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THE FERRO METAL OBJECT CRACK AND

THICKNESS DETECTOR
MR.NALITR SRISANAM
MR.SOMBAT PITAKCHAIWATTANA

MR.SORRASAK KHUNJED

MR.AMNART KEDSRIPRAI

ADVISORS

MR.SURAPHONG  SIRIPHONGDEE

MR.WORAWIT SOMHA
MR KITIPONG MANO
1997

ABSTRACT

This thesis presents the developement of the ferro metal object crack and thickness
detector. This project is non-destructive testing. An eddy current will be induced on the ferro
metal object by the electromagnetic field from a coil in the testing probe. When the detector
found any crack on the ferro metal , the impedance of coil in the testing probe will be changed.
Consequently , amplitude and phase of signal will be changed too.The method refers to the
research paper in THE NASA LANGLEY RESEARCH CENTER.This project applys this
method to make the testing probe and the dectector. The result of the process will be display on

a computer monitor and printer.
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5.1.8 2s0sulasiuanameindeniludeyaafanes (Analog To Digital

Converter Circuit)
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o - I s o dy
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Resolution 12 Bits
Input Channel 16 Channel (Single-Ended)
Input Voltage Range 5V To +5V,-10V To +10V

0V To +5V, 0V To+l10V

Accuracy 2 Bits
Conversion Time 200 ps, 5 KHz
Overvoltage 35V
Conversion Method S/W Trng
External Clock Tnig

Interrnal 8253/8254 Timer Trig
Internal 8253/8254 Timer Tnig

Connector 37 Pin D-Type Male Connector
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#include<alloc h>
#include<dos.h>
#include<stdio.h>
#include<conio.h>
#mclude<stdlib.h>
#include<math. h>
#include<graphics.h>
#include<process.h>

#include<dir.h>

typedef struct nodetype{
char data[80];
struct nodetype *Ip;
struct nodetype *mp;

}node;

node *hnode, *nnode, *wnode, *Inode;

int irq,idx=0,idx1=0,select=1,select2=1;

int int_num,old_8259_1,0ld_8259_2,¢,number=0;
unsigned d1{5000],d2{5000];

char name[13];

FILE *fl,

void (imterrupt far *old_intvect)();

static void set_clock(int rate)

{

long count;



unsigned clockrate;

unsigned char cl1h,clll,cl2h,cl2l;

count = 4000000/rate;

count = (long)sqrt((float)count);
clockrate = (unsigned)count;

cl1l = (unsigned char)clockrate & 0xff:

clockrate >>= §;

cllh = (unsigned char)clockrate & OxFF;

cl2l = clll;
cl2h = cllh;

outportb(0x300+ 15,0xB4);
outportb(0x300+ 14,cl11);
outportb(0x300+ 14,cl1h);
outportb(0x300+ 15,0x74);
outportb(0x300+ 13,cl2]);

outportb(0x300+ 13,cl2h);

void interrupt far int_routine0()

{
short dmsb,dlsb;

dmsb = inportb(0x300+1);
disb = inportb(0x300-+0);

d1[idx]=(dmsb<<d)+(dlsb>>4):
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1dx++;

outportb(0x300+2,0);

if(irq > 8)
outportb(0xA0,0x20);
outportb(0x20,0x20);
}

void interrupt far int_routinel()

{
short dmsb,disb;

dmsb = inportb(0x300+1);

dlsb = mportb(0x300+0);

d1{idx]=(dmsb<<4)+(dlsb>>4);
idx++

2

outportb(0x300+2,1);

if{irg > 8)
outportb(0xA0,0x20);
outportb(0x20,0x20);

struct MOUSETYPE {

mnt x;
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mty;
int status;
b
void setcard0();

void setcard1();

void closecard();

void getpic(int x1,int y1,int x2,int y2);

void putpic(int x1,int y1);

void background();

void load();

void save();

void printer();

void about();

void start();

void metal();

void bb(int x1,int y1,int x2,int y2,unsigned char *str);
void mouse_reset(void);

void mouse_display(void);

void mouse_hide(void);

void mouse_status(void);

void mouse_position(int x1,int y1,int x2,int y2);

void boxa(int x1,int y1,int x2, int y2);

void boxb(int x1,int y1,int x2, int y2);

void mouse_press(int x1,int y1,int x2,int y2,unsigned char *str);
void mouse_press2(int x1,int y1,int x2 int y2,unsigned char *str);
void drawfont(int x,int y,int color,int inchar);

char Fontpic[256][20];
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int loadfont(char filename(]);

void touttextxy(int x,int y,int color,unsigned char St[407);
void getfile(char *finame);

void show();

node *newnode(void),

node *firstnode(node *head,char data[80]);

void msertnode(node *start,char data[801]);

void clearnode(void);

char *bkarea;

main()

(-
int gdriver = DETECT,gmode;
sttuct MOUSETYPE m;

int quit=1,

initgraph(&gdriver, &gmode,"");

if(!loadfont("normal.fon")) {
setcolor(LIGHTMAGENTA);
outtextxy(10,10,"No thaifont NORMAL.FON");
exit(1);

}

mouse_reset(); mouse_position(0,0,630,462);

background();

do {
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mouse_display();
mouse_status();
if( BX==1)
if ((LCX>10)&&(_CX<60)&&( DX>30)&&(_DX<60))  load();
else if{(_CX>70)&&(_CX<120)&&(_DX>30)&&(_DX<60)) save();
else if{(LCX>130)&&(_CX<180)&&(_DX>30)&&(_DX<60))- printer();
else if{ L CX>190)&&(_CX<240)&&(_DX>30)&&(_DX<60)) about();
else if((_CX>250)&&(_CX<300)&&(_DX>30)&&(_DX<60)) start();
else if{(_CX>310)&&(_CX<400)&8&(_DX>30)&&(_DX<60)) metal();
else if((_CX>570)&&(_CX<620)&&(_DX>30)&&( DX<60)) {
mouse_press(570,30,620,60,"090");
quit=0;
}
else if((_CX>10)&&(_CX<30)&&(_DX>85)&&(_DX<105)) {
mouse_press(10,85,30,105,"");
mouse_hide();  setcolor(4);
setfillstyle(1,4); sector(20,95,0,360,5,5);
mouse_display();
setfillstyle(1,7); bar(15,275,25,285);
select2=1;
}
else if{ (L CX>10)&&(_CX<30)&&(_DX>270)&&(_DX<290)) {
mouse_press(10,270,30,290,"");
mouse_hide();  setcolor(4);
setfillstyle(1,4); sector(20,280,0,360,5,5);
mouse_display();
setfillstyle(1,7); bar(15,90,25,100);

select2=0;
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}
}while (quit);

closegraph();
}

void setcard0()

{

mt clock_rate;

rq=>5;
clock_rate=50;

1dx=1dx1=74;

outportb(0x300+15,0x34);
outportb(0x300+12,0x36);

outportb(0x300+12,0);

set_clock(clock_rate);
if(irq < 8)

mt_num = irq+8;
else

int_num = irq+0x68;

old_imtvect = getvect(int_num);

setvect(int_num,int_routine0);

old_8259_1 = inportb(0x21);
old_8259 2 = inportb(0xAl);

Ead
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if(irq < 8)
outportb(0x21,0ld_8259 1 & !(1<irg));
else
{
outportb(0x21,0ld_8259 1 & I(1<2));
outportb(0xAl,old 8259 2 & I(1<(irq-8)));
}
outportb(0x300+2,0);
outportb(0x300+3,0x05);

}

void setcard1()

{

nt clock_rate;

irg=5;
clock_rate=50;

idx=1dx1=74;

outportb(0x300+15,0x34);
outportb(0x300+12,0x36);

outportb(0x300+12,0);

set_clock(clock_rate);
if{irq < 38)
int_num = irq+8;

else
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—

int_num = irq+0x68,

old_intvect = getvect(int_numy);

setvect(int_num,int_routinel);

old 8259 _1 = inportb(0x21);

old_8259 2 = inportb(0xA1);

if(irg < 8)
outportb(Cx21,0ld_8259_1 & !(1<irq));
else
{
outportb(0x21,0ld_8259_1 & !(1<2));
outportb(0xAl,old_8259 2 & I(1<(irq-8)));
}
outportb(0x300+2,0);
outportb(0x300+3,0x05);
}

void closecard()

{
outportb(0x300+3,0x00);
setvect(int_num,old_intvect);
outport(0x21,0ld_8259_1);
outport(0xA1l,old_8259_2);

void getpic(int x1,int y1.int X2 int y2)



75

{
bkarea=malloc(imagesize(x1,y1,x2,y2));
getimage(x1,y1,x2,y2,bkarea);

}

void putpic(int x1,int y1)

{
putimage(x1,y1,bkarea, COPY_PUT);
free(bkarea);

}

void background()

{ int 1;

setfillstyle(1,15); bar(0,25,getmaxx(),getmaxy());

setfillstyle(1,9); bar(0,0,getmaxx(),25);

setcolor(0); line(0,70,getmaxx(),70);
touttextxy(lSO,S,14,"Lﬂ§"8~1¢‘|5’m’3’ﬂﬁ15E]U‘]Jﬂ‘WS'ﬂx‘mazﬂ’l‘mwu‘l‘umIﬁﬁzm’gﬂ");
touttexmy(ls1,5,14,"!.ﬂ§"®w\swi'ﬂmsaﬂunws’muazmmwuwaaTaw:mﬁn");
bb(10,30,60,60,"1/A");  bb(70,30,120,60,"FuNA");

bb(130,30,180,60,"NaI%"); bb(190,30,240,60,"about");

bb(250,30,300,6o,"1§u"); bb(310,30,400,60," ¥iia lans™;
bb(410,30,560,60."%8":

setcolor(0); rectangle(444,34,551,56);

setfillstyle(1,15); bar(445,35,550,55);

touttextxy(455,35,1,"NONAME.*");

bb(570,30,620,60,"000");
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setfillstyle(1,0);

for(i=1;1<7;i++) fillellipse(71,105+(i*20),5,3);
for(i=1;1<25;1++) fillellipse(70+(1*20),245,5,3);
bar(70,105,72,245); bar(70,244,560,246);

for(i=1;1<7;1++) fillellipse(71,290+(1*20),5,3);
for(i=1;1<25;i++) ﬁllellipse(70+(i*20),4é 0,5,3);
bar(70,290,72,430); bar(70,429,560,431);
bb(10,85,30,105,""); touttextxy(40,85,0,"ANUHUI");
setcolor(4); setfillstyle(1,4); sector(20,95,0,360,5,5);
bb(10,270,30,290,""; touttextxy(40,270,0,"sDYLANS 2d");

bb(280,440,370,470," MAn");

void load()
{
char name[13];

int g=1,q2=1;

mouse __press(l0,30,60,60,"&]?1");

mouse_hide();

getpic(10,75,210,310);
sound(5000);delay(1000);sound(1000);delay(500);sound(500);delay(100);
bb(10, 75,200,104," S8EUANTDIVBIBGHLHEN");

bb(10,105,200,134," avmuwnuIvesegiitiion"y;

bb(10,135,200,164," 598UANS DIUR4 lavzinan®);
bb(10,165,200,194," AUMU IO Jansiman®);

bb(10,195,200,224," gALan");

mouse_display(); nosound();
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mouse_position(10,75,200,224);

do { mouse_status();

if( BX==1)

if(( DX>75)&&(_DX<104)) {

}

mouse_press(10, 75,200,104," ’fﬂﬂ’J‘uJ“r‘iu'l‘UENE)QﬁLﬁﬂu");
sprintf(name,"*.ack");

mouse_hide();

bb(280,440,370,470," @Qﬁlﬁﬂu");

mouse_display();

select2=0; select=0; q=0;

else if((_ DX>105)&&( DX<134)) {

}

mouse_press(10,105,200,134," 5081 nws’awaaagﬁsﬁw“);
sprintf(name,"*.ath");

mouse_hide();

bb(280,440,370,470," Bgiitan");

mouse_display();

select2=1; select=0; q=0;

else if((_DX>135)&&(_DX<164)) {

}

mouse_press(10,135,200,164," '3’ﬂﬂ'nwuwaﬂamm§ﬂ");
sprintf(name,"*.mck");

mouse_hide();

bb(280,440,370,470," (MAN");

mouse_display();

select2=0; select=1; q=0;

else if((_DX>165)&&(_DX<194)) {
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mouse_press(10,165,200,194," s08unNs 83vs Tanziman";
sprintf(name,"* mth");
mouse_hide();
bb(280,440,370,470," ian");
mouse_display();
select2=1; select=1;q=0;
}
else if((( DX>195)&&(_DX<224)) {
mouse_press(10,195,200,224, "cancle");
q=0; q2=0;
}
} while(q);
mouse_hide();
putpic(10,75);
mouse_display();
mouse_position(0,0,630,462);
if{q2) {
getfile(name);

mouse_hide();

if{!select2) {
setcolor(4);
setfillstyle(1,4); sector(20,280,0,360,5,5);
setfillstyle(1,7); bar(15,90,25,100);
} else
if{select2) {
setcolor(4);

setfillstyle(1,4); sector(20,95,0,360,5,5);
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setfillstyle(1,7); bar(15,275,25,285);
}
raouse_display();
}
}

void save()
{
char getname[9]="",ch;

int g=1,r=1,count1=0;

mouse_press(70,30, 120,60,"ﬁuﬁﬂ");
setfillstyle(1,1);
getpic(180,130,430,231);
mouse_hide();
sound(5000);delay(1000);sound(1000);delay(500);sound(500);delay(100);
bb(200,130,420,1 90,"“11}0");
setfillstyle(1,15); bar(240,156,405,180);
setcolor(0); rectangle(240,156,405,180);
bb(310,191,365,221,"ANa4"); bb(365,191,420,221,"8ALan");
mouse_display(); nosound();
setcolor(4); line(247+(count1*8),178,255+(count1*8),178);
line(247+(count1*8),177,255+(count1*8),177);
do {

ch=getch();

if((ch>0x60)& &(ch<0x7b)) {

if(count1<8) {

getname[count} ]=ch;
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mouse_hide();
setfillstyle(1,15); bar(241,157,404,179);
touttextxy(247,158,0,getname);
mouse. display();
}
count]l-++;
if(count1>8) count1=8;
setcolor(4); line(247+(count1*8),178,255+(count1*8),178);
line(247+(count1*8),177,255+(count1*8),177);
}
ywhile(ch!=0x0d);
sound(5000);delay(1000);sound(1000);delay(500);sound(500);delay(100);
nosound();
do {
mouse_status();
if( BX==1)
if((_CX>310)&&(_ CX<365)&&( DX>191)&&( DX<221)) {
mouse_press(310,191,365,221,"ana3"),
sound(5000);delay(1000);sound(1000);delay(500);sound(500);delay(100);
if(strlen(getname)!=NULL) {
if((Iselect)&&(Iselect2)) strcat(&getname," . ack");
else if{(Iselect)&&(select2))  strcat(&getname,".ath");
else if((select)&&(Iselect2)) strcat(&getname,” mck");
else if{(select)&&(select2))  strcat(&getname," .mth");
setfillstyle(1,15); bar(445,35,550,55);
strupr(&getname);

touttextxy(453,35,1,getname);
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=0; nosound(); r=0;
}
else if{(_CX>365)&é&(_CX<420)&8&(_DX>191)&&(_DX<221)) {
mouse _press(365,l9l,420,221,"Elmaﬂ");
q=0; sprintf{getname,"");
}
} while(q);
if((!r) & &(number)) {
if((f1=fopen(getname,"w+t"))= NULL)

fprintf(stderr," Cannot open the file.\n");

for(count1=0;countl<(number-1);count1++) {

fprintf(f1,"%d\n",d2[count1});

if(fclose(f1)!=NULL)
fprintf(stderr,"Cannot close the file.\n");
}

mouse_hide();

putpic(180,130);

mouse_display();
}

void printer()
{

int XX,yy;

mouse_press(130,30,1 80,50,"7‘5111*1"');
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mouse_hide();
setfillstyle(1,0); bar(0,0,getmaxx(),25);
touttextxy(lso,s,15,"Lﬂ§"a\msa%5'ﬂmsawnws’mua:mmwmmmTammﬁﬂ");
touttextxy(ls1,5,15,"m§"mma%5’ﬂmsaﬂunws’mua:ﬂ'mem-vaﬂammﬁn");
for(yy=25;yy<480;yy++)
for(xx=0;xx<640;xx++)
if{(getpixel(xx,yy)==0)|(getpixel(xx,yy)==1)
(getpixel(xx,yy)==4))
putpixel(xx,yy,15);
else putpixel(xx,yy,0);
if(select2) {
if{!select) touttextxy(96,85,15,"u04 ogiitHu");
else if(select) touttextxy(96,85,15," U84 m’aﬂ");
mouse_display();
do{ mouse_status(); }while( BX!=1);
geninterrupt(0x05);
}
else if{!select2) {
if{Iselect) touttextxy(96,85,15,"y09 agiittlou™);
else if(select) touttextxy(96,85,15,"y84 MaAn");
do{ mouse_status(); }while( BX!=1);
geninterrupt(0x05);
}
mouse _hide();
background();
if(!select2) {
setcolor(4);

setfillstyle(1,4); sector(20,280,0,360,3,5);
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setfillstyle(1,7); bar(15,90,25,100);
} else
if(select2) {
setcolor(4);
setfillstyle(1,4); sector(20,95,0,360,5,5);
setfillstyle(1,7); bar(15,275,25,285);
}
if{Iselect) bb(280,440,370,470," agiiition");
else if(select) bb(280,440,370,470," 1&A");
mouse_display();

