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PROGRAMING FOR SURFACE INSTRUMENT FOR_SURFACE MEASUREMENT

OF SURFACE ROUGHNESS BY STYLUS INSTRUMENT ON MICROCOMPUTER

Veerachai Sukyoy
Suppakit Yenjit
Assistant Professor Widhaya Thipsuwunpomn Advisor

1994

Abstract

This thesis present investigation a programing that use support data from measuring
of surface roughness by stylus instruments. We write program on microcomputer to analysis.
-data which received from measuring device that measured the surface roughness. This data is
analog signal and then convert to digital signal, which shall transfer to microcomputer. We
*apply this program to analysis the ir;lponant characteristic of surface roughness such as the

value of parameter R, R, R_,, and record this data to analysis in Quality Control process.
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#define TWO_PI 6.283185307
#define MAX_PTS 256
#4define F_SPC 4
4define BASE 350
#define PORT 1
#define PORT1 0
#define CODE 227
#define ONE 0x3B0OO
#define TWO 0x3C00
#define THREE 0x3D0C
#define FOUR  0x3E00
#define FIVE  0x3FQC0
#define SIX 0x4000
#define SEVEN  0x4100
#define EIGHT  0x4200
wdefine NINE =~ 0x4300
#define TEN 0x4400
#define ESC 0x011B
#define Home 0x4700
#define Up  0Ox4800
#define PgUp 0x4900
#define Left 0x4BOO
#define Right 0x<4DO0C
#define End  Ox4F00
#define Down 0x5000
#define PgDn 0x5100
#define Ins 0x5200
4define Enter 0x1COD
#define UP_ARROW 0x4800
#define DOWN_ARROW Qx5000
#define RETURN OxleOd
#defile ESCAPE 0x011b
4define PORTRAIT O
#define LANDSCAPE 1



#include<conio.h>
#include<dos.h>
#include<graphics.h>
#include<math.h>
#include<stdio.h>
#include<stdlib.h>
#include<string.h>
#include<time.h>

#include<bios.h>

void frame(int x1,int yl,int x2,int y2,int color);

void hline(int x1,int v1,int x2,int color);

void vline(int x1.int y1,int v2,int color); L
void box(int x1,int yl,int x2,int y2,int color);

void text(int x1,int y! int color,char *st);

void ‘boxl(im sarteant starty int endx,int endy int color);

void boxback(int x0.int yO,int x1,int yl,int aum,int r,int colori int color2);
graph(int aint b);

menuthree( vord);

void menufour(void};

void Putpixel(void);

void signal{void);

void boxd(int starmx.int starty,int endx,int endyint colorl int color2);
void Table5(void);

void Table6(void);

void fchioce(int y);

void old(char color);

vaid Putpixel{void);

struct tvpePoint{
unsigned int get{452];
}

point(3];

i



inty = 0,x1,x2,x3,x4,x5,x6,x7,x8,x9;

int x10,x11,x12,x13,x14,x15,x16,x17,x18;
int graphdriver = DETECT , graphmode;
int errorcode;

char *driverpath="",

/* initial port serial port *#/

void port_init(port,code)
int port;
unsigned char code;
{
union REGS r;

r.x.dx = port; /* port number */

r.h.ah = 0; f* use function O to init port */

r.h.al = code; /* code of init port */ >
mi86(0x 14, &r,&r);

1

/* send a byte to serrial port */ -
void sporuportc)
int port;
char c;
{
union REGS r;
r.Xx.dx = port; /* port number ¥/
rhal =g¢;
r.hah = 1;
nt36(0x14.&r. &1);
if(r.h.ah & 1283
printf("Send error detected in aerial port"y;

delay(100);

ciosegraph();



main(};

}
}
/* receive data from serial port */
rport(port)
int port;

{ union REGSr;

r.x.dx = port; /* port number */
r.h.ah = 2; f* use function 2 to receive char */
int86(0x14,&r,&1);

f* wait till receive a char */
while(!(check_statPORTI&256))
if(kbhit()) { /* cancle when kevboard hitted */
getch();
closegraph();
main();
}
r.x.dx = pory;
r.h.ah = 2;
if(r.h.ah & 128)
printf("Read error detected in serial port”);
return r.h.al;

}

/* check smats of port ¥/

check_sizat(port)

int port;
anion REGS r;
r.x.dx = port; /¥ port number */
r.h.ah = 3: ™ use functon 3 to check port swtus */

int86(0x14.&r,&1:
return r.x.ax;

}



/* This program use serial portto send and receive data
function save file ¥/
struct typePoint get_in_file(void)
{ FILE *fp;
int x;
unsigned int temp[452);
char namep[8] keep[12],date[8];
clrser();
frame(10,4.60,8,13);
text(13,6,4," Enter vour file name : ");
gowoxyv(37,6);
scanf("%s.ass”.namep); sprintf(keep,"%s.ass”, namep);
fp=fopen(keep,"wb™);
for { x =0 ;X <= 452 ; x++)
{
) temp{x] = poim[O}.get{;]; :
}
fwne&emp sizeofiing 452,fp) ;

fclose(fp);

text(10,22,13,"Data save ready.”};
geich(;
}

/* function read data from file */
struct t'ypePoim outfile(void)
{ FILE *fp;

unsigned int temp[4%2];

int x;

char fname(12],name[12};

clrser(y;
box(10.4,60,8.1};
ext(13.6.13." Please enter vour file name : "y;

ZOOTYIAS 6



scanf("%ss.ass” fname);

sprinf(name,"%s.ass” fname;

if{(fp = fopen(name,"rb")) == NULL)
{

text(10,10,13,"Can’t open file or file error™);
gewch();
main(};

}

if(fread(temp sizeof(int),452.fp) = 455)
{
if(feof(fp)) printf("end of file™);
else printf("file read error”);
}
for{ x = 0 ; x <= 452 ; x++)
point{0].get{x] = emp[x]; *
fclosetfp);

void box4{int startx,int starty,int endx,int endy,int colorl,int color2)
{
sewcoloricolorl);
rectangle(startx, starty endx,endy;
setfillscyvle(SOLID_FILL colerl);
bar(startx+2,starty+Z endx-2,2ndy-2);

}

void ph{int x,int y,int w,int h,int jchar *ch)

{
l

serfilistyle(1,1);
bar(x.y,x+w,y+h);
setcolort LIGHTGREENY;

AU XXV XHW/IN-((strlen(ch/2Y*10), y+(h/2)-2 ch);



}
tchoice(int g)
{
swich(g){
case 0:, pb(280,32,50,20,1,"1.5mm"):break;
case 1: pb(356,32,50,20,1,"4.8mm");break;
case 2: pb(432.32,50,20,1,"15 mm"):break;
}
}
tdelete(int g}
{
switch(g){
case 0: pb(356,32,50,20,4,"4.8mm"Y;
Pb(432,32,50,20,4,"15 mm";
break;
case 1: pb(280,32,50,20,4,"1.5mm");
Pb(432,32,50,204,"15 mm");
break;
case 2: pb(280,32,50,20,4,"1.Smm");
pb(356,32,50,20,4,"4.8mm");
break;

}

vchoice(int v)

{

switch(v){

case 0:pb(280,76,50,20,1,"10");break:
case 1:pb(356,76,50,20,1,"S"};break;
case 2:ph(432,76,50,20,1,"2";break;
case 3:pb(280.120,50,20,1,"1 "\;break:
case 4:pb(356.120,50.20,1,"0.5"):break:
}
}



vdelete(int v)

{

switch(v){

case 0:pb(356,76,50,20,4,"5";
pb(432,76,50,20,4,"2");

pb(280,120,50,20,4,"1"™);

pb(356,120,50,20,4,"0.5");break:

case 1:pb(280,76,50,20,4,"10");
pb(432,76.50,20,4,"2";
pb(280,120,50,20,4,"1");
pb(356,120,50,20,4,"0.5™):break:
case 2:pb(280,76,50,20,4,"10");
pb356,76,50,20,4,"5";
pb(280,120,50,20,4,"1");
pb(356,120,50,20,4,"0.5");break;
case 3:pb(280,76,50,20,4,"10");
pb(356,76,50,20,4,"5");
pb(432,76,50,20,4,"2");
pb(356,120,50,20,4,0.5");break;
case 4 pb(280,76,50.20,4,"10");
pb(356,76,50,20,4,"5™;
pb(432,76,50,20,4,"2™);

pb(230,120,50,20,4,"1");break;

[

—

[*setup measure program*/
setup(l

r

8

int ¥v=0,2=300,v=0,t=500,3,b;

detectgraph(&graphdriver,& graphmode);

inirgraph( &graphdriver,& eraphmode driverpath);

box4(0,0,638,479,15,9);
box4(5,5.633,470,6,13Y;

box4(50.20,520,355,4,2);

&



box4(10,410,628,460,4,8);
seteolor(4);
outtexixy(15,435," F1 F2 F3™;
setcolor(0);
outtexmxy(15,435," .TRAVEL .SCALE -EXIT");
sercolor(15);
outtextxy(250,370," SETUP FOR MEASURE");
pb(280,32,50,20,1,"1.5mm"™:;
pb(356,32.50,20,4,"4.8mm");
pb(432.32,50,20,4,"15 hm™);
pb(280,76,50,20,1,"10");
ph(356,76,50,20,4,"5™;
Pb(432,76,50,20,4,"2");
pb(280,120,50,20,4,"1");
pb(356,120,50,20,4,"0.5");
box4(420,145,485,223.2,2);
setcolor( 15);
ounextxy(55,40,"LENGTH OF TRAVEL"):
ouuexixy(55,84,"GRAPH SCALE");
outlextxy(55,123,"uM/m");
for(;;)
{
union h{
‘ int i;
}ee;
tee.i=bioskey(0);
switch(tee.i)
{
case ONE ‘§=g++;y=abs(g)%3;
break;
case TWO :t=t++;v=abs(t)%5:
break:
case THREE : closegraph();main(};
}

whoice(y);



tdelete(y);
vchoice(v);
vdelete(v);

if(tee.i==Enter)

{
swirch(v)
{
case 0:a=0;
switch(v){
case 0:b=0;break;
case 1:b=1;break;
- case 2:b=2;break;
case 3:b=3;break;
case 4:b=4;break;
}
graph(a,b);
rerurn(0);
case l:a={;
switch(v){
case 0:b=0;break;
case 1:b=1;break;
case 2:b=2;broak;
case 3:b=3;break;
case 4:b=+4;break;
}
graph(a,b);
rewrn(0);
case Z:a=2;
switch(v){

case 0:b=0;break;
case 1:b=1;break;
case 2:b=2;break;
case 3:b=3;break;
case 4:b=4;break;
}

