Min | Typ | Max | Min | Typ | Max | uma
lnout Citset Voltags (Ag < 10k Yoy = 0) Vig v
LL81, Thea —_ 30 6.0 - 5.0 1S
TLos4 - 3.0 9.0 bt 5.0 15
TL08_A - . - —_ 3.0 50
Average jemceratura Cserficent of AVioat — 10 — — 10 — pvrc
Inout Offset Voltage
Ag w30 QL Ta = Tigwia Trigh (Nare 3)
Input Offset Current (Vo o ) {Nota 4) o ’ pA
TLes -— 5.0 100 —_ 5.0 20
TL03_A - - - ~ 5.0 100
inout 8ias Current (Voy = 0)  (Nata ¢) © o hg pA
TLo8_ _ 30 200 - 30 00
TLC8_A - - - - 30 200
lnout Resistance i | - 102 | — — | w2} - ]
Common Moae Input Voitage Range Vica \
.08 _ =1 +18, - =10 +15, —_
TL08"A — -12 - sita | -12 -
_— ~15,
-12
Large-Signal Vonage Gain Avor : VimV
(VO ==I0V.Ry_22.0k) TLo8 _ 25 150 — 25 150 —
L8 _A - — -_— S0 150 —
Outout Voltage Swing {Peax-to-Peax) Vg 2 28 - 24 28 l - v
{R_ = 10K} {
Cammon Moce Rejeczon Raaa (Rg £ 10k} CMRR c8
o8 30 100 —_ 7 100 _
TLo8_A - - — €0 100 -
Suopry Voltage Rejecton Rato (RgS10K) PSAR [, :)
Tes_ 80 100 - 70 100 -
TL08 A — — - a0 100 -
Suooly Current {Eacn Amuifier) fo I —_ 1.4 l 213 — I 1.4 ] 23 mA
Unity Gain Banawiam BW | — | w0 | — — | w | = | v
Slew Raie (Sae Fiqure 1) SR 8.0 13 —_ - 13 —_ Vips
Vin = 10 V. R = 20k Ci_= 100 oF
Fisa Time {See Figura 1) te l -_ 0.1 — — | 04 | _— us
Cversnoot Facor — — 10 —_ —_ 10 — %
Vi =20mV, Ry = 20k C_ = i00 0oF
Eavalent Inout Noise Vakags en —_ 25 —_ - 25 —  §avNHz
Rs- 100 Q. I = 1000 Hz
Clannet Seoaragon * — —_ 120 I —_ f—_ I 120 —_— 8
Ay = 100

MOTORCLA LINEAR/INTERFACE ICs DEVICE DATA
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Detailed Description
Anslog Sectlon

Figure 3 shows the Analog Section for the ICL7106 and
ICL7107. Each measurement cycle Is divided inlo three
phases. They are (1) auto-zero (A-Z). (2) signal Integrate
(INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First, lnput high and
low are disconnacied from the pins and intemally shorted to
analog COMMON. Second, the reference capacitor Is
chargad to the reference voltage. Third, a feedback loop Is
closed around the system to charga the auto-zero capacilor
Caz to compensate lor olfsel voltages in the bulfar amplifier,
intagrator, and comparalor. Since the comparator is includad
in the loop, the A-Z accuracy is limited only by the noise of
the system. In any case, the ofiset relerred to the Input Is
less than 10pV.

Signal intagrate Phasa

During signal Integrate, the auto-zero oop Is opened, the
intarnal short is removed, and the internal input high and low
are connected lo the external pins. The converter then
ntegrates the differential vottage between IN Hl and IN LO
for a fixad time. This differential voltage can be within a wide
common mode range: up to 1V from either supply. If, on the
other hand, the input signal has no return with respect to the
convarter powar supply, IN LO can be lied lo analog
COMMON 1o establish the correct common mode voitage. At
tha end of this phase, thg polarity of the integrated signal Is
dslarmined.

De-Integrate Phase

The final phase is de-integrate, or reference Integrate. Input
low Is internally connected to analog COMMON and input
high is connected across the previously charged reference
capacitor. Circuitry within the chip ensuras that the capacitor
will be connsected with the correct polarity to cause the
Integrator output lo return to z8ra. The time required for the
output to return to zsro Is proportional to the input signal
Specifically the digital reading displaysd is:

v

DISPLAY COUNT = 1000(#—) *
REF

Ditferential input

The Input can accept ditferential voltages anywhere within
the common mode range of the input amplifier, or specifically
from 0.5V balow the positive supply to 1.0V above the
negative supply. In this range, the system has a CMRR of
86d8 typlcal. However, care must be exarcised o assure the
Integrator output does not saturate. A worst case condilion
would be a large positive common mode voitage with a near
full-scale negative ditlerential input voltage. The negative

Input signal drives the'Integrator positive whan mast of it |

swing has been used up by the positive common mode
voltage. For these critical applications the integrator output
swing can ba reduced 1o less than the recommended 2V full-
scale swing with fittle loss of accuracy. The integrator output
can swing to within 0.3V of eithér supply without loss of
linearity.

2 Rer = Caz o= Cwr
BUFFER
Ve AZ INT
a8 1 3 r
INTEGRATOR
10
Y s - ODIGITAL
28y | SECTION
! 2 |
H INT De- DEs INPUT /jk 2y AZ
- . HGH
*
H AZ >
: 2 COMPARATOR
H N
H 12 DE+ DE- .
' MPUT
i 10 INT é A-Z AND DE(1) Low

FIGURE 3. ANALOG SECTION OF ICL7106 AND ICL7107



127

ICL7106, ICL7107

0

Differantlal Reference

. The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a rollover voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If there is a large common mode voltage, the
refarence capacilor can gain charge (increase voltage) when
called up to de-inlegrate a positive signal but lose charge
(decrease voltage) when called up to de-integrate a negative
input signal. This dilference in reference for positive or
negative input voltaga will give a roli-over error. However, by
selecting the relerence capacitor such that ! is large enough
in comparison to the stray capacitance, this error can be
held to less than 0.5 count worst case. (See Component
Value Selection.)

Analog COMMON

This pin is included primarily to set the common mode
voltage for baltery operation (ICL7106) or for any system
where the input signals are floating with respect to the power
supply. The COMMON pin sets a voltage that is approxi-
mately 2.8V more negative than the positive supply. This is
selected lo give a minimum end-ol-life battery voltage of
about 6V. However, analog COMMON. has some of the
attributes of a relerence voltage. When the lotal supply
voltage is large enough to cause the zener o regulate (>7V),
the COMMON voitage will have a low voltage cosfficient
(0.001%/V), Jow oulput impedance (2150Q), and a
lemperature coelficient typically lass than 80ppm/°C.

The limilations of the an chip relerence should also be
recognized, however. With the ICL7107, the internal healing
which resulls from the LED drivers can cause some
degradation in performance. Oue to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of relerence Temperature
Coefficient (TC), internat chip dissipalion, and package ther-
mal resistance can increase noise near full-scale from 25V
lo 80uVp-p. Also the linearity in going from a high dissipation
count such as 1000 (20 segments on) o a low dissipation
count such as 1111(8 segments on) can suffer by a count or
more. Devices with a posilive TC reference may require
saveral counts to pull out of an over-range condition. This is
because over-range is a low dissipation mode, with the three
least significant digits blanked. Similarty, units with a
negative TC may cycle between over-range and a non-over-
range count as the die alternately heats and cools. All these
problems are of course eliminated if an external referencs is
used.

The ICL7106, with its negligible dissipation, sullers from
nong of these problems. In either case, an external
reference can easily be added, as shown in Figure 4.

Analog COMMON is also used as the input low return during
auto-zero and de-integrate. If IN LO is ditferent from analog
COMMON, a common mode voltage exisls in the system
and is taken care of by the excellent CMRR of the convarter.
However, in some applications IN LO will be set at a fixed
known voltage (power supply common for instance). In this
application, analog COMMON should bae tied to the samae
point, thus removing the common mode voitage lrom the

converter. The same holds true for the raference voltage. If
reference can be conveniently tied to analog COMMON, it

should be since this removes the common mode voltage .

from the relerence system.

Within the IC, analog COMMON is lied to an N channel FET
that can sink approximately 30mA of current to hold the
voltage 2.8V balow the positive supply (when a load Is trying
to pull the common line posilive). However, there is only
10pA of source current, so COMMON may easily be tiedlo a
more negative voltage thus overriding the intemal reference.

\
v
REF HI -
sy
REFLO ——'% p \J A
a
1cLT108 .
icLrior b .
. <
tr—p——— : > N -
v oy
FIGURE LA,
Vo .
v - 2 ssn
p
IcLT108 060 | -
IcL7so7 _\
-
h
REFHIT— A icLioss
12y
REFLO REFERENCE
COMMON

FIGURE 48B.
FIGURE 4. USING AN EXTERNAL REFERENCE
TEST '
The TEST pin serves two lunctions. On the ICL7106 it Is

coupled to the internally generated digital supply through a :

500Q resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other prasentation the user may want to inciude on
the LCD display. Figures 5 and 6 show such an application.
No more than a 1mA load should be applied.

Y+ wn
TOLCD
DECIMAL
POINT
ICL7106
|
8P u-}__|
TEST
7 TOLCD
BACKPLANE

FIGURE 5, SIMPLE INVERTER FOR FIXED DECIMAL POINT
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7 T 7
SEGMENT | { SEGMENT | | SEGMENT
QECODE DECOOE DECODE

i

AN RAN

TYPICAL SEGMENT QUTPUT
Y+

LATCH ]"—

0.5mA
10 .
SEGMENT covnatR

100’s 10's 1's
COUNTER ICOUNTEHI COUNTER

L.0mA
TO SWITCH DAIVERS +
DIGITAL GROUND FROM COMPARAATOR QUTPUT —— o 1 v
l >
s TEST
_.{ Lbatc conTROL ] L
< s00q
# THREE INVERTERS : PASHerS
ONE INYERTER SHOWN FOR CLARITY 7
........................................................................ -
osc1 .
FIGURE 8. ICL7107 DIGITAL SECTION -
.
System Timing !
Figure 9 shows the clocking arrangement used in the ,-===-cccveccecmcmemroncrrnrmmromnmcccccenoccocacennnn,
INTERNAL TO PAAT

ICL7106 and. ICL7107. Two basic clocking amrangements
can be used:

1. An exiemal oscillator connectad to pin 40.
2. An R-C oscillator using all three pins.

The oscillator frequency is divided by four before it clocks the
decade countars, It Is then further divided to form the three
convertcycle phases. These are signal integrate -(1000
counts), reference de-integrate (0 to 2000 counts) and auto-
zero (1000 to 3000 counts). For signals less than full-scale,
auto-zero gets the unused portion of reference de-intagrate.
This makes a complele maasure cycle of 4,000 counts
{16,000 clock pulses) independent of input voitage. For three
readings/second, an oscillator frequency ol 48kHz would be
used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 120kHz, 80kHz., 60kHz. 48kHz
40kHz, 33'/;kHz, ete. should be selected. For 50Hz rejec-
tion, Oscillator frequencies of 200kHz, 100kHz2, eszlakHz,
50kHz, 40kHz, eic. would be suilable, Note that 40kHz (2.5
readings/second) will reject both 50Hz and 60Hz (also
400Hz and 440Hz).

