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Abstract

This thesis is said operating of programmable function
generator which is controled by microcomputer. It control frequency,
amplitude and waveform. Waveform have three form as sine wave ,
triangle wave , and square wave . Programmable function.generator is
used principle of phase lock loop because well stability . In control ’
software are controled converse data inputof computer to control vco,
pll, counter and selector for frequency desire . It give amplitude at

convenient and rapid than manual.
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/KRR KK KK
FILE NAM
pProgamme
Create
Update
Purpose
Comment

Copyrigh
KKK K KKK
#include
#include
#include
#include

#define
#def ine
#idefine
#define
#define
#idefine
#define
#define

char
char

}s

char

};

char

s

char
char
double
int

£ 3223335

main( )

1

******************************************************************

E FREQ.C

r L]
21 / May / 1992
27 / May / 1992
This utility for...

t (c) 1993 King Mongkut’s Institute of Technology lLadkrabang
*****************************************************************x

{graphics.h>
(stdlib.h)
(etdio.h»
"allkey.h"
PORT_A1 0x300
PORT_BR1 Ox301
PORT_C1 0Ox302
CONT_P1 0x303
PORT_AZ Ox304
PORT_B2 0x305
PORT_C2 OX306
bONT_PZ Ox307
xkmit[2] = {“"donduinaTuTadusssonind ", "anenssiiv® );
xname [6] = { "unuyynaoa ", "d5EviasEA"
"uNugeLuds ", "Bunz
"urgeAIngd” , "dald
xadvisor [4] = {"aﬁaﬁﬁédaﬁm","LU@QW@ﬂUﬁ:La%ﬁ",

'
"aﬁqw5aU$sﬂﬁn$","41$ﬁms"

1
{ "tafovwnin L ledyyraTusunsia
"PROGRAMMABLE FUNCTION GENERATOR"

i

xproject [2]

*engineering[] = {“"ausidanssudrdas” );
XCHR;
FL.OA;
INT, key, X, freq_select;

) ¢ em

*******************************************************************



title()
{

opengraph( );
title( );
analysis( );
closegraph();

int count,posx,posy;
fontthai( );
bbx0(0,0,639,479,11,11,9);
bbx1(50,5,590,150,15,8,7);

bbx1(50,400,590,470,15,8,7);

writethai(165,175,14,1,name[0] );
writethai(270,175,14,1,name[1] );
writethai(165,195,14,1 ,name[2] );
writethai(270,195,14,1,name([3] );
writethai(165,215,14,1,name[4] );
writethai(270,215,14,1,name[5] );
writetext(405,175,14,4,0,1,"34131154");
writetext(405,195,14,4,0,1,"34131166");
writetext(405,215,14,4,0,1,"34131168");
writetext(115,78,4,1,0,2,project[1]);
writethai(65,37,11,2,project[0] );
writethai(233,114,14,1,engineering[0] );
bbx1(150,260,490,320,14,8,2);
writethai(165,263,15,1 ,advisor [0] );
writethai(320,263,15,1 ,advisor [1]);
writethai(165,283,15,1 ,advisor [2] );
writethai(320,283,15,1,advisor [3] );
writethai(226,431,8,2,kmit[1] )3
writethai(225,430,14,2,kmit[1]);
writethai(70,410,12,2,kmit[0] );
kmitsong( );

delay(1007);

analysis()

{

char *xkm = "KING MONGKUT’S INSTITUTE OF TECHNOLOGY

bbx(0,0,640,480,0,0,0);
bbx0(10,10,630,470,7,7,7);

LADKRABANG" ;



bbx0(14,14,626,466,8,8,8);
bbx0(15,15,625,465,9,9,9);

botton(9o,136,1oo,44o);
botton(540,130,550,440);
botton(50,50,590,170);
botton(50,180,590,300);
botton(50,310,5%90,430);

bbx1(550,70,560,80,4,8,12);
bbx1( 550,200,560,210,4,8,12);
bbx1(550,330,560,340,4,8,12);

botton1(400,90,500,120);
botton1(400,220,500,250);
botton1(400,350,500,380);
writetext(400,70,14,2,0,5,"MIN 5vpp");
writetext(400,130,14,2,0,5,"MAX 20Vpp" );
writetext(400,200,14,2,0,5, " RANGE x");
writetext(400,260,14,2,0,5,"MAX 999Hz");
writetext(400,330,14,2,0,5,"SELECT BAND" );
writetext(450,100,12,0,0,2,"5");
writetext(420,230,12,0,0,2,"000");
writetext(430,358,12,2,0,6,"SINE" );
writetext(510,100,0,0,0,2,"V");
writetext(510,230,0,0,0,2,"Hz" );
writetext(510,360,0,0,0,2,"WAVE");

botton(90,90,130,130);

" botton(%90,220,130,260);

botton( 330,220,370 ,260);
botton(90,350,130,390);
writetext(95,103,4,0,0,2,"F1");
writetext(95,233,4,0,0,2,"F2");
writetext(335,233,4,0,0,2,"F3");
writetext(95,363,4,0,0,2,"F4");

writetext(90,150,0,2,0,4,km);
writetext(90,280,0,2,0,4,km);
writetextt9o,4lo,o,2,o,4,km);
writetext(90,65,14,2,0,5,"AMPLITUDE" );
writetext(90,195,14,2,0,5, "FREQUENCY" );



N ltelexti70,5490,14,£,0,05, "WAVEFORM ™ );

botton(200,90,210,100);
botton(220;90,230,100);
botton(240,90,250,100);
botton(260,90,270,100);
botton(280,90,290,100);
botton(200,120,210,130);
botton(220,120,230,130);
botton(240,120,250,130);
botton(260,120,270,130);
botton(280,120,290,130);
writetext(197,75,14,2,0,5,"1 2 3 4 5");
writetext(197,105,14,2,0,5,"6 7 8 9 0");

botton1(200,220,210,260);
botton(220,220,230,260);
botton(240,220,250,260);
botton(260,220,270,260);
botton(280,220,290,260);
writetext(200,205,14,2,0,2,"1");
writetext(220,205,14,2,0,2,"10");
writetext(240,205,14,2,0,2,"100");
writetext(260,205,14,2,0,2,"1K");
writetext(280,205,14,2,0,2,"10K");
writetext(200,265,12,2,0,2,"F1");
writetext(220,265,4,2,0,2,"F2");
writetext(240,265,4,2,0,2,"F3");
writetext(260,265,4,2,0,2,"F4");
writetext(280,265,4,2,0,2,"F5");

botton1(200,350,210,380);
botton(220,350,230,380);
botton(240,350,250,380);
writetext(260,320,14,2,0,2,"SINE");
writetext(260,330,14,2,0,2,"SQUARE" );
writetext(260,340,14,2,0,2,"TRIANGLE");
moveto( 205,345 );

lineto(205,323);

lineto(255,323);

moveto(225,345);

lineto(225,333);



linéto(255,333);
moveto( 245,345 );
lineto(245{343);
lineto(255,343);
writetext(200,385,12,2,0,2,"F1");
writetext(220,385,4,2,0,2,"F2");
writetext(240,385,4,2,0,2,"F3");
outportb(0x303,0x80);
outportb(0x307,0x80);
outportb( PORT_A1,0x00);
outportb( PORT_B1,0x00);
outportb(PORT_C1,0x01);
outportb( PORT_AZ2,0x20);
outportb( PORT_B2,0x01);
outportb(PORT_C2,0x02);
X=13 freq_select=0;
select( );

}

botton(int sx,int sy,int ex,int ey)

{
setfillstyle(1,3);
bar(sx,sy,ex,ey);
setfillstyle(1,11);
bar(sx,sy,sx+1,ey);
bar(sx,sy,ex,sy+1);
setfillstyle(1,8);
bar(sx+1,ey-1,ex,ey);
bar(ex—1,sy+l,ex,ey);
setcolor(0);

rectangle(sx—1,sy-1,ex+1l,ey+1);

bottonl(int sx,int sy,int ex,int ey)

{ .
setfillstyle(1,7);
bar(sx,sy,ex,ey);
setfillstyle(1,8);
bar(sx,sy,sx+1l,ey);
bar(sx,éy,ex,sy+1);
setfillstyle(1,11);

bar(sx+1,ey-1,ex,ey);



bar(ex-1,sy+1l,ex,ey);
setcolor(0);

rectangle(sx-1,sy-1,ex+1,ey+1);

)
select( )
{
while( !bioskey{(1)) {
switch(getkey()) {
case F1 : amplitude();
case F2 : frequency();
case F3 : freags();
case F4 : waveform();
case CR : kmitsong( );
case ESC: closegraph();
case AX : closegraph();
default : break;
}
}
bioskey(0);
select( );
}
amplitude( )
{
int amps;
bottonl(%$0,90,130,130);
writetext(97,105,12,0,0,2,"F1");
speaker(1000,10 )3 '
getscanf(430,100,12,0,0,2,"%s" ,CHR );
amps=( INT-5.00)%63.00/15.00;
outportb( PORT_AZ,"amps );
botton(90,90,130,130);
writetext(95,103,4,0,0,2,"F1");
select( );
}

frequency( )

