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ABSTRACT

In this day, many of electronic equipments are made.
But a part that 1is necessary 1is power supply or voltage
source which is always a regulated IC and power supply.
Becauge of many using of power supply or regulate IC so there
must have an equipment that using to test the efficient.

This thesis present a project,name AUTOMATIC POWER
SUPPLY TESTER, which is used for tester current that can
provide. In this a project use personal computer for control

and display thus it easy for testing.
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TunuaNAIuNIY (R1 Ua¥ R2) ®arTay CONTACT 2a4¥ RELAY
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TagiRandA1TsauLTeawIWd NI MRANTH  CONTACT pav RELAY (Uaaan unTe
' o v 48 < ¢
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ERLIYE 1. OFFIufiuMunafy CONTACTDAUAL ON MNAERY CONTACT
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< [ ] [

?ﬂﬂ'ﬂ")\? ON uaz OFF fiad RELAY NUAAYILLUAUITIAITINAN

v ] 4 V v o 4 & 4
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WATT (5 %25/9 =BIWATT) UR WAL HuA1TUa4AUIIAITLHRAIN 1R TWYINRY
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1
[}

20 ¢ VIN = ¢ 35 3 P = (VIN - 2.787B%])%] VIN¥I - 2.7878%I°

35 ¢ VIN C 50 3 P = (VIN - 5.5656%I)%I] VINKI - 5.5656%1"

3¢l Pmax 7a9 POWER MOSFET Tuudazglq fvu

VIN = ¢ 20 s Pnax = 99.75 W
20<¢VIN=<(35 ;s Pmax = 105.305 W
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RT = 110 KOHM ﬁﬂﬁwugﬁmmﬂmLﬁwﬁqn 1 XKHz
RT = 11 KOHM ﬁauwuaﬁmmﬂmtgwﬁqn 10 KHz
RT = 2.2 KOHM ﬁﬁvﬁug5mm1mtﬁwﬁqn 50 KHz
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CARD INTERFACE uiznauiuats 2 fiulngqnAa #9u IC 8255 T

< . w od & :
(s IC nanuaneudy INPUT,OUTPUT PORT uasdﬂunaﬁﬂﬁﬂi IC DECODE(l;ﬂﬂ

AIuMu9Ias PORT 8255) Aa IC 7T4LS688,74L5139 uar DIP SW.

119 DECODE PORT

DECODE PORT 8255 4y CARD L1ﬂ?s1§ IC TTL 74LS688,1C

4 P EY) -
TTL 74LS139% uas DIP SW. 8 PIN tyYu24939 DECODE iwalud&u17nuU5u SET
DIP SW. ®461UMeLuaT PORT 784 CARD 1aTaatunqufu DIP SW. fiuas

. @ e fl < a { w
ARTNATINUAMMLY PORT 7aviATavAaN®ILAaT PC Eqanqzu
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Hex Range Usage

000-00F DMA Chip 8237A-5

020-021 Interrupt 8259A

040-043 Timer 82535

060-063 PPl B255A-5

080-083 DMA Page Registers

OA X" NMI Mask Register

oCX Reserved

0EX Reserved

200-20F Game Controt

210217 ’ Expansion Unit

220-24F -Reserved

278-27F Reserved

2F0-2F7 Reserved

2F8-2FF Asynchronous Communications {Secondary)
300-31F Prototype Card

320-32F Fixed Disk

378-37F Printer

380-38C* " SDLC Communications

380-389°° 8inary Synchronous Communieggions (Secondary)
3A0-3A9 Binary Synchronous Communic'?'g'i'ons (Primary)
380-38F 18M Monochrome Display/Printer

3C0-3CF Reserved N
3D0-30F Color/Graphics

3E0Q-3E7 Reserved

3F0-3F7 Diskette

3FB-3FF Asynchronous Communications {Primary)

* At power-on time, the Non Mask Interrupt into the 8088 is masked'of??
This mask bit can be set and reset through system software as follows:
Set mask: Write hex 80 to't/O Address hex AQ [(enable NMI}

Clear mask: Write hex 00 to 1/0O Address hex AQ (disable NM!)

** SDOLC Communications and Secondary Binary Synchronous
Communications cannot be used together because their hex
addresses overlap.

K
EUﬂ 3.7 I/0 ADDRESS MAP
v '3 iy o ] ] Y
{71891ua7 DECODE PORT 1aTaan17u¥u DIP SW. T4NRILNINUAT ADDRESS

fiu LfuL TI89A WMy 300H 3z SET DIP SW. A%
SET DIPSW #PORT

U oN = O

g oFF = 1 PORT 3@

A A A A A A AA A G AEA

101 <
P 1@98'554321.’:
UHHHQQUU 27 0 1L 1.0 a0 00 x %X X x
1 2 X 4 © 6 7T 8 D ij @
A A A
asegf=28¢%%

d 1
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o0s ras
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AITANUARLALRITURASHA

< < & aa ..
19T L UR U INaRIAAN L ULAIRAR (Analog to Digital

Converter)
¥ tn) ; . [
293731 IC  #ADC 0809 ZersnnrTulaeRagInauiasn 0-5
's < aa ES 4 . -1 @ - {
Tiar  LludgnaeInaatuie 8 UR Lwauﬁﬁmmwmﬁu11¥nunauu1Laa1 Tung
4 1 [ - 4
tiUasuuday Analog Input UAAZATTHNIINT Active nma Output Enable
4 < P o o ¢ e
(OE) (wansza'uan Output naansiney IC #ADC 0809 ?QLUuﬁmmﬂm

. e v . 1 o v
Digital wualtI®IMITANINATATIIAAUIT  Voltage naanlunisau Output

R

< . . Y . . . < «
DO-D7 nidw Digital taTeani7uindaey e Digital naanu1LUutan§1uauun
ud vV . . I w e ) y
uﬂa01MLUuLaﬂ§1u§u HAIIIUTTUAMIUMIAT A4fra8 IR 1Y
(iataual Analog Input = 5 Volt wa Digital Output SR RNE)
FFH
q , & .
FFH tdan1iUstagguay = 255
Digital Output Converse to Analog = (255%5)/255

=5.00 Volt

o
R1914N 1 ug§AYn1Teaan Channel Input

SECLECTED ANALOG CHANNEL ADDRESS LINE

A B C
INO L L L
IN1 L L H
IN2 L H | L
IN3 L H H
IN4 L L L
INS L L H
IN6 L H L
IN7 L H H
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. o v o aa v . 3
N1719114914824R7 ADC0B09 azInszaudggnainaale 8 Bit R
. < < v W [P o ; s o
asnﬂwuaLﬂun11LUaaunaqssauna§a1anq 256 TEAU  TIUERYINTEAURMYIN
R y - v (o < vy o ; w
8 Bit uwIznlTAmAINANNUSIURYgIMaBIRanTanY 256 TUAl TITEAURNDAY
o A 4' Ve J . . v
uiqauauqnnawa1nnu ADC0809 TevsRMTonAMUATI9DREQy I (Spand) 1A
TABAIMLAIINTEAUL TIAUAIIAINTIUIN (REF+) LA TEAUAINAININAU (REF-)
(¥ 40 o e d ] '
IMNANFWETAIIIITINTURQYIBUTIAY 0-5 TIaA (Waluaaut Uudyq ua’naa (00H-
v 2 . Y] ES ) o 's
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a 4

' v I's s d ' 2 ' o
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o 4 o
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1 o

. < 4 . 4
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S . - 4 4 [ )
ﬁmmﬂmauqn ?qasLUuﬁﬂnaQtamnagjﬂuau LuauUa@LUutauiwuaunn uia
[ 4 N vy o aa o4 w a 4
§udas naznﬂiuzssauﬁmmwmaanaantnﬂ§ﬂauwutaai
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) 1 a { ~ < €
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- - rZ <4 Y
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(< .. . - ¥y A
Inuusleazungu  (Timing Diagram) 389R2 ADCOB09 1“3“ (LangrTanvay
{ . o
BavaunIa) un TAMueRgY e START war ALE L 113z1dn19a1muany
N o <
HARDWARE 9unq9L94 START Tean17uaus9un 25 Hz 39124937 RING
OSCILLATOR uaz IC ®ITA77uA (4040)
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FROM PORT 1 4843
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Opx I n&o
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4 . d v 4 - e (o ¢ d o
RITIdN 2 uaaouagaaannwaia 1 Lwa1Uﬂ1uquataﬂTn1uﬁaa1nﬁ iwauTu

duty cycle
duty cycle D7| D6| D5} D4| D3| D2y D1} DO
50% 1 0 0 0 0 0 0 0
45% 1 1 0 0 0 0 0 0
40% 1 1 1 0 0 0 0 0
35% 1 1 1 1 0 0 0 0
304 1 1 1 1 1 0 0 0
25% 1 1 1 1 1 1 0 0
20% 1 1 1 1 1 1 1 0
154 1 1 1 1 1 1 1 1

I a ! 2] a a L a  d4 a o
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a0 Tua e R 0 - 5 wand
awu17nn71aaau1§ﬁﬁﬂﬁawﬁuqn%oué 5 - 50 T7af
- PULSE CURRENT TESTER MODE
g0 enTsaa il 1EE e 0 - 10 wand
awu17na111aau1§ﬁﬁnﬁawﬁuqngqud 5 - 50 T7af
2) Tun1113N¥AsN1TaNUY CURRENT PLUSE |Ouiivs. -
_ w110t 5anA17uAYay CURRENT PLUSE ‘18 4 a21ud
1XHz, 10KHz, 50KHz u®y 100KHz
- @u17aUFuAIAI1MNT19U8Y DUTY CYCLE 1@
50%, 45%, 40%. 35%, 30%, 25%, 20%, 15%
3)  A1NN1TNARENTAAIYANNTENA  MHANATRIAAA  POWER SUPPLY
Tau L RpURUAwEasR RaRaNiaLAe Y WUATAIINE L ABTTuLANRBRBNTI LR THA

& % o o
avssdasuudasidunianuaraiiuasltiann NOISE
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POWER MOSFET u7vutwuinéa iiatlaviiu POWER LOSS fiRatuitéa POWER
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CYCLE i finnanndtitaTan iuatwiuniuluiaiu DUTY CYCLE vadia
TL494 U#ADYARY POWER AanAdauluI4I T8N TEUEEIHINTIANA TN POWER
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3) 1un11Lduﬂqwuaﬂun11§qnﬁsuauuuﬁaéﬁuaﬁuﬂinLﬁu
A1RATE U910y TL494(1u3uﬂ 3.3) UARBNINATAUI1 POWER MOSFET 3%

[ 7 | IJ o c:}u ] LY
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ANFNUALAZN17TY 9 1uYaNLATaY AUTOMATIC POWER SUPPLY TESTER

ArduUANIU (SPECIFICATION)

wEANATRL = uFnnaTudasArdnatutiagdunssuatuiin

ieniu : 1. CONTINUOUS CURRENT TESTING MODE
2. PULSE CURRENT TESTING MODE iSﬂﬂ1a 4 ﬂ?Wﬂa

- 1 KHz

- 10 KHz

- 50 KHz

~-100 KHz

A9MM719VaeWad (DUTY CYCLE)

- 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%
12901178 : éﬂﬁnaw1wﬁ1§qu (Vin)

¢
~ CONTINUOUS CURRENT : 5-50 37aw

- PULSE CURRENT : 5-50 T?Rﬁ

IJV t v3 L} i ¥4 } ar
ﬂ1n1a1a§qaa s amTsudludangtNaTnRIIdaute

- CONTINUOUS CURRENT : 0-5 uauﬂ

s, (
- PULSE CURRENT : 0-10 wautl
' o o
dIULAAYHA  :  WEAYN MONITOR U8viAiay PERSONAL COMPUTER
wuasIwId ¢ 220 VOLT 50Hz
v ar o o Pz 4 a I's
n19Uasnyy (OVER RANGE) : UANQRLIAIUINNLATENAINUILADT
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#include <(graphics.h)
#include <(stdlib.h?