+4 p—- ctocX

3

GNOD ICL710T
TESTICL7108

1o 40 cocncocoss 39 cocsconnna

INTERNAL TO PART

3
|
2
g

4§ wveerresnscconcea

R c

T RC OSCILLATOR

FIGURE 9. CLOCK CIRCUITS

| PP
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The second function is a ‘lamp test’. When TEST Is pulled
high (lo V+) all segments will be tumed on and the display
shoulkd read “1888”, The TEST pin will sink about 15SmA
under thesa conditions.

CAUTION: In the lamp last mode, the segments have a constant DC
voitage (no square-wave). This may burn the LCO display i main-
talned kor extended periods.

ﬁ JV&
" S Dot
- 1]
’ »
-
1 : ToLCD
1cLT106 DECIMAL y : DECIMAL
D[R
— [}
' H
TEST —L‘f@_f—
[ : co4030 ¢
GND

FIGURE 6. EXCLUSIVE 'OR' GATE FOR DECIMAL POINT DRIVE

Digital Section

Figures 7 and 8 show the digital section for the ICL7106 and
ICL7107, respectively. In the ICL7108, an internal digital
ground is generated lrom a 6V Zenar diode and a large P-
channel source lollower. This supply is mada stitf to absorb
the relative large capacitive currents when the back plane
(8P) vohage Is switched. Tha BP frequency is the clock fre~
quency divided by 800. For three readings/second this Is a
60Hz square wave with a nominal amplitude of 5V. The seg-
ments are driven at the same frequency and amplitude and
are in phase with BP when OFF, but out of phasa when ON.
In all cases negligible OC voltage exists across the seg-
ments.

Figure 8 is the Digital'Section of the ICL7107. It Is identical
lo the ICL7106 excapt that the regulated supply and back
plane drlve have baen eilminated and the segment drive has
been increased from 2mA to 8mA, typical for instrument size
common anode LED displays. Since the 1000 output {pin 19)
must sink current from two LED segments, it has twice the
drive capability or 16mA. *

In both devices, the polarity indication is "on” for negaltive

analog inputs. If IN LO and IN H! are reversed, this indicatlon |

can be reversed also, if desired.

] 8 8
7123456789 Sl
L . B N 8 0 B
: £
rmm- EE S Ty 3 - - L ot ot ---v‘q’-.--‘-:
L3 H
[
< ;
[ LCD PHASE DRIVER f
SOIrE ot St :
. 7 7 7 H
TYPICAL SEGMENT QUTPUT SEGMENT{ { SEGMENT | | SEGMENT Ezq] :
' DECOOE | | OECODE | | DECOOE H
*
a.5SmA . JHRE T Tii] :
’
sgg#%grr . [ LATCH :
8 1]
. ’
2.0mA ] l [ [ [ l ] [ l [ i
[ 1ooo'j [ |oo'-J { 10 ] 1 :
. counTeER| |counTER} {COU NTER
INTERNAL DIGITAL GROUND/ ~ MTER] loow :
[]
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FROM COMPARATOR OUTPUT — h; ve
cLocx ) \ii‘ cav H
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—.{ +4 l’——-—[LOG!c CONTROL ] :
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Specifications ICL7106, ICL7107

N
Abcoluts Maximum Ratings

Suppty Voltage
Y ICL7106,V+ o V-

Analog Input Voitage (Elther Input) (Note 1). . .
Ralarence Input Voltage (Either Input) . . .. ...

Clock Input
ICL7106
ICL7107

Thermal Information

Thermal Resistance (MAX, Sae Note 1) IS
............. 15V 40 Pin Plastc Package .....cevveecnnnnnnnnnns. SOCW
.............. 6V 44 PINMOFP PACKAGE .. evvnnvreneennnnnnnees. BOCM
.............. -8V Maximum Power Dissipation
.......... Velo V- L0 I - P I 1 \''
.......... Valo V- L3 B 7 R B-.."

Operating Temperature Range ........cevuuun... 0°Cto +70°C
....... TESTioV+ Storags Temperature Range..................-65°C lo +150°C
........ GND o V+  Lead Temperature (Soldering 10s Max) ................ +265°C

Junctlon Tamperatine .. ....vveueirnennnerenneannnan +150°C

CAUTION: Stresses above thase Ested in *Absoluts Madmum Ratings® may csuse permanant demage lo the device, his is a stress only reting and operation
of the device al these or any other conditions sbove those indicaled in the cpecationsl sections of this speckication Is notinpled.

Electrical Specifications (Note 3)

PARAMETERS

TEST CONDITIONS

|MINITYPIMAXI UNIT

SYSTEM PERFORMANCE

Zero Input Reading ._,5{‘ Viy = 0.0V, Full-Scale = 200mV 000.0 | £000.0 4(200.0 Digital
Reading
2
Ratlomelric Aeading Vine = Vigr. Vagr = 100mV “999 [ eow | w00, | Oigta
1000 "1 Reading
Rollover Error Vi = +Vpy 2200mV - 102 | 1t Counts
Ciflerence in Reading for Equal Posltive and Nega-
. tva Inputs Near Ful-Scalg . °
Unearity Ful-Scale = 200mV or Full-Scale = 2V Maximum - 02 11 Counts
Deviation from Bast Stralght Une Fit {Note 5)
Cormmon Mode Rejection Ratlo Veu = 1V, Vo = OV, Fui-Scale = 200mV (Nota 5) - 50 . ;fVN
Noise Vi = OV, Full-Scale = 200mV - 15 - nv
(Pk-Px Value Not Exceeded 95% of Time)
Leakage Cumrent Input Vin = 0 (Note 5) - 1 fo pA
Zaro Reading Drift Viy =0, 0° < Ty < +70°C (Note 5) - 02 1 uvre
Scale Factor Temperature Cosfficient Vin = 199mV, 0° < T,, < +70°C, - 1 5 ppav*C
(Ext. Rat. 0ppv°C} (Note 5)
End Powsr Supply Character V+ Supply Cur- | Vi = 0 (Doas Not includa LED Current for ICL7107) - 0.8 1.8 mA
rant
End Power Supply Character V- Supply Current ICL7107 Only - 0.6 1.8 mA
COMMON Pin Analog Common Voitage 25Kk Batween Common and 2.4 28 32 v
Positve Supply (With Respect to + Supply) '
Temperaturg Coelficlant of Analog Common | 25k Batween Common and - 80 . ppveC
Posltive Suppty (With Respect lo + Supply)
DISPLAY DRIVER ICL7106 ONLY
Pk-Pk Segment Drive Voltage Vi=lo V- = 9V, (Nota 4) 4 5 6 v
PX-Px Backplana Orive Voltage
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SEMICONDUCTOR

Decamber 1993 Display A/D Converter
Features Description
* Guaranteed Zeco Reading for 0V Input on All Scales The Hards ICL7106 and ICL7107 are high

True Polarlty at Zaro {or Praclise Null Detactlon
1pA Typical Input Currsnt

True DiHarentlal Input and Relerences, Diract Display Drive
- LCDICLT106
- LEDICLTIO07

Low Nolse - Lass Than 15uYp-p

On Chip Clock and Reference

Lt.:w Power Dissipstion - Typlcally Less Than 10mW
No Additional Active Clrcults Requlired

= New Small Outiine Surface Mount Package Available

Ordering Information
PART TEMPERATURE
NUMBER RANGE PACKAGE

KcL7io6CcePL 0°C to +70°C 40 Lead Plastic DIP
ICLT106RCPL | 0°C 10 +70°C | 40 Lead Plastic OIP (Note 1)
ICL7106CM44 0°C to +70°C 44 Load Msbric Plastic Quad Flatpack
ICL7107CPL 0°C to +70°C 40 Lead Plastic DIP
ICL7107RCPL 0°C to +70°C 40 Lead Plastic DIP (Note 1}
ICLT107CM44 | 0°C 10 +70°C | 44 Lead Metric Plastic Quad Fatpack

NOTE: 1. "R Indicates device with reversed leads.

performance, low power 3'/, digit A/D converters.
Included are seven segment decoders, display drivers,
a refarence, and a clock. The 1CL7106 Is designed to
intedface with a liquid crystal display- (LCD) and
includes a multiplexad backplane drive; the ICL7107
will direclly drive an instrument size light, emitting
diode (LED) display.

The ICL7106 and ICL7107 bring together a
combination of high accuracy, versatility, and lrue
economy. it features auto-zaro to less than 10uV, zero
drift of less than 1uV/°C, input bias cucrent of 10pA
max., and roliover arror of less than one counu True
differentlal inputs and celerence are useful in all sys-
tems, but give the designar an uncommon advantage
when measuring load cells, strain gaugas and other
bridge type transducars. Finally, the lrue sconomy of
single powar supply operation (ICL7106), enables a
high performance panal meter to be built with the
addition of only 10 passive components and a display.