{
bottonl(90,220,130,260);
writetext(97,235,12,0,0,2,"F2");
speaker(1000,10);

break;
break;
break;
break;
break;
exit(1);
exit(1);



ra:

f1()

f2()

whilé( 'bioskey(1)) {
switch(getkey( )) {

case F1 @ f1(); break;
i case F2 @ f2(); break;
cagse F3 : f3(); break;
case F4 = fa4(); break;
case F5 : f5(); break:;

" case ESC: goto ra:
default : frequency(); break;

}

bioskey(0);
botton(90,220,130,260);
writetext(95,233,4,0,0,2,"F2");
select( );

speaker(1000,10);
bottonl1(200,220,210,260);
botton(220,220,230,260);

"botton(240,220,250,260);

botton(260,220,270,260);
botton(280,220,290,260);
writetext(200,265,12,2,0,2,"F1");
writetext(220,265,4,2,0,2,"F2");
writetext(240,265,4,2,0,2,"F3");
writetext(260,265,4,2,0,2,"F4“);
writetext(280,265,4,2,0,2,"F5");
X=1;

port( );

botton(90,220,130,260);
writetext(95,233,4,0,0,2,"F2");
select( );

speaker(1000,10);
botton(200,220,210,260);
botton1(220,220,230,260);



£3()

fa(?)

pPOoLTON( 240 , 220,200 ,£Z00 )5
botton(260,220,270,260);
botton(280,220,290,260 );
writetext(200,265,4,2,0,2,"F1");
writetext(220,265,12,2,0,2,"F2");
writetext(240,265;4,2,0,2,"F3");
writetext(260,265,4,2,0,2,"F4");
writetext(280,265,4,2,0,2,"F5");
X=2;

port( );

botton(90,220,130,260);
writetext(95,233,4,0,0,2,"F2");
select( );

speaker(1000,10);
botton(200,220,210,260);
botton(220,220,230,260);
botton1(240,220,250,260);
botton(260,220,270,260);
botton(280,220,290,260);
writetext(200,265,4,2,0,2,"F1");
writetext(220,265,4,2,0,2,"F2");
writetext(240,265,12,2,0,2,"F3");
writetext(260,265,4,2,0,2,"F4");
writetext(280,265,4,2,0,2,"F5");
X=3;

port( );

botton(90,220,130,260);
writetext(95,233,4,0,0,2,"F2");
select( );

speaker(1000,10);
botton(200,220,210,260);
botton(220,220,230,260);
botton(240,220,250,260);
botton1(260,220,270,260);



£5( )

’

botton(280,220,290,260);
writetext(200,265,4,2,0,2,"F1");
writetext(280,265,4,2,0,2,"F2");
writetext(240,265,4,2,0,2,"F3");
writetext(260,265,12,2,0,2,"F4");
writetext(280,265,4,2,0,2,"F5");
X=4;

port( );

botton(90,220,130,260);
writetext(95,233,4,0,0,2,"F2");
select( );

speaker(1000,10);
botton(200,220,210,260);
botton(220,220,230,260);
botton(240,220,250,260);
botton(260,220,270,260);
botton1(280,220,290,260);
writetext(200,265,4,2,0,2,"F1");
writetext(220,265,4,2,0,2,"F2");
writetext(240,265,4,2,0,2,"F3");
writetext(260,265,4,2,0,2,"F4");
writetext(280,265,12,2,0,2,"F5");
X=5;

port( );

botton(90,220,130,260);
writetext(95,233,4,0,0,2,"F2");
select( );

waveform( )

{

botton1(90,350,130,390);
writetext(97,365,12,0,0,2,"F4");
speaker(1000,10);
while( !bieskey(1)) {
switch(getkey()) {
case F1 : wi();

case F2 : w2();

break;

break;



wee:

wi( )

w2()

case F3 : w3();
case ESC: goto wee;

. default : waveform();

}

bioskey(0);
botton(90,350,130,390);
writetext(95,363,4,0,0,2,"F4");
select( );

speaker(1000,10);
botton1(200,350,210,380);
botton(220,350,230,380);
botton(240,350,250,380);
writetext(200,385,12,2,0,2,"F1");
writetext(220,385,4,2,0,2,"F2");
writetext(240,385,4,2,0,2,"F3");
bbx( 404,354,496 ,376,7,7,7);
writetext(430,358,12,2,0,6,"SINE");
outportb(PORT_C1,0x01 );
botton(90,350,130,390);
writetext(95,363,4,0,0,2,"F4");
select(); .

speaker(1000,10);
botton(200,350,210,380);
botton1(220,350,230,380);
botton(240,350,250,380);
writetext(200,385,4,2,0,2,"F1");
writetextg220,385,12,2,0,2,“F2");
writetext(240,385,4,2,0,2,"F3");
bbx( 404,354,496 ,376,7,7,7 );
writetext(420,358,12,2,0,6,"SQUARE" );
outportb(PORT_C1,0x02);
botton(90,350,130,390)3
writetext(95,363,4,0,0,2,"F4");

break:;

break:



select( );

w3( )

speaker(1000,10);
botton(200,350,210,380);
botton(220,350,230,380);
bottonl(240,350,250,380);
writetext(200,385,4,2,0,2,"F1");
writetext(220,385,4,2,0,2,"F2");
writetext(240,385,12,2,0,2,"F3");
bbx( 404,354,496 ,376,7,7,7);
writetext(410,358,12,2,0,6," "TRIANGLE");
outportb( PORT_C1,0x04);
botton(90,350,130,390);
writetext(95,363,4,0,0,2,"F4");

select( );

freqs()

{
int freqls;
bottonl(330,220,370,260);
writetext(337,235,12,0,0,2,"F3");
speaker(1000,10);
getscanf(420,230,12,0,0,2,"%s" ,CHR);
freq_select=INT;
port( );
outportb(PORT_AL1,0xff & freq_select):;
outportb(PORT_B1,0x0f & (freq_select > 8));
botton(330,220,370,260);
writetext(335,233,4,0,0,2,"F3");
select();

port( )

if(X==1) {
outportb(PORT_C2,0x02);
if(freq_select ¢ 33) {
outportb( PORT_B2,0x01);



}
if(freq_select >= 33) {
outportb( PORT_B2,0x03);

}
}
if(X==2) {
outportb( PORT_C2,0x04);
if(freq_select ¢ 33) {
outportb( PORT_B2,0x04);
}
if(freq_select »= 33) (
outportb( PORT_R2,0%x06);
}
}
if(X==3) {
outportb(PORT_C2,0x08);
if(freq_select ¢ 33) {
outportb( PORT_B2,0x18);
}
if(freq_select >»= 33) {
outporth(PORT_B2,0x08);
}
}
if(X==4) {
outportb( PORT_C2,0x10);
if(freq_select ¢ 33) {
outportb(ﬁORT_BZ,OxZO);
}
if(freq_select »= 33) {
outportb(PORT_B2,0x30);
}
}
if(X==5) {

outportb(PORT_C2,0%x20);

if(freq_select ¢ 33) {
outportb(PORT_B2,0x40);

}

if(freaq_select >»= 33) (

‘ outporth(PORT_B2,0x80);

}



int getkey()

{
int chols;
chO1l = getch();
if (chol == 0)
ch01 = getch( );
"return chO1l;
}

getscanf(int x,int y,int color,char font,int direct,int size)

{

int is
char xgtext="a";
con: bbx( 404 ,y~6,496,y+16,7,7,7 )3
free(CHR); N

CHR = malloc(10);
for(i=0;i<=5;i++)*(CHR+1)=0;
while(*xgtext!=’\r’ ){
while( !bioskey(1));
xgtext = bioskey(0);
if(*xgtext!i=’\r’) {
if(kgtext!=8S) (
, strcat(CHR,gtext );
writetextxy(x,y,color,font,
direct,size,"%s" ,CHR);
}
if(*xgtext==BS) goto con;
}
}
kgtext = ’a’;
INT=atoi( CHR);
FLOA=atof(CHR); .
)

‘writetextxy(int xloc, int yloc, int color, char font, int direct,
int size, char xfmt, ...)

va_list argptr;

; char str[140];
struct textsettingstype textinfo;
va_start(argptr, format);
veprintf(sty, fmt, argptr);



gettextsettings(&textinfo);
settextstyle(font,direct,size);
setcolor(color);
outtextxy(xloc, yloc, str);
va_end(argptr );