#include <(stdio.h>
#include <(conio.h?
#include <(dos.h)
#include <(math.h?)
#include “"allkey.h"
char xkmit [2] = ( 'dordulnatuiaduszeouinan”, "ananssin” };
char xname[4] = {“Uﬁs%ﬂﬁ","ﬁhwﬁnuﬁﬁé",
}s “dhuinut, "Jeddnat
char xengineering[] = {"auzddnssud &as" };
char xinfor[2] = (
"CONTINUOQUSE CURRENT",
"PULSE CURRENT"
}s
Cha\’ *bang[sj - {“50","45","40","35",“30“,"25“,"20","15"
}s
char xjit2[4] = {"1 KHz","10 KHz","50 KHz","100 KHZ"
}s
int lad[8] = {(120,170,220,270,320,370,420,470
}s
int jiti[4)] = (107,232,357,484
}s
int tongf4] = { 90,215,340,465
}s
unsigned int C,D,tm3,tmd;
double tml,tm2,kmitl,kmit2;
int begin,start,go; )
int X,Y;
in aAl8] = {(127,63,31,15,7,3,1,0
}s
int B[6] = {225,254,252,250,246,238
}s
main( )
{
opengraph( ); /% initial graphics mode
aps_test( );
closegraph( ); /% retrn to text mode



aps_test()

/%

wee( )

}

select( )

{

int keyhit;
fontthai( );x/
bbx(0,0,639,479,11,11,1);
bbx1(50,25,590,170,15,8,7);
bbx1(50,405,590,460,15,8,7);
bbxl(50,255,590,360,15,8,7);
writethai(165,295,14,1,name[0] );
writethai(251,295,14,1,name[1]);
writethai(165,315,14,1,name[2]);
writethai(251,315,14,1,name[3] );
writetext(220,50,0,1,0,5,“AUTOMATIC");
writetext(90,100,5,1,0,5,"PONER SUPPLY TESTER" );
writethai(226,431,5,2,kmit[1]);
writethai(225,430,5,2,kmit[1]);
writethai(70,410,6,2,kmit[0]);
writetext(390,302,9,0,0,1,“34131158");
writetext(390,328,9,0,0,1,"34131160");
writethai(233,265,10,1,engineering[0] );
keyhit = getch();
if( keyhit == 27) {

bbxesci(5,5); bbxesci(618,5);

delay(500);

closegraph( );

exit(1);

else
wee( );

bbx(0,0,639,479,7,7,7);
bbx1(50,35,590,160,15,8,1); \
writetext(220,50,14,1,0,5," "AUTOMATIC" );
writetext(90,100,5,1,0,5,"POWER SUPPLY TESTER");
bbx(50,200,590,370,15,8,6);
bbx(200,220,449,260,8,15,9);
Wwritetext(215,232,14,0,0,2,"SELECT CURRENT");
botton1(150,300,250,340);
botton(390,300,490,340);

“writetext(180,315,14,0,0,2,"DC");

writetext(403,315,0,0,0,2,"PULSE");
bbx(50,400,590,460,8,15,14);
writetext(180,425,0,0,0,2,infor [0]);
select( );

int key:
begin = 0;
do{
moveto( 640,480);
key = getch( );
if( key==0) { .
key=getch( );
if((key==75) || (key==77)) {
check( key );
}



}

if(key == 27) {

bbxesci(5,5); bbxesci(618,5);

delay(500);
aps_test();

break;
else {
if( key==13) {
delay(200);
switch(begin) {
case 0 : dc();
case 1 : pulse();
}
}
}

} while((key != 13));
setcolor(15);

/% checking key when the button is pressed *x/
int check(int key)

{

if( key==75) {
speaker(1000,10);

botton1(150,300,250,340);
writetext(180,315,14,0,0,2,"DC");
botton(390,300,490,340);
writetext(403,315,0,0,0,2,"PULSE" );
bbx@55,405,585,455,14,14,14);

writetext(180,425,0,0,0,2,infor [0]);

begin=0;

==77) {
speaker(1000,10);

bottoni(390,300,490,340);
writetext(403,315,14,0,0,2,"PULSE");
botton(150,300,250,340);
writetext(180,315,0,0,0,2,"DC");
bbx(55,405,585,455,14,14,14);
Wwritetext(230,425,0,0,0,2,infor[1] );

begin=1;
}

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

{
setfillstyle(1,3);
bar(sx,sy,ex,ey);
setfillstyle(1,11);
bar(sx,sy,sx+l,ey);
bar(sx,sy,ex,sy+1l);
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+1,ey+1);

3

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

break:;

break;



de( )

pulse( )

mode( )
{

setfillstyle(1,7);
bar(sx,sy,ex,ey);
setfillstyle(1,8);
bar(sx,sy,sx+1,ey);
bar(sx,sy,ex,sy+1);
setfillstyle(1,11);
bar(sx+1,ey-1,ex,ey);
bar(ex-1,sy+1,ex,ey);
setcolor(0);
rectangle(sx-1,sy—1,ex+1l,ey+1);

bbx0(0,0,639,479,15,15,1);
X=003;

Y=B[0];

port( );

bbe(0,0,639,479,15,15,3);
bbx1(50,35,590,160,15,8,1);
writetext(220,50,14,1,0,5,"AUTOMATIC");
writetext(9o,1oo,5,1,0,5,"PONER SUPPLY TESTER" )3
bbx(50,200,590,370,15,8,6);
bbx(180,220,460,260,8,15,9);
writetext(195,232,14,0,0,2,“SELECT FREQUENCY" )3
botton1(90,300,175,340);
botton(215,300,300,340);
botton(340,300,425,340);
botton(465,300,550,340);
writetext(107,315,14,2,0,5,"1 KHz" )3
writetext(232,315, 0,2,0,5,"10 KHz");
writetext(357,315, 0,2,0,5,"50 KHz");
writetext(482,315, 0,2,0,5,"100 KHz");
bbx0(50,380,590,470,15,8,7);
writetext(285,395,1,2,0,5,“DUTY CYCLE");
bbe(500,390,580,460,15,8,9);
bbxl(100,420,490,440,15,15,0);
writetext(520,417,14,0,0,3,"00");
writetext(540,448,14,0,0,1,“2");

mode( );

int key;
start = 0;
do{
moveto(640,480);
key = getch( );
if( key==0) {
key=getch( );
if((key==75) || (key==77)) {
answer{ key );
}
}

if(key == 27) {
bbxesci(5,5); bbxesci(618,5);



}

delay(500);

pulse( );
break; .
3
else {
if( key==13) {
delay(200);
switch(start) {
case O : k1(); break;
case 1 : k2(); break:
case 2 : k3(); break;
case 3 : k4(); break;
}
}
}

} while((key !'= 13));
setcolor(15);

duty( )s;

/¥ checking key when the button is pressed x/
int answer(int key)

{

k1i()
ka2( )
{
k3( )
{

ka( )

if( key==

if( key==

Y=252;

Y=250;

Y=246;

75

speaker(1000,10);

botton(tong[start] ,300,tong[start] +85,340);
writetext(jitl([start] ,315,0,2,0,5,jit2[start]);
start = (start == 0 ) 2 3 : start - 1;
bottonl(tong[start] ,300,tong[start] +85,340);
writetext(jiti[start]+ 1,316,14,2,0,5,jit2[start] );

77) {

speaker(1000,10);

botton(tong[start] ,300,tong[start] +85,340);
writetext(jiti[start] ,315,0,2,0,5,jit2[start]);
start = (start == 3 ) 2 0 : start + 1;
bottoni(tong[start] ,300,tong[start]+85,340);
writetext( jiti[start]+1,316,14,2,0,5,jit2[start});

%



Y=2383;
}
duty( )
{
botton(120,425,130,435);
bbx( 505,395,575,440,9,9,9);
writetext(520,417,14,0,0,3,"50");
control( );
}
control()
{
int arrows;
go = 03
do{
moveto(640,480);
arrow = getch();
if(larrow==0) {
arrow=getch( );
if(Carrow==75) || (arrow==77)) {
kmitlad(arrow);
}
}
if(arrow == 27) {
bbxesci(5,5); bbxesci(618,5);
delay(500);
wee( )3
break:;
}
else (
if(arrow==13) {
delay(200);
switch(go) {
case O : c1(); break;
“case 1 @ c¢2(); break;
case 2 : ¢3(); break;
case 3 : cd4(); ‘break;
case 4 :  c5(); break;
case 5 : c¢6(); break;
case 6 : c7(); breaks;
case 7 @ ¢8(); break;
}
}
3
} while((Carrow !'= 13));
setcolor(15);
}
c1()
{
X=A[0];
port();
}
c2()
{
X=Aa[1];
port( );



c3()

c4( )
{

c5( )
{

cé( )

X=A[2];
port( );

X=A[3];
port( );

X=a[4];
port();

X=A[5];
port( );

X=Aa[6];
port();

X=A[7];
port( );

/¥ checking key
int kmitlad(int arrow)

{

port( )

when the button is pressed x/

if(arrow==75) {

}

speaker(1000,10);

go = (go == 0 )2 7 : go - 1;
bbx(105,422,482,436,0,0,0);
botton(lad[go],425,lad[go]+10,435);
bbx(505,395,575,440,9,9,9);
writetext(520,417,14,0,0,3,bang[go]);

ifCarrow==77) {

speaker(1000,10);

go = (go ==7 )2 0 : go + 1;
bbx(105,422,482,436,0,0,0);
botton(lad[go],425,lad[go]+10,435);
bbx(505,395,575,440,9,9,9);
writetext(520,417,14,0,0,3,bang[go]);

int count=0;
outportb(0x303,0x80);
outportb( 0x307,0x92);



3

bbx0(0,0,639,479,15,15,7);

bbx0( 50,35,590,160,15,8,6);
botton(70,50,310,145); *
botton(330,50,570,145);
writetext(280,90,0,0,0,3,"V");
writetext(540,90,0,0,0,3,"A");
bottonl(80,60,260,135);
bottoni(340,60,520,135);
bbx(50,200,590,460,15,8,2);
bbxl(55,205,585,455,8,15,1);

do {

outportb(0x300,X);

outportb(0x301,Y);

C = inportb(0x304);

D = inportb(0x305);

bbx0(83,63,257,132,3,3,3);

bbx0(343,63,517,132,3,3,3);

tml=C*x50.000/255.000;

tm2=D%x10.000/255.000; -

writetextxy(110,90,14,0,0,3,"%2.2f",tm1);

writetextxy(370,90,4,0,0,3,"%2.3f",tm2);

if(count==0) {
bbx1(58,208,582,452,1,1,1);
moveto( 60,320 );

}

count = (count == 520) 2 0 : count + 1;

delay(100);

kmit1 (255.0000-tm3 )*240 .0000/255.0000 + 210.0000;
kmit2 (255.0000-C )%240 .0000/255.0000 + 210.0000;
moveto( count+60,kmit1 );

setcolor(14);

lineto(count+61 ,kmit2);

It

tm3=C;
kmitl = (255.0000-tm4 )*240.0000/255.0000 + 210.0000;
kmit2 = (255.0000~D )*240.0000/255.0000 + 210.0000;

moveto( count+60,kmitl );
setcolor(12);
lineto(count+61,kmit2);
tmd=D;

if(C == 2585 || D == 255) {
speaker(1000,100);
}

Jwhile( 'kbhit());

wee( );

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);
vsprintf(sty, fmt, argptr);
gettextsettings(&textinfo);
settextstyle( font,divrect ,size):
setcolor(color);

outtextxy(xloc, yloc, str);



IRF250
IRF251
IRF252
IRF253

MOTOROLA

Advance Information

N-CHANN'EL ENHANCEMENT MODE SILICON GATE
TMOS POWER FIELD EFFECT TRANSISTOR
These TMOS Power FETs are designed for high voltage, high

speed power switching applications such as switching regulators,
converters, solenoid and relay drivers.