ICL7106, ICL7107

31/, Digit LCD/LED

Pinouts . !
JeLros, IcLrior ICL7106, ICL7107
~- (POIP) (MQFP)
TOPVIEW * TOP VIEW
ve [ V- @l osct =9 § |
v I - o &
ot (2] 7] osc2 L wygxEE 3
a 5] [s3] osca ” e &5855:-3.§.>‘
. 81 [4] ] test L H !
ta) ¢ a1 (5] (36] REF HI ;
F1 4] [35] HeF Lo ({43 43 42 41 40 30 38 37 38 3834 :
a1 @ 5] Coerr p— R |
@ [ 5] Crer heCI—j alTla
S f . TestCI 13 - nCOa
-] o2 [3] [32] coumon
. e [@ (5] in v oscaI—j| 4 0|1 As
m 1
| s2.[@] 56] i Lo neCITH S E. ] | su——| .
LA D B e oscaCT Jf ¢ as|—TJerrcnD i
20 (] surr osc1CI 1 - 7| TleoL
£2 [34] (7] wer 0 — 26| T Jass
o3 (ag] 5] w 01CIT ) 25| T les
(e} B3 E Ecz“o'.) ctCI"te 24([_T_JF3
.
FJL‘G_: %ca LA 121:1“515 17 18 19 20 7 j—1183
EJ {18 23] A3 p (100)
(unusy PO €3 7] BeianO Al Fi GI E1 D2C2 B2 A2F2 E2 03

CAUTION: Thesa devicas ars sanshive 10 slacirastasc giscnarge. Usars snoula lofiow grooer 1.C. Hanaling Proceduras.,

File Number 3082
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Electrical Specifications (Nots 3) (Continued)

PARAMETERS [ TEST CONDITIONS [ MIN I ™ | MAX I UNT
ICL7 107 ONLY
Segment Sinking Current V4 = 5V, Segment Voltags = 3V
(Except Pin 19 and 20) s 8 - mA
Pin 19 Only 10 1 - mA
Pin 20 Only 4 7 . mA
"NOTES:

1. Input voltages may exceed the supply voltages pcovided the inpul current Is limiled to 1 100pA.

2. Dissipation rating assumas davica ls mounted with all leads soldered to prnted clrcuit board.
3. Unlass otherwisa noted, specifications apply to both the ICL7 108 and ICL7107 &t T, = +25°C, Iy ocx = 48KHZ ICL7106 Is tested In the

. circuit of Figure 1. ICL7107 is tested In the clrcuit of Figure 2,

4. Back plane drive Is In phase with segment drive lor "olf’ segment, 180° out of phasa for ‘on’ sagment Frequency Is 20 imes conversion

rala. Average OC component Is lass than S0mV.
5. Not testad, guaraniaed by design.

.Typical Applications and Test.Clrcuits

o - w
. piNe 0
Ry R ‘
[
L, A3l @ ot Je ‘J]ww
Cy=0.1pF
2 :E-:H:H:i :[:gl'l:!-.:la = :I:.El- ::FII'EI[E[I:i Cam OATYF
SmmCwo:pLITOMEES . Cym 022uF
gigfss pggigigerons G 100pF
~ 0 - E koo
N ICL7106 ) | B
fssasIcsc80EYeaBEeadR Rax toa
A EEEEEEEEEEER Ry =10
e . DISPLAY

SCALE

SCALE " 3
R . . <V
-~ "9 "
- M .R‘ )
o M3l e gy o ,
[5[5 l CymQIpF
S:lﬁ:r%.: P:'lz..al%:::::n bo Cym Q4TUF
cooRI3LYTTsYLEFFE 23S = Cy = 02HF
§§§ﬁg§J38!=‘3 8 Con aomr
Ry = 24kQ
IcLr107 . s
55axcs5c808083ca88c209°¢ 2::}:‘:0
BUHH[:!HHL—JHHHHHHHEJLEI R R = 1M0
CASPLAY

FIGURE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL-
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T

Desfgn Information Summary Sheet

.

.. OSCILLATOR FREQUENCY * DISPLAY COUNT
lose = 0.45/RC Vin
Cosc > 50pF; Rogg > 50K COUNT = 1000 x v
fosc Typ. = 48KHz REF
* OSCILLATOR PERIOD « CONVERSION CYCLE
togc = RC/0.45 leve = tetoex X 4000
teye = lose X 16,000
» INTEGRATION CLOCK FREQUENCY CYC
flock = ’05;314 when lggc = 48BKHZ toyg = 333ms
. INTEGRATION PERIOD « COMMON MODE INPUT VOLTAGE
et = 1000 X (410sc) (V- + 1.0V) < Vyy < (V4 - 0.5V)
* 60/50Hx REJECTION CRITERION « AUTO-ZERO CAPACITOR
tinTReoHy OF INTleory = Intager 0.01uF < Cpz < 1.00F
* OPTIMUM INTEGRATION CURRENT * REFERENCE CAPACITOR .
|lN'I' = 4Q-|-A 0.1]1F < CREF < 1.0‘1F
* FULL-SCALE ANALOG INPUT YOLTAGE * Veour .
Vies Typically = 200mV or 2.0V Biased betwasen Vi and V-, .
* INTEGRATE RESISTOR . * Veou = V4-28V : e
ViNES Regulation lost when V4 lo V- < =6.8V.
Rint = - If Voo is externally pulled down to (V + 1o V -)2,
INT the Voo circuit will turn off. -
* INTEGRATE CAPACITOR * |CL7106 POWER SUPPLY: SINGLE 9V
nT i) Vi-V-m9V
ClNT = ;N;_IN_T_ Digital supply is generated Internally
INT VGNO sVe-45V ~

» INTEGRATOR OUTPUT VOLTAGE SWING ICL7106 DISPLAY: LCD

((INT) “lNT) Type: Diract drive with digital logic supply ampiitude.
VINT = e + |CL7107 POWER SUPPLY: DUAL 15.0V
INT V+ = +5.0V to GND
* Vpa MAXIMUM SWING: V- = -5.0v !o GND )
(V- + 0.5V) < Vipr < (V4 - 0.5V), V)yy typically = 2.0V Digital Logic and LED driver supply V+ 1o GND

ICL7107 DISPLAY: LED
Type: Non-Multiplexed Common Anoda

Typical Integrator Amplifier Output Waveform (INT Pin)

DE-NTEGRATE PHASE

AUTO ZERO PHASE SIGNAL INTEGRATE
(e 7] 0- 1999 COUNTS

:
:
NTS) ' PHASE FIXED
snv-looo ' 1000 COUNTS
H

meremcumcssmsmgesnccanaesnmnwa

e memme e -

TOTAL CONVERSION TIME = 4000 x tey oox = 16.000 X toag
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Features

« Guarantsed Zero Aeading far OV lnput on All Scales
* True Polarity at Zaro lor Precisa Null Catactlon
* 1pA Typlcal input Current

- LCDIKCLTI06
- LEDICL7I07

= Low Nolsa - Less Than 15uVp-p

« On Chip Clock and Relerencs

« Low Power Olssipation - Typlcalty Lass Than 10mW
« Mo Additional Active Clrcuits Required

« Tcue Oltfarandal Input and Relerence, Dlract Displzy Drive

= New Smail Ouulne Surface Mount Package Available

Ordering Information

PART TEMPERATURE

NUMBER RANGE PACKAGE
ICLT106GPL 0°C 1o +70°C | 40 Lead Plasuc OIP
ICL7I0BRCPL | 0°C 10 +70°C | 40 Laed Plastic OIP (Note 1)
ICLTI06CA44 |  0°Cla+70°C | 44 Laad Mogic Plasze Quad Flampack
ICLT107CAL 0°C 10 +70°C | <0 Lead Plastc DIP
ICLTI07RCPL | G°Clo+70°C | 40 Lead Plasuc OIP {Note 1)
ICL7107CM44 | 0°C 10 470°C | 44 Lead Metc Plaste Cuad Falpack

NGOTE: 1. A Indicatas davice with reverssd leads.

Description

The Haris ICL71068 and ICL7107 ars high
parormanca, low powsr 3'/, digit A/D coavertars.
Included are seven segment cecoders, display drivers,
a reference, and a clock. The ICL7106 is cesigned to
interface with a liquid crystal display {LCD} and
includes a multiplexsd tacxplane drive; the ICL7107
will girectly drive an instrument size hight emitting
ciode (LED) display.

The ICL7106 and ICL71Q07 bring ‘logether a
combination of high accuracy, versauliy, and true
economy. It features auto-zaro to lass than 10uV, zec0
crift of lass than 1uVAC, input bias cument of 10pA
max., and rollover error of lass than one coun True
diltarential inputs and relersnce are useful in all sys-
tems, but give the designar an uncommon aavantage
when measuring load cells, strain gauges and other
tridge type transducers. Finally, the {rua sconomy of
singls power supply operabon (ICL7106), enables a
high perormance panel meter 1o bae Ltwit with the
addition of only 10 passive componants and 2 display.

Pinouts . . ’
Jeuros, icLr1o7 ICLT106, ICLI 107
- (PP} (MaFP)
ToPVIEW TOP VIEYY
5 z
ve (O] -, @] osc1 - a ]
ot (2 “[ osca o tbtizo %
] & . dw FF8=z:z93Es
ci 2] osc3 g £ E<xas=
] a1 {1 NESR _HH_H’:H
a4 a1 5] (=] ReF 1t
P
F1 [¢] [35] HEF LO A4 43 42 41 40 39 38 3T 36 3534 Jpeerm
Gt Ecﬂ[}" e (L le sl aNe
et (3] 551 Coe neld 2 n{[— ez
' ( o2 ] = couon rest I 3 ]y
- < (] ] . oscaCI i+ 30|
82 [l (53] v Lo neCT i s S|
.(ur.)# xa (] = Az osc2CT ] e | srrcN0
r2 (3] 7] surF osciCI |7 T T 00
g2 [ Fally Aod s s ]| smazn PY-)
o1 s v (1Y o amane! K ]| s
toara 83 e =1 a2 o) alC e EL) | m—
s o T - re——
FJ% %]IG a':‘nuu s16 17 19 3 oz |——8
£3 3] A3 (1005}
(1000 as4 [is [2] ca HHH:]H I!!_H_JHH
rot (2] [z1] errann Cao
(uNus) MAGSIiNaQR 2R R0

CUNICN: Thass cavies &re sansdve 10 $CSTILANS Sischasge LUsars snouig Rilew crooer 1.C, Hanoung Prececuces,

File Nummocar 3082

ICL7106, ICL7107
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Component Value Selection
Intagrating Resistor

Both the butier amplifier and the integrator have a class A
output stage with 100pA of quiescent curent. They can
supply 4pA of drive current with negligible nonlinearity. The
integrating resistor should be large enough to remain in this
very linear region over tha input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 2V fuli-scale, 470k is near optimum and
similarly a 47k for a 200mV scale.

Intagrating Capacltor

The integrating capacitor should be sslected 1o give the
maximum voltage swing that ensures lolerancs buildup will
not saturate the integrator swing (approximatsly. 0.3V from
either supply). In the ICL7106 or the ICL7107, when the
analog COMMON is used as a relerence, a nominal +2V {ull-
scale integrator swing is fine. For the ICL7107 with 45V
supplles and analog COMMON tied to supply ground, a
3.5V o +4V swing Is nominal. For three readings/second
(48kHz clock) nominal values for Cuy are 0.22uF and
0.10yF, respactively. Of coursae, if different oscillator frequen-
cies are used, these values should be changed in inverse
proportion to maintain the same output swing.

