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This thesis presents about designing and creation of Digital Storage Oscilloscope with
can measure analog having about frequency 0-20 kHz. The working principle of Digital Storage-
Oscilloscope is changing the analog signal into digital data. Then send this digital data through
Microcomputer ’s parallel port to compare the data in order to plot the signal with the program

written in Turbo C++ by showing the result of work on monitor and can save the wanted data on

the diskette.
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#include<stdio. h>
#include<conio. h>
#include<graphics.h>
#include<bios.h>
#include<dos.h>

int signal,ber,ber2;
int xis, MBS Da®Lom, OUt =7E%0, OX, o, o7 ;
int chl=0, g0 P ch=0,acl=0,53eN0a
dcl=0,dc2=0,9gndl=0,gnd2=0,0k=0;
int start=0,stop=0,v atl=0,v_at2=0,save=0,
ope=0,ac_1=0,dc_T=@mae=a=07dc_ 2=0;
int in ac _chl 1[200],in_ac_chl 2[200];
int port ac chl=0,1i,t,mmm=100, freqavg, first=1,
second=1, third=1, fourth=1;
int c¢=0,count=1,xpos=6,ypos=115;
float num,nn=1.0,vh,vl,vd=1;
float freq;
char buff[20];
union REGS regs;
FILE *fp;
Struct data{
Char file name([10];
Int data signal [9000] ;
}list;




int i,j,D=0,M=0;
initgraph (&D, &M, "C:\\tc\\bgi") ;
BLACK_GROUND(); //<-- CALL FUNC BLACK GROUND
MOUSE () ;

START SYSTEM() ;

closegraph() ;

?LACK_GROUND()

setcolor (WHITE) ;
outtextxy(5,5,"DIGITAL STORAGE

OSCILLOSCOPE") ;
line(0,15,635,15) ;
setfillstyle (1,BLUE) ;
floodfill(1,1,WHITE) ;
rectangle(0,0,635,475) ;
setfillstyle (1, LIGHTGRAY) ;
floodfill(1,17,WHITE) ;

MONITOR () ; //<-- CALL FUNCTION MONITOR
CONTROL () ;
DISPLAY () ;
return(0) ;
[ e FUNCTION MONITOR------------ * /
MONITOR ()

{
int i,j,sx,sy,ex,ey;
setcolor (WHITE) ;
rectanglei (5, 20,355, 300)4;
setfillstyle(1,LIGHTBLUE) ;
floodfill (6,21 ,WHITE) ;
setcolor (LIGHTGRAY) ;

sx=40;8y=21;ex=40;ey=299;
for(i=1;i<=9;i++)

line (sx, sy, ex,ey) ;
SX=8xX+35;
ex=sx;

Sx=6;8y=55;ex=355;ey=55;
for(i=1;1i<=7;1i++)




line (sx,sy,ex,ey) ;
Sy=sy+35;
ey=8Yi

setcolor (WHITE) ;
1line (180,20,180,300) ;
line(6,160,355,160) ;
setcolor (LIGHTGRAY) ;
sx=12;8y=156;ex=12;ey=164;
for(i=1;i<=10;1i++)
for(j=1;j<=4;j++)
{
line (sx, sy, ex,ey) ;
SX=8SX+7;
ex=sx;
SX=8X+7;
ex=sx;

sx=176;8y=27;ex=184;ey=27;
for(i=1;1i<=8;i++)

{

for(j=1;j<=4;j++)

line (sx,sy,ex,ey) ;
sy=sy+7;
ey=sy;

sy=8sy+7;
ey=8Yy,

CONTROL ()

{

int i,3,sx,s8Yy;

Y VOLT AND TIME FOR CHANNEL 1--------- * /

setcolor (WHITE) ;

rectangle (5,350,180,470) ;
setfillstyle (1,CYAN) ;
floodfill(6,351,WHITE) ;
outtextxy (10,360, "Volt and
VOLT CH1 () ;

Time for CH1") ;

[Fx--m e VOLT AND TIME FOR CHANNEL 2--------- */

setcolor (WHITE) ;

rectangle (215,350,390,470)
setfillstyle (1,CYAN) ;
floodfill (216,351, WHITE) ;

7

outtextxy (220,360, "Volt and Time for CH2") ;




VOLT CH2 () ;

————————————————— EDITION--------=-=-==-==---~
setcolor (WHITE) ;
rectangle (425,350,620,470) ;
setfillstyle (1, LIGHTRED) ;
floodfill(426,351,WHITE) ;
setcolor (BLACK) ;
outtextxy (495,360, "EDITION") ;
setcolor (YELLOW) ;
rectangle(510,381,590,401) ;
gsetfillstyle (1,BLACK) ;
floodfill (511,382, YELLOW) ;
rectangle(470,440,520,460) ;
setfillstyle (1,BLUE) ;
floodfill (471,441, YELLOW) ;
rectangle (540,440,590,460) ;
setfillstyle (1,BLUE) ;
floodfill (541,441, YELLOW) ;
setcolor (BLACK) ;
outtextxy (430,390, "File Name") ;
outtextxy (487,447,"OK") ;
outtextxy (560,447, "NO") ;

————————————————— GONTRO LysBU THOMS & - B 52T -8
setcolor (YELLOW) ;
rectangle(365,30,415,50) ;

/*-- Buttom Switch Start --*/
setfillstyle (1,BLUE) ;
floodfill (366,31, YELLOW) ;
rectangle (365,70,415,90) ;
/*-- Buttom Exit Program --*/
setfillstyle (1,BLUE) ;
floodfill (366,71, YELLOW) ;
rectangle(365,110,415,130) ;
/*-- Buttom Storage Signal --*/
setfillstyle (1,BLUE) ;
floodfill (366,111, YELLOW) ;
rectangle(365,230,415,250) ;
/*-- Buttom Open File (Signal) --%x/
setfillstyle (1,BLUE) ;
floodfill (366,231, YELLOW) ;
rectangle(365,270,415,290) ;
/*-- Buttom Save Signal --%*/
setfillstyle (1,BLUE) ;
floodfill(366,271,YELLOW) ;
rectangle(50,315,150,335) ;
/*-- Buttom Channel 1 --/*
setfillstyle (1,BLUE) ;
floodfill (51,316, YELLOW) ;
rectangle(260,315,360,335) ;
/*-- Buttom Channel 2 --%/
setfillstyle (1,BLUE) ;
floodfill (261,316, YELLOW) ;




rectangle(380,315,480,335) ;
setfillstyle(1,BLUE) ;
floodfill (381,316, YELLOW) ;
rectangle (500,315,600,335) ;
setfillstyle(1,BLUE) ;
floodfill (501,316, YELLOW) ;
rectangle(60,440,130,460) ;
/*-- Buttom Ground CH 1 --*/
setfillstyle(1,BLUE) ;
floodfill (61,441, YELLOW) ;
rectangle(20,440,40,460) ;
/*-- Buttom AC for CH1 --%*/
setfillstyle (1,BLUE) ;
floodfill (21, 441, YELLOW) ;
rectangle(150,440,170,460) ;
/*-- Buttom DC for CH1 --%*/
setfillstyle(1,BLUE) ;
floodfi11(151,441,YELLOW) ;
rectangle(270,440,340,460) ;
/*-- Buttom Ground CH 2 --*/
setfillstyle (1,BLUE) ;
floodfill (271,441 ,YELLOW) ;
rectangle(230,440,250,460) ;
/*-- Buttom AC for CH2 --%*/
setfillstyle (1,BLUE) ;
floodfill (231,441, YELLOW) ;
rectangle(360,440,380,460) ;
/*-- Buttom DC for CH2 --%*/
setfillstyle(1,BLUE) ;
floodfill (361,441 ,YELLOW) ;
rectangle(170,315,240,335) ;
/*-- Buttom Add Channel --%*/
setfillstyle(1,BLUE) ;
floodfil11(171,316,YELLOW) ;
setcolor (WHITE) ;

outtextxy (372,37, "START") ;
oUtEex TR (3 76 NirCEBXNTY )=
outtextxy (376,117, "STOP") ;
outtextxy (400,323, "TIME UP") ;
outtextxy(515,323,”TIME DOWN") ;
outtextxy (376,237, "OPEN") ;
outtextxy (376,277, "SAVE") ;
outtextxy (65,322, "CHANNEL 1");
Outtextxy(275,322,”CHANNEL 213
outtextxy(73,447,”GROUND”);
outtextxy(283,447,"GROUND”);
outtextxy (182,322, "ADD CH") ;
outtextxy (23,447, "AC") ;
outtextxy (153,447, "DC") ;
outtextxy (233,447, "AC") ;
outtextxy(363,447,"DC")

7




DISPLAY ()

————————————————— DISPLAY CHANNAL 1-----------%/
setcolor (WHITE) ;
rectangle (425,20,620,150) ;
setfillstyle(1,GREEN) ;
floodfill(426,21,WHITE) ;
rectangle(490,43,565,65) ;
setfillstyle(1,BLACK) ;
floodfill (491,44 ,WHITE) ;
rectangle(490,75,565,97) ;
setfillstyle(1,BLACK) ;
floodfill (491,76 ,WHITE) ;
outtextxy (460,27, "DISPLAY CHANNEL 1");
setcolor (YELLOW) ;
rectangle (440,125,460,145) ;
setfillstyle (1,BLUE) ;
floodfill (441,126, YELLOW) ;
rectangle (480,125,500, 145) ;
setfillstyle(1,BLUE) ;
floodfill (481,126, YELLOW) ;
rectangle(540,125,560,145) ;
setfillstyle (1,BLUE) ;
floodfill (541,126, YELLOW) ;
rectangle (580,125,600,145) ;
setfillstyle (1,BLUE) ;
floodfi111(581,126,YELLOW) ;
setcolor (WHITE) ;
outtextxy(447,132,"+"
outtextxy(487,132,"-"
outtextxy (547,132, "+"
outtextxy(587,132,"-"
setcolor (RED) ;
outtextxy (440,50, "Volt V') 4
outtextxy (440,82, "Freq uzy) ;
outEextxy (450 ML WY -PESIL)_;
outtextxy (550,110, "X-POS") ;

————————————————— RISH A bA Sl ot _x/
setcolor (WHITE) ;
rectangle(425,170,620,300) ;
setfillstyle (1,GREEN) ;
floodfill (426,171 ,WHITE) ;
rectangle(490,202,565,225);
setfillstyle (1,BLACK) ;
floodfil1(491,206,WHITE) ;
rectangle(490,235,565,257) ;
setfillstyle(1,BLACK) ;
floodfi111(491,236,WHITE) ;
Outtextxy(460,l77,”DISPLAY CHANNEL 2") ;
setcolor (YELLOW) ;
rectangle(440,275,460,295) ;
setfillstyle(1,BLUE) ;
floodfill(441,276,YELLOW) ;




rectangle(480,275,500,295) ;
setfillstyle (1,BLUE) ;
floodfil1(481,276,YELLOW) ;
rectangle (540,275,560,295) ;
setfillstyle (1,BLUE) ;
floodfill (541,276, YELLOW) ;
rectangle(580,275,600,295) ;
setfillstyle(1,BLUE) ;
floodfill (581,276, YELLOW) ;
setcolor (WHITE) ;

outtextxy (447,282,"+");
outtextxy(487,282,"-") ;
outtextxy(547,282,"+") ;
outtextxy(587,282,"-") ;
setcolor (RED) ;
outtextxy (440,209, "Volt v")
outtextxy (440,242, "Freq Hz'
outtextxy (450,265, "Y-POS")

outtextxy (550,265, "X-POS")

Ne N

START SYSTEM ()

{

{do
Checkmouse () ;
Mouse_ show () ;
CHEGK LAHIECN;
CHECK CH2 () ;
1if ((x1i8>=52&&X1S<=147) && (yis>=318&&yis
<=333) &&buttom==1) /*-- CHANNEL 1--%*/

