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Abstract

The objective of this project is to record the antenna pattern which has the bandwidth between 144 to
146 MHz. The principle of this project is to use the antenna that we know its pattern. It is driven by using the
stepping motor in omni-direction. The received signal level from the antenna will be displayed by the
microcomputer.

The operation is controlled through serial port by microcontroller which control the stepping motor
to rotate the antenna and A/D converter. The signal is received form the field strength detector and sent the

data to computer for processing the antenna pattern . The controlling program is written in C language.
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\

A15197 2.5 Lanemsanna1 THI 61150 Baud rate @19 9

SMOD TIMER 1
Baud Rate Fosc C/T | MODE Reload Value
(MODE 0) Max : 1 MHz 12 MHz X X X X
(MODE 2) Max : 375KHz | 12 MHz 1 X X X
(MODE2) Min : 187.5KHz | 12 MHz 0 X X X
MODE 1, 3 1625K 12 MHz 1 0 2 FFH
192K 11.059 MHz 1 0 2 FDH
9.6 K 11.059 MHz 0 0 2 FDH
48K 11.059 MHz 0 0 2 FAH
24K 11.059 MHz 0 0 2 . F4H
12K 11.059 MHz 0 0 2 E8H
137.5 11.059 MHz 0 0 2 IDH
110 6 MHz 0 0 2 72H
110 12 MHz 0 0 1 FEEBH

msswasteyaaunsn(ving 2)
o~ dy y:,’ a ' dl N L X a A q ¢
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PKlumsdvsutoyaiuiuanudesadaimnesyes CPU taza1 SMOD dvegluda 71w pCON

SMOD.
)

MODE 2 BAUD RATES = (2 Josc

64

#1CPU # 12 MHz uaz SMOD 1A 0 uaz 1

e SMOD =0 324 = 2°(12)(10% = 187,500 LoA
64

o sMoD = 1 9218 = 2'(12)(10% = 375,500 oA

64
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(1i® SMOD =0
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1A9aN13 1200 LA 1A
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D

56 - 11059000
460800
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2.5 Programable Peripheral Interface 8255
a = 1 < a o <~ 9 o a
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I'd S Y = ks v g a 1 a < = 3y P
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owo[T]1 #Ju = CHw seLICT
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MIMAULEAINU 3 THUA AIN1T 190 2.6

Tviua 0 TIP3V Basic YO 113 Handshake

. S v ’ : v A oy ) %
Tvua 1 Tnuatldwesn AB lumssunTeasdeyn uazldwesn C lumsasneaey
Toyo o
ay Y td ) Y a Ed Y =} 1Y
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MODE 0 MODE 1 MODE 2
IN out IN ouT GROUP A ONLY
PA, IN ouT IN ouT —~—
PA, IN ouT IN ouT —~——
PA, IN ouT IN ouT ——
PA, IN ouT IN ouT e
PA, IN ouT IN ouT e
PAg IN ouT IN ‘ouT ———
PAg IN ouT IN ouT -
PA, IN ouT IN ouT ————p—
PB, IN out IN ouT —_— )
P8, IN ouT IN ouT _—
PB, IN our IN out —_—
P8, IN our IN ouT S MODE 0
PB, IN ouT IN ouT e g ORO%?_?,E L
PBy - IN ouT IN ouT —
PBg IN ouT IN ouT —
P8, IN our IN ouT —_—
PCy IN ouT INTRg INTRg Vo )
PC, IN out IBF, | OBFy4 Vo
PC, IN ouT STBy | ACK, Vo
PC, IN out INTR, | INTR, INTR,,
PC, IN ouT STB, vo STB,
PCs IN ouT IBF, 10 IBF
PCs | N ouT /0 ACK , ACK ,
PC, IN ouT V0 0BF, 0BF,

Teyay1eueinae Yo 8255
D0-D7 HadeyareuToafy CPU
q Y A J o7
A0-A1l lmdenwesn A,B,C Lazwes nAILAY

b4

4 =9 Yo o ) a e M o) o = = 0. .q Y s Z a
Reset Lﬂﬂmﬁuqﬂiﬂﬁiyﬂj']mﬂiﬁﬁﬂuﬂ@ﬂﬂ 1 i]z%’nvh’? 8255 UnIlya MN@VHCl‘VTT:IﬂW@iVIHJMBUWW
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PAO-PA7 (HuweinyuIu 8 Un
PBO-PB7 1fuwesnuuiu 8 in
PCO-PC7 Hunesnyuiu 8 da
' ~ o dyd a o
RD  lumsemdayafinesnues 8255 Avarhliuilifuasin o wieuru cs
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' Vv ' v
110U WR,RD,A0,A1,CS ¥9UNa 5 11 0z HHadF UM s hausanis1ei 2.7
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A1519% 2.7 A1519A 195904 8255

A A RD WR TS

Input operauon (READ)

Q 0 0 1 0 Port A — data bus
~0 1 0 1 0 Port B — data bus
1 0 0 1 0 Port C — data bus

Ourput operation

(WRITE)
0 0 1 0 0 | Data bus — port A
0 1 1 0 0 | Data bus — port B:
1 0 1 0 0 | Data bus — port C
) | ] 0 0 Data bus — control
Disable function
X X X X 1 Data bus — 3-state
1 1 0 1 0 Illegal condition
X X 1 1 0 Data bus — 3-state

Source: Courtesy of Intel Corporation.

2.5.2 msllsunsu 8255

vz 19m1519m15 TsunsudegU 2.15

07 D6 D5 D4 D3 D2 D! 0CQ D7 06 D5 D04 03 02 D1 0O

O Ehadda SIWpIIN AR T DL | 4
L]

Group 8

8it set/resat Port C (lower)
e =t 1 = input

Q= reset Q = output

Port 8

8it salect
4

1 =input
0 = output

Mode selection

0 = mode 0
1 =mode 1

o o o e
o - o |~
- aws |l
- 18

3
s
Lo}
0 1

(a)
Group A

Port C (upper)
1 = input
0 = output
Port A
1 =input
0= output

Mode selection
00 = made 0
01 = mode !
(b) 1X = mode 2

317 2.15 Control Words 114 2 1U1Y84 Mode 1@ Bit Definition Format
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4.87 1111 1111 255
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#include<graphics.h>
#include<stdio.h>
#include<stdlib.h>
#include<conio.h>
#include<dos.h>
#include<math.h>

union REGS r;

FILE *fp;

char filename [20];

int center x=390;

int center y=265;

int ra=170;

int port=1;

float pi=3.14159265359;
int maxx,maxy;

int Graph_color=EGA_GREEN;
int Pattern color=EGA BLACK;
unsigned char key;
unsigned int degree[360];
unsigned int ndegree[360];
unsigned max,min;

int i,3,k;

int x,y,button;

int sequence(4]={8,4,2,1};

char *nameOO0 J=/ "ESC™ | ~Exikl;
int n00xl = 3;
int n00x2 = 145;

int n00yl = 442;
int nooy2 = 472;

char *name0l = " F1 | Open'";
int n0lxl = 37;

int n0lx2 = 145;

int n0lyl = 58;

int n0ly2 = 88;

char *name02 = " F2 | Save";

int no2xl =Y\
int n02x2 = 145;
int n02v1 = 90;

int n02y2 = 120;

char *name03 = " F3 | Ny
int n03x1 = 3;

int n03x2 = 145;

int n03yl = 122;

int n03y2 = 152;

char *name04 = " F4 | Zoom ";
int n04xl = 3;

int n04x2 = 145;

int no4yl = 154;

int n04y2 = 184;

char *name05 = " F5 | Rectangle";
int n05x1 = 3;

int n05x2 = 145;

int n05yl1 = 18%6;

int nos5y2 = 216;

char *name06 = " F6 | Start";
int n0é6xl = 3;

int n06x2 = 145;

int n06yl = 218;

int nl06y2 = 248;

char *name07 = " F7 | Reset";
int n07xl = 3;

int n07x2 = 145;



int n07y1l = 250;
int n07y2 = 280;
char *name08 = " F8

int n08x1 = 3;

int n08x2 = 145;
int n08yl = 282;
int nosy2 = 312;

char *name09 = " F9 | Redraw";

int n09x1 = 3;

int n0Sx2 = 145;
int n09%yl = 314;
int n09y2 = 344;
char *namel0 = "F10
int nloxl = 3;

int nl0x2 = 145;
int nloyl 346;
int nl0y2 = 376;

Il

char *namell = "F11 | Clear";

int nllxl = 3;

int nllx2 = 145;
int nllyl = 378;
int nlly2 = 408;
char *namel2 = "F12
int n12xl = 3;

int nl2x2 = 145;
int nl2yl = 410;
int nl2y2 = 440;

char *title = "Antenna Pattern Recordex";

void *view data;

void viewl (void) ;

void view graph (void) ;

void initial graphic(void) ;

void initial port(void);

void send port(unsigned int data);
unsigned int read_port (void) ;

void initial mouse (void) ;
void show mouse (void) ;
void hide_ mouse (void);
void click_mouse (void);

void move mouse (int x,int y);

void function key (void) ; :
void dialog(int x1,int x2,int yl,int y2,char mesl [50],char mes2[50])
void buttom(int status,int x1,int-yl,int x2,int y2,char *name) ;
void save_ screen(int x1,int y1,int x2,int v2) ;

void normalize (unsigned int pattern[360]1) ;

void plot (unsigned int pattern[360]) ;

int menu(void) ;

void do function(int function) ;

void nokey (void) ;

void initial graphic (void)

{

int gdriver,gmode, errorcode;

gdriver=DETECT;

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

errorcode=graphresult () ;
if (errorcode!=groOk)

printf ("\nGraphics error: %s\n", grapherrormsg(errorcode) ) ;

printf ("Press any key to halt:");

getch();
exit (1) ;

//Initial Graphic Mode

7



cleardevice () ;
maxx=getmaxx () ;
maxy=getmaxy ()

Toid function key(void) //detect keyboard function
r.h.ah=0x0C;
int86 (0x21, &r, &) ;
key = inport (0x60) &255;

void show mouse (void)
r.x.ax=1l;
int86 (0x33, &, &T) ;

void click mouse (void)

r.x.ax=3;

int86 (0x33, &r, &T) ;
button=r.x.bx&3;
X=Y.X.CX;

y=r.x.dx;

void initial mouse(void)

¥, X.ax=07
int86(0x33,&r,&r);

if(r.x.ax==0)
dialog(200,200,500,300,"No mouse avialable™,mn). .
r.x.ax=7;
r.X.cx=3§
r.x.dx=635;
int86 (0x33, &r, &) ;
r.x.ax=8§%
r.x.cx=58

1nt86(0x33,&r,&r);
show_mouse () ;

void hide mouse(void)
{

E.X.adX=23

int86 (0x33, &r, &x) ;

void move_mouse (int x,int vy)
r.x.ax=4;
r.X.CcxX=X;

r.x.dx=y;

int86 (0x33, &r, &x) ;

void buttom(int status,int x1,int y1,int x2,int y2,char *name)
{ e
status = 1 -> down
status = 0 -> up
*/
int border=4;
rectangle (x1,v1,x2,v2);
rectangle (xl+border, yl+border,x2-border,y2-border);
line (x2-border,yl+border,x2,y1l) ;
line (x1,vy2,xl+border,y2-border) ;
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tfillstyle (SOLID FILL,EGA LIGHTGRAY) ;

ocodfill (xl+border+l, yl+border+1l,EGA BLUE) ;

(status)

Setflllstyle(SOLID FILL, EGA DARKGRAY)
floodfill (x1+1,y1+1,EGA BLUE)
setfillstyle (SOLID FILL,EGA WHITE)
floodfill (x2-1,y2-1,EGA BLUE) ;
outtextxy(xl+border+lo yl+border+8,name);

se

setfillstyle (SOLID FILL,EGA WHITE) ;
floodfill (x1+1,yl+1,EGA BLUE) ;
setfillstyle (SOLID FILL,EGA DARKGRAY)
floodfill (x2-1,y2-1,EGA BLUE) ;
outtextxy(xl+border+10 yl+border+8,name);

void nokey (void)

{

}

buttom(0,n00x1,n00y1l,n00x2,n00y2,namedq)
buttom(0,n01x1,n01yl,n01x2,n01ly2,namell)
buttom(0,n02x1,n02y1l,n02x2,n02y2, name02)
buttom(0,n03x1,n03yl,n03x2,n03y2,namel3)
buttom(0,n04x1,n04y1l,n04x2,n04y2,namel4) ;
buttom (0, n05x1,n05yl,n05x2,n05y2,name05) ;
buttom(0,n06x1,n06yl, n06x2,n06y2, namel6) ;
buttom(0,n07x1,n07y1l,n07x2,n07y2,name07) ;
buttom(0,n08x1,n08yl,n08x2,n08y2,namel8) ;
buttom(0,n09%1,n09y1l,n09x2,n09y2,name09)
buttom(0,n10%x1,nl10y1l,nl0x2,nl0y2,namell)
buttom(0,nllxl,nllyl,nllx2,nlly2,namell)
buttom(0,nl12x1,n12y1l,nl2x2,nl2y2,namel2)

int menu (void)

{

£l
do

{

ocat rad,r,phi;

click mouse () ;
function _key () ;
if (key==1)

hide mouse() ;

I
I
!