}

void about()

{

mouse_press(190,30,240,60,"about"),

mouse_hide();

getpic(190,75,500,300);

mouse_display();

bb(190,75,490,290,");
sound(5000);delay(1000);sound(1000);delay(500);sound(500);delay(100);
touttextxy(ZZO,S0,0,"i‘lﬂ‘?'fE)'EJ’ﬁ)‘]iET‘ﬁ‘lJ?ﬂ‘m");
touttextxy(221,80,0," w1075 81 S AR ;
touttextxy(195,100,0,"1.819156q5ney  A3nada"y;
touttextxy(195,120,0,"2.91915625 M8 aun");
touttextxy(195,140,0,"3.019158 0N Wz Tu"):
touttexucy(zzo,160,0,"315?}9%5@1711");
touttextxy(ZZ1,160,0,"5‘18‘?655?17%1");

touttextxy(195,180.0,"1. WIBUAAS  ASAUM  SHA 39031312"):
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touttextxy(195,200,0,"2. Wigduiia  NANFyIa s 39031332");
touttexbcy(195,zzo,0,"3.uwasﬁnﬁ' auuad YA 39031333");
touttextxy(195,240,0,"4. 188140 INNAT IWS  THA 39031342");
nosound();

do { mouse_status(); } while(_BX!=1);

mouse_hide();

putpic(190,75);

mouse_display();

}

void start()
{
mouse_press(250,30,300,60,"vgn");
number=0;
if((Iselect)&&(Iselect2)) setcard0();
else if((!select)&&(select2)) setcard0();
else if{(select)&&(!select2)) setcardl();
else if((select)&&(select2))  setcard0();
setcolor(l); setfillstyle(1,15);
if(select2) { bar(75,105,560,242); moveto(75,160); }
else if{!select2) { bar(75,290,560,427); moveto(75,340); }
do {
mouse_status();
if(idx>=558) {
setfillstyle(1,15);
if(select2) {
bar(75,105,560,242);-

bl

if(select) {
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if((getmaxy()-(d1{c]>>3)+100)<241)
moveto(75,getmaxy()-(d1[c]>>3)+100);
else moveto(75,241);
}
else if{!select) {
if((255-(d1{c)/10))>105) moveto.(75,255—dl [c}/10);
else if((255-(d1[c]/10))<=105) moveto(75,241);
)
}

else if(!select2) {
bar(75,290,560,427);
if(select) moveto(75,420-d1[c}/50);
else if(!select) {
1f(((d1[c}/10+278)>424)) moveto(75,425);

else moveto(75,d1[c]/10+278);

}
}
1dx1=75; idx=75;
}
if(idx1<idx) {
for{c=1dx1;c<idx;c++) {
if(mumber>4000) number=0;
else number++;
d2{number]=dl[c];
if(select) {
if(select2) {
if((getmaxy()-(d1{c]>>3)+100)<241)

lineto(c+2,getmaxy()-(d1[c]>>3)+100);
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else lineto(c+2,241);
}
else if(!select2) {
if((d1{c]>=0)&&(d1[c]<1500))
lineto(c+2,423-d1[c}/50);
else if{(d1{c]>=1500)&&(d1{c]<3200))
lineto(c+2,423-d1[c)/24);
else if(d1[c]>=3200)
lineto(c+2,423-d1[c)/50);
}
}
else if(!select) {
if(select2) {
if((255-(d1[c]/10))>105) lineto(c+2,255-d1(c}/10);
else if((255-(d1{c]/10))<=105) lineto(c+2,241);
}
else 1f(Iselect?) {
if(((d1{c}/10+278)>424))
lineto(c+2,425);
else lineto(c+2,d1[c}/10+278);
}

}
idx1=idx;
}
} while((_BX!=1));
mouse _press(250,30,300,60,"13'11");

closecard();
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void metal()
{

int quit=0;

mouse_press(310,30,400,60," ¥ lane");
mouse_hide();
getpic(310,75,410,310);
sound(5000);delay(1000);sound(1000);delay(500);sound(500);delay(100);
bb(310,75,400,104," agﬁtﬁsu");
bb(310,105,400,134," m?in");
mouse_display(); nosound();
mouse_position(310,75,400,130);
setfillstyle(1,1); w
do {
mouse_status();
if( BX==1)
if{( DX>75)&&( DX<104)) {
mouse_press(310,75,400,104," agﬁxﬁw ";
bb(280,440,370,470," Elgﬁlﬁtlil");
select=0; quit=1;
}

else
if((_DX>105)&&(_DX<134)) {
mouse_press(310,105,400,134," tHan");
bb(280,440,370,470," tMAN");

select=1; quit=1;
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}
} while(!quit);
mouse_hide();
putpic(310,75);
mouse_display();

mouse_position(0,0,630,462);

void bb(int x1,int y1,int x2,int y2 unsigned char *str)
{

setfillstyle(1,0);

bar(x1+5,y1+5 x2+5,y2+5);

boxa(x1,y1,x2,y2);

touttextxy(x1+10,y1+5,0,str);

}

void mouse_position(int x1,int y1,int x2, int y2)
{
_CX=xl;
DX =x2;
_AX = 0x07,
geninterrupt(0x33);
CX=yl,
DX =y2;
_AX = 0x08;
geninterrupt(0x33);
}
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void mouse_reset(void)

{
_AX = 0x0000,
geninterrupt(0x33);

}

void mouse_display(void)
{
_AX =0x0001,
geninterrupt(0x33);

}

void mouse_hide(void)
{
_AX =0x0002;
geninterrupt(0x33);

}

void mouse_status(void)
{
_AX = 0x0003,;
geninterrupt(0x33);
}

void boxa(int x1,int y1,int x2,int y2)
{

setfillstyle(1,7);

bar(x1,yl,x2,y2);
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setcolor(DARKGRAY);

line(x1+1,y2-1,x2-1,y2-1); line(x2-1,y2-1,x2-1,y1+1);
setcolor(15);

line(x1+1,y1+1,x2-1,y1+1);

line(x1+1,y1+1,x1+1,y2-1);

void boxb(int x1,int y1,int x2,int y2)
{
setfillstyle(1,7);
bar(x1,yl,x2,y2);
setcolor(15);
line(x1+1,y2-1,x2-1,y2-1);
line(x2-1,y2-1,x2-1,y1+1);
setcolor(DARKGRAY);
line(x1+1,y1+1,x2-1,y1+1);

line(x1+1,y1+1 x1+1,y2-1);

void mouse_press(int x1,int y1,int x2,int y2,unsigned char *str)
{

mouse_hide();

boxb(x1,y1,x2,y2);

touttextxy(x1+10,y1+6,0 str);

mouse_display();

delay(500);

mouse_hide();

boxa(x1,y1,x2,y2);
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touttextxy(x1+10,y1+5,0,str);
mouse_display();
}

void mouse_press2(int x1,int y1,int x2,int y2,unsigned char *str)

{
mouse_hide();
boxb(x1,y1,x2,y2);
touttextxy(x1+4,y1+3,0,str);
mouse_display();
delay(500);
mouse_hide();
boxa(xl,yl,x2,y25;
touttextxy(x 1+3,y1+2,0,str);

. mouse. display();
}

void drawfont(int x,int y,int color,int inchar)
{
int i.j;
for(i=0;1<20;i++)
for(j=0;j<8;j++)
if(((Fontpic(inchar][i]>>(7-}))&1))

putpixel(x+j,y+i,color);

mt loadfont(char filenamel])

{
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FILE *tfile;
if((tfile=fopen(filename,"rb"))==NULL) return 0;
fread(&Fontpic,5120, 1, tfile),

return 1;

}

void touttextxy(int x,int y,int color,unsigned char St{40])

{

mt count=0,a=0,test;

while((St[count]!=0)&(count<128)) {
test=(int)St{count];
if((test==209)||((test>211)& &(test<220))||
((test>230) & &(test<239)))
drawfont(x+a-8,y,color, test);
else {
drawfont(x+a,y,color,test);
at+=38;
}

count++;

void getfile(char *finame)
{
struct ffblk blk;

int done,not=1;
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hnode = NULL;

wnode = hnode;

done=findfirst(finame, &blk,0);
if(!done) not=0;
while(!done) {
if(hnode==NULL) {
hnode=firstnode(hnode,blk.ff_name);
wnode=hnode;
}
else {
insertnode(wnode,blk ff name);
while(wnode->rp!=NULL) wnode=wnode->1p;
}
done=findnext(&blk);
} .
mouse_hide();
getpic(10,75,150,280);
sound(5000);delay(1000);sound(1000);delay(500);sound(500);delay(100);
bb(10,75,120,270,"");
bb(120,75,140,95,"");  bb(120,95,140,115,"");
touttextxy(123,77 ,0,"‘?;’14"); touttextxy(123,97,0,"a3");
nosound();
mouse_display();
if('not) show();
else if{not) {
mouse_hide();

touttextxy(15,77,0,"no filet");
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mouse_display();

do{ mouse_status(); }while(_BX!=1);
mouse_hide();

putpic(10,75);

mouse_display();

void show()

{
nt i=20,j=1,y=1,temp=0,up=l,eg<it=0;
int trn,countl e;
char dat[80],ch;

node *a;

a=wnode=hnode;
do {

mouse_status();

=1

while(a!=NULL) {
mouse_hide();
if(a=wnode) touttextxy(i,j*20+60,4,a->data);
else touttextxy(i,j*20+60,0,a->data);
a=a->1p; j++; mouse_display();
if(3>9) a=NULL;

}

if( BX==1) {



f((_CX>120)&&(_CX<140)&&(_DX>75)&&(_DX<95)) {
mouse _pressZ(120,75,140,95,"“1113’14");
1f(wnode->Ip!=NULL) {
wnode=wnode->lp; y--;
if(y<1) {y=1;up-~;}
}

}
else if((_CX>120)&é&(_CX<140)&&(_DX>95)&&( DX<115)) {
mouse_press2(120,95,140,115,"a3");
if(wnode->rp!=NULL) { '
wnode=wnode->rp; y++;
if(y>9) { y=9; up++; }
}
}
else { _BX=2; exit=1; }
setfillstyle(1,7); bar(12,77,118,268);
a=hnode; temp=up;
while(up!=1) { a=a->1p; up—~; }
up = temp,
}
“}while((_BX!=2)&&(lexit));
if(lexit) {
sound(5000);delay(1000);sound(1000);delay(500);sound(300);delay(100);
strepy(&name,&wnode->data);
setfillstyle(1,15); bar(445,35,550,55);
touttextxy(455,35,1,name);
mouse_hide();

putpic(10,75);
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setcolor(1); setfillstyle(1,15);
if{select2) { bar(75,105,560,242); moveto(75,160); }
else if{!select2) { bar(75,290,560,427); moveto(75,340); }

nosound(); mouse_display();

if{(f1=fopen(name,"r+t"))== NULL)
fprintf{stderr,"Cannot open the file.\n");
fseek(f1,0L,0);
countl=0;
_ while((fscanf{(f1,"%d",&tm)}}=EOF) {
++countl;
if(select) {
if(select2) {
if((getmaxy()-(tm/10))<241)
lineto(count1+75,getmaxy()-(tm/10));
else lineto(count1+75,241);
}
else if(!select2) {
if((tm>=0)&&(tm<1500))
lineto(count1+75,423-tm/50);
else if((tm>=1500)& &(tm<3100))
lineto(count1+75,423-tm/24);
else if(tm>=3100)
lineto(count1+75,423-tm/50);
}
}

else if(!select) {
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if(select2) {
if((255-(tm/10))>105) lineto(count1+75,255-tm/10);
else if((255-(tm/10))<=105) lineto(count1+75,231);
}
else if{!select?) {
if((tm/10+278)>424) lineto(count1+75,425);
else lineto(count1+75,tm/10+278);.
}
}
delay(100); e=I;
if(count1==480) {
do{
mouse_status();
if( BX==1)
f{((_CX>130)&é&( CX<180)&&(_DX>30)&&(_DX<60)) {
e=0;printer();
}
else { e=0; }
ywhile(e);
setfillstyle(1,15);
if(select2) {
bar(75,105,560,242);
if(select) {
if((getmaxy()-(tm>>3)+100)<241)
moveto(75,getmaxy()-(tm>>3)+100);
else moveto(75,241);

}

else if(!select) {
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1f((255-(tm/10))>105) moveto(75,255-tm/10);
else 1f((255-(tm/10))<=105) moveto(75,241);
}

}
else if(!select2) {

bar(75,290,560,427);
if(select) moveto(75,420-tm/50);
else if(!select) {
if(((tm/10+278)>424)) moveto(75,425);
else moveto(75,tm/10+278);
}
}

count1=0;

}
if{fclose(f1)!=NULL) fprintf{stderr," Cannot close the file.\n");

} else { mouse_hide(); putpic(10,75); mouse_display(); }
clearnode();

}

node *newnode(void)

{

return(node *)malloc(sizeof(node));

}

node *firstnode(node *head,char data[80])
{

head = newnode();
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sprintf(head->data,data);
head->lp =NULL,
head->rp =NULL,;

return head;

void insertnode(node *start,char data[80])

{

node *newn;

newn = newnode();
sprintf(newn->data,data);
if(start->rp==NULL) newn->rp=NULL,;
else {
newn->rp=start->1p;
newn->1p->lp=newn;
}
newn->lp = start;

start->1p = newn,

void clearnode(void)
{
wnode = hnode;
nnode = wnode->1p;
while(wnode!=NULL) {
free(wnode);

wnode = nnode;
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nnode = nnode->1p;

}
10
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ANALOG
DEVICES

Precision Instrumentation Amplifier
AD524

CONNECTION DIAGRAMS
Ceramic (D) and
SOIC (R) Packages

FEATURES
Low Noise: 0.3uV p-p 0.1Hz to 10Hz
Low Nonlinearity: 0.003% (G = 1)

High CMRR: 120dB {G = 1000}

Low Offset Voltage: SOpV -weut (7] €] na, ;
Low Offset Voltage Drift: 0.5;V/°C swour [T] 75} outrur st

Gain Bandwidth Product: 25MHz »a, (1] 7] onrtrut ors

Pin Programmable Gains of 1, 10, 100, 1000 ——— ":’5:‘ —

Input Protection, Power On - Power Off ot 10 Sesiat . suont 10

No External Components Roquired et (3] 12}« w00 b odmep

Internally Compensated nesentrec (1] tﬂ“ = 1000,

MIL-STD-8838, Chips, and Plus Parts Available -v @] 19] #anst

16-Pin Ceramic DIP and SOIC Puckages and v [T] (5 currar

20-Terminal Leadless Chip Carriars Available
Available in Tape and Raeel in Accordance
with EIA481A Standard
Standard Military Drawing Also Available

PRODUCT DESCRIPTION

The ADS24 is a precision moaulithic instrumentation amplifier
designed for data acquisition applications requiring high accuracy
under worst-case vperating conditioas. An outstanding combina-
tion of high Lincarity, high common made rejection, low offset
;wlmge drift, and low noise makes the ADS24 suitable for use in
many data acyuisition systemns.