Mouse off () ;
ch Ta=diy:
ch2=0;

add ch=0;
CHANNEL 1 () ;

else 1if ((x18>=262&&X15<=356) &&
(yis>=318&&yis<=333) &&buttom==1)
f*—— CHANNEL 2 --%*/
Mouse off () ;
chil=0;
ch2=1;
add ch=0;
CHANNEL 2 () ;

else 1f ((xis>=172&&%xX15<=237) &&
(yis>=318&&yis<=333) &&buttom==1)
/*-- ADD CHANNEL --%*/

{

Mouse off () ;




chl=0;
ch2=0;
add ch=1;
ADD CH() ;

J

else 1if ((xis>=368&&X1S<=413) &&
(yis>=233&&yis<=247) &&buttom==1)

Mouse off () ;
OPEN FILE() ;

else if ((xis>=368&&xis<=412) &&
(yis>=73&&yis<=87) &&buttom==1)
/*-- EXIT PROGRAM --%*/

{

X =%

else delay(0) ;
Jwhile (ex!=1) ;

%HANNEL_I()
outportb (0x37a, 0x0a) ;
outportb (0x378,0x00) ;
setcolor (YELLOW) ;
rectangle(50,315,150,335) ;
/*-- Buttom Channel 1 --%*/
setfillstyle(1,GREEN) ;
floodfill (51,316, YELLOW) ;
rectangle (260,315,360,335) ;
/*-- Buttom Channel 2 --%/
setfillstyle(1,BLUE) ;
floodfill (261,316, YELLOW) ;
rectangle (170,315,240, 335) ;
/*-- Buttom Add Channel --%*/
setfillstyle(1,BLUE) ;
floodfill (171,316, YELLOW) ;
setcolor (WHITE) ;
outtextxy (65,322, "CHANNEL 1") ;
outtextxy (275,322, "CHANNEL 2") ;
outtextxy (182,322, "ADD CH") ;

INIT 2();
Do
{
Mouse show () ;
Checkmouse () ;
CHECK _CH1 () ;
STERT () »

if ((x18>=22&&X15<=37) && (yis>=442&&yis




<=457) &&buttom==1)

Mouse off () ;
AC 1();
START () ;

else if((xi1s>=62&&x15<=127)&&(yis>=442&&yis
<=457) &&buttom==1)

{

Mouse off () ;

GND 1();
START () ;

else if((xis>=151&&x1is<=167) &&
(yis>=4426&&yis<=457) &&buttom==1)

Mefise”DII () ;
DC 1();
START () ;

}

else 1f((xis>=368&&x15<=412)&&(yis>=32&&YyisS
<=47) &&buttom==1)
Mouse off ()
start=1;
START () ;

else if((x1s>=262&&%x15<=356) &&
(yis>=318&&yis<=333) &&buttom==1)

on = (SRR CHD
eR=D;

add ch=0;
START () ;

else 1if((xis>=172&&X1s<=237)&&
(yis>=318&&yis<=333) &&buttom==1)

chl=0; // ADD CH

ah2=08&

add_ch=1;
START() ;

)

else 1f((xis8>=3686&6&x15<=412) &&(yis>=73&&Yy1sS
<=87) &&buttom==1)

{

chl=0;
ex=1;

else 1f((xis>=3686&6&x1is<=413)&&
(yis>=233&&y1s<=247) &&buttom==1)

Mouse off () ;
OPEN_FILE() ;




else delay(0) ;
}while (chl!=0) ;
CLEAR_ START BUTTOM() ;

}

CLEAR_START BUTTOM()

{
setcolor (YELLOW) ;
rectangle (365,30,415,50) ;
/*-- Buttom Switch Start --*/
setfillstyle (1,BLUE) ;
floodfill (366,31, YELLOW) ;
setcolor (WHITE) ;
outtextxy (372,37, "START") ;
start=0;

STAR?();
?f(start==1&&chl==l&&ac_l== )

Mouse off () ;
MONITOR () ;
PLOT1 () ;
/ €F- IBROT\WCRARH ki /
setcolor (YELLOW) ;
rectangle (365,30,415,50) ;
/*-- Buttom Switch Start --*/
setfillstyle (1,GREEN) ;
floodfill (366,31, YELLOW) ;
setcolor (WHITE) ;
outtextxy (372,37, "START") ;

do

{
Mouse_ show () ;
Checkmouse () ;
CHECK CH1 () ;
CHECK_CH2 () ;
delay (200) ;

1f ((x1s8>=368&&X15<=413) &&
(yis>=113&&yis<=127)&&buttom::l)
{
Mouse off () ;
iffstop:=0)
stop=1;
setcolor (YELLOW) ;
rectangle (365,110,415,130) ;
setfillstyle(1,GREEN) ;
floodfill (366,111, YELLOW) ;
setcolor (WHITE) ;
outtextxy (376,117, "STOP") ;
STOP () ;




elTe 1f (stop==1)
stop=0;
setcolor (YELLOW) ;
rectangle (365,110,415,130) ;
setfillstyle (1,BLUE) ;
floodfill (366,111, YELLOW) ;
setcolor (WHITE) ;
outtextxy(376,ll7,”STOP”);

}

}
else delay(0) ;
}}while(stop!=o);
else{if(start==1&&ch2==1&&ac_2== )

Mouse off () ;
MONITOR() ;
PLOT2 () ;
] * —PLOTSGRARH - F)
Setcolor (YELLOW) ;
Rectangle(365,30,415,50) ;
Setfillstyle (1, GREEN) ;
Floodfill (366,31, YELLOW) ;
Setcolor (WHITE) ;
outtextxy (372,37, "START") ;
do

{

else delay(0) ;

Mouse show () ;
Checkmouse () ;
CHECK_CH1 () ;
GHECK ORD (16
delay (200) ;
1f((x1s>=368&&x15<=413) &&
(yis>=113&&yis<=127) &&buttom==1)

Mouse off () ;
if (stop==0)

stop=1;

setcolor (YELLOW) ;

rectangle (365,110,415,130) ;
setfillstyle (1,GREEN) ;
floodfill (366,111, YELLOW) ;
setcolor (WHITE) ;

outtextxy (376,117, "STOP") ;
STOP () ;

else if (stop==1)

stop=0;

setcolor (YELLOW) ;

rectangle (365,110,415,130) ;
setfillstyle (1,BLUE) ;




floodfill (366,111, YELLOW) ;

setcolor (WHITE) ;

outtextxy (376,117, "STOP") ;

else delay(0) ;

else delay(0) ;

Jwhile (stop!=0) ;

)

else if (start==1&&chl==1&&dc_1==1)

Mouse off () ;

MONITOR () ;

PLOT DC1();

Setcolor (YELLOW) ;
Rectangle (365,30,415,50) ;
Setfillstyle (1, GREEN) ;
floodfill (366,31, YELLOW) ;
setcolor (WHITE) ;

outtextxy (372,37, "START") ;

do

{

Mouse show () ;
Checkmouse () ;

delay(200) ;

1f ((x1s>=368&&%x15<=413) &&

(vis>=113&&yis<=127) &&buttom==1)

Mol S8wo i1 O
if (stop==0)

stop=1;

setcolor (YELLOW) ;

rectangle (365,110,415,130) ;
setfillstyle (1,GREEN) ;
floodfill (366,111, YELLOW) ;
setcolor (WHITE) ;
Outtextxy(376,117,”STOP”);
STOP () ;

else if (stop==1)

{

stop=0;

setcolor (YELLOW) ;

rectangle (365,110,415,130) ;
setfillstyle (1,BLUE) ;
floodfill(366,111,YELLOW) ;
setcolor (WHITE) ;

outtextxy (376,117, "STOP") ;

else delay(0);

else delay(0);
Jjwhile (stop!=0) ;




else if (start==1&&ch2==1&&dc_2==1)

Mouse off ();
MONITOR () ;
PLOT_DC1 () ;
setcolor (YELLOW) ;
rectangle (365,30,415,50) ;
setfillstyle (1, GREEN) ;
floodfill (366,31, YELLOW) ;
setcolor (WHITE) ;
outtextxy (372,37, "START") ;
do
{
Mouse_show () ;
Checkmouse () ;
delay (200) ;
1f ((xis>=368&&x15<=413) &&
(yis>=113&&yis<=127) &&buttom==1)

Mouse off () ;
I ¥ (stop==56+

stop=1l;

setcolor (YELLOW) ;

rectangle (365,110,415,130) ;
setfillstyle (1,GREEN) ;
floodfill (366,111, YELLOW) ;
setcolor (WHITE) ;

AU et ENENT NN FTPOPUHS
STOP () ;

e%se if (stop==1)
stop=0y
setcolor (YELLOW) ;
rectangle (365,110,415,130) ;
setfillstyle(1,BLUE) ;
floodfill (366,111, YELLOW) ;
setcolor (WHITE) ;
OUt L EeE X V(B aabpmlal=lo="S L@P " ) ;

else delay (0) ;
else delay (0) ;
Jwhile (stop!=0) ;

else delay(0);

}

CHANNEL_ 2 ()

outportb (0x37a,0x0a) ;
outportb (0x378,0x00) ;




setcolor (YELLOW) ;

rectangle (50,315,150, 335) ;
setfillstyle(1,BLUE) ;
floodfill (51,316, YELLOW) ;
rectangle (260,315,360,335) ;
setfillstyle(1,GREEN) ;
floodfill (261,316, YELLOW) ;
rectangle (170,315,240,335) ;
setfillstyle(1,BLUE) ;
floodfil1l(171,316,YELLOW) ;
setcolor (WHITE) ;

outtextxy (65,322, "CHANNEL ") ;
outtextxy (275,322, "CHANNEL 2") ;
outtextxy (182,322, "ADD CH") ;
INIT 1();

do

{
Mouse_ show () ;
Checkmouse () ;
START () ;
CHECK CH2() ;

if ((x1s>=231&6&X15<=247) && (yis>=442&&yis

<=457) &&buttom==1)

{

Mouse off () ;

AC 2 ()
START () ;

else if((xis>=272&&%X18<=338) &&
(yis>=442&&yis<=457) &&buttom==1)

Mouse off () ;
GND 2 () ;
START () ;

else 1f ((x1s8>=3626&&x18<=377) &&
(yis>=442&&yis<=457) &&buttom==1)

Mouse off () ;
DSy S
START () ;

else if ((x1s>=368&&x1s8<=412) &&
(yis>=32&&yis<=47) &&buttom==1)
Mouse off () ;
start=1;
START () ;

else if((xis>=52&&x15<=147)&&(yis>=318&&Yyis

<=333) &&buttom==1)

{

chl=1;
ch2=0;




add_ch=0;
START () ;

}

else 1f((xis>=172&&%x15<=237) &&
(yis>=318&&yis<=333) &&buttom==1)

chl=0;
ch2=0;
add ch=1;
} START () ;
else 1if((xis>=368&&xis<=412) && (yis>=73&&Yyls
<=87) &&buttom==1)

ch2=0;
ex=1;

else delay(0) ;
}while (ch2!=0) ;
CLEAR START BUTTOM () ;

}

ADD_?H()
setcolor (YELLOW) ;
rectangle (50,315,150,335) ;
setfillstyle (1,BLUE) ;
floodfill (51,316, YELLOW) ;
rectangle (260,315,360,335) ;
setfillstyle (1,BLUE) ;
floodfill (261,316, YELLOW) ;
rectangle (170,315,240,335) ;
setfillstyle (1,GREEN) ;
floodfil1l (171,316, YELLOW) ;
setcolor (WHITE) ;
outtextxy (65,322, "CHANNEL 1") ;
outtext X W75¢322 , "CHANNEL 23 %
outtextxy (88,322 AMADDTTEN;
INIT 1();
INIT 2();
7
Mouse show () ;
Checkmouse () ;
if ((x1s>=231&&%X18<=247) && (yis>=442&&yis
<=457)&&bu%tom::l)
Mouse off () ;
AC_ 2();

else 1f((x1is>=272&&%x15<=338) &&
(yis>=442&&yis<=457) &&buttom==1)




