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Abstract

The measurement interfacing system of physical quantity which
controlled by microcomputer has been designed for using in a laboratory. The
system consist of programmable dc power supply has been rang from -15 to
+15 volts at 1 ampere approximately and two channes 8-bit analog to digital
converter. All are controlled by a 8051 microcontroller which transmited and
received data by microcomputer. User can be programmed voltage generated
and determined receive mode by microcomputer through the RS-232

standard interface. User perform the operation in graphics mode.
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4.1 msWaumemanUa 8051

Tudanvesnmunsos 8051 Fuiludufivssgeslu RoM Tuszuy ANT-
32 Thseunsanzdenldmianuiilsunsu EPROM dvann 5y
8 Kbyte (2764),16 Kbyte (27128) Wie 32 Kbyte (27256) iHudu &eludunisei
Tassamfieaiia ¥ REM31 (Remote Monitor) Jumsviaui 1dsunsu Iasedy
SERIAL PORT Aoesfuiniss PC e REM31 fiamisanaaen TsunsuTaylst
waludnyaie REAL TIME feldsunsuaziemluds CHIP 954 9 awantwiia
doudidluegeiaynilsens Fudumsmamevfieuysduunluhusadsatuwn
EMULATOR fildfuey  uafisaignndifuan #3 REM31 EPROM (Ue3
270256 Al lumswann Tsunsuilifiurestn Aan  Femunsaldldedy
U03A JAZZ-31 1oz VDS A ANT-32

4.2 MsAAKa REM31

1. 19 luTasneuInsames luaszna MCS-51 (U 8031/8032) Taaligiu

nautiu 11.0592 MHz
2.1} Socket @M TUNUIIAWET EPROM 118§ 27256 Tauilumniioniny

S EdwnduSuduN 0000 TuaIu¥9s PROGRAM MEMORY
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3. fivaenus1 RAM ed19108 256 KByte AR 8000-80FFH &4
fuiadu PROGRAM uaz DATA Idvaz@eafu  dwmfuidlu
WORKING AREA

4. $1993iens#0a15N10 RS232 (SERIAL PORT) Aidasznindalulnas
aouInsamesfumsenouiaumes PC

5. 11 REM31 EPROM Fouasuesaidumie U2 uazidonediiy
27256

6. #oauiluiil RAM ogfidumiis U4 Tavezihuues 6264 nse 62256
Ala

7. ey RS232 #1141 3 PIN i fuvete (nsd 7azz-31 W14 HW-
RS232 130 SERTAL-1) azduda DB25 nie DBY werhfundeq
PC '

8. 910 lidwesa nazidlawies pC 14

4.3 159§ w3y REMS1

dmiumdefiddguedided i umsiann Tusunsusy

1. #1849 A (Assembler) §MFUn1591 MINL-ASSEMBLER
qUuuy A addr

2. 149 D (Display) dmFumsgdeyalumizennus
VY D [addr] [addr]

3. f1d1 G (Go) dmTumsdalivnaumuTisunsy
JUuuYy G [addr]

4. $189 H (Help) E°T1H§"1Jﬂ'|iu’c1m°lgﬂﬁ1’c%wm REM31
jluvy H
5. f1d4 L (download) 315 DOWNLOAD Yoyan3e Iusunsuen

& o
1593 PC a3U9s5A
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~ & 1 i v

ﬂﬂizllﬁiﬁﬁﬂijﬁﬁﬂ °]Nﬂ‘liﬂﬁﬂ regulation ‘H'lllﬂ"i]'lﬂ

Vo — VL
Vo

A @ s 124

= Ao uswwemnnve luli Tran
&

= fl

X100

% Load regulation =

VO
o L4 =t

V. = A9 ussaumynvazllvan

5.2 waminaaevlvian regulation
E
HANIINAREUMIATINAA regulation  YBINIAMLINIAzay naaey lasld
v { s ' ' v aa : v
Tnaaanumumiusingi 478 Teviy mssumldladnines e CLE. Ju8020

L 1 U4 9 @ 1 dy
Ruggedized %39atna 0-40 1988 + 0.5 % lananiniseee 11

(V) USIAUMULIN (V) USIFUMUAY (V)
Tdsunsu % Load % Load
fMuUA | No Load Load | regulation | No Load Load | regulation
UIIAU
0.00 0.26 0.03 88.46 0.26 0.03 88.46
1.00 1.20 0.97 19.16 1.09 0.98 10.09
2.00 2.20 1.99 9.564 2.09 1.99 4.78
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(V) HSIAUMULIN (V) HsIFUMUAY (V)
Tdsupsu % Load % Load
f1MUA | No Load Load | regulation | No Load Load | regulation
(TIAU
3.00 3.18 2.98 6.28 3.09 3.00 2.91
4.00 4.21 4.00 4.98 4.11 4.03 1.94
5.00 5.20 5.00 3.84 5.10 5.03 1.37
6.00 6.20 6.00 3.22 6.11 6.05 0.98
7.00 7.19 6.99 2.78 7.10 7.04 0.84
8.00 8.20 8.00 2.43 8.13 8.07 0.73
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11.00 11.13 10.96 1.52 11.11 11.06 0.45
12.00 | 1213 | 11.96 1.40 | 1212 | 12.08 0.33
13.00 13.11 12.93 1.37 13.11 13.07 0.30
14.00 14.08 13.93 1.06 1410 14.06 0.28
15.00 15.06 14.89 111 15.09 15.05 0.26
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PROGRAM : PROJECT.ASM

APPLIED PHYSICS : KMITL

UPDATE : 9 MARCH 1997
ORG  8100H ;STARTING ADDR FOR REM31

LIMP MAIN
; ¥* USER PORT 1 **

UP1A EQU - OF800H ;PORT A
UP1IB EQU  OF801H ;PORT B
UP1C EQU  OF802H ;PORT C
UP1P EQU  OF803H ;PORT PORT

; ** USER PORT 2 **

UP2A EQU  OFCOOH ;PORT A
UP2B EQU = OFCO1H ;PORT B
UP2C EQU  OFCO2H ;PORT C
UP2P EQU  OFCO3H ;PORT PORT

o eddeskesedeskeskostoskeseedkesle ke stoskeseskestesieseske N A TN o st shesdestesheokeste e sehe e s ke shede e she e s shesbe ke e
?

; DEFINE REGISTER

MAIN: MOV  SP,#50H
LCALL INT
MOV  A#82H ;SET CONTROL CODE
MOV  DPTR#UPIP ;USER PORT1

MOVX @DPTRA ;PA,PC = OUTPUT ,PB = INPUT
MOV  DPTR#UP2P ;USER PORT2

MOVX @DPTR,A ;PA,PC = OUTPUT ,PB = INPUT
MOV A#0

MOV DPTR#UPIA



MOVX @DPTR,A ;:OUTPUT ZERO (V(+))

MOV A,#0 '

MOV DPTR,#UP2A

MOVX @DPTR,A ;:OUTPUT ZERO (V(-))
LOOP: LCALL RX

MOV  DPTR#UPIA

MOVX @DPTR,A :OUTPUT POSITIVE VOLTAGE

LCALL RX

MOV  DPTR#UP2A

MOVX @DPTRA :OUTPUT NAGATIVE VOLTAGE
SEND: LCALL RX

CINE A#1,CHECK

LCALL RECV_UPIB

LCALL TX

SIMP  SEND
CHECK: CINE  A#2.EXIT

LCALL RECV_UP2B

LCALL TX

SIMP. SEND
EXIT:

SIMP LOOP

RECV_UPIB:
MOV  A#255 ;BEGIN CONVERSION (LOGIC HIGH)
MOV  DPTR#UPIC ;PORT C (8255)
. MOVX @DPTR,A ;PIN 3,5 OF ADCO0804
LCALL DELAY ;DELAY FOR CONVERSION TIME (100uS)
MOV  A#0 ;STOP CONVERSION (LOGIC LOW)



MOV  DPTR#UPIC ;PORT C (8255)

MOVX @DPTR,A

MOV  DPTR,#UP1B ;RECEIVE DATA FROM PORT B (8255)
MOVX A,@DPTR

RET

RECV_UP2B:
MOV  A#255 ;BEGIN CONVERSION (LOGIC HIGH)
MOV  DPTR#UP2C ;PORT C (8255)
MOVX @DPTR,A ;PIN 3,5 OF ADC0804
LCALL DELAY ;DELAY FOR CONVERSION TIME (100uS)
MOV  A#0 ;STOP CONVERSION (LOGIC LOW)
MOV  DPTR#UP2C ;PORT C (8255)
MOVX @DPIRA
MOV  DPTR,#UP2B ;RECEIVE DATA FROM PORT B (8255)
MOVX A,@DPTR
RET

INT: MOV  PCON,#00H
MOV  SCON,#50H
MOV  TMOD,#20H
MOV  TH1#0FDH
SETB TRI
RET

CLR RI
MOV  A,SBUF



RET

TX: JNB TL$
CLR TI
MOV  SBUFA
RET

DELAY: ;APPROX 123uS
MOV RO,#60H
DELAY1: DINZ RO,DELAY1

RET

END



[ PROGRAM : PROJECT.C %/

/* APPLIED PHYSICS : KMIT'L */
/* USE TURBO C++ 3.0 COMPLIER ---------nnec- */
/% UPDATE : 9 MARCH 1997 */

#include <conio.h>
#include <alloc.h>
#include <stdio.h>
#include <stdlib.h>
#include <stdarg.h>
#include <string.h>
#include <time.h>
#include <bios.h>
#include <graphics.h>
#define MAX 16000
#define SPEED 32766
#define FREQ 1000
#define NOFREQ 50
* «
void Initialize(void);

void Command(void);
void Yes_No(void);
void Line_Graph(void);
void Function(void);
void Key_stop(void);
void Printgraph(int left);



void copybyte(int byte);

void copydot(int scan);

void disp_num(int pn);

void disp_speed(int pd);

void intportcom(int portd);

void Time_scope(void);

void Scope_Func(int secf);

void Spectrum(int md,int stp);

void Max_Min_Scope(int mds,float mxs,float mns);

void Line_Data(int sp,int cn,float da[]);

void Line_Scope(int count,int swp,int stswp,float datas[]);
void min_max(int nm,float *mx,float *mn,float *av,float x[]);
int button(int x1,int y1,int x2,int y2,int color,int flag,char *word);
int gprintf(int xloc,int yloc,char *fmt,...);

int sounder(void);

/* "/

clock_t start,startd,endd,end;

int GraphDriver,GraphMode,ErrorCode = 0;

int 1,j,x,x1,x2,y,yl,y2,pxa,pya,z,kc,num,yn,tr,stos,portid;

float a,b,c,d,k,h=220,w=450,mxi,mni,avi,rtime,ranl,ran2,datas,datalMAX];
void *bitimage;

unsigned int size;

char wtime[30];

double ltime[20];



/*
void main(void)
{
Initialize();
do {
Function();

Line_Graph();
Command();
settextstyle(3,0,3);
setcolor(0);
bar(8,400,128,470);
setcolor(12);
gprintf(10,424,"Do you want to ","");
gprintf(10,437,"print..(Y/N)?","");
if (ke==1)
{ getch();Yes_No(); }
if (kc==0)
{ Yes_No(); }
if (yn==0x59lyn==0x79)
{
setcolor(0);
bar(8,400,128,470);
setcolor(12);
gprintf(28,420,"Printing...","");

gprintf(lo,433,upress any key ll,"ll)

’

*/



gprintf(10,446,"to stop.","");
Printgraph(0);
}
setcolor(0);
bar(8,400,128,470);
setcolor(12);
gprintf(10,424,"Do you want to ","");
gprintf(7,437,"continue..(Y/N)?","");
. Yes_No();
if (yn==0x591lyn==0x79)
{
setcolor(0);
~bar(0,0,639,479);
AN
}
else tr = 0;
}while(tr==1);

closegraph();

/*
void Command(void)
{
unsigned char x;
char rdata;

int status,com,mode,fg,scp,xa,ya,ka,tf,t,key;

*/



float sum1=0,sum2=0,av1,av2,mx1,mx2,mnl,mn2,nbit,vp,vn;
do {
setcolor(0);
bar(95,15,113,31);
setcolor(14);
settextstyle(3,0,3);
gprintf(23,433,"COM 1 OR 2","");
gprintf(96,20,"_",1);
gotoxy(13,2);
scanf("%s",&rdata);
com = atoi(&rdata);
if (com==1)
{
portid = 0x3f8;
intportcom(portid);
tf = 0
)
else
if (com==2)
{
portid = 0x2f8;
intportcom(portid);

tf = 0;

else



if (com<lllcom>2)
tf = sounder();
}while(tf==1);
for(i=0;i<=1;i++)
{
do {
setcolor(0);
bar(8,400,128,470);
bar(64,47+(1*32),104,63+(1*32));
setcolor(14);
gprintf(37,424,"VOLTAGE","");
gprintf(18,437,"0.00 - 15.00","");
gprintf(64,51+(1*32),"_","");
gotoxy(9,4+(1*2));
scanf("%s",&rdata);
vp = atoi(&rdata);
if (vp<Ollvp>15)
tf = sounder();
else tf = 0;
}while(tf==1);
vp = (vp*255)/15;
nbit = (int)vp;
if (vp>=(nbit+0.50))
z = (int)vp+l;

else z = (int)vp;



outp(portid,z);
}
do {
setcolor(0);
bar(8,400,128,470);
bar(96,111,113,127);
setcolor(14);
gprintf(20,418,"SELECT MODE","");
gprintf(17,431,"DEFINE:0,1,2","");
gprintf(15,446,"OSC-SCOPE:3,4","");
gprintf(96,52+(1*32)," _","");
gotoxy(13,8);
scanf("%s",&rdata);
mode = atoi(&rdata);
if (mode<Ollmode>4)
tf = sounder();
else tf = 0;
}while(tf==1);
if (mode==0llmode==3)
{ xa = 150; ya = 230; fg = O; status = 1; }
if (mode==1limode==4)
{ xa = 150; ya = 470; fg = 1; status = 2; }
if (mode==2)
{
do {



disp_num(0);
gotoxy(8,10);
scanf("%s",&rdata);
num = atoi(&rdata);
if (num<2llnum>MAX)
tf = sounder();
else tf = 0;
}while(tf==1);
do {
setcolor(0);
disp_speed(0);
gotoxy(10,12);
scanf("%s",&rdata);
t = atoi(&rdata);
if (t<Ollt>SPEED)
tf = sounder();
else tf = 0;
}while(tf==1);
gotoxy(8,14);
printf("%d",num);
gotoxy(10,16);
printf("%d",t);
Key_stop();
k = w/(num-1);

moveto(150,230);



start = clock();

ka = 0;
do {
status = 1;
outp(portid,status);
delay(t);