The ADS524 hus an output ulfset voltage deift of less than 25uVAC,

o8
"V —— ey
[JERT]
T ouTPUT

Ut
OFSSET ML

OFFSETN AMuLL

Leadless Chip Carxier (E) Package

?

~ gt

<
N
3

3
3
n

NULL

13

T
P -v,
+ n
wey oumy

r 14
OFFSET NULL OFFSET AL

12 QUTPUT AL

177G
input offset voltuge drifl of less than 0.5uV/C, CMR above AT soar to:
9048 at unity gain (12048 at G = 1000) and maximum nonlincurity A g:f;‘n!
0€0.003% at G = 1. In addition 10 the vutstanding Jde specifications
M a = W

the AD524 also has & 25MHz gain bandwidth product (G =
100). To make it suitabte fur high speed data acyuisition systems
the ADS524 has un vutput slew rate of SV/pus and seides in [Sus
to 0.018% for guins of 1 to 100,

As a complete winplifier the ADS524 dues ot require any cxternal
components for fixed gains of 1, 10, 100 and 1,000. For other
gain scttings between | and 1000 unly u singic resistoe is reguired.
The ADS24 input is fully protected tor buth power oa and
power off fuult conditinas.

The ADS524 IC instrumentstion ampliticr is available in four
fifferene versions of accurucy and operating temperature range.
The cconomical “*A™ grade, the low deift *B* grade and lower
drift, higher lincarlty “C" grade ace spevified frum - 25°C 10
+85°C. The “S” yrade guarantees performance to specification
sver the extended temperature range - 55°C o + 125°C. Devices
ire available in 16-pin cerumic DIP and SOIC packages and a
20-terminal leadless chip carcrier,

PRODUCT HIGHLIGHTS
. The ADS24 has guuraniced low ulfsct voltage, offset voltage
drift and low noise fur precision high gain applications.

s

ouTrut 3
CENST

2. The ADS24 is functionally complete with pin programmable
gains of 1, 10, 100 and 1000, and single resistor programmuble

for any gain.

3. Input and vutput offset nutling terminals are provided for
very high peecision applications and to minimize offset voltage
changes in gain ranging applications.

off fault conditioas.

. The ADS24 is input protected for both power on and power

5. The ADS24 offecs superioc dynamic performance with a
gain bandwidth product of 25MHz, full power response of
75kHz and a scetling time of tSps 10 0.01% of 2 20V step

(G = 100).
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10524 —SPEBIF|CATIUNS (Gr Vg = =15V, R, = 2k} and T, = +25°C unless otherwise noted)

ADS24A ADSMB ADSC ADSHS
Model Min Typ Max Mia Typ Mag Min Typ Max Min Ty Mar Ualts
GAIN N
Gain Equation
(External Rexistor Gain
; oo, l . 40,000 l -
Programming} I R 1« 0% e 1| =20%
Gain Range(Pin Priogrammahiet 1t 1000 110 1000 1 o 1000-
Gain Error
G~ =0.05 20,03 FY X 73 20,05 %
G- 10 2025 20,15 20.1% 20.28 %
G -1 =0.5 =038 20.25 205 %
G- Hw =2.0 z1.0 205 220 *
Nonlincarity
G=1 =20.01 20.005 =0.00} =001 %
G = 10,100 0.0l z0005 20.003 20.01 %
G » 1000 0.0 0.0l =00 =0.01 %
Gain vs. Temperature
G-t s s s pomC
G=10 1$ 10 10 1o PV
G = 100 35 2 2 b3 PpvC
G = 1000 100 50 $0 50 ppe"C
VOLTAGE OFFSET (May be Nulled)
Input Ofset Voltage 250 100 30 100+ [\4
vs. Temperature H 0.78 0.5 2.0 wvrC
Output Offsct Voltage $ ) 2.0 3.0 mV
ve, Temperature 00 S0 15 0 N ad
Ofisst Referred 1o the
r'inpul vs. Supply
s Gl n 75 80 15 a8
- G=10 85 1] 100 ”» a8
Haf. G o100 9 105 1o 108 48
G = 1000 100 Ho 11s 1o 48
INPUTCURRENT
[nput Blas Current +%0 *15 1% £ ] nA
vs, Temperature 2 100 = 100 - 100 =100 pAIC
taput Oflse1 Cursent E3H) =15 zto £33 nA
vs. Temperature : 100 < 100- 2 100+ =100 pAC
iNpUT
Input Impedance
Dufferential Resistance 10° 10° to* 10° n
Differentia) Capecitance 0 10 [ to pF
Common Made Resbstance 10° 10° 0* 10* fn
Common Mode Capacitance 10 10 10 10 oF
{nput Voltage Range
Max Differ, Input Lineae (Vi ) 210 210 =10 =10
Max Commen Made LineartVeyut 7Y~ (? » Vn) 12v - (? x \'o) 1y - (? "Vn) 12¢ - (? " Vn)
Common Mode Reiection dc 3
10 60H 2 with 1R} Source Imbatance
G=1 10 5 30 10 48
G 10 9 1 5] 100 L dB
G - 100 100 105 e 100 da
G = 1000 1o 115 120 1e d8
OUTPUTRATING
Vewr Re 2ki2 -10 -0 -0 s10 v
DYNAMICRESPONSE
Small Signal  3dB
G 1 1 1 ) 1 MH2
G 10 400 00 409+ 400 kHz
G toa 150 150 1350 15 kHr
G 1000 25 3] 3] 3 sHr
Slew Rate 5.0 $.0 3.0 50 Vins
Seteling Time 100.01%, 20V Step
G = lw100 13 13 13 1 ™3
G - 1000 75 b 7% 1 »
NOISE
Voltage Noise, IkHz
RTL ? 7 b ? aviviz
R.T.O. % % %0 %0 avivix
R.T.1.,0.1 to i0H2
G=1 5 s 13 t$ »Vpp
G=10 1 ? 2 2 p¥pp
G = 100, 1000 0.3 0.3 0.3 0.3 aVop
Current Nnise
0.1Hz 10 10Hz 0 0 ] 0 pAPp
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L3 Ay
ADS24A ADS248B ADSUC ADS24S
Model Mia Tre Mas Mia Typ Maz Min Typ Mag Mia Trp Max Units
SENSEINPUT .
Rin 0 20 W 20 k0 = 20%
I 15 13 3] 13 rA
Voltage Range . 210 =10 =10 =10 v '
Gain to Output . | 1 1 1 " N
REFERENCEINPUT
Ren “ «© W 40 k(l =20%
I 1 15 15 15 BA
Voltage Range =10 210 10 10 v
Gain to Qutput ] 1 i 1 %
TEMPERATURE RANGE
Speulied Porformane 28 133 2 » 8% -8 (X +] -5 €123 *C
Stvrnge 63 + 150 [ )V 150 - 83 v 130 - 63 +150 c
POWER SUPPLY
Puwee Supply Renge zé =13 218 zé : 18 x18 zé 215 ERt ] zé =15 =18 v
Quiescent Current 1 B 5.0 3s 5.0 35 5.0 15 5.0 mA
INU'! [ 23

Ve 18 the snazimum ditlecential input voltage st G 1 bor speustied nonhiacanty,
Vi at other gaas - WOV G,
Vi Actuat duferenial input vedtage

Exunple: G 10, V, - 0.50

Viw - 12V =(I102 <« 250V) - ¥IV

Specifications subgect fu change withiust nutie.
Al sun and mas speulicanons are guanateal Spectlications shown i boldlace are toaicd on ofl production unis at final clevienal test. Resubts teom
those teats arc used to cakiulite vutgang Guality levels.

ABSOLUTE MAXIMUM RATINGS' - NOTES
$Stresses above thase listed under “Absolute Maximum Ratings” may cause
Supply Voltage . ............ chae .. I8V permancnt damage to the device. This is a stress rating only and functional
laternal Power Dissipation . . . .. ... A W Lds 450m\Y opcration of the device at these of any other conditions above those indi-
Input Vol!agc,’ cated in the operativnal section of this specification is not implied. Exposure
. . i 10 absol i rating coaditi for ded periods may affect
(Either Input Simultaneously) [Vind + Vsl . . . . . . <36V device reliability.
Output Short Circuit Duration . . . . .. ... .. Indefinite IMax input voltage specilication refers to maximum voltage to which cither input
Storage Temperature Range terminal may be raised with or without davice power applied. For example,
14 N .. =65°Cto +125°C :“.h;:,::l::k supplics max Vi is = 18 volts, with zero supply voltage max Viy
(DL,E) ........0 .~ YA\E ~65°C to +150°C )
Operating Temperature Range ORDERING GUIDE
ADS24A/B/IC . ... .. A X .. S -25°C 10 +85°C Temperature Package Package
ADS24S . . . . ... ... .. e -55°C 10 +125°C Model Range Description Optioa*
Lead Temperature Range (Soldering 60 scconds) . . +300°C ADSIIAD TG 85C | 16T Coramic DIF T3
ADSHAE -4 Cio ¢ 85°C 20-1'in Laeadtesa Chip Carrier | E-204
ADS2HAR =40 Cro ¢ 857 16-1%in Gull- Wing SOIC R-16
ADS2IAR-REEL] - 4u Cro + 85°C Tape & Rexd Packaging
METALIZATION PHOTOGRAPH ADS24BU -0 G +85°C | 16-Pin Ceramic DIP D-16
Coatact favtoey for latest dusenswons. ADS2AE =30 Co r35°C 20-Pin Leadtess Chip Carrier | E-20A
Dimensoas shuwa in snches snd (i, ADS2CD <30 Cro v 857 16-Pin Ceramic DIP D-16
ADS2CK 0w + 850 20-Pin Leadless Chip Carricr | E-20A
o:‘l‘nn Gote Gotos  Gavo0 ot ADSSD 35 G ¢ 123 C | 16-1M0 Ceramic DIP D-16
ADS2ISE =55 Cm 1 125 € | 20-Pin Leadless Chip Carcier | E-20A
ADSZAND N3N 1 -55Cra 2 125 C 16-Pin Cerumie DIV D-16
- = ADS2SE 8818 <55 Lo ¢ 125 C | 20-Pin Laeadioss Chip Cacrier | E-20A
TOulaut ADSHAChP ~drGu + 85 CC Dic
ADS23UCCps -4 Cio » 85°C Die
ADSIISUum =55 Ctn ¢ 125C | D
“Fot wuthing s ihon e P kags Ink 1 seSIn,

sween

FUNCTIONAL BLOCK DIAGRAM

e
t

AL FUR THED 10
AND R 18 16 PN CLHAMIC PACEAGES
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AD324 —Typical Characteristics
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Figure 1. Input Voltage Range vs.
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Figure 11. Large Signal Frequency
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AD524
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Figure 25. Settling Time Gain - 1000
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Figure 29. Simplified Circuit of Amplifier; Gain is Defined as
((R56 + R57).(Rg) + 1. For a Gainof 1, Ry is an Open Circuit

Theory of Operation

The ADS524 is a monolithic instrumcntation amplificr based on
the classic 3 op amp circuit. The advantage of monolithic con-
struction is the closely matched components that enhance the
performance of the input preamp. The preamp section develops
the programmed gain by the use of fecdback concepts. The
programmed gain is developed by varying the value of Re; (smaller
values increase the gain) while the fecdback forces the collector
currents Q1, Q2, Q3 and Q4 10 be constant which impresscs the
input voltage across Rg.

As Rg is reduced to increase the programmed gain, the trans-
conductance of the input preamp increases to the transconductance
of the input transistors. This has three important advantages.
First, this approach allows the circuit to achieve a very high
open loop gain of 3 x 10® at a programmed gain of 1000 thus
reducing gain related crrors to a negligible 30ppm. Sccond., the

Figure 26. Large Signal Pulse Response and
Settling Time G — 1000

Figure 28. Noise Test Circuit

gain bandwith prodduct swhich is determined by 3 or (04 and
the input transconductance. reaches 2SMHz. Thied, the input
voltage noise reduces to a value determined by the collector
current of the input transistors for an R'TT noise of 7nVIVHz at

Y {
G = 1000.

)

INPUT PROTECTION ,
As interface amplifiers for data acquisition systems, instrumen-
tation amplificrs arc often subjected to input overloads, i.c.,
voltage levels in excess of the full scale for the selected gain
range. At low gains, 10 or lcss, the gain resistor acts as a current
limiting clement in serics with the inputs. At high gains the
lower value of R; will not adequately protect the inputs from
excessive currents. Standard practice would be to place series
limiting resistors in cach input, but to limit input current to
below SmA with a (ull differential overload (36V) would require
over 7k of resistance which would add 10nV\/ Hz of noise. To
provide both input protection and low noisc a special series
protect FET was used.

A unique FET design was used to provide a2 bidirectional current
{imit, therchy, protecting against both positive and negative
overloads. Under nonoverlead coaditions, three channels CH,,
CH,, CH,, act as a resistance (~=1k(1) in serics with the input as.
befare. During an overload in the positive direction, 2 fourth
channcl, CH,, acts as a smmall resistance (=3k{}) in series with
the gate, which draws only the leakage current, and the FET
limits Iygs. When the FET enhances under a ncgative overioad,
the gate current must go through the small FET formed by CH, !
and when this FET goes into saturation, the gate current is
limited and the main FET will go into controlled enhancement.
The bidircctional limiting holds the maximum input current 0
3mA over the'36V range.




108

Applying the AD524

INPUT OFFSET AND OUTPUT OFFSET

Voltage offset specifications are often considered a figure of
merit for instrumentation amplificrs. While initial offset may be
adjusted to zero, shifts in offset voltage duce to iemperature
variations will cause ecrocs. latelligent systems can often correct
for this factor with an auto-zero cycle, but there ace many small-
signal high-gain applications that don't have this capability.