An additional requirement of the Integrating capacitor is that
it must have a low dielectric absorption to prevent roll-over
arrors. While other types of capacitors are adequate lor this
application, polypropylene capacitors give undstectablg
arrors at reasonable cost.

Auto-Zero Capacitor

The siza of the auto-zero capacitor has some influence on
the noise of the system. For 200mV full-scale where noiss is
very Important, a 0.47uF capacitor is recommendad. On the
2V scale, a 0.047pF eapacitor increasaes the speed of recov-
ery {rom overload #nd is adequale for noise on this scale.

.Reference Capacltor

A 0.1yF capacitor gives good reslitsin mast applications.
However, where a large common mode voltage exists (i.e.
the REF LO pin is not at analog COMMON) and a 200mV

- scale is used, a larger value is requiréd to prevent roll-over
arror. Ganerally 1.0uF will hold the roli-over error to 0.5
count in this instancs.

Osclliator Components

For all ranges of frequency a 100kQ res:stor is recom-
-‘mended and the capacitor Is selected from the equation

[ = R_Cé For 48kHz Clock (3 Readings/second),

C = 100pF

Reference Voitage

The analog input required lo ganerate full-scale output (2000
counts) is: Vi = 2Vgge. Thus, for the 200mV and 2V scale,
VRrer should equal 100mV and 1V, respectively. However, in
many applications where the A/D is connected to a
transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For
instancs, in a weighing system, the dasigner might like to
have a [uli-scale reading when the voltage from the
transducer is 0.662V. Instead ol dividing the input down to
200mV, the designer should use the inputl voltage directly
and select Vger = 0.341V. Suitable values for integraling
resistor and capacitor would ba 1 20kQ2 and 0.22uF. This
makes the system slightly quieter and also avoids a divider
network on the input. The ICL7107 with 5V suppiles can
accept input signals up to +4V. Another advantage ol this
system occurs when a digital reading of zero Is desired for
Vi = 0. Temperature and weighing systems with a variable
fare are examples. This ofiset reading can be conveniently
genarated by connacting‘the voltage transducer betwean IN
H!l and COMMON and the variable (or fixed) offset voltage
between COMMON and IN LO.

ICL7107 Power Supplies
The ICL7107 is designed to work from 5V supplies.

- However, it a negalive supply is not available, it can ba

generated from the clock output with 2 diodes, 2 capacitors,
and an inexpensive I.C. Figure 10 shows this application.
See ICL7660 data sheet for an akternative.

In fact, In selected applications no negallve supply Is
required. The conditions lo use a single +5V supply are:

1. The input signal can be referenced to the center of the
common mode range of the converter.

2. Thae signal s less than £1.5V.

3. An extemal reference is used.

Vs __l____-‘__
» CO4009

Vs
0sc1t

osc2 ~AAA

1H

osC3

IcLrior

GNOD
Ve

l

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM 45V
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Typical Applications Application Notes

The ICL7106 and ICL7107 may be used in a wide variety of A018 "Selecting A/D Converters”
configurations. The circuits which follow show some of the A017 “The Integrating A/D Converter®

possbilities, and serve lo illustrate the exceptional versatility 5518 -po's and Don'ts of Applying A/D Converters”

of these A/D converters. . R
A023 “Low Cost Digital Panel Meter Designs

A032 “Understanding the Auto-Zero and Common Mode
Performance ol the ICL7106/7/9 Family”

A045 “Building a Baltery-Operated Auto Ranging OVM with
the ICL7106"

A0S2 “Tips for Using Single Chip 3'/, Digit AD Corvertars”

The following application notes contain very useful
information on understanding and applying this part and are
available from Harris semiconductor.

Typical Applications

—— TO PIN 1 +———— —_— 1 TO PIN f.+———
A& e} 40
osc1 [ SC 1 s} TooKa i
osc2 [FF————— osc 2 [} W
} 0sc 3 [al———— serv, osc3 [m —— 5T Vaer
TEST [71] 100pF /. 100mV TesT [ 109pF /; 100my
REF HI E—l REF H1 [3g}———— ",
REF LO [38} AAA—AA REF LO [35} AN Y
Crer 34} e 1Ka  2xn Crer 34} ot 1% 2¥kn
Ip N
Crer [BF—T Caer [B—T i
common [ZF———4 1Ma COMMON [g———1 ma
ol AAA : 131} . “AAA .
INH [51) AW IN Hi [31} WA
Lo [t = 0.01F IN Lo [aal s = 0.01uF IN'
Lo 2o 0.4TyF . = 0.47yF H -
AZ [ ——— L Az |7} it :
BUFF (33} aad7Tkn = purr [z} AA'A‘Tm ’
28] YWy— i W 28} Yy :
INT INT [Z7}— H
= 0.22uF j — 0.22uF : -
v - |29} v- 28} F
@ |H a2 [g :
H
sz a2 !
2d TO DISPLAY 2 TO OISPLAY ‘
=i a3 :
Gl 63 {7 s
BP E}—o TO BACKPLANE GNOD E-—I ................ H

Values shown are for 200mV full-scale, 3 readings/sec., floaling  Values shown are for 200mV luli-scale, 3 readings/sec. IN LO may |

supply voltaga (3V balery). - ba tied to either COMMON loc inputs floating with respect lo
supplles, or GND lor single ended lnputs. {See discussion under
Analog COMMON.)

FIGURE 11, ICL7106 USING THE INTERNAL REFERENCE FIGURE 12 ICL7107 USING THE INTERNAL REFERENCE
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- Typical Applications (Coatinued)

—_—— TO PIN | +———— —_ TO PIN { ey

0s¢1 S 03¢ 1 [Bo}—————ree———
=] 100 =] 1
0SC2 |aof A osc2 [} Ay
083 [——b——— seTvpe osca fa SET Yogr
TEST {37 10apF /- 10amv TEST [77] 100pF /. 100mVY
REF W [— REF 1 {3g}————)
ReF Lo [3] AR Al REF L0 |3t A AT 1o 4BV
1Ka  100KQ
Caer B0 0uF » Crer [— AtuF B oy
Caer [—T 12V fcLsoss) Crer [B—T
COMMON g———— wa ., COMMON E - wa | .
IN HE {3 —AAA—— INW [ AAA
= = 0.0nF W =] TN N
N LO {30t N Lo {30}
0.A7uF : . OATRF .
rz [BHF——AF— ' AL zs}————-u".—‘ .
7K H — VL] <
BUFF | : BUFF 28} VWA 3
INT é——"_p_ ' INT
v- (=} 0.2 . v* V. g 0.22uF ran
:
ez [ : af@] .
ca 24 |- : a2
% TO DISPLAY f 4 TO DISPLAY
- ; e
:
as [ ' 1 ]
. GRO @__—[: ............... s GRO Dm

IN LO Is ted to supply COMMON establishing the costect common  Since low TC zeners have breakdown voitages - 6.8V, diode must
mode voltaga. If COMMON is not shorted 1o GNO, the input voltags  ba plasced across the lotal supply (10V). As In the casa of Figure
may float with respect lo the power supply and COMMON acts as & {4, IN LO may ba tad lo either COMMON or GNO

peo~teguiator for the ralarence. If COMMON Is shorted to GND, the

Input Is single ended (relsrred to supply GNO) and the pre-reguiator .

ts overriddan.
-~
FIGURE 13. ICL7107 WITH AN EXTERNAL BAND-GAP FIGURE 14. ICL7107 WITH ZENER DIODE REFERENCE
REFERENCE (1.2V TYPE)
T TO PIN 1 +——— —_—— TO PAN 14—y
ose 1 et st fg———2F
10 100
osc2 E " ‘v‘vlsn . 0sC2 E vy " .
... 0sc3 —— SET Vagr osc3 " seTVper
* TEST [3 10apF . /-momv TEST {77 100pF /.H)Otnv
REF}“‘ = - i } RREEFFL': eyl A}A AAA AAA W5V
REF Lo [ast S AN~ Vs 35¢ RAASIAL A G
Crer [H——. 8KQ 24xQ Crer B4—.
. g O1pF
Caer n!——J atpF Cres [D—T 1.2V (ICL804%)
<0 COMMON [F——t Ma
.COMMON |32} wma . - 1M .
51} - AAA 13 1 VWA~
IN M {31 T YW — = = 0.01uF N
N = S 0.01uF IN NLo 3% SATAF °
LO o 0.047uF . 2 A —
»z jz I BUFF K
BUFF |28} A - - wr
- e e— e
== 0.2uF v By
V- g & E
=}
ol g 1O DISPLAY
T0 DISPLAY
FeRr=| =
G = aNo {2}
8P/GND (2] ‘ ==

An axarnal relerance must be usad in this application, sinca the
voltage betwesn V+ and V- Is nsutficient for comect operaton of the

intarnal relarenca.
FIGURE 15, ICL7106 AND ICL7107: RECOMMENDED COMPO-

NENT VALUES FOR 2.0V FULL-SCALE FIGURE 16. ICL7107 OPERATED FROM SINGLE +5V
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TL081, TLO82, TLO84

TLOB_C
Rating Symbol TLO8_M TLOB_AC Unit
Sugply Voltage vVee ~18 +18 v
Veg -18 -18
Differendal Input Voltage Vip £30 =30
Input Voltage Range (Note 1) VioR 215 =15
Quiput Short Circuit Duration {Note 2) Isc Continuous
Power Dissipation
Plastic Package (N, P) Po —_ K 680 mw
Derate above Tp = +47°C 8 —_— 10 mw/rC
Ceramic Pachage (J, JG) Po 680 680 mw
Derate above Tp = +82°C 1704A 10 10 mwre ’
Operating Ambient Temperature Range Ta 5510 +125 0to +70 *C
Storage Temperature Range Teig 55104150 | -65t0+150 | °C

NOTES: 1.
or 15V, whichever is less,

The magnitude of the input voltage must not exceed the magnitude of the supply voltage

2. The cutput may be shorted to ground or either supply. Temperature and/ar supply valtages
must be limited to ensure that pawer dissipation ratings are not excaeded.

ELECTRICAL CHARACTERISTICS (Vog = +15V, VEg = =I5V, Tp « Tiow 10 Thigh (Note 3}.)