" ® Silicon Gate for Fast Switching Speeds

e Rugged — SOA is Power Dissipation Limited

* Source-to-Drain Diode Characterized for Use With Inductive

Loads

D
G
S
MAXIMUM RATINGS
RF
Rsting Symbol | 250 | 251 | 252 | 253 | Unit
Drain-Source Voltage Vpss 200) 150 | 200 | 150 | Vde
Orain-Gate Voltage VDGR | 200 | 150 | 200 | 150 | Vdc
(Rgs = 1.0 MQD) .
Gate-Source Voltage VGs D =20 Vde
Continuous Drain Current Tg = 25°C tp J(30)] 20 [z [ 25 [ac
4 Continuous Drain Current T¢ = 100°C o 19 ) 18] 16| 16 | Ade
Pulsed Drain Current - - Ipm | 120 | 120 | 100 | 100 | Adc
Gute Current — Pulsed M 1.5 Adc
Total Power . Pp Watts
Dissipation @ T¢ = 25°C 180
Derate above 25°C 1.2 wrc
Operating and Storage T4 Tatg -55 to 150 *C
Tompersture Range
THERMAL CHARACTERISTICS
Thermal Resistance Rayc 0.83 ow
Junction to Case
Maximum Lead Temp. for Soldering T *c
Purposes, 1/8” from case for 5 seconds

Part Number Vps "DS{on) Ip
IRF250 200V | 0.085Q 30A
IRF251 10V | 0.0850 30A
IRF252 200V | 0.1200 26 A
IRF253 150V | 01200 25 A

IRF250
tRF251 .
IRF252
IRF253
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MOTOROLA TMOS POWER MOSFET DATA



RF250-253

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

Symbol Min T &X - :}_.

Characteristic
OFF CHARACTERISTICS .
Drain-Source Breskdown Voltage ) V(BRIDSS Ve
VGs = 0.1p = 250 pA) (RF250,252 @ - -
iRF251,253 150 _ —
Zero Gate VoKage Drain Current Ipss mAdc
{vgs = 0 V. Vps ~ Rated Vpss! - — 0.25
Vgs = 0V, Vps = 0.8 Rated Vpgs. T¢ = 125°C) — — 1.00
Forward Gste-Body Leakage Current IGSSF - - 100 nAdc
{Vgs = 20V, Vps = 0}
Reverse Gate-Body Leakage Current IGSSR - —_ -100 | nAdc
(Vs = —20V, Vps = 0) b4
ON CHARACTERISTICS®
Gate Threshold Vohtage VGS(th) —_ 40 Vdc
(Vps = VGS. Ip = 250 pA),
On-State Drain Current ID{on}) Adc
Vps = 25V.Vgs = 10 V) IRF250.251 @ - -
5 . IRF252.253 5 — .
Static Drein-Source On-Resistance DS{on) Ohm
(Vgs = 10V, 1p = 16 A) IRF250,251 — — 0.085
. RF252,253 — _— 0.120
Forward Transconductance Qfs 8.0 - - mhos
(Vps = 15 V.Ip = 16 A)
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss = - 3000 pE
Output Capacitance (Vps = 25V, VGs = 0, f = 1.0 MHz) Coss - — 1200
Reverse Transfer Capacitance Crss - — 500
SWITCHING CHARACTERISTICS® (T = 100°C) ki
Turn-On Delay Time td{on) —_ — 35 ns
Rise Time Vpp=95V.ip'= 16A tr - — 100
Tum-Off Delay Time 2o =470 t(off) —_ —_ 125
Fall Time t —_ — 100
SQURCE DRAIN DIODE CHARACTERISTICS® A
Characteristic Symbol Typ Unit
Forward On-Vohage Vsp 18 Vdc
g = Rated Ip, Vgs = 0
Reverse Recovery Time ter 750 ns
opuise Test: Pulse Width < 300 us, Duty Cycle < 2.0 %. Lo
.+ RESISTIVE SWITCHING
FAGURE 1 — SWITCHING TEST CIRCUT B FIGURE 2 — SWITCHING WAVEFORMS N
v Vob -
RL ;’o\n td(on)
Vin putr UL P -
-~ Futse Generator__ Y
\} e e
! N .
] Q0 : <
{ ] $s50n
t t
t - 1 - -
L

_______ ] =
{




Table 1 — Plastic TMOS Power MOSFETs
TO-220AB, T0-225AA and TO-218AC (continued) -

CASE 221A-02, CASE 77-04 CASE 30-01

v

Vinr on) € ip Cont
tgapss frs poss
Min [ Amps Device Max
& 08 20 RFE13 38.
08 RF511 40
25 MTP5NOG 5.0
08 _ s MTATNOG 7.0
<0 IAF523 -
03 : IRFS21 8.0 if.
028 ) MTP10NOS 10 i3 )
025 80 RFS33 - 12 -
020 60 MTP12N0B__ . . . e
018 80 RF531 4 ;
* 0.6 75 MTP15N06 15
on 15 RFS43 - 24 125
B 0.085 IRF541 27 !
008 125 MTP25NOG 25 100
4 0.055 175 MTHISNOS 35 150
50 o8 . 25 MTPSNOS 5.0 50
04 35 MTATNOS 7.0 »
028 50 MIP1ONOS 10 75
0.2 60 MTP12N05 12
0.16 75 NTP15NOS 15
i 0.10 60 BUZ10 12
0.08 125 MTP25N05 25 100
0.0 175 WTHISNOS 35 150
- -
Table 2 — Metal TMOS Power MOSFETs T
3 -
TO-204 (Formerly TO-3) ! ‘o
& = Y O
CASE 1-04 and CASE 1-05 g / = GO
Veongss e G- - . ocom '
Volts . Tk Ay Amps PDE@Tc = BT
wn - Max - Amps  -| Device — o e Max Watts
1000 10 05 - | MTMIN10O 10 75
950 i MTMINg5
500 Y = 10 MTM2ZNSO 20
850 - MTM2N85 i
600 25 5 MIMINGD  © 30 ~ -
= 12 T 30 - | MIMeNso. - - 6.0 150
850 25 S 15 MTM3N5S 3.0 75
: 12 f - 30 MTMENSS P 6.0 150
500 R e e - - 20 — 75
e, N\ 40 ~1- - [Mimenso - % -
20 28 IRFa32 - 40
-t TR 15 - T T WRFa0 " - 45
. - i 20 - | MTM4NS0 - 40 .
- -q- = 30 | oNere2 o ° ¢ 45
= . - - 08 | 8k - MIMINSO ~ - 70 - 150
o4 T 75 MIMIBNS0 + -5 - 250
450 0 7710 MTM2P45" "~ - 20 75
- 40 - 4T v MIM2N45 - il
- - 20 T25 - - |_IAF433, 2N6T61 40
- 15 =- -~ [mFeat - a5 -
e e .- 20 | MTMaNes - €0 -
o8 35 MTM7N4S 7.0 150
0.40 75 MTMI5N4S 15 250
00 33 15 MTMIND 30 s
15 30 RF332 45
10 IRF330 ; 55
- 25 MTMSNA0 50
*35 2NET760 55
0.55 40 MTMBNA0 80 150
030 75 MTMISNGD _ — N 15 £250,
- ——

*Indicates P-Channe!

R

S
3

MOTOROLA TMOS POWER MOSFET DATA



1able 2 — Metal TMOS Power MOSFETs

10-204 (Formerly TO-3) (continued)

{ vamoss - ‘glom
voits g Ampe Pp & Tc = 25°C
Min Max Amps Device Max Watts
"% 33 15 MTM3N35 3.0 75
15 30 IRF333, 2N6759 45
10 1RF331 5.5
25 MTMSN35 5.0
0.5 4D MTM8N35 8.0 150
0.30 75 MTM1SN35 15 250
250 0.50 5.0 MTM10N25 10 100
™ 200 12 25 IAF222 4.0 40
1.0 MTM5N20 50 7%
0.8 IRF220
0.7 35 MTM7N20 7.0
0.6 50 IRF232 . 8.0
04 IRF230 20
. 6.0 2N6758 » -
40 MTMBN20 8.0
035 6.0 MTMI12N20 ° 12 100
R 022 10_ IRF242 16 125
0.18 IRF240 18
0.16 75 MTM15N20 15 - 150
0.12 18 IRF252 25 -
0.085 [ aRF2 = = - 30. S
0.08 20 MTM4O0N20 40 250
180 10 25 MTMSN18 5.0 13
0.70 35 MTM7N18 7.0
040 40 MTMBN18 8.0
035 6.0 MTMi2N18 12 100
0.16 75 MTMISN18 15 150
008 20 MTM40N18 40 250
150 12 25 IRF223 4.0 N 40
08 IRF221 50
07 35 MTM7N15 7.0 s
08 50 2N6757 8.0
IRF233
0.5 40 MTMBN15
0.4 S0 IRF231 9.0
03 MTMION1S 40
025 5 MTM15N1S 15 150
022 0 IRF243 16 125
0.18 IRF241 18
0.12 MTM20N1S 20 150
% IRF253 25
0.085 IRF251 30
' 0.06 p2X) MTM4SN15 45 250
120 0.70 35 MTMIN12 7.0 7%
. 0.50 40 MTMBN12 8.0
0.30 50 MTM1ON12 10
025 . 75 MTIM1I5N12 . 15 150
0.12 [ MTM20N12 20
0.06 25 MTMASN12 45 250
100 05 [T MTM8N10 ) 7%
0.4 MTM8P10*
IRF122 70 40
0.33 50 MTMI1ON10 [
03 40 1RF120 [¥) 40
025 eo 1RF132 2 75
0.18 IRF130 [
\ 60 MTM12N10 [
0.0 2N6756 “
0.15 10 MTM20N10 2 100
0.11 15 IRF142 FY) 125
0.085 IRF140 [
0.08 20 WRF152 . 3 150
0.07 125 MTM25N10 25
0.055 20 IRF150 40
0.04 FiE3 MTMSSN10 55 250




@ MOTOROLA

.

TLA94 .
TL495

Specifications and Applications
Information .

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL4S4 snd TL495 sre fixed frequency, pulse width modu
lation controtl circuits designed primarily for Switchmode power
supply control. These devices feature:

e Complete Pulse Width Modulstion Control Circuitry

e On-Chip Oscillstor With Master Or Slave Operstion

On-Chip Error Amplifiers

On-Chip & Volt Reference

Adjustable Dead-Time Contro!

Uncommitied Output Trensistors For 200 mA Source Or Sink
Output Control For Push-Pull Or Single-Ended Operation
On-Chip 39 Voh Zener {TL435 Only}

¢ Qutput Steering Control (TL4S5 Only)

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CTIRCUITS

SIUCON MONOLITHIC
INTEGRATED CIRCUITS

-,

N SUFRX
PLASTIC PACKAGE
CASE 648-05

J SUFFIX
CERAMIC PACKAGE
CASE 620-02

PiIN CONNECTIONS

STLAN 3 TLADS
A AN
W onitny
et
N SUFFIX
B:’ PLASTIC PACKAGE
il CASE 707-02
o— -
-0V
—1 w)vz
% ) . JsuRRX
) OV CERAMIC PACKAGE
ot CASE 726-01
13] Beenng
Compear
- Mat e’ 1) vee ORDERING INFORMATION
nje Temperaturs
o @ Devics Renge Packege
E’ £ TLAS4CN 0 To 70°C Plestic DIP
(op Verai TL434C) 0 To 70°C Ceramic DIP
TLAS4IN ~25 Yo 85°C Pastic DIP
TLA94L! -25To 85C Ceramic DIF
TLAS4M -85 Yo 125°C | Caramic DIP
The TLES4CAS5C are specified over the commercist operating
tange of 0°C t0 70°C. The TLAS41/495¢ are-specified over the in- TLAS5CN 0 To 70°C Plestic DIP
dustrial range of —25°C 10 85°C. The TLA94M is specitied over the TLaYSC) 0 To 70°C Cersmic DIP _
full military tange of —55°C to 125°C. TLA9SIN - 25 To 85°C Piastic DIP
TLA95L -25 To-85°C Ceremic DIP




TL494, TL495

ELECTRICAL CHARACTERISTICS (VgC = 15 V. fosc = 10 kHz unless otherwise noted.)