X = inportb(portid);
data[ka] = ((float)x*5)/255;
suml = suml+data[ka];
if (ka==0) mxl = mnl = data[0];
if ((mx1)<datalka]) mx1 = data[kal];
if ((mnl)>datalka]) mnl = data[ka];
avl = suml/num;

Line_Data(0,ka,data);

status = 2;
outp(portid,status);
delay(t);

x = inportb(portid);
if (ka==0)
{
moveto(150,470);
data[0] = ((float)x*5)/255;
mx2 = mn2 = data[0];
sum2 = sum?2 + data[0];

min_max(num,&mxi,&mni,&avi,data);



Line_Data(1,0,data);
moveto(x1,yl);
}
if (ka!=0)
o
data[ka] = ((float)x*5)/255;
sum2 = sum2-+data[ka];
if ((mx2)<data[ka]) mx2 = datal[ka];
if ((mn2)>datalka]) mn2 = data[ka];

av2 = sum?2/num;

moveto(x2,y2);

Line_Data(fg ka,data);

moveto(x1,y1);

}
ka++;
} while((ka!=num)&&(!kbhit()));

end = clock();
if (ka!=num) kc = 1;
if (ka==num) kc = 0;
setcolor(15);
line(150,250,150,470);
line(150,10,150,230);
rtime = 1000*((end—start)/CLK_TCK)/((ﬂoat)num*2.103);
sprintf(wtime,"TIME AVERAGE = %0.2f msec",rtime);



setcolor(CYAN);
gprintf(265,237,wtime,"");
settextstyle(3,0,0);
setcolor(10);
sprintf(wtime,"%0.2f" ,mx1);
gprintf(72,282,wtime,"");
sprintf(wtime,"%0.2f",mn1);
gprintf(72,322,wtime,"");
sprintf(wtime,"%0.2f",av 1);
gprintf(72,361,wtime,"");
sprintf(wtime,"%0.2f",mx2);
gprintf(72,298,wtime,"");
sprintf(wtime,"%0.2f" ,mn2);
gprintf(72,338,wtime,"");
sprintf(wtime,"%0.2f",av2);

gprintf(72,377, wtime,"");

outp(portid,0);
return 0O;
}
if (mode==3ilmode==4)
{

Scope_Func(mode);

do {
if (mode==3) gotoxy(10,10);
if (mode==4) gotoxy(10,14);



setcolor(0);
bar(8,400,128,470);
bar(72,143+(fg*64),113,159+(fg*64));
setcolor(14);
gprintf(8,423,"SCALE OF X-AXIS","");
gprintf(35,436,"0 - 225","");
gprintf(72,148+(fg*63)," _","");
scanf("%s" ,&rdata);
num = atoi(&rdata);
if (num<2llnum>225)
tf = sounder();
else” R =~0;

}while(tf==1);
setcolor(0);
bar(8,400,128,470);
setcolor(14);
gprintf(8,415,"PRESS t : TIMER","");
gprintf(8,428,"ANY KEY : PAUSE","");
gprintf(33,441,"ESC : EXIT","");
ka = 0; fg = 0;
k = w/(num-1);
for (i=0;i<num;i++)
gprintf(xa+(i*k)-2,ya,"lI","");
moveto(xa,ya);

rtime = O



dof
do {

startd = clock();
outp(portid,status);
x = inportb(portid);
data[ka] = ((float)x*5)/255;
if(ka==0) mx1=mnl=data[0];
if((mx1)<data[ka]) mx1 = data[ka];
if((mnl)>data[ka]) mnl = data[ka];
Line_Scope(ka,mode,fg,data);
endd = clock();
rtime += (endd-startd)/CLK_TCK;
if (key==0x74llkey==0x54) Time_scope();
if (ka==num)

{

ka = num-2;fg = 1;

}

ka++;
}while(!kbhit());

Time_scope();
Max_Min_Scope(mode,mx1,mn1);
moveto(pxa,pya);

getch();

key = getch();



if (key!=0x001b)

tr = 1;

else
{
Max_Min_Scope(mode,mx1,mnl);
moveto(pxa,pya);
tr =0;
}

}while(tr==1);
Max_Min_Scope(mode,mx1,mnl);
ke =0;
outp(portid,0);
return 0;

}
do {
if (fg==0)
gotoxy(8,10);
if (fg==1)
gotoxy(8,14);
disp_num(fg);
scanf("%s",&rdata);
num = atoi(&rdata);
if (num<2linum>MAX)
tf = sounder();

else tf = 0;



}while(tf==1);
do

if (fg==0)
gotoxy(10,12);
if (fg==1)
gotoxy(10,16);
disp_speed(fg);
scanf("%s",&rdata);
t = atoi(&rdata);
if (t<OIlt>SPEED)
tf = sounder();
else tf=0;
}while(tf==1);
Key_stop();
k = w/(num-1);
moveto(xa,ya);
start = clock();
ka = 0;
do
{
outp(portid,status);
delay(t);

X = inportb(portid);



data[ka] = ((float)x*5)/255;

Line_Data(fg ka,data);

ka++;

}while((ka!=num)&&(!kbhit()));
end = clock();

if (ka!=num)

if (ka==num)

ke = 0;
stos = ka;
rtime = 1000*((end-start)/CLK_TCK)/(float)num;
sprintf(wtime,"TIME AVERAGE = %0.2f msec" rtime);
setcolbr(CYAN )
gprintf(265,237,wtime,"");
min_max(stos,&mxi,&mni,&avi,data);
if (fg==0)1=0;
if (fg==1) i = 16;
settextstyle(3,0,0);
setcolor(10);
sprintf(wtime," %0.2f",mxi);
gprintf(72,282+i,wtime,"");
sprintf(wtime," %0.2f" ,mni);
gprintf(72,322+i,wtime,"");
sprintf(wtime," %0.2f" avi);

gprintf(72,361+i,wtime,"");



setcolor(0);

bar(620,320-(fg*240),637,390-(fg*230));
settextstyle(13,1,3);

setcolor(13);

gprintf(630,330-(fg*240),"SPECTRUM C%d" (fg*1)+1);
Spectrum(fg,stos);

outp(portid,0);

return 0;

}
/ * */

void Line_Data(int sp,int cn,float da[])
{
int X,y,za;
if (sp==0)
{ x = 150;y = 230;za = 226; }
if (sp==1)
{ x = 150;y = 470;za = 466; }
{
a = (float)y-(da[cn]*44);
d = (int)a;
if (a>=(d+0.50))
z = (int)a+1;
else z = (int)a;
setcolor(YELLOW);

lineto(x+(k*cn),z);



settextstyle(3,0,3);
gprintf(x-2+(k*cn),za,"","");
moveto(x+(k*cn),z);
}
if (sp==0)

x1 = x+(k*cn);
yl =z
}
if (sp==1)
{
x2 = x+(k*cn);
y2 =1z
}
}

/*

void Max_Min_Scope(int mds,float mxs,float mns)

{

setcolor(0);

if (mds==3)

{
bar(72,282,103,292);
bar(72,322,103,342);
setcolor(10);

sprintf(wtime," %0.2f",mxs);

Jh



gprintf(72,282,wtime,"");
sprintf(wtime,"%0.2{" ,mns);
gprintf(72,322,wtime,"");

}

if (mds==4)

{

bar(72,298,103,308);
bar(72,338,103,345);
setcolor(10);
sprintf(wtime,"%0.2f",mxs);
gprintf(72,298,wtime,"");
sprintf(wtime," %0.2f",mns);
gprintf(72,338,wtime,"");

}

}
[% Jh

void Time_scope(void)
{
sprintf(Itime,"TIMER = %0.2If Sec",rtime);
setcolor(0);
bar(350,239,550,249);
setcolor(CYAN);
outtextxy(290,239,ltime);
moveto(pxa,pya);

}



/*

void Line_Scope(int count,int stwp,int swp,float datas[])

{
int ysizel,ysize2;

if (stwp==3)

{ x=150; y =230; ysizel = 10; ysize2 = 230;

if (stwp==4)

{ x=150; y =470; ysizel = 250; ysize2 = 470;

if (count<num)
{
if (swp==0)
{
a = (float)y-(datas[count]*44);
d = (int)a;
if (a>=(d+0.50))
z = (int)a + 1;
else z = (int)a;
setcolor(YELLOW);
pxa = X + (k*count);
pya = z
lineto(pxa,pya);
moveto(pxa,pya);
}
if (swp==1)
{

}



a = (float)y - (datas[count]*44);
d = (int)a
if (a>=(d+0.50))
z = (int)a + 1;
else z = (int)a;
setcolor(YELLOW);
lineto(599,z);

if (count==num)
{
size = imagesize(150+k,ysizel,599,ysize2);
bitimage = malloc(size);
getimag(150+k,ysizel,599,ysize2,bitimage);
putimage(151,ysize1,bitimage, COPY_PUT);
free(bitimage);
setcolor(0);
bar(600-k,ysize1,599,ysize2);
setcolor(15);
for (i=ysizel;i<=ysize2;i+=44)
line(150,1,600,1);
line(150,ysizel,150,ysize2);
a = (float)y - (datas[count]*44);
d = (int)a;

if (a>=(d+0.50))



z = (int)a + 1;

else z = (int)a;
pxa = 600-k;
pya = z;

moveto(pxa,pya);

void Key_stop(void)
{
setcolor(0);
bar(8,400,128,470);
setcolor(14);
gprintf(30,420,"Waiting...");
gprintf(10,435,"Press any key ","");
gprintf(10,448,"to stop.","");
}
/% */

void disp_speed(int pd)
{

setcolor(0);

bar(8,400,128,470);
bar(72,175+(pd*64),113,191+(pd*64));
setcolor(14);

gprintf(24,423,"SPEED LIMIT","");



gprintf(32,436,"0 - %d",SPEED);
gprintf(72,179+(pd*64),"_","");
}
/¥ *

void disp_num(int pn)
{

setcolor(0);
bar(8,400,128,470);
bar(56,143+(pn*64),95,159+(pn*64));
setcolor(14);
gprintf(12,425,"NUMBER OF DATA","");
gprintf(27,438,"2 - %d" MAX);
gprintf(56,148+(pn*63)," _","");

-_—

r* */
void Yes_No(void)
{
do {
yn = getch();
if (yn!=0x59&&yn!=0x79&&yn!=0x4e& &yn!=0x6¢)
tr = sounder();
else tr = 0

}while(tr==1);

/* */




int sounder(void)
{
sound(FREQ);
delay(NOFREQ);
nosound();

return 1;

/*

void Spectrum(int md,int stp)

int x,y,]
if (md==0)
{
moveto(150,470);
x = 150; y = 470; j = 250;
}

else
if (md==I1)
{
moveto(150,230);

x = 150; y = 230; j = 10;

else
for (i=0;i<=stp-1;i++)

{

*/



a = (float)y - (data[i]*44);
d = (int)a;
if (a>=(d+0.50))
z = (int)a + 1;
else z = (int)a;
setcolor(4);
lineto(x+(k*i),z);
settextstyle(3,0,3);
moveto(x+k*(i+1)),y);
}
for (i=j;i<=y;i+=44)
{
setcolor(15);
line(150,1,600,1);
}
if (md==1) line(150,250,150,470);
if (md==0) line(150,10,150,230);

I* */
void intportcom(int portd)
{
union REGS Regs;
Regs.x.dx = portd;
Regs.h.ah = 0;
Regs.h.al = 227,



int86(0x14,&Regs,&Regs);
return 0;
}
/* */
void Initialize(void)
{
GraphDriver = DETECT;

initgraph(&GraphDriver,&GraphMode,"");
ErrorCode = graphresult();
if (ErrorCode != grOk)
{
printf("Graphics System Error:%s\n",grapherrormsg
(ErrorCode));

exit(1);

/* i/

void Scope_Func(int secf)
{

bar(15,142,114,160);
rectangle(15,142,114,160);
bar(15,174,114,192);
rectangle(15,174,114,192);
bar(15,206,114,224);
rectangle(15,206,114,224);



/*

bar(15,238,114,256);
rectangle(15,238,114,256);
setcolor(11);
if (secf==3)

{ gprintf(17,148,"SCALE1:","");
if (secf==4)

{ gprintf(17,212,"SCALE2:","");

}

}

void Function(void)

{

button(10,7,120,264,1,1,"");
button(10,270,120,395,6,1,"");
setfillstyle(1,0);
setcolor(11);
bar(15,14,114,32);
rectangle(15,14,114,32);
bar(15,46,114,64);
rectangle(15,46,114,64);
bar(15,78,114,96);
rectangle(15,78,114,96);
bar(15,110,114,128);
rectangle(15,110,114,128);
bar(15,142,114,160);
rectangle(15,142,114,160);

*/



bar(15,174,114,192);
rectangle(15,174,114,192);
bar(15,206,114,224);
rectangle(15,206,114,224);
bar(15,238,114,256);
rectangle(15,238,114,256);
bar(15,277,114,309);
rectangle(15,277,114,309);
bar(15,317,114,348);
rectangle(15,317,114,348);
bar(15,357,114,388);
rectangle(15,357,114,388);
setcolor(11);
gprintf(17,20,"COM_PORTS:","");
gprintf(17,52,"VT(+):  v""");
gprintf(17,84,"VT(-):  v","");
gprintf(17,116,"MODE_RECV:","");
gprintf(17,148,"NUM1:  n","");
gprintf(17,180,"SPEED!:","");
gprintf(17,212,"NUM2: ~ n","");
gprintf(17,244,"SPEED2:","");
gprintf(17,290,"MAX({","");
gprintf(17,330,"MIN{","");
gprintf(17,369,"MEAN{","");
gprintf(49,282,"C1:  v","");



gprintf(49,298,"C2:  v","");
gprintf(49,322,"C1:  v","");
gprintf(49,338,"C2:  v","");
gprintf(49,361,"C1:  v","");
gprintf(49,377,"C2:  v","");

/*
void Line_Graph(void)

setcolor(10);

rectangle(0,0,639,479);

=6

for (i=10;i<=230;i+=44)

{

setcolor(15);
line(150,1,600,1);
rectangle(150,10,600,230);
i
setcolor(3);
gprintf(130,i-1,"%dv",j);
gprintf(605,225,"NUM1","");

j=6;
for (i=250;i<=470;i+=44)
{

*/



}
/*

setcolor(15);
line(150,1,600,1);
rectangle(150,250,600,470);
J=
setcolor(3);
gprintf(130,i-1,"%dv",j);
gprintf(605,465,"NUM2","");
}
setcolor(13);
settextstyle(13,1,3);
gprintf(630,90,"INPUT C1","");
settextstyle(3,1,3);
gprintf(630,330,"INPUT C2","");

int

{

gprintf(int xloc,int yloc,char *fmt,...)