®0



graph(a,b);

return(0);

void menuone(void)
{
inti;

char ch;

clrsert);
extmode(3);
ext(35,10,13,"WAITING PLEASE...");
forti=0;i<452;i++)point{0].get{i}=rportt PORT);
sewp();
cirser();
textmode(3);
loopl : gotoxy(10,12);
box(10,7,60,17,1);
frame(10,7,60,17 4);
texy(13,13,13," Do you want 10 save daia ? [y/a] “%

tex(13,11,13," y . save =7

text(13,12,13" a . not save "
gotoxy(53,13);
ch = gexch();
swirch(ch}
{ case v
get_in_filec);
main();break:
case 'n":

text(25.23.13,"Return 10 menu. \a™:



main();
break;
defanlt :

goto loopl;

e

void menutwo(void)
{
char ch,*driverpath=",text{20];
float dataavg;
int ¢,v,x=0,graphdriver = DETECT,graphmode;
unsigned int dat[256];

clrsert );
teximode(3);
- f*exu25,17,13," Press any key ");*/

gewh();
detectgraph(&graphdriver,&graphmode);
initgraph(&graphdriver,&graphmode, driverpath);
setbkcolor(0);
sewolor(RED);
rectangle(0,0,638,50);
sewcolor(RED);
rectangle(0,60,638,479);
for(v=143;v<479;v+=83){
setcolor(RED);
line(0,v,638,v);}
setcolor{LIGHTGRAY;
ou.txchty(S,HS,"lO");
outtextxy(5,227,"5"y;
outtextxy(5,311."0";
outexixy(5,395,"-5");

ounextxy(5,479,"-10™;

ol



setcolor{CYAN);
outtextxy(10,25,"Graphik™);
sercolor(RED);
outtextxy(200,25,"Continue");
ounttextxy(500,25, "Enter-Exit");
gewh();

setcolor(LIGHTBLUE);

sportt PORT, a);
dat[x]=rport(PORT;
moveto(10,400-dat{x]);
while(!kbhit())
{
sport(PORT,'a");
dat{x] = rportPORT);
lineto(((2*x)+10),400-dat{x]);
dataavg=(dat{x}/5.1);
sprntf(text,"%5.2f",dateavg);
ouuextxy(325,25, Level :");
bar(380,10,445 40);
outtexixy(380,25,text);
moveto(((2¥*x)+10),400-dai[x]);
delay(6);
X++;
if(x == 301)
{
x=0;
sport(PORT,'a);
dat{x]=rport(PORT);
hox4(0,60,638,479,4,0);
setcolor(RED);
for{ v =143 ; v <= 479 ; v += 33)
{

line(0,v,638.v):}



setcolor(CYAN);
moveto(10,400-dat{x});
}
B!
closegraph();
getch();

main();

f#*SELECTION IS 3. DO THIS FUNCTION ¥/
menuthree(void)

{

clrser();

textmode(3);

outfile();

sewp();

closegraph();

main();

}

/*t* -Selecl:l'“‘**/
int Select2()

{int i,n;

i=bioskey(0);
switch(i){
case ONE : printer();
break;
case Enter:n=1;

rewrn n;

——

/***** Seleca$*tt**/

int Select3()



{int i,n;

i=bioskey(0);
switch(i){
case ONE : printer();
break;
case Enter :1n=1;

return n;

[fuction graph®/  FANNTINITIMRININWWWs/

graph(int a,int b)

{

char ch,text1{20],text{20];

float total dataavg wemp,ccl c2,c3,65,cd,e fm.t;
floar avg,maxif+4],minv,meani,maxp;
float mini[4]rarzry;

float bb{5];

int dd;

int r{3};

int rtt;

int i,x,p,y,d[450];

unsigned int dai{400};

clrser(;
rt[0] = 115;
1] = 533;
2] = 1666;
bb{0] = 10:
bb(1] = §;
bb[2]

~.
-

H

bbi3]

u

1:
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bb[4] = .5;
box4(0,0,638,479,15,0);
box4(5,5,633,472,15,0);
box4(10,432,623,462,15,0);
boxd(75,32,200,45,15,0%;
box4(420,32,570,45,15,0);
setcolor(15);
outtexixy(80,35,"vv IcH =
cuttextxv(420,35,” vH 1cH =
ifta == 0)
{

= i:f[O];

spriptf( .tcxtl . %odd” tt);

outtextxy(490,35 textl);

p=45;

y=10;

}
if(a == 1)
{

o= rfl];

sprintf(text] ,"%4d”,rtt3;

OutEXIXY (490,35 textl};

p=112;

rit = ri2);
sprintf(textl,"%44d" rut);
outextxy(490,35 textl);
p=449;
y=1;
}

if(b == 0)

um™;

llm"):

ob



®c)

dad = bb[0];
sprintf(text,"%d",dd};

outextxy(150,35,text);

dd = bb[1};
sprintf(text,"%2d",dd);
outmxm§(150,35,text);
t=2.55;
}

if(b == 2)

dd = bb[2];
sprimf(text,"%Zd",dd);
outtextxy(150,35,text);
=1.02;
}

if(b == 3)

{
dd = bb[3];
sprintf(iext,"%24",dd);
outtexxy(150,35, text);
1=0.51;
}

(b == 4)

{
dd = bb[4];
sprind(iexr,"%2d",dd);
outtextxv(150,35 text);
t=0.255;
}

setcolor(2);

outtexxy(10,447," F1 2 F3 Fi ESC™;



setcolor(15);
outiextxy(10,447," - TABLEl .TABLE2 -PRINT
box4(80,50,532,300,15,9);
for(1=230;i<530;i+=5)
{

putpixel(i,100,0x4);
putpixel(i,150,0x4);
puipixel(i,200,0x4);
putpixel(i,Z50,0x4);

}
for(i=50;i<300;i+4=5)
{

pul_:pixel( 130,i,0x4);
putpixelv(‘l 80,i,0x4);
putpixcl(230,i,014)v;
putpixel(280,1,0x4);
putpixel(330,i,0x4);
putpixel(380,i,0x4);
putpixel(430,i,0x4);
putpixei(480,i,0x4);
}

seicolor(9);
outextxy(350,383,"MEAN");
ourtextxy(80,344,"Ra");
outtexxy(80,388,"Rz");

outtextxy(350,344,"Rmax"y;

PAs=find m"**'/

cl =0;

fort i = 0;1 < 450 ; i++)
{
¢ = pont{0].getfi];
cl +=¢;
}
m = (c1)/450;

-SETUP  -EXIT™;

od



meanl = m/25.5;
sprintf(text,"%4.2f",meanl);
secolor(S);

outtextxy(466,388, text);

/*find ra ¥/
cl =0;cd =0;
for(i=0;1< 450 ; i++)
{

¢ = poini[0].get[i];

if{ m<c)

else if( m > ¢)
{
c3=m-c;
c4 +=¢3;
}
}
ci=cl +c4;
ra = (c5/25.5)/450;
sprintf(text,"%4.2f" ra);
sewolor(5);

ounextxy(196,344, text);

/* find maximum,minimum */
temp = 0;
for(i=0;i<90;i++)
{
¢ = point[0].get[i};
if( temp <=¢ )
emp = ¢;

}

oF



maxi[0] = temp;
temp = 0;
for(i=90;1< 180 ;i++)
{
¢ = point[0].geti};
if{ temp <= ¢)
temp = ¢;
}
maxifl] = temp;
temp = 0;
for(i= 180 ;i< 270 ;i++)
{
¢ = point[0]. get(i];
if( temp <= ¢)
temp = ¢;
}
maxi{2] = temp;
emp = 0;
for( i = 270 ;1< 360; i++ )
{
¢ = point[0].geti];
if(temp <= ¢)
temp = c;
}
maxi[3] = temp;
temp = O;
for(i = 360;1 < 450; i++ )
{
¢ = pointf0].get(i];
if{temp <=¢)
temp =¢;
}
maxi{4] = wemp;
emp = 1000;

for( 1 =0;1i< 90 :i++ 3



¢ = poini[0).get{i];
#( temp >=c );
temp = ¢;
}
mini[0] = temp;
temp = 1255;
for(1=90 ;1< 180 ;i++)
{
¢ = point[0].geti];
i temp >=c );
temp = ¢;
}
minif1] = temp;
tamp = 1255;
for(i=180;1i < 270 i++)
{ .
¢ = pointf{0].geti];
if( temp >= c);
temp = ¢:
}
mini{2] = wmp;
wemp = 1255;
for( i = 270 ;i < 360; i++)
{

¢ = point[0].getfi];

f( temp >=¢ );
temp = ¢;
}

mini[3] = temp;
temp = 1255;
fort 1 = 360 ;1 < 450; 1+4
{
¢ = point{0].get[i];

fl wmp >= ¢y



ol

emp = ¢;

, .
minif4] = temp;
1z = (((m&ti[0]+maxi[1]+ma.ti[2]+maxi[3]+maxi[4])-(mini[0]+mini[1]+mini[3]+mini[3]+mini[4]))/25‘5)/5;
sprintf(text,"%4.2f" rz);

outtextxy(196,388, ext);

fine ry */

temp = 0;

for(i=0;i<450;i++ )
{ .
c=point[9].gct[i];

if( temp <=¢ )

temp = c;

}

maxp = femp;

- o

temp = 1000;

for(i=0;i<450:i++)
{
¢ = point{0].get{i];

s
if(temp >= c)

'fén;p = C;
}
minv = tsmp;

ry = (maxp - minv)/25.5;
sewolor(5);
sprintf{text,"%4.2f" ry);
outtextxy (466,344 text);
setcolor(2);
outtextxy(250,411," SURFACE ROUGHNESS™;
sewcolon C);
fort i=0;1<p;i++)

{

dfi] = point{0].get{i] - (m);

dfi+1] = poum{0}.zet{i+1] - (m);



e = (d[i}/1);

£ = (dfi+1]/;

iffe > 125.00) & = 124.00;

if(f > 125.00) f = 124.00;

if(e < -125.00) e = -124.00;

if(f < -125.00) f = -124.00;

line(((y*1)+30),(int)(175-) (y *1)+(80+y),(int)(175-D);
delay(10};

}

for(;;)
{
union h{
int j;
}tee;
tee j=bioskey(0);
switch(tee.jj{

case ONE : Tabie5();
break;

case TWO : Table6();
break;

case THREE : prineer();
break;

case FOUR : closegraph();
sewp(j;
break;

case Enter wemrn(0);

case ESC : closegraph();
exiy(0);

defanlt:closegraph();

main();
break;

}



/t*****t*nenui;our*t*t*/
void menufour(void)

{

signal();

)
* FUNCTION GRAPH #/

void signal(void)

{

float temp,¢,max,min,mean,meanl;

char  ch,*drverpath="text[20];

int  x,y,nigraphdriver=DETECT,graphmode;
dctcctgraph(&gra;)hdﬁver,&graphmodc);
initgraph(& graphdriver,&graphmode driverpath);
setbkeolor(BLACK);
setcolor{RED);
mcrangiégo,o,éss,-m);
oetco-lor(fRIE:D);
tec!ang]e(S,S,GSS,SO);
setcolor(5);
outextxy(500,70,"MAXIMUN :");
outextxy(500,30,"MINIMUN ;
outextxy(500,90,"MEAN  );
wemp = 0;

for(i = 01 < 400;i+4)

I
¢ = point[1].getfi];
if(lemp <= ¢)
temp = c;
}

max = temp/25.5;

sercolor(Sy;



sprindf(text, 54,28, max);
outtextxy(580,70,text);
temp = 256;
for(i = 01 < 400;i++)
{
¢ = pointf1].get(i];
if(temp >= ¢)
temp = ¢; .
}
min = temnp/25.5;
sercolor(5);
sp.rin'(f(tf.:xl,;l"?-"a4.2f;,n1im;
outexxy(590.80.text);
for(i = 04 < 320;i++)
{
¢ += point[1].getfi];
}
mean = c;
meanl = mean/400725.5);
sexcolor(S);
spnnt(text,"%+.2f",mean1y;
outextxy(590,90,tex1);
sewcolor{ CYAN);
outextxy(15,25,"Graphik");
sewolort 15};
onexrxy(15,25," 3-Dimension"y;
seicolor(4);
ounextxy(510,25,"Enter");
setcolor(15);
onuexmyveS10,235," EXTT™;
sercolort4);
outexxy(250.25." F1™;
sewcolort 15Y;
outextxvt250,25." - PRINT™;

seicoiort GREENY;

&



rectangle($5,60,633,470);

Puupixel();

for(y=0;y<S0 ;y++)

{
for{ x =0;x <440 ; x++)
{
pointf0].get{x] = rportt PORTY;
}
setcolor(15);

1ine((x+50+y),(l40+(y*2))-(poim[O].get[x])/’_‘S,(x+50+y+1),(140+(‘y*2))-(point[O].geL[x+1]/'25));
setcolorBLACK); -

line((x+50+y),( 140+(y*20)+1 (X +50+¥),(140+(y *2))+1 -(point[0].get[x])/25); -

getch(); .