For typical values TA = 25

*C, for min/max values T4 is the operating smbient temperature range that applies uniess otherwise

noted
| TLASLTLADS 1
Charscteristic { Symbol Min ] Typ ] Max Unht
PWM COMPARATOR SECTION (Test Circuit Figure 12)
tnput Threshold Voliage } \}TH - 3.t 4 v
(Zero duty cycle) {
input Sink Current ] - 0.3 0.7 - ma 1
V (Pin3) = 07 VI I —
DEAD-TIME CONTROL SECTION (Test Cercuit Figure 12)
Input Bigs Current {Pin 4} j[ g (DT) — -2.0 -10 [ S
(Viq = 010525 V) [} | N
Maximum Duty Cycle, Esch Output, Push-Pult Mode Dlmax % '
(Vin = 0V, Cy = 0.1 uf, RT = 12101 45 48 52 ‘
(Vi = OV, Cy = 0.001 uF, RT = 30 K1) - 45 £ : !
[r input Threshold Vohape (Pin &) VTR T
| e Duty Cyclel _ - 2.8 32 | :
L (Masimum Duty Cycle) 0 = X 1 _,,
OSCTILATOR SECTION
Frequency fosc < g - khr !
(C7 = 0.001 uF, Ry = 30 KA} 1
Standard Devistion of Frequency® olosc > 3.0 - e I
(CT = 0.001 uF, RY = 30 kN) i
Frequency Change with Voltsge Aloge (AV) — 0.1 — ~
“tVee = 7.0Vt 40V, Ta = 25°C) i
Fresuency Change with Tempersture Slosc (AT) F _ 'z “ hH
(ATa = Tiow 10 Theh! T = 0.01 wF, Ry = 12k} !
TLa%S i
Characteristic Symbol Mn | T [ Mex | unin
STEERING CONTROL
Input Current Low ISTL - -25 -200 ph
(V(Pin 13} = 04V} ’
input Current High ISTH . pA
(ViPin 13) = 24 V) - 25 200
(V(Pin 13) = Vret! = 75 -
ZENER CHARACTERISTICS
2Zener Breakdown Voltsge 75 - 33 - v
{iz = 2.0 mA) £
Sink Current Rz - 0.3 -_ mA
(V(pin 15) = 1.0V}
- TOTAL DEVICE
Swandby Supply Curreat icc mA
(Pin 6 81 Vyey, All Other inputs and Dutputs Open)
Ve = 15 V) - 5.5 1c
{Vee = 40V) — .70 15
Averspe Supply Current - —_ 7.0 — mA
(ViPin 4) = 2.0 VI (See Figure 12.)
(CT « 0.001, Ry = 12k, Ve = 15V)

¢ Sunosrd 6 ne of the

1 drstribution abOU! the mean 85 Oerived trom the formuia. o =~




TL494, TL485

emperature range spplies unless otherwise noted.)

MAXIMUM RATINGS (Fuli operating ambient 1
Rating Symbol TLES4M TLASLI/TLAY5! i TLAS4CTLAZSC Unh
Power Supply Voltage . vee 42 &2’ &2 \Y
Coliecior Output Voliage Ve Vo2 42 42 a2 \
Collector Dutput Current (each transisior) ich. 1CY 250 250 250 mA
Amplifier input Volisge Vin vee + 3.0 vee + 3.0 vee + 30 \
Powet Dissipation @ Ta « 45°C Pp 1000, 1002 1000 mw |
Operating Junction Tempersture Ta 15¢ 150 152 < !
Operating Ambient Temperature Range Ta - 5510 125 - 2510 B% 0t 70 *C
Storape Temperature Range Ts10 -65t0 +150 -6510 + 150 - 6510 +150 °C
THERMAL CHARACTERISTICS
Charscteristics Symbol | J Sutfix Carsmic Package | N Suffix Plastic Packege | Unk: i
Thermel Resistance, Junction 1o Ambignl ReJA 100 80 TV
Power Derating Factor VIRJA 10.0 12.5 mwWC i
Derating Ambient Ternperature . Ta 50 45 *C J
RECOMMENDED OPERATING CONDIMONS
TLASA TLAYS !
ConditionValus Symbo Min Typ | Max unh |
Power Supply Voliage vee 7.0 15 ! 40 v o
Collector Owtput Vohage Vel Ver LY 30 ! 40 v |
Colteztof Output Current (zach tansistor) Ich. i¢2 - 9092 .200 ma |
. Amplifier input Vohage - Vin -03 —_ Vge ~ 2.0 \4 i
Cutrent into Feedbsck Terminal Wb, —_ — 0.3 mA
| Reference Output Current bred —_— —_ 10 mA
Timing Resistor Ry 1.8 3C 500 |38
Timing Capacitor Cy 0.47 1.0 10,000 nf
Oscillator Frequency tosc 1.0 4D 200 kM2

ELECTRICAL CHARACTERISTICS (Vee = 15 V. fose

= 10 kHz unless otherwise noted.)

perature ranpe that apphes unless otherwise

For typical values Ta = 25°C, for min

'max values Tg is the operating ambient tem

noted.
TLE4M TL4S4C, 1TL4AS5C)
Characteristic Symbot Min l Typ I Max Min I * Typ I Max Unlt

REFERENCE SECTION .

Reference Volisge Veel 475 | B0 | 525 | 475 ] 50 | 525 v
tig = 1.0 mA) H

Reference Voliage Change with Tempersture SVret (AT) - 0.2 20 - 1.3 2.6 *
(3Ta = Min 10 Max)

input Regulation Regline —_ 2.0 25 -— 2.0 25 my
(Vee = 70Vi04C V) *

Owput Regutstion Regioad - 3.0 1% - 30 15 mv
(ip = 1.0 mAto 10 mA)

Shont-Circuit Output Current isC 10 35 0 - 35 - mA
(Vegf = OV, Tp = 25°C)




TL494, TL495

ELECTRICAL CHARACTERISTICS (Ve « 15V, fosc = 10 kH2 unless otherwise noleo |
For typicsl values To = 25°C. for min'max values T4 1s the operating ambient temperature range that apphes unless otherwise

noled
! i TLAS4M TLAS4C, {TLA9SC, 1 i
Charecteristic l Symbot i Min | Typ I Max Min | Typ | Max ! Unit i
OUTPUT SECTION )
[ Coltector Oft-State Current i Cor | — | 20 | e — ] 20 {0 ws
ivoe = 40 V. Ve = a2\t i ' l H i !
Emener Of-State Current ! 1g (oH1 -} = - - - t -2 wA
(Vee = 4DV, Ve = 40 V. Vg = OV) : j i ‘ i | |
Coliector-Emitier Saturation Voliage VgatiC) — o) s - s FE IR T
Common-Emirne: i
(Vg = OV, Ic = 200 mA! ! . :
gminer-Follower Veattk L R B 25 - ¢one gl v
tve = 15V, Ig = -200 m& i . .
i Output Control Pin Curtent Talel} 1 =3 o - — 10 = WA
Low State i . ' t !
H vOC = 04V ¢ ; : ;
LR Siauw lock | — } €2 3= =, &\ 3ty me
' VoL = Vet ! i ) ! Y !
, Outpust Vo'iage Rise Time (Tg = 28Tt 1y — | w3 i 200 — o 20 1 ns
: Comman-Eminer (See Figure 13! i f :
| Emmer-Foliower (See Figure 14} — 1 w0 1 200 — i 00 o200t e
| Output Vohage Fall Tume (T4 = 25°C) ! , — 1 25 | w00 T R re
Common-Eminer {See Figure 13) H i L . .
‘ Emmer-Follower (See Figure 14} Po— 1 40 1 103 — i &3 1 a0 ns
. 1
) | TL4SA TLASS ;
i Characteristic Symbo! } Min | Typ T Max " Unit
ERROR AMPLIFIER SECTIONS
- T T
tnput Offs~t Voltape viId — 2.0 | (¢ I m\ ;
Vo (Pin 3t = 2.5V} | i ,
mput Otiset Current 10 — 5.0 252 ' na ’3
(VO (Pin 3} = 2.5V) ' f i
Input Bsas Current [IT:] - 01 1.0 A
VO (Pin 3) = 25 V) |
Input Common-Mode Voltage Range VicR ~0.3 | - t  Vge - 10 Vo
Vee = 7.0 V1040 V) ; : ) ) !
Open-Loop Voltage Gain AvOL 70 ' a5 — { dB
I tavp = 30V.vg = 0510 sV, i
I A =20k i
| Unmy-Gain Crossover Frequency ic - 350 —_— k2 l
(vo = 051035V, Ry = 2.0k
Prase Margin 81 Unity-Gan om - 65 i - deg ;
(Vo = 051035V, R = 2.0 kMY * i ' i
Common-Mode Rejection Ratio CMRR 33 i 99 ; | dB ‘
{Vce = 40 VI ! : | !
|| Power Supply Aejection Ratio PSRR — 100 | - I oB |
| tavec - 33V.Vp = 25V.R - 2001 : i i
| Outpn Sink Current o~ 0.3 0.7 — Y omA
| tvgpin3) =02V !
Output Source Current o+ 1 -20 -ep - Poma

Vo pin3 = 35V)
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Description

The TLA94/495 are fixed-frequency puise width mod-
vlation control circuit, incorporating the primary build
ing blocks required for the control of 8 switching power
supply. (See Figure 1.} An internal-linear sawlooth os-
cillator is frequency-programmable by two external
components, Ry and Ct.- The oscillator frequency is
determined by: . ;

( - 1.1
(=114 RT P CT

Outgut puise width modulation is accomplished by
companson ol the positive sawiooth waveform across
capacitor C7 to either of two control signals. The NOR
pates, which drive output transistors Q1 and Q2. are
enabled only when the {lip-tiop clock-input line is in its
low state This happens only during that portion of tme
when the sawtooth voltage is greater than the controf
signals Therefore, amrincrease in control-signal amol-
tude ceuses 2 corresponding linear decrease of output
putse with. (Refer to the timing diagram shown in Fig-
ure 2.}

The control signals are external inputsthat can be fed
into the dead-time control, the error amplifier inputs.
or the feedback input. The dead-ume contro! compar-
stcr -has an etlective 120 mV input offset which imits
the munimum oulpul dead time to approximately the
first 4% of the sawtooth-cycle ime. This avoutd resull
in & maximum duty cycle on 8 given output of 96% with
the output control grounded, and 48% with it connected
{o the reterence fine. Additional dead time may be im-

“posed o~ the output by setting the dead time-control

input 10 & taed voltage, ranging between 0 to 3.3 V.
The pulse width modulator comparator provides 2
means {or the erroramplifiers 10 adjust the outpul pulse
width {rom the maximum percent on-ti.se, established
_v the dead time control input, down to €10, es the

voltage a1 the feedback pin varies from 0.510 3.5 v’ Botn
error ampliliers have 2 cqmmon-mdde inputrange from
-03Vto(Vee - 2 V). and may be used 10 sense powet-
supply output voltage and current. The error-amplitses
oulputs are active high and are ORed tooether at the
non-inverting 1nput of the pulse-width modutator com-
patator. With this confmuration, the amplifier tnat de-
mands eimimum output on time, dominates control of
the loop.

When capacitor Cy is discharged, 8 posilive pulse is
generated on the output of the dead-time comparaio’,
which clocks the pulse-steenng flip-fiop and inhibits the
output uansistors, 01 and Q2. With the output-control
connected 1o the reference line. the putse-steenng flip-
fiop directs the modulated pulses to each of the two
output transisiors alternately fot push-pull operation.
The output frequency is equal 1o half that of the oscil-
tator. Oulput drive can 8lso be taken from Q1 or Q2.
when single-ended operation with 8 maximum on-time
of less than 50% is required. This is cesirable whén the
output transformer has a ringback wmdmc with 2 catch
diode used for snubbing. When higher output-dnive cur-
rents are required for single-ended operation. O1 and
02 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the flip-tiop. The
outpu! frequency will now be equal to that of the
osciltator.

The TL494 495 hes an internal 5.0 V raference capabie
of sourcing up to 10 mA of load current for external bias
circuits. The reference has an accuracy of =5% with 3
therma! drift of less than 50 mV over an operat:ng tem-
pesrature vange of 0 to 70°C.