Mouse off () ;
GND_27() ;

else 1f((xis>=362&&xXis<=377)&&
(yis>=442&&yis<=457) &&buttom==1)

Mouse off () ;

DC 2();

else 1f((xis>=52&&x1is<=147) &&
(yis>=318&&yi1s<=333) &&buttom==1)
{
chl=1;
ch2=0;
add_ch=0;

else if((xis>=172&&x15<=237) &&
(yis>=318&&yis<=333) &&buttom==1)

chl=0;
ch2=0;
add ch=1;

else 1f ((xis>=368&&X1is<=412) &&
(yis>=73&&y1s<=87) &&buttom==1)

add ch=0;
ex=1;

else delay(0) ;

if ((xis>=22&&x18<=37) && (yis>=442&&Yy1S
<=457) &&buttom==1)
{
Mouse off () ;
AC_1();

else 1if((xis>=62&&x18<=127) && (yis>=442&6&yis
<=457) &&buttom==1)

Mouse off () ;
GND_l();

else if ((x1s>=151&&X18<=167) &&
(yis>=4426&&yis<=457) &&buttom==1)

Mouse off () ;
DC 1();

else if ((x18>=2626&&X18<=356) &&
(yis>=318&&yis<=333) &&buttom==1)
{
chl=0;
ch2=1;
add ch=0;




else if ((xis>=172&&x15<=237)&&
(yis>=3186&&yis<=333) &&buttom==1)

chl=0;
ch2=0;
add ch=1;

else if ((xis>=368&&x18<=412) &&
(yis>=73&&y1s<=87) &&buttom==1)

add ch=0;
ex=1;

else delay(0) ;
}while (add ch!=0) ;
INIT 1();
INIT 2();
; CLEAR_START BUTTOM() ;

A%_l()
ac_1=1;
dc 1=0;
ac_2=0;
dec 2=0;
outportb (0x37a,0x0a) ;
outportb (0x378,0x00) ;
setcolor (YELLOW) ;
rectangle (20,440,40,460) ;
setfillstyle (1,GREEN) ;
floodfill (21,441, YELLOW) ;
rectangle (150,440,170,460) ;
setfillstyle(1,BLUE) ;
floodfill(151,441,YELLOW) ;
rectangle(60,440,130,460) ;
setfillstyle (1,BLUE) ;
floodfill (61,441, YELLOW) ;
setcolor (WHITE) ;
outtextxy (23,447, "AC") ;
outtextxy(153,447,”DC”);
outtextxy (73,447, "GROUND") ;
STOP () ;

AC 2()

ac_2=1;

dc_2=0;

ac_1=0;

dc_1=0;

outportb (0x37a, 0x0a) ;
outportb (0x378,0x00) ;
setcolor (YELLOW) ;

rectangle (230,440,250,460) ;




setfillstyle (1, GREEN) ;
floodfill (231,441, YELLOW) ;
rectangle (360,440,380,460) ;
setfillstyle (1,BLUE) ;
floodfill (361,441, YELLOW) ;
rectangle(270,440,340,460) ;
setfillstyle (1,BLUE) ;
floodfill (271,441, YELLOW) ;
setcolor (WHITE) ;
outtextxy(233,447,"AC") ;
outtextxy(363,447,"DC") ;
outtextxy (283,447, "GROUND") ;
STOP () ;

GND 1 ()

setcolor (YELLOW) ;

rectangle (20,440,40,460) ;
setfillstyle(1,BLUE) ;
floodfill (21,441, YELLOW) ;
rectangle (150,440,170,460) ;
setfillstyle(1,BLUE) ;
floodfill (151,441,YELLOW) ;
rectangle (60,440,130,460) ;
setfillstyle(1l,GREEN) ;
floodfill (61,441, YELLOW) ;
setcolor (WHITE) ;

outtextxy (23,447, "AC") ;
outtextxy(153,447,”DC”);
outtextxy (73,447, "GROUND") ;

GND_2 ()

setcolor (YELLOW) ;

rectangle (230,440,250,460) ;
setfillstyle(1,BLUE) ;
floodfill (231,441,YELLOW) ;
rectangle (360,440,380,460) ;
setfillstyle(1,BLUE) ;
floodfill (361,441 ,YELLOW) ;
rectangle (270,440,340,460) ;
setfillstyle(1,GREEN) ;
floodfill (271,441,YELLOW) ;
setcolor (WHITE) ;

outtextxy (233,447, "AC") ;
outtextxy (363,447,"DC") ;
outtextxy (283,447, "GROUND") ;




ac_2=0;

dC_2=O;

setcolor (YELLOW) ;

rectangle (20,440,40,460) ;
setfillstyle (1,BLUE) ;
floodfill (21,441, YELLOW) ;
rectangle (150,440,170,460) ;
setfillstyle (1,GREEN) ;
floodfill (151,441, YELLOW) ;
rectangle (60,440,130,460) ;
setfillstyle(1,BLUE) ;
floodfill (61,441, YELLOW) ;
setcolor (WHITE) ;

outtextxy (23,447, "AC") ;
outtextxy (153,447,"DC") ;
outtextxy (73,447, "GROUND") ;
STOP () ;

}

DC_2 ()

ac_2=0;

ac 245

ac_1=0;

dc _1=0;

setcolor (YELLOW) ;

rectangle (230,440,250,460) ;
setfillstyle (1,BLUE) ;
floodfill (231,441, YELLOW) ;
rectangle (360,440,380,460) ;
setfillstyle (1,GREEN) ;
floodfill (361,441, YELLOW) ;
rectangle (270,440,340,460) ;
setfillstyle (1,BLUE) ;
floodfi1l1l (271,441, YELLOW) ;
setcolor (WHITE) ;

outtextxy (233,447, "AC") ;
outtextxy (363,447, "DC") ;
outtextxy(283,447,”GROUND”);
STOP () ;

JReomm s c e e CHANNEL 2------=-==-==-=-~- */
/*----INITIAL AC DC AND GND OF CHANNEL 1----- * /

INIT_%()
setcolor (YELLOW) ;
rectangle (20,440,40,460) ;
setfillstyle(1,BLUE) ;
floodfill (21,441, YELLOW) ;
rectangle (150,440,170,460) ;
setfillstyle(1l,BLUE) ;
floodfill (151,441, YELLOW) ;




rectangle (60,440,130,460) ;
setfillstyle(1,BLUE) ;
floodfill (61,441, YELLOW) ;
setcolor (WHITE) ;

outtextxy (23,447,"AC") ;
outtextxy (153,447,"DC") ;
Outtethy(73,447,"GROUND”);

}

INIT_?()
setcolor (YELLOW) ;
rectangle (270,440,340,460) ;
setfillstyle (1,BLUE) ;
floodfill (271,441, YELLOW) ;
rectangle (230,440,250,460) ;
setfillstyle (1,BLUE) ;
floodfill (231,441, YELLOW) ;
rectangle (360,440,380,460) ;
setfillstyle (1,BLUE) ;
floodfill (361,441, YELLOW) ;
setcolor (WHITE) ;
outtextxy (283,447, "GROUND") ;
outtextxy(233,447,"AC") ;
outtextxy(363,447,”DC");

[*mmmmm e FUNCTION OPEN FILE--------- */
OPEN_ FILE ()

int i;
char fname [20];
MONITOR () ;
ope=1;
setcolor (YELLOW) ;
rectangle (365,230,415, 250) ;
setfillstyle(l,GREEN) ;
floodfill (366,231, YELLOW) ;
setcolor (WHITE) ;
outtextxy (376,237, "OPEN") ;
setcolor (WHITE) ;
outtextxy (495,360, "EDITION") ;
outtextxy (430,390, "File Name") ;
outtextxy (487,447,"0OK") ;
outtextxy (560,447, "NO") ;
Mouse show () ;

startl:
gotoxy (66 ,25) jecant ("%$8", Ename) ;
do
{
Mouse show () ;
Checkmouse () ;
delay (200) ;

if ((x18>=470&&X15<=520) && (yis>=440&&y1s
<=460) &&buttom==1)




{

Mouse off () ;
if ((fp=fopen(("%s", fname), "rb"))==NULL)

exit (0);

}

for{;i)

if (fread(&list, sizeof (struct
data),1,fp) !=1);

if (feof (fp))

fclose (fp) ;
break;

J

if (!strcmp (fname,list.file name))
{
moveto (6,160) ;
for(i=1;i<=100;i++)

setcolor (YELLOW) ;
if (list.data signal[i]<180)
lineto(5+1i*3.5, (250) -1list.data signal

setcolor (YELLOW) ;

rectangle (510,381,590,401) ;
setfillstyle (1,BLACK) ;
floodfill (512,382, YELLOW) ;
ope=0;

setcolor (YELLOW) ;

rectangle (365,230,415,250) ;
setfillstyle (1,BLUE) ;
floodfill (366,231, YELLOW) ;
setcolor (WHITE) ;

ou t ekl X yaalbmada?, DFEN" ) ;
setcolor (BLACK) ;
outtextxy(495,360,”EDITION”);
outtextxy (430,390, "File Name") ;
Outtextxy(487,447,”OK");
outtextxy (560,447, "NO") ;

else if((x1s>=540&&%x15<=590) &&
(yis>=440&&yis<=460) &&buttom==1)

Mouse off();
setcolor (YELLOW) ;
rectangle (510,381,590,401) ;
setfillstyle (1,BLACK) ;




floodfill (512,382, YELLOW) ;
120 ;%=520;

buff[0];

goto startlj;

else if((xis>=365&&x1is<=415) &&
(yis>=230&&yi1s<=250) &&buttom==1)

Mouse off () ;
ope=0;
setcolor (YELLOW) ;
rectangle (365,230,415,250) ;
setfillstyle (1,BLUE) ;
floodfill (366,231, YELLOW) ;
setcolor (WHITE) ;
outtextxy(376,237,”OPEN”);
setcolor (BLACK) ;
outtextxy(495,360,”EDITION”);
outtextxy (430,390, "File Name") ;
outtextxy(487,447,"OK");
outtextxy (560,447, "NO") ;

else delay(0) ;
}while (ope!=0) ;

STOP ()
do

Mouse show () ;
Checkmouse () ;
delay (200) ;
if ((xis>=365&&X15<=415) && (yis>=270&&yis
<=290) &&buttom==1)

Mouse off ();
If (save==0)

v_atl=0;v_at2=0;save=l;
setcolor (YELLOW) ;

rectangle (365,270,415,290) ;
setfillstyle (1,GREEN) ;
floodfill (366,271, YELLOW) ;
setcolor (WHITE) ;

outtextxy (376,277, "SAVE") ;
setcolor (WHITE) ;

outtextxy (495,360, "EDITION") ;
outtextxy (430,390, "File Name") ;
Outtextxy(487,447,”OK”);
outtextxy (560,447, "NO") ;
MODE_SAVE () ;

}

elge if (save==1)




v_atl=0;v_at2=0;save=0;
setcolor (YELLOW) ;

rectangle (365,270,415,290) ;
setfillstyle(1,BLUE) ;
floodfill (366,271, YELLOW) ;
setcolor (WHITE) ;
Outtextxy(376,277,"SAVE");
setcolor (BLACK) ;

outtextxy (495,360, "EDITION") ;
outtextxy (430,407, "File Name") ;
outtextxy(487,447,”OK");
outtextxy (560,447, "NO") ;

else delay (0);

else if((xis>=365&&%x1is<=415)&&(yis>=110&&yisS
<=130) &&buttom==1)

Mouse off ();

Stop=0;
V_atl=0;v_at2=0;save=0;
Setcolor (YELLOW) ;

Rectangle (365,110,415,130) ;
Setfillstyle (1,BLUE) ;
Floodfill (366,111, YELLOW) ;
Setcolor (WHITE) ;
Outtextxy(376,1l7,”STOP”);
Setcolor (YELLOW) ;