Voltage offsct and drift comprisc two components each; input
and outpur offset and offset drift. Input offset is that component
of offset that is directly proportional to gain i.c., input offset as
measured at the output at G = 100 is 100 times gecater than at
G = ). Ouiput offsct is independent of gain. At fow gains,
output offset drift is duminunt, while ut high guias input offsct
drift dominates. Therefore, thé output offset voltage drift is
normally specified as drift at G = 1 (where input effects are
insignificant), while input olfset voliage deift is given by drift
specilication ac a high gain (where output offset effects are neg-
ligible). All input-related numbers wre refecred to the input
(RTT) which is to suy that the effect on the output is “G"™ times
larger. Voltage offsct vs. power supply is also specified st one oc
more gain settings and is alsv RTI.

By separating these cerors, one can ¢valuate the total erroe inde-
pendent of the gain setting used. In a given gain configuration
both errors can be combined to give a total error referred to the
input (R.T.1.) or output (R.T.0.) by the following formula:

Total Ecror R.T.I. = input error + (output error/gain)

Total Error R.T.Q. = (Gain X input erroc) + output error

As an illustration, a typical ADS524 might have a + 2501V output
offset and a — 50pV input affset. In a unity gain coafiguration,
the total output offset would be 200V or the sum of the two,
At 2 gain of 100, the output offset would be —4.75mV or:
+250puV + 100{ = 50unV) = —4.75mV.

The AD524 provides for both input and output offset adjustment. '

This simplifies very high precision applicavons and minimize
offset voitage changes in switched guin applications. In such
applications the input offsct is adjusted first at the highest pro-
grammed gain, then the output offset is adjusted st G = §
GAIN

The ADS524 has internal high accuracy pretrimmed resistors
for pin programmable gain of 1, 10, 160 spd 1000: Oac of

the preset gains can be selected by pin strapping the appropri-
ate gain terminal and RG, together (lue G- 1 R i oot
connected .

Figure 30. Operating Connections for G = 100

The ADS24 can be coafiguced for gains other than those that
are internally preset; there are two methods to do this. The fiest
method uses just an external resistor connected between pins 3
and 16 which programs the gain according to the formula

R = G.mfl (see Figure 31). For best results Rg should be a
precision resistor with a low temperature coefficient. An external
Rg; affects both gain accuracy and gain drift due to the mismatch
between it and the internal thin-film resistors. Gain accuracy is
determined by the tolerance of the external Rg and the absolute
aceuracy ol the internal resistors (= 20%). Gain drift is determined
by the mismatch of the temperature coefficient of Rg and the
temperature coeffivient of the inteenal resistors (= S0ppm“C
typ).

« INPUT Qe

AG, —0
1ot Vour
on 11080 ¢ o °
i o
+INPUT O

REFERENCE

.40000, .,
G- pyem ! 20 220%

R
Figure 31. Operating Connections for G = 20

The second technique uses the internal resistors in parallel with

an external resistor (Figure 32). This technique minimizes the

gain adjustment range and reduces the effects of emperature
coefficient sensitivity.

A
-INPUT O
RG,
Voar
RG, O REFERENCE
+INPUT O

40,008

G-Wn-znz|n

L PR VPV TS
YRy . 1ea = 404040

e = 40.0410 -V
SNOMINAL { £ 20%)

Figure 32. Operating Connections for G = 20, Low Gain
T.C. Technique

The ADS524 may also be configured to provide gain in the output
stage. Figure 33 shows an H pad autenuator connected to the
reference and sense lines of the AD524. R, R2 and R3 should
be made as low as possible to minimize the gain variation and
reduction of CMRR. Varying R2 will precisely set the gain
without atfecting CMRR. CMRR is determined by the match of
R1 and R3. )

=NPUT O

P INPUT O

(R, 40ni o Ay ¢ Ry

Ga

[ Ry + Ry ¢ BEASD

Figure 33. Gain of 2000
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Output Nominal
Gain R2 R1,R3 | Gain
2 Sk(? 2,26k | 2.02
S 1.05k{1] 2.05k02| 5.01
10 ik} 4.42k02} 10.1

Table i. Output Gain Resistor Values

INPUT BIAS CURRENTS

Input bias currents are those currents necessary to bias the
input transistors of a dc amplifier. Bias currents are an additional
source of input error and must be considered in an total ercor
budget. The bias cuerents swhen multiptied by the source resistance
appear as an offset voltage. What is of concera in calculating
bias current errors is the change in bias current with respect to
signal voltage and temperature. Input offsct current is the dif-
ference between the two input bias currents. The effect of offsct
current is an input offset voltage whose magnitude is the offset
current times the source impedance imbalance.

Although instrumentation amplificrs have diffecential inputs,
there must be a return path for the bias currents. If this is not
provided, those currents will chacge stray capacitances, causing
the output to drift uncontrollably or to saturate. Therefore,
when amplifying “floating™ input sources such as transformers
and thermocouples, as well as ac-coupled sources, there must
still be a de path from cach input to ground.

T0 POWER
sureLr
GAOUND

10 POWER
SsurLY

TO POWER
UL

¢. AC Coupled

Figure 34. Indirect Ground Returns for Bias Currents

COMMON-MODE REJECTION

Common-mode rcjection is a measurc of the change in output
voltage when hoth inputs arc changed cqual amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance. “Common-Mode Re-
jection Ratio” (CMRR) s a ratio expression while “Common-Mode
Rejection” (CMR) is the logarithm of that ratio. For example, 2
CMRR of 10,000 corresponds to 2 CMR of 80dB.

In an instrumentation amplificr, ac common-mode rejection &
only as good as the diffcrential phase shift. Degradation of ac
common-mode rejection is caused by uncqual drops across differing
track resistances and a differential phase shift duc to varied
stray capacitances or cable capacitances. In 1nany applications
shiclded cables are used to minimize noise. This technique can
create common mode rejection ceroes unless the shicld is properly
driven. Figures 35 and 36 shows active data guards which are
configured to imprave ac common mode rejection by “bootstrap.
ping™ the capacitances o the input cabling, thus minimizing
dilferential phasc shift.

HESERTNCE

Figure 36. Differential Shield Driver

GROUNDING
Many data-acquisition components have two or more ground
pins which are not connccted together within the device. These

grounds must be tied together at one point, usually at the system
power-supply ground. ldeally, a single solid ground would be
desirable, However, since current flows through the ground
wires and ctch stripes of the circuit cards, and since these paths

ANALOG DWGITAL
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TOMICCA AT ANALOG P §

NN AMPLIFIER RFSEPENCE
COMMOR

Figure 37. Basic Grounding Practice
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have resistance and inductance, hundreds of millivolts can be
generated between the system ground pointand the data acquisition
components. Separate ground returns should be provided to
minimize the current flow in the path from the sensitive points
to the system ground point. In this way supply currents and
logic-gate return currents are not summed into the same retuen
path as analog signals where they would cause measurement
errurs.

Since the output voltuge is developed with respect to the potential
on the reference terminal an instrumentation amplifier can solve
many grounding problems.

SENSE TERMINAIL

The sense terminal is the feedback point for the instrument
amplifiee’s output amplifice. Normally it is connected to the
instrument amplificr output. If heavy load currents ace 10 be
drawa through long lcads, voltage drops duc to current flowing
through lead resistance can cause errors. The sense terminal can
be wired to the instrument amplifier at the load thus putting the
IxR drops “inside the loop™ and virtually ¢liminating this erroc
source.

Figure 38. AD524 Instrumentation Amplifier with Output
Current Booster

Typically, IC instcumentation amplificrs are rated for a full

=10 volt output swing into 2k(2. In some applications, however,
the need exists to drive more current into heavier loads. Figure
38 shows how a high-current booster may be connected “inside
the Joop™ of an instrumentation amplificr to provide the required
current boost without significantly degrading overall performance.
Nonlinearitics, offset and gain inaccuracices of the buffer are
minimized by the loop gain of the 1A output amplifier. Offset
drift of the buffer is similarly reduced.

REFERENCE TERMINAL

The reference terminal may be used to offset the output by up
o = 10V. This is uscful when the load is “floating” or does not
share a ground with the rest of the system. It also provides a
direct means of injecting a precise offset. It must be remembered
that the total output swing is = 10 volts to be shared between
signal and reference offset.

Figure 39. Use of Reference Terminal to Provide Output
Offsat

When the IA is of the threc-amplifier configuration it is necessary
that nearly zero impedance be presented 1o the reference terminal.

Any significant resistance from the reference terminal to ground
increases the gain of the noainverting signal path thereby upsetting
the common-mode rejection of the 1A,

In the AD524 a reference source resistance will unbalance the
CMR trim by the ratio of 20kQW/Rper. For example, if the reference
source impedance is 10}, CMR will be reduced to 86dB (20kSV
12 = 86dB). An operational amplifier may be used to provide
that low impedance reference point as shown in Figure 39. The
input offset voltage characteristics of that amplifier will add
directly 1o the output offset voltage performance of the in-
strumentation amplifier.

An instrumentation amplifier can be turned into a voltage-to-cur-
rent converter by taking advantage of the sense and reference
terminals as shown in Figure 40.

Figure 40. Valtage-to-Currant Convartar

By establishing a reference at the “low” side of a current setting
resistor, an output current may be defined as a function of
input voltage, gain and the value of that resistor. Since only a
small current is demanded at the input of the buffer amplifier
A3, the forced current Iy will largely flow through the load.
Offset and drift spcciﬁca(igns of A, must be added to the output
offset and drift specifications of the A,

PROGRAMMABLE GAIN

Figure 41 shows the AD524 being used as a software programmable.
gain amplifier. Gain switching can be accomplished with mechani-
cal switches such as DIP switches or reed relays. It should be
noted that the “on” resistance of the switch in series with the
internal gain resistor becomes part of the gain equation and will
have an effect on gain accuracy.

Figure 41. 3Decade Gain Programmable Amplifier

i
;
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The AD524 can also be connccted fur gain in the output stage.
Figure 42 shows an ADS47 uscd as an active attenuator in the
output amplificr’s feedback toop. The active aftenuation presents
a very low impedance to the feedback resistors therefore minimiz-
ing the common rejection ratio degradation,
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Figure 43. Programmable Output Gain Using a DAC

Another method for developing the switching scheme is to use a
DAC. The AD7528 dual DAC which acts essentially as a pair of
switched resistive attennators having high analog lincarity and
symmctrical bipotar transmission is idcal in this application.
The multiplying DAC's advantage is that it can handle inputs of
cither polarity or zero without affecting the programmed gain.
The circuit showrr uscs an AD7528 to sct the gain (DAC A) and
1o perform 2 fine adjustment (DAC B).

AUTO-ZERO CIRCUITS

In many applications it is necessary to provide very accurate
data in high gain configurations. At room temperature the offset
cffects can be aulled by the use of offsct trimpots. Over the
operating temperature range, however, offset nulling becomes a
prablem. The cirenit of Figure 44 show a CMOS DAC opcrating
in the bipolar mode and connccted to the reference terminal to
provide software controllable offsct adjustments,
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Figure 44. Softvsare Controllable Offset

In many applications complex software algorithms for auto-zero
applications are not available. For those applications Figure 45
provides a hardware solution,

TER0 pulns

Yigure d5. Auto-Zero Cirguit __
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Error Budget Analysis —AD524

1oV

3500 3508 A

501t
son

———————T
hl L, i

Figure 46. Typical Bridge Application

ERROR BUDGET ANALYSIS

To illustrate how instrumentation amplificr specitications are
applicd, we will now examine a typical casc where an ADS24 s
required to amplify the output of an unbalanved transducer.
Figure 46 shows a differential transducer, unbalanced by 10012,
supplying a 0 to 20mV signal to an ADS24C. The output of the
IA feeds a 14-bit A to D converter with a 0 to 2 volt input
voltage range. The operating temperature range is — 25°C to
+85°C. Therefore, the largest change in wemperature AT within
the operating range is from ambicot o +857C (85°C - 25°C

In many applications, differential linecarity and resolution are of
prime importance. This would be so in cases where the absolute
value of a variable is less important than changes in value. In
these applications, oaly the irreducible errocs (45ppm = 0.004%)
are significant. Furthermore, if a system has an intelligent pro-
cessor monitoring the A to D output, the addition of a auto-gain/
auto-zero cycle will remove all reducible ecrors and may eliminate
the requirement for initial calibration. This will also reduce
ercors o 0.004%.

=60°C).

Effecton Effecton
Absolute Absolute Effect
ADS524C Accuracy Accuracy on.
Error Source Specifications | Calculation at T, = 25°C atTa = 85°C Resolution
Gain Ecror =0.25% 20.25% = 2500ppm 2500ppm 2500ppm -
Gain Instability 2Sppm (2Sppm/*CY60°C) = 1500ppm - 1500ppm -
Gain Nonlincacity +0.003% =0.003% = 30ppm - - 30ppm
Input Offset Voltage = 50uV,RT1 = 50uV/20mV = =2500ppm 2500ppm 2500ppm -
Input Offset Voltage Drift £0.5.VC (= 0.5pV/°CY60°C) = 30V
30 V/20mV = 1500ppm - 1500ppm -
Output Offsct Voltage' +2.0mV £ 2.0mV20mV = 1000ppm 1000ppm 1000ppm -
Output Offsct Vuliage Drifi' | 2 25uV7°C (£ 250 VIPCX60°C) = 1500V
15000 V20mV = 750ppm - 750ppm -
Bias Current - Source 2 15nA (= 1SnAX1001Y) = 1.5V
Imbatance Error 1.5uVi20mV = 75ppm 7Sppm 75ppm -
Bias Current - Source = 100pArC 2 100pA/CY10002X60°C) = 0.6uV
Imbalance Drift 0.6 V/20mV = 30ppm - 30ppm -
Offset Current ~ Source = 10nA (2 100AX1000) = 1pV
Imbalance Error 1uV20mV = 50ppm S0ppm 50ppm -
Offset Current - Source = 100pASC (100pALCY 10001X60°C) = 0.6V
[mbalance Drift 0.60V/20mV = 30ppm - 30ppm -
Offset Current - Source * 10nA (10aAX17541) = 3.5V
Resistance ~ Erroc 3.5uV/20mV = 87.5ppm 87.5ppm 87.5ppm -
Offset Current - Source = 100pArC (100pALCY1756IX60°C) = 1pV .
Resistance - Drift 1 Vi20mV = 50ppm - S0ppm -
Common Mode Rejection 115dB 115dB = 1.8ppm x 5V = 8.3pV
5Vdc 8.8uV/20mV = 444ppm 444ppm +4+ippm -
Noise, RTI
(0.1-10Hz) 0.3uV p-p 0.3uV p-p20mV = 1Sppm - - 15ppm
Total Error 6656.5ppm 10516.5ppm 45ppm

10utput offset voltage and vutput uffset voltage dnft are given as RT1 figures.

Table ll. Error Budget Analysis of AD524CD in Bridge Application
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Figure 47 shows a simple application, in which the variation of
the cold-junction voltage of 2 Type ] thermocouple—iron( + )~
constantan— is compensated for by a vohtage developed in scrics
by the temperature-sensitive output current of an AD590
semiconductor temperature sensor.

The circuit is calibrated by adjusting Ry for proper output
voltage with the measuring junction at a known rcference tem-

perature and the circuit ncar 25°C. If resistors with low tempeos-
are used, compensation accuracy will be to within =0.5°C, for
temperatures between +15°C and + 35°C. Other thermocouple
types may be accommodated with the standard resistance values
shown in the table. For other ranges of ambient temperature,
the equation in the figure may be solved for the optimum values
of RT and RA.

vy 7.5v
Aa p
NOMINAL

TYPE | VALUE T "A 25V

J | 5230 REFERENCE 77T Aoss0

x | 4120 JuNcTION .