I

l

I

I
I

buttom(1,n00x1,n00y1,n00x2,n00y2,name00) ;

return(0) ;

}

%f(key==59)

hide mouse () ;

buttom(1,n01x1,n01yl,n01x2,n0ly2,name0l) ;

return(1l) ;

if (key==60)

{

hide mouse() ;
buttom(1,n02x1,n02yl,n02x2, n02y2 name02) ;
return(2) ;

f (key==61)

hide mouse() ;

buttom(1,n03x%x1,n03y1,n03x2,n03y2,name03) ;



return(3) ;

if (key==62)
hide mouse() ;
buttom(1l,n04x1,n04yl,n04x2,n04y2,name04) ;
return (4) ;

f (key==63)

—~ e

hide mouse () ;
buttom(1l,n05x1,n05y1,n05x2,n05y2,name05) ;
return (5) ;

if (key==64)
hide mouse () ;

buttSm(l,nO6xl,nO6yl,nO6x2,nO6y2,nameO6);
return (6) ;

if (key==65)
hide mouse () ;
buttom(1l,n07x1,n07yl,n07x2,n07y2, name07) ;
return(7) ;

}

if (key==66)
hide mouse () ;
buttom(l,n08x1,n08yl,n08x2,n08y2,named8) ;

return (8) ;

£ (key==67)

—_ =

hide_ mouse ();
buttom(1,;n09x1,n09y1,n09x%2,n09y2,name09) ;
return(9) ;

}

if (key==68)

hide mouse() ;
buttom(1l,n10x1,n10y1,nl0x2,n10y2,namel0) ;
return(10) ;

}

if (key==87)
hide mouse() ;
buttom(l,1llxl, nliyl,n1lix2 Aaliy2, namell) :
return(11l) ;

if (key==88)

hide mouse () ;
buttom(l,nl2x1,nl2yl,nl2x2,nl2y2,namel2) ;
return(12) ;

1f (x>=n00x1&&x<=n00xX2&&y>=n00y1&&y<=n00y2)

if (buttens&l)

{
hide mouse () ;
buttom(1,n00x1,n00y1,n00x2,n00y2,name00) ;
return(0);



}

if (x>=n01x1&&x<=n01x2&&y>=n01y1&&y<=n01y2)

{

1f (button&l)

hide mouse() ;
buttom(1l,n01x1,n0lyl,n01x2,n01y2,name0l) ;
return(l) ;

1f (x>=n02x1&&x<=n02x2&&y>=102y1&&y<=n02y2)

{

if (buttoné&l)

hide mouse() ;
buttom(1,n02x1,n02y1,n02x2,n02y2,namel2) ;
return(2) ;

1f (x>=n03x1&&x<=n03x2&&y>=1103y1&&y<=n03y2)

{

if (buttoné&l)

{
hide mouse() ;
buttom(1,n03x1,n03y1l,n03x2,n03y2,namel3) ;
return(3) ;

)

1f (x>=n04x1&&xX<=n04X2&&y>=n04y1&&y<=n04Vy2)

{

if (buttoné&l)

hide_mouse () ;
buttom(1,n04x1,n04yl,n04x2,n04y2,name04) ;
return(4) ;

}

1f (x>=n05x1&&x<=n05x2&&y>=n05y1&&y<=n105y2)

{

if (buttoné&l)

{

hide mouse();
buttom(1,n05x1,n05y1,n05x2,n05y2, name05) ;
return(s) ;

1f (x>=n06x1&&X<=N06X2&&y>=n06y1&&y<=n06Yy2)

if (buttoné&l)
hide mouse () ;
buttom(1,n06x1,n06y1l,n06x2,n06y2,name06) ;
return(6) ;
}

1f (x>=n07x1&&x<=n07%2&&y>=1n07y1&&y<=n07y2)

{

if (button&l)

{

hide mouse () ;
buttom(1,n07x1,n07y1,n07x2,n07y2,name07) ;
return(7);



if (x>=n08x1&&xX<=n08x2&&y>=1n08y1l&&y<=n08y2)

{

if (buttoné&l)

hide mouse() ;
buttom(1,n08x1,n08y1l,n08x2,n08y2,name08) ;
return(8) ;

}
)

if (x>=n09xX1&&x<=n09x2&&y>=n09y1&&y<=n09y2)
if (buttoné&l)

hide mouse() ;
buttom(1,n09x1,n09y1,n09x2,n09y2,name09) ;
return(9) ;

J
}

1f (x>=nl10x1&&x<=n10x2&&y>=n10y1&&y<=n10y2)
1f (buttoné&l)

hide mouse () ;
buttom(1l,nl10x1,nl0y1l,nl0x2,nl0y2,namell);
return (10) ;

if (x>=nl1l1x1&&x<=nl11x26&&y>=1n11y1l&&y<=n11ly2)

{

if(button&l)

hide mouse () ;
butitond 138 1t VU/Mdzed e N2 | inametd) 3
return (11);

}

f(x>=nl2x1&&X<=n12x2&&y>=N12y1&&y<=n12y2)

— =

if (button&l)
hide mouse () ;
buttom(1,nl2x1,nl12y1,nl2x2,nl2y2,namel2) ;
return(12) ;

}

for(1=0;1<=360;i++)

rad=1i*pi/180;
if (x<=(ra*sin(rad) +center x)é&x>=(-ra*sin(rad)+center x))

{

if (y<=(ra*cos (rad) +center y) &y>=(-ra*cos(rad)+center vy))

{

r=-1l+sqrt ( (pow((x-center x),2))+(pow((-y+center y),2)))/ra;
' if ((-y+center y)==0) goto n;
phi=(atan(((x-center x)*(pi/180))/((-y+center_y)*(pi/180)))) *180/pi;
s
if (x<center _x & y<center_ y)
phi=phi+360;
if (x<center x & y>center y)
phi=phi+180;
if (x>center x & y>center y)
phi=phi+180;
if (x<center x & y==center V)
phi=270.00;



if (x>center_x & y==center y)
phi=90.00; ,

if (x==center x & y>center_y)
phi=180.00; -

rectangle (517,382,626,401) ;

gotoxy (66,25) ;

printf ("%$6.2f,",r*30) ;

gotoxy (73,25) ;

printe ("86.2E",phHi) ;

} _
}
)

while (1) ;

}

yoid do_function(int function)
if (function==0)
functiono () ;
if (function==1)
functioni () ;
if (function==2)
function2 () ;
if (function==3)
function3 () ;
if (function==4)
function4 () ;
if (function==5)
function5 () ;
if (function==6)
functions () ;
if (function==7)
function7() ;
if (function==8)
functions () ;
if (function==9)
functiond () ;
if (function==10)
functionl0 () ;
if (function==11)
, functionll () ;
if (function==12)
functionl2 () ;

void tik (void)

sound (1000) ;
delay (40) ;
nosound () ;

int find min(unsigned int pattern([360])
{
int di=0;
min=pattern([0];
for(i=0;1<=359;1++)
{
if (mins>pattern(il)
{
min=pattern(i] ;
dl=1;
}
}

return(dl) ;



1
int find max(unsigned int pattern[360])

int d1=0;
max=pattern(0];
for(i=0;1i<=359;1i++)

if (max<pattern(i])

max=pattern([i];
dl=1;
) y
}

return (dl) ;

)

void normalize (unsigned int pattern([360])
{
find max(pattern) ;
for(i=0;1<=359;1i++)
{
pattern([i]=255*pattern[i] /max;
void plot (unsigned int pattern{360])

{

S

float xx,vy £&X, VYY1

float sxx,svyy;

int dmax,dmin;

dmax=find max(pattern) ;

dmin=£find] min (pALt &) ;

gotoxy (65,5) ;printf ("MAX at%4d Deg' ,dmax) ;
gotoxy (65,6) ; prwntf(”MIN at%¥4d Deg",dmin) ;
setcolor(Pattern_color);

if (pattern(0]==0)

Xx=center X;
yy=center v;
goto o0o0;

xx:ra/loglo(ra)*Toglo(ra*(float)pautern 01/
yy=-ra/logl0 (ra) *logl0(ra* (float)patternfo]
OO0 :
SXX=XX;
SYY=Yyi
?or(ﬂ=l;1< 359;i++)

HAX=XK}

YYY=YYi

if (pattern[i] ==0)

{

255) *
/255)

xx=center x;
yy=center y;
goto nn;

xx=ra/loglo(ra)*loglo(ra*(float)pattern[']/max)*s n(i*pi/180) +center x;
vy=-ra/logl0 (ra)*logl0 (ra* (float)pattern[i] /max) *cos (L*pl/WSO)«canterm/
nmn:
putpixel (xx,yy,Pattern color) ;
line (xxx, yvyy,xx,VY) ;
}
line (sxx, syy,xX,VY) ;
setcolor (EGA BLUE)}
if (pattern [dmax] ==0)
goto x;



xx=ra/logl0 (ra) *1logl0 (ra
yy=-ra/logl0 (ra) *logl0
)

}

(ra

girole (B, vy, 2
X:

int functionO (void)

{

)
S

(rloat)pattern[dmax]/max)*sin(dmax*pi/lBO)+center~
a* (float)pattern [dmax] /max) *cos (dmax*pi/180) +center

tik () ;

nokey () ;

closegraph() ;

printf ("Antenna Pattern Recorder Project \n") ;
printf ("3T/2 1. Mr.Ponlakit Jariyatantiwait 38013064\n") ;
printf (" 2. Mr.Apinai Rearkrat 38013089\n") ;
printf (¥ 3. Mr.Amnach Kaonea 38013092\n") ;
//Advisor

printf ("Thank you !\n")

exit (1) ;
return (0) ;

int functionl (void)

{

}

float xx,vVy;
tik () ;

X=center x;y=center vy;
gotoxy (21,5) ;printf ("File name : ") ;

gets (filename) ;

i1f ((fp=fopen(filename, "rb") ) ==NULL)

{

dialog(250,200,500,300, "Error in opening file",mn) .

functionli () ;
hide mouse() ;
goto n;

}

setfillstyle (SOLID FILL,EGA WHITE) ;
bar (154,64,629,466) ;
setcolor(Graph_color);

view_graph() ;

setCOLor(Pattern color);
£(((getw(fp)) I="P’)&((getw(fp)) !="'A")&((getw(fp))1="T"))

dialog(250,200,500,300,"Not Pattern File", /") :

goto n;

for (i=0;1i<=359;i++)

{

degree [i] =getw (fp) &255;

plot (degree) ;

fiz

fclose (fp) ;
setcolor (EGA_BLUE
nokey () ;
show_mouse () ;
function8 () ;
return(1l) ;

int function2 (void)

{

tik () ;

) ;

gotoxy (21,5) ;printf ("File name : ") ;

gets(filename) ;

1f ((fp=fopen(filename, "wb")) ==NULL)

dialog(250,200,500,300,"Exrror in opening file","m) ;



}

putw(’'P’, fp) ;
putw(’A’, £fp) ;
putw(’'T’, fo) ;
for(i=0;1<=359;1++)

putw (degree [1], £p) ;

nn:
setfillstyle (SOLID_FILL,EGA WHITE);
bar(154,64,629,466) ;
setcolor (Graph color) ;
view _graph() ;

fclose (fp);

plot (degree) ;

nokey () ;

show _mouse () ;
return(l) ;

}

int function3 (void)

nokey () ;
show_mouse () ;
return (1) ;

int function4 (void)

float xx,vVy;

int save_ x=center x;

int save_y=center.y;

int save_radius=ras;
tik () ;

ra=maxy/2-20;

x=center x=maxx/2-65;
y=center y=maxy/2;
cleardevice();
rectangle (0, 0, maxx, maxy) ;
setfillstyle (SOLID FILL,EGA WHITE) ;
floodfill(1,1,EGA BLUE) ;
setcolor (Graph_color) ;
view graph() ;

setcolor (Pattern color);
plot (degree) ;

gotoxy (55,2) ;printf ("File name : %s",filename) ;
outtextxy (5,470, "Press any key to back") ;
getch () ;

X=center Xx=save_ X;
y=center y=save Vy;
ra=save_radius;
cleardevice () ;

viewl () ;

setcolor (Pattern color) ;
plot (degree) ;

nokey () ;

show_mouse () ;

return (1) ;

}

int functions (void)

int xx,VYy,XXX,YVY;

int xx1=210,xx2=570,yyl=130,yy2=380;
tik () ;
setfillstyle(SOLID_FILL,EGA_WHITE);



bar (154,64,629,466) ;

setcolor (Graph color) ;

rectangle (xx1,yyl,xx2,yy2) ;

line ( (xx1+ (xx2-xx1)*1/4) yyl (xx1+ (xx2-xx1) *1/4) ,yy2) ;

line ( (xx1+ (xx2-xx1) *2/4) L (XXL+ (xx2-xx1) *2/4) ,yy2);

line((xxl+(xx2—xxl)*3/4) , (xx1+ (xx2-xx1) *3/4) ,yy2) ;

line (xx1, (yv1+(yy2—yyl)*l/3 xx2,(yyl+(yy2-yy1)*l/3)),
+(yy2- yyl)*2/3),xx2,(yyl+(yy2-yyl>*2/3)),

outtextxy XXl yvy2+4 "180")-

line (xx1,

outtextxy (xxl+(xx2 Xx1)*1/4)-11,yy2+4,"270") ;
outtextxy ( (xx1+ (xx2-xx1)*2/4)-3,yy2+4,"0");

) -7,yy2+4,"90") ;

)

outtextxy (xx2-11,yy2+4,"180") ;
outtextxy (xx1-9,yyl-3,"0");
outtextxy (xx1-25, Vyl+(yy2 yyl)*1/3-3,"-10");
outtextxy (xx1-25,yyl+(yy2-yyl)*2/3-3,"-20");
outtextxy (xx1-25,yyl+(yy2-yyl)*3/3-3,"-30");
setcolor(EGA_BLACK);
XxX=xx1+180;
vyy=yy2- ((float)degree [0] /255) * (yy2-yVv1) ;
%Or(i=0;i<=180;i++)
Xx=xx1+180+1;
yy=yy2-((float)degree[i] /255) * (yy2-yyl);
putpixel (xxfyy, PECUSTTI CNPE) §
line (xx, VY, XXX, YYY) ;
KEK=RX ;
| YYY=YYi
XXX=XX1;
vyy=yy2- ((float)degree[180]/255) * (yy2-yyl) ;
%Or(i=180;i<=359;i++)
XX=xx1+1-180;
vy=yy2-((float)degree[i] /255) * (yy2-yyl) ;
putpixel (xx,yy,Pattern color) ;
line (xx, VvV, XXX, VYY) ;
XRH=XXK 5
| YYY=YYi
XX=xx1+180;
yy=yy2- ((float)degree [0] /255) * (yy2-yy1l) ;
line (xxx,VVYY,XX,VY) ;
getch () ;
setfillstyle (SOLID FILL,EGA WHITE);
bar (154,64,629,466) ;
setcolor (Graph color) ;
view graph() ;
plot (degree) ;
nokey () ;
show_mouse () ;
return(l) ;