}

n = Select3();
ift n==1)
{
closegraph();
matn();
}
}
void Puupizel(void)
{
int b;
for(b=60;b<470;b+=5)
{
putpixel(63,b,0x2);
putpixel(127,b,0x23;
putpixel(161 b,0x2);
purpine(255.b.0xTy;
purpixelf319.b.0x2Y:
purpixel382.b,0x2):

purpixel(416.b.0x2".



putpixel(510,b,0x2);
putpixel(574,b,0x2);
}

for(b=5;b<633;b+=5)

{
putpixel(b,128,0x23;
putpixel(h,196,0x2);
putpixel(b,265,0x2);
putpixel(b,333,0x2);
putpixel(b,401,0x23;
}

*_

f* MAIN FUNCTION OF PROGRAM #*/
maint)
{
char *driverpath=";
mt h, w = 5000, y = 0,sraphdriver = DETECT,graphmode;
port_initPORT,CODE);
detectgraph(&graphdriver,& graphmode);
initgraph(&graphdriver,&graphmode, driverpath);
errorcode=graphresult();
if(errorcode != grOk)
{
closegraph();
printf("Graphics error : %s\n",grapherrormsg(errorcode));
prind("Press any key to halt :");
’gctch( )
exit( 1%
}
box4(0,0,638,479,15.9;

bhox4(5,5,633,474,15,3);

j/

)



old(RED);
box4(20,20,498,345,15,9);
setcolor(4);
outtchxy(AIO,IO,”mm");
outtextxy(5,74,"10™;
outtexrxy(10,128,"5"3;
outtextxy(10,182,"0");
outextxy(5,232,".5";

-outtextxy(0,290."-10");
outtextx¥(20,355,"0";
outtextxy(79,355,"5"y;
outtextxv(138,355,"10™);
outtextxy(198,355,"15");
outtextxy(257,355,"20";
outtextxy(316,355,"25");

. outtextxy(376,355,"30");
outiexxy(433,355,"35");
ounexxyv(495,355 "sec");
seuexwtyiet DEFAULT_FONT,HORIZ_DIR,3);
sewcolon LIGHTRED);
outtextxy(+0,400,"SURFACE ROUGHNESS");
seicolor(7);
outtexxy(30,65,"SAMPLE SIGNAL");

Putpixel();

box1(513,67,613,103,4);

settextstyle(DEFAULT_FONT HORIZ_DIR,1);
for(;;)
{ union k

{-

char c[2);

int i:

tkey;

setfillstyle(SOLID _FILL.RED?Y:

bar(465,390.625.460:

o



box1(465,388,625,462,1);
setcolor(LIGHTMAGENTA):

ifly==0)

{ outtextxy(475,410,” RECEIVE LOT DATA");
outtexixy(475,430,"SHOW GRAPH AND SAVE™);

}

fly==1){
outtexixy(475,410," CONTINUE RECEIVE "):
outtextxy(475,430,"DATA AND SHOW GRAPH"):

1
ifly==2%
outtextx¥(475,410,” LOAD OLD FILE™:
outtextxv(475,430," AND SHOW GRAPH ");
1
if(y==3) {
outtextxy(475,410," DISPLAY 3D™);
}
my==4) {ounexxy(475,410," OUT OF PROGRAM");}
key.i = bioskey(0);
if(lkev.c{0]) swich(key.i)
{ _case 18432 : w=w--; y=abs(5+w)%5; break;
case 20480 : w=w++; y=abs(w)%S5; break;
}
fchiocet y);
fdelew(y);
fkey i==7181){
swirch(y){

case 0:  old(GREEN};

outtextxy(515,85," RECEIVE ]");

delay(1003;

menuoney);

closezraph();

main(};
break;

case 1-

&



delay(100);
outtextxy(515,135," CONTINLE }");
delay(50); old(GREEN); delay(500);
menutwo();
break;

case 2: outtextxy(515,185," LOAD ")
delay(50); old(GREEN); delav(500);
menuthree();
break;

case 3: outextxy(515,235,"[3DIMENSION]™);
delay(50); old(GREEN); delay(500);
menufour();
break;

case 4: outtextxy(515,285,"[ EXIT 1"
delay(50); old(GREEN); delay(500);

closegraph();
exa(0);
}
}
}
}
void Table5(void)
{

setfillstyle(SOLID_FILL.MAGENTA);
bar(10,10.370,410};

setcolort BLACKS;
rectangle(15,15,365,405):
recrangle(17,17,363,403);

setcolortWHITE)Y;



outtextxy(17,31,"Table 1-Sampling lengths for the measurement”);

outtextxy(17,435, "
outtexixy(17,59, "
setcolor( BLACK);
lire(17,73,363,73);
line(17,113,190,113);
line(17,153,363,153);
line(103,113,103,403);
line(190,73,190,403);
line(276,73,276.403);
setcolor WHITE);

outtextxy(80,36," Ra

of Ra of non-periodic profiles™;

for exemple ground profiles”);

Sampling Evaluation");

outtextxv(70,99,"micrometre length(l) length(In)™;

outtextxy(17.133,"” over mm
outtexbty(103,1~25," up to");
outiextxy(103,139,"(inclusive)");

ounexxy(17,194,” (0.006) 0.02 0.08

ouuextxy(17,236, " (.02 0.1 0.25
outnexwxy(17,278, " 0.1 2.0 0.8
outextxy(17,319," 2.0 10.0 25
outtexxy(17,361," 10.0 80.0 8.0
gewh();
}

priater()

{

void *buffer;

unsigned size;

char ans;

int n;
sizem'magesize(lSO,]00,420,250);
buffer=malloc(size);
getimage(150.100.420.250 buffer);
setfillstyle(1,15);
bar(150,100,420,2505;

sewcolont REDY;

mm

"%
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outtextxy(200,140,"1 PORTRAIT PRINTING");
outtextxy(200,190,"2 L:\NDSCAPE. PRINTING");
ourtextxy(230,230,"select choice(l or 2)™);
ans=getch(};
switch(ans){ i
case ‘I’ : putimage(150,100,buffer, COPY_PUT);
free(buffer);
print(6,0);
printf("\007"™);
gewh();
break;
cas:e ‘2’ : putimage(150,100,buffer, COPY_PUT);

free(buffer);
prin¥(6,1); :
printf( \007";
break;
defantt :

prndt "Out of menu™);

gewhy);
closegraph(j);
main();
}
prnd(N007");
n=1;
reqrn n;

}

[¥SELECT TABLE 2%/
print(int mode,int direction)
{

char m;

int i.j,% Msb Lsb:

int maxx.maxy;
maxx=getmaxx();
maxy=getmaxy();

setviewport(0,0.maxx,maxv,0);

ol



men

fprind(stdprn,"\Ox2B%c",50);
switch(direction){
case PORTRAIT : Lsb=maxx+1&0x00FF:
Msb=maxx+1>>8;
for(j=0;j<=maxy/3;j++3{
fpﬁnd‘(stdpm,"\x1B"%c%c%c",mods,st,Msb);
for(i=0;i<=maxx;i++){
m=0;
for(k=0k<8;k++){
m<<=];
if(getpixel(i,j*S+k))m++;
}
forintf(stdprm,"%c”,m);
}
fprintf(stdprn,\x0a");
fpnntf(stdom, "\x 1 b\x6a%c" 3);
}
break;

case LANDSCAPE : Lsb=maxy+1&0x00ff;
Msb=maxy+1>>8;
for(j=0;j<maxx;j+=8){
fprintf, stdpm,"\xIB*%c%c%c",moda,st,Msb);
forti=maxyi>=04--}{
m=0;
for(k=0k<8:k++){
m<<=];
if(getpixel(j+k i)ym++;
}
fprind(stdprn, "%c”,m);
}
forind(stdprn.\x0a"y:

forindf(sudprn. "< 1P\ 6A Gc” 6):

e



fprind(stdpra,\f™);

veid Table6(void)

{
setfillstyle(SOLID_FILL,CYAN);
bar(10,10,370,410y;
setcolor(GREEN);
rectangle(15,15,365,405);
rectangle(17,17,363,403);

setcolor{WHITE):

outtextxy(17,31,"Table2-Sampling lengths for the measurement”™);

outtextxy(17,45, "  of Rz and Ry ofnon-periodic profiles");

ounemy(ﬁ,ssm g (for exemple ground profiles)”);
setcolor{ GREEN);

line(17,73,363,73);

linet17,113,190,113);

iinc('l7,153,36._3,153);

line(103,113,103.403);

line(190,73,190,403);

Iine(276,73,276,4(;3‘);

sewcolor(WHITE);

ouuexxy(80,86," Rz,Ry Sampling Evaluadon™);
ounextxy(70,99, " micrometre length(l) length(ln)™y;
outtexrxy(17,133,” over mm mm
ourextxy(103,126," up to");

outtextxy(103,139,"(inclusive)™);

outtexxy(17,194," (0.025)  0.01 0.08 0.4";

ourextxy(17,236, " 0.10 0.50 0.25 1.25™;
outexxy(17.278. " 0.50 10.0 0.3 4.0":
outtaxixv(17,310." 100 500 2.5 12.5":

outtextxy(17,361," 50.0 200.0 3.0 10.0™y;

gerch(y;

}

o



void Table7(void)

f
3

setfillstyle(SOLID_FILL MAGENTAY);

bar(10,10,370,410);

setcolor(BLACK);

rectangle(15,15,365,305);

rectangle(17,17,363,4033;

setcolort WHITEY;

ourtextxy(17,31,"Table3-Sampling lengths for the measurement™:
outtextxy(17 45, " of Ra,Ry and Rz ofperiodic profiles"y;
outtextxy(17,59, " (for exemple ground profiles)™;
setcolor( éMCk);

line(17,73,363,73);

line?l7,1 13,190,113);

line(17,153,363,153);

line(103,113,103,403);

line(190,73,190,403);

line(276,73,276,403);

seicolor{ WHITE);

outextxy(80,86," Sm Sampling Evaluarion"y;
outexxy(70,99, micrometre  length(l) length(ln)"};
ouuexwxy(17,133," over mm mm b3
ounexxy(103,126," u-p to");

a0

ounexxxy(103,139,"(inclusive)");

outextxy(17,194," (0.0) 0.032 0.08 0.4"y;
ounextxy(17,236, " 0.032 0.1 0.25 1.25";
ounexwxy(17,278, " 0.1 0.32 0.8 4.0";
outextxy(17,319," 032 1 2.5 12.5™);
outextxy(17,361," 1 32 8.0 40.0™);
gercht):