E 6140 15°C< T, <35°C ADS%0 G = 100

T | awa2n : vy
sR | s7ea

1RON

3
o 1
}cu 5230 E'“ E ADSH-

« >Vy CONSTANTAN -< "
o

MEASURING 52.3(2a +2.5V <
JUNCTION Eo=Vr-Va+ Sp A gy g a.eeunt v
"=y Re ! ouTPUT
1kt AMPLIFIER
TVr é OR METER "
NOMINAL
VALUE
913801

Figure 47. Cold-Junction Compensation

The microprocessor controlled data acquisition system shown in
Figure 48 includes both auto-zero and auto-gain capabifity. By
‘dedicating two of the diflferential inputs, one to ground and one
to the A/D reference, the proper program calibration cycles can
eliminate both initial accuracy crrors and accuracy errors over
temperature. The auto-zero cycle, in this application, converts a
number that appears to be ground and then writes that same
number (8 bit) to the AD7524 which climinates the zero crror

since its output has an inverted scale. The auto-gain cycle converts
the A/D reference and compares it with full scale. A multiplicative
correction factoe is then computed and applied to subsequent
readings.

For a comprchensive study of instrumentation amplifier design
and applications, refer to the [astrumentation Amplifier Appli-
cation Guide, available free from Analog Devices.
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Figure 48. Microprocessor Controlled Data Acquisition System
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High Pregision,
Wide-Band RMS-to-DC Converter

i

ADB37 :

|
!
|-
[
13

FEATURES
High Accuracy
0.02% Max Nonlinearity, 0 V to 2V RMS Input
0.10% Additional Error to Crest Factorof 3
Wide Bandwidth
3 MHz at 2 V RMS Input
§00 kHz at 100 mV RMS
Computes:
True RMS
Square
Mean Square
Absolute Value
dB Qutput {60 dB Range)
Chip Select-Povwser Down Feature Allows:
Analog "3-State” Operation
Quiescent Current Reduction from 2.2 mA to 350 A
Side-Brazed DIP, Low Cost Cerdip and SOIC

t?RCDUCT DESCRIPTION

The AD637 is a comolete high accuracy monolithic rms-to-dc
wcaverzec that computes the true cms value of any comoplex
Ewaveform. {t offers performance that is unorecedented in inte-
Egraced circuit ems-to-de converters and comparaole o discrate
!1nd modular techniques in accuracy, bandwidth and dynamic
range. A crest factor compensation scheme in the AD637 per-
'mits measurements of signals with crest factors of up o 10 with
vass chan 196 addidional error. The circuit's wide bandwidth pec-
mits the measuremen of signals up to 600 kHz with inputs of
200 =V rms aad up to 8 MHz when the ingut levels ace above
1V rms.

L e ~oT

Y Raad

!4s with previous monolithic rms converters from Analog Devices,
the ADS37 has an auxiliacy dB output available to the user. The
Jogarichm of the rms output signal is brought out to a separace
pin allowing direct dB measurement with a usefu! range of

30 dB. An externally programmed refecence currenc allows the
user 10 select the 0 dB referance voltage to corresoond to any
reve] becween 0.1 V and 2.0 V mms.

A chip select connection on the AD637 permics the user ©
decrease the supoly current from 2.2 ma to 350 pA during
~beriods when the rms function is not in use. This feacure facili-
tates the addidon of precision rms measurement to remoce ot
,Jand-neld zpplicadons where minimum power consumpdon is
crdeal [n addidoa when the ADB37 is powered down the out-
puc goes o a high impedance state. This ailows several AD837s
[fo be ded togecher to form a wide-band true rms multiplexar.

L}

he input drcuitry of the AD637 is protected rom overload
Joltages that are in excess of the suppiy levels. The inputs wil
noc be damaged by input signais if the supply voitages are losi.

Ev.C

nforrmzcon fumshed by Analog Oevices is beileved to be accurate and
fetiaota. ricwever. no responsibility is assumea by Anatog Davices for RS
usa. =7 {or any infringements OF patents or other rignts of thurd cames
anien —ay resul from s use. No license is granted by imgticatcn or
Fnenwisa uncer any patencor patenc rignts of Anatog Devices.

FUNCTIONAL BLOCK DIAGRAMS

Ceramic DIP (D) and

Cerdip (Q) Packages SOIC (R) Package

wrrer
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The AD637 is availadle in two accuracy grades (I, K) for com-
meccial (0°C to +70°C) temperature range apolicadons; iwo
accuracy grades (A, B) for industrial (-40°C 0 +85°C) apolica-
tions: and one (S) rated over the ~-353°C to + 125°C temperaturce
range. All versions ace available in hermeticaily-sealed, 14-pin
side-brazed ceramic DIPs as well as low cost cardip packages. A
18-pin SOIC package is also available.

PRODUCT HIGHLIGHTS

1. The AD837 compuies the true root-mean-square, maan
square, or absolute value of any complex ac (or ac plus dc)
input waveform and gives an equivalznc dc outout voitage.
The tue rms value of a waveform is more useful than an
average rectified signal since it relates cirectly to the power of
the signal. The rms value of a swadsdcal signal is also relaced
to the standard deviadon of che signal.

(3]

. The AD637 is laser wafer aimmed to achieve rated perior-
mance without exiernal trimming. The only external compo-
nent required is a capacitor which sets the averaging ima
period. The value of this capacicor also determines low {Te-
guency accuracy, ripole level and settling dme.

(&8

. The chip select feacure of the ADG37 permics the user to
power down the devica down during peciads of nonuse,
thersby, decreasing bamery drain in remote or hand-teld
applicadons.

4. The on-chip buffer amplifier can be used as either an input
buffer oc in an acdve fiter configuradon. The filter can be
usad to reduce the amount of ac ripple, thereby, increasing
the accuracy of the measurement.

Orie Technology Way, 2.0, 2ox 2708. Norwoog. MA 02062-2108. U.S.A.
Tei: 517/328-27C0 Fax: §17/328-8703
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+ yueacy specified 0-7 V rms de with ADA3T connected as shown in Figure 2. .
H Yalinearity is defined as the maximum deviation from the straight fine connecting the readings at 10mVand 2 V.
Jor vs. crest {acwor is specified as additional ecroe for | V rms.
jput voltages ace expresed in volts mms. % are in % of ceading.
E Fh sxternal 2 <Q pult down rasister tied to Vs,
{ icifications subject to change without nodce.
L-:ﬁc:\tiuns shown in boldface ace tested on all sroduction units ac final electrical cest. Results from those tests are used (o calcuiate outgoing quaiity levals. All min
§ 8 max spucifications are guaranteed. although only those shown in boldface are tested on all production units.

BSOLUTE MAXIMUM RATINGS ORDERING GUIDE
SDRAURG <ot v vveiiiamnneenanaeenns 500V '
“spoly Voltage .. ... ...l 18 Vdc ] Temperature | Package Package
* cernal Quiescenc Power Dissipadon . ........... 108 mW  Model"? Range Descripdon Option
kh}(pu[ Short~Circuit Duradon ................. [ndeljnite ADS3TAR -40°C 0 +83°C | SOIC R-16
jorage Temperature Range ............ -65°C 10 +130°C  Ap6372R -40°C (0 +85°C {SOIC 2-15
22d Temperature Range (Soldering 10 secs} ....... +300°C  ADS637AQ -30°C 0 +85°C | Cecdip Q-4
‘ted Operading Tempecatuce Range ADE37BQ -40°C 10 +85°C | Cerdip Q-1
fADB3TL K o 0°C to +70°C AD837iD 0°C 0 -70°C Side Brazed Ceramic D{P | D-14
ADBITA B .. e -40°C 10 +85°C  ADS3TKD 0°C o +70°C Side Brazed Ceramic DIP ; D-14
[ ADE37S. 5062-8953701CA ........... 35°C o +125°C  ADSITIQ 0°C 0 -70°C | Cecdip Q-14
ADB3TKQ 0°C 1o ~70°C Cerdig’ Q-14
] ADB3TIR 0°C 10 +70°C  {SOIC R-16
i ADS37JR-REEL | 0°C 10 +70°C | SOIC R-15
i ADS3TJR-RESLT| 0°C 0 +70°C | SOIC R-16
' ADBITKR 0°C 0 +70°C Nel{e R-15
¥ ! A0637SD -535°C ¢0 +125°C ! Side Brazed Cacamic DIP | D-1 4
! AD637SD/8338 | -35°C to +125*C | Side Brazed Ceramic DIP | D-14
5 AD63750/3338 | -33°C w0 -125°C } Cerdip Q-12

- . NOTES
1§ grade chips are also avaiiable.
£\ Scandard Micraciccuit Deawing, $962-§963701CA, is also available.
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! CURARENT CONVERTER
o
T
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COFFSET
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Figure 1. Simplified Schemaztfc

¢AUTION
%D {2iecostzdic discharge) sensidve device. Electrastatic charges as high zs 4000 V readily
ig:umuiace on the human body and test eguipment and czn discharge without decection.
Althouga the ADB637 features proorietary ESD proieciion circuitry. permanent damage may
sccur on civices subjected 0 high eneruy electrostasic discharges. Therefore. proper 23D
dtecauuans zre recommended 0 avoid performance degradadon or loss of functionality.
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; JIONAL DESCRIPTION . AD$37

10637 embodies an impiicit solution of the rms.equation ] . st .

) preomes the inherent limitations of straightforward ams _ C E}—* bo xnie
ption. The actual computation performed by the AD637 G 7 e

{the equation

VINZ

BAS
| |seeno |w~[ }___v_
Vrms= Avg| ——

O
E— D
V amns gy SR 0 vac /e
il is a simplified schematic of the ADS637, it is subdivided Gl > :}_-r“"

1 zZut
ar majoc secdons: absolute value circuit (active rectifier), P
E Jdivider, filter circuit and buffec amplifier. The input volt-
b 4 which can be ac or dc is coaverced (0 3 unipolar current
' he active cectifier Al, A2. {1 drives one inpuc of the
x divider which has the traasfer function

e

Figure 2. Standard RMS Coninection

The pecfocmance of the AD637 is tolerant of minor variatioas in
the power supply voltages. however. if the supplies being used

i 2z
I, = 4 exhibit a considecable amount of high frequency ripple it is
; £ advisable to bypass both supplies to ground through a 0.1 uf
! yeput curcent of the squared/divider. {4 dcives Ad which ceramic disc capacitor placed as close (o the device as possible.

‘(2 low-pass filter with the external averaging capacicor. {f
C time conscant of the filter is much greater than the iong-
b siod of the inpuc signal thaa Ads output will be propoc-
ito the avecage of [4. The output of this filter amplifier is
«py A3 to provide the deaominacor cucrent [3 which equals
114 and is returned to the squacec/divider to comolece the

The output signal range of the AD637 is a function of the sup-
ply voltages. as shown in Figuce 3. The output signal can be
used buffered or nonbuifered depending on the characteristics
of the load. If no buffer is needed. tie buffer input (Fin 1) ©©
common. The output of the AD837 is capable cf driving S mA
into a 2 O load without degrading the accuracy of the device. ‘

ct rms compucation.

2

ly=Avg -[l—: = [y oms

— Pz mRmm

VOUT = V[,v (s

ravecaging capacitoc is omitted. the ADB37 will compute the
e value of the input signal. A nominal 5 pF capacicor should
d (o insure stabilicy. The ciccuit operates idendcally to thac of
s coafiguration except chac [3 is now equal to {4 giving

E Iy ‘—‘ﬁ"
i .

] Ig = 4|

I

denominator current can also be supplied externally by pro-
3g 3 reference voltage. Vger. (0 Pin 8. The circuit operates
-’ﬂcaﬂy to the rms case except chat I3 is now proportional to
f,-. Thus:

:

[2
[4 = AVg—‘—'
[ f3
2
. VA= N
E, ° Voen
tis the mean square of the input signal.

¥
ANDARD CONNECTION
JADB37 is simple to connect for a majority of rms measure-
%s. {n the standard rms connecdon shown in Figure 2. oaly
?gle external capacitor is required to set the averaging time
Fant. In this configuradon, the AD837 will compute the
¢rms of any input signal. An averaging error, the magnitude
Jhich will be dependent on the value of the averaging capaci-
wiil e present at low fraquencies. For example. if the filter
lcitor Cav. is 4 uF this arroc will be 0.1% at 10 Hz and in-
.“'
‘D637 can be ac coupled through the addiaon of 2 noa-
g;cacacitor in secies with the input as shown 1n Figure 2.

[

es to 1% at 3 Hz. (f it is desired to measura only ac signals.

29

15 /

/

10 /

MAX Vauy - Volts 2a11 Losd

/]

k] =3 =3 =10 218 =18

SUPPLY VOLTAGE = DUAL SUPPLY - Veita
Figure 3. ADE37 max Your vs. Supply Voltage

CHIP SELECT

The AD637 includes a chip select featuce which allows the user
to decrease the quiescent current of the device from 22mA o
350 uA. This is done by driving the CS, Pin 3, to below g2V
dc. Under these conditions, the output will go into a high im-
pedance state. In addidon to lowering power consumpdon. this
feature permits bussing the outputs of a number of AD63Ts o
form a wide bandwidth rms muldplexer. [f the chip salect is not
being used. Pin 5 should be ded high.

OPTIONAL TRIMS FOR HIGH ACCURACY

The AD637 includes provisions o allow the user to trim out

both output offset and scale {actor errors. These trims will resuit

in significant reducdon in the maximum tocal error as shown in

Figure 4. This remaining rror is due © 3 nontrimmable input

offset in the absolute value cirquic and the irreducible non-

linearicy of the device. -

The wimming procedure on the AD637 is as {ollows:

I. Geound the inpuc signal. Viy and adjust R1 to give 8 V out-
out from Pin 9. Alternatively R! <an be adjusted to give the
correct outpul with the iowest axpected vaiue of Vine
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AD637

L;o nnect the desired full scale input to Vyy, using 2ither a dc

» 4 calibraced ac signal. wrim R3 to give the correct output at

7ini9. i.e., 1 V dc should give 1.000 V dc output. Of course, a
.1 Vi peak-to-peak sine wave should give 0.707 V dc oucput.

-Nu-

Rerhaining ecrocs are due to the nonlinearity.
E ‘ |
L ADSITK MAX i
.k
' gI bt INTERNAL TRIM
2
_T ADSITK
5 °&Z [TERNAL TF0m ]
! 2 >
i ACEITX: 0.5mV 202% ,Q
£ | 0.25mV =0.05%
lEXTGRNLL
' 5o as 1.0 15 28
! INPUT LEVEL = Voita

Ffabre 4. Max Tocal Error vs. Input Level AD637K
Intérnal and External Trims

S
. IVUFFER ADE3T

+ n.l
Aa
- 4202
' | |aasowre _B_M.,__qov_

YALUE

| e .

NTPUTS py L] SQUAREADIVIOER = A
wrser b 2 M)
wWAIST

1 HEG

T
C

Figure 5. Opticnal External Gain and Offset Trims

CHO¢SING THE AVERAGING TIME CONSTANT

Tne AD63T will compute the true rms value of both dc and ac
nput signals. At de the output will track the absoluce value of
he inauc exacdy: with ac signals the AD637's ouepuc will ap-
sroacH the cue rms value of the input. The deviation from the
deal rms value is due to an averaging error. The averaging error
5 combnsecl of an ac and dc component. Both components are
lincddns of input signal {requency £, and the averaging dme
onstant © (t: 23 ms/uF of averaging capacitance). As shown in
figure{ 6, the averaging error is defined as the peak value of the
ic componenc. dpple. pius the value of the dc error.