va_list ap;

char  str[140];

int cnt;

va_start(ap,fmt);

cnt = vsprintf(str,fmt,ap);
outtextxy(xloc,yloc,str);
yloc += textheight("H")+2;

va_end(ap);

=~



return(cnt);
}
/% */

void min_max(int nm,float *mx,float *mn,float *av,float x[])
{
int i
float sum=0; *mx = *mn = x[1];
for (i=0;i<nm;i++)
{
sum = sum + x[il;
if ((*mx)<x[i]) *mx = x[i];
if (*mn)>x[i]) *mn = x[i];
}
*av = sum / nm;
}
/* */

int button(int x1,int y1,int x2,int y2,int color,intflag,char*word)
{
int len;
setfillstyle(SOLID_FILL,color);
bar(x1,y1,x2,y2);
setcolor(15);
gprintf(x1+3,(y2-y1)/2+y1-3,word,"");
setcolor(0);

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



line(x1-1,y1-1,x2+1,y1-1);
line(x1-1,y2+1,x2+1,y2+1);
line(x2+1,y1-1,x2+1,y2+1);
if (flag) setcolor(8);
else setcolor(15);
line(x1,y1,x1,y2);
line(x1+1,y1+1,x1+1,y2-1);
line(x1,y1,x2,y1);
line(x1+1,y1+1,x2-1,y1+1);
if (flag) setcolor(15);
else setcolor(8);
line(x1,y2,x2,y2);
line(x1+1,y2-1,x2-1,y2-1);
line(x2,y1,x2,y2);
line(x2-1,y1+1,x2-1,y2-1);

return O;

/% 4
void copybyte(int byte)
{
biosprint(0,byte,0);
}
/* */

void copydot(int scan)

{



int bit[8] = {128,64,32,16,8,4,2,1};
int bitno,printbyte,maxx,piccode,nl,n2,quit=0;
int bkcolor = getbkcolor();
maxx = getmaxx()+1;
do {
printbyte = O0;
maxx = maxx--;
for (bitno=0;bitno<=7;bitno++)
{
if (getpixel(maxx,scan+bitno)!=bkcolor)

printbyte = printbyte+bit[bitno];

quit = printbyte;
if (maxx==0) quit;
}while(quit==0);
if (printbyte!=0)
{
maxx = maxxX++;

n2

maxx/256;

nl = maxx%256;
copybyte(27);copybyte(51);copybyte(24);
copybyte(27);copybyte(42);copybyte(4);copybyte(nl);
copybyte(n2);
for (piccode=0;piccode<=maxx;piccode++)

{



printbyte = 0;
for (bitno=0;bitno<=7;bitno++)
{
if (getpixel(piccode,scan+bitno)!=bkcolor)
printbyte = printbyte+bit[bitno];
}
copybyte(printbyte);

/* )

void Printgraph(int left)
{
int scanline,i;
copybyte(27);copybyte(108);copybyte(left);
scanline = O0;
do {
for (i=0;i<=0;i++)
{
copybyte(13);
copydot(scanline);
}
scanline = scanline+8;
copybyte(10);
}while((scanline<getmaxy(+1)&&!kbhit());



/*

copybyte(27);copybyte(2);

*/
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MOTOROLA

2 SEMICONDUCTOR S

TECHNICAL DATA

PRECISION WIDE RANGE VOLTAGE
AND CURRENT REGULATOR

This unique “floating’ reguiator can deliver hundreds of volts
— limitea only by the creakdown voitage of the externai series
pass transistor. Qutput voitage and outout current.are aajustable.
The MC1466L integratea circuit voitage ana current reguiator’is
designea to give “'aporatory” power-supply performance.

® Voltage/Current Reguiation with Automatic Crassover

® Exceilent Line Voitage Regulation, 0.03% - 3.0 mV (Max)
Excellent Loaa Voitage Reguiation, 0.03% = 3.0 mV (Max)
Excetient Current Reguiation, 3.2% —1.0 mA
Short-Circuit Protection

Qutput Voltage Adiustable to Zero Volts

Internal Reference Vcitage

Aagjustable internal Current Source

l
|

{
|

|
i
|
i
I}

MC1466L

PRECISION WIDE RANGE
VOLTAGE and
CURRENT REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 632

TYPICAL APPLICATIONS

FIGURE 1 — 0-TO-15 Vdc, 10-AMPERES REGULATOR

FIGURE 3 — 0-TQ-25 Vdc, 0.1-AMPERE REGULATOR

RS G ED .

FIGURE 2 — 0-T0-40 Vdc, 0.5-AMPERE REGULATOR
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MC1466L

MAXIMUM RATINGS (T4 = +25°C unless otherwise noted)

Rating Symbol | Valua | Unit
Auxiliary Voitage Vaux | 30 | vde
Power Dissipation (P Limitation) Pb | 750 I mw
Dorate above Tp = ~50°C vea ! 6.0 mwrc
QOoerating Temperature Range | Ta . 0to =70 | °C
Storage Temperature Range | Tgtg -85 to + 150! °C
ELECTRICAL CHARACTERISTICS (Tp = ~25°C. Va,x = —25 Vdc unless otherwise noted)
— ]
t Ch istic Defini | Characteristic Symbeol | Min ] Typ | Max | Units |
: \ e +- & | Auxiliarv Voltage {See Notes 1 & 2) Vaux 21 - i 30 | Vde
-o—o—v—w: (Voitage fram pin 14 to pin 7} |
= S e ,
Claggs L e e Auxiliary Current I taux — | 90 1 12 | mAde
me1 > . Internal Reference Voltage VIR 1734 18.2 | 19.7 | Vdc
n i {Voitage from pin 12 to pin 7} I
_ i i | Reference Current (See Nota 31 Iraf 08| 1.0 | 1.2 |mAde
W IR I
r T . | Input Current — Pin 8 I g — | 80 | 12 | wAde
‘ ' = $" . . ;
i "2 27 2 | Power Dissioation i Pp | = | — j30 | mw
Input Offset Volitage, Voitage Controi |  Vigy '] 15 | 40 | mvde
Amplifier 1See Note 41 | |
Load Voitage Regulation AVioy - 1.0 : 30| mv
{See Note £} AVrgpVret | — | 0.015 | 0.03 %
Line Voitags Regulation AVigy - 1.0 ¢ 3.0 mv
{See Note &) AVrgiVeof | — 001510031 %
! Temperature Caefficient of Qutput ! TCvo e | 001 — | %°C
Voitage (TA = 0 to = 75°C} | | !
Input Offset Voitage, Current Control Vioi 0 15 40 | mvde
Amplifier 1See Note 4)
‘ {Voltage from pin 10 to pin 11)
|
I
: 3 Load Current Regulation Al A, - 0.2 -— %
TP e el AT {See Note 71 Mt | — | — | 10| made
\ -
;f: R i = '.; .
= ConTe VRN 2
I
LY

*Pins 1 and 4 no connection.
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MC1466L

NOTE 1:
The instantaneous input voitage, Vayx, Must nat exceed the
maximum vaiue of 30 voits for the MC1466. Tha instantangous
vatue of Vg, must be greater than 21 voits for the MC1488 for
proper intarnas reguiation.

NOTE 2:

The auxiiiary suoply voitage Vaux, must “flaat” and be alectr-
caiv i from the high voitage suopty, Vin.

NOTE 3:

Referenca current may b set to any value of current less than
1.2 mAdc by appiving the relationsnip:
3.5
Ry

Irat (MA) =

NOTE 4:
A buiit-in offset voitage (15§ mVde nomnai) is provided so that
the power supply cutput voitage or current may be adjusted to
z8r0.

NOTE 5:
Load Voitags R ig a fi of two compo-
nents, AVigy and AVeaf, where AViqy isthe change in input offset
voitage |Measured between gins 8 and 9) and Ve iS the
change in voitage across R2 (measured between oin 8 and
g Each may be or the
Sum may ce measured across the load. The maasurement pro-

Loaa Voltage Requistion =
Voot 100%) - aVigy.
Vret

NOTE 8§:
Line Voitage Regutation is a function of the same two additive
components es Load Voitage Regulation, AVigy and AVref isee
Note 5). The measurement procedure 1s:
a. Set the awaliary voitags, Vayy, to 22 volts. Aead the value
of Vigy (1) 30 Veat (1)
b. Change the Vgyx 10 28 voits and note the value of Vigy (2)
and Vrgf (2). Then Line Voitage A
iy = Wigy 1) = Viev12)

% Rsfcvsnee Aeg umon =
Vraf (1) = Voot a3l AVeot
{100%) = ——= (100%:}
Vret 11} Vret

Line Voitage Reguiation =
Weot (100%) - AVigy.
Vref

NOTE7:
Load Current Reguiation i3
procedure:
a. With S2 open, agjust R3 for an initial load current. I ¢4), such
that V, is 8.0 Vde.

£

ed by the

cedaure for the test circuit Shown is: b. With 52 closed. aajust Ry for Vo = 1.0 Vdc and read li(2).
a W'nh S1 apen (i = 0} measure the value of Vigy (1) ana Th"en anlCurram Reguation =
M) = i ) =1
o. Jhag %1, aojust R4 so that 1g = 500 1A and note Vigy (21 iy o0 = ref
and Yeef 2). where Irqf i3 1.0 mAdc, Load Current Requlation 1S specified
Then AVigy = Vigy (11 - Vlov 2 in this manner because Irgf Passes trough the iosd n a
* Reference Reguia direction opposite that of load current and does not pass
LELLI]_i‘-‘UZﬂ( 100%) = ~Yref (1000 through the current sensa resistor, Rg.
Vref (1) Vret
FIGURE 5 — BLOCK DIAGRAM
— . lUAEENT in
yEmopn QY o 16
vourage . ey |- I :
-y, ‘o._‘ l I B f Q ——; LM
b iNTERNAL 1} AgsgmencE * 1 OLTAGE I CupRiny | Tgregr
[ VOLTAGE s TyRaEnf | Zyreny [ p—— - .
arEsay 3] i -muuvcu‘ | ounce | aumsta . AMPLIBIER \ :
..wun_v’l:: ¥ L — ——'—‘I. TYRENSATINY
- KX A . T3
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FIGURE 6 — TYPICAL CIRCUIT CONNECTION
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. Constant Voltage:
For constant voitage operation. output voitage Vg is given by:
Vo = (leef) (R}
wnere R2 is the resistance from pin 8 to ground and [-ef is the
output current of pin 3.
The recommendea value of legf is 1.0 mAdc. Resistor R1 sets
the value of lref:
8.5
Ay
wnare R1is the resistance bstween pins 2 and 12.
. Constant Current:
For constant current operation:
{a) Seiect Rg for a 250 mV drop at the maximum desired reg-
ulated output current, Imax-
o) Adjust R3 1o set
desirea value between zero and lmay.
If Vi is greater than 20 Vde, CR2. CR3, ana CR4 are necessary
to protect the MC 1466 during short circuit or transient
conaitions.
in applications where very low output noisa is desired. R2 mav
be bypassed with C1i0.1 uF to 2.0 uF). When R2 is bypassed,
CR1 18 necassary for srotection during Shoft circuit COnaitions.
CRS is recommended to protect the MC1486 from simuitane-
aus pass transistor failure and output short circuit.

lrgt =

~

current outout at

a2
oLy

A0St

%

AGE
gl ot cororemnon

A=

i} -e

NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS

*

The RC network {10 pF, 240 pF, 1.2 kQ}} is used for compen-
sation. The vaiues shown are valid for ai applications. How-
ever, the 10 pF capacitor may be omitted f f- of Q1 and Q2 is
greater than 0.5 MHz.
. Faor senseg i thep ge sensg ter-
minai (Pin 8) is connected to the positive loag terminal through
a separate sense iead: and the negative sense terminai ithe
ground side of R2} is connected to the negative load termtnai
through a separate sense teag.
Co may be seiected by using the reiationsnio:
Co = (100 uFl b imax:. Where il {may) IS 1@ maximum loaa
current in amperes.
. C2 is necessary far the internal cormoeansaton of the MC1466.
. For opttmum reguiation. current out of Pin 5, Ig shoutd not
exceed 0.5 mAdc. Therefore setect Q1 ana G2 such that:
Imax _
Bi62 0.5 mAde
where: lmgy = maximum short-circust loaa current (mAdc)
£1 = minimum beta of Q1
A2 = minimum beta of Q2
Although Pin § will source up to 1.5 mAde, is -~ 0.5 mAdc wiil
resuit in a degradation in reguiatian.
CRE is recommenaed when Vg -~ 150 Vdc ana shoutd be rateg
such that Peak Inverse Vaitage > Vq.

12. In applications where R2 might be rapidly reduced in vaiue. it
is recommended tnat CR3 be repiaced by Q2 and R4.

8 9
F cA2
. /
i ’\3[2 .
cr i
.1 uF ™ % A2 i“
¥ s

This design consideraton prevents R2 from being destroyed
by excessive discharge current from Cq. Components Q2 and
R4 shouid be selected such that:

R2
R4 = T and

Vego of Q2 2 Vg

MOTOROLA LINEAR/INTERFACE DEVICES
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OPERATION AND APPLICATIONS
This section describes the operation and design of the MC1466 voltage and current regulator and also provides information

on useful applications.

THEORY OF OPERATION

The schermratic of Figure 5 can be simplified by break-
ing it down into basic functions. beginning with a simplified
version of tre voitage reference. Figure 7. Zener diodes
CR! and CRS with their associated forward biased diodes
CR2 through CR4 and CR6 through CR8 form the stable
reference needed to balance the differential amplifier. At
balance (VB] = VB2), the output voltage. (V2 - V7).
is at a value that is twice the drop across either of the two
diode strings: V12 — V7= 2(VCR] + VCR2 + VCR3 *+
VCR4). Other voltages, temperature compensated or uther-
wise, are also denived from these diodes strings for use in
other parts of the circuit.

The voltage controiled current source (Figure &) is a
PNP-NPN composite which. due to the high NPN beta,

FIGURE 7 - REFERENCE VOLTAGE REGULATOR

? 12
14 i
[og
= S
vl ]
< 'x Equsvalent
S8k Dicas Vz =9V
l Requiatea
Vaux Voitage
Va1 Q1 a2 Vg2 18V
Equivatsnt
Diode ":
Vg9V 18 k
_.L - !
5

vields a good working PNP from a lateral device working
at a collector current of oniy a few microamperes. [ts base
voitage (VBa) is derived from a temperature compensated
portion of the diode string and consequently the overail
current is dependent on the value of emitter resistor R1.
Temperature compensation of the base emitter junction
of Q3 is not important because approximateiy 9 voits
exists between VB, and V)2, making the AVBE's very
small in percentage. Circuit reference voltage is derived
from the product of IR and RR: if IR is set at ! mA
(R1 = 8.5 kQ). then RR (in kQ) = V. Other values of
current may be used as long as the following restraints are
kept in mind: 1) package dissipation will be increased by
about 11 mW/mA and 2)biascurrent for the voltage control
amplifier 1s 3 4A. temperature dependent, and is extracted
from the reference current. The reference current shouid

FIGURE 8 — VOLTAGE CONTROLLED CURRENT SOURCE

1
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be at least two orders of magnitude above the largest ex-
pected bias current.