}
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" $CL4066B

L[4
FEATURES
® Transmission or Multiplexing of Analog or
Digital Signals
¢ 80S) Typicai ON-Resistance for 15-Volt oper

ation
¢ Switch ON-Resistance Matched to within 5§
over 15-Voit Signal-input Range
¢ ON-Resistacce Flat over Full Peak-to-Peak Sig-
nal Range
¢ High Degree of Linearity:
< 0.5% Distortion {typ) @ f;s = tkHz,
Vis = SV, VOD-Vss Z 10V, Ry = 10k {2
¢ Extrumeiy Low OFF switch Leakage Resulting
n very Low Offset Current and High Effective
OFF Resistancs:
10pA {typ) @ Vpp-Vgg= 10V, T =25°C
¢ Extosmely High Control inpot impedancs (Con-
trol Circuit Isolated from Sigmai Circust):
1012Q {eyp)
¢ Low Crosstatk between Switches:
-5088:4typ) @ £ig= 0.9MHz, Ry = k(2
¢ Maiched Control-input to Signal-Output Capac-
itarce-Reduces Qutput Signal Transients
¥ Frequency Resporse, Switch ON = 40MHz {typ)

DESCRIPTICN -

The SCL40E6B is a Cuad Bilateral Switch
irtendea for the travsmission or muitiplexing of
analog or digital signals. 1t is oin-for-nin compatibie
with ine SCL4A016B, nut @xmidDits 3 much tower
ON-resistance. in aadition, tive DN-resistance is rei-
ativety constamt over the full inpur signal range,
The SCLLEES consists of faur independent Diat-
2ral switches. A sir e contrel signal 1s requirea per
witen, Totn tre © and the N Zevice in 3 Given
witcn ire Siuasea ON or OFF simuitaneously 2v
‘ne sontrol signal, As smown oelow, the well of the
Micnannrel device on 2ach switch is 2ither tied 10
:ne .nout ~men the switch is GN or 0 Vgg wvhen
the switeh is OFF. This configuration minimizes
ne .aranon 2t the switch-transistor thresnoid

SCHEMATIC DIAGRAM (onw of four switches)

CMOS QUAD ANALOG SWITCH

' CONNECTION-DIAGRAM

(afl packages)

Switch

A Switch O Switch C

-—— e \,\w

Vpo C C IN OUT OUT IN
i ! i I i i

13 13 12 11 1¢ 9 3

SCL40668 1

1 2 3 4 5 6

i T i T T

IN OUTOUT IN C C ‘%3
gt —————— ——

Switch A Switch B Switch

Add-suffix tor package:
C  id4%pin Cerdip F  14.pm Flat
D 14pin Ceramic H Chig
E 14pin Epoxy

RECOMMENDED OPERATING CONDI THONS
For maximum reliabrlity:

DC Supply Voltage Vpp-Vgs 3t 15  Vde

QOperating Temperature Ty
C. D. F, H Device

voltage with input-signal, ana thus keeps the ON-
resistance low aver the full ooerating range.

The acvantages cver singte-channel switches in-
cluge pesk input-signal voitage swings equal to the
fuil supply voltage, :nd more constant ON-imped-
ance owver the input-signal range. For sampile-and-
hotd applications. nowever, the SCL4016 is
recommmended,

LOGIC DIAGRAM
P .
) d ~r .
———
—
DU, o W S
- .
_ _m_a——'-w
— -
e medie  meie sement
ovreon b .
e s
PR
eSS i —=e
- - - -
—t ——
[
ety

55 10 +125 ©OC
£ Device 48 to +85 OC



SCL40668

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS ' '

T
i \ v, Tiow’ 25°C Trign’ .
PARAMETER CONDITIONS | y5, (VZ",! Lo eH__{ Units
l £ Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE |
CURRENT too | Vin=Vss ¢ Voo 0 s{ - | 00s{ ~ Joooos| cos| - | 15]:Ade
| Al valid input [\} 6 - 01} - |0001| o1 -1 301
1 | combinations 0 15 ] - 02} - |0002] 02 - | 60 i
MINIMUM INPUT HIGH Vin g
VOLTAGE Vg = Vgg 0 5| - 40| - (275 | 40 - | 40} vde
; iControi inue. . Vos=Vpo 0 10 - 8.0 - 155 8.0 - 8.0
| los = 101A o ! 15! - }120] - jazs |0l - |20
MANEMUIA (NS L AW Vi
VOLTAGE Vis = Vsgg 0 5110 - 1.0 |2.25 - .0 - | Vdc
{Corarol Input!) Vos=*Voo [} 10{ 20 - 20 |45 - 20 -
! los =10uA 0 | 15)30} - | 306 | - ! 30] -
SWITCH INPUT/QUTPUT loes
LEAKAGE Ve = Vg 75 | +«75] - le00]| - j:001{c100f - !:200{nAcc
Vis=17.5Vdc
ON-RESISTARCT Ron
C.D.F H dewz- Ve =Voo 75 4 4751 20 - 80| 280! -1 320! 2
Ves€ Vg€ Voo 0 | +15
A =10k Q2
: 5 0 0~ mel ~ | 120! 20| - | ss0] @
] o |+10
| 25 1250 _ Joooo| - | 270l 20| - |3se0| @
i 0 |+
€ device Raown i Ve * Voo 1.5 i 75| _ 20| - 80! 280 _ w0l @
‘Vss<VsSVpg 1 0 1 +15
Ry 310k 5 15
| l ' m .
{0 ioagl - | 330 - i20{ 200] - Q
: 25 -
' 25280 L iooof - § 20l 2s00| - |30l a
ON-RESIS FANCE MATCH ARow. i
1Same package! Ve *Vap 18 {75 1 si - -1 a
YssAVis®Vpp ! a1 !
R =10k 0 ; 7 H
) | - . (7 A 4
, (B8 - | - | - )
| 0 -1g i |
!
! 25 . *2.5]
: |- - - 10} - - Q
H 1 !' ° H -5 Il

NOTES: ' Remaining Static Electricat Characteristics are bsted under “SCLI0008 Serres Family Specifications™
¢ Teow = -55"Cfor C, D, F, H aevice,
= -40°C for € device.
Trgr = +125°C tor C, D, F. H device,
=+ 85°C for € dewice.
* This device has been-desigrmea for balanced output drive current specificatons. Consult Family Specifications.




SCL40668 -

ELECTRICAL CHARACTERISTICS {Contin~ ed)

OYNAMIC CHARACTERISTICS (C,

=50pF, T, =25°C)

4= - . | Ves Voo 1 o .
PARAMETER j CONDITIONS ' 5SS, {(vag i Min 4 Tye. Max Units
SIGNAL INPUTS (V;,) AND OUTPUTS (V,,)
PROPAGATION DELAY TIME | to(,, |V.=Vop ! .
terr | Ve=Square 0 5 - 20 40 ns
Signat Input to Signat Output Wave , 0 10 - 10 20
R = 10k i o 15 - 75 15
BANOWIOTH (-3¢B) BW [VeaVos Ry !
{Sine Wave) Va5V, e , S - 54 - MHz
centered | 10k$} l - 40 -
@ 0.0Vdd100k 0 | ro- 38 -
™ma | - 37 -
INSERTION LOSS [ l
o e Ver | |
(=20 'Ogmv,_—7 ! VesVog Ry B
4 i VasBVogl 1xo! 5 +5 - 2.3 - d8
| centered | 101! - 0.2 -
t
i @®0.0Vdc0ux | - a.1 -
i M| - 0.05 —
SIGNAL DISTORTION i
{Sine Wave) i IV.=Vop -5 +5 - 0.16 - %
" IV =6V,,
i | centered
! ,l@ 0.0vde
i ifi=1.0kHz
iR, = 10kQ
FEEDTHROUGH (-5648) 'V.=Vgs R ]
! | ! [Miral i .
i 5 VeSSl 1k SN g5 0 1250 < WH2
i  centered « 16k} | - 40 ~
] | @0.0Vdc100kQ | L 18 L
i L g 2\ rall!
{CROSSTALK {-5008) "V (A)=Vng -5 5 i - i o9 . MH 2
' Between two switches IV (B)=Vgg ]
VLiAI=5V, i
' centered . f ‘ !
i #0.0vac { ! ;
: R, < 10kQ | i ' !
CAPACITANCE | i :
inout 1 Cy : l O\- 3 - pF
Output Csd Vg =V 5! 5 | - g - pF
i el C SS .
i “ﬁ
i Feedthrough ' Cos | } , - j 0.5 - pF
{ CONTROL INPUT (V¢)
| PROPAGATION DELAY TIME | toc [VssSVaSVpo 0 s -~ S0 169 s
i Turnon ’HL = 10k 0 10 - 25 50
[ ; 0 15 - 2 40
| MAXIMUM INPUT f. fvsss‘v.(v.JD 0 5 - 5 - MHz
FREQUENCY ; R = 1.0kQ 0 16 -~ 10 -
t Q 15 - 12 -
CROSSTALK | i
i (Tosignal port) | Ve~ Square Wave [+ I 5 - 30 - mv
: iRL = 10k 0 10 - 50 -
! R, = 1.0kQ 0 15 - 100 -
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SPECIAL CONSIDERATIONS — SCL40668

in applications where separate power sources are used to drive Vpp and the signal
inputs, the Vgp current capability should exceee ‘/oo/R (R = effective external
ioad of the 4 SCL4CGB6B bilateral switches). This ~rovision avoids any permanent
current flow Or ctamp action on :he Ypp suoply wnen power is aoptiea or* :moved
rrom SCL40668.