(yvy
(
(
(
outtextxy ( (xx1+ (xx2-xx1)*3/4
(
(
(
(

}

int functionsé (void)

float xxX,Vy,XXX,VYYi
tik () ;

hide mouse () ;
send_port (0x07) ;
if (read_port () ==0xe0)
dialog(250,200,500,300, "Hardware Ok","") .
functionll () ;

rectangle (329,64,441,79) ;



setcolor (Pattern_color) ;

send_port (0x23) ;

send_port (sequence [0x02]) ;

degree [0] =read port () ;

send port (0x23) ;

send_port (sequence [0x03]) ;

degree [0] =read port () ;

xxx=ra* (float)degree [0] /255*sin(i*pi/180) +center x;
yyy=-ra* (float)degree[0] /255*cos (1*pi/180) +center_y;
SCEEHNK 3 !
Y=YYYi

delay (500) ;

for(i=0;1<=359;1++)

send port (0x23) ;
delay(5) ;
send port (sequence [1&0x03]) ;
delay (5) ;
degree [i] =read port() ;
gotoxy (21,5) ;printf ("Degree%4d. : %7u",i,degree[i]) ;
setfillstyle (SOLID FILL,EGA RED) ;
bar (330,65,330+degree [1] ¥110/255,78) ;
if (degree[i] ==0)
L
Xx=center Xxj;
yvy=center y;
goto qq;

xx=ra* (float)degree([i] /255*sin(i*pi/180) +center x;
yy=-ra* (float) degree [1] /255*cos (i*pi/180) +center y;
ag:
putpixel (xx, vy, 6) ;
line(x,v,xxX,vY) ;
X=XX FA=YB
delay (500) ;
setfillstyle(SOLID FILL,EGA WHITE) ;
} bar(330,65,330+degree [1] ¥110/255,78) ;
line (xxxX, VYV, XX, VYY) ;
send_port (0x01) ;

else

{

dialog(250,200,500,300, "Hardware Error!", "Please check !");
show_mouse () ;
goto err;

setcolor (EGA_RED) ;

outtextxy (160,458, "Press any key to convert to dB") ;
getch() ;

setcolor (Pattern color);
setfillstyle (SOLID_ FILL,EGA WHITE) ;
bar(154,64,629,466) ;

setcolor (Graph color) ;

view graph() ;

plot (degree) ;

show_mouse () ;

err:

nokey () ;

show_mouse () ;

return (1) ;

int function?7(void)



tik () ;
send_port (0x01) ;
read port();
nokey () ;
show_mouse () ;

} return(l) ;

int functions8 (void)

unsigned int sum=0;
tik () ;
for(i=0;1<=359;i++)
{

sum=sum+degree [i] ;
}
if (sum==0)

goto nnn;

normalize (degree) ;
function9d () ;

hide mouse () ;

plot (degree) ;

nnn:

nokey () ;
show_mouse () ;
return (1) ;

}

int function9 (void)

float xx%x,vVy;

tik () ;

X=center Xx;y=center y;
cleardevice() ;

viewl () ;
setcolor(Pattern color) ;
plot (degzree) ;

nokey () ;

show_mouse () ;

return (1) ;

int functionl0 (void)

nokey () ;
show_mouse () ;
return (1) ;

int functionll (void)

tik () ;

setfillstyle (SOLID FILL,EGA WHITE) ;
bar(154,64,629,466) ;

setoolor (Graph color);
view_graph() ;

for(i=0;1i<=359;1i++)

degree [i]=0;
nokey () ;
move_mouse (center_x,center_vy) ;
show mouse () ;

return (1) ;

int functionl2 (void)



tik () ;
dialog(200,150,560,240,"Mr.Ponlakit,Mr.Apinai,Mr.Amnach",”");
nokey () ;

show_mouse () ;

return (1) ;

}

void save_screen(int x1,int yl,int x2,int y2)

unsigned size;

size=imagesize (x1,y1l,x2,vy2);
view data=malloc (size) ;

getimage (x1,y1l,x2,y2,view_data);

¥oid dialog(int x1,int yl,int x2,int y2,char mes1[50],char mes2([50])
int 1; A
save_screen(xl,yl,x2,vy2);
'setfillstyle (SOLID FILL,RED) ;
setlinestyle(0,0,1);
bar (x1,v1l,x2,vy2);
setcolor (EGA WHITE) ;
rectangle (x1+15, 0410, x2xITS\3 107/
setcolor (EGA_ YELLOW) ;
settextjustify (CENTER_TEXT,TOP TEXT) ;
setusercharsize(3,5,2,5);
settextstyle (1,0,USER CHAR SIZE);
outtextxy ( ((x2-x3)//2) +x%,y1l+22/, mes1);
setcolor (EGA WHITE) ;
outtextxy (((x2-x1)/2)+x1,y1+46,mes2) ;
setcolor (EGALBLUE);
settextstyle(0,0,1);
outtextxy (((x2-x1)/2)+x1,y2-26,"Press any key tc continue") ;
settextjustify (LEFT_ TEXT,TOP_ TEXT) ;
getch () ;
putimage (x1,y1l,view data, COPY PUT) ;

| free (view_data) ;

yoid initial port (void)
union REGS «r;
r.h.ah=0;
r.h.al=0xc3;
r.x.dx=port;
int86 (0x14, &r, &) ;

void send port (unsigned int data)

{

r.h.ah=1;
r.h.al=data;
r.x.dx=port;

int86 (0x14, &r, &) ;

unsigned int read port (void)
r.h.ah=2;
r.x.dx=port;
int86 (0x14, &r, &x) ;
return(r.h.al) ;

float cal_x(int angle)

return(ra*sin(angle*pi/lSO)+center_x);



float cal_y(int angle)
{

return (-ra*cos (angle*pi/180) +center y);

}

¥oid view graph(void)
eirele (center x,center y,ra);
circle (center x,center y,ra*27/30)
circle (center x,center y,ra*5/6)
circle (center x,center y,ra*2/3)
circle (center x,center y,ra*1l/2)
circle(center_x,center_y,ra*l/3)
circle (center x,center y,ra*l/6)
line (center x,center y-ra-5, center _X,center y+ra+5) ;
11ne(center x-ra-5,center y,center x+ra+5,center Y
line (center x, center_y,cal_x(BO) cal y(BO))

(
(
(
line(cantev ¥, center ¥y, oal x
(
(
(

line (center_x,center y,cal x(60),cal y(60));
line (center_x,center_y,cal x(120),cal y(120));
(100) , cal y(180));
line (center_x,center yesefl. —x(210).,cal_y(210));
(
(

line (center x,center 7 cal\) ~x (300
llne(center X ot ery s\ “x (330
outtextxy (center x-3,center y-ra- 14 00 Ly
outtextxy(cal_x(30)+3,cal_y(30)—8,"30");
outtextxy(cal x(60)+4,cal y(60)-5,"60")7;
outtextxy(center ALY, eIl Yag) YU )

(

(

) ))
], ( ))
- Yy ( ))
line (center x,center_y,cal x(240),cal y(240))
) ( )
Y, ( N

outtextxy(cal x(120)+4 /sy (IR "120");
outtextxy(cal x(lao) ( C B oa WA -1 EaCT Ay s * Ll
outtextxy(center RTINS UES Loy ag- 47 d/al it
outtextxy{cal . x(210)-23,cal YL O35S 2e s ) >
outtextiy(crnlf "x(240)-25,cal _y(240),"240") ;
outteXtXy (BRI S G < O¥ £ Srea vl - W " 25 v
outtextxy (cal ¥(300) =25, cal LAXNTODA 5 ¢ U

outtextxy cal:x(330) 2 3 aenanten) 13 XN 1T ) g
outtextxy center_x+2,center_y—ra*27/3o—7,"—3”);

(
(
(
outtextxy(center x+2,center y-ra-7," 0 dB(Relative)");
(
(

outtextxy(center x+2,center y=ra*2/3-7,"v-10") ;
outtextxy (center x+2,center y-ra*l/3-7,"-20");
setcolor (EGA BLUE) ;

J

Yoid viewl (void)
setcolor (EGA_BLUE);
buttom(0,3,5,635,56,"") ;
Settextstyle(TRIPLEX_FONT,HORIZ_DIR,4);
outtextxy (110,10, title) ;
Settextstyle(DEFAULT_FONT,HORIZ_DIR,l);
nokey () ;
rectangle (148,58,635,472) ;
setflllstyle(SOLID FILL, EGA _WHITE) ;
floodfill(149,61,EGA BLUE)
rectangle (153,63,630,467) ;
setcolor(Graph_color);
view _graph() ;
setcolor (EGA BLUE) ;

}

void main (void)

initial graphic() ;

viewl () ;

initial mouse() ;
move_mouse (center_ x,center y) ;
setcbrk (1) ;



initial poxt{l;
Eorlys)

do_function (menu()) ;

}
}

dy @ dl Y o o 1% tﬂ' = 1 5 1 ¥ o . ¥ § vV 1%
nanstiluenasianulidmsunisldanuienisfinwvintu ldeugnlmhluldussleviimunisén

laidnsdilas edu Snveinudlvidaudauilon wazsasadatiadnvetenarsynasainisuntuld



PORTA
PORTB
PORTC
CPORT
CONTROL_WORD

MAIN:

ORG
LJIMP
EQU
EQU
EQU
EQU
EQU

MOV

MOV A, #CONTROL_WORD

0000H

MAIN
2000H
2001H
2002H
2003H

; Port A
;Port B
;Port C
;Control Word Port

(Stepping Motor)
(available) ;Fix ADC
(ADC)

89H ;A (Output),B(Output),C(Input)

IE.7

Initial Serial Port

SCON, #50H ;mode 1 ,enable reception

TCON, #40H ;

TMOD, #20H ;timer 1,mode 2

TH1,#0F4H
PCON, #80H

DPTR;#CPORT

MOVX @DPTR, A

MOV
MOV
MOVX

LCAL
LCAL

CJINE A, #23H,NOSEQ

LCAL
MOV

MOVX
MOV

SETB
CALL
MOVX
LCAL
CLR

LJMP

DPTR, #PORTA
a,#00H
@DPTR, A

L CHECK
L RX

PR Ve
DPTR, #PORTA
@DPTR, A
DPTR, # PORTC
P3.2
DELAY1
a, @DPTR
BoPR
P3.2
ABC

Initial 8255

A, #01H,NEXT1
MAIN
A, #02H, NEXT2
F'UNC2
NOSEQ

EX:

LCAL
MOV

L RX
DPTR, #PORTA

MOVX @DPTR,A

LCAL
CJINZ
LJMP
RET

L RX
A, #02H, EX
FUNC2

TX :

MOV
DJNZ
NOP
RET

MOV
JNB

RO, #45H
R0, LOOP

Transmit Data from A to Serial Port

SBUF , A
TI,S



RX:

Receive Data from Serial Port to A

JNB RI, S
MOV A, SBUF
CLR RI

LCALL RX

CJINE A, #07H, CHECK
CLR A

MOV A, #0EOH
LCALL TX

RET



intel.
80C31BH/80C51BH/87C51
MCS® 51

CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER

Automotive
m Extended Automotive Temperature ® Programmable Serial Port
Range (—40°C to +125°C Ambient) @ TTL- and CMOS-Compatible Logic

® High Performance CHMOS Process Levels

m Power Control Modes m 64K External Program Memory Space

m 4 Kbyte On-Chip ROM/EPROM m 64K External Data Memory Space

m 128 x 8-bit RAM m IDLE and POWER DOWN Modes

m 32 Programmable 1/0 Lines B ONCE Mode Facilitates System Testing

m Two 16-Bit Timer/Counters B Available in 12 MHz and 16 MHz
Versions

B 5 Interrupt Sources

m Quick-Pulse EPROM Programming m Available in PLCC and DIP Packages
(See Packaging Specification, Order #231369)

m 2-Level Program Memory Lock EPROM

m Boolean Processor

The MCS® 51 CHMOS microcontroiler products are fabricated on Intel’s reliable CHMOS process and are
functionally compatible with the standard MCS 51 HMOS microcontroller products. This technology combines
the high speed and density characteristics of HMOS with the low power attributes of CHMOS. This combina-
tion expands the effectiveness of the powerful MCS 51 microcontroller architecture and instruction set.

Like the MCS 51 HMOS microcontroller versions, the MCS 51 CHMQOS microcontroller products have the
following features: 4 Kbytes of EPROM/ROM (87C51/80C51BH respectively); 128 bytes of RAM; 32 1/0 lines;
two 16-bit timer/counters; a five-source two-level interrupt structure; a full duplex serial port; and on-chip
oscillator and clock circuitry. In addition, the MCS 51 CHMOS microcontroller products exhibit low operating
power, along with two software selectable modes of reduced activity for further power reduction—Idle and
Power Down.

The Idle mode freezes the CPU while allowing the RAM, timer/counters, serial port, and interrupt system to
continue functioning. The Power Down mode saves the RAM contents but freezes the oscillator, causing all
other chip functions to be inoperative.

The 87C51 is the EPROM version of the 80C51BH. It contains 4 Kbytes of on-chip program memory that can
be electrically programmed, and can be erased by exposure to ultraviolet lignt. The 87C51 EPROM array uses
a modified Quick-Pulse Programming algorithm, by which the entire 4 Kbyte array can be programmed in about
12 seconds.