T8 _C
TLO8_M TLo8 AC
Characteristics Symbol Min Typ Max Min Typ Unit
Input Ottset Valtage (Rg S 10k, Vo) = 0) Vio mv
TLO81, TL082 - 9.0 — - 20
TLO84 —_ - 15 - — 20
TLO8_A - — — 7.5
Input OHtset Current (Vo = 0) {Note 4) ho nA
TL08_ —_ - 20 _ _ 5.0
TLOB_A - - - - — 3.0
Input Bias Current (Ve = 0} (Nots 4) [I1:} nA
08_ — —_ 50 - - 10
TLO8_A - _ - — - 7.0
Large-Signal Voltage Gain (Vo= =10 V.R_2 2.0 k) AvoL vimV
TLO8_ 1S —_ —_ 15 — —
TLO8_A - - — 25 — —
QOutout Valtage Swing (Peak-to-Peak) Vo v
(RL210Kk) 24 —_ —_ 24 —_ —_
(R 22.0K) 20 - - 20 — —_
NOTES: {(contdnued) .
3. Tigw = =55°C for TLOBIM, TLO82M, TLO84M Thigh = +125°C for TLOB1M, TLO82M, TLOS4M

0°C for TLOB1C, TLOB1AC
TL082C, TL082AC

TLOB4C, TLOB4AC

4. Input Bias currents of JFET input op amps approximately double for avery 10°C rise in Junction Temperatire as shown in Figurs 3.
To maintain junction temperature as close lo ambient tamperature as possible, pulse techniques must be used during testing.

Figure 1. Unity Gain Voltage Follower

Thigh = +70°Clor

TL081C. TLO81AC
TLO082C, TL082AC
TLOB4C, TLOG4AC

Figure 2. Inverting Gain of 10 Amplifier

10x

VWA

lll
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JFET lnpht Operational Amplifiers

These low-cost JFET input aperational amplifiers combine two state-af- the-art
linear technologies on a single manolithic integrated circuit. Each internally
compensated operational amplifier has well matched high voltage JFET input
devices for low input offset voltage. The BIFET technology provides wide
bandwidths and fast slew rates with low input bias currents. input oifset currents.

and supply currents.

These devices are available in single, dual and quad operational amplifiers
which are pin-compatible with the industry standard MC1741, MC1458, and the
MC3403/L.M324 bipotar products. Devices with an “M" sufiix are specified over
the mifitary operating temperature range of ~35° to +125°C and those with a “C"”

suffix are specified from 0° to +70°C.

* Input Offset Voltage Options of 6.0 mV and 15 mV Max

¢ Low Input Bias Current: 30 pA

¢ Low lnput Offset Current: 5.0 pA
* Wide Gain Bandwidth: 4.0 MMz
* High Slew Rate: 13 V/us

¢ Low Supply Current: 1.4 n%/ﬁ)er Amplilier

* High Input Impedance: 1012 0

Representative Circuit Schematic (Each Amplifier)
Oug

~
Olk' m'\l ns.\i \)01 >)°| : I «
& A NGN '
A — %7 d | |
g U = R b |
: ' Mo i fam |
| S 7!
J | e =
ars _Q—,IE o i |
U\‘ G W ] |
b~ Ota n ‘) ; ) I I
ony”
:] v o2 (er— | |
on an aie . | |
e K o) s
N oY I NN |
o1 Qg l I
i) e
Py (£ | 15 | ] over
oy — Sas Coatry
Canron o Al
Amcabers
ORDERING INFORMATION
Op Amp Temperature
Function Device Range Package
TLO81ACO. CO SO-8
si TLO81ACJG, CJG 0°t0 +70°C~ Cerarmc OIP
ingle TLGB1ACP, CP Plasuc OIP
TLOBIMIG ~55% {0 +125°C Cerarme OIP
TLOB2ACO. CO SO-8
oual TLO82ACJG. CJG 0°to +70°C Cerasrmuic OIP
© TL082ACP. CP Plasac OIP
TLO82MJG -55’t0+125°C | Ceramc OIP
1 TLO84ACY, CJ o o Cerarmic OIP
Quad | TLOB4ACN.GN 0%1a +70°C Fiasoc OIF
i TLO8<M) | -557t0+125°C Cerarmic OIP

TLO81
TLO82 .
TLO84.

JFET INPUT
OPERATIONAL AMPLIFIERS

g
fis F
. [ ]
1 )

P SUFFIX JG SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 626 CASE 693

0 SUFF1X
% PLASTIC PACKAGE
i CASE 751
k (SO-8)

PIN CONNECT]ONS

Offset Nt g— l:l
tnv + lnowt

N SUFFIX J SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 832 CASE 646 -
{TL084 Only) (TLO84 Only)
PIN CONNECTIONS
\/
Output 1 E_—i 14 Oupas 4
; ‘{@ i iE] }
nputs N ] Inputs 4
g N
vee [ 7] vee
. r@m
Inputs 2 { r_b‘ 5 } tnputs 3
Quiput 2 (7 l_;— ———8] Cumw 3
TLE3L (700 View)

MOTOROLA LINEAR/IINTERFACE ICs DEVICE DATA
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TLO81, TLO82, TLO84
MAXIMUM RATINGS
| : i TL93_C l ]
| Rating ! symoot | Tloau TLO8_AC Unit ¢
| Suscsy Vorage I Ve -13 -18 I v l
| Vez -13 -18
| Ditecennal lezut vottage I vip | =2 =3 I v
i tnout vottace Range Note 1) I viog | BE] =15 i i
Qutzut Shost Circurt Ourabon (Note 2) Vowge Canunuous ] |
Power Qissioagon H
Plasac Pacxage (N, P) Pp — 630 mwW
Oerata 20ove Tg = ~L7°C 11914 - 10 mwWrc
Ceramic Pacrage (J. JG) Py 830 630 mw
Oerate anove Tp = -32°C 178 )8 10 10 mwrc
Coerasng Amoient Temoerature Aange | Ta | -53w-125| qwoer0 | € |
| Storage Temoerature Range | Tqg 155104150 | 551041501 °C |

NOTES: 1. The magnutuae of the inout voltage must not exceed the magritude of the suppry vaitage

or {5V, wnicnever s lass,

2. The outout may oe snorted (o Grouna of eimer sugoly. Tamoerarture ana/or suooly vottages
must be limited 10 ensure that power dissioasen ranngs are not exceeded.

ELECTRICAL CHARACTERISTICS (Vg = 15V, Vez » =15 V, TA = Tigw i0 Thigh (Note 3.

08 C
TLO8 M T8 _AC
Characteristics Symbot Min Typ | Max Min § Typ | Max Unit
Inout Cifset Voltage (Rg < 10Kk, Youq = 0) k%) mv
TLO31, TLCg2 —_ 9.0 — - 20
TLC34 - — 15 —_ - 20
TL3_A _ -— - —_ 7.5
Inout Olfset Current (Vo = 0) (Nate ¢} ho nA
LS — - 20 - —_ S.0
TLo8_A —_ _ —_ _ —_ 3.0
Iroxst Bias Current (Vo4 = 0)  {Nota ¢) g nA
T8 _ — — 30 — —_ 10
TLes A — — — - _— 7.0
Large-Signal Voltage Gain (Vo= =10 V.AL220k) AVOL Vimv
708 _ 15 — - 'S , - -
TLO8_A —~ - —_ s —_— —_—
Cumut Voltage Swing (Peax-o-Peax) Vo v
(BL210%) 24 — - 24 — —
(R 220k 20 — - s — -

NOTES: (conunueaq)

3 Tigw = =55'Clor TLOSIM, TLO32M, TLO8SM
0°C for TLOBIC, TLOS1AC

TL082C. TL082AC

TLce4C, TLOB2AC

4,

Thign » +125°C lor TLOSTM, TLZ3ZM, TLOBAM

rhiqn -

+«70°Clor TLOBIC. TLZ31AC
TL082C, T1282AC

TLO84C, TLi3AC

Inout Bias currents of JFET inout co ames 2porcrmarely douole lor every 10°C rise in Juncoon Temoeratire 2s £hown in Fqure .

To mamtain juncaon temperature 2s case (0 2ncient tamperature as passible. pulse techroaes rust be used cLnng tesdng.

Figure 1. Unity Gain Voltage Follower

Figure 2 Inverdng Gain ot 10 Amplifier
0

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Typical Applications (Continusd)

TO PIN | sy

—— TO PN 1 e———— —_——
osc 1 (i osct g___—\—&a_
0sc2 [~ 0sSC 2 [2—— W
03C3 3" seTvpg 0sC3 |3 F—— servpe
st {37 109pF /. 10amV TEST (37] 100pF /- 100mv
REF W [3f—— REF K [eh———
REFLO {3s}—— A B REF LO |3} AN AN -5V
1Xa 10 10 5 1XQ  100KQ
e E—ﬁ'o‘uf - er 2 QIpF \JD v
Cagr [B}— 1.2V OCL3069) Coer [(B—
coumoN g-————— wa couuon [z} 1 wa |,
WH {1 - N W [Tt AAA-
# = 0.01F N ﬁ T N
INLO j3or 0ATuF : - L0 |20} QATuF .
= L axa : = o, dTxa -
BUFF |23} Ve : BUFF 2% Ay~ - ::
Wt [——— .
= arnr : . 2 0Z3uF
¥ {25} - A Y- {26 -V
ez [ : aF] .
afd]. : afz
& TO DISPLAY : 24 TO DISPLAY
as 7] : s[5l
a3 [ : a g
:
ano (7] 4 aNo E—-—_L
- —

IN LO ts tlad 1o supply COMMON establishing the correct common
modae voltaga. it COMMON Is not shortad lo GNQ, tha input veltage
may float with raspect o the pawer supply and CCMMON acts as a

pre-requiaior for the relaranca. It COMMON Is shorted ta GNO, the
nput ks singla ended (relarrad to supply GND) and the pre-fequiator .