]
I

 THESE FUNCTION USE FOR DRAW MENU #/

void buttom(char ¢ol char co2)



md

{
box4(513,70,613,100,col,co2);
box4(513,170,513,200,c01,c02);
box4(513,220,613,250,c01,c02);
box4(513,270,613,300,col co2);
box4(513,120,613,150.col,co2);
}
void fchioce(int v)
{
swich(y) {
case 0: box1(513,67.613,103 ,4);break;
case 1: box1(513,117,613,153,4);break;
case 2: box1(513,167,613,203,4);break:
case 3: box1(513,217,613.253,4);break;
case 4: box1(513,267.613,303,4);break;
}
, i
fdelete(int y)
{swichty) {
case 0: box1(513,117,613,153,56);

“box1(513,167,613,203,565:

boxf?§13,217,613,253,56);
boxl(IS13,267,613,303,56)_;break;
case 1: boxl(51~.";,67,613,103,56'); )
box1{513,167,613,203,56);
box1(513,217,613,253,56);
box1(513,267,613,303,56);break;
case 2: box1(513,67,513,103,56);
box1(513,117,613,153,56);
box1(513,217.613,253,56),
pox1{513.267.612 303.56 brack:
case 3: box1(513,67.613,103.56):
box1(513,117,613,153,563;
box1(513,167,613.203.56);
box1(513,267.613,303,56):break;



o)

case 4: box1(513,67,613,103,56);
box1(513,117,613,153,56);
box1(513,167,613,203,56);
box1(513,217,613,253,56);break; -

]
void old(char color)
{
buttom(CYAN,BLUEY;
setcolor(color);
ounexwxy(515, 85,"[ RECEIVE 1™;
outlextxv(515,135,"[ CONTINUE 1™;
ounextxv(515,185," LOAD 1"
outtextxv(515,235,"[3DIMENSION]™:
outtextxv(515,285,"[ EXIT 'y
1
void Putpixel{void)
{int x,y;
for(x=20;x<=495;x+=5){
putpixel(x,74,0x4);
x’putpixcl( x,128,0x4);
putpixel(x,182,0x4};
puipixel(x,232,0x4);
puipixel(x,290,0x4);}
fortx=20;x<=345;x+=5){
putpixel(79,x,0x4);
putpixel(138,x,0x4);
purpixel(198,x,0x4);
putpixel(257,x,0x4);
putpixel(316,x,0x4);
rutpixel(376.x,0x4);
oumixel(435.x.0x1y?
setlinestyletSOLID _LINE.Q.11:
setcolort 14);

linet20.182.20.180%



line(20,180,50,100);
line(50,100,80,200);
1ine(80,200,100,140);
line(100,140,120,100);
line(120,190,125,190);
line(125,190,125,140);
une(135,140.130,200);
line(130,200,140,200%;
line(140,200,150,140):
line(150,140,150,200):
line(150,200,160,170):
line(160,170,170,130);
line(170,130.180,170);
line(180,170,190,150);
Line(190,150,200,180);
line(200,180,210,140);
line(210,140,220,130);
line(220,180,230,130);
line(230,130,240,190);
line(240,150,250,150);
line(250,150,255,150);
line(255,150,260,190);
'line(260,190,270,120);
1ne(270,120,280,1903;
line(280,190,290,130);
line(200,130,300,190);
line(300,190,310,160);
line(310,160,320,180);
line(320,180,330,140);
line(330,140,340,140);
line(340.140.350,180):
line(350,180,360,150):
line(360,150,370,170Y;
line(370.170,380,140);

linef380.140,390,140);

[~ 1~4



line(390,140,400,170);
. line(400,170,410,120);
line(410,120,420,180);
line(420,180,430, 1403;
line(330,140,440,190);
line(440,190,450,130);
line(450,130,460,180);
line(460,180,470,150%;
line(470,150.430,190);
line(480.190,490,130);
line(490,130,495,182};

void boxi(int startx.int starty.int endx,int endy,int color)
{
sercolor{color);
line(smarmx, starty starrx endy);
line(starix,starty endx starty);
Line(starx,endy,endx,endy);
line(endx starty,endx.endy);
}
void box2(int startx,int starty int endx,int endy.int col.int col)
{
sedinestyle(SOLID_LINE,0,THICX_WIDTH);
sewcoler(col);
line(startx,starty startx,endy);
line(startx,starty, endx,starty 3;
setcolor(col);
line(startx.endy ,endx endy);
linetendx.starty.endx.endyy;

1
i

void bexback(int xQ.int yGint x1.int vi.int num.int rint color!.int color2)
{int rr{177;

r{0] = x0-r+7:r{1] = vO+rrr[2] = <0urrf3] = vO+7urr[4] = <1:

- ¥



(5] = y0+2;x[6] = x14r-2;x{7] = yO+r;rx{8] = xl+r-2;x[9] = yl-r;
r{10] = xLirr{11] = y1-2;2{12] = x0x[13] = y1-2;r[14] = x0-r+2;
1{15] = yl-rxr{16] = x0-r+2;x{17] = yO+r;

semolor(eoloil);

line(xQ-r,y0+r,x0,y0);

line(x0,y0,x1,v0);

line(x1,y0,x1+r,y0+4rY;

linetx1+4r,vO+r,xl+r,v1-r);

line(x14r,yl-rxl,yl);

line(xl.y1,x0.y1);

line(x0,v1,x0-r,y1-m;

line( x0-r,_\; 1-r,x0-r,v0+r1);

setfillstyle(SOLID_FILL color2);

fillpoly(num,tr);

}

/**l*****¥****t**$¥*¥¥¥***¥¥***¥¥3***‘***t**#*#*t*ltt*t#*l*****#*#*tll/

voud framedint x! ant yi,int x2 int y2,int color)

{

nt Xx,y;

exicolor(coior);

gowxy(x1+l,yl1);
for(x=x1+1;x<x2;x++)
cgrintf( 0"
gotoxy(x1+41,y2);
for{(x=x1+1;x<x2;x++)

cprind(")");

forty=y1l+liy<v2iv++)
{
gotoxy(xl,y);
cprintdf("U™;

gotoxv(x2.vY;



cprind("N"Y;
}

gotoxy(x1,y1);
cprintf(’");
gotoxy(x2,y1);
cprintf("H*);
gotoxy(x1,y2);
cprintf("A";
gotoxv(x2,y2);

eprintf("™);

void hline(int x1,int y1,int x2.int color)
{

int x;

textcolor(color);

gotoxy(x1,yl);

foryx=x1;x<=x2;X++)

- d.("q n);

void vline(int x1,int yl,int y2,int color)
{
int y;
textcolor(color);
for(y=yl;y<=y2;y++)
{
gotoxy(xLy);
cprintf("U");

void box(int x1,int yl.int x2.int ¥2,int color)

{

int x,y;



textcolor(color);
textbackground(color);
for(y=yliy<=y2;y++)

{

gotoxy(x!l,y);
for(x=x1;x<=x2;x++)
cptint(" ";

}
textbackground(BLACK);
zotoxv(xl+1,y2+1);
for(x=x14+1;x<=(x2+1):x++)

cprintf("H™;

for(y=yl+1,y<=y2;y++)
{
gotoxy(x2+1,y);
eprind("N");
}

toxtbackground(color);

void text(int x1,int yl,int color,char *st)

{

textcolor(color);
goroxy(xl,yl);
cprind(st);

3
i
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TYPE SNT5188 _
QUADRUPLE LINE DRIVER —

REVISED JANUARY 1977

slectrical characteristics over operating free-air .tamperntun tange, Vec+ =9V, Veg—->-9V
{unless otharwiss noted)

MIN  TYP!
PARAMETER TEST CONDITIONS Max vt
(SEE NQTE &)
Vi High level input voltage N 1.9 v
viL Lowlevel input voltage o8| v
v -9V,
Vi =08V Vcc’ = -9V & !
Vop  Mighdevel output voitsge” - nweous s cc- v
R =3k Vees = 132V, 9 108
Veg-=-132V i
Vegs =9V, . s
vig=19v. |vec_+-9v -
v, Low level output volt '
oL Ow leve put voltage Ry = Ik Vcee = 132V, o8 ; v
Vee-* =132V -
f1yg High-level input curcent Vy=5V 10] »4
LITH Lovrlevel input current Vy=0 -1 ~18| ma
10SIH) Shortcircuit cutput current at high tevel © Vi=08V, Vo-=90 -6 10 -17] ma
108(L) Shertcircuit output current ot low level ® Vy= 19V, vp*0 6 10 12] ma
v -0, vee- =0,
‘o Output resutence, power off e E 300 1]
Voe©--2Vwo2V
'VCCO =9V, Allinputs st 19V 15 20
No losd All inpuis at OBV 45 [
Vees =12V, All inputs a1 19V 9 2%
Iccs  Supply current from Ves No load All inputs st 0.8 V 8.5 T|mA
Veer T 15 Ve | anmputs st 1.9V 7]
No loed,
Ta=25°C All inputs 81 0.8 V 17
Vee-=~9V, | Allinputset 1.9V -3 -n
No losd All inputs 0t 0.8 V -0.01%
veg- = ~12V.[ Al mputs at 1.9V -18 -2
tee-  Supoly current from Vee- No tosd At mputs 81 O8 V ~0.018 | mA
Vee-* 15V allipus w18V -
No load, -
Ta=25C Altinputs 310.8 V -2%
- V =9V, Vee~-"-9V,
A cce =9 cc 9 am
No losd
rp Totst povwer dissipstion -.
Vege = 12V, veg-* -2V, o8
No ioad
AN typrcol 1atues sre 0t T4 = 28°C. ) )
®Ner more 1hen 0ne OutpUl SHOUld be sherted ot & time,
) tienic is 9 o8 masimum I8 used In the dets shes for mye

NOTE &4 Tre sigedraic convantion where the more p

voitege tevels anly, 0.9, It —6 V is 8 manimum, the typical value {3 8 more negstive votisge,

switching characteristics, Vcg+ =9V, Vee—-=-9V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX|us?
i Propagation deley time, low-to highdevel output 220 X0 m™
L Provegation delfay time, high-to-low-level output Ry = 3 %01, Cp.~ 15 pF, 100 18] ~
TLH  Transvion time, low-10-highlevet ouwput? See Figyre 1 €5 100 | =
tyML | Trensuon tme, high-1o-lowlevel output S 18] ~
triM  Trensuon tima, low-to-high-level sutput § R = Jufd 10 7 kil, Cy = 7500 pF, 25 "
tYHL  Trenstion time, high-to-low-level output § See Figure 1 3.0 »”

.
$areerured betweon 10% ano 0% poms of sutput waveiorm

§Messured hetweon ¢33 V and -3 V peints on the output waveform (E1A AS 232C condivions)

oo o e e
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R INTERFACE

- CIRCUITS

TYPE SN75188 . .