Rectangle (365,270,415,290) ;
Setfillstyle (1,BLUE) ;
Floodfill (366,271, YELLOW) ;
Setcolor (WHITE) ;

Outtextxy (376,277, "SAVE") ;

else if((xis>=368&&xis<=413)&&(yis>=233&&yis
<=247) &&buttom==1)

(

s

Mouse off ();

OPEN FILE () :

else delay(0);
}while (stop!=0) ;
Mouse show () ;

J

?ODE_SAVE()
int 1=0,x=520,n0=0;
start:
Mouse show () ;
Gotoxy (66,25) ;scanf ("$s",1list.file_name);
Do {
Mouse show () ;
Checkmouse () ;
Delay (200) ;




If((xis>=470&&x15<=520) && (yis>=440&&yis
<=460) &&buttom==1)

{

Mouse off () ;

If ((fp=fopen(("%s",list.file name), "a+b")) ==NUL
L)
{
exit (0) ;

fwrite (&list, sizeof (struct data), 1, fp);
fclose (fp) ;

setcolor (YELLOW) ;
rectangle(510,381,590,401);
setfillstyle(1,BLACK) ;
floodfill (512,382, YELLOW) ;
save=0;

setcolor (YELLOW) ;

rectangle (365,270,415,290) ;
setfillstyle(1,BLUE) ;

floodfill (366,271, YELLOW) ;
setcolor (WHITE) ;

outtextxy (376,277, "SAVE") ;
setcolor (BLACK) ;
Outtextxy(495,360,"EDITION”);
outtextxy (430,390, "File Name") ;
oWL#EXTRY (A 44 TWMOK S
outtextxy (560,447, "NO") ;

else if ((x15>=540&&x18<=590) &&(yis>=440&&yis
<=460) &&buttom==1)

Mouse off () ;

setcolor (YELLOW) ;

rectangle (510,381,590,401) ;
setfillstyle (1,BLACK) ;
floodfill (512,382, YELLOW) ;
1A0%Xx=520.;

buff [0] ;

goto start;

else if ((x1s>=365&&%x18<=415)&& (yis>=270&&Yy1sS
<=290) &&buttom==1)

Mouse off ();

save=0;

setcolor (YELLOW) ;

rectangle (365,270,415,290) ;
setfillstyle(1,BLUE) ;
floodfill (366,271,YELLOW) ;
setcolor (WHITE) ;
Outtextxy(376,277,”SAVE“);
setcolor (BLACK) ;

outtextxy (495,360, "EDITION") ;
outtextxy (430,390,"File Name") ;




outtextxy (487,447, "OK") ;
outtextxy (560,447, "NO") ;

else delay(0);
}while (save!=0) ;
Mouse show () ;

}

[r-mmmmm e FUNCTION MOUSE------------- */
MOUSE ()

{
Mouse init ()
Mouse_show ()
/ /Checkmouse

7 4

(3 7

Y CHECK MOUSE---------------- */
%heckmouse()
regs.x.ax=3;
int86 (0x33, &regs, &regs) ;
xls=(regs.x.cx) ;
yis=(regs.x.dx);
buttom=regs.x.bx;

oxX=xX18;
oy=vyis;
ob=buttom;
return(0) ;
}
JH e MOUSE INITIAL---------=------ */

Mouse init ()
union REGS regs;
regs.x.ax=0;
int86 (0x33, &regs, &regs) ;
return regs.x.aX;

Y R e MOUSE SHOE------=--=-------- * /
Touse_show()
union REGS regs;
regs.x.ax=1;
int86 (0x33, &regs, &regs) ;
return regs.Xx.ax;

PR e s o e s i o et i i i MOUSE OFF--------=-=-=-----~ */
Touse_off()
union REGS regs;
regs.x.ax=2;
int86 (0x33, &regs, &regs) ;
return regs.Xx.ax;




}

PLOTL ()
{ |
int t,1;
char k;
gotoxy (63,16) ;printf (" ")
gotoxy (63,14) ;printf (" 1)
setcolor (YELLOW) ;

moveto (xpos,ypos) ;

t = 100;
delay(0) ;

w?ile( t >= 100)
outportb (0x37a,0x00) ;
outportb (0x37a,0x00) ;
t = inportb (0x37c) ;
outportb (0x37a,0x01) ;

}

while (£<100)

{

outportb (0x37a,0x00) ;
outportb (0x37a,0x00) ;
t = inportb(0x37c) ;

outportb (0x37a,0x01) ;

for(1i=1;1<=9000; i++)

outportb (0x37a,0x00) ;
list.data signal[i] =inportb (0x37c) ;
outportb (0x37a,0x01) ;

1

!
while(list.data signal[c]>=128)

C+3;
first++;

while (list.data signal[c]<128)

{

first++;
Crht

while (list.data signallc]>=128)

{

second++;
C++;

while(list.data signal [c]<128)

{

second++;
C++;

while (list.data signal [c]>=128)

third++;




C++;
while (list.data signal[c]<128)

{

third++;
CH++;

while (list.data signal[c]>=128)

if ((list.data signal([c]>list.data_signal [c-
3])&&(list.data_signal [c]<=1list.data_signal [c+3]))

vh=1list.data signall[c];
else delay(0);
fourth++;
C++;

while (list.data signal[c]<128)

if ((list.data_signallcl<list.data signal [c-
3])&&(list.data signal[c] >=1list.data_signal [c+3]))

vl=list.data signal[c];

else delay(0);

fourth++;
C++;
for(i=1;1i<=(700/(nn*2)) ;i++)

setcolor (YELLOW) ;
if(list.data signal[i]<200)
ber=list.data_signal[i];

pot (ypos) ;
%ineto((i*nn)+5,ber2);
fregavg=(third+fourth) /2;
freg=1/(0.0000042*freqgavg) ;
gotoxy (63,6) ;
printf ("% . 2L MRS oy

gotoxy (63,4) ;

printf ("%.2£", (vh-vl)*0.020) ;
first=1;second=1;third=1;fourth=1;
@=0

delay (10);
?f (kbhit ())

k=getch () ;

switch (k) {

case '+':
if (nn <= 10) nn=nn+0.05;
break;
case '-':
if (nn >0.05) nn=nn-0.05;




break;

case '/':
if (ypos<=250) ypos=ypos+5;
break;

case '*':
if (ypos>=80) ypos=ypos-5;
break;

case '1':

nn=0.1;

break;

case '2':

nn=0.5;

break;

case '3':

nn=1;

break;

case '4':

nn=3;

break;

casef Jys':

nnzc4

break;

case '9':
d f rd) <=1127 vd=vd+0.05;
break;

case '6':
if (vd>=0.05) wvd=vd-0.05;
break;

cage, WY =
b ' (EeesiE-x170) XPOS=XpPoOs+5;
break;

cage =W .
if (xpos>10) xXpos=xpos-5;
break;

case 27:

case 13:
nn = 2000;
}

}

}

pot (int yy)
if (ber<=128)
éer2=yy+(128—ber)*vd;
else if (ber>128)
ber2=yy- (ber-128) *vd;

else delay(0) ;

}

PLOT2 ()




{
int t,1i;
char k;
gotoxy (63,6) ;printf (" wy ;
gotoxy (63,4) ;printf (" o
setcolor (RED) ;
moveto (xpos,ypos) ;
t = 100;
delay (0) ;
while( t >= 100){
outportb (0x37a, 0x04) ;
outportb (0x37a, 0x04) ;
t = inportb(0x37c) ;
outportb (0x37a, 0x05) ;

while (t<100) {
outportb (0x37a, 0x04) ;
outportb (0x37a, 0x04) ;
t = inportb(0x37c) ;
outportb (0x37a, 0x05) ;

}

for(i=1;1<=9000;1i++)

outportb (0x37a, 0x04) ;
list.data signal[il =inportb (0x37c) ;
outportb (0x37a, 0x05) ;

while (list.data signal [c]>=128)

{

CH- +e7
first++;

while (list.data signal [c]<128)

{

first++;
C++;

while (list.data signal[c]>=128)

{

second++;
Ct+;

while (list.data signal[c]<128)

{

second++;
C++;

while(list.data signal[c]>=128)

third++;
Ctt;

while (list.data signal[c]<128)

third++;




C++;
while (list.data signal[c]>=128)

if ((list.data_signal[c]l>list.data_signal [c-
3])&&(list.data signal [c]<=1list.data_signal [c+3]))

vh=1list.data signal [c];
else delay(0);
fourth++;
C++;

while (list.data_signal[c]<128)

if ((list.data signal[cl<list.data_signal [c-
3])&&(list.data signal [c]>=1list.data_signal [c+3]))

vl=1list.data signal[c];

else delay(0);

fourth++;
c++;
for(I=1;1i<=(700/(nn*2)) ;i++)

setcolor (LIGHTGREEN) ;

if (list.data signal[i] <200)
ber=1ist.data signalli];
pot (ypos) ;
lineto((i*nn)+5,ber2) ;

fregavg=(third+fourth) /2;
freg=1/(0.00000425*fregavg) ;
gotoxy (63,16) ;
priRQE (&% 284 ALvread);
gotoxy (63,14) ;
print N&& 28/, , (Vh-vINHOS#20T ;
first=1;second=1;third=1;fourth=1;
c=03

delay (10) ;

if (kbhit ())

k=getch() ;
switch (k) {
case '+':
if (nn <= 10) nn=nn+0.05;
break;
case '-':
if (nn >0.05) nn=nn-0.05;
break;
case '/':
if (ypos<=250) ypos=ypos+5;
break;
case '*':




if (ypos>=80) ypos=ypos-5;
break;

case '1l':

nn=0.1;

break;

case '2':

nn=0.5;

break;

cagse '3':

nn=1;

break;

case '4':

nn=3;

break;

case '5':

nn=>5;

break;

case '9':
if (vd <= 2) vd=vd+0.05;
break;

case '6':
if (vd>=0.05) wvd=vd-0.05;
break;

cage '
if (xpos <= 170) XPOS=XpPOS+5;
break;

case_ '8!':
if (xpos>10) xpos=Xxpos-5;
break;

casen29:
case 13:
nn “=2 000

}
}
}
PLOT_DC1 ()

moveto (6,160) ;

outport (0x37a, 0x0a) ;
outport (0x378,0x59) ;
for(I=1;i<=1000;1i++)

outportb (0x37a,0x00) ;
list.data signall[i] =inportb (0x37c) ;
outportb (0x37a,0x01) ;

for(i=1;1<=350;1i++)

setcolox (YELLOW) ;
list.data signallil;
lineto(i+5,232-(list.data signal[i]*0.80)) ;

)

gotoxy (63,4) ;




printf ("%.2f",list.data signal[i]*0.01);

}

PLOT DC2 ()

moveto (6,160) ;

outport (0x37a,0x0a) ;
outport (0x378,0x99) ;
for(i=1;i<=1000;1i++)

outportb (0x37a, 0x04) ;
list.data signal[i] =inportb (0x37c) ;
outportb (0x37a, 0x05] ;

for(i=1;1<=350;1++)

{

setcolor (YELLOW) ;

list.data signall[il];
lineto(i+5,232-(list.data signal [1]*0.80)) ;

VOLT CH1 ()

{ int sx,sy,i,3;
sx=30,s8y=385;
for(j=1;j<=2;j++)

for(i=1;i<=4;1i++)

setcolor (BLACK) ;
circle(sx,sy,5);
setfillstyle (1,WHITE) ;
floodfill (sx+1, sy,BLACK) ;
sy=sy+14;

3y=385;8x=sx+80;

setcolor (BLACK) ;
circle (30,427,2);
setfillstyle (1, BLACK);
floodfill (31,427,BLACK) ;
outportb (0x37a, 0x0a) ;
outportb (0x378, 0x00) ;
setcolor (RED) ;
outtextxy(45,382,"0.1") ;
outtextxy (45,396, "0.2") ;
outtextxy (45,410,"0.5") ;
outtextxy (45,424, " in)
outtextxy(125,382," 2");
outtextxy (125,396 ," 5m) ;
Outtextxy(125,410,”10”);
outtextxy (125,424,"20")

!