Since low TC zsners have breakcown voltages - GLBV, diode must
be plasced across tha lotal supply (10V). As in the casa ot Fiqure
14, IN LO may be ded 1o aither CCMMON or GND

& ovemnddan. {
3
FIGURE 13. KCL7107 WITH AN EXTERNAL BAND-GAP FIGURE 14. ICLT107 WITH ZENER DIQOE REFERENCE
REFERENCE (1.2V TYPE)
—_— TQ PIN { —_— TO PN 1 1
ose 1 [l osc1 fi—— s
Qsc2 g———‘M————_ 4 - 0sca [ Y- T
.. osc3 ' sETVper 0sc3 " seTVper
TEsT 100pF . /. 100mY TesT (A 109pF /- 100mv
AEF W 2}—————-—} REFH __‘?—s-' }
REF L0 [35] A —a Ve REFLO st RsAEIILAE S et
25KQ 240 Crer {H—,
Crer E—_z_ a . » QtuFq
Crer [B—— wF Caer E—J 1.2¢ 1CLI0D)
< COUUOH |2 1
coumon [F—— A . =1 AAA s
=1 AAA IN W ANy p euwas A
INH {3i) T VY= == QO0tuF LN
Lo 3 = 0.01uF IN WL g CaTpF o
£ A.04TpF - AL —
=1 AAASTOKD = . BUFF
BUFF 28] VWi T ! "
<] 1
e e S— v B o=k
v- = 9Z0F " (=
- {=r «F
o= e (i
o = o [ Tooseu
=2 > TO CXSPLAY F= 1
FERF=| 1|
— =
G L R ] ——
BP/AGNO % ) 1

An edarnal ralorence must Se usad in this applcation, since he
vollage batwesn V+ and V- ks nsusicient Jor corect oparason of e

FIGURE 15. }CL7106 AND ICLT107: RECOMMENOED COMPO-
NENT YALUES FOR 2.0V FULL-SCALE

intarnal relerence.

FIGURE 16. ICL7107 OPERATED FAOM SINGLE +5V
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ICL7106, ICL7107 _

Ty;ﬁical Applications

The ICL7106 and ICL7107 may be used in a wide variaty of
confiqurations. The circuits which laliow show some of the
possibilities, and sarve o illustrate the exceptional versalility
of these A/D converters.

The lollowing aoplication notes contain very useful
information on understanding and aoplying this part and are
available from Harris semiconductor.

Application Notes

A018 “Selecting AD Converters”

A017 “The Integrating A/O Cenverter”

A018 "Do’s and Don'ts ot Applying A/D Converters”
A023 “Low Cost Digital Panel Meter Designs®

A032 “Understanding the Auto-Zero and Common Mode
Perormance of the ICL7106/7/3 Family”

A046 “Building a Battery-Operated Auto Ranging DVM with
the ICL7106™

A052 “Tips lor Using Singte Chip 3'/, Digit A0 Convertars®

Typical Applications

———ny TO PIN § +———y
osc1 __E] 100K0 ‘
osc 2 [F——Wr—
3 osc 3 [Ef———ryp— SET Vagr
TEST (7] 100pF /. 100mv
=
REF W1 |36}
REF LO [35 FAAA A e d
Crer [0 - 1Xn 2z2xn
o1y
Crer E}‘_T
COMMON {T—m———} wa |,
IN He [3i]— 1
. — ~ 0.01uf N
INLO {of SATuF —
AZ [29}——r
= PPVRILSe =
BUFF [29 Wiy =y
iy — =
v. (=L 0.22uF T
- 125
a2 [
c3 (2
24 TO OISPLAY
aE .
¢ (g
8P [} ———— e 10 BACKPLANE
Valuas shown are lor 200mV fuil-scale, 3 readings/sec., floating

supply voitaga (9V banary).

FIGURE 11. ICL7106 USING THE INTERNAL REFERENCE

—_\ TO PtM L ey
:.____‘ .
osct {4 e )
osc2 [pF——wW——
o0sc 3 [ f—d | T Vagr
TesT (7] 10apF / < 100mV
REF Ht 3}———‘ .
REF LO {35} AN —AAA, .SV
Cagr E—'—T_ LTNF xa =k
=ty
Caer (BP—
common [z2———me-—y ma
N 31} . AA—e
- WA
=,’ o é 0.01uF N
INLO Po—07oF R
Az [H——f ——— :
=W :
BUFF | 28( YYy= :
INT [T} } H
:
v. (= SZuF : v
!
o2 [ :
alfz :
24 TO OISPLAY :
c g :
:
cHo {z1] 1

Values shown arg for 200mV full-scale, 3 readings/sec. IN LO may
be ded lo gither CCMMON for mputs floating with respect lo *
sucofles. or GNO lor single enced inguts. (See discussion undar
Analog CCMMON.)

FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE
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Component Value Selection
Intagrating Reslstor

Batn the butler amplifier and the integrator have a class A
output stage with 100iA of quiescent cument They can
supply 4pA of drive current with negligible poatineasty. The
integrating resistor should be large enough to remain in this
very finear region over the input votage range, but smail
enough Lthat undue leakage requirements are not placad on
the PC board. For 2V full-scals, 470k(2 is near optimum and
similarly a 47k0) for a 200mV scale.

Integrating Capacltor

The integrating capacitor should be selectad o give the
maximum voltage swing that ensures tolerance buildup will
nat saturate the integrator swing (approximately, 0.3V lrom
sither supply). In the ICLT106 or the ICL7107, when the
analog COMMON Is used as a relerence. a nominal +2V lull-
scale integrator swing is fine. For the ICL7107 with +5V
supplies and analog COMMON tied to supph/ ground, a
3.5V lo +4V swing is nominal. For threa readings/second
(48kHz clock) nominal values for Cwr ara 022uF and
0.10uF, respactivaly. Of course, if dilterent ascillator {requen-
cias are used, thase values should be changed in inverse
propartion to maintain the same output swing.

An additional requirement of the integrating capacitor is that
it must have a low dislectric absorption lo prevent roll-over
arrors. While other types of capacitors are adequate lor this
application, polypropylena capacitors give undstectable
errors at reasonabls cost .

Auto-Zero Capaclitor-

The siza of the auto-zero capacitor has somg influence on
the noisa of the system. For 200mV {ull-scale where noiss is
very important, a 0.47pF capacitor is recommendad. On the
2V scale, a 0.047uF capacitor incraasas the speed of recov-
ary from overload and is adequale for noise on this scale,

Rafarence Capacitor

A Q.1uF capacitor gives good'rssblts +in mast applications.
However, where a large ccmmon mode voltage exists {j,e.
the REF LO pin is not at analog COMMON) and a 200mV
. scale is usaed, a larger value is raquiréd to prevent roth-over
amor. Generally 1.0uF will hold the roll-over eror (o 0.5
count in this instance,

Osclllator Compoanents -

For al anges of frequency a 100kQ resistor is recom-
_‘mended and the capacitor is salected {rom the equation
{ = C;:CS For 48kHz Clock (3 Readings/second),

C = 100pF

Referancs Voltage

The analog input required to generate full-scale output (2000
counts) Is: Vy = 2Vger. Thus, Sor the 200mV and 2V scale,
VRer should equal 100mV and 1V, respectively. However, in
many applications where the A/D is connected to a
r_nsducar, there will exist a scale factor other than unity
batween the input voltage and the digital macing. For
instance, in a weighing system, the dasigner might ike lo
have a lull-scale reaging whan the woRage from the
transducar is 0.662V. Instaad of dividing the input down to
200mV, the designer should use the input voltage directly
and salect Ygee = 0.341V. Suitable values for integraling
resistor and capacrtor wouid ba 1 20kQ and 0.22uf This
makes the system slightly quieter and also avoids a divider
network on the input The ICL7107 with 25V supplies can
accept input signals up to 24V. Another advantage of this
systam occurs when a digital reading of 28ro is desired for
Vi = 0. Temparaturs and weighing systems with a variable
fare are examples. This oriset reading can be conveniently
generated by connectingthe voltage lransducar batween [N
Hl and COMMON and the variable (or fixad) oftset voltage
batween COMMON and IN LO.

ICL7107 Powar Supplles

The ICL7107 is designed’ 1o work from 25V supplies.
However, il a2 neqative suoply is not available, & can be
generated from the clock outout with 2 diodes, 2 capacitors,
and an inexpensive LC. Figure 10 shows this application.
Sea ICL7660 data shaet for an alternative.

In fact, in selected applications no negative supply is
raquired. The conditions 1o use a single +5V supply are:

1. The input signal can te relermnced to the canter of the
common mode range of the convertar.

2. The signal Is less than 1.5V,

3. An extemal refarencs is used.

e 0t g0 )

Ve
NS S,
. ,CD4009
:
Ve H
osc1 : ,_D,_
.
oscz2 VA g
: -] po
osca —{-
’
IcLrter : FD"-
H
cNo !
v —l —-] p
H

¥al3v

FIGURE 10. GENERATING KEGATIVE SUPPLY FROM +5V
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TYPICAL SEGMENT OUTPUT
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—
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1000°s
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TO SWITCH DRIVERS
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M 4
t THAEE INVERTERS * g‘a%Tu%o
ONE INVERTER SHOWN FOR CLARITY 27,
------------------------------- r--o-o-o-----v--------.---'-—-------------’ . -
osct .
FIGURE 8. ICL7107 DIGITAL SECTION S
>
System Timing )
Figure 9 shows the clocking amangement used in lhe - -
INTERNAL TQ PART

ICL7106 and-ICL7107. Two btasic clocking arrangements
can ba used:

. An extemal oscillator connected to pin 40.
2. An R-C oscillator using all three pins.

The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the three
convertcycle phases. These are signal integrate -(1000
counts), reference de-integrate {0 to 2000 counts) and auto-
zero (1000 to 3000 counts). For signals less than full-scale,
auto-zero gets the unused portion of reference de-integrate.
This makes a complete measure cycle of 4,000 counts
{16.000 clock pulses) independent of input voltage. For thrae
readings/second, an oscillator frequency of 48kHz would be
used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycla should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 12CkHz, 80kHz, §0kHz, <8kHz.
40kHz. 33'/;kHz. etc. should be selected. For S0Hz rejec-
tion, Oscillator frequencies of 200kHz, 100KkHz, €6%,kHz.
SCkHz, 4CkHz. 2tc. would be suitable. Note that 40kHz (2.5
reacings/second) will reject Sotn £0Hz and 60Hz (also
<0QHz and 440Hz).

——> +4 t— cLocx

beaceccencccssss

4q

-4 40 n 3s
GNO ICLT107
TESTICLTI0S
INTERNAL TO PART

B A S

eecessssnrranvee

29

b

>

%a

L
[}

RC OSCLLATOR

FIGURE 9. CLOCX CIRCUITS
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The second function is a “lamp test”. When TEST is pulled
high (to V+) all segments will be turmed on and the display
should read “1888°, The TEST pin will sink ebout 15SmA
undar thesa conditions.

CAUTION: In e lamp (ast moda, e Segments iave a constant 0C
voaage (no squars-weve). This may bun the LCO display 4 mam-
taned for extended penods.

\ 4 t

. s 0 Lco
ICL7106 OECIMAL H H Lscu.u.