QUADRUPLE LINE DRIVER

BULLETIN NO. DL-S 77{1874, SEPTEMBER 1973+ REVISED JANUARY 197

i e Meets Specifications of EIA RS-232C

JOR N DUAL-IN-LINE PACKAGE

OR NS SMALL-OUT-LINE PACKAGE -

o Designed to be Interchangeable with Motorola (TOP VIEW)
mC1488 -
. . Vece @B 4A «v 38 34 3
® Current-Limited Output . .. 10 mA Typical ccr o2 i
¢ Power-Otf Qutput Impedance .. . 300 {2 Min
s Slew Rate Control by Load Capacitor
s Flexible Supply Voltage Range
& Input Compatible with Most TTL and DTL
Circuits
description
The SN75188 is a monolitlic quadiuple hne driver
designed to interface data terminal etpuipiient with 1
data communications equipment in conlurmance Voo = 3 5T o 3 e
with the specifications of EIA Standard RS-232C
with a diodec in series wi(h' egch :.uvp.ly-vollage positive logie: Y ~ AB
teemunal as shown under typical applications. The
device is characterized for operation trom 0°C 10
75°C. FUNCTION TABLE
A 8 | Y
schematic (each driver) H R L
YO OVdh L X H
roﬁwlns . X L H
4\ H  hgh level L ow lever,
.2 (¥ 13 X = wrelevant
A+.
worulis X
l-——*--«
b 4 »
) 4 cutrut
x 4
ETYY 4 -
GnD
10
oAt 3
v All tesistOr volues shown
cC-
s e nominat andt in ohms,
Wemn
[ DTN
shsolute maximum ratings over operating free-air temperature range {unless otherwise noted)
Supply voltage VCCa at (or below) 257 C fiew-air temperature {see Notes 1 and 2) v
-8V

Supply voltage V- at (or below) 257C tree-air temperature (see Notes 1 and 2)

Input voltage range
Output voltage range

Continuous total dlssnpatlon at (or below) 25 c hte-mr temperature (see Nole 2)
Operating free-air temperature range e e e ..

Storage temperature range

Lead temperature 1/16 inch from case lm GO seconds: J p.n.l:uge
Lead temperature 1/16 inch from case tor 10 seconds: N packagé

AOTES. 1. AN voltage vaives ars with respect 10 the Netwoih ground terminal,
2. For operation sbove 25°C free an tempursiura, tefer 10 the Masimum Supply Voitage Curve, Figure 6, and the Dusslpation

Decating Curvas in the Thermel Information Section, which begins on page 4-26. In the J packege, SN75188 chips atw glaws-mounced.

-15Vtwo7V

1w

U otc o 78°C

-65°C 10 175°C

>

300°C
260°C

‘l.:-
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ADC0808/ADC0809

Naﬁonal
Semiconductor

with 8-Channel Muitiplexer

General Description

The ADCOBO8, ADCO809 data acguisition component is a
monoaiithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and Microprocessor compgﬁ-

sive approximation register. The 8-channel muitiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for extemnal zero and full-
sm:dmmemsmwwmmmiaopmussonis
pmidodbymouundundewdodmumpmnddm
inputs and latched TTL TR-STATE® outputs.
ThodosignotmoADcosoe.AOG)BOQhasbnnopﬁmod
byincorporaﬁngmomostdesimbleaspoctsofmmluo
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperaturs dependence,
excellent long-term accuracy and repeatability, and con-
sumes minimal power. These featres make this device
idealty suited to epplications from process and machine
controt to consumer and automotive appiications. For 16-
channel multiplexer with common output (saople/hold pert)
see ADC0816 data sheet. (See AN-247 for more informa-
tion.)

ADC0808/ADC0809 8-Bit P Compatible A/D Converters

Features

m Easy interfacs to all microprocessors

m Operates ratometrically or with S Vpg or analog span
adjusted volitage reference

= No zero or full-scale adjust required

# 8-channel multiplexer with address logic

B OV 1o 5V input range with single 5V power supply

u Outputs mest TTL voitage level specifications

a Standard hermetic or moided 28-pin DIP package

m 28-pin molded chip camier package.

| ADCO808 equivalent to MM74C849

» ADCD809 equivalentto MM74C548-1

Key Specifications

u Resolution 8 Bits
B Total Unadjusted Error +1, LSB and £1 LS8
u Single Supply 5 Vpe
u Low Power 15 mW
= Conversion Time 100 ps

Block Diagram

TasT  Qocx
-] -]
2 T e ——1
| o ING 8 CORVERIION
P : CORTAOL & TN @ n
- ] ; l
o—i $Cuasmels g |
S ANALSS MPUTS DULTILUSE |
(D AR l
P 1 ! -
( COMPARATDR 1 - —0
° i sare® {o
oUTrYT +86T OUTIUTS
L | [ N
i 1 wreen 9
—o
Ll nTON TREL !
—’_ i 1
3T ADORESS | Ot L - :
~ LATCR ] ‘ i ‘
AODRESS ot A%0 |
oecasen
LATCH ERARL 3R AERSTOR LADDER | Sas Ordering
1 1 l " l Information
(I | ¢
Yoo SRR REMS ALF=) BUTIUT
masLe

TL/H/SET2=1




Absolute Maximum Ratings (otes182)
if Milltary/Aerospace specified devices are required,
plesse contact the National Semiconductor Sales
Otfice/Distributors for availabiiity and specifications.

Supply Voltage (Vo) (Note 3) 6.5V
Voitage at Any Pin -0.3Vto (Vo +0.3V)
Except Controf inputs
Voitage at Control Inputs -0.3Vio + 15V
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storage Temperature Range ~65°Cto +150°C
Package Dissipation at Tp=25°C 875 mwW
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastc) . 260°C
Dual-in-Line Package (ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
infrared (15 seconds) 220°C
400V

ESD Suscaptibility (Note 11)

Electrical Characteristics

Operating Conditions (Notes 12 2)

Temperature Rangs (Note 1) TmiNSTaAS Tuax
ADC0808CJ ~85°C<TAL +125°C
ADC0808CCJ, ADCOBOSCCN,

ADCO809CCN —40°C<TA<L +85C
ADCO808CCV; ADCOB0ICCY  —40°C < T) < +85°C
Range of Vg (Nots 1) 4.5Vpct06.0 Vpe

Converter Specifications: Vec=5 Voc=VRer+. VRer(-)=GND, TMiN<TA<Timax and e =640 kHz unless otherwise

stated.
Symbol Parameter . Conditions Min Typ Max Units
ADC0808
Total Unadiusted Error 25°C % LS8
(Note 5) Tumin o Tmax E2'A LS8
ADC0809
Total Unadjusted Eror .| 0°Cto 70°C +1 Ls8
{Note 5) Ty 10 Taaax +1Y, LSB.
Input Resistance From Ret(+) to Ref(—) 1.0 25 k3
Anaiog Input Voitage Range | (Note 4) V(+)orV(~) | GND-0.10 Vee+0.10 | Vo
VREF(+) Voitage, Top of Ladder Measured at Ref(+) Veo Vec+0.1 v
v + X
—"‘Eﬂ’lz—vﬁu ‘Voltage, Center of Ladder Voo/20.1 | Veo/2 | Vec/2+0a |V
VRer(-) Voltage, Bottom of Ladder | Measured at Ref(—) ~0.1 0 Y
I - Comparator Input Current to =640 kHz, (Note 6) -2 205 2 BA

Electrical Characteristics

Digital Levels and DC Specifications: ADCOB08CJ 4.5V<SVep<S.5V, —55°C<Tp<+125°C unless otherwise noted
ADCDB08CC., ADCO80BCCN, ADCO808CCV, ADCO809CCN and ADCCBOSCCYV, 4.75KVcpS525V, —40°CSTh< +85°C un-

less otherwise noted .
Symbol | Parsmeter [ Conditons | Mm | Typ | Max | Unis
ANALOG MULTIPLEXER
lorr(+) OFF Channei Leakage Cuxrent Veo=5V, ViN= 5V,
Ta=25C 10 200 nA
Twin o Tmax 1.0 nA
loFF(—) OFF Channel L eakage Current Veg™ SV, Vin=0,
TA=25C -200 -10 nA
Tumin 10 Tax -1.0 pA

GOGOOQVI 808004V

SN



ADC0808/ADC0809

Electrical Characteristics (continusa) ‘ ,
Digital Levels and DC Specifications: ADCOB08CJ 4.5V<Vco<5.5V, —55C<Tas+125'°C unless ctherwise noted
ADC0808CCJ, ADCO808CCN, ADCO808CCV, ADCOB0ICCN and ADCO809CCV, 4.755 Ve <5.25V, —40°C<TA< +85°C un-

less otherwise noted

-

Symbol | Parameter Conditions Mn | Typ | Max Units
CONTROL INPUTS R

Vingn Logical “1" Input Voltage Veg—1.5 v

Vine Logical “0" Input Voltage 1.5 v

lingty Logical “1” Input Current Vin= 15V 1.0 rA

{The Conttrol Inputs)
Ny Logical “0” Input Current Vin=0 -1.0 pA
{The Control Inputs)

le Supply Current foLx =640 kHz 0.3 3.0 mA

DATA OUTPUTS AND EOC (INTERRUPT)

VouTi Logical *1* Output Voitage lo= —360 pA Voo—0.4 V.

VouTi Logical “0” Output Voltage lo=1.6 mA 0.45 v

Vourm Logical “0" Output Voitage EOC lo=1.2 mA 0.45 v

lout TRISTATE Output Current Vo=5V- 3 RA

Vo=0 -3 BA s
Electrical Characteristics . ' : &
Timing Specifications Yoo = VRer(+) = 5V, VRer(—~)*= GND, tr=t=20 ns and Ty = 25°C uniess otherwise noted. 4
Symbol Parameter Conditions Min Typ Max Units ‘;‘
tws Minimum Start Puise Width (Figure 5) g, 100 200 ns =~ |%
WALE Minimum ALE Puise Width . (Figure 5) 100 200 ns %
ty Minimum Address Set-Up Time (Froure 5) b 25 . 80 ns
t Minimum Address Hold Time (Figure 5) 25 . 50 ns
1o Analog MUX Delay Time Rg =00 (Figure &5 1 25 us
From ALE
a1, b0 | OE Contolto Q Logic State Cy =50 pF, R_*= 10k (Figure 8) 125 250 ns
Ymeton | OF Controlto Hi-2 Cy = 10 pF, Ry = 10k (Figure 6) 125 250 .ns .
te Conversion Time fo = 640 kHz, (Figure 5) (Nots 7) 90 100 |. . 118 pSs
fe Clock Frequency 10 840 1280 kHz
teoe EOC Delay Time (Figure 5) 0 8+2u8 Glock
4 Periods
Cin input Capacitance At Controf Inputs 0| 15 - pF-
Cout TRI-STATE Output At TRI-STATE Outputs, (Nots 12) 10 15 pF
Capscitance

m1:Mmmmmmmwnmmmm.ocmmmmmmmmmw
the device beyond s spmalied operating conditions. . . L. ..
Note 2 Al voitages are i 10 GND, unisas othewise specified.

Note-3: A zener dode exism, icsermelly, from Vex: 10 GNO and has & typicel breskdown voitage of 7 Voo, 4 -
memmmnunmmmmawmummwnmwmmanmq@
mmnvmw.mwm1wmmuummm-m-w-nmv~mmmnmm
byma-t-n100mv,mwm-‘hwfommmwmwameﬂmmammwd
4.900 Vi over inital and ioading. - - -
mermm—e-wmn—mmM.mmmkmamummm.mumm
Hm.lmnmmhwummmmmaw.unmmwmwmostuvminm
tages can be B achiove thin. 500 Figure 13,

Nots & Comparstor input cusvent is & biss current o or out of the ch itred The bias Crrent varies tirectly wath Clock frequency and has
Ittle empersrre dependence Fixse €L Ses paregruch 4.0,

Note 7: The curputs of the data register sre undEted one clack Cycle before the rising sdge of EOC.