The p*ak vaiue of the ac ripple component of the averaging er-
o is defined approximacely by the relationship:

50
53%F 0 % of reading where (t > 1/§)

A (OEAL
3

/DC ERACR = AVERAGE CF QUTPUT-IDEAL

o P

P = A\’_— ! 1
DR ST S Ty S S ————
s \f —_—t — ] AVERAGUIG ERROR
COUBLE—FRECUENCY !
APPFLE

TIME *

Figuré 6. Typical Output Waveform for 5 Sinuscida! [nout
F

This ripple can add a significant amount of uncertainty to the
accuracy of the measucement being made. The uncertainty can
be significancly reduced through the use of a post filtering net-
wock oc by increasing the value of the averaging capacicor.

The dc error appears as a frequency dependent offset at the
output of the AD637 and follows the equaton:
l
m in % of reading -

Since the averaging time constant. set by C,y, directly sets the
time that the rms converter “holds™ the input signal during
computation, the magniwde of the dc ecror is decermmed oaiy
by Cav and will not be affected by post filtering.
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Figure 7. Comparisar of Percent DC Error to the Parcent
Peak Ripple over Frequency Using the ADE37 in the Sian-
dard RMS Connection witii a TXWF Cay

The ac dipole component of averaging ecror can be greadly
reduced by increasing che value of the averaging capacitor.
There are two major disadvancages (o this: ficst, the vaiue of the
averaging capacitor will become extremely large and second.-the
settling dme of the ADB37 increases in direct propertion o the
value of the averaging capacitor (T's = 115 ms/uf of averaging
capacitance). A preferable method of reducing the ripple is
through the use of the post filter netwock, shown in Figure 3.
This necwork can be used in either a one or two gole configura-
tion. For most applications the single pole {ilter will give the
best overall compromise becween rpple and settling tme.
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l Min

ADBITYA

Typ Max

} Mia

:\DS?HHB
Typ *

Max

Min Tvp Max

ADBS37S i

Units

a637 SPEC lFlCAT] ONS (@ +25°C, and =15V dc:'unless otherwise noted)
]

ISFER FUNCTION

v, avy. (V:,,) ¢ '

B ey ™ Vour = ave. (Vz.v)l Voor = _avg. (V;v):
\Vr_RblON ACCURACY
“al Ercoe, laternal Telm' (Fig. 2) =1 =03 =05 =0.2 =1 =0.5| mV2 % of Reading
fen © Truax =1.0=06 =2.0%03 =6 = 0.7 ] mV 2% of Reading
Supply, » Vi = +300 mV 30 150 30 150 30 150 uvrv
Supply, - Vi = =300 mY 100 300 100 300 100 300 uviv
iy 2V Eat Seue? Y vo2 00r | maisR
,uuu:anty i £ . . . ol
wfincarity 7V Full Scale 0.05 0.05 0.03 % of FSR
- Ecror. External Trim 0.5 0.4 £0.23 £ 0.05 0.5 £ 0.1 mVY £ %5 of Reading
aoh VS. CREST FACTOR?
& Factoe (o 2 Specified Accuracy’ Specified Accuracy Specified Accucacy
-5( Factor = 20.1 0.1 0.1 % of Reading
Factor = (0 1.0 1.0 £1.0 % of Reading
RAGING TIME CONSTANT | 25 25 | 25 ms/uf Cye
4T CHARACTERISTICS i
Wl Range. 215V Supply 1
1n(muous ’MS Level ! Oco7 Ocw7 Dto 7 Vems
35k Transicac Input : 21s 1 £15 Vopp
mi Range. 5 V Supply t
Ccn(i%uou.s cms Lavel | Ot Ntod Neo 4 V ems
3tk Traasicac input § H :8 %5 Voo
sfinum Continuous Nondestructive ¢ : :
‘ngut Level (Al Supply Voltages) 1S ] =135 ' :15 Vo-p
2uf Resiscance { 6.4 8 9.5 { 6. 8 9.6 B4 8 9.6 s}
<uf Qffsec Yoltage i +0.5 ; £0.2 . +0.3 mV
DUENCY RESPONSE* : !
adivideh for 1% Additional Ecroc (0.09 ¢8) .
L =220mV i 1t i it sHz
Yoy 5 200 mV ' 65 65 { 68 ! oxHz
Vge2V : 200 200 200 | xHz
4§ Bandwiean ! !
Vi 2 20V : 130 } 150 130 P xHz
V¢ 220000V : l : t H t i MYz
vlaav i 3 : 3 i 3 ¢ MEz
TPET CHARACTERISTICS 1 : i
Tsct Volrage =1 1 =0.5 ‘ =1 tnV
. Temperature £0.05 =0.089 ' £0.04 =0.058 : 20.04  =0.07 ! avrC
drage Swing, £13 V Suopty, i ! ! :
zxim Load 0o e 12,0 -13.5 [ 0ew-12.0 -133 | Vtoe12.0 -13.3 v
dale Swing. £3 V Supply. i H H
1% Loaa j 0cn 2 -2.2 D 0t 2 -2.2 ! 0o +2 -2 v
uau( Cucrent ] 6 6 i ma
sor¢ Ciccuit Cuerent { 20 20 20 ; @A
“ss@nce. Chip Scicee “High” ; 0.5 ; 0.3 0.5 |
mstance, Chio Selece *Low” ; 100 i 100 100 | Q2
WTOPUT i i
Tor, Vi imV io 7TV ems. 0d3 = | Vrms 0.3 0.3 0.3 1 ¢38
ale Factor . -1 -2 -3 Va8
ale Factor Temperaturs Caefficient , -0.33 -0.33 -0.33 % of Reasiagr*C
3 ! -3.033 -0.032 -0.033 ¢3.°C
»{@rdd3 =1 Vems i3 20 30 LS 20 80 3 20 g0 LTS
« Range L 100 [ 100 ! 100 PoeA
FTER AMPLIFIER i ;
out Cutput Volcage Range i-Vs mv(-V; Ysio (=Vs Vgto {~Vs
-13V) -23V) -23V) v
2ug Offsee Voltage 0.8 =2 :0.3 =1 :0.3 =2 mV
ot gu:rcn( :5‘ =10 iZJ =3 :34 =10 A
But Resistaacs H {0 1 Q
mpuc Curcent (-3 maA. (-3 ma. {~3 ma,
g c -130 uA) ~i30 wy) -130 uA}
Joct Ciccuit Currenc 20 20 20 e
\an_?:gnal Sanawidth i { B 1 MEz
<w Race? | 3 H 3 Vs
NOMINATOR INPUT i ’
wuc Range 02 ~10 0 ~10 0t -t0 v
Buc Resistance 20 25 30 20 25 30 20 25 30 Q
-Miet Voitage 0.2 203 20.2 1035 0.2 0.5 mv
Kt SEL‘CT PR.0VISION (CS)
MS TN Lavel Openor -2.5 V < Vg < =V Ocenor -2.4 V < Vg < =¥ Openor +2.4 V < Vg < Vg
Ms ;;o 2 Lavet Ve < #02Y Ve<-02V Yz < e02V
wy of Chio Sclect
s Lowe 10 10 10 #A
BICH" Zaco Zaro Z:m
ATy fe Constant 1Dus - ((75 o) x C\\) 10 us - {{25 kQ} x C,\0) 10 - {125 x Cuy)
 Tine Coastant 10us - ({25 xC Dus = {23 x C..) 10us - {25 kQ) x Cu}
VER SUPPLY 3 :
:®ragiag Yoltage Range Y230 =3 Vi =3 =38 =13 s
{ ' 2.2 H ' 2.2 : 2.2 3 maA
330 439 250 330 35 439 uA
27 a7 07




|
|
|
|

i . . .
93 shows values of Cav and the corresconding averaging

functiop of sine-wave f{requency for the standacd rms
Lo, The 1% seuling time is shown oa the right side of

v le

v

ofl.

<\

. 3b shows the celationship between averaging error, signal
ncy setding time and averaging capacitor value. This

is drawn for {ilter capacitor values of 3.3 times the averag-
sqcitor value. This ratio sets the magnitude of the ac and
}o? equal at 50 Hz. As an exampie, by using a 1 uF averag-
pacicor and a 3.3 uF filcer capacitor, the ripple for a 60 Hz
. 1sigaal wiil be reduced from 3.3% of reading using the

gibg capacitor alone o 0.15% using the single pole filter.
siyes a {actoc of thicty reduction in ripple and yet the set-
dme would only increase by a factor of three. The values of
wnd Cs, the ilter capacitor, can be calculated foc the desired
,oi averaging ercor and seting time by using Figure 9b.
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ssymmezry of the inpuc signal also has an effect on the mag-
le of the averaging erroc. Table [ gives practical component
2s for various types of 60 Hz input signals. These capacitor
<s can be directly scaled for frequencies ocher than 60 Hz,
for 30 Hz double these values, for 120 Hz they are halved.

pplications chat are extremely sensidve o ripple, the owo pole
figuradon is suggested. This configuration will minimize
“citor values and sectling dme while maximizing performance.

2re O¢c czn be used to determine the required vatue of Cuy.
ad Cy (or the desired level of ripple and sectling dme.

O W — T ey

119
1 T T T i G . i i -
A o NS o ov s [ ]
N j \ AVERAGI G EAMOR= L.L
L 1 ZPOLE SAULM- XY FLTER '” l | l
I -
GOININT T b Lvii-r L
A W 22 T0 TV s Y
> N IS VNPT * ' . 1!
NN ] g
33 INT N TN ]
Sif"' L o :* ,":’, T L, ™
4 1) ' [ [
is 5| ] ]
3 \S™ ;
E IRMINAVIN IR
- A+ = A it
3 i 1L N Nt [N
[ i SN T
1 AL
o | NNNANENEEE
! * lhl::ﬂ "(OU(D‘C"‘.‘H.. - \ . . -
. Figure 9c. A

J0I 1% SLTTLING Yval i SECONDS
MLLAWLY AEADVIO AY § Yoo

Table I. Practical Values of Cqy and C2 for Various input

Waveforms
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FREQUENCY RESPONSE

The frequency response of the AD637 at various signal levels is

shown in Figure 10. The dashed lines show the upper {requency
limits foc (9, 10% and £3 dB of additional error. For example.

note that foc 1% addidonal erroc with a 2 V cms input the high-.
est frequency allowable is 200 kHz. A

200 mV signal can be

measured with 1% error ac signal frequencies up 0 100 kHz.
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figure 10. Freguency Response
To take fuil advancage of the wide bandwidth of the ADE3T

care must be taken in the seiecton of the input Sutfer amglifier.

To insure that the inout signai is accuracely presenced o die

converter. (ne nipul dufier must have 3 -3 dB bandwidth that is
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dec than that of the AD637. A point that should not be over-
«ed is the importance of slew race in this apolication. For
“mple. the minimum slew rate required fora 1 V rins § MHz
o-wave input signal is 44 Vlus. The user is cautioned that this
=e minimum cising or {alling slew rate and that care must be
g';c€_§ed in the selection of the buffer amplifiec as some amptifi-
fexhibic a two-to-one difference between rising and falling slew
s. The AD845 is recommended as a peecision input buffer.

c \IEASURE\IENT ACCURACY AND CREST FACTOR

. st factor is often overlooked in determining the accuracy of
|‘.ckmeasuremenc. Crest factoc is defined as Lhe ratio of the
ak signal amplicude to the rms value of the signal (C.F. = Vp/
-aab). Most common wavefocms. such as sine and triangle

ses. have ralatively low crest factocs (£2). Waveforms which

isetpble low ducy cycle pulse trains, such as those occucring in
ricching power supplies and SCR circuits, have high crest

~gtots. For example, a rectanguiac pulse train with a 1% duty

.ch','F has a crest factor of 10 (C.F. =1 7).
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F/fgure 17. AD&37 Error vs. Pulse Width Rectangular Pulse

7igure 12 is a curve of additionai reading error for the AD637
loba 1 volt cmis input signal wich crest factors from 1 o 11. A
ietangular pulse tain (putse width 100 ps) was used foc this

=8¢ since it is the worsc-case wavefocm {or rms measucement (all
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Sigure 12. Additorial Error vs. Crest Factor
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Figure 13. Error vs. RMS Input Leve! for Three Common
Crest Factors

the energy is contained in the peaks). The duty cycle and geak

i
i

amplicude were vacied to produce crest factors from | to 10 whii

maintaining a coastant | volt ems_inout amplituda.

CONNECTION FOR dB OUTPUT

Another feature of the ADB3T is the logacithmic or decibel out-
put. The internal circuic which compuces dB wocks well over a
80 dB range. The coanection for dB measurement is shown in
Figure 14. The user selects the 0 dB level by seding R1 {oc the
proper O dB reference current (which is set (o exacty cance! the

¢

log output cucrrent from the squarec/divider circuic a¢ the ‘desiced |

0 dB point). The external op amp is used ¢o provide a more con-

venient scale and to allow compensation of the +0.33%/°C tem- :

oeratuce drift of the dB circuit. The special T.C. resistor R3 is
avaifable from Tel Labs in Londenderry. Naw Hamopshire
{imcdel Q-81) and from Precision Resistor {nc.. Hillside. N.J.
(model PT146).
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Figure 14. 8 Corinection

DB CALIBRATION

i. Set Viy=1.00V dcor 1.00 Vems
2. Adjust Rl for0 dB oue =0.00 V
3. Set Viy =901 Vdcoc0.10 ¥V rms
4. Adjust R2 for dB cur = - 2.80 ¢

Any other dB refecence czn be used by satting Vv and R
accorcingly.
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'FREQUENCY MEASUREMENTS
equencies of the signals to be measured ace “below
Vche value of the averaging capacitor requiced o deliver
l% averaging eccoc in the stancard fms connection be-
Yexcremeiy large. The ciccuit shown in Figure 15 shows an
(ive mechod of obtaining low frequency rms measuce-
The averaging time constant is detzrmined by the pcod-
R and C,ayy. in this circuit 0.5 s/uF of Cyy. This ciccuic
a 20:1 reduction in the vaiue of the averaging capacitor.

ﬁino the use of high qualiw tancalum capacicors. [t is sug-

x
;that the two pole Sallen-Key filter shown in the diagram

to obtain a low ripple level and minimize the valve of

eraging capacitor.

}uaquency of intecest is below 1 Hz, or if the value of the
ging capacicoc is still too lacge. the 20:1 ratio can be

gsed This is accomplished by increasing the value of R. If
done it is suggested that a low input cucrenc. low offset

e amplifier like the AD348 be used instead of the incernal

. amnplifiec. This is necessary to ninimize the offset ercor

Fduced by the combination of amplifier input cucrents and

Mg

sager res istaace.
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qure 15. AD637 55 a Low Frequency RMS Converter

TOR SUMMATION
or summation can be accomolished througn the use of tvo

i37s as shown in Figure 16. Here the averaging capacicors
mmictad (nominal 100 pF capacicors are used to insuce

|
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s:aliiiicy of the {licer amplifisr), and the oucputs ace summed as

shown. The outpuc of the ciccuit is

T 4
Vo = VX‘ - Vy-
This concept can be expanded to include additional terms by
feeding the signal {rom Pin 9 of each addicional AD837 through
a 10 ’_Q resistor to the summing junciion of the AD711. and ty-
ing all of the denominator inputs (Pin 8) together.