In certain applications, the axternal fcad resistor current may incluce both Vpp and
signal-line components. To avoig arawing Vpp current when switch current flows
into terminals 1,4, 8, or 1, the voltage drop across the bidirectional switch must not
exceed 0.8 volt {calculates 1rom R vatues snown),

No Vpp current wib» low througn R_ if the switch current flows into terminals 2, 3,
9, or 10. Failure to observe this condition may result in distartion of the signal.

APPLICATIONS INFORMATION

o 3T
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o oryT a2 e
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Basic Switch Functions using the SCL.40668
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R..#9# ELECTRICAL CHARACTER[
r‘ v

STIC8 (Ta = 25 ()

CHARACTERIBTIC BN, ¢ .NDITION MIR | TYP. | MAX. |UNIT
) '/t;; Hhuti Iagg Vag=~307, Vpgeo - T 0] ma
7*» LR Y 1 23 §:3 VeBRYoD§ Vpa=0. Ig=-100a4 -50 - - v
. J
Frv4 %M (Noze ) Ipgg Vpg=10 7, Vgg=0 a3 - s mA
’
Kot -t BE Vp Vpg=~107, Ip=01] A ~a¢l - { -s¢ v
Blis . & n P Vpg~10V, Vgg=0, r-1KHz [ L2 - - L ¢]
l:,:_;; P Cloa Vog=0. Vpg~0. f-1MHz - ez - pr
b IR .N-““r;—,“ 1 Vyp=-10V, Vpg=0 f-1uH4 - . 24 - p¥
.
®oa s m N? ;:‘;u{;i})‘vf::mz =] osy so] s
Kote H

Tors Y RT RO 5y

L. HENEFRLTHy 21,
Accarding to the value af |

- .
CLASSIFIGATION
T8, g

Z8- 30K - 0

R R A ¢

PRY. 20y TR

MIN, MAX,
a3o Q78
a0 140
.20 00
Leo A%0

DSS, the 25K30A {s class{fied as follows.
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DACOGOO/DACOSOHDACOSOZ

National
/ Semiconductor

Comoration

Converters

»

General Description
The OACLBOO series are monofithic B-bit high-speed cur.
rent. -output digital-to-analog convarters (DAC) featuning typi.
«<al setting times ol 100 ns, When used s a muttiplying
DAC, monotonic performance over a 40 1o ¢ tplnrence cur.
font range is possibla. The DACOD00O series alzo leaturés
high compliance complementary currant outpyts 1o afiow
dillerential output voltages of 20 Vp-p wilh sinpla racisior
loads as shown in Figure 1. The relerence-to- yil-scale cur-
rent matching of better than 1 {58 eliminate+ the need for
full-scale rims in most applications white the nonbinearities
of beiter than 20.1% over lemperature minimizes system
error accumulations.,
The noise immune inputs of the DACOB0O senes will accepl
TTL fevels with the logic threshold pin, V., grounded,
Changing the Vi ¢ potential will allow direct inte-tace to oth.
er logic tarmkes. The performance and characienstics ofthe
device ave essentially unchanged over the 1l +45V 1g
2 18V power supply range; power dissipation is oaly 33 mwW
with 5V supplies and is, independent of the logic input
states. 7

A

DACOBOO/DAC0801/DACO802 8-Bit Digital-to- Ana!og

The OAC0800, DAC0802, DACOﬂOOC, OACOB01IC and
OAC0802C are a dwect reptacement lor the DAC.08, DAC.
08A. DAC-08C, OAC.08E and DAC-08H, respectively,

Features

& ["ast setlling output current 100 ns
s Full scale error - . 1188
® Nonlinearity over temperature N $+0.1%
® Full scale current drift ’ 210 ppm/°C

® High oulput comoliance ~10Vio +18v
s Complementary current outputs
® Interface directly with TTL, CMOS, PMOS and others

® 2 quadrant wide range m\dnpiwugambnuy e -

w Wide power supply range : HSVlon
u Low power Congumntion 33 mw a *sv
1 Low cost

Typical Applications \ .
" o .
NCirag seryrs ? . AN
e i ¥ -
DRI IR R u .
LY "
TIPPETEE o _
- . L T I —O
sacsne Yoyt 10:28Vee
o " 2
] 1 " 13 1 -0
= l;l of )—1 . I towt
‘_[-—1 e =
% R AT v -~ .
TWrHrs688-
FIGURE 1. £20 Vp_p-Output Digitat- -lo-Analog Converter (Nott 49
Ordering information
¢ d
Non-Uinearity T et;peva ure Order Humbers .
, nange J Package (J16A}) N Package (N16A)* SO Package (M 16A)
+0.1% FS =55C € Ta 2 #1257C | DACO802L) | DAC-08A0
£0.1°%% FS OC 2Ty +70°C OACOB02L.CJ | DAC-08HO | DACOB02LCN { DAC-08HP OAC0802LCM
=0.19% FS | =55°C < Tp » +125°C| DACOBOOLS | DAC-080
=0.19% FS OC - Tp o +70°C DACNBOOLCY | DAC-0BEQ | DACUBOOLCN | DAC-0BER .DAC0800LCM
z0.39%FS TC 2Ty ~70°C DACD801L.CJ | DAC-08CO DACOB01LCN | DAC-08CP DACOBOILCM
"Dawces mav Do Ordered Ry uswq weiher Hrdne rmber.
4.6




»

Absolute Maximum Ratings ore 1y

I Milltary/Aerospace specified devices are required, "
contact the Matlonal Semiconductor Sates Offices 0\-a1~ln-l.-noPackagn(plaquc)
Distributors tor availahlllly and specltications. Duat.in.Line f’ack.’\gn {creaauc)

Supply Votig e (V4 ~ v - * 18V or I6V Surtaco Mount Packaga
Vapor Phase (60 seconds}

Lead Tomp (Soldenng, 10 seconds)

Power Diss pation (Nole 2) 500 mw ntiarnd (1S seconds)
Reference tnput Dillerential Voltage )
(Vidig V1§ V tlov* . .
Relerence ,,,DL, Common.Mode Ranga * Operating Conditions ot 1)
(V14 vis) V tov? Min Mayx
Reloerence tnput Current SmA Temperature {Ta)
Logic inputs V* 1o V- plys 36V, DACO802L -55 +128
Analog Current Qulguls.(vs T = —15Vv) (25 mA L DACOBOOL -55 4125
£50 Suscantibility (Nota 3) ep v DACON00! C 0 ¢ 20 .
Storage Temperature -65'Cto +150°C DACOBNILC 0 ‘70
OACos02LC 0 +70

Electrica’l C«haracter_istics The tollowing speciiications A0ply loe Vg = 15V, Inge = 2 mA gng T € Ta ¢

Tmax unless otherwise specified. Oulput characieristics refer fo both ioyr and four.

0ACO0802L/ DACosoo0L/
Symbol Parameler Condltlons DACO802LC DACO800LC OACosorLe
Min | Typ | Max{min Typ | Mar JMin{ Typ
Aesotution 8 8 -] 8 8 8 8 8
Menotonicity 8 8 8 8 8 -] [} 8
: ‘(aneari'y *0.1 $Q.19
Setting Time To &4 LS8, Al Bits Swiched 100 | 135 100
“ON" 0r "OFF”, 1, = 25°C .
DACOB0OL 100 135
DACOB00LC 100 150
FLH, Propagaton Detay  * Ta>25°C
PHL Each 8it s 60 35 60 35
Al Bits Switcirad 35 60 35 60 35
=g |Full Scale Temoco £10 | 250 210 { +s0 10
. c Outout Voltagn Comphance|Funt Scate Cument Change -10 18 1-10 18 {-10
<A LSB. Royr > 20 M Typ
*34 « [Full Scate Current Vage = 10,000V, Rid=§ 000 k] 1.984f 1,992 {2 oon 1.94) 199 ' »04 1.9¢ 1.99
Rt5= 5000k, Ta=25°C
:3s Fult Scate Symmenry less —lrgs 205]sa0 1 {80 22
S Zero Scate Current 0.1 1.0 0.2 2.0 0.2
*3a Qutput Currernt Rango V== -svy [ 20 21 0 20 23 0 20
V- =-8vVio - 19V 0 2.0 421 0 2.0 42 0 2.0
Lo 1nput Levels
4 Lo <o Vic=0Vv 08 o8
- Loawc 1 2.0 2.0 20
Logic tnout Current R{ Vol -4 )
Logic 0™ - I0VE Vg + 0.8V =20 -10 -20| -0 ~20
Logwe " 1~ HAVIvViyg + 18V . 0.002] 10 0.002] 10 0.002
= Logic Inout Swing V- = -5V - 10 18 {~10 18 |-10
o Logic Threshotd Rznqe Vg = ¢ 15V - 10 135110 1.5 { - 10
Relerence Bias Current -10]-20 -1.0f -30 - i.0
L Relerence Input Slew Aate (Fiowre 12) 40| 8.0 401 80 40} 80
33%es o [Power Sunply Sencitivity |4 SV v s u 1AV 00001 0 8t 0000t| 001 00001
‘iSleg _ -45vViv- gy 00001{ 0 01 0.0001] 0014 00001
tner = ImA
Power Supply Cureert Vs~ ¢S5V inge ~1m
? ————— 22 | an 22 | 3a 23
=43 —seJ ~43] -58 -43
Vg =5V, - 1SV Ingr - 2 mA !
f 24 an 2.4 Js 4
| -6af-14 -54|-718 -54
Vg = 2 15V Ingp -2 mn ! [ ! !
i l:s{sn’ z.s’an I ss
| I -¢s5(-78 -ssl-78] 155

z0800v4/1 OGOOVO/OOSOOVQ
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(C0800/DAC0801/DAC0802