The TL495 contains an on-chip 38 volt zenet diode for
high voltage applications where Ve is greate- ¢t <= 20
volts, and an output steering control that overrices the
internal contro! of the pulse-sieering flip-flop. (Refer to
the functional table shown in Figure 3.}

-FIGURE 3 — FUNCTIONAL TABLE

Inputs ’ fout
Output Steering Output Function ; =
Contro! Control o3¢
Grounded Open Single-ended P wW.A &: O and Q2 1
At Viet Open Push-pull operation 0.5
- —At Vg~ | V104V | Single-enged P.W.M. 31 01 onlv © R
Al Vit Vi ~24V Sinpie-ended P \W.M at O2 onh 1

See Enginearing Bulletin EB100 for furthet Information

Pax

.
<
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% 0T, PERCENT DEAD TIME, EACH QUTPUT

VeE (SATL SATURATION VOLTAGE V)

1g. OSCILLATOR FREQUINCY 1)

FIGURE ¢ — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE

FAGURE 5§ — OPEN LOOP VOLTAGE GAIN AND PHASE

versus FREQUENCY
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FIGURE 6 — PERCENT DEAD TIME versus
OSCILLATOR FREQUENCY

FIGURE 7 — PERCENT DUTY CYCLE versus
DEAD-TIME CONTROL VOLTAGE
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FIGURE 10 —— STANDBY-SUPPLY CURRENT

versus SUPPLY VOLTAGE
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS
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FIGURE 13 — COMMON-EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

ALR S
A
€8
\{
c (4
T eaen G
Owiput ] 15 pf

Trangistor

vog SJP5.VAD.TAGE I

FIGURE 12 -—.0EAD -TIME AND FEEDBACY. CONTROL

TEST CRCUN

<
Voo - 1N
1% 190
— PN
! vee
o-- Deaz Time (4] Outpur ¥
B fmm—
o ———t FerCTRZh S
—r— By c2 ——0 Qutpuw? 2
—t{<T 5 E2 -
= ted Sweenngl T o (Opent
B —) z Comrol Pent ] Tas:
— a8 vl o Orertf O
= (= ‘
e Retp
frs s PV Oun ]
b YD Contro! '
Gno
X

FIGURE 4 — EMITTERFOLLOWER CONFGURATION
TEST CIRCUIT AND WAVEFORN.

1%V

—
toch

Outpn Q
Teanmstoe

e eI

Vit

o

ALY




LINEAR LS| PRODUCTS

MON(;LITHIC SAMPLE AND HOLD CIR’_CEEITS

———

LF198/LF298/LF398

e
=

DESCRIPTION

The Signetics LF188/LF298/LF398 are
monolithic sample and hold circuits which
utilize high-voltage fon Impiant JFET tech-
nology to obtain ultra-high DC accuracy
with fast acquisition of signal and low
droop rate. Operating as a unity gain fol-
lower, DC gain accuracy is 0.002% typica!
and acquisition time is as low as Bus to
0.01%. A bipolar input stage is used to
achieve-tow of{set voitage and wide band-
width. Input offset adjust is accomplished
with a single pin and does. not degrade
input offset drift. The wide bandwidth
allows the LF198 to be included inside the
feedback loop of 1MHz op a-mps without
having stability problems. Input imped-
ance of 10'°0 allcws high source imped-
ances to be used without degrading accu-
racy.

P-channe! junction FET's are combined with
bipolar devices in the output amplifier to
give droop rates as low as S5SmV/min with a
1uF hold capacitor. The JFET's have much
lower noise than MOS devices used in pre-
vious designs and do not exhibit high tem-
perature instabilities. The overall design
guaraniees no feed-through from input to
output in the hold mode even for input sig-
nals equal 1o the supply voltages.

Logic inputs are fully ditferential with low
input current, allowing direct connection
to TTL, PMOS, and CMOS. Ditferential
threshold is 1.4V, The LF198/LF298/LF398
will operate from =5V to = 18V supplies.

. They are available in an 8-lead TO-5 pack-
age, or an 8-pin plastic DIP.

FUNCTIONAL DIAGRAM

FEATURES

Operatei from x5V to + 18V supplies
Less than 10us acquisition lime

TTL, PMOS, CMOS corapatible fogic
Input

0.5mV typical hold step at Cp, = 0.0 1xF
Low input cf{set

0.002% galn accuracy

Low output nolse In hold mode

input characleristics do not change
during hold mode

High supply rejectior ratio in sample or
hotd

e Wide bandwidth

APPLICATIONS

e The LF138/LF298/LF398 are ideally
suited for a wide variety of sample and
hold applications including data
acquisition, analog-to-digita!
conversion, synchronous demodu-
lation, and automatic test setup.

T
F,N PACKAGE
v O] 8] Loaic
vourage 2] Rerenence
weur (3] 5] cn
v- 4] 5] outeur
TOP VIEW

ORDER NUMBERS
LF198F, LF298F, LF398F
WTIBN, LF298N, LF39BN

M PACKAGE

OFFSET
ADJUSTY

WPUT

TOP VIEW

ORDER NUMBERS
LF198H. LF29EH, LF3I38H

D3 PACKAGE
INPUT [_Tj 50 vos adj
Nc[z - 3] ne
v-3] [Z)ve
we <] w}ioeic
we (5] [16) Losic ReF
ne (€] ) Nne
outeut [T} el en
108 VIEW
ORDER NUMBER
LF338D

NOTES"
1. SOL - Released in Large SO package only.

2. SOL and non-stanca’d pinout.

3. €0 ang non-stancar® pinouts.

TYPICAL APPLICATIONS

[N )
CALFALITOR

SAMPLE SV

HOLD OV

ANLLOG INFUT

[ ‘oo
INPYT =

Signetics

4-217
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MONGOLITHIC SAMPLE AND

HOLD CIRCUITS

LF198/LF298/LF398

e

£BSOLUTE MAXIMUM RATINGS

PARAMETER

Supply voltage
Power dissipation (package limitation)'
Operating ambient temperature range
LF198
LF298
LF398
Storage temperature range

input voltage

Logic to logic reference differential voitage?
Output short circuit duration

Hold capacitor short circuil duration -
Lead temperature (soldering, 10sec)

RATING UNIT
+18 v
500 mw
~-5510 +125 °C
~-2510 +85 °C
0to+70 °C
—65 10 +150 °C
Equal to
supply voltage
+7, -30 v
i Indefinite
10 sec
300 °C

DC ELECTRICAL CHARACTERISTICS

Unless otherwise specified, the following conditions apply. Unit is in “sample” mode,
Vg = +15V, Tj = 256°C, ~11.5V < Vjy = +11.5V, Cp, = 0.01yF, and R = 10kQ. Logic

reference voltage = OV and logic voltage = 2.5V.

——

\
LF198/LF298 ( LF398 1
4 PARAMETER TEST CONDITIONS - —] UNIT
Min | Typ | Max | Min NTyp Max
T,=25°C 1 3 .2 7 mvV
6 j
input offset voltage 5 10 my
. T:=25°C 5 25 10 50 nA
6 j
Input bias current Full temperature range 75 100 nA
Input impedance T,=25'C 1010 10'° 0
. T,=26°C, R ="10K 0.002 | 0.005 0.004 | 0.01 %
J » T
Gain errof Full temperature range 0.02 0.02 %
Feedthrough attenuation ratio at 1kHz T,=25°C, Cn=0.01pF 86 96 80 90 dB
. T,=25°C, “HOLD" mode 0.5 2 0.5 4 Q
j .
Output imped3ped Full temperature range 4 [ Q
“HOLD" step* T,=25°C, Cy=0.014F, Vour=0 05 | 20 10 | 25 | mv
Supply current® T,=25°C 45 55 45 6.5 mA
Logic and logic reference input current Ti= 25°C 2 10 2 10 uh
teakage current into hold capacitor® T,= 25°C>, Hold mode 30 100 30 200 pA
e . " = 10V. C,,= 1000pF 4 4 us
A o, oul h
cquisition time t0 0.1% Cp=0.014F 20 20 us
Hold capacitor charging current Vin— Vout=2V 5 5 mA
Supply voltage rejection ratio Vopr=0 80 110 80 110 daB
PDiﬂerenhal logic threshold T,=25°C 0.8 1.4 2.4 0.8 1.4 2.4 \
KOTES
1 The maximurn junction temperature of the LF398 is 150°C. When operating at elevated 4. Hold step is to stray cap between inpul (0QiC signals 8nd the

~

“

smbient temperature, the TO-5 and plastic DIP psckapes must be derated besed on s
thermal resistance (BjA) of 150°C/W.

Although the differentiat voltage may not exceed the limits given, the common-mode
voltags on the logic ping may be equa! tc the supply voltages wilhout cauaing demegs *
10 the circuit. For proper logic operstion. however, one of the logic pins must stways be
at issst 2V below the positive supply and 2V above the nepalive supply.

Untess otherwise specitied, the foll Q spply. Unit is in "semple™ mode,
Vg = 215V, T = 25°C, —11.5V S V)y < v 115V, Gy, = 0.014F, and R = 10 Logic
relerence voliage = OV and lopic voltage = 2 5V. °

hold capacitor. 1pF, for instance, will create an aaditional 0.5mV step with a &V togic
swing and a 0.014F hold capacitor. Magnitude of the hoic step ts inversely proportional
¢ hold capsacitor valuve.

Leskage current is measured st & junclion lemperature of 25*C The eflects of junction
temperature rise due 10 power dissipation or elevated ambient can be cstculsied by
goubling the 25°C velva for sach 11°C incresse in chip temperature Leekage 13
guaranteed over full input signal range.

€ The parameters guaranteed over 8 supply voltage of = 5 tu = 18V
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d TYPICAL DC PERFORMANCE CHARACTERISTICS
INPUT BIAS CURRENT OUTPUT SHORT CIRCUIT CURRENT GAIN ERROR
26 20 1 T
20 e g o »—-:’L P ]
16 \ o 08 [—SAuPLE MODE -
18 M 2
: N sourcave 2 o4 —
T 10 P < N .
.5_ ~ £ > o2
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JUNCTION TEMPERATURE (‘C) JUNCTION TEMPERATURE (°C) INPUT YOLTAGE (V)
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A

National
Semiconductor

'With 8-Channel Multiplexer

General Descfiption

The ADCO0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compati-
ble control logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and full-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADC0809 offers high
speed, high éccuracy. minimal temperature dependence,
excellent long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
ideally suited to applications from process and machine
control 1o consumer and automotive applications. For 16-
channel multiplexer with common output (sample/hold port)
see ADC0816 data sheet. (See AN-247 for more informa-
tion.)

DC0808, ADC0809 8-Bit .P Compatible A/D Converters

Features
B Resolution—8-bits /
u Total unadjusted error—+ %, LSB and +1 LS8

m No missing codes Y
® Conversion time—100 pS ™

& Single supply—5 Vpe

-

adjusted voltage reference

8-channel multiplexer with latched control logic

® Easy interface to all microprocessors, or operates

“stand alone"
® Outputs mest T2L voltage level specifications

ply

B No zero or full-scale adjust required
@ Standard hermetic or molded 28-pin DIP package

® Temperature range —-40°C to +85°C or —55°C to

+125°C
Low power consumption—15 mwW
Latched TRI-STATE® output

Operates ratiometrically or with § Vpg or analog span

OV to 5V analog input voltage range with single 5V sup-

Block Diagram

31T A/D
( o— I
O l
o—| |
0 |an'~:th :
RULTIPLEXING
8 ANALOG INPUTS — ANALOG
O~—1  SWITCHES
Gt
COMPARATOR
o
O]
\

¢

STARY €LoCK

I71

ADORESS
LATCH
AKQ I
DECOOER

381 AODRESS {
O—df

ADDRESS
LATCH ENABLE

VEC  GAD REF(s)

1110

o €MD OF CONVERSION
CONTROL & TIMING QNTERRUPT)
|
|
|
S.AR. '
| =
—0
l rm,@ 0
STATE .Y
ouTPUT o ¢-8IT OUTPUTS
LATCH
l SUFFER O
—o
| —0
SWITCH TREE :
[ 1
l
] i {
256 A RESISTOR LAGDER | See Ordering
| information
———————— REF(-) QUTPUT
ENABLE

TL/H/5672-1
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Absolute Maximum Ratings

(Notes 1 and 2) -

Supply Voltage (Vo) (Note 3) 6.5V

Voltage at Any Pin ~0.3Vto (Vcc+0.3V) -
Except Control Inputs

Voltage at Control Inputs ~0.3Vto +15V

-ADCO809CCN

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

Storage Temperature Range
Package Dissipation at Ta=25°C
Lead Temperature (Soldering, 10 seconds)

Electrical Characteristics

Converter Speclfications: Vcc=5 Vpc=VRer+, VRer(-)=GND, TMin<Ta <Tmax and fo k=640 kHz unless o

—65°Cto +150°C,
875 mwW

300°C

Range of V¢ (Note 1)