Loop amplification in the constant voitage mode is
suppiied by the voitage controlied ampoiifier (Figure 9), a
standard high gain differential amplifier. The inputs are
diode-protected against differential overvoltages and an
emitter degenerating resistor. RQS, has been added to one
of the transistors. For an emitter current in both QS and
Q6 of 1/2 miliampere there will exist a preset offset volt-
age in this differentiai ampiifier of 15 mV to insure that
the output voitage wiil be zero when the reference voitage
is zero. Without RQs, the output voltage could be a few
millivoits above zero due to the inherent offset. Since the
load resistor is so large in this stage compared with the
load (Q9) it will be more instructive to look at the gain on
a transconductance basis rather than voltage gain. Trans-
conductance of the differential stage is defined for small
signals as:

1
(h

gm =

e + RE
where
= 0.]05‘16 —)
RE = added emitter degenerating resistance.
For Ig = 0.5 mA.

1 1
= = _ =75mAlvolt (2
972 nveyeary N\ ||

FIGURE 9 - VOLTAGE CONTROL AMPLIFIER

FIGURE 10 — CURRENT CONTROL CIRCUIT
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This levei is further boosted by the outpur stage such that
in the constant voltage mode overall transconductance is
about 300 mA/volt.

A second differential stage nearly identical to the first
stage. serves as the current control amplifier { Figure 10).
The gain of this stage insures a rapid crossover from the
constant voitage to constant current modes and provides
a convenient point to control the maximum deliverable
load current. In use. a reference voltage derived from the
prereguiator and a voitage divider is appiied to pin 10
while the output current is sampled across RS by pin 1 1.
When {1 Rgus 15 mV below the reference value. voitage
V) bemns to rapidly rise. eventually ganing complete
control of Q9 and limiting output current to a value of
Va/Rs. If Va2 is derived from a variable source. short
circuit current may be controlled over the compiete out-
put current capability of the regulator. Since the constant-
voltage to constant-current change-over requires only a few
millivolts the volitage reguiation maintains its quality to
the current limit and accordingly shows a very sharp
“knee” (1’7 +1 mA. Figure 11). Note that the regulator
can switch back into the constant voltage mode if the
vutput voltage reaches a value greater than VR. Operation
through zero mulliamperes is g d by the inclusion
of another emitter offsetting resistor.

FIGURE 11 - V; CURVE FOR 0-TO40 Vv,
0.5-AMPERE REGULATOR

'y a
2 a0
2 30~
=
< 20~
3
3 10~
>
01 0.2 03 04 0S5
1. CURAGNT (AMPERES!
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Transistor Q9 and five diodes comprise the essential
parts of the output stage (Figure 12). The diodes perform
an "OR™ function which aliows only one mode of operation
at a time - constant current or constant voitage. However,
an additional stage (Q9) must be included to invert the
logic and make it compatible with the driving requirements
of series pass transistors as well as provide additional gain.
A 1.5 mA collector current source sets the maximum de-
liverable output current and boosts the output impedance
to that of the current source.

Note that the negative (substrate) side of the MC1466 is
7.25 volts lower than the output voitage, and the reference
regulator guarantees that the positive side is |1 volts above
the output. Thus the IC remains at a voitage (relative to
ground) solely dependent on the output. ‘‘floating’* above
and below Vg. VCE across Q9 is oniy two or three VBE's
depending on the number of transistors used in the series pass
configuration.

Performance characteristics of the regulator may be approx-
imately caicuiated for a given circuit (Figure 2). Assuming
that the two added transistors (Q12 and Q13) have minimum
betas of 20, then the overall regulator transconductance will
be:

gmT = (400) 300 mA/volt = 120 A/volt. (3

For a cnange in current of 500 mA the output voltage
wiil drop oniyv:

0.5
AV=——=42mV. (4
120
AGURE 12 — MC1488 QUTPUT STAGE
Praraguiateo |
18V
From Voitage
£fom Chmant Control Amonitier

\( Canwo! Ampiifier

The analysis thus far does not consider changes in VR
due to output current changes. If If increases by 500 mA
the collector current of Q9 decreases by 1.25 mA. causing
the collector current of QS to increase by 30 uA. Accord-
ingly, IR will be decreased by ~0.30 pA which wiil drop
the output by 0.03%. This figure may be improved con-
siderably by either using high beta devices as the pass
transistors, or by increasing IR. Note again, however, that
the maximum power rating of the package must be kept
in mind. For exampie if IR = 4 mA. power dissipation is

Pp=20V(EmA)+(11 Vx3ImA)=193mW. (5)

This indicates that the circuit may be safely operated up
to 1189C using 20 voits at the auxiliary supply voltage.
If, however, the auxiliary supply voltage is 35 volts,

PpD=35VI8mA)+26 V(3mA)=358 mW. (6)

which dictates that the maximum operating temperature
must be less than 91°C to keep package dissipation within
specified limits.

Line voltage regulation is also a funcuion of the voltage
change between pins 8 and 9. and the change of Vier. In
this case, however. these voltages change due to changes in
the internal reguiator’s voltages. which in turn are caused
by changes in Vayx. Note that line voitage regulation is
not a function of Vip. Note also that the instantaneous
vaiue of Vayx must aiways be between 20 and 35 voits.

Figure 6 shows six external diodes (CR{ to CRe) added
for protective purposes. CRy should be used if the output
voltage is less than 20 volts and CR2. CR3 are absen:. For
Vo higher than 20 voits. CR| should be discarded in favor
of CR2 and CR3. Diode CRy4 prevents IC failure 1f the
series pass transistors develop collector-base shurts while
the main power transistor sutfers a ssimultaneous open emit-
ter. if the possibility of such a transistor failure mode
seems remote. CR4 may be deleted. To prevent instant-
aneous differential and common mode breakdown uf the
current sense amplifier. CRs must be piaced across the
current limit resistor Rg.

Load transients occasionally produce a damaging reversal
of current flow from output to input Vo > 150 volits twhich
will destroy the IC). Diode CRg prevents such reversal
and renders the circuit immune from destruction tor such
conditions. e.g.. adding a large output capacitor aiter the
supply is turned “on”. Diodes CRy, CR2, CR3.and CRs
may be general purpose silicon units such as 1N2001 or
equivalent whereas CR4 and CR¢g should have a peax 1averse
voltage rating equal to Vip or greater.

APPLICATIONS

Figure 2 shows a typical 0-to-40 volts, 0.5-ampers regu-
lator with better than 0.01% performance. The RC network
between pins 5 and 6 and the capacitor berween pins 13 and
14 provide frequency cormpensation for the MC1466. The
external pass transistors are used to boost load current. since
the output current of the regulator is less than 2 mA.

MOTOROLA LINEAR/INTERFACE DEVICES
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Figure I is a O-to-13 voits. 10-ampere reguiator with the
pass transistor contiguration necessary to boost the load
current to 10 amperes. Note that C,, has been increased to
1000 uF following the general ruie:

Cy =100 uF A IL.

The prime advantage of the MC1466 is its use as a high
voltage reguiator. as shown in Figure 3. This 0-t0-250 voits
0.1-ampere regulator is tvpical of high voltage applications.
Iimited only by the breakdown and safe areas of the output
pass transistors.

The primary limitng factor in high voltage series regula-
tors s the pass transistor. Figure 13 shows a sale ureu curve
for the MJ313. Looking at Figure 3. we see that if the
output 1s shorted. ine transistor wiil have 1 collector cur-
rent of 100 mA. with a VCE approxsmately equal to 260
volts. Thus this point falls on the de line of the safe areu
curve. insuring that the transistor will not enter secondary
breakdown.

{1 tus respect (Sate Operatng Ared) the toldback circunt
of Figure 14 1s supertor for handling migh veltages and yet
1s short-uarcurt protected. This s due to the fact that load
current 1s dumimishied us cutput voltage drops (VO incredses
a3 Vi dropsi as seen m Figure 13 By caretul design te
load current a4t a shiort. ISe can be made low enougn sucn
gl the combmed VOE (Vi) and 1§ still tulls waitnus e
d¢ safe aperating arex of the transistor. For the illustrate d
Z2sign Figure 140, Lo mput voitage o 210 volts is compa-

I COLLLCTOR CUHREND (AMPERES)

o
o
-

tible with a short circuit current of 100 mA. Yet current
foldback allows us to design for a maximum regulated load
current of 500 mA. the pertinent design equations are:

Let R2 (ki =Vy

a= ;.= D~

a
= L.
R1 (k) | Ta Vo

RSC= (T ailsc

FIGURE 13 — SAFE AREA CURVE FOR THE MJ413
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FIGURE 14 - A 200 V. 0.5-AMPERE REGULATOR WITH CURRENT FOLDBACK
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The terms IgC and [ correspond to the shortircuit
current and maxamum available load current as shown in
Figure 15.

FIGURE 15 — TYPICAL FOLDBACK PERFORMANCE
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Figure 16 shows a remote sense application which shouid
be used witen high current or iong wire lengths are used. This
type of wiring is recommended for any appiicaton where the
best possible regulation is desired. Since the sense lines draw
only a smail current. large voltage drops do not destroy the
excellent reguiation of the MC1366.

TRANSIENT FAILURES

In industrial areas where eiectncal machinery 1s used

the normal ac line often contains bursts of voitage running
from hundreds to thousands of voits in magmtude and only
microseconds in duratton. Under some conditions this en-
ergy is dissipated across the mternal zener connected be-
tween pins 9 and 7. This transient condition may produce
1 total failure of the regulator device without any upparent
explanation. This type of tailure 1s idenufied by absence
of the 7 volt zener (CR1) between pin 9 and pin 7. To pre-
vent this failure mode the use of a shielded power
transtormer is recommended. as shown in Figure o. In
addition. it is recommended that Cl. C3 and C4 be
included to aid in transient repression. These capacitors
should have good high frequency characteristics.

If the pussibility of transients on the ouiput exists. the
addition of a resistor and zener diode between pins 9 and
7 as shown on Figure 17 should be added.

VOLTAGE/CURRENT MODE INDICATOR

There may be times when it 1s desirabie 0 know when the
MC1466 is in the constant current mode or consiant ‘oltage
mode. A mode indicator signal circuit can be easily added to
provide this feature. Figure {3 shows how a PNP transistor has
replaced a p diode between pins 3 und 9 of Figure 2.
When the MC1366 goes from constant voltage mode 10 constant
current mode. Vg will drop below Vg ana the PNP transistor
will tum on. The | mA curmrent supplied by pin 8 wiil now be
shunted to base ol Q1 thereby providing u mode signai cutput.

FIGURE 16 — REMOTE SENSE
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l .
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MC1466L

FIGURE 17 — A 0-TQ-250 VOLT, 0.1-AMPERE REGULATOR
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FIGURE 18 — 0-TO-40 Vdec, 0.5-AMPERE REGULATOR WITH MODE INDICATOR
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TECHNICAL DATA

JFET INPUT OPERATIONAL AIAPLIFIERS

These icw cost JFET input cperaticrnel amciifiers comeine wwe
state-of art linear techncicaies a e monolithic inre-
gratea circuit. Each internally coe¥ens ccerational amptiiier

r-ec nigh voitace ..FET input c2avices for low rout

has we!!
f EIFET i@frno
tagw @™o incut
rents, arz suggiv glrrents.

These czyiCes@re availatiZinsin
amolifiers wnicn are cinscompa
MC1743 €458, and the IC3108'L\M3E3

o fIngut Cifset Veltageo#'s:C mViMax L= 3278
® L cwsircut 2ias Current=3J,2A

AT A

~cut Noise Voiteg
n EandwiGis — 4.0 MHz
h STew Rate—-iG-V-is

e Low Suppiy Current— 1.8 mA per Ampiidfier

e High input Impeaance = 1012 0

High Common-Mode ana Supply Ycitege Rejection
Ratics - 100 dB

MAXIMUM RATINGS

ol el e
Yei My 9y
(51 €
GO 1= ]

-~
-

=
-
'\

-~

FAMILY OF EIF
CPERATIONAL AMPLIFIERS
SILICON MCNOLITHIC
INTEGRATEZD CIRCUITE

UFZ47 Only)

——
CO[ 5 3 Cure

i Rating Symeol | Value Unit ‘ 1.4 |
H R Grng
| Supply Voitage i Vel | =18 | v incuts 1| o inguts 4
i ! Vzz ! -18 ! E?‘, . A
| Differential Input Voltage ) =30 1 Vali vee & Tves
Input Voltage Aznge {Note 1) Y VipR = v P
Ourtput Short Circuit Duration {Note 2) l 5 Continuous |
Power Dissipation at T = = 25°C . 0 ! 200 jomwW G2 g
Derate above Tp = =25°C R LA ‘ 10 | mwec
Operating Amtient Temperature Range | TA | oto-70 | ¢
Operating Junction Temperature Range i T ! 115 | =<
P 9, 2URES perat S ! J | P~ ORDERING iNFORMATION
Storage Temperature Range | Teta | -6510 = iso| °C | Dévica | Package
NOTES: Singie ! S0-3
Single H Plasuc DIP
1. Unless otherwise fied, the { g input voltage is =
limited to the negative cower supply. Dual LF353D So-8
Dual LF233N Plasuc DIP
fr.":nyn:ran"r:lnt‘:;:rcmnu:(canht;:‘::oned to ground mdeﬁnuﬂ'y, nowe::er;, -Irrr:o: Ouisd 1 Le2476N rastic OIP
Sngame hesompe 23 ; RETIpCLRIH Cuad l Le227N Plastic DIP

ratings may be exceeded.
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LF347, LF351, LF353

ELECTRICAL CHARACTERISTICS

Characteristic

LF247, LF351, LF353

Input Offset Voltage \Rg = 10k, Vewm =

0°C=T
Average Temperatu fficient o
Voltage
Rg =10k 0°C = 74 = -70°C

input Offset Curren:

Input Bias Current

Input Resistance

Common Maode inpu: ¥

Large-Signal Voitage Gz:n (Vg

Swinc

ut Voltage YR

Common Moge Rejec

<A P tig tRg

3~ AzlioNRer=

Slew Rate (Ay = —

Gain-Bandwidth Procuc:

Equivalent Input Noise ‘‘oltage
{Rg = 100 Q, f = 1CCO Hz}

! Equivalent Input Noise Current (f =

| Channel Separation (LF3+7, LF353)

1.0 Hz = f = 20 kHz (Input Referred)

(Veg = -15V.Vge = —15V, Tp = 25°C unless otherwvise note
LF3478 |
Symbol Min Typ Max !
0) Vio |
A= - .0
A = —
f Input OF Vi AT i — i0 — ;
i {
L]
- 25 100
- 4.0
“E
s 3 2072 )
Yick i % -15 |
=11 14 |
VoL [
50 00 N —
25 — -
Vo =7 g1 = |
10 ) “VMRR S0 #C0 — 7
10 k) 20 s = M
0
— 7.2 1
|
R .
3R — 13 st
ZWp TRRRNED (=7 |
2h = T1[[T123 £
: |
1000 Hz) L son — |reoi | —
[ = — i07| A
| | J

For Typical Characteristic Performance Curves, refer to MC34001/34002/34004 data sheet.