DA

s T

Electrical Characleristics {Continued)

The tollowing specifications apply for Vg = ¢ 15V, Ingr = 2mA and Ty = Ta € Tpax unlass othrrwisa specitind, Outpy

—

Sharacterislics refer 10 both Inyy and our. )
T
¢ OAcCo00802L/ OACoOB800L/
Symbot Parameter 4 Condtiione OACoO802LC DACosooLC OACosonc Unhy
 vemm
~ . Min Typ Max Min Typ Max Min |- Typ # Max
Pn Power Dissipatieny |25V Inep = 1 mA 33 .48 X 40 13 “n mw
SV. =15V, Ingr = 2 mA 108 136 108 136 *108 136 LU
$15V, Ingr = 2 mA 135 1 174 135 | 174 135 | 174 mw ]

Note 11 AD3oMAR Mavmwun flalngs iviicate hmis beyond wiuch damage 10 1ha dewce may occwr DC snd AC alagtric sl spacificatons go not APOly whaey 20 atng

N4 Cavice bayond it spne et 00nr ating conditons

Sese 2. The masemum pngion 1omee aiure of ha DACOAC), DACTBDt ang DACOBOS iy 125°C. For operating a1 elavated 1w alnes, Gavcas i ihe Dust bnting
« POTHEQ8 Tss| DA Orrntad based on o tharmat ravstance of 100°C/W. ncton-10 ambinnt, 175°C/W lor the maidnd Duat In.Line N packaqge snd 100°C/W by e

Smett Ohsttna M PaciaQa
e > Humen body model 100 of GIcherged Heough o 1 S b 1) ravsine
Wote 4 Pin.out numbars I the DACDAOX teoresant the Nuatin"Une package The Smatt Outline PackaQe pun.ouit chilars from ine Duat.in.{ ina Pachaga

Cormmnection Diagrams

Oual-In-Line Package Small Qutiine Package
“:::T:::_L . U »-'-‘—mun-nno- v 16 B' (8]
ot - - vaes Varr{*) {2 15}—9,"
v- U AL Vaer(-)— 3 ter—s,
. ", COUPENSATION —d 4 31—,
ID“' — v
‘ " WS”O!.DCM!IO(.V“ o)) 1218,
e g — 4 — e t$0 o X
. \ L e 1 ml)
o — 4 7 10}—1,
"
" . ot — 8 9}-1, wsa
u—l- —'—“
TLHA-1a
Top View
TSNS . 1Y
Top view
See Ordering Information
Block Diagram ot ¢
-ty (313
v e n * " .- " " [id o
[al
1 3 1 'l f! ?- TI ?u Yn ?-y
i 1 T T 1 1 7 | R
| ¢ - =Tt 4
f 1 H—d
. et Auujz?uuuub'—w
" )
. - oA
,S" !)i
towe LA
) . Thoeersang.-

Shdted. vadiy

-

';sl "3 }

1
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Typical Performance Characteristics
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DAC0800/DAC0801 /DACOBd2

+

Power Supply Current
ve ‘V

,
Typical Performance Characteristics (continued)
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vs *V

Power Supply Curreny
vs Temperature
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Typical Applications (continueq)
VLIt Iwety
s e leg = LVage | 255 l
081 01 04 98 08 0 0 Ragr 256
g+ 15 = teg for »h
fogic stasns .
For hemg raisrence, TTL operaton, '
hpcal vanes are
Vagr = 10000V,
Ragr = $000%
RIS = Aqep
Ce = 001 uF
Vg = OV (Grounal
TLsase-s |
FIGURE 3. Sasic Posilive Reference Operation {Note &) :
i
!
- '
RYCIT T A B
' LIS 21 e © “Vecs :'5_5 St Ragp settierq A1S ;
ST Rer  Ts6 "o toaa curent camc smabon i
FIGURE 4. Recommended full Scale Adiustment Clrcm' FIGURE 5. 3asic Negative Refereeee Operation (Note ¢} i
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Typical Applications (continued -
Rall R L]
TR T I IS TS T ‘e
»
tage - § =a O———rd]
LSRR 0 )
B1 82 B3 B4 BS 86 B7 BllogmA[lomA| €o W

Full Scale t t 1 1t 1 1 1 1]1992]0000]-9960] 0000
Full Scale - LS8 1 ] t 1 1 ] 1 01964 ] 0008 | ~9920] —~0040
MaifScate+1SB [ 1 0 0 0 0 © 0 110080988 —5040( -4.920
Hall Scate t 0 0 0 0 0 O O] 1000][0992|~-5000]|- 4960 N
HaltScale-LSB { 0 1 1+ 1 1 t 1 1 ]0992]1.000]-4960f - 5000
ZeroScale+lSB{ 0 0 0 0 0 O O t {0008 | 1.984 | -0040] ~ 9920
Zero Scale 0 0 0 0 0 0 0 0 {0000 1992| 0000 | -9960

FIGURE 6. Basic UnipolatNegative Operation (Note 4)

« seomme
“taat = ? ~4 Ot
A Lol
TLIHISENE - &
B1 82 B3 84 8% B6 B B8] Eg (7
1. -9.920 { + 10.000

Pos. Full Scala 1 ([l
Pos. Full Scale-158 ENA,
Zero Scale + LSB e
Zero Scale g 0
1
L+
0

1
LIS | -9640 | +9.920
t 0
1 ¢
Zero Scale~1LSB |0 1 1
[
9

1
0

1] —-0.080} +0.160
6] 0000 | +0.080
$ t| +0080{ 0000

' [Meg. Fult Scale + L SB 0 1§ +9920| -9840
Neg. Full Scale 0 0 0 0]+10000| ~9.920

FIGURE 7. Basic Bipolar Output Operation (Note ¢)

ns o
- LT L LY
e ne

whare X is Me exnd Co0e and

R s - Angr

HAL = 8, wvtun 2005, outout it symmaetical st ground

B1 92 81 384 B85 36 87 B Eo 1
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{~12es0 Scale o t t 1 1 v v 1]-0040
.Meg. FullScate41LS810 0 ¢ 3 9 92 ) ¢ -5.n80
[Neq. Full scate a2 9 0 0 0 0 0]-9960

FIGURE 8. Symmetrical Oftset Binary Operation (Note ¢)
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DAC0800/DAC0801/DAC0802
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Typical Applications (continveq)

)

oacCoioe

256

For compiamantary ouIDUL [Dnwston a3 regatva loge OAC), connect invan.
NG MUt of 60 amo 1o i (pm 21, cannact o o 4y 10 ground

FIGURE 9. Positive Low Impedance Output Operation (Note ¢)

s 355,
FS ¥ 56 'mEF

Forc Y outerA (. hon a3 8 reg log-c DAC) nondn.
m«-qmnofmam-otatm?twb«wﬂmv'm. §

FIGURE 10. Negative Low impedsnce Output Operation {Note ¢)
13
Vi = V¢ + 1ev

1SV CMOS HTL et -
Yire = 76V

LR LI ey

v MHguay LIS 41 1]
g %lu- O1OSET rryty
A,

e
Tyocat vatuoes Ry = Sk, ¢ Vypy = 10V
TLrrirsans. o

Moo Do not escnad nagatne logee nout sanqe nt OAC
FIGURE 11. Interfacing with Various Logic Familles

PO 810 4yg. ny

255
tFs @ ——— Ipgr

TLmrsens- 2o

nocor

FIGURE 12. Pulsed Reference Operation (Note ¢)
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Typical Application: 1Contimung)

(3) lnge < peak negalive swing of 1,y

: Ve .
. (b) * Vagr must be above peak positive swing of Vim
Rer 'S
fare
in Yesr O—AAA——f 1
—_—
-— s fecern
Yin —%__ werionay)
v, ﬁ%—
P m.:u reryt forr A4
oacoioe et ganct
\ TUNnersaag . 1o
TL/HISRAA 1y
FIGURE 13, Accommodating Bipolar References (Note 4) .
0.
TOR TURN ‘DN, v + 2 IV N ' l
FORTURN 0FF~ v, a2y 2 O
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nP3012 200 =
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FIGURE 14¢, Seltling Time Mcasurement (Note <)
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For complete data sheet, including Operation and Applications
Information, contact:
Literature Distribution Center
. P.Q.Box 20812 ’
. Phoenix, Arizons 85036
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LM117
LM217
‘ LM317

. ° 3-TERMINAL ADJUSTABLE
OQUTPUT POSITIVE VOLTAGE REGULATOR

The LM117/217/317 are sdjustable 3-terminal positive voltage
reguletors cepable of supplying In excess of 1.8 A over an cutput
voltage range of 1,2 V to 37 V. These voltage regulators asre excep-
tionslly easy to use snd require only two externs! resistors to set the ©
output ‘voltage. Further, they employ internal currert umiting,
thermal shutdown and safe area compensation, ‘making them essen-
tially blow-out proof.