NOTICE:
This datasheet contains information on products in full production. Specifications within this datasheet
are subject to change without notice. Verify with your local Intel sales office that you have the latest
datasheet before finalizing a design.

*Other brands and names are the property of their respective owners.

Information in this document is provided in connection with Intel products. Intel no liability wh . including infringement of any patent or
copyright, for sale and use of Intel products except as provided in Intel's Terms and Conditions of Sale for such products. Intel retains the right to make
changes to these specifications at any time, without notice. Microcomputer Products may have minor variations to this specification known as errata.

COPYRIGHT ® INTEL CORPORATION, 1995 January 1995 Order Number: 270419-007
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Figure 1. MCS® 51 Microcontroller Architectural Block Diagram
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80C31BH/80C51BH/87C51
PRODUCT OPTIONS

Intel’s extended and automotive temperature range
products are designed to meet the needs of those
applications whose operating requirements exceed
commercial standards.

With the extended temperature range option, opera-
tional characteristics are guaranteed over the tem-
perature range of —40°C to + 85°C ambient. For the

AUTOMOTIVE 80C31BH/80C51BH/87C51

automotive temperature range option, operational
characteristics are guaranteed over the temperature
range of —40°C to + 125°C ambient.

The automotive and extended temperature versions
of the MCS 51 microcontroller product families are
available with or without burn-in options as listed in
Table 1.

As shown in Figure 2, temperature, burn-in, and
package options are identified by a one- or two-letter
prefix,to the part number.

*Example:

program memory.

PROGRAM MEMORY GOPTION:
31 =ROMLESS
51 =ROM

PROGRAM MEMORY OPTION:
0 = ROM/ROMLESS
7 = EPROM

PACKAGE TYPE OPTION:
P =PLASTIC DIP, 40 PIN
N =PLASTIC, LEADED CHIP CARRIER (PLCC), 44 PIN

TEMPERATURE OPTION:
SEE TABLE 1

AN80C51 indicates an automotive temperature range version of the 80C51 in a PLCC package with 4 Kbyte ROM

270419-2

Figure 2. MCS® 51 Microcontroller Product Family Nomenclature

Table 1. Temperature Options

Temperature Temperature Operyiie Burn-in
Classification Designation Tgrhpengiafe Options
g °C Ambient P
Extended T —40to +85 Standard
L —40to +85 Extended
Automotive A —40to+125 Standard
B —40to+ 125 Extended
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*EPROM only
**Do not connect reserved pins

Diagrams are for pin reference only. Package sizes are not to scale.
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Figure 3. Pin Connections

PIN DESCRIPTION

Vee: Supply voltage during normal, Idie, and Power
Down operations.

Vgg: Circuit ground.

Vssi: Vssi—(EPROM PLCC only) secondary
ground. Provided to reduce ground bounce and im-
prove power supply bypassing.

NOTE:
This pin is not a substitute for the Vggpin (pin 22).
For ROM and ROMless, pin 1 is reserved—do not
connect.

Port 0: Port 0 is an 8-bit open drain bidirectional 1/0O
port. As an output port each pin can sink 8 LS TTL
inputs. Port 0 pins that have 1s written to them float,
and in that state can be used as high-impedance
inputs.

Port 0 is also the multiplexed low-order address and
data bus during accesses to external memory. In this
application it uses strong internal puilups when emit-
ting 1s.

Port 0 also receives the code bytes during EPROM
programming, and outputs the code bytes during
program verification. External pullups are required
during program verification.

Port 1: Port 1 is an 8-bit bidirectional 1/0O port with
internal pullups. Port 1 pins that have 1s written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 1
pins that are externally being pulled low will source

4

current (I, on the datasheet) because of the inter-
nal pullups.

Port 1 also receives the low-order address bytes
during EPROM programming and program verifica-
tion.

Port 2: Port 2 is an 8-bit bidirectional /0 port with
internal pullups. Port 2 pins that have 1s written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 2
pins that are externally being pulled low will source
current (I, on the data sheet) because of the inter-
nal pullups.

Port 2 emits the high-order address byte during
fetches from external Program memory and during
accesses to external Data Memory that use 16-bit
address (MOVX @DPTR). In this application it uses
strong internal pullups when emitting 1s.

During accesses to external Data Memory that use
8-bit addresses (MOVX @Ri), Port 2 emits the con-
tents of the P2 Special Function Register.

Port 2 also receives some control signals and the
high-order address bits during EPROM programming
and program verification.

Port 3: Port 3 is an 8-bit bidirectional 1/0 port with
internal pullups. Port 3 pins that have 1s written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 3
pins that are externally being pulled low will source
current (lj, on the datasheet) because of the pull-
ups.
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Port 3 also serves the functions of various special
features of the MCS 51 microcontroller family, as
listed below:

Pin | Name Alternate Function

P3.0 | RXD | Serial Input Line

P3.1| TXD | Serial Output Line

P3.2 | INTO | External Interrupt 0

P3.3| INT1 | External Interrupt 1

P3.4| TO | Timer O External Input

P35 | T1 Timer 1 External Input

P3.6 | WR | External Data Memory Write Strobe
P3.7| RD | External Data Memory Read Strobe

Port 3 also receives some control signals for
EPROM programming and program verification.

RESET: Reset input. A logic high on this pin for two
machine cycles while the oscillator is running resets
the device. An internal pulldown resistor permits a
power-on reset to be generated using only an exter-
nal capacitor to V. |

ALE/PROG (EPROM Only): Address Latch Enable
output signal for latching the low byte of the address
during accesses to external memory. This pin is also
the program pulse input (PROG) during EPROM pro-
gramming.

In normal operation ALE is emitted at a constant
rate of 1/6 the oscillator frequency, and may be
used for external timing or clocking purposes. Note,
however, that one ALE pulse is skipped during each
access to external Data Memory.

PSEN: Program Store Enable is the Read strobe
to External Program Memory. When the
87C51/80C51BH is executing from Internal Program
Memory, PSEN is inactive (high). When the device is
executing code from External Program Memory,
PSEN is activated twice each machine cycle, except
that two PSEN activations are skipped during each
access to External Data Memory.

EA/Vpp: External Access enable. EA must be
strapped to Vss in order to enable the
87C51/80C51BH to fetch code from External Pro-
gram Memory locations starting at 0000H up to
OFFFFH. [Note, however, that if either of the Lock
Bits is programmed, the logic level at EAis internally
latched during reset] (EPROM only.)

EA must be strapbed to Vg for internal program
execution.

Vpp (EPROM Only): This pin also receives the
12.75V programming supply voltage (\bp) during
EPROM programming.

AUTOMOTIVE 80C31BH/80C518H/87C51
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Figure 4. Using the On-Chip Oscillator
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XTAL1: Input to the inverting oscillator ampiifier and
input to the internal clock generating circuits.

XTAL2: Output from the inverting oscillator amplifi-
er.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respec-
tively, of an inverting amplifier which can be config-
ured for use as an on-chip oscillator, as shown in
Figure 4.

To drive the device from an external clock source,
XTAL1 should be driven, while XTAL2 is left uncon-
nected, as shown in Figure 5. There are no require-
ments on the duty cycle of the external clock signal,
since the input to the internal clocking circuitry is
through a divide-by-two flip-flop, but minimum and
maximum high and low times specified on the Data-
sheet must be observed.

IDLE MODE

In Idle Mode, the CPU puts itself to sleep while all
the on-chip peripherals remain active. The mode is
invoked by software. The content of the on-chip
RAM and all the Special Functions Registers remain
unchanged during this mode. The Idle Mode can be
terminated by any enabled interrupt or by a hard-
ware reset.

It should be noted that when Idle is terminated by a
hardware reset, the device normally resumes pro-
gram execution, from where it left off, up to two ma-
chine cycles before the internal reset algorithm
takes control. On-chip hardware inhibits access to
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Table 2. Status of the External Pins During Idle and Power Down

Mode ';;:31’::;‘ ALE | PSEN | PORTO | PORT1 | PORT2 | PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data

NOTE:

For more detailed information on the reduced power modes refer to current Embedded Applications Handbook, and Applica-

tion Note AP-252, “Designing with the 80C518H.”

internal RAM in this event, but access to the port
pins is not inhibited. To eliminate the possibility of an
unexpected write to a port pin when Idle is terminat-
ed by reset, the instruction following the one that
invokes Idle should not be one that writes to a port
pin or to external memory.

POWER DOWN MODE

In the Power Down mode the oscillator is stopped,
and the instruction that invokes Power Down is the
last instruction executed. The on-chip RAM and
Special Function Registers retain their values until
the Power Down mode is terminated.

The only exit from Power Down is a hardware reset.
Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated be-
fore Vg is restored to its normal operating level and
must be held active long enough to allow the oscilla-
tor to restart and stabilize.

)

DESIGN CONSIDERATIONS

* At power on, the voltage on Vgcand RST must
come up at the same time for a proper start-up.

e Before entering the Power Down mode the con-
tents of the Carry Bit and B.7 must be equal.

* When the Idle mode is terminated by a hardware
reset, the device normally resumes program exe-
cution, from where it left off, up to two machine
cycles before the internal reset algorithm takes
control. On-chip hardware inhibits access to inter-
nal RAM in this event, but access to the port pins
in not inhibited. To eliminate the possibility of an
unexpected write when Idle is terminated by re-
set, the instruction following the one that invokes
|dle should not be one that writes to a port pin or
to external memory.

* An external oscillator may encounter as much as
a 100 pF load at XTAL1 when it starts up. This is
due to interaction between the amplifier and its
feedback capacitance. Once the external signal
meets the Vi and Vy specifications the capaci-
tance will not exceed 20 pF.

e For EPROM versions exposure to light when the
device is in operation may cause logic errors. For
this reason, it is suggested that an opaque label
be placed over the window when the die is ex-
posed to ambient light.
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADC0801, ADC0802, ADC0803, ADC0804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or /O ports to the microprocessor and no inter-
facing logic is needed.

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

Differential analog voltage inputs

Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

u Works with 2.5V (LM336) voltage reference

| On-chip clock generator

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

® No zero adjust required

m 0.3" standard width 20-pin DIP package

=m 20-pin molded chip carrier or small outline package

® Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-

log span adjusted voltage reference

Key Specifications

Features m Resolution 8 bits
® Compatible with 8080 wP derivatives—no interfacing ~ ™ Total FER\N +Y,LSB, £7;1LSBand +1LSB
logic needed - access time - 135 ns m Conversion time 100 ps
M Easy interface to all microprocessors, or operates
“stand aione”
Typical Applications
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Absolute Maximum Ratings (votes 122)

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

please contact the Nationail

Supply Voltage (Vcg) (Note 3)
Voltage
Logic Control Inputs
At Other Input and Outputs
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)

Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Electrical Characteristics

The following specifications apply for Voc=5 Vpc, TMINS TA<Tmax and fo k =640 kHz unless otherwise specified.

—~0.3V to +18V
—0.3V to (Voo +0.3V)

6.5V

Temperature Range

p— ADC0801/02/03/04LCJ
ecouk ADCO0801/02/03/05LCN
ADCO804LCN
. ADC0802/03/04LCV
215°C ADC0802/03/04LCWM
220°C A

Range of Voo

Storage Temperature Range
Package Dissipation at To=
ESD Susceptibility (Note 10)

25°C

—-65°Cto +150°C

Operating Ratings (Notes 1 & 2)

875 mwW

800V

TMINSTA<Tmax

ADC0801/02LJ, ADC0802L.J/883 —55°C<Tp< +125°C

—40°C<Ta< +85°C
—40°C<Tp< +85°C
0°C<Ta< +70°C
0°C<Ta< +70°C
0°C<Ta< +70°C
4.5Vpgto 6.3 Vpo

Parameter Conditions Min Typ Max Units
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. +Y, LSB
(See Section 2.5.2) /4
ADCO0802: Total Unadjusted Error (Note 8) VRer/2=2.500 Vpg +Y, LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adij. +, LS8
(See Section 2.5.2) B Q
ADCO0804: Total Unadjusted Error (Note 8) VRrer/2=2.500 Vpgc +1 LSB
ADCO0805: Total Unadjusted Error (Note 8) Vrer/2-No Connection + LS8
VReg/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 kQ
ADC0804 (Note 9) 0.75 1.1 kQ
Analog Input Voltage Range (Note 4) V(+) or V(=) Gnd-0.05 Voo +0.05 Voc
DC Common-Mode Error Over Analog Input Voltage + e + LSB
Range
Power Supply Sensitivity Voc=5 Vpc £10% Over +Vis +a LSB
Allowed Vin(+) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Voc=5 Vpc and Ta=25°C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Tc Conversion Time foLk = 640 kHz (Note 6) 103 114 us
Tc Conversion Time (Note 5, 6) 66 73 1/foLk
foLk Clock Frequency Vec =5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 | conv/s
Mode CS=0Vpg, foLk= 640 kHz
twWR)L Width of WR Input (Start Pulse Width) CS=0 Vpc (Note 7) 100 ns
tacc Access Time (Delay from Falling C_=100 pF 135 200 ns
Edge of RD to Output Data Valid)
t1H, toH TRI-STATE Control (Delay C_=10pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twi tR1 Celay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR
Cin Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cout TRI-STATE Output 5 75 pF
Capacitance (Data Buffers)
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
Vin (1) Logical “1” Input Voltage Vcg=5.25 Vpe 2.0 15 Voe
(Except Pin 4 CLK IN)




AC Electrical Characteristics continued)
The following specifications apply for Vog = 5Vpc and Tyiy £ Ta < Tumax, unless otherwise specified.