POINT n : POINTS

SELECT | _| v

. H

~ '

TESTY —_-:ﬁ >"";

R

FIGURE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE

Jidd495579

Digital Section

Figures 7 and 8 show the cigital section for the ICLT106 and
ICL7107, raspactively. In the ICLT106, an internal digital
ground is generated from a 6V Zener dioce and a large P-
channel source follower. This supply is made stiff to absorb
the relative large capacitive curents whea the back plane
(8P) voltage is switched. The BP frequency is the dock fre-
quency dividad by 80Q. For trea readings/second this is a
60Hz square wave with & nominal amplitude of 5V. The sag-
meats are driven at the same frequency and amplitude and
are in phase with 8P when CFF, but out of phasa when ON.
ln all cases negligible OC voltage exists across the seg-
mants.

Figure 8 is the Digital'Seczion of the ICL7107. It is identical
1o the ICL7106 except Lhat the regulated supply and back
plane drive have been aliminated and the segment drive has
been increasad from 2mA lo 8mA, typical for instrument size -
common anoda LED displays. Sinca the 1000 output (pin 19)
must sink current from two LED segments, it has twice the :
drive capability or 16mA. ~

In both devices. the polarity indication is "on” fo¢ negative

analog inputs. If IN LO and IN Hl ara reversed, this indication
can be reversed also, il desired. ’

a t b t b t b

[} [ L < e <

T

Y
1

LCO PHASE DRIVER

L THE Il
. 7 7 7
AL SequenT ouTeuT sseiier| | sealiowr | |ssctmnr | [rao]
LSmA . BB SRR AN
sequeyy |, l LATCH l
2.0mA . l ”[[ L[l[ l|“—

100Q°s

eoumn] [coumsn

100°s

1

| |coiten] |coumren

INTERMAL DICITAL GROuND/ ~

L L L L T P Y

- 1O SWITCH ORIVERS
FROM COMPARATOR OUTPUT — 1
Yo
o 1 AS N
—o{ +4 ]——-—{ Loacm«'mcx.J A ey
- ) sooQ
- ¢ THREE INVERTERS " YWy—eo TEST
ONE INVERTER SHOWN FOR CIARITY oL VR o & S 11
GAOUNO r 8 :
L}
284
L 2 N ' 1
osc1 2:: osca
B Bl

FIGURE 7. ICL7105 DIGITAL SECTION
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~

Ditferantial Refarence

. The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode emor is a rofl-over voitage caused ty the
relerence caoacitor losing or gaining charge to stray cacacity
oq its nodes. ! there is a large common mode woltage, the
reference caoacitor can gain charge (increasa votage) when
called up to de-intagrate a pasitive signal but lose charge
(decreass voltage) when called up to de-integrate a negative
input signal. This differenca in reference for postive or
negatve input voilage will give a roll-over error. However, by
selecting the reference capacitor such that it is large enough
in comparison {o the stray caoacitance, lhis error can be
held to less than 0.5 count worst casa. (See Component
Value Selection.}

Ansiog COMMON

This pin is included primarily to set the common mode
voitage for battery cperation (ICL7106) or for any system
whaere the input signals are floating with respect to the power
suppty. The COMMON pin sets a voltage that is approxi-
mately 2.8V more negative than the positive supply. This is
selected 10 give a minimum end-of-ife battery voftage of
about 6V. However, analog COMMON has some of the
aftributes of a referenca voltage. When the total supply
voltage is large enough lo cause the zener to regqulats (>7V),
the COMMON voltage will have a low voltage coatficient
(0.001%V), low outout impedance (=15Q), and a
lemperature coelficient typically lass than 80ppy°C.

The limitations of the on chip relerence should also be
recognized, however. With the ICL7107, the intemal heating
which results lrom the LED drivers can cause some
degradation in performance. Due lo their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of relerence Temperature
Coefficient (TC), internal chip dissipation, and package ther-
mal resistance can increase noisa near full-scale from 25V
to 80uVp-p. Also the linearity in gaing from a high dissipation
count such as 1000 (20 segments on) lo a low dissipation
count such as 1111(8 segments on) can sutfer by a count or
mare. Devices with a positive TC reference may require
several counts lo pull out of an over-range condiion. This is
because ovar-ranga is a low dissipation mode. with the three
least significant digits blanked. Similarly, units with a
negatve TC may cycle between over-range and a non-over-
range count as the die alternataly heats and cools. Al these
proolems are of course eliminated if an extemal refarencs is
used.

The ICL7106, with its negligible dissipation, suffers from
none of these problems. In either case. an extemal
reference can easily be added, as shown in Figure 4.

Analog COMMON is also used as the input low return during
auto-zero and de-integrate. I IN LO is ditferent from analog
COMMON, a common mode voltage exists in the systemn
and is taken care of by the excellent CMRR of the converter.
However, in some acplications IN LO wili be set at 2 fixed
novn voltage (power suoply cecmmon for instance). In this
application, analog COMMON should be tied to the samae
peint. Mus remaving the common mode voitage from the

converter. The same holds true for the refarence voltage. If
reference can be ccnvenienty tied to analog ' COMMON, #
should be sinca this removes the common mode voltage
{rom the reterenca system.

Within the IC, analog COMMON is tied to an N channel FET
that can sink approximately 30mA of current to hold the
vollage 2.8V below the positive supply (when a load is trying
to pull the common fne positive). However. there is only
10uA of source current. so COMMON may easily be lied lo a
more negative voltage thus overriding the internal refsrencs.

Yo

—

v
o say
_‘% A zEnen
<

REF H
< .

REF LO

IcLTt08

IcL 7107
'y

—— . -

FIGURE 4A, -

A4
ICL7108

3
3
e
1cLT107 L
L *
REF M™% A ICLsoss
1av
REFERENCE

REF LO

COMMONM

FIGURE 48.

FIGURE 4. USING AN EXTERNAL REFERENCE
TEST

The TEST pin serves two lunctions. On the ICL7106 R is
coupled o ths internally generated digital supply through a
50012 resistor. Thus it can be used as the negatve supply for
externalty generated segment crivers such as decimal points
or any other presentation the user may want to include on
the LCD display. Figqures S and 6 shaw such an application.
No mare than a 1mA load shouid be applied.

Ve a
TOLCD
oEaMAL
POINT

ICLT108
Thst
TEST

i S, CYY-)
BACKPLAKE

FIGURE S. SIMPLE INVERTER FOR FIXED DECIMAL POINT
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Detailed Description
Analog Saction

Figure 3 shows the Analog Section for the ICL71G6 and
ICL7107. Each measuremant cycle is divided into tvee
phasas. Thay are (1) auto-zero (A-Z), (2) signal integrate
(INT} and (3} de-integrate (DE).

Auto-Zaro Phase

During auto-zero three things haopen. First, input high and
low are disconnected lrom the pins and ntemally shorted to
analog COMMON. Second. the referancs caoacior is
charged lo the relerence votags. Third. a faeaback loop is
closaed around the system to charge the auto-zsro capacitor
Caz to compensate lor offsat voitages in the builer amplifiar,
integrator, and comparator. Since the comparator is included
in the loop, the A-Z accuracy is imited only by the noisa ol
the system. In any case, the olfset referred to the input is
lass than 10uV.

Signal Integrate Phasa

During signal integrate, the auto-zerc loop s opened, the
intarnal short is removed, and the intemal input hich and low
are connected 10 the external pins. The convener then
integrates the dillerential voltage between IN Hl and IN LO
for a fixad tima. This ditlersntial voltage can be within a wide
common mode rangs: up 1o 1V from either supply. I, on the
othar hand. the input signal has no return with respect to the
coaverter power supply, IN LO can be lied lo analog
COMMON to astablish the correct common mode vokage. At
the end of this phase, thg polarity of ihe inteqgrated signal Is
detecmined.

-

De-intagrats Phase

The final phasas is de-integrale, or reference intecrata. Input
fow is intemally connected lo analog COMMON and ingiut
high is connectad across the previously charged refarence
capacitor. Ciscuitry within the chip ensures that the capacitor
will be connected with the comect polarity 10 causa the
integrator output o retum to zecc. The time required for the
output to return to zero is proportional 1o the input signal.
Specifically the digital reading displayed is:

YIN
DISPLAY COUNT = 1@( ) -
Vors
REF

Ditfarental Input

The input can accept ditferential voltages anywhere within
the common moda range ol tha inout amplifiar, or specificalty
lrom 0.5V balow the positive supply to 1.0V above lhe
nagatve supply. In this range; the system has a CMRA ot
£6d8 typical. However, card must be exarcised to assure the
integraior output does not saturata. A worst case condition
would be a large positive common mode voltage with a near
full-scale negative ditferential input voliage. The negative
input signal drives the integrator positive when most of its
swing has been used up by the positive common mode
voltage. For these critical applications the integralor output
swing can ba reducad o lass than the recommended 2V full-
scale swing with little lass of accuracy, The integrator output
can swing lo within 0.3V cf eithér supply without loss ot
linearity.

1r ?
STRAY :1[: Cogs -'II‘-STRAY l
= = 3 Rer o= Cax = Cwr
Copst| REFW 7 REFLO BUFFER ¢,
REF _ . Crer- A INT
: 2 38 . a5 n g 28 1 x z
M Y&
: .
: »z AZ INTEGRATOR
H . 10
: 1004 h 4 : —]: > oo
3 2.8¢ CTION
Rt X
' T WPUT quv ,~Z
- : HIGH

:
H A2
: COUPARATOR
' R
: .
112

COMMON ¢
: NPUT
: W é A-T ANQ OE{2) Low
e :

wea $

1

FIGURE 3. ANALOG SECTION OF ICL7106 AND KCL.7107
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Desfgn Information Summary Sheet

* OSCILLATOR FREQUENCY
ksc = 0.45/ﬂC
Cosc > 50pF; Rage > 30KQ
tose Typ. = 48KHz

+ OSCILLATOR PERIOD
bSC= AC/Q.45

« INTEGRATION CLOCK FREQUENCY
o oox = loso/4

- INTEGRATION PERIOD
tner = 1000 X (&/lngc)

* 60/50Hz REJECTION CRITERION
UNTrlaorr OF trlscry = Intagar

* OPTIMUM INTEGRATION CURRENT
Iy = 4.00A

« FULL-SCALE ANALOG INPUT VOLTAGE
Vs Typically = 200mV or 2.0V

+ INTEGRATE RESISTOR
ViNFs
Nt

ANt =

« INTEGRATE CAPACITOR
tiny) iy
VINT

INT

* INTEGRATOR QUTPUT VOLTAGE SWING
) Uiy
CinT

INT ©

* Voor MAXIMUM SWING:
(V- +0.5V) < Vi < (V4 - 0.5V), Vi typically = 2.0V

DISPLAY COUNT

Vin

VRer

COUNT = 1000x

CONVERSION CYCLE

leve = leyocx X 4000
teye = tose X 16.000
when loge = 48KHZ toyg = 333ms

COMMON MQOE INPUT VOLTAGE
(V- + 1.0V) < Vyy < (V4 - 0.5V)

AUTO-ZERQ CAPACITOR
0.01pF < Cpz < 1.OF

REFERENCE CAPACITOR
0.11F < Cqgr < 1.0pF

Veou
Blased between Viang V- .