The €£M117 series serve a wide variety of applications :ncluding
local, on card regulation. This device also makes ar especially
simple adjustable switching regulator, 8 programmabie output
reguistor, or by connecting a fixed rasistor between he sdjustment
3nd output, the LM117 series can be used a5 8 prec=san curfent
regutator.

® QOutput Cu;rcnl in Excess of 1.5 Ampere in TIET and T0O-220
Patkages

Quthut Gurrent In Exoest 41 0.5 Ampere In TOIEPacicage
Output Adjustable between 1.2 V and 37 V

internal Thermal Overtoad Protection

{nternal ShortCircuit Current Limiting Constantwith Temperature
Output Transistor Safe-area Compensation

Floating Operstion for High Voltage Applications

Standard 3-lead Transistor Packages
¢ Eiiminates Stocking Many Fixed Voltages

v

STANDARD APPLICATION

Vin Vour °
~— % —e
LM11? g
: |
S S
= in

® = C,, I8 required if repulator s 10csted an sppreciable distenca Tror power
supply fliiter.
4 w.C, 10 nat nesded 181 t1sbllity, NOowever It does IMBrove trensient
respONse.

R2
vw,,- 125V (1o ;) + 1agj P2

Since 154 Is controlied to less then 100 uA, the error wesocletec with thi
term It negliglble in most applicetions

3-TERMINAL
ADJUSTABL'E POSITIVE
+ VOLTAGE REGULATCR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

K SUFFIX
METAL PACKAGE
CASE 1
{TO-3 Type)

Pins 1 and 2 electricatly lsotated from cese,
Caose s third elestrical sanpeetion,

T SUFFIX
PLASTIC PACKAGE

CASE 221A

{T0-220)
Pin 1 Adgust
»
n2 Vou
: . Pinl Yin
?
Heatsink surfecs connesisd
to Pin 2
2
H BUFFIX
METAL PACKAGE { °
CASE 79 1 - ©j3
(TO-39

{8ottom View)

{Cease Is output}

Piny v

Pin2 Adgjust
rind Vo‘”

ORDERING INFORMATION

Device Temperature Range Package
LM117H | Ty = -55°C 10 +160°C | Metal Can
LM117K { Ty = -880C to +180°C | Metal Power
LM217H | Ty = -259C to +160°C | Metal Can
LM217K § T = -25°C 10 +150°C | Metal Power
wma17H ] T~ 0°C 10 +126°C | Metal Can
LM317K | T3=0°Cto #4125°C | Metal Power
LM317T | Tj=0°C 10 +125°C Plastic Pawer

) 106




LM217, LM317 (continued)

MAXIMUR RATINGS

Rauting Symbol Vslue Unit
tnput-Output Yoltage Ditferential Vi-Vo 40 Vde
Powsr Dissipation Ppo internally
. . . : Limited
Operating Junction Temperature Ranga T oc
i -55 to +160 ¢
* M -26 to +160
LM317 . Qo +125
Storege Temperatuie Range Teg | -66t0 +150 oc |

ELECTRICAL CHARACTERISTICS (V) = VQ =5 V:1g =05 A for K ang T packages: 1g = 0.1 A tor H packaye

. T3 = Tiow 10 Thign (see Nate 11 lmaex 8nd Py Por Note 2; untess otherwise specified.} .
LM117/217 LM317
Charscteristic Symbol Min Typ Max Min Typ Max Unit
Line Reguiation (Note 3) Regiine v
TA*259C.3V&V -Vvg<a0Vv - 001 i 002 - 0.0 + God
Lead Regulation (Note 3) Regig,9 ]
Ta * 259°C, 10mA < 19 < Imax i
VoSV , - 5 15 - 5 | 3 myv
Vg » 5.V - 01 0.3 - 01 i o5 % Vi
Adjustment Pin Current TAdy - S0 100 - b7 r Hivie} uA -
Adjustment Pin Current Change dlag f . A
?.5V<V|—V°<40V ) !
10 mA € 1 € lmax. PO < Prmax 1 - 0.2 S - o s
Referance Volitage (Note 4) Veet ' v
JVEVy-VvgxX4aoV
10 mA < 10 € fmax. PD € Prmax 120 | 128 | 1301120 125 | 130
Line Regulation (Note 3} Regyine LYY
Jv<Vvy-vpgs4aV i ~ 0.02 0.05 - 0.02 | 057
Loaa Reguiation (Note 31 Rediosd
10 mA <€ 19 < Imgx
VoK SV - 20 50 - 20 10 mvV
Vo =5V - 03 1 - 0.3 18 %V
Temperature Stadulity 1Tig,, < 7)< Tpgnd  * Ts - 0.7 - - | 02 - %V
Minimum Load Current to tLmin mA
Maintain Regulation (V) - Vg = 40 V) - 3.8 5 - 3s | 10
Maximum Output Cur »nt Iman A
Vi=Vo<S15V,Pp < Pmax
K and T Packages 15 2.2 - 1.5 2.2 -
H Package 4 Q.5 0.8 - 0.5 0.8 -
V) —=VQ *40V, P < Py, TA = 28° .
K and T Packages 0.25 0.4 - 018 0.4 -
B H Package . - 0.07 - - 0.07 -
RMS Nolse, % of Vg N %o
Ya *259C. 10 Hz < 1 < 10 KHe - ]0003| - - joo0a3| -
Rippts Rejection, Vo = 10 V, 1 = 120 Hz (Note §) AR 48
Without CApy - 656 - - 86 -
CADJ " YO uF L] 80 - 68 30 -
Long Term Stabiinty, T ) = Thign (Note 6 s %/1.0k Heg
] Ta = 269C tor Endpoint Messuraments - 0.3 ! - 0.3 1
Thermal Retistance Junction 10 Case ResC Scw
H Package (TO-39) - 12 15 - 12 15 | o
K Peackage (TO.3) - 23 3 - 23 3 9 R
T Packege 1T0-220) ] i - - - - 5 -~ .

NOTES: 1) Tiow * ~55°C for LM117 T"‘O" = +150°C for LM117
= ~259C for LM21? = +150°C tor LM217
= 0°C for L4312 = +125°C for LM317

{2) Iax = 1.5 A for K (TO-3) and T (TO-2201 Packages
= Q.6 A Inf HITA-AA] Parbeee
Prax * 20 W for K (T0O-3) and T {TO-220) Peckages
= 2 W for H {TO-39) Packsge
. {3) Load and tine regulation sre specified at constant
junction temperature, Changes in VQ due to heating
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effects must be taken into account teparstely. Pulse
testing with low duty cycle is used

{4) Selected davicas with tightened tolerance reference
voltage aveilable.

{€) Cnny. when used, is connected berween the
adjustment pin and ground.

{6) Since Long Term Stability cannot be measured on
asch device before thipment, this specification 11 sn
engineering estimata of sversge stability from lot to
fot.
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M117, L2717, LM317 {continued)

_ APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM117 is a 3-terminal tloating regulator. In opera-
dion, the LM117 develops and maintains a nominal 1.25
volt reference (V gf) between Its output and adjustment
terminals. This reference voltage is converted to a pro-
gramming current {Iprog) by R1 leee Figuro 1), and
this constant current flows through 112 to ground. The
regulated output volage is given b,

R2
Vout = Vref (1 + 231 + ladj R2

Since the current from the adjustment terminal {Iadj)
represents an orror term in the equation, the LM 17 wes
designed to control Iagj to less than 100 pA and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. H the load current is
lass than this minimum, the output voltage will rise.

Since the LM117 is a floating regulator, it is only the
voltage differential scross the circuit which is important
10 performance, and operation at high voltages with
regpect $0 ground is possible.