Symbol l Parameter l Conditions | Min ‘ Typ I Max I Units

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

Vin (0) Logical “0” Input Voltage Vcc=4.75Vpc 0.8 Voc
(Except Pin 4 CLK IN)

Iin (1) Logical *“1”" Input Current Vin=5Vpc 0.005 1 rApPC
(All Inputs)

Iin (0) Logical “0” Input Current ViN=0Vpc -1 —0.005 rApPC
(All Inputs)

CLOCK IN AND CLOCKR i

V1+ CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 Voo
Threshold Voltage

V1— CLK IN (Pin 4) Negative 1.5 1.8 2.4 Vpc
Going Threshold Voltage

Vi CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Vbc
(Vr+) = (V1)

Vour (0) Logical “0” CLK R Output lo=360 nA 0.4 Vbe
Voltage Voc=4.75 Vpc

Vourt (1) Logical “1”" CLK R Output lo= —360 pA 24 Vboc
Voltage Vec=4.75Vpc

DATA OUTPUTS AND INTR

Vourt (0) Logical “0” Output Voltage
Data Qutputs lout=1.6 MA, Vcc=4.75 Vpc 0.4 Voc
INTR Output lout=1.0 mA, Vec=4.75 Vpc 0.4 Vpe

Vour (1) Logical 1" Output Voltage lo= =360 pA, Vcc=4.75 Vpc 2.4 Vboc

Vout (1) Logical ‘1" Output Voitage lo=—10pA Vcc=4.75Vpc 45 Voc

louT TRI-STATE Disabled Output Vout=0Vpc -3 rApc
Leakage (All Data Buffers) Voutr=5 Vpc . 3 rADC

Isource Vout Short to Gnd, Ta=25°C 4.5 6 mApC

ISINK Vout Short to Vo, TA=25°C 9.0 16 mApc

POWER SUPPLY

lcc Supply Current (Includes foLk =640 kHz,
Ladder Current) Veep/2=NC, Tp=25°C

and CS=5V

ADC0801/02/03/04LCJ/05 14 1.8 mA
ADCO0804LCN/LCV/LCWM 1.9 25 mA

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 Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd.

Note 3: A zener diode exists, intemally, from Vcc to Gnd and has a typical breakdown voltage of 7 Vpe.

Note 4: For Vin(—) 2 Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vo supply. Be careful, during testing at low V¢ levels (4.5V),
as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. The
- spec allows 50 mV forward bias of either diode. This means that as long as the analog Vi does not exceed the supply voltage by more than 50 mV, the output
code will be correct. To achieve an absolute 0 Vpg to 5 Vpg input voitage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature
varations, initial tolerance and loading.

Note 5: Accuracy is guaranteed at fc x = 640 kHz. At higher clock freq i can For lower clock frequencies, the duty cycle limits can be
extended so long-as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the intemal clock phases are proper to start the conversion process. The
start request is intemally latched, see Figure 2 and section 2.0.

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR puise width. An arbitrarily wide puise width will hold
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams).

Note &: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5.

Note 9: The VRgr/2 pin is the center point of a two-resistor divider connected from Vg to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADC0805, and in the ADC0804LCJ, each resistor is typically 16 k. In all versions of the ADC0804 except the ADC0804LCJ, each resistor is typically 2.2 k2.

Note 10: Human body model, 100 pF discharged through a 1.5 k{2 resistor.




Typical Performance Characteristics
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TRI-STATE Test Circuits and Waveforms

t1H t1H, CL=10 pF toH ton, CL=10pF
v ve -
e ce ¢ .
Vee Vee 4?— %
RO 0ATA L 10k o 50%
[ 0uTPUT GND GND 10%
DATA
[ ouTPUT -
' 106 ¥ e
OH 0% Vee
DATA o DATA
ouTPUTS SUTFUTS
= = = - GND Vo —————F10%
=20 ns ) =20 ns TL/H/5671-3
Tlmlng Dlag rames (All timing is measured from the 50% voltage points)
START
CONVERSION
= \ /
—
wi e
— WWRIL ~— “BUSY”
N_oaraisvauioin
ACTUAL INTERNAL “NOT BUSY” § QUTPUT LATCHES
STATUS OF THE
CONVERTER
e 1708 x 1igL : INTERNAL T¢
(LAST DATA WAS READ}
o B4
(LAST DATA WAS NOT READ) 1 NUNT asserTED
> 112 ToLk
Output Enable and Reset IN
—\. TNTR RESET
INTR g
o3 \ —{ Ry |~ /
- =&\ X
e noTE|
A _ I 2] kR ARG o
ouTPUTS
—e{ ACC |=—
—{ t1H. 1oH
TL/H/S671-4

Note: Read strobe must occur 8 clock periods (8/fcy k) after assertion of interrupt to guarantee reset of INTR.




Typical Applications (continued)

6800 Interface Raticmetric with Full-Scale Adjust
Vee
(5Vpc)
XOR
[ —i—
VMA '} 2 g Vints) T L 1
p: H < 1
' & on
5308, 0 ¢—————————————— INTH [y —— i 1> |
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1 j !
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‘
i L
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FS ADJUST
Note: before using caps at V|y or VReg/2,
see section 2.3.2 Input Bypass Capacitors.
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Ve Ve = Vi
Vi Fuan”
[e]
et
i |
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Typical Applications (continued)

Directly Converting a Low-Level Signal

A P Interfaced Comparator

Vee v
(s Ve (s \;Sc’
. Vinis) Vee O———{vixi+h Vee
Vin ad +
10uF 10uF
1
L T : T
WL VNS sIZav e - Al
172 LMIs8
Vint=) Vagei2 ik b O—q Viyi-) VRerl
. x s
" f VuF Al -
Uk 1.9k = 2 = =
-15Vge \ For: Vin(+)>Vin(=)
100
Vos Qutput=FFugx
19 20 i VRer/2=256 mV For: Vin(+) <Vin(=)
— Qutput=00Hgx
1 mV Resolution with p.P Controlled Range
VRer/2=128 mV 5"55 i
1LSB=1mV
Voacs Vins(Vpac+256 mV)
Vee
. Vi)
v +
N I 19 uF
A
10T 0AC 2500¥pc
2508V
HICRO-DACT™
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DACOES [y 0 AN
' Tur
DATA — o — —
ws  0<Vpac<2sv = = = =
Digitizing a Current Flow
v S ——=lLoan (2A FULLSCALE)
5Vpe) © WA/ L
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9 Vo0
1Vini=) Yeo AL
+
10uF n __L
Ao I
108 & (TR
2tRe > ¢ Vinirh YRerR
YR 4=
| " T
Sum = = = =
TL/H/5671-6




Typical Applications (continued)

Self-Clocking Multiple A/Ds
NC O————p CLKR

CLKA cLxin

<

> .
b S
b3

A

cLxim

- NC O CLKR

| CLKIN

*Use a large R value
to reduce loading

AD¥2

at CLK R output. v

IF MORE TMAN 5§ ADDITIONAL
A/Ds, USE A CMOS BUFFER (NOT T2L)

Self-Clocking in Free-Running Mode

O——Vin(* CLKR
O vint) 1
XN
v 1509F
(1]
WA YR

*After power-up, a momentary grounding
of the WR input is needed to guarantee operation.

1]

Operating with “Automotive” Ratiometric Transducers

e
(5Vpg)

AAA—4

VxoR
xon Vintr) Veo

AL
ZERO
ADJ

VW—AA,
5

HE—AAA
L}

VRer2

ke
SUNE A T

+
*VIN(—=)=0.15 Vce I
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> 18

VAN,
§ za=

W

HE-AAAAAA

External Clocking
ferk

v

feLk P—q cLk 1n

100 kHz < fo i< 1460 kHz

uP Interface for Free-Running A/D
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0001
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S
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DATA UPDATE
1:
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Typical Applications (continued)

wP Compatible Differential-Input Comparator with Pre-Set Vog (with or without Hysteresis)

==
2
o 1 ; Vi
cc
[T ouTPUT 8Vpe)
Oed Vin(® o _] I e
0
[
FIF 5 =
A/D
v
‘ === @-_’ VY‘ e
Y
Ot Vg VRer? =
N § =
Lt X v
R® S V1WF i
Vr™ (OR Vog)
——E——b
- = 12Co4018 L
S N

*See Figure 5 to select R value
DB7="1" for Vin(+)>Vin(—) + (VReF/2)
Omit circuitry within the dotted area if
hysteresis is not needed

Handling £ 10V Analog Inputs

Low-Cost, uP Interfaced, Temperature-to-Digital Converter

Vee
O (Vgeh vee
(5Voe
Vini? Vee
{ Vin(#) Veo I =
AD Tlﬂni
A
Yint) SVpc
10x 10k
{ Ta MAX
i v ——‘f_.a,
*Beckman Instruments #634-3-R10K resistor array = =
1P Interfaced Temperature-to-Digital Converter
Vee
18 Voc)
o
n
¢ 100%
A AAA- Vint Ve
e ]
238V @ 25°C. . + 3
19 myr K} o = Wuf
I 10 xF| y l 8 Sn
= = = D = b3
5 4‘.".- 25v
17214388 M
1 - o - 7.4
TAMIN O Vin Vae, L L3
Ay L o 3 Tamax A
u
*Circuit values shown are for 0°C<Ta< +128°C 108 I W L
**Can calibrate each sensor to allow easy replacement, then e’ :t oe°
A/D can be calibrated with a pre-set input voltage. = = j
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Typical Applications (Continued)
Handling £5V Analog Inputs

Vee

(5 Vocl

{Vints

+

Vit

2

A/D

-4
I 10 uF

TL/H/5871-33

*Beckman Instruments #694-3-R10K resistor array

wP Interfaced Comparator with Hysteresis

Vini¥)

Vin

Vintt

Ao

MsB (D87)

VRer/2

*VREF

= QUTPUT

=3
P CLK 0 fetmrd
o>
a
Ren |
L Av‘v‘v
:)
- TL/H/5671-35

Analog Self-Test for a System

Vini)

—e—

199029 9¢%

SYSTEM
oc TEST
POINTS

CHANNEL
ANALDG

CD4081

LT

Vint)

A/

Il
FROM OUTPUT
PORT OF P

lc
SELECT

§

CHANNEL

TL/H/5671-36

Read-Only Interface

uPBUS
Am
o .
——>q T DATA
Ly A0 AID
WA —> RTR
g
s \____/
AD
OATA IS: : STARTS NEW
ouTPUT copvenuion TL/H/5671-34
Protecting the Input
e
(s Yoo)
15 Yoo
or 4
TR Lo
N v‘vﬁ .
a5 10pF
7y I
=15 Vpe S -
F A0
Diodes are 1N914
L
= TL/H/5671-9

A Low-Cost, 3-Decade Logarithmic Converter

laV> Va2 -1

“Vuinngr
Rt~

Vinle)

VRer/2

*LM389 transistors '
A, B, C, D = LM324A quad op amp

+
1uf

TUH/5671-37
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Typical Applications (Continued)

3-Decade Logarithmic A/D Converter

A, B,C, D= LM324A

“Vin
(-18my TO-10V)

™
ZERO ADJ

Vini

VRer?

Multiplexing Differential Inputs

5
cm{ 5 Viné®
(o—
6k 3
. Vini) :nz{_ N
VinDC Ot CHANNEL
I o OIFFERENTIAL A0
o— MUX
— c,.,[_ cos0s2
= O
A/D +
Oty
cH { = Vint
fc=20 Hz o—
Uses Chebyshev implementation for steeper roll-off ry =y
unity-gain, 2nd order, low-pass filter [—' inte) 1 seLECT
Adding a separate filter for each channel increases = FAOM DUTPUT
system response time if an analog muitiplexer PORT OR vP
is used
Output Buffers with A/D Data Enabled Increasing Bus Drive and/or Reducing Time on Bus
rO [:4 S PO T
- AD T0uP 5.
- DATA BUS DATA 0UT| DATABUS
DATA]
& R am "::‘F',::’ Wﬂb——q W A TRESTATEY
Fid _—y _.._y BUFFERS
P A5 _L_Q wo*
E T ? & Tﬁ
AD >~ A5
TL/H/5671-10

*A/D output data is updated 1 CLK period
prior to assertion of INTR

*Allows output data to set-up at falling edge of CS




Typical Applications (Continued)

Sampling an AC Input Signal

Ty MAX
0is
fiLren e
+ ssE =» HOLD —> Vint+)
Vin LF1s8
)
~8070 -4048 |
3 |
= ! m o T
LOW-PASS, MULTIPOLE CONTROL Y
FILTER
2
] =1 Vint=}
- LI

il

i I

I 5

— o —

Note 1: Oversample whenever possible [keep fs > 2f(—80)] to eliminate input frequency folding
(aliasing) and to allow for the skirt response of the filter.
Note 2: Consider the amplitude errors which are introduced within the passband of the filter.

70% Power Savings by Clock Gating

‘“’cu
' : ki

Vee o

,._T aD
/27474 0

1 ] L L 0 A
X [am FLR TR 127ac0s | CLK TR
[*)
TOAD l _; iNTR

1]
WwR 14024 oq

1474032
1374C04

TOAD (Complete shutdown takes = 30 seconds.)

Power Savings by A/D and Vger Shutdown

vee
O 5V

Vee

[
4P CONTROL & TMOS 10 DATA
" CE b A A/0 DATA OUTPUT BUFFER oy
R 14

VRes2

ik E]
U 44

=

*Use ADCO0801, 02, 03 or 05 for lowest power consumption.
Note: Logic inputs can be driven to Vcc with A/D supply at zero volts.
Buffer prevents data bus from overdriving output of A/D when in shutdown mode.

TL/H/S671-11
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure 7a. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the Vrgg/2 pin). The digital
output codes that correspond to these inputs are shown as
D—1, D, and D+ 1. For the perfect A/D, not only will center-
value (A—1, A, A+1,. .. .)analog inputs produce the cor-
rect output ditigal codes, but also each riser (the transitions
between adjacent output codes) will be located +', LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be pro-
vided for a range of analog input voltages that extend £/,
LSB from the ideal center-vaiues. Each tread (the range of
analog input voltage that provides the same digital output
code) is therefore 1 LSB wide.