Note & Human body model, 100 pF oed on & 1.8 k0

BV SJHAN a1 Al 20 L TRIDE I G IV L - Abrg o W DR T £ae
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Functional Description

Muitipiaxer. The devics contains an 8-channel single-end-
od antiog’signal muitiplexer. A particuiar input chennel is
selected by using the address decoder. Table | shows the
input states for the address lines to select any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLE{
SELECTED ADDRESS LINE
ANALOGCHANNEL | ¢ | B | a
INO L R R
IN1 Lt | v | H
IN2 T R
IN3 L | nis
IN4 T I
NS, H| L] H
NG H| #Hl| L
IN7 H | HIH
CONVERTER CHARACTERISTICS

The Converter ;
The heart of this single chip data acquisition system is its 8-
bit analog-to-digital converter. The conventer is designed

Yt e

R

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sectons: the 256R ladder network, the succes-
sive approxdmation register, and the comparator. The con-
verter's digital’ outputs sre positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder becsuse of its inherent
monotonicity, which guarantses no missing digital codass.
Monotonicity is particularly important in closed loop feed-
back control systems. A non-monotonic relationshio can
cause oscillations that will be catastrophic for the systam.
Additionally, the 256R network does not cause load varia-
tions on the reference voitage:

The bottom resistor and the top rasistor of the ladder net-
work in Figure 1 are not the same value as the remainder of

the network. The ditferance in these resistors causes the-

output characteristic to be symmetrical with the zero and
fuil-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + 14 LS8
and succeeding output transitions occur every 1 LSB

up 1o ful-scale. .

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voitage. For any SAR type
convertar, n-itarstions. are- required for an n-bit converter.
Frgure 2 shows a typical exampie of & 3-bit converter. in the
ADC0808, ADCO809, the approximation technique is ex-
tended to 8 bits using the 256R network.

CONTROLS FROM SAR.
1

REF(#) Oy

="
=

%A

AA ol AAA
'VvTvvv=‘M°

o-A

F

T0
. = COMPARATOR
INPYT

REF{~} Owemesed

TUWEeT2-2

FIGURE 1. Resistor Ladder and Switch Tree

60800aVv/80800QV



ADC0808/ADC0809

Functional Description (contnueq)

The A/D converter's successive approximation register
(SAR) is resat on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion puise. A conversion in process will be
interrupted by receipt of a new stant conversion pulse. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EOC) output to the SC input. if used in this
mode, an external start conversion puise should be applied
after power up. End-of-conversion will go low between 0
and 8 clock puises after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
vitimate accuracy of the entire converter. It is aiso the

t—FuLLSCALE
119 IDEAL CURVE ERAOR = 172 LS8
a e
-]
[*3
- 108
=2
-
5 o :
3 e NONLINEARITY « 1/2 LS8
2 wm 4 '
- NONLINEARITY = =172 1S3
201
= |—IERO ERROR « 14 LSB
08 Yin
MIARMIM AWM BN
Vin AS FRACTION 8F FULLSTALE
FIGURE 2. 3-Bit A/D Transfer Curve

QUANTIZING
ERROR

INPUT oV
VOLTAGE

comparator crift which has the greatest influence on the

repeatabiity of the device. A chopper-stabilized comoerator -
provides the most effective method of satistying all the con- -~

verter requirements.

The chopper-stabilized comparator converts the OC input
signal into an AC signsl. This signal is then fed throught a
high gain AC ampiifier and has the DC level restored, This
technique fimits the drilt component of the ampiifier since
the drift is a DC component which is not passed by the AC
ampliifier. This makes the emire A/D converter extremely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical emor curve for the ADC0808 as
measured using the procedures cuttined in AN-179.

MFIMTE RESOLUTION
1 PERFECT CONVERTER
18 w2158 1GEAL 34/T CORVERTER
w AL, P
€ ' | smanxsTED
taRoR ¢
5 e a1 -11s3
£ ASSOLUTE
2
-]
2 ne X3t ]
QWANTIZATISN
L2} EARGA
%0 Vi
IR MITWNA LRI
Vim AS FRACTION OF PULLSCALE

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

FIGURE 4. Typical Error Curve

-
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Connection Diagrams

Seo NS Package J28A or N28A

Timing Diagram

I

START

2

Moided Chip Carrier Package
< ®» O
§88YLTLY,
|
2524232212019
NO—{26 18f-27¢
Ni427 17—2"15!
N2q23 Nr—vm(-)
N34t '5_2“
Ney 144=2"7
NS5 134—GND
N‘—l‘ ]Z—VE(O)
N5 67 8 91011
EELURLLE
$58L3E8 8
& 5 3
]
&
3

See NS Package V28A

T/H/8872-12

Order Number ADCO808CCV or ADCO809CCV

Tane X
et __| | X X
et y -
10C - [
i
— TRETATE :_ .

FIGURE 5§

TUWSET2—4

608000av/808000v



ADCO0808/ADC0809

Typical Performance Characteristics

AR
Padl

-t 1o 1200 KKz

|

TYPCAL tyy LAY
-
TYPICAL Rgy (2}

TpeerC

T:V-\‘
1%\

|
|

|
a

-1 '
] I3 s 8 ] 128 s 1m 5
Vin V) Vin V)
FIGURE 6. Comparator Iy vs Viy FIGURE 7. Multipiexer Roy v8 Viy
- (Vec=Vaer=5V) (Veo=VRer=5V)
TRI-STATE Test Circuits and Timing Diagrams
t1hs tH1 ty O~ 10 pF Y41, C = 50 pF
veo e Y
Vee 9%
xD 1
suTrUT
mase O] 9 -! I—-nn )
_I_ % 18 Vo L g0
l ouTryT % .
=3 = & cng \
tos tho to, Co = 10 pF " tyos CL=50 pF
u yf—
Ve =i 3
ERABLE % -
cne 9% "
ﬂﬂﬂ:c*— —J F—teq e
veeo _—
ouTIUT s

vor

FIGURE 8
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Applications information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADC0809 is designed as & compiete Data
Acquision Systsm (DAS) for raiometric conversion Sys-
tsms. In ratiometric systems, the physical variable being
measured is expressed as a percentage of fuil-scale which
is not necessarily related to an absoute standard. The voit-
age input to the ADCOB08 is exprassed by the equation

Vis=Vz  Omax—Dmin

Vin = Input voitage into the ADC0808
Vig = Full-scale voitage

Vz=Zero voltage

Dy = Data point being measured
Dmax = Maximum data lmit

Dain = Minimum data limit

Vin Dx "

A good example of a ratiometric transckicsr is a potentiome-
ter used as‘a position sensor. The position of the wiper is
directly proportionai to the output voltage which is a ratio of
the full-scale voitage across it Since the data is represent-
od as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of emor and cost
for many applications. A major edvantage of the ADC0808,
ADCO809 is that the input voltage range is equal to the sup-
ply range so the transducars can be connected directly
across the supply and their outputs connected directly into

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
marny types of measurements must be referred to an abso-
iute standard such as voltage or curent. This means a sys-
tam reference must. be used which relates the full-scaie
voltage to the standard volt For example, ¥
Ve =Vaer=5.12V, then the fuli-scale range is divided into
255 standard steps. The smaliest standard step is 1 LSB
which is then 20 mV.

2.0 RESISTOR LADDER LIMITATIONS

The voitages from the resistor ladder are compared to the
selected into 8 times in a conversion. These voitages are
coupled to the comparator via an analog switch tree which
is referancad to the supply. The voitages at the top, center
and bottom of the ladder must be controfted to maintain
Proper operation,

The top of the ladder, Ref(+), should not be mors positive
than the supply, and the bottom of the ladder, Ref(—),
shouid not be more negative than ground. The center of the
ladder voitage must aiso be near the center of the supply
becauss the analog switch tres changes from N-channel
switchas to P-channel switches. These limitations are auto-
matically satisfied in ratiometric systems and can be easily
met in ground referenced systems.

Fare 10 shows a ground referenced system with a sepa-
rate supply and refarence. in this system, the supply must
be trimmed to match the raference voltage. For instance, i
a 5.12V is used, the supply should be adjusted to the same
voitage within 0.1V.

the multiplexer inputs, (Figwe §).
2 o)
l L REFtY T mgsl
g¢ - 2
< 2 DIGITAL
. Yy ouTrPUT
. [ PROPOATIONAL
= 70 AMALOG
» INPUT
®
. L]
REFI-) ™) - SN VN
J§ f - Vaer veo
it l 478V sVoo w VRErs5.25V
— AOCIm * Ratiometno transdueers

TwWSeT2-7

FIGURE 9. Ratiometric Comcrdon System

60802QVv/80800QY
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ADC0808/ADC0809

Applications Information (continueq)

The ADCO808 needs less than a milliamp of supply current
30 deveioping the supply from the reference is readily ac-
compiished. In Figure 171 a ground referenced system is
shown which generates the supply from the rsference. The
buffer shown can be an op amp of sufficient drive 10 supply
the milfiamp of supply current and the desired bus drive, or if
a-capacitive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12,
The LM301 is overcompensated to insure stability when

The top and bottom ladder voitages cannot exceed Voo
and ground, respectively, but they can be symmetrically less

than Ve and grester than ground. The center of the ledder

voitage should siways be near the center of the stpply. The
sensitivity of the convecter can be increased, (Le., size of
the LSB steps decreased) by using a symmetrical referencs

* system. In Fixre 13, & 2.5V referencs is symmetrically cen-

tered abaut Yo/ 2 sincs the same current flows in identical
resistors. This system with a 2.5V reference aliows the LSB
bit to be haif the size of a S5V reference system,

loaded by the 10 uF output capacitor.
ALY
;V
vee
sumLY Vee
s
Vaer REF(s) DIGITAL
- ouUTPUT
REFERENCED
O Iy; s 10
Vin{O=t 2 BROUNG
o—d 1 .
r— REF(=) 138 v
ALk
3 (11] Qoutr roed
ADCISSS 475V £ Voo = Vpgr < 525V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply

N

DIGITAL OUTPUT
REFERENCED YO
SROUND

Qour = o2
Vrer
475V £ Voo = Vpge £ 525V

TUHWsET2-0

FIGURE 11: Ground Referenced Conversion System with
Reference Generating Ve Supply
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Applications Information (continued)
181§

Voc

Vee

+ WuF
= soup

T TARTALUM
——P> GKD

sv

REF{-)

FIGURE 12. Typical Reference and Supply Clrcuit -

The transition between adiacent codes N and N+ 1 is given
by:'

V= {(Vm..,-'vm-,)[z—:‘f*?'z] :v-.-ug} V) - 2
The center of an output code N is given by:
VN{ME'(Q)-V“-,)[-!-] :V“g} +VagR~) @

ThoumcodoNformubrhrmeﬂnvmg«s
within the range:
N-v"—'v"-EU—xmzmw “
Vrer(+)—Vmer-)
where: Vi = Voitage at comparator input
VRer(+)= Voltage at Ref(+)
VREF(~)= Voitage at Ret(~)
Vrue = Total unadjusted error voitage (typically
VRer(+)+512)

Ra
AAA—&- Vee
I REFY)
hr
[ ]
4 . ODISITAL DUTPUT
b PROPURTIONAL TO .
4 ANALOG INPUT
7 5 129V S Vg < ATSV
4 'n
< il) REF(-) -
5v "
~REFEMENCE
; LeAAA—e—d crD ~Ra=fg
9)74 v *etomewc varescen
TUW/SET2-0
FIGURE 13. Symmetricaity Centered Reference
3.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS

Thodymnﬁcmwambmbymopﬁ-

- odic switching of onchip stray capacitances: Thess are

connected aiternately to the output of the resistor ladder/
mu«mmwmmmumm
the operation of the chopper stabilized comperator,
Thonvmgomdﬂncowmmmm
dmuywimdoekmwmvmushmhﬁg-
ure 8.
Hmmwmmdmmmdnmmmnsmmo
signal source impedances sre low, the comparetor input
current shouid hot introducs converter errors, as ths tran-
sient created by the capacitance discharge will die out be-
fors the comparator output is strobed.
Ifhputﬁtturumatonmdnhdbrmnducﬂonw
ugmlcondﬂomnﬂnymlundtomgoamhodyrmm

comparator input current. It will then take on the character--

istics of a DC bias curent whoss effect be predictsd

conventionaily.

o—



ADC0808/ADC0809

Typical Application

J

P —

1 i
el o€
FooNEss VREFI) €0C NTERRGPT
(AD&=ADIS)* VREF(-)
rif——a0s? w38
START P e L
W. 2 ALE F ot e X1
b
‘ - —>on3
o1y Moo L e
rl—>on )
ri—b>ore 132
|Vee g —Vin 8
cNo o
I (W
GROUND == . _AnALOg
o INPUT RANGE
g (== Vig 1
TUWSeTZ-10
*Address iaicnes neeced for 8085 and SC/MP irmerfacing the ADCOB06 1 @ micyoproosssar
MICROPROCESSOR INTERFACE TABLE
PROCESSOR READ WHITE INTERRUPT (COMMENT)
8060 MEMR MEMW INTR (Thew RST Circuit)
8085 RD WR INTR (Thru RST Clreuit)
Z-80 RO WH INT (Thru RST Circuit, Mode 0
SCINP NRDS NWDS SA (Thru Sense A)
6800 VMAe$20R/W | VMA=peFR/W | TRDA or TRGE (Thrs PIA)
Ordering Information
TEMPERATURE RANGE —40°Cto +85°C -55°Cto +125°C
. 2% LSB Unadiusted | ADCOBOBCCN ADCU808CCV ADC0808CCY ADC0808C)
+1LSBUnadjusted | ADCOSBOSCCN ADCO809CCV
Package Outfine N28A Molded DIP | V28A Moided Chip Carrier | J28A Ceramic DIP | J28A Ceramic DIP

X RROVY | Ry RS TR

[¥'1




SCL4020AB

CMOS
14-STAGE BINARY COUNTER

FEATURES

14 Fully Static Stages

Buffered Outputs Available from 12 Stages
Common Reset Line

8MHz Counting Rate @ 10Vdc

All Inputs Buffered

LK X X ¥ 3

DESCRIPTION

The SCL4020AB consists of 14 ripple-carry
binary counter stages with appropriate input buf-
fers and reset circuitry. Buffered outputs are ex-
ternally available from stages 1, and 4 through 14.
The counter is reset to its “‘all zeroes” state by a
high level on the Reset input. The counter is ad-
vanced one count on the negative-going transition
of each input pulse. Isolation from externa! noise
and the effects of loading is provided by output
buffering. -

Applications include time delay circuits,
counter controls, and frequency-dividing circuits.

CONNECTION DIAGRAM
{all packages) .
v

Vpp Q11Q10 @8 Q@8 R CL Q1
I | 1 i | ] 1

16 15 14 13 12 11 10 9

SCL4020AB
1 2 3 4 S5 6 7 8
1 T T T T 1

Q12 Q13 Q14 Q6 Q5 Q7 Q4 vgg

Add suffix for package:

*C  16-pin Cerdip
D 16-pin Ceramic
E 16-pin Epoxy
F  16-pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS
- For maximum reliability:
VDD - Vss

DC Supply Vohage. 3to15 Vde

TRUTH TABLE Operating Temperature ~ Tp
C, D, F, H Device 55t0 +125 oC
cLocK RESET OUTPUT STATE E Device < 4010485 OC
— 0 No Change .
x 0 Advance to next
state
x 1 All Qutputs are low
X = Don‘t Cnro'
LOGIC DIAGRAM
°
(l“'l- i .‘" " o ‘.' - 'Q?ﬁ‘.- -'Il .lla ol
Frrrrrr
€ L] = a o L]
”m [4s ] ”s Tamy rrg
L LU & §
st > L




T T T SCL4020AB

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS!

2 ° * F)
PARAMETER oo | conpimions | Tiow BL ] Twewd Ty '
(Vde) Min. | Max. | Min. | Typ. [ Max. | Min, Max,
OUIESCENT DEVICE CURRENTIps| 5 Vin*Vgs or Voo | = 5 - j005( 5| ~ | 150 [uAde
10 Al valid input - 10 - 0.1 10 - 300
15 _lcombinstions — 15 - 102 20 - 600 N
OUTPUT HIGH (SOURCE) on T -
CURRENT
C, D. F, H device o 8 [Vow=asv 0351 = 1012105 | « looe| ~ lnag
10 [Vou = 9.5V =037 - 103 [-195] ~ [021] -
15 Vo =138V F125( - L1p 4.5 - l-069] - .
Vin=Vsgs or Vo | !
£ device S Vow=46v  l0a4] - |o.42 [-0s - |-0.10 ] —~.imAde
10 [Vou = 9.5V ~035| - |03 .15 - |ods| -
. 15 Vou=135v 12 | - L9 [us - |-oes| -
Vm'vss or Voo '
OUTPUT LOW (SINK) o - -
CURRENT . !
C.D, F, H device 5 [Vor = 0.4V 015{ - [0.92]05 - 1008 - |nade !
10. Vo, = 0.5V 037| - |03 |10 - {021 -
15 Vo, = 1.5V 125| - {10 |[s8 < loss| -
VIN.VSS or VDQ
E device § Vo =04V 014 ~ lo12{o0s - 1010 - inade
10 Vg =05V 035 - (03 |10 ~ |ozs| -
15 (Vo ® 1.5V 12 | - 110 {58 - {oss| ~
[Vire* Vs of Vg .
NOTES: * Remaining Static Electrical Characteristics are listed under “SCLA000B Series Family Specifications”, N
® Tiow =-55°C for C, D, F, H Jevice. ; . - 2
= 40°C for E device. ' ) !
; Tuign = +125°C for C, D, F, H device.
i =+ B85°C for E device.
5 DYNAMIC CHARACTERIST ICS (C, = 50pF, Ta =25°C) S
Vop .  Uei
f PARAMETER P l Min, ] Typ. ] Max, l Units
CLOCKED OPERATION
PROPAGATION DELAY TIME =~ ]
Clock to Q1 Mo topeg 5 - 200 400 3
) 3 10 - 100 200
15 - 80 180
Qt0Q; 4+ topetomg | ~ B - 1507 300 n
10 - | 75 150
15 - 60 120
OUTPUT TRANSITION TIME trLm. trmg s — 180 380 "
10 - 80 180
- 15 - 65 130
_MINIMUM CLOCK PULSE WIDTH PWey, 5 - 100 200 ™
. 10 - 50 100
) 15 - - a0 80
MAXIMUM CLOCK FREQUENCY . - e s | 20 4.0 - MHz
10 0 8 -
P 15 5 10 -
MAXIMUM CLOCK RISE AND FALL TIME teeL. ticy, 5 15 N — - s
10 15 - -
15 5 - -
RESET OPERATION ’
PROPAGATION DELAY TIME oy 5 |° - 300 600 .
0 |- 150 300
e 18 . - .1 120 240
MINIMUM RESET PULSE WIDTH PWn 5 - 150 300 ns
10 - 7% 150
. 15 -~ 60 120
RESET REMOVAL TIME “Ttewm ) - 250 500 ns
A 10 — 125 250
15 — 160 200




SCL4049UB Inverting ®
SCL4050B Non-Inverting

CMOS

HEX BUFFERS /CONVERTERS

FEATURES

4 Direct Drive of 2 TTL/DTL Loads

¢ Operation from Single Supply

4 Pin-for Pin Replacements for SCL40098,
sCcL40108

DESCRIPTION

The SCL4049UB and SCLA0SOB are Inverting
and Non-lnverting Hex Buffers, respectively, and
feature logic-level conversion using only one supply
voitage (V). The Input-signal high level (V) can
exceed the Ve supply voltage when these devices
are used for logic-level conversions, These devices
are intended for use as CMOS-to-DTL/TTL con-
verters and can drive directly two DTL/TTL Loads.

The SCL4049UB and SCL40S0B are inter-
changeable with SCL4009U8 and SCL40108 de-
vices, respectively. In these applications the
SCL4043UB and SCL40508 are pin-compatible
with the SCL4009U8 and SCL40108, respectivety,
and can be substituted for these devices in existing
as well as in new designs. Terminal No. 16 is not
connected internaily on the SCL4049UB or
SCL40S08; therefore, connection to this terminal
is of no consequence to circuit aperation.

SCHEMATIC DIAGRAMS

Veo

9

Qog«

A

SCL4049UB

e

A, b:}_f}
5T j‘"

vss

1}

SCL40508

CONNECTION DIAGRAM
{all packages)

NC 6Y 6A NC 5Y 5A 4y aa

) I N I T S N |

16 15 14 13 12 11 10 9
SCL4049UB  SCL40508

1 2 3 4 5 6 7 38

re b T T T 1
Vec 1Y 1A 2Y 24 3Y 3a vgg

Add sutfix for package:

C 16-pin Cerdip
D  16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

OC Supply Voltage  Veg -Vss 3t 15 Vdc
Operating Temperature Ta |
C, D, F, H Device -55to0 +125 ©C
E Device 4010485 ©C

Note: These devices contain input protection net-
works to Vgg only. Therefore, Vi (max) *
may exceed Ve without damage (subject
to absolute maximum ratings).

LOGIC DIAGRAMS

14 2>=1 gy 1a > gy
2a L0 2y 2a 22 oy
38 L=t 3y 3a I7>-% 3y
4A L2 av 4 1> ay
5A —->.-’ sY 5A —{>_' 5Y
6A :.,>.: sY 6A ‘—ll >2 &Y

veq ——e VEC e

vy — s ~

X2 vex 32 vea
SCL404sus SCL40508




SCLA049B, SCLA0S0R
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 L/ 2
PARAMETER ‘:’,‘;‘z) conpiTions [ Tiow *B5cC Twigr | i
Min. , Max. | Min. | Typ. | Max, | Min. | Max.
QUIESCENT DEVICE
CURRENT ce 5 Vin=VgsorVpo| -~ 1.0 - 0.004 1.0 - 30| pAde
10 |[All valid input - 20 - 001 ] 20 - €0
15 [combinations - 40 - 0.02| 4.0 - 120
MINIMUM INPUT HIGH Vs
VOLTAGE
SCL4a049UB 5 [Vo_=0.5V - 4.0 - 275)] 40 ~ 1 4.0] vde
10 Vo =1.0v - 80} - /55 |80 - 8.0
15 |vg, =1.5V - 1120 - ls2asfwo]| - | 120
MAXIMUM INPUT LOW Viu
VOLTAGE .
SCL4a049UB 5 |Von=3.6V 1.0 - 10| 225 - 1.0 - | vde
10 |Vou=17.2V 2.0 - 20| 45 - 2.0 -
15 [Vowu=10.8V 3.0 - 301 6,75 - 3.0
OUTPUT LOW ISINK) lov ]
CURRENT
C. D, F, H devices 5 |Vo =04V 40| -~ | 32|64 | - 24| - | mAde
10 [V, =05V 10 - 8.0 |16 - 5.6 -
15 (Vo *1.5V 30 - | 24.0 40 - |8 -
Vin*Vss 0t Vpp .
E device 5 Vg =04V 3.8 - 321 64 - 26 - | mAdc
10 {Vy*0.5v 8.6 - 8.0 {16 - 6.4 -
15 |Vo_*1.5V 28 - ] 24040 - |19 -
;Vin=Vsg or Vpo 5