[f Cav is added (o0 [C1 in this configuration. the output is

Vyl+v,2 . Il the averaging capacicor is included on both

[C1 aad IC2. the outpue will be - 1/,.2 - 1;?

This circuit has a dynamic range of 10 V to 10 mV and is lim-
ited oaly by the 0.5 mV offset voltage of the AD637. The useful

bandwidth is 100 kHz.
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OUTLINE DIMENSIONS
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AR-

2206

Monolithic Function Generator

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The XR-2208 is a meaoiithic function generator inte-
grziad circuil capable of orocucing high quality sine,
square, triangte, ramo, and puise waveiorms ol high-
siability and accuracy. The outout wavetorms can te
both amglitude and frequency modulated by 2n exier:
nal votlaga. Frequency of ooeration can be selected
axiarnally over a range of 0.01 Hz to more than 1 MHz_

The circuil is ideally suitza for communiczaions, instru-
mentation, 2nd function generaicr zoctications requir-
ing sinusoidal tone, AM, FM, or FSK ¢aneration. ithas 2
typical drift soecification of 20 opom/*C. The oscillztor
frequency can be lin2arly sweot over 2 2000:1 fragquen-
cy range. with an exiernal control volizge, having a
very smail affect on distortion.

FEATURES

0.5%, Typical

20 pom?°C, Typical
2000:1, Tygical
0.01%V. Typical

Low-Sine Wave Distortion
Zxcellent Tamceerature Stability
\Wide Sweeo Range
Leow-Supoly Sersitivily

Uinzar Amolituge Mocutation
TTL Comoatitle FSK Controls
‘Wida Sucpoiv Range
Adjustaole Outy Cycle

10V to 25Y

1% 10 89%

APPLICATIONS

wavelorm Ganarziaon
Sweep Generaneon

AMIFM Generation

VIF Conversion

F3X Geanerzicn
Phassz-tLocres Locps (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Suoch z25Y
Povser Dissioztion 730 mW
Derzie Adave 25°C 5 mwWi°C

5 mA

Total Timirg Current

Storage Temocarature -83"C o0 «iS0°C

XA-7¢ \J
AM o
T 18] ]
SYMMETAY
on ADJ.
ouTFUT 2 HE] _l
MULTIPLIER
MULT. QUT. ‘ 3 die 14[ _l
SHAPEA WAVEFOAM
— ACQJ.
~Vee l 4 N 13| l
L— ! 5 121 GAOUNO
TIMING
CAPACITOR v
SYNC
L l 6 11[ ouTAUT
[_ 7 = 10! 3YPASS
ESQ‘?C')NG E
AES! RS CURRENT
" 2 FSK
L l 8 p—{ SwiTCHES 9 -r.-;:uT

OROERING INFORMATION

Part Numbes¢ Package Operaling Tempsaratura
XR-2206M Ceramic ~35*C 0 +125°C
XR-22058N Ceramic 0°Cio +70°C
XR-2206P Plastic 0°Cto +70°C
XR-2208CN Cerzmic 0°Ctio +70°C
AR-2208CP hastic 0°Cio =70°C

SYSTEM DESCRIPTION

The XR-2205 is comprised of fcur functional Bice
voltage-controlleg ascillator {YCO}, 2n anatcg me
and sine-shagper; a enity gain Sulisr

XS 2
tioliar
amplifier; 206 2 381

of currant switches.

The VCO zaclually preducss an output frecusncy oro-
portional to an input current, which is producsg oy & re-
sistor from the fiming (ermina!s (o ground. The current
switches route one of ihe uming pins cucrant ic e
VCO controtled by an FSK incut on, o croaucs 2n out-
gut frequency. Witn two timing gins. iwo ciscraie Quicut
irequencies czn b2 incegencenzy grocuced for FSK
Ganeration Aootications.
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ELECTRICAL CHARACTERISTICS

Test Conditions: Tes: Circunt of Figure 1, V7
unless otherwise spscifiad. Sy open for triangia. closad for sine wave,

123

= 12V, Ta = 25°, C = 0.0 47 A

= 100 kQ,

A = 10k0, 33 = 25k

13
!
XA-2206% XR-2205¢ *
PARAMETERS M ‘ TYP l MAX ] MIN | TYP | MAX UNITS CONDITIONS i
GENZAAL CHARACTERISTICS i
Sincle Supoly Voitage i0 26 10 25 v i
Solit-Supoly Veltege =5 =13} =3 =13 v {
Succly Cuireni 12 17 1 bomA By z0kQ
OSCILLATOR SeCTiOM
Max, Qpszrating Srecuency 0.3 1 Q.5 H MHz 1T = 1000 pF By = 1kQ
Lowest Practical Fregusncy Q.01 0.01 at4 C=30azr Ry =2MQ
Frzquancy Accuracy = =¢ =2 9 ot fgflg = #321C )
Temcerziure Sizbility =10} =30 20 pom°C | 0°C < T, s 73°C. -
Ry = Ry = 20xQ -
Supely Sensitvity 0.01 | 0.3 0.01 YN Viow = =
20V,
Qy = Ry =20%2
Sweeo Aznge 16C0:1| 20CQ:1 2000:: M=l |'H@r, = 140
@Ay =2M10
Sweeo Linearity
1017 Sween 2 2 % i, = 1z Iz = 10 «Hz
10C0: % Swee 3 8 Ve i = 100 «-z, iy = 100
E XHz
M Digiortion 0.1 Q.1 s =103 Deviation
Recommenced Timing
Comoponents
Timing Capacitor: C 0.001 160 {0.001 iC0 uf Sze Fjure &
Timing Resis:ors: 1 200G i 2000 k@
Ry % Ra
Trizngle Sine Wave Quioui S i,
Triangle Amplituge 160 180 mvik | Figurs :
Sine Wave Amplitude 40 30 20 30 mVix Q | Figure 1, S Clesac .
Mzx. Outout Swing ) 5 Voo
Cutpwi Imoedance 500 800 0
Triangle Linzanty 1 1 L
wimchtuce Steouwiy 5.3 Gz SE  iF7 LlOi1 Sweeso
Sine Wave Amotiude 2800 4800 pomi*C | Sze Noiz 2
Siebility
Sing Wave Distortion
‘Witnout Adjusiment 2.5 2.5 s Ay =30xQ
With Adjusiment 0.4 1.0 0.3 1.5 Y Szs Ficuras 6 ana 7
Amotitzde Moautation
inout imeedance 30 1C0 30 100 <0
Mocutation Sange 100 100 %
Carrizc Sucpression 53 33 S
Lingarity 2 2 s For €3% mocutancs
Scuare-Wave Outout
Amolituce : 12 12 ‘Yoo |Messureg at Fin it
Aise Time 250 250 nsac 3
Fall Time S0 3 nsac
Saturaticn Yoltaqe 0.2 0.4 0.2 0.6 v
Lazkags Current 0.1 20 0.1 160 A
FSK Kaying tavei (Pin 9) 0.8 s 2.4 0.2 1.4 2.4 v
Reizrence Eyosass Voltags 2.2 3.1 2.3 2.5 3 s v

Nata 1:
Noi2 2:

Juicut amplituce is girecily crocartiona! to tne resisiance. P2, on &n 2. Sz
For maximum amolituge siabnity, Rq snoutd ba 2 positive (2meerziure coi
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Figure 2. Qutput Amgiftude as a Function of the Resistor,
R3. at Pin 3.
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Figure 9. Circuit Cannectian far Frequancy Sweep.
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uency-Shilt Xeying:

a2 XR-2206 can be operziag with (we s2o2rzte timing
sisiors, Ry and Ry, connected to the timing Pin 7 and
, resoecuvely, as shown in Figure 12, Degending on
ihe polarity of the logic signal at Pin 9, eithar one cr the
otner of these timing resisiors is activated. If Pin 9 is

cen-circuited of conneciad o a bias voltage >2Y, only
5’%- 15 activated. Simitarly, if the voitage level 2t Pin @ is

1

E
|
}
i
|
£
!
2

< 1V, only P9 is activated. Thus, the ouiout trequency
\.an be keyed between twa levels, 1 and {p, 2s:

ty = 1/RCand ty = i/RLC

§
i
E. ct sgm suoply coeration, ihe keying voltage &t Pin 915
Freteranced o V-

" OQutput OC Levei Control:

i
The dc tevel at the cutpui (Pin 2) is agproximetaly the

same as ihe dc bigs at Pin 3. In Figures 10, 11 and 12,
Pin 3 is bizsed midway between V¥ and ground. ic
give an output ¢ lavet of =V * /2.

f—

APPLICATIONS INFORMATION
Sine Wave Generation
Withaut External Adjustment:

Figure 10 shows the circuit connection ior generating a
‘sinuscidal output from the XR-2208. The potentiometer.
& at Pin 7, crovides ihe desired frequency tuning. The
r“.cmmum cutout swing is greai2r wnan V +/2, and the
tyeical distortion (THD) is <2.: Y. i lower sing wave
cistortion is gesired, scaitionai adjusiments can be o¢0-
vided as cescrioad in ihe lollowing saction.

LE T Seepe— W e v

——

i

l The circuil of Figure 10 can be converted o salit-sugoly
operation, simcly oy raplacing alt ground conneciions
with V= For split-sugply oceration. S3 can de directly
connecied o ground. B

With Exterrat Adiustmant:

The harmonic coniant of sinusoidal output can be re-
cuced to =90.5% cv zcditional adjusiments &s shown
in Figure t1. The potznuometar. Rp, adjusis he sine-
shaoing resister. and Rg proviges ihe line adjustment
for tne wavelorm symmetrv, The aGjusiment procedure
1s 25 loflows:

AN T e—— T

1. Sa2t Ag at midpoint, znd adjust R4 for munimum
disteriion.

2. With Pa sat as zoove. sgjusi Rg (C further reduce
cisterton.

Triangle Wave Generation

Tha circuiis of Figures 10 z2nd 11 c2n de converied
tniangle wave gensration, 2y simoly coen-circuiting Pin
13 anc 14 (i.2.. S3 coen). Amoiiivas of ine triangle s as-

sroximately twica ihe sine wave outout.
A}

e = o
TR . T m—
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XR-2206

Figure 12 shows ihe circuit connaction lor sinusaical
3K signai opzsraticn. Mark and space ireguencies can
be independently zdjusied. by ihe chaice of liming 2~
sistors, Ay and Rp; the outoul is phase-continucus dur-
ing transiticns. Tne Xeying signal is eppfiad tc Pin 8. The
circuit can be convariz¢ to spiit-supply ogeraiion by
simply reolacing ground with V —

FSK Gznzration

Puise and Ramp Ganeration

Sicute 13 shows ine circuit for pulse and ramp wave-
form generauon In this mcae ¢i operation, the FSK key-
ing t2rminal (Pin 9) is shorted (0 the squara-wave quiput
(Pin 11), and the circuit eutomatically lracuancy-sailt
keys itsell patween two sepzrata (recusnciss during
ihe opositive-going and negaiive-going outout ‘wava-
forms. The pulse wigin and duty cycle can ce agjustag
from 1% 0 S5%, by the cheice of R4 &ng Az. The vai-
ues of Rt end Ay saculd be in the range of 1 k@ w0 2

MO,

PRINCIPLES OF QPERATION
Description af Controls
Frequency of Operation:

Tne frequency of oscillation, ig, is determinea by tne 2x-
tarnal timing czozcitor, C, across Pin 5 ana 6, and by
in2 tming resisior, R, connected to sither Pin 7 or 2
Tre lr2quency 's given as:

"O = 5% Hz

znd can be z2djusiea by varying eitner 8 ¢r C. the r2¢-
ommenced values of R, for a given frequency range. &s
shown in Figure 2. Temperaiure £izbility is cotimum ior
2 %0 < 8 < 200 k0, Rscommenagad veluss oi C are
from 1GCO oF 0 100 -

Frequency Sweeg ane Modulation:
Feeguency cof csculauon is grocoruonal (o ine ot fim-

ing current, IT. cravn frem Fin 7 or 3:

320 I ()
C (+F)

nz

rming taeminzls (Pin 7 oc 8) are low-imcadanca sainls,
are internally ciased ai + 3V, with rgsozctic Pin 12,
ncy varies lin2zrly win Iy, over a wics range of
tr2nt valuzs, from 1 pA 1o 3 mA. The irzquancy can
can (roilco Qv zcolying & control voitaga, ‘.’c 10 the
tivaizg dming cin 2s snown o Figure 9. The irecuen-
cy ct sscillztion s related 0 V¢ 2s:

LR
AQ
[

@

i = _.]._1 _'q_.l _Q Hz
C 8¢ 3 .
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in volts. The voltage-to-irecuency conver-
s given as:

whers Mg is
sion gain, K,

0.32 ,
K = VG = ~ =5 Hav
AcC

'~

CAUTION: For safety operaticn of the circuit, I3
should pe limited to 53 MA.

Qutpu: Amplitude:

Maximum outout amplitude is inversaly asroportional 10
{ne exizrnal resisior, Ra. conneciad to Pin 3 (see Figure
2). For sine wave outout, ampliiude is 2oproximaizly 80
mY gazk per XQ of Ry lor trizngte, the peak ametituce
is zonraximately 180 mV peak per kQ of A3, Thus, for
examgle, A7 = 30 k0 would proguce gpgreximately
= 1Y sinusoidal ouiput amolituce.

127

Amolitude Medulaticn:

Qutput amplitude can ce moadulated by zcplying 2 d¢ bi-
as and a moculating signat to Pin 1. The internal imped-
ance at Pin 1 is aopraximaiely 100 0. Qutzut ampli-
iude varies linearly with ihe aoplizd voliege 2t fin i, for
values of dc dias at this gin, within =& velts of V *i2as
shown in Figure 3. As this dias izvel acoicaches V /2,
the phasa of ine output signal is raversad, and the am-
plitude go2s through 22r0. This orcoeriy is suitable for
pnase-snift keying 2nd suoarasssg-carrizr AM ganera-
tion. Total dynamic range ci zmptiicce modulation is ao-
proximately S5 d8.

CAUTION:- AM control must ©2 usea in cenjuncticn

with a well-regulated supply, sincs ing quicut emplituda
now becomes a lunction ot V¥,

EQUIVALENT SCHEMATIC DIAGRAM
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XR-2212

ELECTRICAL CHARACTERISTICS
Test Conditions: ¥+ = +12V,Ta = +23°C.Ag = 3040, Cn = 0.033 ;7. unless othanuse saeciliza. See Figura 2 or
cemponant dasignation.