NOTES: (continued)
. Input bias currents of J

nput 0p amps approximateiv dout & for every 10°C rise in junction temperature. To maintain junction temperatures as

close to ambient as is poss:cie, pulse technmiques are ulilized cunng test.
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TECHNICAL DATA

HIGH SPEED 8-8IT MULTIPLYING D-TO-A CONVERTER

The DAC-08 series is a monoiithic 8-bit high speea multipiying digitai-to-
analog converter. capaole of setting to within 1.2 LSB {0.19%) in 85 ns.
Monotonic muitioiving performance s retainea over a wiae 40-to-1 reference
current range. Fuil scaie ana reference currents are matcnea to within 1 LSB,
therefore eliminating the neea for full scale trim in most 3ppiications.

Ouai compiementry current cutputs with high voitage comoliance orovide
aaded versaulity ana allow aifferenuaimode of cperation to effectively dou-
ble the peak-to-Deax output swing. In many applications. gutput current-to-
voitage conversion can be accompiished without requiring an external op
amp. Noise--mmune nputs permit direct interface with TTL ang DTL fevets
wnen the logic thresnold contrel, Vi ¢, [Pin 1) is groundea. All otnerfogic
family tnresnoids are attainaoie by adjusung the voltage lever of Pin 1. Per-
formance characteristics are virtually-uncnanged over the entire =4.5 V to
=18 V power sucoly range. Power consumption is typicaily 33 mW with
=5.0 V suopiies.

The DAC-08 is avaiiable 10 several versions, with-noniineanty as ugnt-as
=0.1°54= 14 LSB) over temperature. All versions are guaranteea monotonic
over 3 bits. For an extra margin of performance, Motorola utiiizes thin-iilm
resistors permitting verv accurate resistive values wnicn are extremeiy stable
over temperature.

Hign cerformance characienstics along with-low cost. make the DAC-08
an exce'ient seiection for aopiications sucn as CAT disoiays, waveform gen-
2ration, Nign speea mocems, ana hign speed anaiog-to-digital converters.
® Fast Sertling Time — 85 ns
Fuil Scale'Current Prematcned to =! LSB
Nonnnearity Over Temperature to =0.1°5 Max
Differential Current Qutputs
Hign Voitage Compiiance Qutouts - 10 Vto - 18 V
Wiae Range Multiplying Caoability
inputs Compataoie With TTL, DTL. CMOS, PMOS. €CL. HTL
Low Fuil Scale Current Drift
Wide Power Suppiv Range =45Vt =18V
Low Power Consumption
Thin-Fiim Resistors
Low Cost

EQUIVALENT CIRCUIT
(MSB) (LS3)

v- Vi c 8182 83 B4 85 86 27 83
Q o Qo ? Q o 2 =] < 9
13 ] 15 Q6“8 (9 '10°11 |12

] j

e |
o Bas 11 egic Butfers and Level Shirters
Networx ' 4

-
— stout

i Current 8 ] | iy —. e —

i Switcnes1 2421240 { 240194 U UCACTUS 2

{ 1207 I 9 4 o o b6 & b

! Vpg;z-}o—_—ou\ S ARV P AP AN St
VQEF(-)om———- I N L N N N N N
isRe ) aé 2r% zn% 2r3 2R§ zn§ za§ 2R§ 28%
v L - B 5 . - Bt

| A R R R R R '

16| & i

] °

Comopensation V-

DAC-08

HIGH SPEED
8-BIT MULTIPLYING D-TO-A
CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

1
t
P SUFFIX

Q SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE €20 CASE 348

(

Thresnoid Control —

Compensation

Ve i =
lout 10 L Roes: -
IR = Voer -
= =
fout - ave
aiis TiBsuLsal
82— —®
339 3
34 =

v- = 5l 88 iLsa)

—

Vagri - [
Veeri =12
Comopen. E
Ve & i
io & 83
v-4 ~ a2
o (I = 81MsB)
D SUFFIX =
PLASTIC.PACKAGE 1390 Yiewy
CASE 7518
(S0-16)
ORDERING INFORMATION
}’7 | Temoperature :
I Device  Nonlinearity | Range Package
| DAC-08AQ =0.1% Ceramic ¢
| DAC-csQ =0.19% Ceramic
;, DAC-08HQ =0.1% Ceramic
DAC-08EQ =0.19% | Ceramic
DAC-08CQ | =0.39% | Caramic
DAC-08CD i =0339% | ' s0-18
0°C:> -70°C
DAC-08BD | =0.15% ! S0-16 |
DAC-08HP |  =0.1% | Plasuc |
DAC-08EP i Plasuc |
| DAC-cBCP | =0.33% Plastic |
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DAC-08

MAXIMUM RATINGS iTa = 25°C uniess otherwise natea}

Rating " Symbal | Value | Unit
* Ve Suppiv to V-Suoply : — | 36 ; v :
. Logic inputs - 1 V-toV-Plus 36 . v
Logic Thresnoig Contrat Vig ) V-0 V~ v
Analog Current Ouiouts lout i See Figure 7 mA
Reference inouts 1V14 V15) VREF : V-10 V- v
Reference inout Differentiat Voitage 1V14 to V15) VREED) ¢ =18 v
Reterence Inout Current (114} IREF T 5.0 mA
Operating Temperature Range ‘ Ta | :C
DAC-08AQ. Q -55t0-125
DAC-08HQ. EQ. CQ. HP. EP. CP, ED. CD 0to-70
Storage Temoerature Ta ! -65to =150 . C
Bower Dissipation Pp ] 300 mwW
Derate agove 100°C Roja 10 mwW >C

ELECTRICAL CHARACTERISTICS (vg = z15V. lagr = 2.0 mA. Ty = -55°C to -125° C. uniess otherwise noted.)

DAC-08A DAC.08 i
Characteristic Symool = Min Typ Max Min . Typ | Max | Unit
Resoiution . & 8 8 3 3 8 . 3 . 8ns
Monotomicity - 8 8 8 3 8 8 P oBits
Noniinearity. Ta = 0°C 1o =70°C NL - - =01 - - =219 - %F§
Settling Time to =12 LSB. Figure 24 ‘s - a5 - Q- 85 —_ ns
(Al Bits Switcheag On or Off, Tp = 25C}H{Note 1): )
Prooagation Delay, TA = 25°C (Note 1) ns
Each Bit H-IRY - 35 - - 35 —
All Bits Switcnea e W 3 - = 35 -
Suil Scale Temoco TClzg - =10 — - -10 —_ pom C
Cutout Volttage Comopuance Yoo -10 - -18 -10 - -3 W
£ull Scaie Current Change~ 1 2 LSB
Agyr - 20 megonm vp
=4t Range Current ‘gma 1384 1992 2 000 194 1 9@ 132 nA
:Vagr = 10000V 314 A15=5 000kl Ty = 25°Ci
Zuu Range Svmmetry (ieR4 - IFRY! cag - =05 =49 C—- =0 <A
Zero Scale Current 128 - R 10 - 02 wA
Dutout Currant Range mA
V-z-50V IRt 0 - 21 o] - N 21
Y-=-30Vigc-18V toR2 0 - 42 [} - 42
Lagic Input Levels iVy ¢ = O V) . v
Logic 07 vig - - 08 o~ . = 03
togre ‘17 Vi 20 - -— 20 - —_
~2g:c Input Current iV ¢ = 0 V) uh
Logic input 07 (Vin =10V 10 -08 W1 he — -20 -10 - -20 -2
~ogic input “1” Vg = -20V10 -18Va . iy - 0002 0 — 0002 112
~2gic Input Swing, V-= =15V vig -10 - -18 -10 - -3 \
_agic Threshoid Range. Vg = =15 V YTHR -10 - «135 - -10 - -1335 v
Setarence Bias Current i1g — v =10 =30 - -10 -32 uA
Reference Input Slew Rate Figure 19 (Note 1) drot -~ | 80 - L 8.0 - | MA/LS
Power Supply Sensitivity (Igep = 1.0 mA) ; ! ) A f %%
Y+=45Vio 18V » PSSleg- — ’ =00003: =001 . -~ :=00003' =027 .
V-2-45V1w0-18V : PSSleg. — . =0.002 © =0.01 — | =0.002 =0 01?
Pawer Supply Current ; ' { mA
v§=:z5.0V, lpgp=10mA I- - . 23 38 - . 23 3e
I- -, =43 :© -58 | - = -3 -538
4§ =-5.0V, 15 V. IagF = 2.0 mA i - 24 ' 38 - . 24 . 38
i- - . -64 : .78 — -64 - -72
vg==15V, Iggp=2.0mA I= - ; 2.5 38 -, 25 @ 38
I- — | -85 -78 + — 1 -65 ' .78
. Power Dissipation T ; ; ; LomwW
vg? =50V, Igge= 1.0 mA i - ! a3 | 48 : - 33 . a8 |
| W§=+5.0V.-15V.IRgp = 2.0 mA : - i 103 ! 138 | = i 108 | 136
| vg==15V Iggp=20ma - ~ i 135 ° 174 | — | 135 . 172 | i

Naote 1. Paramater i1s not 100% tested: guaranteed by design.
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08

ELECTRICAL CHARACTERISTICS (Vs = =15V, IggF = 2.0 mA, Ta = 0°C to 70°C. uniess otherwise noted.)

DAC-08H DAC-08E i DAC-08C !
Characteriatic Symbol | Min| Typ | Max [Min, Typ | Mex {Mini Typ | Max ! Unit
Resoiution | = 8 8 | 8 | 8| 8 | 8 | 8] 8 | a | sus
Monatonicity | - 8 8 ! 8 | 8 8 | 8 | 8 8 | 8 i Bis
Nonlinearity, TA = 0°C to ~70°C I NL - — =01 — - | =019] — — 129331 %FS
Sertting Time to =12 LSB tg - 85 l - | - 85 - - 85 ~ ! ng
{All Bits Switchea On or Off, , ’
{Ta = 25°C) Figure 24 (Note 1) ' !
Propagauan Delav, T = 25°C (Note 1) i ] ns
Eacn Bit PLH - 35 - - 35 - - 35 -
All Bits Switched L | — | 35 - - 5 -1 —1 3 -
Fuil Scaie Tempco FrClgg | — | =10 — | — =10, — i =1 =10 — ‘ppmC
Qutout Voitage Compliance Voc | =10} — -18 | =10] — -18 | -10| — -18 -V
Fuli Scaie Current Change ( i
< 12LSB. ! l
Aoyt > 20 megonm typ. ! '
Fuil Range Current IFR4 | 1.984) 1.982 ; 2.000 § 1.94 | 1.83 | 204 | 184| 183 ; 204 | mA
{(VREF = 10.000 V: | | |
R14, R15 = 5.000 k() ' i :
Ta = 25°C ) ;
Full Range Symmetry (IgR4 - 'FR2) IFRS — | =05 =401 — =10 | =801 — =20 ! =16.0: uA
Zero Scale Current A 0.1 1.0 - 0.2 2.0 - % 02 | 40 uA
Output Current Range i ! " mA
V- = =50V | iorR1 | 0 - 21 | 0 - 21 | 0 - 2.1
V- = -80Vto -18V Iorz | @ — 42 | 0 = 42 1 0 - 42
Logic input Leveis (Vi ¢ = 0V} i .V
Logic “0" il ~y/ =48 08 | — - | 08 | — — ;08!
Logic 1 Vin 20 ¢ o~ — 200 — ' — 2.0 - A —&
Lagic 1nout Current (Vi ¢ = 0 V) i ¢ uA
Logtc input “0” ; :
(Vip = =10V 10 +0.8V) L — | -20 -10{ —| -20| -0 | — | -20 1 -10 .
Loguc input "1 | \
Vin = ~2.0Vto ~18V) I — |0002 1w | — {0002} 10 | — | 0002/ 10
Logic Input Swing, V— = -15V vis | =101 — -18 | =10 — ~18 | -10] — |} -8 Vv
Logic Threshold Range, Vg = =15V | Vqup | =101 — -135|-10] — | ~135}-10f — 1-135i V
Reference Bias Current e | — 1 =10 -30] — | ~10 ! -301 — | -101 =30 A
Reference Input Slew Rate dide | — | 80 - | - 8.0 e 8.0 ~— | mAs
Figure 19 (Note 1) :
Power Supply Sensitivity i | %%
{IRgr = 1.0 mA} | H
V- =45Vto 18V PSSIpg +| — [=0.0003 =0.01| — [=0.0003| =0.0?7 | — [=0.0003] =0.01!
V- = =45Vt -18V PSSleg—| — [=0.002! =0.01] — |=0002] =0.01! — | =0.002{ =0.01!
Power Supply Current 1+ - 23 38| — 2.3 38| — 23 38 mA
Vg = =5.0V,Iger = 1.0mA I= — -43 | -58 | — -43 | -26.8| — -43 | -58
t+ - 24| 38| — 24 38| — 24 38
Vg = =50V, =15V, Iggr = 20mA| |- -] -64 | -78| — | -64 | -78f — | -84 | -7.8
I+ —_ 251 38| — 25 38| — 25 38 .
Vg = =15V, Iggf = 20 mA - — | -65;:-78| — | -65 | -78| — | -65 | -7.8 "
Power Dissipation Pp H ' mw
Vg = =50V, IRgfF = 1.0 mA - 3 ; 48 3 48 - 33 a3
Vg = =50V, ~15V, Iggr = 20 mA —_— 108 ' 136 — 108 136 —_ 108 136 :
Vg = =15V, IRgF = 2.0 mA — | 135 © 174 135 | 174 | — | 135 | 174

Note 1. Parameter 1s not 100% tested; guaranteed by design.