FIGURE 1 - BASIC CIRCUIT CONFIGURATION

Vin 1 _] Vau
Ot iM11? 3
< r 3
Agjust
o v
Vit = 1.25 V TYPICAL

LOAD REGULATION

The LM117 is capable of providing extremely good
1oad requiation, but a few precautions are needed to
obtain maximum performance. For best performance, the
programming fesistor (R1) should be connected as close
to the regulator as possidle to minimize line drops wruch
eflectively appear in series with the reterence, thereby
degrading regulation. The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation.
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EXTERNAL CAPACITORS
A 0.1 uF disc or 1 uF tantalum input bypass capacitor

" {Cin) is recommesded to reduce the sensitivity to input

line impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (CADJ) prevents
tipple trom being amplified s the output voltage is
increased. A 10 uF capacitor should improve ripple
rejection about 15dB at 120 Hz in a 10 volt application.

Although the LM117 is stable with no output capaci-
tance, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output capaci-’
tance (Co) in the form of a 1 uF tantalum or 26 uf
aluminum elecctrolytic capacitor on the output swamps
this effect and insures stability.
PROTECTION DIODES

When external capacitors are used with any 1.C. regu-
fator it is sometimes necessary to add ‘protection diodes to
prevent the capacitors from discharging through low
currant points into the regulator,

Figure 2 shows the LMI17 with the recommended
protaction diodes for output voltages in excess of 25 V or
high capacttance values (Cq > 25 pF, CADJ > 10 uFi
Diode Dy prevents Co trom discharging thru the 1.C.
during an input short circuit. Diode D2 protscts agsinst
capacitor CADy disgharging through the L.C. during an
output short circult. The combinstion of diodes D1 and
D2 prevents Capy from discharging throvah the 10
during an input thort circutt,

FICURE 2 - VOLTAGE REGULATOR WITH
PROTECTION DIODES

Oy .
[Pl
™~
iIN40C2
Vin Vout
'—T LM1i? )—I——I—‘
Cin A T Co
Adjust g' —J IN4OO2
//
{ T Cany
g T
t "
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/;vn 17, LM217, LM317 (continued)

T

MILLIMETERS|  iNCHES
DIM] MIN | MAX | WIN | MAX
M SUF FIX A 902]930 [ 23557 0366
8 ] 8007851 | €315 0338
“”2:5’;;‘““ c 19451 Tai65] 0980
D | 043 [ 053 [ eo017 [ooxt
170-391 . CASE 796" 0431089 [ 5017 | 0.035
T0.38 F | 041 [048 [ €016 0.01
. G| 4831533 (0190 0210
/—i 1] 1086 (0020 0034
Rgsa = 150°C/W (Tvp) . a —_—c : lt.;; 102 ::;; 0.040
7 - -
1 M| 459NOM ¢SO NOM
Pln 3 connected to Coss. : ;Os:‘('t;; i ﬂ;)g)";::.
r———u——-] ¢
L [ ] MILLIMETERS T inCHES
] i DIM | MIN T MAX . MIN | MaxX
X SUFFIX ‘r / 8 - lan- < 0.875
METAL PACKAGE /. o « c 535 1114) ;0250 | G450
CASE 1 E seanng, ] 0 | 087 1 709 - 0038 | 0043
(T3 Type) PLANE £ - 33V - 103
CASE 1-03 f 23.90 ' 500 : 117 1197
T0-3 Type G 10.67 | 1118 ; 0420 0.440
H 521 1 572+ 0205 0225
Rpsa = 35°C/W (Typ) J 1664 | 1715 & 0659 0675
[ 192 ~ 10312 -
0 388, :03{0150 0.161
- 1338, - 0582%
T - 418 - 0.188
| [MILUmMETERS]  INCHES
(OIM! MIN T MAT ) MIN | MAX
A 1511 1875 U598 | 0620
T SUFFIX 8 965 10294380 0.40
PLASTIC PACKAGE Lg R ;gf -g; : ig;g : g; g
53557””‘, [F 361 33 310210147
fLM317 onty 6 _Zav_ 267 £.095, 005
17O 2200 JH 273 330811010130
. CASE 221A : - :
TO.220 LJ 036 U _a0ie 0.0
K 1270 1427 BS00 [ 0.562
Rga * 65°CW ITyo) L tra 1y 0045 10050
i N 183 $33°g1901 0.210
. TQ . 75¢ . 304810010920
Haotsink surface LR . 206 279808010110
<onnected to 1S 114133 po4s - 0.055
center pin. P T . %87 54802351 0255
{U ;076 127 5030 0.050
_y a3 1 £03S

THERMAL INFORMATION

The maximum power CONSUMPTION 3N integratedd circurt TJ‘M’_, :
can tolerate at » given operating ambient temperature, can be

found from the equstion.

TR T2 :
PotTa)1 ™ Ry atTye) = Vils Volo e = Tors

-4

n(’;].‘\‘T';”

Where: PD(TA) = Power Dusipation alloviable at 3 given

opersting ambient temper sture,

e .

“laximum Operating Junction Temperature as listed
©oihe Laxamum Ratings Section
e Jesired Oderatin: “imbient Temperature
Tywoical sThermal Resistance tunction 10 Ambient

T boly Cureem
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Low-Supply Sensitivity 0.01%V, Typical
Linesr Amphitucde Madulation

TTL Compatible FSK Controls

Wide Supply Range 10V t0 26V

Adjustable Duty Cycle 1% to 99%

APPLICATIONS

Wavetorm Generation

Swseep Generation

AN/FM Generation

V/F Conversion

FSK Generation

Phase-Locked Loops (VCO)

ABSOLUTE MAXHMUM RATINGS

Power Supply 26V

Power Dissipation 750 mw
Derate Above 25°C 5mw/°C

Total Timing Current 6 mA

Storage Temperature -65°C 1o +150°C

ORDERING INFORMATION

Part Number
XR-2206M
XR-2206N
XR-2206P
XR-2206CN
XR-2206CP

. -y e
e s 2 e e i = Yo o3
e
Vienolithi tion Cenerat
flonclithic Function Cenerator
- ,
) r
GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
Tre XR-2206 is 4 rcunthic funcuion generator inte-
grated circuit capable of producing hiyn quality sine, XR-2000 \ Y
squdre, triangle, fantyy 5 -, oixe wa.clorms of h.gh-sla?i!itv mpt:": [:‘1 " :]18
ang accuracy. The cuis .t ~avelorms can be both amplitude I { i\gju.‘smy
and trequency moduialsc Dy an external voliage. Frequency ~ OR A 15
QuUTPUT 2 1 ﬁ
of operation can be w=cted externsliy over a range of 0.01 ATIPLER
Hz 1o more than 1 ke MULT OUT I 3 N H 14] _]
SHAPER 1 :-‘S.\"EFORM
The circuit is igewiv « vizd for communicaticns, instru- 8 [z r— J”E _]
. . o A (™
mentation, and fuficau  generator applications requiring '
sinusoidal tone, AN, FM, or FSK ger‘crax-or?. {t has a typicat E*"‘ E GROUND
aritt specification of 20 ppm/°C. The oscitlator frequency 1aNG vco ;
can e hinearly swept aver 4 2000 1 tieauency range, with CAPACITOR " 17] sv
an calernal cormrol valtage, hdving a very small aftect on L "’1 OUTFUT
distortion, r. E E
= = BYPASS
TI?'.O%%
RESISTO CURACNT
2 FSK
L l 8 |- swiicHES 19 I g
fFEATURES
Low Sine Wave Distoruon 5%. Typical
Excehent Tempei sture Stability 20 ppm/°C. Typical
Wide Sweep Range 2000:1, Typical

Package
Ceramic
Ceramic
Plastic
Ceramic
Plastic

SYSTEM DESCRIPT{ON

The XR.2206 is comprised of four functional blocks; a

voltage-controlled oscillator

and sine-shaper; a unity gain buffer amplificr; and a set

of current switches,

The VCO actually produces an output frequency porpor-
tional 1o an input current, which is produced by a resistor
from the timing terminails to ground. The current switches
route one of the timing pins current to the V.CO controlled
by an FSK input pin, to produce an output {requency. With _
two timing pins, two discrete output frequencies can be
independently produced for FSK Generation Applications,

Operating Température
-55°C 10 +125°C
0°C to +70°C
0°C10+70°C
0°Cto +70°C
0°C 10 +70°C

{VCO), an analog multiplier

XR-48

oy
Pda EMR integrated Systems, Inc., 750 Palomar Avenue, Sunnyvale, CA 94086 * (408} 732-7970 * TWX 910-339-9233