Figure 1b shows a worst case error plot for the ADC0801.
All center-valued inputs are guaranteed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to the center-value points than £, LSB. In

Transfer Function

w

a

>

3

5 0¢1 o

-~ 1

5 1

5

> |

- 0 J—

= i

2 ) i

3 g~y b

o-1 1'—'_:1: ;
R
H !
A=l A A+

ARALOG INPUT (Vo)

other words, if we apply an analog input equal to the center-
value =V, LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than 1, LSB.

The error curve of Figure 1c shows a worst case error plot
for the ADC0802. Here we guarantee that if we apply an
analog input equal to the LSB analog voltage center-value
the A/D will produce the correct digital code.

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps'of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 7a
is +1, LSB because the digital code appeared !/, LSB in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.

Error Plot
+1 158

1 3

4 I
*
N \ \ ERROR
' Il
» X
Vi e ik -=--
1 1]
1 1
-1ise L L
A=1 A At

ANALOG INPUT (Vyp)

ERROR
-

| Ty
-

a) Accuracy= =0 LSB: A Perfect A/D

Transfer Function

w
8
2 (L
8
2 dvi |- AN ¢
?: IR
2 H
2 S | J i
=z Hilk P I
= — 1 1
— 1 2 ] '
30-1} ' !
T i 1
1 1 1
! i 1
A1 A A+l

ANALOS INPUT (Vi)

Error Plot

b) Accuracy= +V,LSB

Transfer Function

©
+
T

L]
T

DIGITAL QUTPUT CODE

A1 A A%
AMALOG HHPUT (Vi)

c) Accuracy= *, LSB

-1Ls8
A=t A A+l
ANALOG INPUT (Vi)
Error Plot
+1Ls8

ERROR
:
=
}

A-1 A Ast
ANALOG INPUT (Vin}
TL/H/5871-12

FIGURE 1. Clarifying the Error Specs of an A/D Converter




Functional Description (continued)

2.0 FUNCTIONAL DESCRIPTION

The ADCO0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the anaiog difference in-
put voltage [Vin(+) — Vin(—)] to a corresponding tap on
the R network. The most significant bit is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) is transferred to an output
latch and then an interrupt is asserted (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated in the free-running mode by connecting INTR to
the WR input with CS=0. To ensure start-up under all pos-
sible conditions, an external WR pulse is required during the
first power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the CS input and WR input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-
high transition.

A functional diagram of the A/D converter is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier weight lines.

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the resuit-
ing 1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a ““1”" to the D flop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transfer this “1”" to the Q output of F/F1. The
AND gate, G1, combines this “1” output with a clock signal
to provide a reset signal to the start F/F. If the set signal is
no longer present (either WR or CS is a “1”") the start F/F is
reset and the, 8-bit shift register then can have the "“1”
clocked in, which starts the conversion process. If the set
signal were to still be present, this reset pulse would have
no effect (both outputs of the start F/F would momentarily
be at a “1” level) and the 8-bit shift register would continue
to be held in the reset mode. This logic therefore allows for
wide CS and WR signals and the converter will start after at
least one of these signals returns high and the internal
clocks again provide a reset signal for the start F/F.

“17 = RESET SHIFT REGISTER
“0" = BUSY AND QUIESCENT STATE

INPUT PROTECTION
FOR ALL LOGIC INPUTS
INPUT o
TO INTERNAL l
CIRCUITS
BV 230V c o
FIF1
START FIF
cLKs
l 4
START CONVERSION
2 Ao o
Vee (VRep) O— <+
<l < e d
+ e IF RESET = 0~
v 1 LADDER |- SAR lepm md 38T
REF2 AND | LATCH SHIFT R}«
¢ (NOTEZ) [¢=] ReGIsTER | RESET
i
< |
: b=
DAC ]
8 Vioum T Y
Lo K< :
AGNO
= CLK A
= Veo I !
LE 0
LATCH 1
]
Ving) O v Jv yYvYy 17 Vv
_XFER
1 TRISTATE® < 62 JET
Vinge) O OUTPUT LATCHES
1 — =t x 1m0
vl L8586 b =l
| 5
1112 13 18 1516 17 18 T T
CORV.
DIGITAL OUTPUTS e
1 TRISTATE® CONTROL ——-I l—-—lnﬂ:u
TS (noTE 1)@ 1 = QUTPUT ENABLE
R0 . RESET
TL/H/5671-13

Note 1: CS shown twice for clarity.

Note 2: SAR = St

Approxi

FIGURE 2. Block Diagraii:
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Functional Description (continued)

After the “1” is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this *“1” is output
from the shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set. An inverting buffer then supplies the INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
/4 of the frequency of the external clock). If the data output
is continuously enabled (CS and RD both held low), the
INTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at a ““1”" level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval).

When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and CS wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is still present, the Q
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resulting INTR output
pulse to only a few propagation deiays (approximately 300
ns).

When data is to be read, the combination of both CS and
RD being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
bit digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output En-
able labels. In addition, these inputs are active low to allow
an easy interface to microprocessor control busses. For
non-microprocessor based applications, the CS input (pin 1)
can be grounded and the standard A/D Start function is
obtained by an active low pulse applied at the WR input (pin
3) and the Output Enable function is caused by an active
low pulse at the RD input (pin 2).

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the
anaiog differential voitage input. The Viny(—) input (pin 7)
can be used to automatically subtract a fixed voltage value
from the input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.

The time interval between sampling Vin(+) and Vin(—) is 4-
/> clock periods. The maximum error voltage due to this

slight time difference between the input voltage samples is
given by:

45
AVe(MAX) = (Vp) (27rtem) (@ )

where:

AVg is the error voltage due to sampling delay

Vp is the peak value of the common-mode voltage

foemn is the common-mode frequency
As an example, to keep this error to %4 LSB (~5 mV) when
operating with a 60 Hz common-mode frequency, fom, and
using a 640 kHz A/D clock, fork, would allow a peak value
of the common-mode voitage, Vp, which is given by:

Vo = [AVe(uax (foLk)]
P7 T @ntem) (45)

or
(5 % 10=9) (640X 103)
P~ T (6.28) (60) (4.5)
which gives
Vp=1.9V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voitage).

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

Due to the internal switching action, displacement currents
will flow at the anaiog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.

TL/H/5671-14

ronof SW1and SW2 = 5kn2
r=ron CsTRAY = 5 k2 X 12 pF = 60 ns

FIGURE 3. Analog Input Impedance
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Functional Description (continued)

The voltage on this capacitance is switched and will result in
currents entering the V|n(+) input pin and leaving the
Vin(—) input which will depend on the analog differential
input voitage levels. These current transients occur at the
leading edge of the internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period.

Fauit Mode

If the voltage source applied to the Vin(+) or Vin(—) pin
exceeds the allowed operating range of Vcc+50 mV, large
input currents can flow through a parasitic diode to the Vg
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Vgg pin (with the current bypassed with
this diode, the voltage at the Viy(+) pin can exceed the
Vg voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Vin(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Vin(+) input at 5V, this
DC current is at a maximum of approximately 5 pA. There-
fore, bypass capacitors should not be used at the analog
inputs or the Vres/2 pin for high resistance sources (> 1
k). If input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voltage drop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 kQ) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
tions, (< 1 kQ), a 0.1 uF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
wire. A 100Q series resistor can be used to isolate this ca-
pacitor—both the R and C are placed outside the feedback
loop—from the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 k2. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source

resistance and the use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust Vger/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust
For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpg or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 4.

?
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RERZ " DIGITAL
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<
< ]—-
]
AGND |8 DGND |10
= /77

TL/H/SE71-15
FIGURE 4. The VRerereNce Design on the IC

Notice that the reference voltage for the IC is either 5, of
the voltage applied to the Vg supply pin, or is equal to the
voltage that is externaily forced at the Vggr/2 pin. This al-
lows for a ratiometric voltage reference using the Vg sup-
ply, a 5 Vpg reference voltage can be used for the Vg
supply or a voltage less than 2.5 Vpc can be applied to the
Vgegr/2 input for increased application flexibility. The inter-
nal gain to the Vgeg/2 input is 2, making the full-scale differ-
ential input voltage twice the voltage at pin 8.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of the analog input voitage. If the analog input voltage were
to range from 0.5 Vpg to 3.5 Vpg, instead of OV to 5§ Vpg,
the span would be 3V as shown in Figure 5. With 0.5 Vpg
applied to the Vin(—) pin to absorb the offset, the reference
voltage can be made equal to /, of the 3V span or 1.5 Vpg.
The A/D now will encode the Vin(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpg
input corresponding to full-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.

16




Functional Description (continued)

*Add if VRgr/2 < 1 Vpg with LM358

to draw 3 mA to ground.
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b) Accommodating an Analog Input from

0.5V (Digital Out = = 00ygx) to 3.5V
(Digital Out=FFugx)

FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADC0805 is specified particularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voitage are important
factors in the accuracy of the A/D converter. For Vpeg/2
voltages of 2.4 Vpc nominal value, initial errors of =10
mVpg will cause conversion errors of +1 LSB due to the
gain of 2 of the Vrgg/2 input. In reduced span applications,
the initial value and the stability of the Vgeg/2 input voltage
become even more important. For example, if the span is
reduced to 2.5V, the analog input LSB voltage value is cor-
respondingly reduced from 20 mV (5V span) to 10 mV and
1 LSB at the Vggr/2 input becomes § mV. As can be seen,
this reduces the allowed initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smaller than
2.5V place even tighter requirements on the initial accuracy
and stability of the reference source.

In general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper vaiue
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM336B 2.5V IC reference diode (from National'
Semiconductor) has a temperature stability of 1.8 mV typ.
(6 mV max) over 0°C<Ta< +70°C. Other temperature
range parts are also available.

2.5 Errors and Reference Voltage Adjustments

2.5.1Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vinmin), is not ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D V|n(—) input at this Vinminy value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first riser of the transfer function and can be mea-
sured by grounding-the Vyy (=) input and applying a small
magnitude positive voltage to the Viy (+) input. Zero error
is the difference between the actual DC input voltage that is
necessary to just cause an output digital code transition
from 0000 0000 to 0000 0001 and the ideal 1/, LSB value
(12 LSB = 9.8 mV for Vger/2=2.500 Vpg)-

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 114 LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vger/2 input (pin 9 or the Vog supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,




Functional Description (continued)

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range
If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be property adjusted first. A Vin(+) voltage that
equals this desired zero reference plus '/, LSB (where the
LSB is calculated for the desired analog span, 1 LSB=ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00yex to 01Hex code transition.
The iull-scale adjustment should then be made (with the
proper V|n(—) vottage applied) by forcing a voltage to the
Vin(+) input which is given by:
(VMAX — VMIN)

i = Vpmax—1.5
Vin (+) fs adj MAX [ 256

)

where:

Vmax = The high end of the analog input range
and

Vmin=the low end (the offset zero) of the analog range.
(Both are ground referenced.)

The Vgeg/2 (or Vo) voltage is then adjusted to provide a
code change from FEpex to FFyex. This completes the ad-
justment procedure.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 6.

N\
CLKR
19
.
B &g 1 56
I:LKI:J I:>o_4—>c|.x R=10 kQ
¢
l ND
TL/H/S671=17

FIGURE 6. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize
the loading on the clock R pin (do not use a standard TTL
butfer).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the

conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this
latch. The INTR output simply remains at the “1” level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, the CS input is grounded and the
WR input is tied to the INTR output. This WR and INTR
node should be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus siows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves).

At higher CPU clock frequencies time can be extended for
1/0 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
butfers (low power Schottky such as the DM741L.S240 series
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the Vg supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Vg pin and values of 1 uF or greater are
recommended. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
lator for the converter (and other analog circuitry) will greatly
reduce digital noise on the Vg supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.




Functional Description (continueq)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any Vegr/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of 14 LSB can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voitage to the converter and use LEDs
to display the resuiting digital output code as shown in Fig-
ure 7.

For ease of testing, the VReg/2 (pin 9) should be supplied
with 2.560 Vpc and a Vgg supply voltage of 5.12 Vpg
shouid be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpg (5.120-11, LSB) should be applied to
the Vin(+) pin with the Vin(—) pin grounded. The value of
the Vreg/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111. This value of Vggr/2 should then be used for all the
tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS” and “VLS" columns in
Table |, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester

VReg/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B8 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test results.

For a higher speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numericai sub-
traction feature is available to read the difference voltage,
“A-C”, directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides Y/, LSB steps for the 8-bit A/D
under test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB’s)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then returns to the user’s
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses wiil be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an I/0 device by using the I/0 R
and 1/0 W strobes and decoding the address bits A0 —>

A7 (or address bits AB — A15 as they will contain the
same 8-bit address information) to obtain the CS input. Us-
ing the 1/0 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in I/0
space is shown in Figure 10.
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ANE OO0 ®®@ 4N35*

6-Pin DIP Optoisolators - 4N3e6
Transistor Output 4N37

[CTR = 100% Min]

GlobalOptoisolator™

The 4N35, 4N36 and 4N37 devices consist of a gallium arsenide infrared
emitting diode optically coupled to a monolithic silicon phototransistor detector.

e Current Transfer Ratio — 100% Minimum @ Specified Conditions
e Guaranteed Switching Speeds
o Meets or Exceeds all JEDEC Registered Specifications

o To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V’ must be included at end of part number. VDE 0884 is a test option.