MOTOROLA LINEAR/INTERFACE DEVICES

6-7




DAC-08

TYPICAL PERFORMANCE CURVES

FIGURE 1 — FULL SCALE CURRENT versus

FIGURE 2 — REFERENCE AMP

REFERENCE CURRENT COMMON MODE RANGE
50 I : — 32
B PP
T : L. ' T : i 28 T,
. 40 l——Ta = Tmn 18 Tmgy - " A : A = tmun 10 Pmax
: e : /\\ F “ v-=-15Y P Ve =15y
— N T + =3 Yau o e 2 = .= -
E 5 b T it = 20 -o50Y
g7 R / T Y-z -15V) = [ J agF =20 mA
2 : N '
3 £ 15
= ' i / ) : . i °
£ 20— : . 512
] AN T £
4 ; ! : v-=-50v = o8 | PRETT R ). T pU—
- 19 . / T I ; .
/ . 04 ‘agf =02 mA ———
9 : : | 0 I
0 10 20 30 30 S0 -18 -0 -60 -20 20 50 10 18 18
IRgg. AEFERENCE CUARENT (mA} V1S. REFERENCE COMRION MODE vOLTAGE V)
NOTE Positive Common Modae Range 1s Always V=t -1 5V
FIGURE 3 — REFERENCE INPUT FREQUENCY RESPONSE FIGURE 4 — LSB PROPAGATION DELAY versus Ipg
50 Lo ’ i "_] o HUEEREREE IR
40 f——R18=RI5 = 1 k02 - L - . —
20 R <500 €2 gy /L =i " CL 1 jrTTn
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1. FREQUENCY MMz} Igs. OUTPUT FULL SCALE CURRENT imA)
Curve 1 — C 5 18 pF. V,n 2 20 V p-p Centered at +1 0 V {Large-Signai}
Curve 2 —Cp 2 15pF. Viq 2 50 mV p-p C at =200 mV (Smail-Sig
FIGURE 5 — LOGIC INPUT CURRENT versus
INPUT VOLTAGE FIGURE 6 — Vyy - Vi ¢ versus TEMPERATURE
30 " 20 ' )
. 18 :
T &0 I 1 ' ] T !
. ; : ] 14 D
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OUPUL CURRENT (mA}

OUIPUT CURRENT (mA)

NOTE. 81-88 have

POWER SUPPLY CURRENT (mA)
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08 !

25
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DAC-08

TYPICAL PERFORMANCE CURVES

FIGURE 7 — OUTPUT CURRENT versus
QUTPUT VOLTAGE
{Output Voitage Compliance)

Ail Bits "On”
TA = Trun 10 Tmax
: I =
Vo= 1By Vo=-50V e = 20 mA
lngg =1 O mA ——
T =
‘Rgp =02 mA ——
T
-14 -0 60 20 PR 58 10 14 18

OUTPUT YOLTAGE Vi

FIGURE 9 — BIT TRANSFER CHARACTERISTICS

i 1 g ; " H

l—-ag;=20mﬁ . - i

a1

r | 821

i t

l : 331

Vo= 5V T, o

H BT

BS.

-12-13-8.0-6.0-40-200 20406080 10 12 14 16 18
LOGIC INPUT VOLTAGE i1

transfer . Brs are fully

witn iessthan 1/2 LSS error. atless than =100 mV from actual
thresnoid. These switching points are guarantaed 10 i1e batween
0.8 V and 2.0 V over cperaung 1emperature range (V¢ s 0 V!.

FIGURE 11 — POWER SUPPLY CURRENT versus V-

80 T T g : - - —
i Bits May Be “High™ or “Low’ ! ] i |
70 - i
I ] g ! jlewihiggp =20 mA |
i}
? Yy ! MW |
50 ! ! ! : i :
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40 : ——
\ I . ) T ON
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FIGURE 8 — QUTPUT VOLTAGE COMPUANCE
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DAC-08

BASIC CIRCUIT CONFIGURATIONS

FIGURE 14 — POSITIVE LOW IMPEDANCE

FIGURE 13 — RECOMMENDED FULL SCALE
OUTPUTY OPERATION

ADJUSTMENT CIRCUIT

LtowTC
45k
-10Vv O——AN— 14 ‘
> REF= |  DAC-08 5 —is  doveR AL
e 20 —is ' bl én 255
—
. : i lrR = S== IREF
0% S i ! 256
Pot 1ov = =
tcump 1ty Gulbul LN Tovk LOG:T :ACr_cne:a!mn -5
@ered Connect nverung .iou! of oo Am3 10 g Pin 2) ana

jrounn e P 34

FIGURE 16 — BASIC POSITIVE REFERENCE
OPERATION

FIGURE 15 — NEGATIVE LOW IMPEDANCE

CUTPUT OPERATION
vss +SB
82 B84 E_é 38

819 B3VBET 57T

4 VG 9l9io9 2
748 Y D
-
i .'\—_;,—o—-_/ Do -lgp Ay
; A28 07 &
i 1isS - 255
- i leq » ~—— IQEF
~— T ;
= ¢ .- OVLs
: l
" ¥ qutput { Logic DAC] is desirea. con- ?—-1‘:9' !
agct noamvartng 1nout of op amp ta Ig (Pin 2) ang grouna tg y € ~—
Pin &) 01 $ 6 $01.‘F
L v v L
o~ I—o = IpR for -VRer 255
all logic states IgR = .« —
RQer 256
FIGURE 17 — BASIC NEGATIVE REFERENCE
OPERATION For hixea reference TTL opsration typiCat vaiues are
Vpgr * 10000V CrQ3TLF
Ms8 LS8 ARgr = 5000 V¢ = 0V (Ground)
R15 ~ Aagp
82 B84 86 88
81783785787
t

~VREF
1er ~| RE {‘ 255
RRer | 256

NOTE. Rper sets full scate current igg, R15 is for tias current

cancellation
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DAC-08

BASIC CIRCUIT CONFIGURATIONS

FIGURE 18 — ACCOMMODATING BIPOLAR REFERENCES

“VREF
“VRgF

1
REF; Argr O——AAA—— 14

] RREF ; DAC-08

Vin O 0—na—a—id Vin D .15
O ANM——

Rin DAC<OE/ " 1y

['—_"5 1{Opuonaly

/s

RReF = R15 -VRep must be above peak positiva swing of Vyn
IneF = Peak Negauve Swing of I,

FIGURE 19 — PULSED REFERENCE OPERATION

“VRer
<
Optionai Resistor
for Offset Inouts § Ragr

e )

—— %
Qv —r-L— O ANt g 3 \—at—rA—

S 14
Ain_ ! < - i val Rin50k *Vjn 10V
Rp Req = ‘ DAC-08 ) . voicar Values Ry - Vin v
1 —
.ﬁ“_z 15 i 2 AN—O
: 16 v Ry )
= ] o =

No?:an EO_I—L-

FIGURE 20 — BASIC UNIPOLAR NEGATIVE OPERATION

IREF O————
—
2.000 mA

f

181 B2 B3 84 B5 B6 B7 88/ lgmA igmA i Eg g |

TFull Range 7T 1 1 1 % 1 1 1{1392 0000 -9.960 ~0.0001
i{HalfScaie -LSB {1 0 0 6 © 0 O 1) 1008 08841 -5040 -4.920)
| Haif Scae i1 00000 0 01000 082]-5000 -4980]
{HaitScain -LSB 10 1 1 1 3 1 1 10992 1000 -4960 -5000]
ZeroScale -LSB i0 O 0 0 0 O O 1!0008 1984 | -0040 -2.9201
{ 2ero Scale 10 00000 0 0i0000 1892| 0000 -9.960)
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DAC-08

BASIC CIRCUIT CONFIGURATIONS

FIGURE 21

BASIC BIPOLAR QUTPUT OPERATION

; . Fo
'REF O 14 g 4\
— ; 10000« *
2.000 mA DAC-08 —
1 — Eg
: ig 2
/ 10000 =
el
-10500 v
81 532 33 84 35 36 37 88| =i~ £a
Pos Fuil Range * gyl Ty ! 1 2320 10000
Pos Fuil Range LS8 A A S ) 3840 -9 920
Zero Scale LS * 3 0 0 3 0 0 1 2080 -0 160
Zero Scaie * 29 6 0 0 0 @ Q000 -0 080
Zero Scate (S8 LIRS S E S R R 780 Q 000
Neg Fuil Scaie -LS8 3 0 0 0 0 3 1 3920 9 84n
Neg Full Scaie 2 0 5 0 3 0 0 10000 3 920
FIGURE 22 OFFSET BINARY OPERATION
f
| |
! 50k '
: W :
3 -15 v H i
! ? A5V
i 2 ) |
: ] 5000« !
: 10V AN — |
a i E,
! MC1108U10 : 1741 0 ‘
3 l < B H
hy L 15V
41 42 83 B4 35 36 87 88 g
Brey Futt Range 1o r. ¥ 1 1 1 1] 3980
2Zero Scate t 9 0 0 0 0 0 O 0000
Neg FulScaie+'LSB [0 0 0 0O O 0O O 1t 4360
Neg Full Scale 3 9 0 0 0 0 0 O 5 000
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DAC-08

FIGURE 23 — INTERFACING WITH VARIOUS LOGIC FAMILIES

5.0 V CMOS
Vyy = 28V

\

JAC-Z3 \
//

vy

!‘\mua
!'Naua

15 V CMOS, HTL. HNIL
VIH = 76V

?"5V

a1

'

——0e—: /¢

62\(% =20F

o

PMOS
VT =0V

1N41431 =
1N41-‘.81
&————- Vi c
g\Ok

33Viwe-10V

NOTE Do not esceea negative 3¢ input range ot DAC

R R BT

16 V CMOS
V4 = 5.0V

10K ECL
VTH = -1.29V
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DAC-08

FIGURE 24 — SETTLING TIME MEASUREMENT CIRCUIT

For Turn "On V_:27V YL 5.0V
For Turn O™ V| 207V ? 0

- il —

s vwf T Tov | T

Capact = e =
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ADCO804I, ADCO804C :
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

functional block diagram [positive logic)
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ADC0804{, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

D2755, OCTOBER 1983~ REVISED OCTOBER 1988

® 8-Bit Resolution N GUAL-IN-LINE PACKAGE
(TOP VIEW)
® Ratiometric Conversion
s h Vec {OR REF)

@ - =2

100-us Conversion Time 75 02 CLK OUT
® 13B-ns Access Time WR 3 DBO (LSB) )

CLK IN [Ja DB1

] Al

No Zero Adjust Requirament INTR E > DB2
® On-Chip Clock Generator N+ (s DB3 DATA

iN- 47 D84 OQUTPUTS

® Single 5-V Power Supply ANLG GND [J8 oed
® Operates with Microprocessor or as REF/2 (]9 DB6

Stand-Alone DGTL GND o DB7 (MS8)J

® Dasigned to be Interchangeabls with
National Semiconductor and Signetics
ADC0804

description

The ADC0804 is a CMOS 8-ktit successive-approximation analog-to-digitai converter that uses a modified
potenticmetric (256R) ladder. The ADC0804 is designed to operate from common microprocessor control
buses, with the three-state output latches driving the data bus. The ADC0804 can be made to appear
to the microprocessor as a memory locaticn or an I/O port. Detailed information on interfacing to most
popular microprocessors is readily available from the factory.

[
-t
1)
V)
=
72}
©
]
1)
(o

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input
analog voitage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the
REF/2 input open. Without an external reference, the conversion takes place over a span from Vg to
analog ground (ANLG GND). The ADCOE04 can operate with an external clock signal or, with an additional
resistor and capacitor, can operate using an on-chip clock generator.

The ADCO804I is characterized for operation from - 40°C to 85°C. The ADCO804C is characterized for
operation from 0°C to 70°C.
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ADCO804I, ADC804C
8-BIT ANALGG-TO-DIGITAL CONYVERTER
WITH DIFFERENTIAL INPUTS

absolute maximum ratings ovar operating fres-air temperature range (unlass otherwisa notad)

Supply voltage, Ve (see Note 1) ... ... e e ..... 65V
input voltage range: €S, BD, WR . ... ...\ttt i -0.3Vto18V
otherinputs. . ............... BN -0.3VtoVees+ 0.3V

CUtPUL MOIBGE FBNGR .+« v v v ittt e e e et e e -0.3VtwoVces+ 0.3V
Operating free-air temparature range: ADCO8041................ i . ~40°C to0 85°C
ADCOBO4AC . .. .. ... e e 0°C to 70°C

Storage temperatura rang@ . ... ... .e.vvew e et e e ~85°C to 160°C
Lead temperature 1,6 mm {1/16 inch) from case for 10seconds. . .. ........c..covun.. 260°C

NOTE 1: All voltage vaiugs are with respact to digital ground {DGTL GND) with DGTL GND and ANLG GND connected together {unless
otherwise noted}.

recommended operating conditions

[
MIN NOM MAX UNIT 3
Supply voltage. Voo 4.5 5 6.3 \4 ]
Voltage at REF/2, VRgF/2 (see Note 2) 0.25 2.5 \ 5
High-level input voitage at T3, RD. or WR, V|4 2 15 v
Low-level input voitage at CS, RD. or WR, Vy 0.8 v S
Analog ground voitage (see Note 3} -0.08 0 1 v ©
Analog input voltage {see Note 4} ~-0.05 Ve +0.08 v Q
Clock input frequency. {einck (808 Nota 5) 100 640 14€0 kHz
Duty cycle for fojock = 540 kHz {see Note 5) 40’ G0 %
Pulse duration clock input (high or low) for fejock < 640 kH2. tw(CLK) (see Nota §) 275 781 ng
Puise duration, WH input low (start conversion), tw{WR} 100 ns
i ) ADCO804I -40 85 o
Operating frae-air temperature, Ta ADCOBOAC 3 70 (o

NOTES: 2. The internal reference voitage is aqual to the voitage applied to REF/2, or approximately aqual to one-half of the Vc whan
REF/2 is left opan. Tha voitage at REF/2 should be one-haif the full-scale differential input voitage between the analog inputs.
Thus, the differential input voitage when REF/2 is cpen and Vg = 5§V is O to § V. VREF/2 for an input voltage range from
0.5 V to 3.5 V lfull-scale differential voitage of 3 V) is 1.6 V.

. These values are with respact to DGTL GND.

. When the differential input voltage (V| + = Vin -1 is less than or equal te O V, the output code is Q0G0 C000.

. Total unadjusted error is specified only at an fg)gck 0f 64C kHz with a duty cycle of 40% to 80% (pulse duration 625 ns
to 337 ns). For frequencies above this limit or puisa duration below 625 ns, arror may incraase, The duty cycle limits should
be observed for an fgigek greater than 640 kHz. Below 640 kHa, this duty cycie limit can be exceaded provided ty,(CLK) remains
within limits.

[ A



ADC08041, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

electrical characteristics over recommended operating free-air temperature range, VCC = 5 V,
felock = 640 kHz, REF/2 = 2.5 V {unless otherwise noted) !