Operating Ratings (otes1and2) ™
Temperature Range (Note '1)
ADC0808CJ
ADC0808CCJ, ADCOBOSCCN,

TMINSTAS:
- —55'C<TaAs o

gy
2 F

. —WCSTASJ
45Vpcto§,

stated.
Symbol Parameter Conditions Min Typ Max
ADC0808
Total Unadjusted Error 25°C E A
(Note 5) Tamin 1o Tmax t%
ADCO0809
Total Unadjusted Error 0°Cto 70°C +1
(Note 5) Tmin to TMax 1%
Input Resistance From Ref(+) to Ref(—) 1.0 25
Analog Input Voltage Range | (Note 4) V(+)orV(—) GND-0.10 Vee+0.10
VREF(+) Voltage, Top of Ladder Measured at Ref(+) Vee Veo+0.1
\'—Refﬁl;ﬂﬂ—eﬂ:l Valtage, Genter of Ladder Veo/2:0.1 | Veel2 | Vee/2+0.1
VREF(-) Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 :
N Comparator Input Current =640 kHz, (Note 6) -2 +0.5 2

Electrical Characteristics

Digital Levels and DC Specifications: ADC0808CJ 4. 5V<Vges5.5V,
ADC0808CCJ, ADCO808CCN, and ADCOB09CCN 4.755 Ve s5.25V, ~40°C<Ta< +85°C unless otherwise noted

o B S5 B b

—~55°C<TpA< +125°C unless otherwise noted |

o

Symbol l Parameter

Conditions

Min \l

Typ 1 Max l Units

ANALOG MULTIPLEXER

by

IOFF(+) OFF Channel Leakage Current Vee=5V,Vin=5V,
Ta=25°C 10 200 nA
Tumin to Tuax 1.0 BA
loFF(-) OFF Channel Leakage Current Vee=5V. ViN=0, .
Ta=25°C —200 -10 nA
Tamin to Tmax -1.0 ph -
CONTROL INPUTS
Ving) -Logical “1”" Input Voltage Vec— 1.5
Ving) Logical “0" input Voltage 1.5
liNg1) Logical 1" Input Current ViN=15V 1.0 pA
(The Control inputs)
liNgo) Logical “0" Input Current Vin=0 ~-1.0 pA
(The Control Inputs)
Icc Supply Current foLk = 640 kHz 0.3 3.0 mA
P,
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strical Characteristics (continued) .
|-Levels and DC Specifications: ADC0808CJ 4.5V<Veo<5.5V, —~55°C<Ta< #125°C" unless otherwise noted
308CCJ, ADCOBOBCCN, and ADCOB0ICCN 4.75<Vecs56.25V, —40°C<TA< +B85°C unléss otherwise noted

) : ﬁarhmeter I Conditions ] FA " Min, o I ) '-ry.p ] “Max -Unlt:
TA OUTPUTS AND EOC (INTERRUPT)
s Logical “1" Output Voltage o= —360 uA Vcec—0.4
OUT Logical 0" Output Voltage lo=1.6 mA 0.45 1
er ) Logical “0" Output Voltage EOC lo=1.2mA . 0.45 v
TRI-STATE® Output Current Vo=5V 3 KA
T, - - * Vo=0 -3 pA
Y
glectrical Characteristics . .
bﬁ“‘ng specifications Voo = VRer(+) =5V, VReF(~)=GND, t,=1=20 ns and Ta=25°C unless otherwise noted.
'ﬁmbd Parameter . Conditions Min Typ Max Units
% Minimum Start Pulse Width (Figure 5) 100 200 ns
W‘ E Minimum ALE Pulse Width (Figure 5) 100 200 ns
' Minimum Address Set-Up Time (Figure 5) 25 50 ns
W Minimum Address Hold Time (Figure 5) o 25 50 ns
b’ . Analog MUX Delay Time_ Rg =00 (Figure 5) 1 2.5 uS
From ALE
[—
. 1. tHO OE Control to Q Logic State CL=50pF, R =10k (Figure 8) 125 250 ns
, Y oH OE Control to Hi-Z CL=10pF, Ry = 10k (Figure 8) 126 250 ns
e Conversion Time fo =640 kHz, (Figure 5} (Note 7) 90 100 116 1S
k Clock Frequency i 10 640 1280 kHz
toc EOC Delay Time (Figure 5) 0 8+2uS Clock
Periods
ia input Capacitance At Control Inputs 10 15 pF
Cout TRI-STATE® Output At TRI-STATE® Outputs, (Note 12) 10 15 ' pF
Capacitance

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired.
" Note 2: AU voltages are measured with respect to GND, unless othewise specified.
~Note 3: A zener diode exists, internally, from Vg to GND and has a typical breakdown voltage of 7 Vpg.

Note 4: Two on-chip diodes are tied 10 each analog input which will forward conduct for anaiog input voltages one diode drop below ground or one diode drop
reater than the Veen supply. The spec allows 100 mV forward bias of either diode. Thus means that as long as the analog Vi does not exceed the supply voltage
by more than 100 mV, the output code will be correct. To achieve an absolute 0Vpe to SVpc input voltage range will theretore require a minimum supply voltage of
4.900 Vpc over temperature varsiations, initial tolerance and foading.

Note S: Total unadjusted error includes ofiset, tull-scale, linearity, and muttiplexer afrors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust,
However, 1if an atl zeto code is desired for an analog input other than 0.0V, or if a2 narrow fuli-scale’span exists (for example: 0.5V to 4.5V full-scale) the reference
voltages can be adjusted to achieve this. See Figure 13.

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The blas current varies directly with ciock frequency and has
file temperature depsndence (Figure 6). See Palagraph 4.0,

Note 7: The outputs of the data register are updated one clock cycle before the nsing edge of EOC.
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Functional Désc?ib_tiorih

Muttiplexer. The device contains an 8-channe! single-end-
ed analog signal multiplexer. A particular input channel is
selected by using the address decoder. Table | shows the
input states for the address lines to select any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLE I ,

SELECTED ADDRESS LINE

ANALOGCHANNEL | ¢ | B | A
INO s |

IN1 C | L |H

IN2 L | H |t

ING L | H|H

IN4 Rl L]t

IN5 Hl L | H

IN6 H| |t

IN7 H | H|H

CONVERTER CHARACTERISTICS

The Converter 3,

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

CONTAOLS FROM S.A.R.

1

to give fast, accurate, and repeatable conversio
wide range- of temperatures. The converter is pj
into 3 major sections: the 256R fadder network, f
sive approximation register, and the comparator.,
verter's digital outputs are positive true.

~ 48

The 256R ladder network approach (Figure 1) was s
over the conventional R/2R ladder because of its |
monotonicity, which guarantees no missing digital
Monotonicity is particularly important in closed |

back control systems. A non-monotonic relations
cause oscillations that will be catastrophuc for the g
Additionally, the 256R network does not cause load
tions on the reference voltage.
The bottom resistor and the top resistor of the ladde; .

work in Figure T are not the same value as the remairids) N8
the network. The difference in these resistors cauy: o] ‘Ji :
output characteristic to be symmetrical with the zerg:
tull-scale points of the transfer gurve. The first outpm
sition occurs when the analog signal has reached + %
and succeeding output transitions occur every t LSB
up to full- scale

Figure 2 shows a typical example of a 3-bit converter. | t} 1
ADC0808, ADCO0808, the approximation technique ig ,,
tended to 8 bits using the 256R network. i

REF(+) Om——y " f { ;
L
1%R
R \._
X 4
o 3 . 4
R
= s P
S
10
256R o 5 % % & COMPARATOR
o INPUT
. - . M
4 .
o . .
A - . .
. .
%R \_
<
—

REF{-} O——d

FIGURE 1. Resistor Ladder and Switch Tree

TL/HISET2-2
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unctional Description (continued)
;rhe A/D converter's successive approximation régister
AR) is reset on the positive edge of the start conversion
) pulse. The conversion is begun on the Talling edge of
“the start conversion pulse. A conversior in'process will be
 interrupted by receipt of a new start conversion pulse. Con-
- finuous conversion may be accomplished by tying the end-
3 of-conversion (EOC) output to the SC input. If used in this
Bl mode, an external start conversion pulse should be applied
gfter power up. End-of-conversion will go low between 0
> and 8 clock pulses after the rising edge of start conversion.
)], The most important section of the A/D converter is the
.~ comparator. 1t is this section which is responsible for the
yitimate accuracy of the entire converter. It is also the

L phih

Lo FULLSCALE

IDEAL CURVE -+ ERROR=1/21LS8

l:‘-N!)NI.IMEI\RITV =1/2LS8

o

NONLINEARITY = -1/2 LS8

A/D QUTPUT CODE

2ERO ERROR = —-1/4 LS8

0 13 23 38 A% SR GRS
Vin AS FRACTION OF FULL-SCALE

g g
e Jy

Vin

FIGURE 2. 3-8it A/D Transfer Curve

QUANTIZING
€RROR

IRPUT OV
VOLTAGE

comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satisfying all the con-

_verter requirements.
The chopper-stabilized comparator converts the DC input

signal into an AC signal. This signal is then fed throught a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADC0O808 as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION
" PERFECT CONVERTER
10 “12 Lsa (OEAL 3-BIT CONVERTER
w TOTAL Ty o
S 101 | UNADJUSTED™ | =
S ERROR 1
5 100 . -1188
& ABSOLUTE
2 m ACCURACY
=)
2 ot -172L58
QUANTIZATION
601 ERROA

000 Vin
02 17 1831 4% S8 3 N -

VIN AS FRACTION OF FULL-SCALE

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

REFERENCE LINE

FULL
SCALE

TL/H/5672-3

FIGURE 4. Typical Error Curve
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'Connection Diagram
’ ' " Doal-In-Line Package
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Timing Diagram
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* TL/H/5672-4

6-42 \




1 p-l'caill berformance Characteristics

T
fe = 1200 kHz

N N

= g
3 7 £
E (BRI K]
- L} =
t - /V E
-1 fe = 1200 kHz
" [ .
0 1.25 25 218 5
Vyn (V)

FIGURE 6. Comparator l)y v8 Vin
(Vec=VRer=5V)

TRI-STATE® Test Circuits and Timing Diagrams

TAnE5°C

T« 25°C
AR\
o

. N

Tp=-40°C

0 1.25

25
Vi (V¥

318

FIGURE 7. Multiplexer Ron vs Viy

(Vec=VRer=5V)

TL/H/5872-5
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FIGURE 8

TL/H/S5672-6

6-43




Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION
- The ADC0808,” ADC0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scale which
is not necessarily related to an absolute standard. The volt-
age input to the ADC0808 is expressed by the equation
Vin __ Ox
Vis—Vz Omax—Dmin
ViNn = Input voltage into the ADC0808
Vis = Full-scale voltage
= Zero voltage
Dy = Data point being measured
Dmax = Maximum data limit
DN = Minimpm data limit

(1

A good example of a ratiometric transducer is a potentiome-
ter used as a position sensor. The position of the wiper is
directly proportional to the output voltage which is a ratio of
the full-scale voltage across it. Since the data is represent-
_ed as a proportion of full-scale, reference requirements are
greatly reduced, eliminating 4 large source of error and cost
for many applications. A major advantage of the ADC0808,
ADCO0809 is that the input voltage range is equal to the sup-
ply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure 9).

suitable for measuring proportional relationships;
many types of measurements must be relerred toan g

tem reference must be used which relates the full.g
voltage to the standard volt. For exampig
Vce=VRer = 5.12V, then the full-scale range is divided i
256 standard steps. The smallest standard step is 1
which is then 20 mV.

2.0 RESISTOR LADDER LIMITATIONS

The volitages from the resistor ladder are compared to tfa
selected into 8 times in a conversion. These voltages g
coupled to the comparator via an analog switch tree wh;
is referenced to the supply. The voltages at the top, centg ‘
and bottom of the ladder must be controlled to mamta\
proper operation.

The top of the ladder, Ref(+), should not be more posnm 3
than the supply, and the bottom of the ladder, Re{(-)‘. .
should not be more negative than ground. The center of the
ladder voltage must also be near the center of the supply
because the analog switch tree changes from N-channel§
switches to P-channel switches. These limitations are auto."§
matically satisfied in ratiometric systems and can be easay
met in ground referenced systems.