*Motorola Preferred Device

’ STYLE 1 PLASTIC

Applications
¢ General Purpose Switching Circuits
e Interfacing and coupling systems of different potentials and impedances

7T STANDARD THRU HOLE
e Regulation Feedback Circuits CASE 730A-04

e Monitor & Detection Circuits
¢ Solid State Relays

MAXIMUM RATINGS (T = 25°C unless otherwise noted) SCHEMATIC
Rating I Symbol 1 Value l Unit l 1 6
INPUT LED }\
2
Reverse Voltage VR 6 Volts 5
Forward Current — Continuous IF 60 mA 30k 4
LED Power Dissipation @ Tp = 25°C Pp 120 mwW.
with Negligible Power in Output Detector PIN1. LED ANODE
Derate above 25°C 1.41 mwW/°C 9. LED CATHODE
OUTPUT TRANSISTOR 3. N.C.

- 4. EMITTER
Collector-Emitter Voltage VCEO 30 Volts 5. COLLECTOR
Emitter-Base Voltage VEBO 7 Volts 6. BASE
Collector-Base Voltage VecBo 70 Volts
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ Tp = 25°C PD 150 mwW

with Negligible Power in Input LED
Derate above 25°C 1.76 mwW/°C
TOTAL DEVICE
Isolation Source Voltage(!) Viso 7500 Vac(pk)
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 2.94 mw/°C
Ambient Operating Temperature Range(2) TaA —55 to +100 °C
Storage Temperature Range(2) Tstg | —55t0+150 °C
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C

1. Isolation surge voltage is an intemal device dielectric breakdown rating.

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.
Preferred devices are Motorola recommended choices for future use and best overall value.

GlobalOptoisolator is a trademark of Motorola, Inc.

REV 2
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4N35 4N36 4N37

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)(1)

r Characteristic Symbol Min Typ(1) Max I Unit I
INPUT LED
Forward Voltage (IF = 10 mA) Ta=25°C VE 0.8 1.15 1.5 \
Ta =-55°C 0.9 1.3 1.7
Ta = 100°C 0.7 1.05 1.4
Reverse Leakage Current (VR =6 V) IR — = 10 A
Capacitance (V =0V, f = 1 MHz) Cy — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current (Vcg =10V, Ta = 25°C) ICEO — 1 50 nA
(VCE =30V, Tp = 100°C) — — 500 uA
Collector-Base Dark Current (Vcg =10 V) Ta =25°C , IcBO — 0.2 20 nA
Ta = 100°C 100 -
Collector-Emitter Breakdown Voltage (I = 1 mA) V(BR)CEO 30 45 — \
Collector-Base Breakdown Voltage (Ic = 100 uA) V(BR)CBO 70 100 — \Y
Emitter—Base Breakdown Voltage (Ig = 100 uA) V(BR)EBO 7 7.8 — \
DC Current Gain (Ic =2 mA, Vcg =5 V) hFE = 400 == e
Collector-Emitter Capacitance (f = 1 MHz, Vog = 0) CcE — 7 — pF
Collector-Base Capacitance (f = 1 MHz, Vcg = 0) Cca — 19 — pF
Emitter—Base Capacitance (f = 1 MHz, Vgg = 0) CeB - 9 — pF
COUPLED
Output Collector Current Tp = 25°C Ic (CTR)(@ 10 (100) | 30 (300) — mA (%)
(IF=10mA, Vg = 10 V) Tp = -55°C 4 (40) — —
Ta = 100°C 4 (40) — -
Collector—Emitter Saturation Voltage (Ic = 0.5 mA, Ip = 10 mA) VCE(sat) — 0.14 0.3 \Y
Turn=On Time ton T 7.5 10 us
Turn—Off Time (lc=2mA, Vg =10V, toff i 5.7 10
Rise Time RL =100 Q)3 i L 3.2 s
Fall Time t¢ o 4.7 —
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Current(4) (V|_g = 3550 Vpk) 4N35 so — — 100 HA
(Vj—g = 2500 Vpk) 4N36 = ~ 100
(Vi—o = 1500 Vpk) 4N37 = 8 100
Isolation Resistance (V = 500 V)(4) RisO 1011 L4 — Q
Isolation Capacitance (V =0V, f = 1 MHz)(4) Ciso ~ 0.2 2 pF

1. Always design to the specified minimum/maximum electrical limits (where applicable).

2. Current Transfer Ratio (CTR) = I/l x 100%.
3. For test circuit setup and waveforms, refer to Figure 11.

4. For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

Motorola Optoelectronics Device Data



TYPICAL CHARACTERISTICS
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M HARRIS

WBJ semiconNnDUCTOR CA374Q CA3740A
4.5MHz, BiMOS Operational Amplifier
with MOSFET Input/Bipoilar Output

November 1996

Features

¢ MOSFET Input Stage
- Very High Input Impedance (Zjy) -1.5TQ (Typ)
- Very Low Input Current (I}) -10pA (Typ) at =15V

- Wide Common Mode Input Voltage Range (V|cg) - Can
be Swung 0.5V Below Negative Supply Voltage Rail

- Output Swing Complements Input Common Mode
Range

¢ Directly Replaces Industry Type 741 in Most
Applications

Applications

* Ground-Referenced Single Supply Amplifiers in Auto-
mobile and Portable Instrumentation

e Sample and Hold Amplifiers

e Long Duration Timers/Multivibrators
(useconds-Minutes-Hours)

¢ Photocurrent Instrumentation
¢ Peak Detectors

¢ Active Filters

» Comparators

= Interface in 5V TTL Systems and Other Low
Supply Voltage Systems

» All Standard Operational Amplifier Applications
¢ Function Generators

¢ Tone Controls

* Power Supplies

* Portable Instruments

* Intrusion Alarm Systems

Description

The CA3140A and CA3140 are integrated circuit operational ampli-
fiers that combine the advantages of high voltage PMOS transis-
tors with high voltage bipolar transistors on a single monolithic chip.

The CA3140A and CA3140 BiMOS operational ampilifiers feature
gate protected MOSFET (PMOS) transistors in the input circuit to
provide very high input impedance, very low input current, and
high speed performance. The CA3140A and CA3140 operate at
supply voltage from 4V to 36V (either single or dual supply).
These operational amplifiers are internally phase compensated to
achieve stable operation in unity gain follower operation, and
additionally, have access terminal for a supplementary external
capacitor if additional frequency roll-off is desired. Terminals are
also provided for use in applications requiring input offset voltage
nulling. The use of PMOS field effect transistors in the input stage
results in common mode input voltage capability down to 0.5V
below the negative supply terminal, an important attribute for sin-
gle supply applications. The output stage uses bipolar transistors
and includes built-in protection against damage from load termi-
nal short circuiting to either supply rail or to ground.

The CA3140 Series has the same 8-lead pinout used for the “741”
and other industry standard op amps. The CA3140A and CA3140
are intended for operation at supply voltages up to 36V &18V).

Ordering Information

PART NUMBER TEMP. PKG.

(BRAND) RANGE (°C) PACKAGE NO.

CA3140AE -55to 125 |8 Ld PDIP E8.3
CA3140AM -55t0 125 |8 Ld SOIC M8.15
(3140A)
CA3140AS -551t0 125 |8 Pin Metal Can T8.C
CA3140AT -55 to 125 | 8 Pin Metal Can T8.C
CA3140E -55t0 125 |8 Ld PDIP E8.3
CA3140M -55t0 125 |8 Ld SOIC M8.15
(3140)
CA3140M96 -55t0 125 |8 Ld SOIC Tape
(3140) and Reel
CA3140T -55t0 125 |8 PinMetalCan |T8.C

Pinouts

CA3140 (METAL CAN)
TOP VIEW

NON-INV.
INPUT

V- AND CASE

CA3140 (PDIP, SOIC)
TOP VIEW

OFFSET ~

NULL

8] sTroee
INV. INPUT E . :7] Vi
NON-INV. >_[_ :
Asbid T E] ouTPUT

OFFSET
¥ E: 5| NuLL

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1996

File Number 957.3
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Absolute Maximum Ratings

DC Supply Voitage (Between V+ and V- Terminals). . ........ 36V
Differential Mode Input Voltage. . . ............ ... ... ... 8V
DClnputVoltage ............ ... (V+ +8V) To (V- -0.5V)
Input Terminal Current ... ... . i 1mA
Output Short Circuit Duration (Note 2)................ Indefinite
Operating Conditions

Temperature Range .. ... .....ovvreennnnnn . -55°C to 125°C

Thermal Information

Thermal Resistance (Typical, Note 1)
PDIP Package . . ............
SOIC Package. . ............
Metal Can Package . .........

Maximum Junction Temperature (Metal.-Can Package)

Maximum Junction Temperature (Plastic Package)

Maximum Storage Temperature Range

Maximum Lead Temperature (Soldering 10s)

(SOIC - Lead Tips Only)

170

84a (°CW) 8¢ (°CW)
100
160

N/A
N/A
85

175°C
..150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage fo the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:

2

1. Bya is measured with the component mounted on an evaluation PC board in free air.

2. Short circuit may be applied to ground or to either supply.

Electrical Specifications  Vgyppry = £15V, Ta =25°C

TYPICAL VALUES

PARAMETER SYMBOL TEST CONDITIONS CA3140 | CA3140A| UNITS
Input Offset Voltage Adjustment Resistor Typical Value of Resistor 4.7 18 kQ
Between Terminals 4 and 5 or
4 and 1 to Adjust Max V|o
Input Resistance Ry 1.5 1.5 TQ
Input Capacitance C 4 4 pF
Output Resistance Ro 60 60 Q
Equivalent Wideband Input Noise Voltage, (See Figure 27) eN BW = 140kHz, Rg = 1MQ 48 48 uVv
Equivalent Input Noise Voltage (See Figure 35) eN Rg = 100Q f=1kHz 40 40 nVA~Hz
f= 10kHz 12 12 nV/NHz
Short Circuit Current to Opposite Supply lom+ Source 40 40 mA
lom- Sink 18 18 mA
Gain-Bandwidth Product, (See Figures 6, 30) fr 4.5 45 MHz
Slew Rate, (See Figure 31) SR 9 9 Vius
Sink Current From Terminal 8 To Terminal 4 to Swing Output Low 220 220 UHA
Transient Response (See Figure 28) ty RL =2kQ Rise Time 0.08 0.08 us
o5 | Ee leegE Overshoot 10 10 %
Settling Time at 10Vp_p, (See Figure 5) tg Ry =2kQ To 1mV 4.5 45 us
Sc’;lt;g;eo gg:l:ower To 10mV 14 14 ae
Electrical Specifications  For Equipment Design, at Vgyppry = £15V, Ta = 25°C, Unless Otherwise Specified
CA3140 CA3140A
PARAMETER SYMBOL§ MIN TYP MAX MIN TYP MAX J§ UNITS
Input Offset Voltage Vol - 5 15 - 2 5 mV
Input Offset Current ol - 0.5 30 - 0.5 20 pA
Input Current Iy - -10 50 - 10 40 pA
Large Signal Voitage Gain (Note 3) AoL 20 100 - 20 100 - kviv
(See Figures 6, 29) 86 100 N 36 100 N 4B
Common Mode Rejection Ratio CMRR - 32 320 - 32 320 uvnN
(See Figure 34) 70 ) N 70 %0 N 4B
Common Mode Input Voltage Range (See Figure 8)]  Vicr -15 |-15.5t0+125 11 -15 |-15.5t0+125 12 \
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Electrical Specifications  For Equipment Design, at VgppLy = 215V, Ta = 25°C, Unless Otherwise Specified

(Continued)
CA3140 CA3140A
PARAMETER SYMBOL§ MIN TYP MAX MIN TYP MAX § UNITS
Power-Supply Rejection Ratio, PSRR - 100 150 - 100 150 Y
AV|o/AVs (See Figure 36) 76 80 i 76 80 - 3B
Max Output Voitage (Note 4) Vom+ +12 13 - +12 13 - \%
(Seeingures 2,8) Vom- 1 -14 4.4 - 14 44 ; v
Supply Current (See Figure 32) I+ - 4 6 - 4 6 mA
Device Dissipation Pp - 120 180 - 120 180 mwW
Input Offset Voltage Temperature Drift AVio/AT - ¢ 8 - 6 - uv/°c
NOTES:
3. AtV =26Vp.p, +12V, -14V and R = 2kQ.
4. At R =2kQ.
Electrical Specifications For Design Guidance At V+ = 5V, V- = 0V, Ty = 25°C
TYPICAL VALUES
PARAMETER SYMBOL CA3140 CA3140A UNITS
Input Offset Voltage Vol 3 2 mV
Input Offset Current ol 0.1 0.1 pA
Input Current I 2 2 pPA
Input Resistance Ry 1 1 TQ
Large Signal Voltage Gain (See Figures 6, 29) AoL 100 100 kVIV
100 100 dB
Common Mode Rejection Ratio CMRR 32 32 uVviv
90 90 dB
Common Mode Input Voltage Range (See Figure 8) Vicr -0.5 -0.5 \
2.6 2.6 \Y
Power Supply Rejection Ratio PSRR 100 100 uVnv
AVio/aVs 80 80 d8
Maximum Output Voltage (See Figures 2, 8) Vom+ 3 3
Vom- 0.13 0.13
Maximum Output Current: Source lom+ 10 10 mA
Sink IOM‘ 1 1 mA
Slew Rate (See Figure 31) SR 7 7 Vius
Gain-Bandwidth Product (See Figure 30) fr 3.7 3.7 MHz
Supply Current (See Figure 32) I+ 1.6 1.6 mA
Device Dissipation Pp 8 8 mw
Sink Current from Terminal 8 to Terminal 4 to Swing Output Low 200 200 HA
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Block Diagram
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Application Information

Circuit Description

As shown in the block diagram, the input terminals may be
operated down to 0.5V below the negative supply rail. Two
class A amplifier stages provide the voltage gain, and a
unique class AB amplifier stage provides the current gain
necessary to drive low-impedance loads.