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications”,
* TLow * -55°C for C. D, F, H device.
= ~20°C for E device.
Twigw = *125°C for C. D, F, H device.
=+ 85°C for E device. v
3 These devices have been designed to meet the balanced output drive current specifications for
Output High (Source) Current. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25'C)

Vin [Vee | i T Mi R
PARAMETER VeeHiva] in. ¥p. ax, Units
PROPAGATION DELAY TIME PN
SCL4049UB 5 5 - €0 120 ns
10 10 - 2 65
15 |15 - 25 50
10 5 - 45 90 ns
15 5 - 45 90
SCL40508 5 5 - 0 140 ns
10 |10 - 0 80
15 115 - 30 60
10 5 - 45 90 ny
15 5 - 40 80
SCL4a048UB tory 5 5 - 32 65 ns
10 (10 - 20 40
15 |15 - 15 30
10 5 - 15 30 ng
15 5 - 10 20
SCL40S0B 5 5 - 55 110 ns
10 |10 - 27 55
15 {15 - 15 30
10 5 - 50 100 ns
. 15 5 -~ 50 100
OUTPUT TRANSITION TIME Tyiwm 5 s - 80 160 ng
10 |10 - 40 80
15 |18 ~ 30 60
Bree 5 5 - 30 60 ns
10 |10 - 20 40
15 {15 - 15 30
INPUT CAPACITANCE Cin
SCL4049UB - - - 15 22.5 pF




SCL&0498, SCLA0S0B

Vee. DRAIX VOLTAGE {Vdc)
220 -18 436 4 32 10 3 6 4 2 O l ] I
T 1 s | ]
e e 74 S =~ = V.. = 15 Vdc —]
1 i p. a0 ¥ ~ 140
: L A {as 3 = [
Vo =~10 Véc 7 52 b
20 = £ 100
o 3
/] 5 g S g Vi
% 2 E w1l V..o 10 Vi
a5 & 4| —
P 3 : 0l )
Voo = =15 Ve 40 § = 20 A4 V. =5 Véc T.=25 €
| =] 1. =28 C o 45 L1 1 L
=T SN 0 2 4 6 & 10 12 14 16 18 20
" V1. DRAIN YOLTAGE (Vde)
Typical P-Channel Typical N-Channel
Sousce Current Characteristics Sink Current Characteristics
e B ]|
e S
UPPLY VOLTAGT (Vegl o0V i
> > » —
i A = = AWBIENT TCweeatynf
2 S 2 st By gs ]
- L, s
H - ¢ SR
s ) o = =
£ g e Ve SV R
g : i
] Y= ===
2= =
1
® t 2 3 4 8 6 7 0 9 © T 2 3 e 5 6 7 6 & ©
meuT vOLTAGE IV: td d WeUT vOLTASE "x"-‘
Typical voltage transfer characteristics as a function Typical voltage transfer characteristics as a function

of temperaturs for SCL4049UB. of temperature for SCL40508.




S4T4,/T474 Dual

‘D-Type Positive- Edge- Triggered Flip-Flop with Preset and Clear

Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Pockage Pachage Package Package . Package
Device Type Device Type Device Type Device T Device Type
c[PIM]cH] CPIMICF P [MCH ™ [cTPImIeH PmicH
SNSLSTE a3 WO SNSaMIE 13 w2 SNS4LSTe Ik w3l SNYI 33 wif SNSaL J3 IvIYTQ
Tl SNYSU 1@ VT SNITMIe JINT: SNTL ST G IND| SN 3G N SNTLN JIINgJTa
FMSL574,F M98 410D 7 MSAnT4/F M emTa 0T F Q] resasi comsn of L P M FvaNT reser) F Q.
FAIRCHILD FCT4S.FCIS4 j0D[ T FCl4w24/F Cy44Y4 (07T 10T, k2 FETOTRTNT M FF{FC a7 Conma 07 PG4
MOTOROLA SNIaL £ 2
OMSam7a 4 G IND oM sH Py Dmsan QNG wl{ ML 1Q [N, 2
NS.C DM S ND. Deranna 33 N, DvrLSN CMYan 30 IND) D 4L N 1 G INT. F3
PHILIPS N14STa [ G113t 774m2 ] NY4L ST 3 € 301310428 [
$54374 S54M F G jad w D) S844 FI A Jwod
SIGNETICS NS U Niau24 Falas NI SN A 7 NI D
SIEMENS Tt [3
1
FUITSU TSt i MG 3w
HITACH woTisTe A WETRL ST T HOMU DS | GIPQ
KITSUBISHI ST T MT_S1 e M7 3378 P}
NEC 14578 C T8L ST CJ. »PB2:8 0 DjC]
TOSHIBA T =7
Electrical Characteristics SNS4LST74 'SN74LS T4
2000iutn soirmun roLags sver speraLng free-sw terpersters ronge - .
w vowp vee ol Oewoing vonow Snia_ S =“8C woant . . View
— — ~ s N Pin Assignments (Top Vie )
SErh S pirs g -UT W g
i 0] @
2
SNSALE T SNTALS Y4 i VeC QR D X e 0 0 WE 10 1B oNO 20 20 PN
=0 v marjen e T DENEnEmEGInin msmsmSmeminin
$ommy werrogm. YOE 0 s 1t fen [} ya ) . T T
- B L0 REre |
L mer e gorenne 1oy ] 1 -~ b o
Ougn - i) B o) as - 4 —J
b ot oo e e 5 F3) i* | - £
Ngr-woet gatg nt £ 1) ’ L, *
T Cotaver ate 1 - ~s
inaliediedn) st 3] - BRtintigUaflatia gl uprintIatis a0t
Oevosry Sevmr wnmrvere T4 -9 Y [ » X ' W s we g 10 oD K 10 ‘' Yee ? o xr
- . o - cn : tLn an
-loetn.:al characteristics over fecommended operating . Functional Table
free-sir temperature range
PARAMETER® TEST CONDITIONS 1 MIN TYPI MaX [uniT 74174, L1574, 574 (See Note 2)
Ving Higrteve! @owt wohuge 2 v INPUTS louTruTs
vy Lowtrvet sput vortage 08} v PRESET CLEAR CLOCK D [] -
vy Jrout cems vormge VOC=MIN,  |ym e~ 1gma =1.8f v L " x X LY
VCCMIN,  viye v, L] L x x [
v, Hiptove! @t wo! v .4 v .
Ou o VIL=0 V. igysmax il Y L L X x| W e
VCCMIN, V=2V, L] [ 1 L] H oL
v i K]
0L Lowdeve! auwut wunage VIL=0.AV. 1oy = dmi 0.25 » v “ " 1 L L "
[3 . .
o carent o1 g:'. 2 :; - 3 ", 2 " 5 ¥ 1% &
" nout oreess Voo=MeX, vimry o.z .
voluge - . .
Ciocn 8.4 Functional Block Diagram
D, 4%, n
Highrimvet Clear
1 -
- s PRV e 1 i
Cloch 20
D.J.X, -0.4 “ .
Low<evel Clear -0.3
" cout Curron A veg=MAY, Viegay o ] ™
Clock -0.4 T
L}
Shorierewmt Serwms SaL S -0 - 100 G
! -
08 ot asieme [Sompras] YETTMAX = o0t ™
Swady currem
1 v, MLX Note ¢
cc (Awrape pur mp-fico) cc= - Ser Mo ‘ o *
' Cloct eguency Vo sy, % 3 Moty 4. 878 wie \3TE LTapus DELIP ILUP wtw CLLAR anO PagSCY
L | hom cioer, peeset o cxca Ta=ise. R
(33 acoracrene) 10 0 o O Cu=150F, "
18y R =g P23 [
AGTES D 1 wan g O.DNE, 0EN, IGL 13 MedsUTed with the C anQ € OuDLls BGh w turn
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T = ton to~ kw10 neY tever,
Qowne wve: ot U Leiore e “JCHEC MOIT CON0E- AN mere esiatnsneg
*Thy COMRral0~ 15 nonstatie . tmac W 4w AOT D078iSt when preser
88 CHa KO <4100 10 Ihew gctve {regn) teset
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341 1yp<mt vakues e e Vee=Sv, Ta=23C
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5490 /7490

Decade Counter

1L 7 [P0 0N Ordy tme, low o Ngh-tevel putp?

Schottky TTL High-Speed TTL Lowm-Pregr Schetthy TTL Stendard TTL
Packsge Package . | Pacnage . Package
Device Tyge — Device Type +—{ Device Type — Device Type -
Y TP Mk P lcTPimEer C P MCF P P MEF
T1 ] || P fensacss i 1 o s Tewgasca R
Bl 1 YO Ehi e LS [} EENTEN '5om | i
| H 1 Lt LR A I I
FAIRCHILD L | ! Hoase 1ty % {fts i T P
= - —
| £ T T acsess il o -
MOTOROLA R ST 59 i ) L 1 € - |
¢ H 8 Cote, S 90 * 3 . Q173490 g w o f DvSaL e {40iNs Fy
NS : M bl I Jowrces i T G T NG| TV AL 90 IEET &
o e b [ H . [ I
PHILIPS RN o I NlLses : L lrLie un [N [
c. ' ' £3430 Folsat  wo ]
SIGNETICS N T RN s 1 by [S7TY) GRS s [
1 R 3 : T T 1
SIEMENS : — - Wy - —
L i [ ’ !
FUJITSU A g v v I
: R D
HITACHI + T T [wotitw t, =2%e938 ~Tais, B ¢] !
to. ] . [ '
MITSUBISH ot I 1 b Twigsse £ 21€3290 B R
I ) H i
H ; s H
NeC T d | P [ Tt
Pt ! / i : i
TOSHIBA ——— T _ e o —
Electrical Characteristics SNSA4LS SN74LSS0A Pin_Assignment (Top View)
M e % 9 wng 0 0c
. . - 2 <
absolute maximum retings over opersting free-sir tamperature range J f"—L’TTLm..",.E’.."ﬁ 3
Suwpn vuap Ve | IV Ooratag bee-ax | SNSLS| - 55C ro 125°C i '
neul vo'tage H v 1Pmoratse range | SN14 S gC 1 wc h e O 5’& !l
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"o« 2, ay
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electrical characteristics over recommended operating : - %Lt : t : L : Lz 1z couns
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Vin Hoprieeet mout votisge 4 2 AL N . y leowe o
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T - = . .
vy "ous LTS vonsge LVCC N, 1w = itmA VA Functional Block Diagram
v - ‘o IVEC®MN, V=2V, 21 3 v
On  Ramerst ewiput woiage Jvi masv.  ton= -aooua | 2T 3 i
Veo=wn, Vgm2v,
v
YOL  Leatewel outnut velisge ILVvL'O W, lgy =ema l 0 98
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Yy Masum wout | & wout VECoMAR,  vims. sy 0.2] ma
vo e 1B mout 6.4
" - , Any reset ] 20}
[T A nout Voo®WVAX, V= LTV 0] »a
ot B =npert had
Low-leves Any ceset ~04
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J A 7 MAX, VymQav -2.4] ma
U e (-4 1= z
B8 rout 3.2 ~
§hort-cwewt Isnsacs T2 - 100
a A
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Dua! Monostable Multivibrator with Schmitt-Trigger Input
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