Veomz= V+- 2.8V e
Regulation lost when V+ 10 V- < =6.8V,

f Veou is extemally pulled down to (V + to V -2,
the Vg circuit will turn off.

ICL7106 POWER SUPPLY: SINGLE 9V
VéeVerm Vv

Digital supply is generated nternally

Vanp 2 V+- 4.5V -

ICL7106 DISPLAY: LCD *
Type: Oirect drive with digital logic supply amplitude.

ICL7107 POWER SUPPLY: DUAL £5.0V

V+ = +5.0V to GND

V- =-5.0Vto GND

Oigital Logic and LED driver supply V+ 1o GND

ICL7107 OISPLAY: LED
Type: Non-Multiplexed Commaon Anoda

Typical Integrator Amplifier Output Waveform (INT Pin)

.

AUTO ZERO PHASE SIGNAL INTEGRATE
{COUNTS) PHASE FIXED
2999 - 1000 1000 COUNTS

0
’
.
.
»
.
’
'
.
.
.
v
.
.
.
.
.
.
.
.
.
.
*
.
.
.
.
.
.

OEJINTECRATE PHASE
Q- 1999 COUNTS

TOTAL CONVERSION TIME = 4600 £ teg gox « 16,090 X gse
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Electrical Specifications (Nots 3) (Continued)

PARAMETERS [ TEST CONDITIONS o | e [ ax | owar
JCLT107 ONLY
§oqmem Sinking Current V+ = 5V, Segmant Voltage = 3V
(Except Pin 19 and 20) H 8 - mA
Pin 19 Onty 10 | 18 . mA
Pin 20 Onty ¢ 7 . mA

NOTES:
1. Input voitages may excead the supply voltages provded e input current is limited 1o =100uA.
2. Dissipadon raong assumas davics ks mountsd with all 1aads soldered to pantad ciraut board.
L Unfess othecwisa noted, speaificanons aopty to bod1 e ICLT7 106 and ICLT 107 at T, » +25°C, Iq oex = 48XHz ICL7105 Ls tastad In Me
. circuit of Figure 1. ICL7107 s testad In Ma circuit of Figure 2. .
4. Back plane arve 18 in phase wim sagmaent drive lor ‘olf segmaent, 1807 cut of phass loc ‘on’ soqmom. Freauency is 20 timas conversion
rata. Avarage OC component Is lass than S0mvV.
5. Not testad, guarantead by casign.

Typical Applications and Test Clrcuits

r‘-"- J-

Ry
o Nl & | _]_c.

T H Pé .C|-°.1IIF
FEEREBEFEEREREEREE "['ﬂﬂﬂ: Cqm QATUF
RS €y = 02F
§§§§§§33§:%‘§E$3023= Gz 1oope

YD ICL7106 nina
) Ry = 100k

Rymixd

fg = 130

FIGURE 1. )CL71%TESFCIRCUW.‘ANDTYHCALAPPUCATIONWTTHLCU OSPLAY COMPONENTS SELECTED FOH 200mV FULL-

SCALE
] Re C,_L"l _Lc, .
T “.%‘_. | )
r‘ammmrﬁ', ARG EEE, | craanr
- cooa-9y33zayessrgarze = CymaTF
8833'5..‘7}}3‘5: 3 3 Cq = 100pF
> " F - Crnamr
IcL7107 2300
53653530832 ¢cca353¢624d¢ 2= 1000
Ll:!L[:.’LL:.‘LH[:.L—JL—JE:ElLEl =SEEEE Rya 10
1
[

EIEIE]S '

AGURE 2. 1IC1L7107 TEST CRCUIT AND TYPICAL APPUICATION WITH LED DXSPLAY CCMPONENTS SELECTED FOR 200mV FULL-
SCALE
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~
Absoluie Maximum Ratings

Thermal Information

Sspoty Voltage Thermal Resistanca (MAX, Sea Nots 1) ™
R (= B A s R R 15V 40P Plastc Packags ..oeceeeennnnreenennn.a. STCW
Lo g (o7 AR 2 LY o 1 o D 5V 44 PN MQOFP PBCXAGO ..o ccivennrnncnnnnann. SO°C'N
CLZ107, V-0 GND L.ttt e ittt aeeeecannanns -9V Maximum Power Dissipation
Analog Inow Voltaga (Either nput) (Note 1), ... . .e...o. .. Ve+ito V- L L PN 1.0W
Retecencs input Vottage (Etherinput) .. .o ovveeeene.. .. Vs to V- LL6d i {7 DD 12N
Clock Inpug Operating Tomperatura Range ......cccvveunn... 0°Clo +70°C
L0 7 o TESTloV+  Storage Temperatre Range........ou.nun.... -£5°C o +150°C
L1 {7 GNDtloV+ Lead Temperatura (Soldering 108 Max) ... ............ +255°C
JUNCUON TEMDRANED oot iieeerenannnnnceannasanan +150°C
CAUTION: Srasses apove thase Gsted in "Absokrte Mexmun Radngs® may caune permanent damage (o the cevice, This is & sowss onty redng and cowrston
of '@ cevice et Trase or any oner S00ve (NOse IOk 1o donel of thas sowcricaoon o rol imcied.
.. Electrical Specifications (Nots 3)
PARAMETERS TEST CONDITIONS [ MIN [ TP [ MAX l uNIT
SYSTEM PESAFORMANCE
Zero Input Reading o Vin = 0.0V, Fulk-Scale = 200mV <000.0 | £000.0 | +000.0 Oigital
- ® ;
Asading
Ratometric Reading Vi = Vagp, Vree = 100mV "999 | e | 1000, | Oigrat
1000 "1 Reading
Rotaver Error Viy = +Vyy = 200mV - =02 = Couns
Oilference in Asading or Equal Positive and Naga-
. tve Inputs Near Fui-Scale . N
Uneanty Full-Scale = 200mV or Full-Scals = 2V Maximum =02 21 Counts
Deviation trom Bast Stralght Ling Fil (Note 5)
Common Mods Rejection Ratio Vew = 1V, Vi = GV, Ful-Scale = 200mV (Nots 5) - €0 . pv
Noiso Viy = 0V, Full-Scale a 200mV - 15 . uv
(Pk-PX Value NX Exceeded 95% of Time)
Leadage Current input Viy = @ (Nota 5) . 1 10 pA
Zaca Reading Orilt Vin = 0, 0% < T, < +70°C (Nole 5) 02 1 pvre
Scate Factor Ternperatura Coalficlent Vin = 199mMV, 0° < T, < +70°C. - 1 5 ppv*C
(Ext. Ral. Oppav°C}) (Note 5)
End Power Supoly Charactar V+ Suoply Cur- Vip = 0 (Coes Not Inchuda LED Current for ICLT 107) - V3] 1.8 mA
rerg
£nd Power Suopty Character V- Suoply Curent ICL7107 Only - 0.6 1.8 mA
COMMCON PIn Analog Common Volaga 25k} Batween Common and 2.4 238 32 \4
Posidve Suoply (With Respect o + Supply) '
TemouamCoemdamofAmquonmon 25k(1 Between Common and - 20 - poav*C
Positive Suoply (With Respect to + Supopty)
CASPLAY CRIVER ICLT106 ONLY
Pk-FPx Segmenx Orive Vohage V= lo V- =9V, (Nota 4) 4 5 [ v
Pk-Fx Bacxpiane Orive Voftags
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JFZ=T Input Operational Amplifiers

Thesa low-costJFET input cosranonal amatifiers compine two state-oi- the-art
linear 2cnnofogies on a single monaiithic integrated circuit. E2¢n intamally
cemeensaiza cceragonal emcfier has well maicnea hign vortage JFET input
devices or low input cifsat vortage. The SIFET tachn oloqy provides wide
bancwicths and fast slew raias wid law i inout bias currents, inpyt oifset currents,
and supply currents.

These cevices are available in single. dual ang auad cperatonal zfmolifiers
wnich are gin-comoatiole with ine industy siandard 'AC1741, MC1253. znd the
MCZ<0/1LM324 bioatar croducss. Oevices with an =M™ surix are scecfied over
the miditary ooeradng temoerztura range of ~35° 1o +125°C zng tnase witn 2 “C~
suiix are soecified from G° to -73°C.

* Input Cifset Voltage Opnans of 6.0 mV and 1S mV Max
* Low Input Bias Current: 20 pA

® Low Inpuc Ofsat Current: 5.0 pA

* Wide Gain Bangwidih: 4.0 MH2

® Hign Slew Rate: 13 Vius

* Low Suoply Current: 1.4 mA per Amalifier

* Hign tnput Impedance: 1012 q

Representative Clrcuit Schematic {Sz2cn Amalifier)
&n" .
. N e b g o ! =
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e . L |
L i T N
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| | J o A
|, TS | <., i ! |
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) | o | } :
o~ 2w
Qi _on o I
Cad ™S ’]j] o ,y..fj-/w}
l L i ST} i " w2 e ] AT i
I | |
o [+ 11 ¥ gare
1 5 | |
“aat 13 § la% | |
Jost L - I Ver
E ] o Sa Carary -
Canem o A8
Ametary
ORDERING INFORMATION
+ CoAmo | l Temoerature
i Funcdon l Oevice Range Packaga
; | TL081ACO.CO ! 503
. i TLOBIACSG.CSG | 9°:0470°C Cararme OIP
P St —oiacEcE : Pasic 0P 1
; TLC8IMIG ! -55710.i25°C | CeramcOWP |
TLOZ2ACD. CO ! 304 t
. : TLG682ACLG. CUG i 0%to «70°C Cararie OIP i
- WL32AC2. €A ; PlasscOQIP |
neazMIG ¢ =33"10.i25°C +  Ceramc OIP i
TLo3eAC,. &8 013 -79°C C_éram.c CIP .
Cuza TLC24ACM. CN ! Stzsac CiP i
LB ~357 0 -125°C Serare CIP

TL081
TL082
TL084

FET INPUT
OPERATIONAL AMPUFIERS
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PIN CONNECTIONS
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