-

XR-2206
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ELECTRICAL CHARACTERISTICS .
Test Conditions: Test Circuit of Figure 1, VY = 12V, Ta = 25°,C =001 uF, Ry = 100 k82, Ry =« O Kk, R3=25 v O
unless atherwise specitied. S open fur triangle, closed for sine wave,
»
B XR-2206M XR-2206C
PARAMETER MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | UNIT CONDITIONS
GENERAL CHARACTERISTCS '
Single Supply Voltage 10 26 10 26 v
Split-Supply Voltage :5 s1: 15 213 v
Supply Curtent 12 17 14 20 mA A >10k0
OSCILLATOR SECTION ¢
Max. Operating Frequency 05 1 05 1 MHz C=1000pF, Ry = tkR
Lowsest Practical Frequency 0.0} oo Hz C=50uF, R =2M0N
Frequency Accuracy 21 P 22 4 % of fg o= VR C
Temperature Siability 210 ; =50 120 ppm/°C 0°C < To < 75°C,
Ry =Ry=20kN1
Supely Sensitivity 0.0v 01 0.00 %/V VLOW = 10V, ViyiGH = 20V 9
Ry = Ry= 20k Q
Sweep Range 1000 1 | 2000:1 2600 1 =1 f(HO@R = kN
fL@R =2MQ
Sweep Linearity
10:1 Sweep 2 —— % fL =1 kHz, iy = 10 kHz
1000:1 Sweep 8 8 % f = 100 Hz, iy = 100 kHz
FM Distortion 0.1 0.1 " % " £10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0001 100 0.001 100 uf See Figure 4. 1
Timing Resistors: By & Ry 1 2000 1 2000 k2 ‘
Triangle Sine Wave Qutput See Note 1, Figure 2.
Triangle Amplitude 160 160 mV/k 1+ Figure 1,°S; Open
Sine Wave Amplitude 40 60 80 60 mvV/k Q Figure 1, Sy Closet
Max. Output Swing 6 6 Vo-p -~
Output Impedance 600 600 a
Triangle Linearity 1 1 %
Amgplitude Siability 05 0.5 daB For 1000:1 Sweep
Sine Wave Amplitude Stability 4800 4500 ppm/*C See Note 2.
Sine Wave Distortion
Without Adjustment 25 * 25 % Ry =30kA
With Adjustment 0.4 10 0.5 1.5 % Sou Figures 6 and 7.
Amplitude Modulation
lnput Impadance 50 100 50 100 k2
Modulation Range 100 100 %
Carriur Suppression 655 55 d8
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitudu 12 12 Vpp Muasurud at Pin 11,
] Rise Time 250 250 nseC Cp = 100oF
Fall Time 50 50 nsec CL = 10pF
Saturation Voltage 0.2 04 0.2 0.6 v L=2mA
Leahage Current 0.1 20 0.1 100 BA vy = 26V
1 FSK Keying Level (Pin 8) 08 14 24 08 1.4 24 v Suw suction on circuit controly
§ Reterence Bypass Voltoge 29 3.1 33 2.5 3 35 \% Muasured at Pin 10.

Note 1:
Note 2:

Cuiput smphtude is ditectly prupurtions! to the rwiztence, A3, on Pin 3. Sev Figure 2
For maximum amplitude stability, Ry should be a positive temporature coefticient rusistor.

XR-49
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Figure 9: Circuit Connection for Frequency Sweep.
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Figure 10: Circuit for Sine Wave Generation without
External Adjustment. (See Figure 2 for
Choice of R3.)

Figure 12: Sinusoidal FSK Gunerator.

A

Figure 11: Circuit for Sine Wave Generation with
Minimum Harmonic Distortion. (R
Determines Output Swing — See Figure 2.)

¢XR-50

Figure 13: Circuit for Pulse and Remp Ganeration.
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Frequency-Shift Keying:

The XR-2206 can e operated with two separal, timing
resistors, Ry and Ry .connccted to the timing Pin 7 and 8,
respectively, as shown in Figure 12. Depending on the
polarity of the 103:¢ signai at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is open-
circuited or connected 10 3 bias voltyge 22V, only Ry is
activated. Similariy. ! the voltage fevel at Pin 9 is <1V,
T'as, the output frequency can be
., ’I and lz,as.

only Ry is aclivate
keyed etween twe e

For split-supply o1 ~ra*on, the keying voltage at Pin 9 s
referenced 1o V=,

Output DC Level Controi:

The dc level at the output {Pin 2) is approximately the
same as the dc bias at Pin 2 In Figures 10, 11 and 12, Pin 3
is biased midway betwn V' and ground, to give an
output dc leve!l of =V */2,

APPLICATIONS iNFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning, The
maximum output swing is geeater than V*/2, and the
typical distortion (THD) is <2.5%. ! lower sine wave
distortion is desired, additional adjustments can be provided
as described in the following section,

The circuit of Figure 10 can be converted to split-supply
operation, simply by replacing all ground connections with
V~. For split-supply operation, Rz can be directly connected
to ground,

Wi Externul Adjustmont:

The harmonic content of sinusoidal output can be rer, ced
to =0.5% by additional adjustments as shown in Figure 11,
The potentiometer, Rp, adjusts the sine-shapin resistor,
and Rg provides the fine adjustment for the woveform
symmetry. The adjustment procedure is as follows:

i. Set Rg at midpoint, and adjust Ry for minimum
" distortion.

2. With Rp set as above, adjust Rg to further reduce
distortion,

Triangle Wave Generation

The circuits of Figures 10 and 11 <an be converted 1o
triangle wave generation, by simply opencircui'iing tin 13
and 14 {i.e., S open}. Amplitude of the triangle is apr.roxi-
mately twice the sine wave output.

FSK Generation

£ jure 12 shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be inde-
pendently adjusted, by the choice of timing resistors, fy
and R2; the output is phase-continuous during transitions,
The keying signal is applied to Pin 9. The circuit can be
converted to split-supply operation by simply replacing
ground with V=,

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying ter-
minat (Pin 9) is shorted 1o the square-wave output (Pin 11),
and the circuit automatically frequency-shift keys itselt
between two separate frequencies during the positivegoing
and negative-going output waveforms. The pulse width and
duty cycle can be adjusted from 1% to 99%., by the choice
of Ry and Rj. The values of Ry and Ry should be in the
range of 1 k{2 10 2 M2,

XR-51
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Figure 1:

Basic Test Circuit.

Figure 5:

Normalized Output Amplitude versus DC
Bias at AM Input (Pin 1).
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figure 2: Output Amplitude as a Function of the Figure 6: Trimmed Distortion versus Timing
Resistot, Rg, at Pin 3. | Resistor.
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PRINCIPLES OF OPERATION
Description of Controls

- F1.quency of Operation:
The frequency of oscillation, fo. 15 determined by the
external timing capacitor, C. across Pin 5 and 6, and by the
timing resistor, R, connected 10 either Pin 7 or 8. The fre-
.quency is given as: . ¢

'oc-R—C— Hz

and can be adjustied by varying either R or C. The recom-
mended- values of R, for a given frequency range, are shown
in Figure 4. Temperature stability is optimum for 4 kQ <
R < 200 k. Recommended values of C are from 1000 pF
10 100 pF. X

Frequency Sweep and Modulastion:
Frequency of osciltation is proportional to the total 1iming
current, Iy, drawn from Pin 7 or 8:

_ 3201y {mA)

(1 ewiy ) ST

Timing terminals {Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect 1o Pin 12.
_Froquency varies linearly with Iy, over 2 wide range of
current values, from 1 pA 10 3 mA, The frequency can
be controlied by api <ing 3 control voltage, Vc. to the
activated timing pin as shown in Figure 9. The frequency of
oscillation is refated to V¢ as:

where Ve is in volis. The voltuge-to-frequency conversion
gain, K, is glven as:

K = 31V == mog- HalV

cC
CAUTION: For safe operation of the circuit, I should be
limited 10 €3 mA. . .
Output Amplitude:

Maximum output amplitude is inversely proportional 10 the
external resistor, Rg. connected 1o Pin 3 (see Figure 2). For
sine wave output, amplitude is approximately 60 mV peak
per k2 of Ry for triangle, the peak amplituge is approxi-

mately 160 mV peak per k2 of Ry Thus, for example, 4

Ry =50 Kk would produce approximiiely 13V sinusoidal
output amplitude,

Amplitude Modulation: 4
Output amplitude can be modutaied-by-applying a dc bias. |

and a modulating signal to Pin 1. Thedmtesmal impedance at
Pin 1 is approximately 100 k. Outpst aeplitude varies
linearly with the applied voltage at Bin i, tor values ot-dc
bias at this pin, within £ 4 volts.of-¥ *72°assshown in Fure
5. As this bias level approaches V*7Z, the phase of the
output signal is reversed, and the -amplitude goes through
zero, This property is suitable for phuseshift keying ond
suppressed-carrier AM generation. otk dynamic range of
amplitude modulation is approximately55-d8.

CAUTION: AM control must re-used: in comjunction with
a well-regulated supply, since theoutpul amplitude Aow

(= ﬁlc-: H_;‘_C“ !:1;., Hz becomes a function of V¥,
e | " ;
A . —3 3
DIRGRAM o bl — 5
va - Y €
] ¥ -
2 ) .Fig . P T
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