VOLT CH2 ()
{ int sx,sy,i,3;
sx=240,s8y=385;




for(j=1;3<=2;J++)
for(i=1l;i<=4;1i++)

setcolor (BLACK) ;
circle(sx, sy, 5) ;
setfillstyle(1,WHITE) ;
floodfill (sx+1,sy,BLACK) ;
sy=sy+14;

sy=385;sx=8x+80;

setcolor (BLACK) ;

circle (240,427,2);
setfillstyle (1, BLACK) ;
floodfill (241,427 ,BLACK) ;
setcolor (RED) ;
outtextxy (255 ,382%7 "0.1 U\
outtextxy (258896 , X ON2N\
outtextxy (258, 4 16-L0 54}y
outtextxyM 55 424 i H'L\N
outtextxf 335,388 ')
outtextxy(335,396," 5");
outtextxy(335,410,"10") ;
outtextxy(335,424,"20") ;

CLEAR_ CHI ()

{ int] Bl G
sx=30,s8y=385;
for (%N ;%9==2 il )

for(i=1;i<=4;i++)

setcolor (WHITE) ;
circle(sx,sy,2);
setfillstyle (1,WHITE) ;
floodfill (sx+1,s8y,WHITE) ;
sy=sy+14;

sy=385;sx=8x+80;

J

CLEAR CH2 ()

{ int e 8,1,
sx=240,sy=385;
for(j=1;j<=2;J++)

for(i=1;1i<=4;1i++)

setcolor (WHITE) ;
circle(sx,sy,2);
setfillstyle(1,WHITE) ;
floodfill (sx+1,sy,WHITE) ;
sy=sy+14;




J
sy=385;8x=sx+80;
}
}

CHECK_CH1 ()

if ((x1s8>=25&&X18<=35) && (yis>=380&&yls
<=390) &&buttom==1)

Mouse off () ;
CLEAR CH1 () ;

setcolor (BRLACK) ;
circle(30,385,2);
setfillstyle (1,BLACK) ;
floodfill (31,385,BLACK) ;
if (ac_1==1)

outportb (0x37a,0x0a) ;
outportb (0x378, 0x3f) ;
}

else/if (de-1==1)
{
outportb(0x37a,0x0a) ;
outportb (0x378,0x90) ;

else delay (0);
Mouse show () ;

else if ((xis>=25&&x18<=35)&&(yis>=394&&yis
<=404) &&buttom==1)

MbY e ofT Y2
CLEAR_CH1 () ;

setcolor (BLACK) ;
circle(30,399,2);
setfillstyle (1,BLACK) ;
floodfill (31,399,BLACK) ;
if (ac 1==1)

outportb(0x37a,0x0a) ;
outportb(0x378,0x36) ;
else if (dc_1==1)
outportb (0x37a,0x0a) ;
outportb(0x378,0x87) ;

else delay(0);
Mouse_ show ()

r

else if ((xis>=25&&x15<=35)&&(yis>=408&&yis
<=418) &&buttom==1)

Mousge off ();




CLEAR CH1 () ;

setcolor (BLACK) ;
circle(30,413,2);
setfillstyle (1,BLACK) ;
floodfill (31,413,BLACK) ;
if(ac 1==1)

outportb(0x37a,0x0a) ;
outportb (0x378,0x2d) ;

else if (dc_1==1)
{
outportb (0x37a,0x0a) ;
outportb(0x378,0x7e) ;
}

else delay(0);

Mouse show () ;

else if((xis>=25&&x1s<=35) &&(yis>=422&&Yyis
<=432) &&buttom==1)

Mouse off () ;
CLEAR_CH1 () ;

setcolor (BLACK) ; .
circle(30,427,2);
setfillstyle (1,BLACK) ;
floodfill (31,427,BLACK) ;
if (ac [1==19

outportb (0x37a, 0x0a) ;
quitfrL b ( QXAFEasreehis

else if (dec_1==1)

outportb (0x37a, 0x0a) ;
outportb (0x378,0x51) ;
else delay(0);
Mouse show () ;
else if ((xis>=105&&%xiS<=115) &&(yis>=380&&yis
<=390) &&buttom==1)

Mouse off () ;

CLEAR CH1 () ;

setcolor (BLACK) ;
circle(110,385,2);
setfillstyle(1,BLACK) ;
floodfill (111, 385,BLACK) ;
if (ac 1==1)

outportb (0x37a, 0x0a) ;
outportb (0x378,0x09) ;

}

else if (dc 1==1)




{

cukportb (0x37a,0x0a) ;
outportb (0x378, 0x5a) ;

7

else delay(0) ;
Mouse_show ()

else if ((x1is>=105&&x18<=115)&&(yis>=394&&yis
<=404) &&buttom==1)

Mouse off () ;

CLEAR CH1();

setcolor (BLACK) ;

circle (110,399, 2);
setfillstyle (1, BLACK) ;
floodfi111(111,399,BLACK) ;
if (ac 1==1)

outportb (0x37a, 0x0a) ;
outportb (0x378,0x12) ;

elsg /if (dc_l==1)
{
outportb(0x37a, 0x0a) ;
outportb (0x378,0x63) ;

else delay (0) ;
Mouse show () ;

else 1f((xX1s>=105&&x18<=115) && (y1s>=408&&yis
<=418) &&buttom==1)

Mouse off () ;

CLEAR_CH1 () ;

setcolor (BLACK) ;
circle(110,413,2);
setfillstyle (1,BLACK) ;
floodfi111(111,413,BLACK) ;
if (ac 1==1)

outportb (0x37a, 0x0a)
outportb (0x3 7 Gl

}

else if(dc 1==1)

7
7

outportb (0x37a, 0x0a)
outportb (0x378, 0x6C)
}
else delay (0) ;
Mouse show ()

7
7

7

else 1f((xis>=105&6&x1S<=115)&&(yis>=422&&YisS
<=432) &&buttom==1)

Mouse off () ;




CLEAR_CH1 () ;

setcolor (BLACK) ;
circle(110,427,2);
setfillstyle (1,BLACK) ;
floodfill(111,427,BLACK) ;
if (ac 1==1)

outportb (0x37a,0x0a) ;
outportb (0x378,0x24) ;

else if (dc_1==1)

outportb(0x37a, 0x0a)
outportb (0x378,0x75)

}

else delay(0);
Mouse show () ;

)

else delay (0) ;

}

CHECK_CH2 ()

A
’

if ((x18>=235&&%x15<=245) && (yis>=380&&yis
<=390) &&buttom==1)

Mouse off () ;

CLEAR CH2 () ;

setcolor (BLACK) ;

circle (240,385, 2) ;
setfillstyle (1,BLACK) ;
floodfill (241,385,BLACK) ;
outportb (0x37a, 0x0a) ;
outportb (0x378,0x08) ;
Mouse show () ;

else if ((xis>=235&&x18<=245) &&(yis>=394&&yis
<=404) &&buttom==1)

Mouse_off ();

CLEAR CH2();

setcolor (BLACK) ;
circle(240,399,2);
setfillstyle (1,BLACK) ;
floodfill(241,399,BLACK) ;
outportb (0x37a, 0x0a) ;
outportb (0x378,0x07) ;
Mouse show () ;

else 1f((x1s>=235&&X1S<=245) &&(y1is>=408&&YyisS
<=418) &&buttom==1)

Mouse off ();
CLEAR_CH2 () ;
setcolor (BLACK) ;




circle(240,413,2) ;
setfillstyle (1,BLACK) ;
floodfill(241,413,BLACK) ;
outportb (0x37a,0x0a) ;
outportb (0x378,0x06) ;
Mouse_ show () ;

else 1f((xis>=235&&x18<=245) && (yis>=422&&Yy1ls
<=432) &&buttom==1)

Mouse off ();

CLEAR CH2 () ;

setcolor (BLACK) ;
circle(240,427,2);
setfillstyle (1,BLACK) ;
floodfill (241, 427,BLACK) ;
outportb (0x37a,0x0a) ;
outportb (0x378,0x00) ;
Mouse show () ;

else 1f((xis>=315&&x1s5<=325)&&(yis>=380&&y1ls
<=390) &&buttom==1)

Mouse off () ;

CLEAR CH2 () ;

setcolor (BLACK) ;
circle(320,385,2) ;
setfillstyle (1,BLACK) ;
floodfill (321, 385,BLACK) ;
outportb (0x37a,0x0a) ;
outportb (0x378,0x01) ;
Mouse show() ;

else 1f((xis>=315&&x18<=325)&&(yis>=394&&yis
<=404) &&buttom==1)

MousQ QETE) ;

CLEAR_CH2();

setcolor (BLACK) ;
circle(320,399,2) ;
setfillstyle (1,BLACK) ;
floodfill (321,399,BLACK) ;
outportb (0x37a,0x0a) ;
outportb (0x378,0x02) ;
Mouse_ show () ;

else 1f((xis>=315&&%x15<=325)&&(yis>=408&&Yy1isS
<=418) &&buttom==1)

Mouse off () ;

CLEAR CH2 () ;

setcolor (BLACK) ;
circle(320,413,2);
setfillstyle (1,BLACK) ;
floodfill (321,413,BLACK) ;




outportb (0x37a, 0x0a) ;
outportb (0x378, 0x03) ;
Mouse show () ;

else if ((xis>=315&&%x15<=325) && (yis>=422&&yis
<=432) &&buttom==1)

Mouse off () ;

CLEAR CH2 () ;

setcolor (BLACK) ;
circle(320,427,2);
setfillstyle (1,BLACK) ;
floodfill (321,427,BLACK) ;
outportb (0x37a,0x0a) ;
outportb (0x378,0x04) ;
Mouse show () ;

else delay(0);

}

CHECK_ RL ()

if ((x1s>=365&&X18<=415) && (yis>=150&&yis
<=170) &&buttom==1)

Mouse off () ;

setcolor (YELLOW) ;

e cPanbg B3 600,91 50 Y4 LECLEER )\§
setfillstyle (1,GREEN) ;
floodfill (366,151, YELLOW) ;
setcolor (WHITE) ;

QU SR TR Yl Ty L Sy a1 U
Mouse show () ;

do

{
Checkmouse () ;

if (buttom==0)

Mouse off () ;

setcolor (YELLOW) ;

rectangle (365,150,415,170) ;
setfillstyle(1,BLUE) ;
floodfill (366,151, YELLOW) ;
setcolor (WHITE) ;
outtextxy(372,157,"V_atl");
Mouse show() ;

else delay(0);
while (buttom!=0) ;

else if ((xis>=365&&x15<=415) &&(yis>=190&&yis
<=210) &&buttom==1)

Mouse off () ;
setcolor (YELLOW) ;




rectangle(365,190,415,210) ;
setfillstyle (1, GREEN) ;
floodfil1l (366,191, YELLOW) ;
setcolor (WHITE) ;

outtextxy (372,197, "V_at2") ;
Mouse show () ;

do

Checkmouse () ;
if (buttom==0)

Mouse off ();

setcolor (YELLOW) ;

rectangle (365,190,415,210) ;
setfillstyle (1,BLUE) ;
floodfill (366,191, YELLOW) ;
setcolor (WHITE) ;

out pEfxy (37 \NAT, 'V /aL2") ;
Mouse_show () ;

else delay (0);
while (buttom!=0) ;

else delay(0) ;

}
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ADCO0820

Track/Hold Function

General Description

By using a half-flash conversion technique, the 8-bit
ADC0820 CMOS A/D offers a 1.5 ps conversion time and
dissipates only 75 mW of power. The half-flash technique
consists of 32 comparators, a most significant 4-bit ADC and
a least significant 4-bit ADC.

The input to the ADC0820 is tracked and held by the input
sampling circuitry eliminating the need for an external
sample-and-hold for signals moving at less than 100 mV/us.

For ease of interface to microprocessors, the ADC0820 has
been designed to appear as a memory location or I/O port
without the need for external interfacing logic.