Figure 10 shows a ground referenced system with a sepa. §
rate supply and reference. In this system, the supply must ;
be trimmed to match the reterence voitage. For instance, if §
a 5.12V is used, the supply should be adjusted to the same’
voltage within 0.1V. A

v

T Vee
L L REF{+)
< [F%}
.
2 .
L]
L]
-
hd 10
[—" REF(~)
L -I_ GNO

ms8

DIGITAL

ouTPUT

Qgyr PROPORTIONAL

TO ANALOG

INPUT .

Vin o Vin
VREF VCC
4.75V sVoe = VREF 525V

Lse Qout =

FIGURE 9. Ratiometric Conversion System

ADCOS08

* Ratiometric transducers

TLIH/ISE72-7

6-44




Splications Information (Continued)
I HC0808 needs less than a milliamp of supply current
syeveloping the supply from the reference is readily ac-
nshed. In Figure 11 & ground referenced system is
>-which generates the supply from the reference. The
or shown can be an op amp of sufficient drive to supply
milliamp of supply current and the desired bus drive, or if
acitive bus is driven by the outputs a large capacitor
supply the transient supply current as seen in Figure 12.
o LM301 is overcompensated to insure stability when
ed by the 10 uF output capacitor.

S

The top and bottom ladder voltages cannot exceed Voc

. and ground, respectively, but they can be symmetrically less.
than Vg and greater than ground. The center of the ladder
voitage should alwdys be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size of
the LSB steps decreased) by using a symmetrical reference
system, In Figure 13, a 2.5V reference is symmetrically cen-
tered about Vcc/2 since the sama current flows in identical
resistors. This system with a 2.5V reference aliows the LS8
bit to be half the size of a 5V reference system.

vee
SUPPLY - Vee
mss
. VRes REF(+) - DIGITAL
QuTPUT
0 REFERENCED
out
O—4 1 10
Vin { O—ti : GROUND
L
O a0
REF(-) LS8
I v
g GND oOUT:V_gli
R ocorae 4.75V < Vog = Vg £5.25V

‘FIGURE 10. Ground Referenced

Conversion System Using Trimmed Supply

. vee
v
T MsB
b z IGITAL DUTPUT
VReF [ o gyt REFERENCED TO
REF(4) O 17 GROUND
vin{0—| ¢
:
S, 10 v
= REF(-} Ls8 00ur=ﬁ
E!
GNP 4.75V $Veg = Vagr £5.25V

ADCO808
TU/H/5672-8

FIGURE 11: Ground Referenced Converston System with
Reference Generating Vce Supply
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Applications Information (continueq)

- - 18-15Vpe
Q)

1k

LM3298

1600 pF

REF(+)

4+ 10 .F
- S0LID
TANTALUM

FIGURE 12. Typlcal Reference and Supply Circuit
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—da
—_—
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-
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PROPORTIONAL TO Ll
4 Goyr ANALOG INPUT .
1 1.25V < VN < 305V e
* a0 5
LEL T PP
2.5V
REFERENCE Ry Lse
GND Ra=Rg
: *Ratiometng transducers
TL/R/5672-9
FIGURE 13. Symmetrically Centered Reference
3.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS

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

N 1
Vin= {(VREF( + 1~ VREF(- iz +§5] b VTUE} +VRgr(-) @

The center of an output code N is given by:

N
VINY(VReF( + )= VREF(-) 56] TYTUE ] * VREF(-)

The output code N for an arbitrary input are the integers
within the range:

< VNV -
N=——"BEFLD) 56+ absolute Accuracy
VREF(+)~ VREF(-)

where: Vi = Voltage at comparator input
VREF(+) = Voltage at Ref(+)
VReF(~) = Voltage at Ref(—)
Vrye = Total unadjusted error voltage (typically
VReF(+)+512)

)]

(4

The dynamic comparator input current is caused by the ped-'
odic switching of on-chip stray capacitances. These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as par of
the operation of the chopper stabilized comparator.

The average value of the comparator input current vares
directly with clock frequency and with Viy as shown in Fig:
ure 6.

f no filter capacitors are used at the analog inputs and the
signal source impedances arg low, the comparator input h
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

If input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. It will then take on the character-
istics of a DC bias current whose effect can be predicted
conventionally,
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'Pical Application o . e

- oo . -
J ',_
oK [14 o
A&ﬂmaﬁm VREF(s) €oc INTERRUPT
(AD4-AD1S)* VREF(-}
. -1 p——p 087 ]
START 22— 086
ALE =3 ey 085
WRITE 2 .
2—4 fee——p DB4
AD0—4A -S—>»ot2
ADCO808 -
A01=~{8  ancaspy 28— D82
ap2—¢ =1 f——p 081
-8 —> LS8
5V sumvT
Yee a1 Vix 8
GND -
4-5v
GROUND = . ANALOG
INPUT RANGE

ln0 == Vin !

TL/H/5672-10

*Address latches needed for 8085 and SC/MP intarfacing the ADCO808 10 & microprocessor

MICROPROCESSOR INTERFACE TABLE
PROCESSOR READ WRITE INTERRUPT (COMMENT) .
8080 MEMR - MEMW INTR (Thru RST Circuit) :
8085 RD WR INTR (Thru RST Circuit)
2-80 RD WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMA®$2sR/W | VMAe$eR7W | TRQA or IRQB (Thru PlA)
Ordering Information
TEMPERATURE RANGE -40°Cto +85°C —55°C to +125°C
Error + Y, Bit Unadjusted ADCO0808CCN ADC0808CCJ ADC0808CJ
+ 1 Bit Unadjusted ADCO809CCN
Package Outline | N28A Molded DIP J28A Hermetic DIP J28A Hermetic DIP
\
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SCL4066B

S

| CMOS QUAD ANALOG SWITCH

FEATURES
¢ Transmission or Multiplexing of Analog or
Digita! Signals
8052 Typical ON-Resistance for 15-Volt oper-
ation
Switch ON-Resistance Matched to within 582
over 15-Volt Signal-input Range
ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
High Degree of Linearity:
< 0.5% Distortion (typ) @ fis = TkHz,
Vis =5Vp.p, Vpp-Vss 210V, Ry = 10k§2
¢ Extremely Low OFF switch Leakage Resu'ting
«n very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) @ Vpp-Vss= 10V, Ta= 25°C
¢ Extremely High Control input Impedancze (Con-
trol Circuit Isolated from Signal Circuit):
101282 (typ)
¢ Low Crosstalk between Switches:
-50dB (typ) @ fjg = 0.9MHz, R = 1k(2
¢ Matched Control-Input to Signal-Qutput Capac-
itance Reduces Output Signal Transients
¢ Frequency Response, Switch ON = 40MHz (typ)

> @ o

DESCRIPTION

The SCL4066B is a Quad- Bifzieral Switch
intended fo: the transmission or multiplexing of
analog or digital signals. It is pin-for-pin comgpatible
with the SCLAQI6B, but exhibits a' much lower
ON-resistance. In addition, © . DN-resistance is rel.,
atively constant over. the full input signet ran:jé?:
The SCL4066 c::nsiﬁts of four indepensdant bilat-
eral switches. A singlé control signa! is required per
switch., Both the P and the N device in 3 given
switch are biased ON or OFF simulianeously by
the control signal, As shown below, the weil of the
N.channel device on each swilch is eithar tied 10
the input when the switch is ON or 10 Vgg when
the switeh is OFF. This configuration minimizes
the variation of the switch-transistor threshold

SCHEMATIC DIAGRAM (or;e of four switches]

R

= sWTCH

1w

Via
SORMAL -OPERATION
CONTROL-LINE_BIASING" 1
SWITER ONNCY » vy F
SWITCH OFF . vr 0" ewgg -—-<~—CL

.._.{ Te} o

1 DI

CONTROL
¢ S

BIGNAL-LE VEL RANGE
Vs = Vi5 3Vpo

Age

CONNECTION DIAGRAM
(all packages)

Switch
A Switch D Switch C
—— | Ann
Vpop C C IN OUT OUT IN
] | ! ] I 1 {
14 13 12 11 10 9 8§,
SCL4066B
1 2 3 4 5 6 7
T T T I 1 HER
IN QUTOUT IN C C Vsg
T s et —

Svsitch A Switch B Sw(i._:tch

Add suffix for package:
C  14-pin Cerdip F  14-pin Flat
D 14-pin Ceramic H Chip
E  14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS
For maximuin.reliability:
VDD - Vss
Operating Temperature Ta

C, D, F, H Device
€ Device

DC Supply Voltage 3to15 Vdc

-551t0+125 OC
4010 +85 ©OC

voltage with input-signal, and thus keeps the ON-
resistznce low over the full operating range.

The advantages over single-channe! switches in-
cluce peak input-signal voliage swings equzl 1o the
full supply voltage, and more constant ON-imped-
ance over the ingut-signal range. For sample-and-
hold applications, however, the SCL4016 s
rececmmended,

LGGIC CIAGRAM
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SCL40668B

-

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '-?

Vss | Voo | Tiow’ 25°C TwicH’ .
PARAMETER CONDITIONS Units
ARAME (Vde) | IVde) Py | Max. | Min. Typ. | Max. { Min, | Max.
QUIESCENT DEVICE . -
CURRENT lop .| Vin=Vesor Voo | O 5| — | 008 - Joooos| 0.08] — | 15| uAde
Al valid input o | 104 - | O] - JO0O1I} 01 - | 30 )
combinations 0 15 | - 02| - }|0002{ 02 - 6.0
MINIMUM INPUT HIGH Vi _{
VOLTAGE Vis = Vss 0 5| - | 40! - 275 | a0l - | 40| vdc
{Control Input) Vos= Voo 0 10| - 80| -~ |58 8.0 ~-{ 80
log = 108A 0 15| - |120] - 825 |120 - | 120
MAX{MUM INPUT LOW T v b
VOLTAGE Vis = Ves 0 s |10f - 10f225 | - | 10] - | Vd
{Control Input} Vos=Vpo o] 10 | 20 - 2.0 (45 - 2.0 -
s = 10uA 0 16 1 3.0 - 3.0 |6.75 - 3.0 -
SWITCH INPUT/OUTPUT lore ]
LEAKAGE Ve =Vee 7.5 | 415 - [2100 - |20.01] 100 ~ | 2200} nAdc
Vig=17.5Vdc ]
ON-RESISTANCE Rown R
C.D,F,H device Ve =Voo 7.5 | 4715 . 1 220 = 80 280 A 320! Q ‘i
Ves < Vis< Vpp 0 | +15 . o4
Ry =10k Q2 7
5 4+5 1 | 30| - | 120 a00| - | 550 QF
0 +10
25 14251 _ Yono0| - | 270 | 2500 - [ 3500] 2.
0 +5 3
€ device Ron | Ve = Voo 25 {4751 250 - 80| 280f -~ | 300 Q2
Vss<Vis<Vpp 0| +18 i
R = 10k2 . G
- S 15 | - | 30| - | 120 a00| - | 520 R
10
25 | +2.5 X
0 +5 - 2100 - 270) 25004 — | 3200 n»
ON-RESISTANCE MATCH ARon ] [
{Same package} Ve =Vpo 75 1475 _ p _ sl _ _ A o
Vss<Vis< Voo o 415
R, =10k
4 R Rl 0] - | - 4
0 +10
. — -
25 |28 _ | _ | _ I R a
0 +5 ¥
NQTES: ! .Remaining Static Electrical Characteristics are listed under “SCL40008B Series Family Specifications” k- ]
- " Tiow® —SSChr‘C‘D F H device.
72#325°C1oi C, D, F, H device. )
. ""“’BE"C for E device. ﬁ
3 Thi ddeehasbeen designed for balancer oytput drive current specificaticns. Consu's Famity Specificzricns