PARAMETER TEST CONDITIONS ' MIN TYp! MAX UNIT
) All outputs vVee = 475V, gy = - 360 uA 2.4
h-level I v
VoH High-lavel autput voltage |y (NTR [ Vee - 4.75 V. lon - <10 A 45
Data outputs | Yo = 4.75V, gL = 1.6 mA 0.4
VoL Low-level output voltage INTR output | Vee = 4.75 V. IpL = 1 mA 0.4 v
CLK QUT Vee = 4.75 V., IgL = 360 pA 0.4

1 iti -
vr. Clock positive-going 27 21 15 v
threshoid voltage

Clock negative-going

VT - threshold voltage 1> 18 2.1 v
VT 4+ =V . Clock input hysteresis 0.6 1.3 2 \
|w} WH High-level input current 0.005 1 pA
EJ, hL Low-level input current -0.00% ~1 uA
2) oz Off-state output current Xg : 2 v -;3; uA
= 10HS Short-circuit output current{ Qutput high | Vo = 0, Ta = 25°C -4.5 -6 mA
“g loLs Short-gircuit output current{ Output fow Vg = 5V, Ta = 25°C 9 16 mA
a {fol o} Supply current plus reference current :iF/f cz):enr; CS at SV, 1.9 2.5 mA
RREF/2 Input resistance to reference iadder See Note 6 1 1.3 k@2
C; input capacitance {(controil 5 7.8 pF’
Co Output capacitance (DB) 5 7.5 pF

operating characteristics over recommended operating free-air temperature range, VCC = 5 V,
VREF/2 = 2.5 V, fclock = 640 kHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT
Supply-voltage-variation error
{See Notes 2 and 7}

Total unadjusted error
{See Notas 7 and 8)
DC common-moda error

Veg = 45V 10565V 116  r1/8 | LSB

VRER/2 = 2.5V z1 LSB

118 *1/8 LS8

{See Nots 8)
ten Qutput enable time Cy = 100 pF ' 135 2C0 ns
tdis Output disable time CL = 10pF, Ry = 10kf 125 200 ns
tG{INTR) Delay timg to raset INTR 300 450 ns
clock
Conversion cycle time (See Nota 8} felock = 100 kHz to 1.46 MHz 65% 2%
tconv cycles
Convarsion time 103 114 s
INTR to WR. .
CR Free-running conversion rata CNg a(c:r:;\ecteﬂ @ 8827 | convis

TAll typical values are at Tp = 259C.

NOTES: 2. The internal referenca voitage 1s equal to the voltage applied to REF/2, or approximately equal ic one-haif of the Ve when
REF/2 is left open. The voltage at REF/2 should be one-haif the fuil-scale differential input vaoitage between the analog inputs.
Thus, the differential input voitage when REF/2 is open and Ve = 5 Vis 0 to 6 V. VRgg/2 for an input voltage range from
0.5 V to 3.5 V (full-scala differenual voitage of 3 V} is 1.5 V.

. The resistance is calcuiated from the current dravn from a 5-V supply applied to pins 8 and 9.

. These paramaters are specified for the recommendacd analog input voltage range.

. Allerrors are maeasured with reference to an ideal straight line through the end-paints of the analog-to-digital transfer characteristic.

. Although internat conversion 1s completed 1n 64 clock perods, a TS or WR low-1o-high transition is followed by 1 to 8 clock
periods before conversion starts. After conversion s completed, part of another clock penod is required before a high-to-iow
transition of INTR completes the cycle.

W m~m




ADCD8041, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

timing: diagrams
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ADCDB04I, ADCO804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

PRINCIPLES OF OPERATION

The ADCOB04 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced
by successive approximation logic to match an analog differential input voltage (Vin+ — Vin-)to a
corresponding tap on the 256-resistor network. The most-significant bit (MSB} is tested first. After eight
comparisons (64 clock periods), an 8-bit binary code {1111 1111 = full scalel is transferred to an output
latch and the interrupt (INTR) output goes low. The device can be operated in a free-running mode
by connecting the INTR output to the write (WR) input and holding the conversion start (CS) input at a
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up
cycle. Taking CS low anytime after that will interrupt a conversion in process.

When the WR input goes low, the ADCO8B04 successive approximation register (SAR) and 8-bit shift
register are reset. As long as both §_§_and WR remain low, the ADC0O804 remains in a reset state. One
to eight clock pariods after CS or WR makes a low-to-high transition, conversion starts.

When the CS and WR inputs are low, the start flip-flop Is set and the interrupt flip-flop and 8-bit ragister
aras reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high
ii.AND_eg_with the next clock pulse, placing a logic high on the reset input of the start flip-fiop. if either
CS or WR have gone high, the sat signal to the start flip-flop is removed, causing it to be reset. A logic
high is placed on the D input of the 8-bit shift register and the conversion process is started. If the cs
and WR inputs are still low, the start fiip-flop, the 8-bit shift register, and the SAR remain reset.
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods
after one of the inputs goes high.

O
o)
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o
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©
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When the iogic high input has been clocked through the 8-bit shift register, completing the SAR search,
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion
and low when the conversion is completed.

When a low is at both the TS and RD inputs, an output is applied to the DBO through DB7 cutputs and
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through
DB7 outputs are disabled {returned to the high-impedance state}. The interrupt flip-flop remains reset.



;" ADCO308, ADCOB09
CMOS ANALOG-TO-DIGITAL CONVERTERS
~ - WITH 8-CHANNEL MULTIPLEXERS

D2842, JUNE 1981—REVISED MAY 1988

6 Total Unadjusted Error . . . £0.75 LSB Max N
for ADC03808 and =+ 1.25 LSB Max for CUAL-IN-LINE PACKAGE
ADCOBOS (TOP VIEW)
' © Resolution of 8 Bits }INPUTS
@ 100 us Conversion Time INPUTS
® Ratiomatric Conversion }Aoongss
® Monotonicity Over the Entlre A/D START Lj6 ‘
22| J ALE
Conversion Range 21 2-1 (MSB)
@ No Missing Codes 2° ;:;
® Easy Intarface with Microprocassors 18] 2-4 }
-8
® Latched 3-State Qutputs \dr 25 :; :E,_._“'SB' ‘tg
® Latchad Addrass Inputs 15726 8
@ Singla 8-V Supply - N ﬁ
© Low Power Consumption {TOP VIEW) @
! o
® Dosigned to be Intarchangeable with g ; ; ; : Ve ,c_’ [°]
Nationai Semiconductor ADC0808, £22Z 2za Qo
22222
4321282726
INPUT 700 8 25(a
dascription START[]8 24(] a} ADDRESS
The ADCO808 and ADCO809 are monolithic e i1y :;E )
CMOS dsvices with an 8-channel multiplexer, an oef s 212-1 (Msal
8-bit analog-to-digital {A/D} convertar, and cuchio 2002-2
‘microprocessor-compatible control logic. The veefl 19(2-3
8-channei multiplexer can be controiled by a 12 1314 16 16 17 18
microprocessor through a 3-bit address decoder Baro "l’ ——
with address load to select any one of eight w2 lwd
single-ended analog switches connected directly = = o
to the comparator. The 8-bit A/D converter uses 5

the successive-approximation conversion

technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold,
and a successive-approximation register (SAR). Detailed infcrmation on Interfacing to most popular
microprocessors is readily available from the factory.

The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity,
and the need for 2ero or full-scale adjustment., Also featured are latched 3-state outputs from the SAR
and latched inputs to the multiplexer address dacoder. The single 5-V supply and low powser requirements
make the ADC0808 and ADCOB09 especially useful for @ wids variety of applications. Ratiomatric
conversion is made possibie by access to the rafgrence voitage input terminals.

The ADC0808 and ADC0O809 are charactarized fo} operation from —40°C to 85°C.



ADC3808, ADCOBOS
CMOS ANALOG-TO-DIGITAL CONVERTERS
WiTH 8-CHANNEL MULTIPLEXERS

functional block diagram {positive logic)

SAMPLE AND-HOLO

BINARY .WEIGHTED
CAPACITORS
()
REF* o8 SWITCH
REF- MATRIX
£ THAESHOLD
FO‘Z_GL . DETECTOA 4 (17) ,_8 (18
g 27) | 14) o7
151
{28 (15} .5
2= AnaLos ouTPUY | (8l o5 DIGITAL
anatos S 38N muLTie LATCHES [118) , 4 oUTPUTS
U INPUTS e {23{ PLEXER ((;:: 2-3
= (31 201 ;-2
- 5131 TIMING en 12 3ot e
& g-ta PCO‘,‘,’:ﬁOL {7) enp oF
1] ._5) CONVERSION (EOC)
7 =
-
8 110) A
iy CLOCK—(S—,——
» START CONVERSION (START)
QUTPUT ENABLE (08} 2!
125)
ADDRESS A 7o
ADDRESS 87| ADDRESS
ADpRESS ¢ 21} pECCOER
ADDRESS LoAD 22L1.
ENABLE (ALE)

MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
C 8 A | STROBE | CHANNEL
L L L t 0
L L H t 1
L WL t 2
L H A t 3
H L v t 4
H L i t -]
H H L ' 6
H H H t 7

H = high level, L = low level
* = low-lo-high transition



ADC0808, ADC0803
CMOS ANALOG-TO-DIGITAL CONYERTERS
WITH 3-CHANNEL MULTIPLEXERS

operating seqgilence

l—-‘l/f -1

START :
CONVERSION s0%f \, So% -
bor—nf— twis)
ADDRESS LOAD Ve
ENABLE so%f R 1
—E——"——W{ALC) i
Fe——=+- ADDRESS STABLE .
ADDRESS 50@50%{
|
[ 1
et

of e "
x i 1
ANALOG INPUT h \ ANALOG VALUE ) * 5
)-——:—-—:— INPUT STABLE ———————————er| o
4 K
MULTIPLEX QUTPUT T\
(INTERNAL) : ><; - )5 ABRE VLR el »n
] 1 S
" 2 os):o e Xs0% j 50% ©
CONVERRICH te—1d(EOC) —=f . y &)
ouUTPUT & o —
ENABLE - 50% 7 50%

LATCH GUTPUTS 0 90% 96%
: ) HI-Z STATE 10% 10%

i
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ADC0808, ADCO80S
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

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

................................. 6.5V
...................................... -0.3w15V
-0.3Vtwovee + 03V
-40°C to 85°C
-65°C to 150°C

Supply voitage, Ve (see Note 1)
Input voltage range: control inputs
ali other inputs
Operating free-air temperature range
Storage temperature range

Case temperature for 10 seconds: FN package. ... ... ... ... ..o viiion.en. 260°C
Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds: N package ............ 260°C
NOTE 1: All voitage values are with respect 10 network ground terminal,
recommended operating conditions
MIN NOM MAX UNIT
() Supply voltage, Vcc 4.5 5 6 Y
2 Positive reference voltags, Vet + (see Note 2) vee Vee+6d| Vv
[ Negativa reference voitage, Vygf— 0 ~-0.1 \
(7)) Differentisl reference voitage, Vegf+ ~ Vigi- 5 \
= High-lgvel input voltage. Vi Veg-1.8 \
(1] Low-level input voitage, Vi 1.6 |,V
9.. Operating frea-air tamperature, TA -40 85 °Cc
U

NOTE 2: Care must he taken that this rating is observed even dunng power-up.

elactrical characteristics over recommended operating free-air temperature range. VGG = 4.75 V
to 5.25 V (uniess ctherwise noted)

total device

PARAMETER TEST CONDITIONS MIN  TYPT  MAX | uNiT
VoH High-level ocutput voltage Io = -360 A Vee-0.4 v
Data outputs io = 1.6 mA 0.45
v Low-level output volta v
oL Put voTlage  Imend of conversion lo = 1.2 mA 0.45
| Off-state (high-impedance-stata) Vo = Veg 3 A
0z output current Vg = 0 )
Iy Control input current at maximum input voltage Vi = 15V 1 uA
e Low-ievel contral input current Vi =0 -1 uh
Ice Supply current felock = 640 kHz 0.3 3 mA
Ci Input capacitance, control inputs Ta = 28°C 10 15 pF
Co Qutput capacitanca, data outputs Ta = 25°C 10 15 pF
Resistance from pin 12 to pin 16 1000 k@
analog multiplexer
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
lon Channal on-state Gurrent (see Note 3! Vi = VCC.  lolook = 640 kHz 21 A
Vi = 0.1V, fggex = 640 kHz -2
Veg =8V, [y =56V 10 200 nA
= o, = - -
loft Channal off-state current Ta = 25°C |V =0 10 -200
v -5V Vi=8V 1 A
cc ) 11 *

TTypical values are at Voe = 6§V and Ty = 25°C.

.

NOTE 3: Channael on-state current is pnmanly due to the bias current into or out of the thrashold detactor. and it varies diractly with clock

frequency.
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ADCO0308, ADCO809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

timing requirements, VCC = Vief+ = 5 V, Vref— = 0 V (unless otherwise noted)

PARANMETER TEST CONDITIONS MIN  TYP MAX | UNIT
telock Clock fraquency 10 640 1280 | kHz
teonv Conversion time See Note 4 90 100 116 u8
tw(s) Pulse duration, START _ 200 ng
tw(ALE]  Pulse duration, ALE 200 ng

| tay Setup tima, ADDRESS 50 ng
th Hold time, ADDRESS 50 ng
td Delay time, EOC See Notes 4 and § 0 14.8 us

operating characteristics, TA = 25°C, VCC = Vigt+ = 5V, Vrgf—~ = 0V, fclock = 640 kHz {unless {
otherwise noted)

ADCO0808 ADC0809
PARAMETER TEST CONDITION
o MiN TVPT  WAX | MIN TYPT MAX| W' .".’.
Supply voltage Vee = Viet+ = 4.75 V10 5,25 V, D
 ksvs sensitivity Ta = -40°C to 86°C, Ses Note 8 0% &L | W _g
Li ity errol
neanty oy £0.25 £0.5 s | P
({sae Note 7) 0
Zero error (sea Note 8) +0.25 +0.25 LSB "‘6
Ta = 25°C +0.25 =+0.5 20.5
T .
Tow wradiuswd g so7e SiE] e | O
TA = 0°C to 70°C +1
| ten Qutput enable time Cp = 50 pF, R, = 10 kR 80 250 80 250 ng
1 tdis Qutput disable time Cp = 10 pF, R = 10 k0 105 250 106 250 ns

’Typical vaiues for sil except supply voitege sensitivity ere at Voc = 5V, and alt are at T4 = 25°C.
NOTES: 4. Refer to the operating sequence diagram.
8. For clock frequencies other than 840 kHz, tg(ECc) maximum is 8 clock periods plus 2 us.
8. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voitage
varies. The supply and Vyaf + are varied together and the change in accuracy is measured with respect to full-scate.
7. Linearity error is the maximum deviation from @ straight ling through the end points of the A/D transfer characteristic.
8. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111111 and the converted output for full-scale input voitage.
9. Total unadjusted error is the maximum sum of linearity arror, zero error, and full-scale error.
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ADC0803, ADC0B0Y
CMOS ANALOG-TO-BiGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

PRINCIPLES OF OPERATION

The ADCO808 and ADCO809 each consists of an analog signal multiplexer, an 8-bit successive-
approximation converter, and related control and output circuitry.

multiplexer

‘The anaiog multiplexer selects 1 of 8 single-ended input channeis as determined by the address decoder.
Address load control loads the address code into the decoder on a low-to-high transition. The output latch
is resat by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge
of the start puilse and lasts for 32 clock periods. The conversion process may be interrupted by a new
start pulse before the end of 64 clock pericds. The previous data will be lost if a fiew. start of conversion
occurs before the 84th clock pulse. Continuous conversion may be accomplished by connecting the End-
of-Conversion output to the start input. If used in this mode an external pulse snould be applied after power
up to assure start up.

converter

The CMOS thrashoid detector in the successive-approximation conversion system determines each bit
by examining the charge on a series of hinary-weighted capacitors (Figure 1). In the first phase of the
conversion process, the anaiog input is sampled by closing switch SC and all ST switches, and by
simultaneously charging all the capacitors to the input voitage.

o
o
[=d
o
»
=
o
o
~*
/)

In the next phase of the conversion process, all ST and S¢ switches are opened and the threshold detector
begins identifying bits by identifying the charge {voltage) on each capacitor relative to the reference voitage.
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshoid
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. If the
voitage at the summing node is greater than the trip-point of the threshold detector {approximately one-
half the Ve voitage), a bit is placed in the output register, and the 128-weight capacitor is switched
to REF —. If the voitage at the summing node is less than the trip point of the threshold detactor, this
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-
counting} process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so
forth down the line, until all bits are counted.