Key Specifications
8 Bits
2.5 ps Max (RD Mode)
1.5 ps Max (WR-RD Mode)
75 mW Max

m Resolution

m Conversion Time

m Low Power
m Total Unadjusted

Error +% LSB and £ 1 LSB

June 1999

National Semiconductor

8-Bit High Speed pP Compatible A/D Converter with

Features

® Built-in track-and-hold function

No missing codes

No external clocking

Single supply—5 Vpe

Easy interface to all microprocessors, or operates

stand-alone

m Latched TRI-STATE® output

m Logic inputs and outputs meet both MOS and T2L
voltage level specifications

m Operates ratiometrically or with any reference value
equal to or less than Ve

m 0V to 5V analog input voltage range with single 5V
supply

m No zero or full-scale adjust required

m Overflow output available for cascading

m 0.3" standard width 20-pin DIP

m 20-pin molded chip carrier package

m 20-pin small outline package

m 20-pin shrink small outline package (SSOP)

Dual-In-Line, Small Outline
and SSOP Packages

-/

V! 20f—Vee

0B0—{2 19}—NC

081—{3 18— OFL

DB2—{4 17 —DB7

083 —5 16 (—DB6

WR/RDY —{6 15|—D085

MODE—7 14[—DB4

rRO—8 13f—=C8
INT—8 ”r"m(*)
GND—{10 11— Vegr (=)
DS005501-*

Top View

TRI-STATE? is a registered trademark of National Semiconductor Corporation.

Connection and Functional Diagrams

Molded Chip Carrier
Package

-cs

— Veer (+)
— Veer (=)
— GND

— iNT

DB2
DB3
WR/RDY

DS005501-33

© 1999 National Semiconductor Corporation DS005501

www.national.com
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

+0.006
=l 0.350 -0.000
(8:89 Zgiop ) 0.017£0.004 .
PIN #1 IDENT [0.43%0.10]
oy 0.065
450X
INO 119 [1.65] —\
o | ) —
4 18 — L
O 0 0.029£0.003 - 4
O 0 [0.74%0.08) 0.310£0.020 . o
u 0 [7.87£0.51]
8 [ 14
| et 1
oI T
3 "!" i5 |, SEATING PLANE
0.020
0.050 -, -— MIN TYP 0.390£0.005
i _" a2 [0.51] [9.91£0.13] ''P
0.200 0.105£0.015
(5.06) TP [ [2.67%0.38] 1'P
0.165-0.180 yp
[4.19-4.57]
£ [0.004 [0.10] V20A (REV L)

LIFE SUPPORT POLICY

Molded Chip Carrier Package (V)
Order Number ADC0820BCV
NS Package Number V20A

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor National Semiconductor

o)

National Semiconductor
Asia Pacific Customer
Response Group

National Semiconductor
Japan Ltd.
Tel: 81-3-5639-7560

Corporation Europe
Americas Fax: +49 (0) 1 80-530 85 86
Tel: 1-800-272-9959 Email: europe.support@nsc.com
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85
Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32
Frangais Tel: +49 (0) 1 80-532 93 58
www.national.com ltaliano Tel: +49 (0) 1 80-534 16 80

Tel: 65-2544466
Fax: 65-2504466
Email: sea.support@nsc.com

Fax: 81-3-5639-7507

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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PhySIcal Dimensions inches (milimeters) unless otherwise noted (Continued)
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Physical Dimensions inches (millimeters) unless otherwise noted
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3.0 Typical Applications (continued)

2610550050
4399181
(£/91= AININDIY ONITWYS) AOV H
(91) LNdNI ¥2013 18v1S
Alowsw )3y o
oes/se|dwes WE'L o T =
lml)\,)‘l AS
(5] ¥1) \‘I?wz._ LITTY
A TG W = = !
IV 0 0 ol—ns ﬁu Hewl
_ b3
b3
[
M
0
= Ll 10 L0 ] HIVY
J YLESTPLWD
a—(CIl | e e i
2y AlL L5 7 » 1N0 Y3991 00800¥0 gy 0
‘e HllnA _ F _ <~
i OQF — 10 rarsI0LMO ym oty 043 24m3
. IV [ I
e e o
e & %9013 — wou w o | -
ym AIL LI £6CSTPLNO =
IQIL L) L M 114 L oy on 80 M.u
_ ‘ . /. /. . .
i kaq 10 —{ 1u10 - T: . @ . 300W |— s
ym A|L . NTIZ> ) . . Nip
8 ov o to/n 080
5 A|m~ﬂ| ) O— b 1313 WYH 8~ NZ 028030v
N
i 3 B0 TN 0 i
; TRe W IT
[Bak] EL o um

vz —
ol oy oy

21901 104INOJ 0 0L ¥

vt 8y ov

£6£STIPLHWO

—_—
SHIINNOD
$S3voav

19p1029Yy wioaaep [e)b1g

— 2u1d & 3 . :.s 2 Inun
191 . "\.\Hv .D - AHV . 300K |— A
. 74 7% . Nip

AS— 01 A0
A _ v 1nd1no
9 Q3z111910

Q3H01S

Yo 080
WYY 8 > NZ 028020¥
AHOWIW SYILYIANOD
aoLy

AS 0L AO
-O ) 1ndNI
90IVNY

www.national.com

19



107

3.0 Typical Applications (continued)

Fast Infinite Sample-and-Hold

1248
Vin
(v 10 5v»_u-
1 e
10
- WA |28 w2 13 15y
Ion,m
13
5 o T
8w 4 10 ;
1 3 .
Vaerl =) 3 0.01,.F _l_
ADC0820 DAC0300 L 0;1sF
15 8 16 l
LM320-5.00A2 Vee 16 I " VV\—5V
1.82K
1%
MooE L § A
1.8k
—_ 18 MSB_ 5 1
2 4/
15V
Your
f V-5V
g LF356
= ~15v
VAVA
1.82k
%
DS005501-31
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3.0 Typical Applications (continued)

Telecom A/D Converter
Multiple Input Channels

AN 2N4333
CH1
=11 -L 15v
G 100k q
1V AL S g,
" A6t .
WA — B CH1
20 xHz S L
SAMPLE RATE Mo NN -5 =
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a7 (X1 ADC0820 100k .
10 1/41M339
GND . GATE s
Wi cH2 L1 o
12 . I ADC0820
SV —{Va(~ ° | 20 = ]
I SV Voo N f—
08010 087 . 7
" a7 0.1
Vat-) 10
__r MO0E N TOTAL INPUT R 3
= 7 CHANNELS = ‘—" Vit ) 080 0 087
T vaert )
(14217,
n wope 7!
DS00s501-28 _L7
+ V|\=3 kHz max £ 4V, Wssaiian
» No track-and-hold needed
»  Low power consumption
8-Bit 2-Quadrant Analog Multiplier
Xin L Yiv
0V T05Y) 400 kHz (-10V 70 ~10V)
v [F 2 |8
LSB 7 3
AL P 2 AGND
6 1
3 3 . L
3 17
& ro = XFER
1 S 4 1
VRer( = | cs
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3.0 Typical Applications

8-Bit Resolution Configuration
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9-Bit Resolution Configuration
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2.0 Analog Considerations (continued)

N
]— y'
= a2eF Row
Vin
0158 :>/‘ AeF
. 10F
.
AN

R-LADDER

15 LS8 COMPARATORS

Ron

1pF

16 MSB COMPARATORS
DS00ss:" 28

FIGURE 14.

DS005501-25

FIGURE 15.

2.3 INPUT FILTERING

It should be made clear that transients in the analog input
signal, caused by charging current flowing into V. will not
degrade the A/D’s performance in most cases. In effect the
ADC0820 does not “look™ at the input when these transients
occur. The comparators’ outputs are not latched while WRis
low, so at least 600 ns will be provided to charge the ADC's
input capacitance. It is therefore not necessary to filter out
these transients by putting an external cap on the V, termi-
nal.

2.4 INHERENT SAMPLE-HOLD

Another benefit of the ADC0820’s input mechanism is its
ability to measure a variety of high speed signals without the
help of an external sample-and-hold. In a conventional SAR
type converter, regardless of its speed, the input must re-
main at least ¥ LSB stable throughout the conversion pro-
cess if full accuracy is to be maintained. Consequently, for
many high speed signals, this signal must be externally
sampled, and held stationary during the conversion.

Sampled-data comparators, by nature of their input switch-
ing, already accomplish this function to a large degree (Sec-
tion 1.2). Although the conversion time for the ADC0820 is
1.5 ps, the time through which V,, must be 2 LSB stable is
much smaller. Since the MS flash ADC uses V,y as its “com-
pare” input and the LS ADC uses Vy as its “zero” input, the
ADC0820 only “samples” V,, when WR is low (Sections 1.3
and 2.2). Even though the two flashes are not done simulta-
neously, the analog signal is measured at one instant. The
value of Viy approximately 100 ns after the rising edge of
WR (100 ns due to internal logic prop delay) will be the mea-
sured value.

Input signals with slew rates typically below 100 mV/us can
be converted without error. However, because of the input
time constants, and charge injection through the opened
comparator input switches, faster signals may cause errors.
Still, the ADC0820's loss in accuracy for a given increase in
signal slope is far less than what would be witnessed in a
conventional successive approximation device. An SAR type
converter with a conversion time as fast as 1 ps would still
not be able to measure a 5V 1 kHz sine wave without the aid
of an external sample-and-hold. The ADC0820, with no such
help, can typically measure 5V, 7 kHz waveforms.

www.national.com
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2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two Vger inputs of the ADC0820 are fully differential and
define the zero to full-scale input range of the A to D con-
verter. This allows the designer to easily vary the span of the
analog input since this range will be equivalent to the voltage
difference between Vi (+) and V,(-). By reducing
Vrer(Vrer=Vrer(t)~Vrer(-)) to less than 5V, the sensitivity
of the converter can be increased (i.e., if Vgge=2V then 1
LSB=7.8 mV). The input/reference arrangement also facili-
tates ratiometric operation and in many cases the chip power
supply can be used for transducer power as well as the Vigee
source.

This reference flexibility lets the input span not only be varied
but also offset from zero. The voltage at Vgeg(-) sets the in-
put level which produces a digital output of all zeroes.
Though V,y is not itself differential, the reference design af-
fords nearly differential-input capability for most measure-
ment applications. Figure 13 shows some of the configura-
tions that are possible.

2.2 INPUT CURRENT

Due to the unique conversion techniques employed by the
ADCO0820, the analog input behaves somewhat differently
than in conventional devices. The A/D’s sampled-data com-
parators take varying amounts of input current depending on
which cycle the conversion is in.

External Reference 2.5V Full-Scale

Power Supply as Reference

The equivalent input circuit of the ADC0820 is shown in Fig-
ure 14. When a conversion starts (WR low, WR-RD mode),
all input switches close, connecting Vy to thirty-one 1 pF ca-
pacitors. Although the two 4-bit flash circuits are not both in
their compare cycle at the same time, V, still sees all input
capacitors at once. This is because the MS flash converter is
connected to the input during its compare interval and the LS
flash is connected to the input during its zeroing phase (Sec-
tion 1.3). In other words, the LS ADC uses V,y as its
zero-phase input.

The input capacitors must charge to the input voltage
through the on resistance of the analog switches (about 5 kQ
to 10 kQ2). In addition, about 12 pF of input stray capacitance
must also be charged. For large source resistances, the ana-
log input can be modeled as an RC network as shown in Fig-
ure 15. As Rg increases, it will take longer for the input ca-
pacitance to charge.

In RD mode, the input switches are closed for approximately
800 ns at the start of the conversion. In WR-RD mode, the
time that the switches are closed to allow this charging is the
time that WR is low. Since other factors force this time to be
at least 600 ns, input time constants of 100 ns can be ac-
commodated without special consideration. Typical total in-
put capacitance values of 45 pF allow Rg to be 1.5 kQ with-
out lengthening WR to give V,y more time to settle.