A biasing circuit provides control of cascoded constant current
flow circuits in the first and second stages. The CA3140
includes an on chip phase compensating capacitor that is
sufficient for the unity gain voltage follower configuration.

input Stage

The schematic diagram consists of a differential input stage
using PMOS field-effect transistors (Qg, Q1q) working into a
mirror pair of bipolar transistors (Q11, Q12) functioning as load
resistors together with resistors Rp through Rs. The mirror pair
transistors also function as a differential-to-single-ended
converter to provide base current drive to the second stage
bipolar transistor (Qq3). Offset nulling, when desired, can be
effected with a 10kQ potentiometer connected across
Terminals 1 and 5 and with its slider arm connected to Terminal
4. Cascode-connected bipolar transistors Qp, Qg are the
constant current source for the input stage. The base biasing
circuit for the constant current source is described
subsequently. The small diodes D3, D4, D5 provide gate oxide
protection against high voltage transients, e.g., static electricity.

Second Stage

Most of the voltage gain in the CA3140 is provided by the
second amplifier stage, consisting of bipolar transistor Q13
and its cascode connected load resistance provided by
bipolar transistors Qg, Q4. On-chip phase compensation,
sufficient for a majority of the applications is provided by C+.
Additional Miller-Effect compensation (roll off) can be
accomplished, when desired, by simply connecting a small
capacitor between Terminals 1 and 8. Terminal 8 is also
used to strobe the output stage into quiescence. When
terminal 8 is tied to the negative supply rail (Terminal 4) by
mechanical or electrical means, the output Terminal 6
swings low, i.e., approximately to Terminal 4 potential.

Output Stage

The CA3140 Series circuits employ a broad band output stage
that can sink loads to the negative supply to complement the
capability of the PMOS input stage when operating near the
negative rail. Quiescent current in the emitter-follower cascade
circuit (Qq7, Qqg) is established by transistors (Q4, Q15)
whose base currents are “mirrored” to current flowing through
diode D» in the bias circuit section. When the CA3140 is
operating such that output Terminal 6 is sourcing current,
transistor Qg functions as an emitter-follower to source current
from the V+ bus (Terminal 7), via Dy, Rg, and R{1. Under these
conditions, the collector potential of Q43 is sufficiently high to
permit the necessary flow of base current to emitter follower
Q47 which, in turn, drives Qqg.

When the CA3140 is operating such that output Terminal 6 is
sinking current to the V- bus, transistor Qqg is the current
sinking element. Transistor Qg is mirror connected to Dg, R7,

with current fed by way of Qo1, Ry2, and Qgq. Transistor Qoq, in
turn, is biased by current flow through Ry3, zener Dg, and Rqg4.
The dynamic current sink is controlled by voltage level sensing.
For purposes of explanation, it is assumed that output Terminal
6 is quiescently established at the potential midpoint between
the V+ and V- supply rails. When output current sinking mode
operation is required, the collector potential of transistor Qq3 is
driven below its quiescent level, thereby causing Qi7, Qg to
decrease the output voltage at Terminal 6. Thus, the gate
terminal of PMOS transistor Qo1 is displaced toward the V- bus,
thereby reducing the channel resistance of Qoy. As a
consequence, there is an incremental increase in current flow *
through Qop, R12, Qo1, Dg, Ry, and the base of Q. As a
restilt, Qyg sinks current from Terminal 6 in direct response to
the incremental change in output voltage caused by Qqg. This
sink current flows regardless of load; any excess curent is
internally supplied by the emitter-follower Qqg. Short circuit
protection of the output circuit is provided by Qqg, which is
driven into conduction by the high voltage drop developed
across R{4 under output short circuit conditions. Under these
conditions, the collector of Qqg diverts current from Q4 so as to
reduce the base current drive from Qy7, thereby limiting current
flow in Q4g to the short circuited load terminal.

Bias Circuit

Quiescent current in all stages (except the dynamic current
sink) of the CA3140 is dependent upon bias current flow in Ry.
The function of the bias circuit is to establish and maintain
constant current flow through D4, Qg, Qg arid Do. D1 is a diode
connected transistor mirror connected in parallel with the base
emitter junctions of Qq, Qp, and Q. D1 may be considered as a
current sampling diode that senses the emitter current of Qg
and automatically adjusts the base current of Qg (via Q1) to
maintain a constant current through Qg, Qg, Do. The base
currents in Qo, Qg are also determined by constant current flow
D1. Furthermore, current in diode connected transistor Qo
establishes the currents in transistors Qy4 and Qqs.

Typical Applications

Wide dynamic range of input and output characteristics with
the most desirable high input impedance characteristics is
achieved in the CA3140 by the use of an unigue design based
upon the PMOS Bipolar process. Input common mode voltage
range and output swing capabilites are compiementary,
allowing operation with the single supply down to 4V.

The wide dynamic range of these parameters also means
that this device is suitable for many single supply applica-
tions, such as, for example, where one input is driven below
the potential of Terminal 4 and the phase sense of the output
signal must be maintained — a most important consideration
in comparator applications.

Output Circuit Considerations

Excellent interfacing with TTL circuitry is easily achieved with a

single 6.2V zener diode connected to Terminal 8 as shown in

Figure 1. This connection assures that the maximum output sig-

nal swing will not go more positive than the zener voltage minus

two base-to-emitter voitage drops within the CA3140. These-.
voltages are independent of the operating supply voltage.
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V+
5V TO 36V
LOGIC
SUPPLY
5V
TYPICAL
TTL GATE
=5V

FIGURE 1. ZENER CLAMPING DIODE CONNECTED TO
TERMINALS 8 AND 4 TO LIMIT CA3140 OUTPUT
SWING TO TTL LEVELS

1000 r SUPPLY VOLTAGE (V-) = 0V

"Tp =25°C

G

SUPPLY VOLTAGE (V+) = +5V

'_4 +1 SVI I
7 +30V T

—_

o

o
T

/
/

A\
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\

OUTPUT STAGE TRANSISTOR (Qys, Q1)
SATURATION VOLTAGE (mV)
N
AN

1

0.1 1.0 10
LOAD (SINKING) CURRENT (mA)

FIGURE 2. VOLTAGE ACROSS OUTPUT TRANSISTORS (Q15
AND Q1) vs LOAD CURRENT

0.01

Figure 2 shows output current sinking capabilities of the
CA3140 at various supply voltages. Output voltage swing to
the negative supply rail permits this device to operate both
power transistors and thyristors directly without the need for
level shifting circuitry usually associated with the 741 series
of operational amplifiers.

FIGURE 3A. BASIC

FIGURE 3B. IMPROVED RESOLUTION

Figure 4 shows some typical configurations. Note that a
series resistor, Ry, is used in both cases to limit the drive
available to the driven device. Moreover, it is recommended
that a series diode and shunt diode be used at the thyristor
input to prevent large negative transient surges that can
appear at the gate of thyristors, from damaging the
integrated circuit. )

Offset Voltage Nulling

The input offset voltage can be nulled by connecting a 10kQ
potentiometer between Terminals 1 and 5 and returning its
wiper arm to terminal 4, see Figure 3A. This technique, how-
ever, gives more adjustment range than required and there-
foré, a considerable portion of the potentiometer rotation is
not fully utilized. Typical values of series resistors (R) that
may be placed at either end of the potentiometer, see Figure
3B, to optimize its utilization range are given in the Electrical
Specifications table.

An alternate system is shown in Figure 3C. This circuit uses
only one additional resistor of approximately the value
shown in the table. For potentiometers, in which the resis-
tance does not drop to 0Q at either end of rotation, a value of
resistance 10% lower than the values shown in the table
should be used.

Low Voltage Operation

Operation at total supply voltages as low as 4V is possible
with the CA3140. A current regulator based upon the PMOS
threshold voltage maintains reasonable constant operating
current and hence consistent performance down to these
lower voltages.

The low voltage limitation occurs when the upper extreme of
the input common mode voltage range extends down to the
voltage at Terminal 4. This limit is reached at a total supply
voltage just below 4V. The output voltage range also begins to
extend down to the negative supply rail, but is slightly higher
than that of the input. Figure 8 shows these characteristics and
shows that with 2V dual supplies, the lower extreme of the input
common mode voltage range is below ground potential.

FIGURE 3C. SIMPLER IMPROVED
RESOLUTION

FIGURE 3. THREE OFFSET VOLTAGE NULLING METHODS
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The typical input current is on the order of 10pA when the
inputs are centered at nominal device dissipation. As the
output supplies load current, device dissipation will increase,
raising the chip temperature and resulting in increased input
current. Figure 7 shows typical input terminal current versus
ambient temperature for the CA3140.

It is well known that MOSFET devices can exhibit slight
changes in characteristics (for example, small changes in
input offset voltage) due to the application of large differen-
tial input voitages that are sustained over long periods at ele-
vated temperatures.

Both applied voltage and temperature accelerate these
changes. The process is reversible and offset voltage shifts of
the opposite polarity reverse the offset. Figure 9 shows the
typical offset voltage change as a function of various stress
voltages at the maximum rating of 125°C (for metal can); at
lower temperatures (metal can and plastic), for example, at
85°C, this change in voltage is considerably less. In typical lin-
ear applications, where the differential voltage is small and
symmetrical, these incremental changes are of about the

same magnitude as those encountered in an operational
amplifier employing a bipolar transistor input stage.

[

Tp = 125°C

¢ | FOR METAL CAN PACKAGES
DIFFERENTIAL DC VOLTAGE
(ACROSS TERMINALS 2 AND 3) = 2V
" OUTPUT STAGE TOGGLED /

4 7
3 //
1A

OFFSET VOLTAGE SHIFT (mV)

/ DIFFERENTIAL DC VOLTAGE
/ (ACROSS TERMINALS 2 AND 3) =0V
OUTPUT VOLTAGE = V+/2

AN I S I S
0

0 500 1000 1500 2000 2500 3000 3500 4000 4500
TIME (HOURS)

FIGURE 9. TYPICAL INCREMENTAL OFFSET VOLTAGE"
SHIFT vs OPERATING LIFE
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Super Sweep Function Generator

A function generator having a wide tuning range is shown in
Figure 10. The 1,000,000/1 adjustment range is accom-
plished by a single variable potentiometer or by an auxiliary
sweeping signal. The CA3140 functions as a non-inverting
readout amplifier of the triangular signal developed across
the integrating capacitor network connected to the output of
the CA3080A current source.

Buffered triangular output signals are then applied to a sec-
ond CA3080 functioning as a high speed hysteresis switch.
Output from the switch is returned directly back to the input
of the CA3080A current source, thereby, completing the pos-
itive feedback loop

The triangular output level is determined by the four 1N914
level limiting diodes of the second CA3080 and the resistor
divider network connected to Terminal No. 2 (input) of the
CA3080. These diodes establish the input trip level to this
switching stage and, therefore, indirectly determine the
amplitude of the output triangle.

Compensation for propagation delays around the entire loop
is provided by one adjustment on the input of the CA3080.
This adjustment, which provides for a constant generator
amplitude output, is most easily made while the generator is
sweeping. High frequency ramp linearity is adjusted by the
single 7pF to 60pF capacitor in the output of the CA3080A.

It must be emphasized that only the CA3080A is
characterized for maximum output linearity in the current
generator function.

Meter Driver and Buffer Amplifier

Figure 11 shows the CA3140 connected as a meter driver
and buffer amplifier. Low driving impedance is required of
the CA3080A current source to assure smooth operation of
the Frequency Adjustment Control. This low-driving
impedance requirement is easily met by using a CA3140
connected as a voltage follower. Moreover, a meter may be
placed across the input to the CA3080A to give a logarithmic
analog indication of the function generator’s frequency.

Analog frequency readout is readily accomplished by the
means described above because the output current of the
CA3080A varies approximately one decade for each 60mV
change in the applied voltage, Vapc (voltage between
Terminals 5 and 4 of the CA3080A of the function generator).
Therefore, six decades represent 360mV change in Vagc.

Now, only the reference voltage must be established to set
the lower limit on the meter. The three remaining transistors
from the CA3086 Array used in the sweep generator are
used for this reference voltage. In addition, this reference
generator arrangement tends to track ambient temperature
variations, and thus compensates for the effects of the nor-
mal negative temperature coefficient of the CA3080A Vagc
terminal voltage.

Another output voltage from the reference generator is used
to insure temperature tracking of the lower end of the
Frequency Adjustment Potentiometer. A large series
resistance simulates a current source, assuring similar

temperature coefficients at both ends of the Frequency
Adjustment Control.

To calibrate this circuit, set the Frequency Adjustment
Potentiometer at its low end. Then adjust the Minimum
Frequency Calibration Control for the lowest frequency. To
establish the upper frequency ‘limit, set the Frequency
Adjustment Potentiometer to its upper end and then adjust
the Maximum Frequency Calibration Control for the
maximum frequency. Because there is interaction among
these controls, repetition of the adjustment procedure may
be necessary. Two adjustments are used for the meter. The
meter sensitivity control sets the meter scaie width of each
decade, while the meter position control adjusts the pointer
on the scale with negligible effect on the sensitivity
adjustment. Thus, the meter sensitivity adjustment control
calibrates the meter so that it deflects 1/6 of full scale for
each decade change in frequency.

Sine Wave Shaper

The circuit shown in Figure 12 uses a CA3140 as a voltage
follower in combination with diodes from the CA3019 Array
to convert the triangular signal from the function generator to
a sine-wave output signal having typically less than 2% THD.
The basic zero crossing slope is established by the 10kQ
potentiometer connected between Terminals 2 and 6 of the
CA3140 and the 9.1kQ resistor and 10kQ potentiometer
from Terminal 2 to ground. Two break points are established
by diodes D4 through Dg4. Positive feedback via Ds and Dg
establishes the zero slope at the maximum and minimum
levels of the sine wave. This technique is necessary because
the voltage follower configuration approaches unity gain
rather than the zero gain required to shape the sine wave at
the two extremes.
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