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors.
The conversion process is successive approximation, but relies on charge redistribution rather than a
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB.

Sc
— 0%
THRESHOLD
DETECTOR
Lowl wl Wl oL 1 1 ] 5
128 64 32 16 8 a 2 1 1 OUTPUT
LATCHES
NODE 128 t:EF¢ tzsso ﬁsm tzEF’ tgsh t.:g;. t."" t‘qs;.
% % YL Ind 197 % Il L
REF- REF-— REF— REF- REF- REF- REF- REF -~ REF-

AT TT T 7T

FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM




ADCO808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER
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e o o 9 of.

" Tetal Unadjuated Error . . . £0.75 LSB Max

Rasolution of 8 Bits
100 s Conversion Time
Ratlomatric Canversion

Monotonous Over the Entire A/D Conversion
Range :

No Missing Codes

Easy Interface.with Microprocessors
Latched 2-State Outputs

Latched Addrass inputs

Single 5-Volt Supply

Low Power Consumption

Dasigned to be Interchangeable with
Natlonal Semiconductor ADC0O8G8CJ

dascription

The ADC0O808M is a manolithic CMOS device
with an 8-channel multipiexar, an 8-bit analog-
to-digital (A/D) converter, and microprocessor-
compatible control logle. The 8-channei
multiplexer can bes controlled by a micro-
processor through a 3-bit address decoder with
address load to.select any one of eight single-
ended analog switches connected diractly to the
comparator. The 8-bit A/D converter uses the
successiva-approximation conversion technigue
featuring a high-impedance threshold detector,
a switched capacitor array, a sample-and-hold,
and a successive-approximation register (SAR).
Detailed information on Intarfacing to most
popular microprocessors is readily available from
the factory.

The comparison and converting methods used
eliminate the possibility of missing codes,

J
DUAL-IN-LINE PACKAGE
{TOP VIEW)

} INPUTS
} ADDRESS

| ) s gt ) i e s |
3 2 t 282726
INPUT 7 250 A
START 24(] 2} ADDRESS
EOC 23]
2-6 20} ALE
OE 212~ 1 (msB)
CLK 20]2-2
vee 18{12-3

12 13.14 15 16 17 18
[ U s W s ¥ o W o B o & o §
+O~© | =
w ! 1w |

w w2
mwNNu: ~

SB

2-8

nonmonotonicity, and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs
from the SAR and latched inputs to the multiplexer address decoder. The single 5-voit supply and low
power requirements make the ADCOBO8M especially useful for a wide variety of applications. Ratiometric
conversion is made possible by access to the reference voitage input terminals.

The ADCO808M is characterized for operation over the full military temperature range of —65°C to 126°C.
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ADC0808M
CMOS ANALDG-TO-DIGITAL CONVERTER

WITH 8-CHANNEL MULTIPLEXER

functional block diagram (positive logic)

SAMPLE-AND-HOLD

BINARY-WEIGHTED
CAPACITORS
(12)
REF+ el SWITCH
REF— MATRIX
+ THRESHOLD
o (28 4 DETECTOR | 07) -8 (Lsa)
L@ 14} 57
el {15)
2(—2—sl QUTPUT (8} Z—Z GITA
ANALOG S &D' ¢
ﬁ? AR o Ul LATCHES [ {18} ,_4 OUTPUTS
= INPUTS {2y PLEXER 119} 53
[+ 4~ {200 ,_2
o ) TIMING en [21) 51 (msa) )
= {a) T/ ANR i7) END OF
® 6 — CONTROL
e 5} CONVERSION {EOC)
- \ 7 ——
77}
7
croci 121
START CONVERSION (START) 2!
OUTPUT ENABLE [0E) 2!
ADDRESS A (—2%
ADDRESSB(;—;)) ADDRESS
ADDRESS C 1] DECODER
ADDAESS LOAD =2
ENABLE (ALE)
MULTIPLEXER FUNCTION TABLE
INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
C B A | STRCBE | GHANNEL
L Lt 1 )
A TR ! 1
LoH L t 2
L H H 3
H L L 1 4
H L H ' 5
H O H L t 6
H H H t 7

H =~ high level, L = low lavel
' = low-to-high transition
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ADCO808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH: 8-CHANNEL MULTIPLEXER

operating sequencei

CLOCK

START
CONVERSION

ADDRESS LOAD
ENABLE

ADDRESS
ANALOG INPUT

MULTIPLEX QUTPUT
(INTERNAL)

END OF
CONVERSION

OUTPUT
ENABLE

LATCH QUTPUTS

r—1 /* -‘
JUUUULI UL
sonf oo

bt — twis) -
80% £ | 50%

1
f—f——=——ty,(ALC)
=~ ADDRESS STABLE

U
50% 50% |
v |

i i
teyfeed ™ th |
— 2
X | | anacosvaiue X

[7;]
7 -
]-—1—0—I : INPUT STABLE ————— — o 8
L BT ANALOG VALUE »9) ﬁ
T 0 ls
{ } s
: ! X 50% ﬁoes =
l—1d{EOC) — . né ] Q
| teonv -
50% £ 50%
[}

- f’ ton » = tdis

A 90% 30%

HI-Z STATE o= 10% 10%
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ADCO808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

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

Supply voitage, VcC {see Note 1} ........ e e e e e e e 6.5V
Input voltage ranga: control inputs ...... e e e e e e e -0.3t015V

allotherinputs ... ... ... ... uiiieinnn, -03VtoVce + 03V
Operating free-air temperature range .. ......ovovie e nueroceneeeann -565°C to 125°C
Storage temperature FaNGE . .. ... .. .vwvee ot oo m it e -65°C to 150°C
Case temperaturs for 60 seconds: FK package . ... ... ... . i iie i iiininensen 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C

NOTE 1: /Ali voltaga valuas are with respact to network ground terminal.

recommendead operating conditions

MIN NOM MAX UNIT
Supply voltage, Vg 4.5 5 ] \
Positive refarance voltage, Vet + (see Note 2} Vee Vee+0. V)
Negative raference voitage, Vigf — 0 -0.1 N
Differential refarence voltage, Vigf + = Vigf - 5 \
High-level input voltage, ViH Veg-1.6 \
Low-level input voltage, Vi 1.5 v
Start puise duration, ty(s) 200 ns
Addrass load control pulse duration. tyw(ALC) 200 ns
Address setup time, tgy 50 ns
Address hold tima, tp 50 ns
Clock frequency, fcioek - 10 640 1280 kHz
Qpaearating free-air temperature, Ta - 55 1286 °C

NOTE 2: Care must bae taken that this rating is observed even durnng oower-up.
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ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
‘ WITH 8-CHANNEL MULTIPLEXER

electrical characteristics over recommended operating free-air temperature range, VCC = 4.5 V to
6.5 V (unless othaerwise noted)

totai devica

PARAMETER TEST CONDITIONS MIN TYP? MAX | UNIT
VoH High-lavel output voltage Ig = =360 A Vee-0.4 \'Z
’ Data outputs o = 1.6 mA 0.45
VoL  Low-level output = End of conversion lg = 1.2 mA 0.45 v
oz Oft-state (high-impedance-state) Vg = Ve 3 A
gutput current Vg = 0 -3
[} Control input current at maximum input voltage Vi = 18V 1 uA
. Low-level control input current Vi =0 -1 A
lcc  Supply current felock = 640 kHz 0.3 3 mA
Cj Input capacitanca, control inputs Ta = 25°C 10 pF )
Co Output capacitance, data outputs TAa = 256°C 10 pF ot
Resistance from pin 12 to pin 16 1000 kQ 8
L
analog muitiplexer 77}
PARAMETER TEST CONDITIONS MIN TYP? MAX | UNIT S
lon Channel on-state current (see Note 3) :: : ch :::::: : ::g :32 _i A g
Vee =5V, Vi =5V 10 200
Ta = 25°C Vi = 0 0 =200 ™
lotf Channael off-state current
Veg = 5V Vi =8V 1 A
Vi=0 -1

1 Typical values ure at Vog = 5 V and T4 = 25°C.
NOTE 3: Channsl on-state current is primarily due to the bias currant into or out of the threshold detector, and it varies directly with clock
frequency.

timing characteristics, VCC = Vief+ = 5V, Vyef— = 0V, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
foigek ~ Clock frequency 10 640 1280 | kHz
| tcony Conversion time - See Notes 4 and § and Figure 1 90 100 116 us
[ tenH Enable time, high See Figura 1 150 360 ns
tanl. Enable tima, low ' See Figure } 80 250 ns
'Gs Qutput disable time See Figure 1 200 406 ns
[ta(s)  Pulse duration, START 200 ns
tw(ALE) _Pulse duration, ALE 200 ns
[ tsy Setup time, ADDRESS ’ 50 ns
th Hold time. ADDRESS 50 ns
t4ieoc) Delay time, EOC See Notes 4 and 6 and Figure 1 0 14.5 s
NOTES: 4. Refer to the operating sequence diagram.

§. For clock frequancies other than 640 kHz, tcony is 57 clock cycles minimum and 74 clock cycles maximum.
8. For clock frequencies other than 640 kHz, tq(e0C) maximum is 8 clock cycles plus 2 us.
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ADCOB0SM
CMOS ANALOG-TO-DIGITAL CONVERTER

WITH 8

CHANNEL MULTIPLEXER

{3

operating characteristics, Tao = 26°C.VCC = Vrgf+ = 5V, Vief~ = 0V, fclock = 640 kHz {uniess
otherwise noted)

PARAMETER TEST CONDITIONS MmN TYPT  MAX UNIT
Voo W 4.5V 5V,

ksvs Supply voltage sensitivity T:“__ ) 5';Lé o 1;; "Cw 55 lSee Note 7 10.05 %IV
Linearity error (see Note 8} +0.28 LS8
Zearo error (see Note 9) +0.25 LSB

Ta = 25°C +0.25 0.5
just Note 10 LS8

Total unadjusted error {see Note 10} TA = -B59C 1o 125°C 20,75

T Typical valuss for alt axcept supply voitage sensitivity are at Vee ~ S5V.andallare at Ty =

NOTES: 7.

25°C.

Supply voltage sensitivity relates to the abtiity of an anaiog-to-digital converter to maintain accuracy as the supply voltage
varies. The supply and V,q¢ . are varied together and the change in accuracy is measured with raspect to fuil-scale.
Linearity error is the maximum deviation from a straight line through the end points of the A/D transier characteristic.

. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111111 and the converted output for fuil-scale input voitage.
. Total unadjusted error 1s the maximum sum of linearity error, zero error, and full-scale error.

PARAMETER MEASUREMENT INFORMATION

TEST
POINT

QUTPUT

100 pF

4
CL $11.7ma

vVee

S &kl

FIGURE 1. TEST CIRCUIT

j—<
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ADCOS08M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

PRINCIPLES OF OPERATION

The ADCO808M consists of an analog signal muitiplexer, an 8-bit successive-approximation converter,
and related control and output circuitry.

multiplexer

The analog muitiplexer selects 1 of 8 single-ended input channels as determined by the address decoder.
Address load control loads the address code into the decoder on a low-to-high transition. The output latch
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new g
start puise before the end of 64 clock periods. The previous data will be lost if a new start of conversion
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End-
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power *
up to assure start up.

converter

The CMOS threshold detector in the successive-approximation conversion system determines each bit
by examining the charge on a series of binary-weightad capacitors (Figure 2). In the first phase of the
conversion process, the analog input is sampled by closing switch S¢ and ail ST switches, and by
simultaneously charging ail the capacitors to the input voltage.

Data Sheets

In the next phasa of the conversion process, all ST and S¢ switches are opened and the threshold detector
begins identifying bits by identifying the charge (voltagel on each capacitor relative to the reference voltage.
In the switching sequenca, all eight capacitors are examined separately until all 8 bits are identified, and
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshoid
detector locks at the first capacitor {(weight = 128). Node 128 of this capacitor is switched to the reference
voltage, and the equivalent nodes of ail the other capacitors on the ladder are switched to REF —. If the
voltage at the summing node is greater than the trip-point of the threshold detector {approximately one-
half the Vg voltage), a bit is placed in the output register, and the 128-weight capacitor is switched
to REF —. If the voltage at the summing node is less than the trip point of the threshold dstector, this
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-
counting) procsss. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so
~ forth down the fine, until all bits are counted.

With each step of the capacitor-sampling process, the initiaﬁharg_e is redistributed among the capacitors.
The conversion process Is successive approximation, but relies on charge redistribution rather than a
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB.

Sc

THRESHOLD
DETECTOR

N R A A A N (Y M

’L{ LATCHES
NODE 128 REF+ REF+ sr-’ t.EF REF+ aen ﬂsso tf"‘

REF- REF~ REF— REP- REF é REF- HEF- REF— REF-

e s s O A A e e e

FlGURE 2. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM
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