Input Not Referred to GND

L&,
Vin (=1 ———{ N - Vi (=) ———] IN- Vi (=) —] IN+
Vin (-) T GND
Vin i =) —_L— GND SN
T e x T
| : %
5 REF( - ) X OE, SV —AA REF(+)
LM385-2.5 3
Mags-25 A
P _L—l REF( - ) Vin (=) REF(-)
- - S
DS005501-21 DS005501-22 L :.
y 5
1
=+

* Current path must
still exist from V|N(=)
to ground
DS005501-23

FIGURE 13. Analog Input Options
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Detailed Block Diagram
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1.0 Functional Description (continued)

* MS COMPARATORS ZERO
TO REFERENCE LADDER.
« LS COMPARATORS FLOAT.| |* MS COMPARATORS COMPARE
Vin T0 THEIR REFERENCE
LADDER TAP. THE COMPARATOR
OUTPUTS DIGITALLY TRACK
ViN-VLADDER TAP
LS COMPARATORS ZERO T0
ViN. THE COMPARATOR'S
INPUT CAPACITORS TRACK V).

Note: MS means most significant
LS means least significant

OTHER INTERFACE CONSIDERATIONS

In order to maintain conversion accuracy, WR has a maxi-
mum width spec of 50 ps. When the MS flash ADC's
sampled-data comparators (Section 1.2) are in comparison
mode (WR is low), the input capacitors (C, Figure 8) must
hold their charge. Switch leakage and inverter bias current
can cause errors if the comparator is left in this phase for too
long.

800 ns

* LS COMPARATOR OUTPUTS

+ MS COMPARATOR OUTPUTS ARE LATCHED AND CAN
ARE LATCHED. THE MS

BE READ.
DAC IS SET. THE MS
COMPARATOR FLOATS. k * MS COMPARATORS RETURN
70 ZERO MODE.
* LS COMPARATORS COMPARE
LSB SECTION OF REFERENCE
LADDER.

/

DS005501-20

FIGURE 11. Operating Sequence (WR-RD Mode)

Since the MS flash ADC enters its zeroing phase at the end
of a conversion (Section 1.3), a new conversion cannot be
started until this phase is complete. The minimum spec for
this time (tp, Figures 2, 3, 4, 5) is 500 ns.
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1.0 Functional Description (continued)

sured while WR is low. In RD mode, sampling occurs during
the first 800 ns of RD. Because of the input connections to
the ADC0820's LS and MS comparators, the converter has
the ability to sample V, at one instant (Section 2.4), despite
the fact that two separate 4-bit conversions are being done.
More specifically, when WR is low the MS flash is in compare
mode (connected to V), and the LS flash is in zero mode
(also connected to V,y). Therefore both flash ADCs sample
V,y at the same time.

1.4 DIGITAL INTERFACE

The ADC0820 has two basic interface modes which are se-
lected by strapping the MODE pin high or low.

RD Mode

With the MODE pin grounded, the converter is set to Read
mode. In this configuration, a complete conversion is done
by pulling RD low until output data appears. An INT line is
provided which goes low at the end of the conversion as well
as a RDY output which can be used to signal a processor
that the converter is busy or can also serve as a system
Transfer Acknowledge signal.

RD Mode (Pin 7 is Low)

DS035501-18

When in RD mode, the comparator phases are‘internally trig-
gered. At the falling edge of RD), the MS flash converter goes
from zero to compare mode and the LS ADC'’s comparators
enter their zero cycle. After 800 ns, data from the MS flash is
latched and the LS flash ADC enters compare mode. Follow-
ing another 800 ns, the lower 4 bits are recovered.

WR then RD Mode

With the MODE pin tied high, the A/D will be set up for the
'WR-RD mode. Here, a conversion is started with the WR in-
put; however, there are two options for reading the output
data which relate to interface timing. If an interrupt driven
scheme is desired, the user can wait for INT to go low before
reading the conversion result (Figure 10). INT will typically
go low 800 ns after WR's rising edge. However, if a shorter

conversion time is desired, the processor need not wait for
INT and can exercise a read after only 600 ns (Figure 9). If
this is done, INT will immediately go low and data will appear
at the outputs.

s\ /\

o= == -

DS005501-17

FIGURE 9. WR-RD Mode (Pin 7 is High and tgp<t,)

DBO-DBT == o= = o = = = —

DS005501-16

FIGURE 10. WR-RD Mode (Pin 7 is High and tgp>t))

Stand-Alone

For stand-alone operation in WR-RD mode, CS an@ can
be tied low and a conversion can be started with WR. Data
will be valid approximately 800 ns following WR's rising
edge.

WR-RD Mode (Pin 7 is High) Stand-Alone Operation

TS Low

RO Low
WA \ / \ /
080-087 ﬁ—_ ..._.<—>_

DS005501-19
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1.0 Functional Description (continued)

ladder for the A/D as well as for generating the DAC signal.
The DAC output is actually the tap on the resistor ladder
which most closely approximates the analog input. In addi-
tion, the “sampled-data”™ comparators used in the ADC0820
provide the ability to compare the magnitudes of several
analog signals simultaneously, without using input summing
amplifiers. This is especially useful in the LS flash ADC,
where the signal to be converted is an analog difference.

1.2 THE SAMPLED-DATA COMPARATOR

Each comparator in the ADC0820 consists of a CMOS in-
verter with a capacitively coupled input (Figures 6, 7). Ana-
log switches connect the two comparator inputs to the input
capacitor (C) and also connect the inverter's input and out-
put. This device in effect now has one differential input pair.
A comparison requires two cycles, one for zeroing the com-
parator, and another for making the comparison.

In the first cycle, one input switch and the inverter's feedback
switch (Figure 6 ) are closed. In this interval, C is charged to
the connected input (V1) less the inverter’s bias voltage (Vg,
approximately 1.2V). In the second cycle (Figure 7), these
two switches are opened and the other (V2) input's switch is
closed. The input capacitor now subtracts its stored voltage
from the second input and the difference is amplified by the
inverter's open loop gain. The inverter's input (Vg') becomes

C
—V2) ——

Vg—(V
8= (V1 C+Cs

and the output will go high or low depending on the sign of
Vg'-Vg.

The actual circuitry used in the ADC0820 is a simple but im-
portant expansion of the basic comparator described above.
By adding a second capacitor and another set of switches to
the input (Figure 8 ), the scheme can be expanded to make
dual differential comparisons. In this circuit, the feedback
switch and one input switch on each capacitor (Z switches)
are closed in the zeroing cycle. A comparison is then made

R LAD&E‘R) e - .
s
s —
7 Vo
mig—o o [ L,

1/2 .88

DS005501-14

by connecting the second input on each capacitor and open-
ing all of the other switches (S switches). The change in volt-
age at the inverter's input, as a result of the change in charge
on each input capacitor, will now depend on both input signal
differences.

" —o/]_‘c Ff@ol vu
v —o""c 1—“‘

DS005501-12

Vo = Ve
*VonC=Vi-Vg
» Cg = stray input node capacitor
+ Vg = inverter input bias voltage

Zeroing Phase
FIGURE 6. Sampled-Data Comparator

Ho
C%ﬂ_ Vo
T

Vi

DS008501-13

C
oVg'—Vg = (V2-V1)——
8’ —Vs = (V. I Tics

—A
C+Cs
*Vo' is dependent on V2—-V1

wo' = [cva—cvil

Compare Phase
FIGURE 7. Sampled-Data Comparator

=A
Vo et — <L [ —V1)+ Vi
O Fcot +C2+Csg 155 FEGAVA—REN

—A
= Civcarcs 00 T a0

DS00550145

FIGURE 8. ADC0820 Comparator (from MS Flash ADC)

1.3 ARCHITECTURE

In the ADC0820, one bank of 15 comparators is used in each
4-bit flash A/D converter (Figure 12). The MS (most signifi-
cant) flash ADC also has one additional comparator to detect
input overrange. These two sets of comparators operate al-
ternately, with one group in its zeroing cycle while the other
is comparing.

When a typical conversion is started, the WR line is brought
low. At this instant the MS comparators go from zeroing to
comparison mode (Figure 11). When WR is returned high

after at least 600 ns, the output from the first set of compara-
tors (the first flash) is decoded and latched. At this point the
two 4-bit converters change modes and the LS (least signifi-
cant) flash ADC enters its compare cycle. No less than 600
ns later, the RD line may be pulled low to latch the lower 4
data bits and finish the 8-bit conversion. When RD goes low,
the flash A/Ds change state once again in preparation for the
next conversion. .

Figure 11 also outlines how the converter's interface timing
relates to its analog input (V,y). In WR-RD mode, V, is mea-
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Description of Pin Functions

Pin  Name Function

Vin Analog input; range =GND<V, <V
DBO TRI-STATE data output— bit 0 (LSB)
DB1 TRI-STATE data output— bit 1

DB2 TRI-STATE data output— bit 2

DB3 TRI-STATE data output— bit 3

WR WR-RD Mode

/RDY WR: With CS low, the conversion is
started on the falling edge of WR.
Approximately 800 ns (the preset internal
time out, t,) after the WR rising edge, the
result of the conversion will be strobed
into the output latch, provided that RD
does not occur prior to this time out (see
Figures 3, 4).

RD Mode

RDY: This is an open drain output (no
internal pull-up device). RDY will go low
after the falling edge of CS; RDY will go
TRI-STATE when the result of the
conversion is strobed into the output
latch. It is used to simplify the interface
to a microprocessor system (see Figure
2).

Mode: Mode selection input—it is
internally tied to GND through a 50 pA
current source.

RD Mode: When mode is low

WR-RD Mode: When mode is high
WR-RD Mode

With CS low, the TRI-STATE data
outputs (DB0-DB7) will be activated
when RD goes low (see Figure 5). RD
can also be used to increase the speed
of the converter by reading data prior to
the preset internal time out (t,, ~800 ns).
If this is done, the data result transferred
to output latch is latched after the falling
edge of the RD (see Figures 3, 4).

RD Mode

With CS low, the conversion will start
with RD going low, also RD will enable
the TRI-STATE data outputs at the
completion of the conversion. RDY going
TRI-STATE and INT going low indicates
the completion of the conversion (see
Figure 2).

o A W N =

7 Mode

1.0 Functional Description

1.1 GENERAL OPERATION

The ADC0820 uses two 4-bit flash A/D converters to make
an 8-bit measurement (Figure 1). Each flash ADC is made
up of 15 comparators which compare the unknown input to a
reference ladder to get a 4-bit result. To take a full 8-bit read-
ing, one flash conversion is done to provide the 4 most sig-
nificant data bits (via the MS flash ADC). Driven by the 4

Pin Name

Function

9 INT WR-RD Mode
INT going low indicates that the
conversion is completed and the data
result is in the output latch. INT will go
low, ~800 ns (the preset internal time
out, t,) after the rising edge of WR (see
Figure 4); or INT will go low after the
falling edge of RD , if RD goes low prior
to the 800 ns time out (see Figure 3).
INT is reset by the rising edge of RD or
CS (see Figures 3, 4).
RD Mode
INT going low indicates that the
conversion is completed and the data
result is in the output latch. INT is reset
by the rising edge of RD or CS (see
Figure 2).
10 GND Ground
11 Vger(-)  The bottom of resistor ladder, voltage
range: GND<Vgep(-)SVger(t) (Note 5)
12 Vgee(*)  The top.of resistor ladder, voltage range:
Vrer(-)SVrer(+)Vec (Note 5)

13 CS 'C—_Smust be low in order for the RD or
WR to be recognized by the converter.

14 DB4 TRI-STATE data output— bit 4

15 DBS TRI-STATE data output— bit 5

16 DB6 TRI-STATE data output— bit 6

17 DB7 TRI-STATE data output— bit 7 (MSB)

18 OFL Overflow output— If the eﬂog input is
higher than the Vgee(+), OFL will be low
at the end of conversion. It can be used
to cascade 2 or more devices to have
more resolution (9, 10-bit). This output is
always active and does not go into
TRI-STATE as DB0-DB7 do.