RAMETERS XR-2212/2212M4 l XR-2212C
PARAMETE! MIN | TYP | MAX | MUN | TYP | MAX | UNITS CONGITIONS
GEMERAL
Supciy Voitzge L) i5 L3 15 v
Suooty Guresnt 3 10 ] 12 mA |Rg = 10K S22 Fig. 2
QSCILLATOR SECTION !
Frecugncy Accuracy =i ] =3 =i %  jDeaviation frem i = WECy
Fracuency Sizdility
Tamoerziure =201} =30 =20
Powrer Supoly 005} 0.3 0.05
2 2
oeer Fraauency Limit 100 | 30C 300
Lowsesi Preciicel
Oozraung Fraguency Q.01 0.01
Timing Aesisior, Ag
Cperating Range 5 2000 5 2000 | KQ
Racommenaed Range 3 ico 15 100 KN See Fig. 7T ane 3.
0SCILLATOR QUTPUTS
oliage Outout Measures at Sin 5.
Positive Swing, Yoy 11 18 v
i Nagauve Swing, Yo 3 < .3 v
: Cureent Sinx Caoability t 1 mA
Cuerent Qutout Mezsurss &t Fin 3 i
Pezk Current Swing 100 =] 150 A |
] Outout Imgecznce 1 1 M |
Quazerztura Quiout Mezsurza at fin 5. H
Outeut Swing c.8 0.5 v
OC Lzvel ; Q.3 .3 V. lSefzranceg w0 Pin 1.
Cutsut Imoedance ! 3 3 X0
}LCOP PHASE DETECTOR SECTION i I Mezsursd at Pin 10,
Pezx Quizut Current | =1301 22001 =329} =:00] =200 =320| p~ :
Suize: Giset Current : Pz i =2 p
} Cutoui 'mcedance 2 ; MQ
i Maximum Swing =< =53 =< =5 v Reizranceg to Pin 11,
FINPUT PREAMP SECTION
¢ ingui imcedance 20 20
] Inout Signal to Cause Limiting 2 23 2
0? AP SECTION |
‘oltzge Gain 335 I 5 | 170 a8 (5 = 3.:XL Rz ==
inoui Sias Current 2.1 i Q.1 i A
Citset Valtage =3 | =20 =3 | z20| m¥Y
Siew Aata ! H 2 Viusec
INTERNAL REFERLNCE : Mzasursc at Sin 11,
Voltzge Lavel L% s.3 3.7 | 475 23 ] 388 v
Cutout Imcedancs 120 100 0 * Lt e ]
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L

-

P

GERERAL DESCRIPTION

Tné' XP-2212 is zn ultra-stable monolithic ghasa-locked
toch (PLL) sysiem 2specially designed for data commu-
~icktions and contiol sysiem applications. Its on boara
refzrence and unccmmilted operational amptifier, to-
cefner with a typical iemperature stability of betier
min 20 comi°C, make it ideally suited for frequency
3y I.mesis. £M detzction, a2nd tracking filter zpolica-
tichs. The wide inout dynamic rang2, large opsrating
woiage range, large fraauency range, and ECL. OTL,
anc TTL comoaticility contribute to the uselulaess and
wice acplicability of this gevica.
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FEATURES

O?:aoraiure VCO Cutputs

‘#ide Frecuency Range

Wica Suocoly Voltage Range
OTUTTUECL Logic Compaubility

Wids Dynamic Rance

~djustable Tracking Range (= 1% 10 =30%)
'.cellem T2mo. Siability

- T

APPLICATIONS

¥

Frecuency Synthesis
ata Syncnrcnizauon

F\ Detzcuon

Jracking Filtars

g’SK Demodulation

el -

ABSOLUTE MAXIMUM RATINGS

0.01 Hz to 300 kHz
4.5V {0 20V

2 mV o 3 Vems

20 ppmu°C, Tyo.

Powrr Sucply 18V
Hinout Signal Level 3 Vrms
jFower Cissioation
Ceramic Packacge: 730 mwW
¢ Derziz Apove Ta = +25°C 5 mwWi°C

Plasiic Package: 825 m\W™
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N
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0R0EARING INFORMATION

Part Number Package Operating Tamperature
XR.22°2M Caramic -33°Cwo -125°C
XR2212CN Ceramic 0°Clo = 7C*C
XR-2212CP Plasiic 0°C o +70°C
XA-2212N Caramic -3°Cio -25°C
XR.2212° Plasiic -10°C o =+23°C

SYSTEM DESCRIPTION

Tha XR-2212 is 2 comolate PLL sysiem with bulierad
incuts ana oulsuts, an mr2mal refersnce, and an un-
commuiiea oc amp. o YCO outputs are pinned cut;
one sources current. (e other sources veltage. This
anaoles coaration 2§ 2 ifequency SsyninesiZer using 2n
axternzl programmable civicer. Tha ¢0 amo sscucn
czn be ussead as an aucio creamglifier icr FM cdeizcton
or s a high spasd sense amglilier (compasaior) or
73K cemoculzticn. The canter frecuency, beagwigin,
znd trzcking range of the PLL are conirolled ingeoen-
dantly cy axternal comoonents. The 2LL outout is ci-
ecty comoatble with MOS, CTL. ECL. and TTL legic
izriiies as well as microprogesscr gencheral sysiems.

The pracision FLL system coeratas.over 2 suocty voit-
zGe tance of .3V 10 20 V, 2 iraguency rangz of 0.01
7 10 300 kHz. znd acceots incut sichais in e range of
2 mV 10 3 Veras. Temoeraturs sizoility et tne VCQ is typi-
czliy betizr inan 20 spmriC. . -
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DESCAIPTION OF CIACUIT CANTROLS

Signal Input (Pin 2): Signal is ac ccuolzd 0 this acminal.
The inizrnal imecedance at Pin 2 is 20 K. Rzcom-
m2naeq inout signa! level is in the rance of 10 mV o 3V
223X-10-08EX.

VGO Cuceent Qutput (Pin 3): This is 2 high impedance (MQ)
serrant cutout terminal which can provide =i00 zA
crive czozbility with 2 voltage swing equal to V¥, This
cuicut can cirectly interface with CMCS or MIMGS legic
famitizs,

C0 Yorage Cutput (Pin 3): This terminzl crovides a low~
imeacance (= 300) tufiered outout for the VCO. It can
diractly interiace with low-oower Schotiley TTL. For in-
:zrizging wiin siancard TTL circuits, & 7500 gult-cown
casisicr zom gin 5 to ground is racuired. For cperation
of ih2 SLL vathout an axterazl aiviaar, pin 5 caa oe Zc
couciec 0 oin 1%,

e
~

05 Amo Carageasation (Pin §): The 0o emo secticn is fra-
cuency comcensated by connecting an axternal czpzc-
ar from oin 3 to the amplifier output (pin 8). Far unity-
c2

1n cemeensaiion 2 20 of cacaciior is recommenced.

0p Amp Inputs (Pins 7 and 9): vhase ar2 the inverting and
(e aonanverting inculs for e co 2mo secticn. The
commen-mege range of ne co amo inputs is from + iV
(V- - i.5) volts.

0p Amo Juiput (Pin 8): The op 2mp outout is an coen-
cchiaciar o/;':e= gan siage 3nd requires a puilup resisor,
Rp. i ¥~ lor orcoer ogeration. For mos: 2policztions,
the recommended value of R is in 3 xQ to 10 k@ range.

Phasa Daiactor Output {Pin 10): This t2rminal orovices 2
nxgn--ﬁoecence outout icr in2 looo onzse-detector. The
'coo ilter s .ormec by R; ana C; conneciag o Pin

: ety i |
e 'vu‘x‘n ine DLL. 2 cc tzvet 2t Pin 10 s very
wzi (o Y. The peak voliage swng avaitzole at
112 cnese deteclor outowt is equat i0 =Vq.

ar Wit Ag

Aelereace Yoitage, Vg (Pin 11): This pin is internzily oi-
a at a2 reference voltage level, YqiVg = V =:2—
mvV, The cc voltzge level 2¢ is cin forms &n intar-
rzizrenca for the voltage lavels at oins 10, 12 and
1€. Fin \ muscbe bypassad te ground with 2 0.1 zF ca-
szctice, ior grocer coeraiion of ihe circutl.

VCO 2ntral ngut (Pin 12); YCO freo-n.nnu-g fraquency is
tminad by external timing tesistar, Rq, connacied
rus ierminal o ground. For cotimurn tamperature
v, Ag musi Be in the range of 10 KQ io 100 KO
cure 3).

YE€O Fraguency Adjustment: YCO can de fins-iunsd by
cornecung 2 cotentometer, AY, 16 52nes v Ag 21 Pin
12 i{ses Sigure 10), -

This seemunal is & lowamoesganca soint, znd is in "
:l—saa zi 2 2C tgvel 2cuatl 10 Vg, The maxmum sming
currznt crawn from Pin 12 musi oe tisuited (0 =3 maA for
"'":za soaration of the cireuit,

131

YCO Timing Capacitac (Pins 13 sad 14): VCO frequency is
inversaly sccgoriicnal o ine 2xizrnal timing capaciior,
Cp. conneciag across inese terminais (sse Ficur2 3).
Cp musi b2 rangolar, ang in the range cf 200 oF o
10 g7

YCO Quadratuca Quzput {Pia 13): The low-lave! (=0.5 i/,op)
cutput &t this cin is at cuadrzture ghase {i.2. €0° phase-
offset) with he other VCO ouipuis a: pins 3 and 5. The
dc lavel at gin 15 is apcroximately 360 mV 2beve Va.
The auadrature ouloul £30 B2 ussa win &n sxtarnal
multiolier as a “lock catsci” circui. In orger not 10 42~
grace oscilaior periormance, e outout at cin 13 musi
ne opuflered with an =xizemal hignimpscance iCw-
capacitance amglifier. *haa not in use, gin 13 should
ce left ooen-cirguited.

Phase Oetectar laput {Pin 15): Yokizga ouiput of the YCCO
(pin 5) or th2 output oi 2n sxtarnel frequency civider is
connected 0 tnis oin. The de level of e sansing
theesnold for the phase Zatecior is raferenced io V. !
the signal is capacitively couplad 10 o 15, then this gia
mus: be bizsad from pin 11, 3rougn an éxiarmet resis-
lor. Ag {(Rg = 10 KQ). The peak voltage swing 2opolizg @
pin 18 must not exceed (v ¥ - i.3) vokts.

PHASE-LOCKED LOOP PARAMETERS:
Transter Characteristics:

Figure 9 shows the basic frecugncy 0 voitege charac:
tanistics of XR-2212. Wiin no incut signal oreceni, lii-
iered ohase detecicr ouiout vehizge is aﬂoroxiﬂaﬁlv
ecyal ic e intarnal r2izcence voliage, Vg, 2¢ gin ii.
Thz PLL can treck an input signzl avar its treciung
Janawidin, shown in inz {igure. The irzauencies ity
2na iTy represent ine lowar ana the upper sdge of e
iracking ranga, fg tepresanis e VCO center iraguency.

L I3ACawmg

F v, FAmQmO T ‘<

: et

L

ig | AN

g Va p———'§ ! — e

i ii

H i

H 1

d [ ty [ [

Inamy T SICMAL BB ECRIENCY P

Figure 9. Phasa Dstecter Outgut Yoitage (Fin 10) as 2
Eunctlon of Ingut Signal Fragueacy. Nota: Jutput
Yehiage Is Aelzrenced lo Intarnal Referance Veltage
Vg .t Pln i1

Oesign Euuatmns """"

iSe2 Figurs 2 znd FigureSufer cafinition ¢f co
"-nr‘l: l

Qo

1 vCC Ceniar Frecuarsy, lpt 45, = VEgCo Hz
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S, anc casicn 2quation 3). i
guencies are ¢asired, set S

alb = imax = 'min.

ingie fixed outout frequancy is Cesired, sat Ry

i
te

U

wn W

M =0 lg,
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2) Calculatz C; o cbizin desired loop camging. (See
cesign 2quation <), For most cglicatiens, § = 12is
reccmmendead, thus:

C‘ = NCOI-"

Note: All cemoonant values except g can te rounded-
oft o nearest standard value.
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2. Intarnal Reierance Voltage, ¥ (measured at Pin 11}

{‘lg = V+/2 - 830 mV

3. ILc>0\3 Lcw-Pass Filter Time Consiznt, 2 7 = A1Cy
1 NCp

N C

E'/:here N is tha axiernal frecuency divider moduiar
i(S—:—s— 2). tf no divider is used. N = 1.

]

!
4 «Looo Demoing. {= = U4

LonG wacking Bandwidth, = atllg:  2fifg = Ag/Ay

8} Fnase Detector Conversion Gain, K;5: (Kg is the gil-
k isrentizl dc voltage across Pins 10 and 11, per unit
{ onase ecrof at phase-cetecior input) Kg =
7 = 2¥gfr volisiradian

7% VCO Conversion Gain, Xg: {Kg is the zmount of
cnangz in VCO freguency, per unit of dc voltage
1 cnange at Pin 10. ltis the reciococal of the stoge of
coavarsian charactenstics shown in Figure 8).  Xg

= - 1NgCuR1 Hzvolt

L0
—

e 8

Totai Leoo Gain, KTt

N

T = 2xK4Kq = ¢ICpR raclsecivolt
Peak Pnase-Detector Current, 14; zvailaole at pin 10.

fatlied

la = Vg (voltsy2S mA

"0

PLICATICN INFORMATION

M OEMCOULATION:

RS N, - S 1 o T

o
[
N

12 can be used as a linear FM gemodulator fcr
row-0ana ang wide-band FM signals. The gen-
circuit connection &r this zoplicaiion is shown
1. wnere tne YCO cutout {oin §) is directty
= 1ne onase calacior incut ipin 18), The Ge-
cow2isa signal is cotaineg £t pnase getacior outzul
icin QL In ihe circuit connection of Sigure 10, the oc
2mo s2cticn of XR-22121s usad as a buifer amglifier 0
provice 3tn zcarionzl voltage amplification 2s well as
current sniva capavility. Thus, he cemaodulaied autout
signar svanadie 2t the 0o amo cutout (00 8) is tully but-
terec trom the rest of the circuit.

-
Y
-~

(N

_,
o
b
it

T
gx

p)
n
2]
[
€
v

03 Xeid
3
>
)
[

sy

Ja the cxrcuit of Figure 10, BoCo sat the VCO canter tre-

guency. 31 sets the tiecking tangwidih, Cy sa's the
low-ozss filtar ume consizni. Op amo {eecback resis-

jors A= zra 8¢ set (e vaitage gain of the amplifier sec-
ton.

ansign instructons:

I

"The circu of Figure 10 can be tzilored 0 any £M de-
Emocuizton zcoticzton oy 2 cnoicea of the external com-
joonzats Ag, A1, Ac. 8= Cg 2na Cy. For & green £M
{ cemter {recuency and lfraguency cdaviziion. {ng cngics
faf immsa comconents czn ce calculaize as clicws.
Egsing ~e sesign sguations ang definiiens given on

2ace 1-34, 1-35 ang 1-35.

. mllbe T wm Vel T e e
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[LRziL)

figure 10. Circuit Cannection for FH Demadutation

2) Chocse VCO center frequancy ig 10 be in2 same s
73 carcier {rzauency.

n) Chncose value of timing resistor R, io de in e
tznge ot 10 K1l to 100 K. Tris choice is aroutracy.
The recommended value is Rg = 2C K. The (inal
value of Ry is normally tine-tunec wiih the seriss po-
iantiometsy, Rx.

c

—

Caziculate value of Cg from gesign 2cuation {1) or
irom Figure 5.

%

Co = VRply

d) Choose 8 to determine the irzcking Sancwicin, Al

(s2= gesign ecuaiion 5). The tracking 2anawidin, 25,
srouia be set significantly widar Whan he maximum
incut £M signzl ceviation, Algpm. Assurting the
tracking dandwidth 0 be "N iimes farger inen
atgyg. one can re-unite desicn scuatica 5 as:

at _ Fo g 2isM
o) 3%} fy

Tzoie | lists racommended values of M. for 22£10US
velyes of ine maumum deviztion of e insul M

signal. \
1

Reccmmended value of
3andwidth Aatle. N
N = at/igm)

% Oaviation of FM
Signal (alsu/lq)

S EEN =]

tn

1% orlass
1t 3%
110 3%
310 10%
10 0 30%

20 0 30%

{

TABLE !

N

zieas of M signzt iraquancy cenaticn.
2110 of tracxing sengwidth Af 10 Mmax. 3
zzwiapen. gl

-~

1
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