19 NC No connection

20 Vee Power supply voltage

MSBs, an internal DAC recreates an analog approximation
of the input voltage. This analog signal is then subtracted
from the input, and the difference voltage is converted by a
second 4-bit flash ADC (the LS ADC), providing the 4 least
significant bits of the output data word.

The internal DAC is actually a subsection of the MS flash
converter. This is accomplished by using the same resistor
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Logic Input Threshold
Voltage vs Supply Voltage
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Typical Performance Characteristics

Conversion Time (RD Mode)
vs Temperature

Vee =5.25V

1 |

-100 -50 0 50 100 150
TA—AMBIENT TEMPERATURE (=C)

3
et
" /
H 0
H
z
Vi :4_75\/
s, ) 50
&
>
z
3 Vee=5.0V —>,
&
E

DS005501-35
Accuracy vs tgp
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Timing Diagrams (continued)
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FIGURE 3. WR-RD Mode (Pin 7 is High and tgp<t,)
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FIGURE 4. WR-RD Mode (Pin 7 is High and teo>t)

TS uow
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DS005501-10

FIGURE 5. WR-RD Mode (Pin 7 is High)
Stand-Alone Operation
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TRI-STATE Test Circuits and Waveforms

tin tin, C =10 pF
Vee
Yee
_ 6
D
0ATA
& ouTPUT
f e oata
0UTPUTS
e - = ty=20ns
ton DS0055014
t=20 ns
ton tow, CL=10 pF
Voo Vee
RO
1k
RADO— DATA v
s ouTPuT DATA
ouTPUTS
DS005501-6
t,=20 ns
\
\
oy LW
N -
1o
RDY. ~— WITH EXTERNAL PULL-UP
ey | _J
cea fo— 1mTH
|
INT
= T
ngu.gg]—_—_-—-.—_—_—_—_g E_..______..
tacco e e hK s
DS065501-7

Note: On power-up the state of INT can be high or low.
FIGURE 2. RD Mode (Pin 7 is Low)
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AC Electrical Characteristics (continued)

;hg following specifications apply for Vec=5V, t,=t,=20 ns, Vree(+)=5V, Vger(-)=0V and To,=25'C unless otherwise speci-
ied.

Typ Tested Design
Parameter Conditions (Note 6) Limit Limit Units
(Note 7) (Note 8)
tacca, Access Ti_rle (Delay from Pin 7 = Ve, tro™ty; Figure 4 )
Falling Edge of RD to Output C,=15pF 70 120 ns
Valid) C_=100 pF 90 150 ns
tacca Access Time (Delay from RpuLue = tkand C_ = 15 pF 30 ns
Rising Edge of RDY to Output
Valid)
t,, Internal Comparison Time Pin 7=V¢c; Figures 4, 5 800 1300 ns
C_=50 pF
"ty ton, TRI-STATE Control R =1k, C_=10 pF 100 ’ 200 ns
(Delay from Rising Edge of RD to
Hi-Z State)
tintL, Delay from Rising Edge of Pin 7 = Vee, CL= 50 pF
WR to Falling Edge of INT tro >ty Figure 4 (0 ns
tro <t;; Figure 3 trp+200 tro+290 ns
tinth, Delay from Rising Edge of Figures 2, 3, 4 125 225 ns
RD to Rising Edge of INT C_=50 pFc
timthwr, Delay from Rising Edge of Figure 5, C_=50 pF 175 270 ns
WR to Rising Edge of INT
toy, Delay from CS to RDY Figure 2, C_ =50 pF, Pin 7 =0 50 100 ns
t,o, Delay from INT to Output Valid Figure 5 20 50 ns
t,, Delay from RD to INT Pin 7=Vee, tro <t 200 290 ns
Figure 3
te, Delay from End of Conversion Figures 2, 3.4, 5 500 ns
to Next Conversion (Note 4) See Graph
Slew Rate, Tracking 0.1 Vlps
Cyin: Analog Input Capacitance 45 pF
Cour Logic Output Capacitance : 5 pF
Cn. Logic Input Capacitance | 5 pF

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to the GND pin, unless otherwise specified.
Note 3: Total unadjusted error includes offset, full-scale, and linearity errors.
Note 4: Accuracy may degrade if twg Of trp is shorter than the minimum value specified. See Accuracy vs twr and Accuracy vs tgp graphs.

Note 5: When the input voltage (V,y) at any pin exceeds the power supply rails (V;y < Vor Viy > V*) the absolute value of current at that pin should be limited to
1 mA or less. The 4 mA package input current limits the number of pins that can exceed the power supply boundaries with a 1 mA current limit to four.

Note 6: Typicals are at 25°C and represent most likely parametric norm.

Note 7: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 8: Design limits are guaranteed but not 100% tested. These limits are not used to calculate ou:going quality levels.
Note 9: Human body model, 100 pF discharaged through a 1.5 k(2 resistor.
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DC Electrical Characteristics

The following specifications apply for V=5V, unless otherwise specified. Boldface limits apply from Ty to Tyax; all other
limits TA=T,=25'C.

Parameter Conditions ADC0820BCN, ADC0820CCN Limit
ADC0820CCJ ADC0820BCV, ADC0820BCWM Units
ADC0820CCWM, ADC0820CIWM
Typ Tested Design Typ Tested Design
(Note 6) Limit Limit (Note 6) Limit Limit
(Note 7) (Note 8) (Note 7) (Note 8)
Ving). Logical “17 Vee=5.25V CS,WR, RD 2.0 2.0 2.0 v
Input Voltage Mode 3.5 3.5 3.5 \%
Vin(o). Logical “0” Vee=4.75V CS, WR,RD 0.8 0.8 0.8 i
Input Voltage Mode 1.5 1.5 1.5 \
ling), Logical “1” Viny=5V; CS , RD 0.005 4 0.005 1 pA
Input Current Ving)=5Vs WR 0.1 3 0.1 0.3 3 PA
Vin1)=5V; Mode 50 200 50 170 200 HA
lino). Logical 0" Ving)=0V; CS , RD, WR, -0.005 -1 -0.005 -1 pA
Input Current Mode
Vour() Logical “1” Vec=4.75V, loyr=-360 pA; 2.4 2.8 2.4 \Y;
Output Voltage DB0-DB7, OFL , INT
Vee=4.75V, loyr=-10 pA; 45 4.6 4.5 \Y
DBO-DB7, OFL , INT
Vour(o) Logical “0 Vec=4.75V, loyr=1.6 mA; 0.4 0.34 0.4 \Y
Output Voltage DB0-DB7, OFL , INT , RDY
lout, TRI-STATE Vour=5V; DB0-DB7, RDY 0.1 3 0.1 0.3 3 PA
Output Current Vour=0V; DBO-DB7, RDY -0.1 -3 -0.1 -0.3 -3 PA
Isource, Output Vour=0V; DBO-DB7, OFL -12 -6 -12 -7.2 -6 mA
Source Current INT ) -4.0 =) =518 -4.0 mA
Isink, Output Sink Vour=5V; DB0-DB7, OFL , 14 7 14 8.4 7 mA
Current INT , RDY
Icc, Supply Current TS =WR =RD =0 7.5 15 7.5 13 15 mA
AC Electrical Characteristics
;_rh; following specifications apply for Vec=5V, t,=t,=20 ns, Vgee(+)=5V, Vree(-)=0V and To=25'C unless otherwise speci-
led. :
Typ Tested Design
Parameter Conditions (Note 6) Limit Limit Units
(Note 7) (Note 8)
tcro, Conversion Time for RD Pin7 =0, Figure 2 1.6 2.5 us
Mode
tacco, Access Time (Delay from Pin7 =0, Figure 2 tcro+20 terot50 ns
Falling Edge of RD to Output
Valid)
tewr-ro» Conversion Time for Pin 7 = Ve twg = 600 ns, 1.52 us
WR-RD Mode trp=600 ns; Figures 3, 4
twr, Write Time Min Pin 7 = Vcc; Figures 3, 4 600 ns
Max (Note 4) See Graph 50 ys
trp, Read Time Min Pin 7 = V¢c; Figures 3, 4 600 ns
(Note 4) See Graph
tacct, Access Time (Delay from Pin 7 = Vee, tro<ty; Figure 3
Falling Edge of RD to Output C. =15 pF 190 280 ns
Valid)
C_=100 pF 210 320 ns
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Absolute Maximum Ratings otes 1, 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (Vce) 10V
Logic Control Inputs -0.2Vto Ve +0.2V
Voltage at Other Inputs and Output -0.2Vto V¢ +0.2V
Storage Temperature Range -65°C to +150°C

Package Dissipation at T, = 25°C 875 mwW
Input Current at Any Pin (Note 5) 1mA
Package Input Current (Note 5) 4 mA
ESD.Susceptability (Note 9) 1200V
Lead Temp. (Soldering, 10 sec.)

Dual-In-Line Package (plastic) 260°C

Converter Characteristics

Dual-In-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

Operating Ratings (Notes 1, 2)

TMINSTASTMAX
—40°C<T,<+85°C
-40'C<TL<+85°C

Temperature Range
ADC0820CCJ
ADC0820CIWM

ADC0820BCN, ADC0820CCN 0'C<Ts70°C
ADC0820BCV 0'C<T<70°C
ADC0820BCWM, ADC0820CCWM 0°C<T,s70°C
Ve Range 4.5V to 8V

The following specifications apply for RD mode (pin 7=0), V=5V, Vrep(+)=5V,and Vrep(~)=GND unless otherwise speci-
fied. Boldface limits apply from Ty to Tyax; all other limits Ta=T;=25°C.

Parameter Conditions ADC0820BCN, ADC0820CCN ~ Limit
ADC0820CCJ ADC0820BCV, ADC0820BCWM Hnits
ADC0820CCWM, ADC0820CIWM
Typ Tested Design Typ Tested Design
(Note 6) Limit Limit (Note 6) Limit Limit
(Note 7) (Note 8) (Note 7) (Note 8)
Resolution 8 8 8 Bits
Total Unadjusted ADC0820BCN, BCWM E473 s LSB
Error ADC0820CCJ 14 LsB
(Note 3) ADC0820CCN, CCWM, CIWM, + 1 LsSB
ADC0820CCMSA +1 LSB
Minimum Reference 23 1.00 ¥ 2.3 =2 kQ
Resistance
Maximum Reference 263 6 23 5.3 6 kQ
Resistance
Maximum Vgeg(+) Vee Vee Vee \
Input Voltage
Minimum Vgee(-) GND GND GND v
Input Voltage
Minimum Vgeg(+) Vrer(-) Vrer(=) Vrer(-) \
Input Voltage
Maximum Vgeg(-) Vrer(+) Vrer(+) VRrer(+) v
Input Voltage
Maximum V,y Input Vect0.1 Vee+0.1 Vee+0.1 \
Voltage
Minimum V,y Input GND-0.1 GND-0.1 GND-0.1 \
Voltage
Maximum Analog CS =Vcc
Input Leakage Vin=Vee 3 0.3 3 PA
Current Viy=GND ) -0.3 =3 PA
Power Supply Vec=5V15% £1/16 L7 +1/16 E37) v, LsB
Sensitivity
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Connection and Functional Diagrams (continued)
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DS005501-2

FIGURE 1.

Part Number Total Package Temperature
Unadjusted Error Range
ADC0820BCV V20A — Molded Chip Carrier 0°C to +70°C
ADC0820BCWM 114 LSB M20B — Wide Body Small Outline 0°C to +70°C
ADC0820BCN N20A — Molded DIP 0°C to +70°C
ADC0820CCJ J20A— Cerdip -40°C to +85°C
ADC0820CCWM MTs M20B — Wide Body Small Outline 0°C to +70°C
ADC0820CIWM M20B — Wide Body Small Outline -40°C to +85°C
ADC0820CCN N20A — Molded DIP 0°C to +70°C
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