-s}'i i’t,r’m.* ann

3
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SCL4066B

£ ELECTRICAL CHARACTERISTICS (Continued)
DYNAMIC CHARACTERISTICS (C, =50pF, T =25°C)
(i Vgs Voo . ' .
PARAMETER CONDITIONS (vde) | (vde) Min. Typ. Max? Units
SIGNAL INPUTS (Vi) AND OUTPUTS (Vo)
PROPAGATION DELAY TIME | 1p p |Vc=Voo
tenr | Vg=Square 0 5 - 20 40 ns
Signal Input 1o Signa! Qutput Wave 0 10 - 10 20
. R, = 10kf2 0 15 - 75 15
BANDWIDTH (-3dB)} BW |V.=Vpp RL
{Sine Wave) V=5Vl 1k -5 +5 - 54 - MHz
centered | 10kQ | - 40 -
@ 0.0Vdc100k - 38 -
MQ — 37 -
INSERTION LOSS
(=20 1 Vos )
= OQ'OV:' Ve=Vpo Ry
Va=SVpp| kO] -5 +5 - 123 - d8
centered | 10k - 0.2 -
@0.0Vdc{i00k2 - 0.1 )
1M - 0.05 —
SIGNAL DISTORTION ]
(Sine Wave) V=Vopo -5 +5 - 0.16 - %
V=5V,
centered
@ 0.0Vde
f,,=1.0kHz !
Ry = 10k§2
FEEDTHROUGH (-50d8) Ve=Vgs R
Vg=5Voo| 1kQ) -5 +5 - 1250 - kHz
sjeentered ;I0KQ | .. . - 140 -
yfeoovdepooke |t - T 18 A
v 1MQ - 2 -
CROSSTALK (-50d8B} V(A)=Vpp -5 +5 — 0.9 - MHz
Between two switches V. (B}=Vgg
Ve{A)=5V,,
centered
@0.0Vde
Ry = 10k
CAPACITANCE
Input avns| Cig - - - 8 .. - pfF
Output’ 4 Cos Ve = Vss -5 +5 - 8 - pf
Feedthrough Cios - 0.5 i - pfF
CONTROLANPUT V) Ko i
PROPAGATION DELAYTIME ¢ ™ { Vs SVe<Voo 0 5 - | s0 100 s
Tumon g4 Ry =10k 0 10 - 25 50
B A 0 15 - 20 40
MAXIMUM INPUT fe VgsS<Vy<Vpo [¢ 5 - 5 - MHz
FREQUENCY "7~ R = 1.0k2 0 |: 0 - 10 -
0 15 - 12 —
CROSSTALK )
{To signal port) V.=Square Wave 0 5 - 30 - mV
Ry = 10k§2 0 10 - 50 -
Rin = 1.0k§2 0 15 - 100 -
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SIGNAL VOLTAGE (v, 1 — vOLTS

Typical channel ON resistance vs. signal voltage for
three values of supply voltage (Vpp-Vss)

SUPPLY VOLTS' Vop*+5,veg® -5
INPUT SIGNAL VOLTS (Vyq)- 5 vp.p
SIKE WAVE (177 RMS)

Cios
r'"i('-—\'

R f VOLTMETER
BOONTON RADKD|

ICONTROL YOLTS (Mcheds
® LOAD CAPACITANCE  (Crix +Cautg YER!

Vi

[
WPUT SIGNAL FRLOUENCY (AP LT

R 1 I
"
20 .
3 [ 104D RESISTANCE (R,1- 1mD !
2% -3cm
F Wi PONTS 4
j4 0oL N\,
e "o
28 k
&
8 o

0.1 2 ] «

Typ. switch frequency response - switch “ON*

| BPPLY VOLTS vppees, Vg o ]
INPUT SIGNAL VOLTS (Vight 8 Vp_p SINE WavE 177
9 T FIXTURE AND METER 8L LED OUT T
hibgel R
471z LR RETEE IS N AR RTA
s . Ve Voo H
g : Q
> Ptvy, we N T
= 'Lj\ Cga T 1 7
T oy 7 ':7__ e .z
- i... i, Z
H - C 5
* 18>
 "TT wee H
€ Vg =
« ot MY s
- { ! 2—} N }-—I—rﬁ’)
g ‘s.l-—._.i.__ ~ :n ! 5
3 t hy ¢
e ‘ , ,2 OFf 4 SWITCw|
L) 2 g
o t
WAUT SIGHAL FREQUENCY {1, )~ krr .

Typ. crosstalk between switch circuits in the same

package

SCL40668.

——
ETSUPPLY VOLTAGE vgpe sV TOLT RESISTAR
Lrves o0 17,1100 X0 10KD
© ss * -5V SR
S [AMEIENT TEWPERATURE (T,1-28% e KOt
¢ ‘== =R U
l ; - AR L
v : T T
£t St
g == i ‘o
= : 1
8 COf= = Ve Voo Voo
5 : TR Q
3 = ; Vo Vor
g -2 = tof a
@ =3 T SWITCHES
e S T [
E L. s
H £ vis ¥
= ALL UMUSED TERMNALS
& ARE CONNECTED 10 vss
3 -4 - ° ) 6
INPUT SIGNAL VOLTAGE (V, }— vOLTS

Typical ON characteristics for 1 of 4 channels,

SUPPLY YOLTS Vpoes 8, Vggt- &
CORTROL VOLTS (\gis-3
INPUT SIGNAL VOLTS (V,,)e5 vpp SINE WAVE (177 RWS)

"3

f LOAD CAPACITANCC (CLICFiX T URE *CMETER
XTURE AD METER NULLED OUY

IS ety AR

“
<

,;'.::J"Q

9

b,o

H

\f_‘

2

173
ATTEMUATION (db}

OUTPUT SIGNAL RMS MILLIVOLTS [17%Y)

4l

CH Y e
0! ' ol 03
WPUT SIGNAL FREQUENCY {t,}aNr

Typ. feedthru vs. freq. — switch “OFF”

et
43
oY
3
LY
4
«<10v ve 9
oo™ <
O ' D
st 2Dmg Voo g
! (L%}
L
AL UNSTED TERMINALS
ARL JOMWECTID TD Yss
3
g

Test circuit, crosstalk-control input to signal output



3CL4066B

SPECIAL CONSIDERATIONS — SCL40668B

1. tn applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/Ry (R = effective external
load of the 4 SCL4066B bilateral switches). This provision avoids any permanent
current flow or clamp action on the Vpp supply when power is applied or removed

trom SCL4066B.

2. In certain applications, the external load-resistor current may include both Vpp and
signal-line components. To avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not
exceed 0.8 volt (calculated from Ry values shown).,

No Vpp current will flow through R_ if the switch current flows into terminals 2, 3,
9, or 10. Failure 1o observe this condition may result in distortion of the signal.

APPLICATIONS INFORMATION

) sPOT
Ve ¥ v,
o sPST ost o o0
vis vos vis s - :"os f Yis
< G b,
3 ve JL
<€) DPOT
¢) DPST 2 "
{ Yosa. 1sA
VMO—%J:VOSB Visa l, Vosa Vosat Vosaz
—0 Visa O— Vosal ¥ O— °_vo
1 2
sy ! Voss v o‘l(/
87 il B A= )|
\/
9 Vise O L]
2 -Ove I
Basic Switeh Fraciicns using the SCL4066B
C4=0.001Cy
- ét
(e '
SELLCT O
C3=0.01C, —_—
+—1} S ~ ~
o z .l orEn LOOP GATN
SELECT O < ~
™m c2‘lo~1cl 2 9 S0
contaoL) t g I R R O 1
2 s g —— AL—]
SELECT O e g \ \\ N .
A b F 1]
. ° T Pt g’ o \sh w2 "h -,
\ sitecT O \ 1
1 NJ
FREQUENCY - He
W
k] A (VOLTAGE GAIN BELOW BREAK FREQUENCY)
®
1
0 Yout ¢ (BREAK FREOUENCY) » ——Y

2R Cx

« (UNITY GAIN FREQUENCY) o — -

2eRsCyx

MAX ATTENUATION - “DSien)

Active Low Pass Filter with Digitaily Selected Break Frequency




SCL4016AB

®I CMOS QUAD ANALOG SWITC

veen mgity SN

FEATURES

& Wide Range of Digital and Analog Signal Leveis-
Digital or Analog Signals to 18 Volts peak

¢ Low ON Resistance ~ .
200 S typ. over 15Vp-p Signal Input Range, @
15vdc

@ Matched Switch Characteristics - 10§ typ. Dif-
terence between Ron Values at a Fixed Bias
Point over 15Vp-p Signal Input Range @ 15Vdc

4 High On/Off Output Voltage Ratio - 65 dB typ.
€ f;; = 10kHz, Ry_= 10KS2

¢ High degree of Linearity - < 0.4% Distortion
typ. @ fig = TkHz, Vig= 5Vp.p, VDD-VSSZ 10V,
Ry = 10k§2 *

¢ Extremely Low OFF Switch Leakage Resulting
in Very Low Offset Current and High Effective
OFF resistance - 10pA typ. @ Vpp-Vss = 10V,
Ta=25°C

% Extremely High Control Input Impedance (Con-
trol Cireuit Isolated ‘from Signal Circuit) -
101282 typ.

¢ tLow Crosstalk between Switches - -50dB typ.
@ f;c = 0.9MHz, R = 1kQ2

¢ Matched Control-lnput to Signal-Output Capac-
itances - Reduces Output Signal Transients

¢ Transmits Frequencies up to 40MHz

DESCRIPTION

The SCL4016AB is a single<chlp monolithic
silicon integrated circuit containing eight N-
channe! and eight P-channel enhancement-mode
MOS transistors connected to form four indepen-
dent bilateral signal switches. Each switch consists
of both P- snd N-channel devices with common
source and drain connections. A single control sig-
nal is required per switch. Both P and N devices in
a given switch are biased ON or OFF by the control
signal. The CMOS switch permits peak input-signal
voltage swings equal to the full supply voltage, 3
considerable advantage over single-channe! types.

SCHEMATIC DIACGRAN

4
B
CONNECTION DIAGRAM E
{all packages) 3
SWITCH SWITCH SWITCH -‘1
A D C
— e P e At
Vpp € C INOUTOUT IN
[ W B
14 13 12 11 10 9 8 k
SCL4016AB ]
1 2 3 4 5 6 1
R A N S N R :
IN OQUT QUT IN [of C Vsg k
———— S~
SWITCH SWITCH SWITCH
A 8 c

Add suffix for package:

C 14-pin Cerdip
D  14-pin Ceramic
E 14-pin Epoxy.
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability: :
DC Supply Voltage Vpp-Vss 3tolb

Opersting Temperature  Ta
C, D, F, H Device
E Device

65 to +125
4010 +85 ©

g
1

LOGIC DIAGRAM

oat

AT -
1 {
\ ol ;;

weUT BICHALS tva)

L vl
J conTRoL & " sionat 4
= b ~ outmut
P ]. _] - Ut
conTacL 8 “’@ SIGNAL B
l f ' > outeut

TEewInAL b (08,0

OUTPUT $HEmALS 1vgyt
TeAmimAL toue .39 10




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS

SCLA018AB

v Vi Tiow’ =°c Trion® i
PARAMETER CONDITIONS | vy | (v e _ R __junin
© Min. | Mex. | Min. | Typ. | Max. { Min. | Mex,
OUIESCENT DEVICE [
CURRENT Vin=VsgorVpg | © 5/ - |005| - ]0.000§ 0.05} — 1.5 | pAde]
All valid input o] 10 - [eR] - |0.001] 0.1 - 3.0
combinstions 0 157 - 02| - [0002]02 | - 6.0
MINIMUM INPUT HIGH Vin
VOLTAGE Vis =Vas 0 5) - 129 | - |15 29 | - 24 | Vdc
{Control tnput) Vos = Voo 0 0] - {29} - ns |27 | - 24
’ los = 10pA 0 5| - 298} - s 27 | - 24
MAXIMUM INPUT LOW Vi .
VOLTAGE Ve = Vg 0 s 09| - 07 1.6 - 104 - | Vde
{Controt Input) Vos = Yoo 0 10| a9 | - 07 |15 - |04 -
. log = 10HA 0 5] 09 | - 07 (15 - |oa -
SWITCH INPUT/OUTPUT losr |Ve=Vgs  Vis
LEAKAGE :

. 275 | 25| 4785 -~ |2280| — 201 §2250] - [22500 nAdc
(Switch off) 15 | 5 | +5 | - {2125 - |z001] =125 - |11250
ON-RESISTANCE Ron Vis
C, D, F, H device Ve =Vpp  Vdd)

Re=1%Q 52T 95 |+78 | - | 380 — | 200] a0 - | 600[ 0
-1.% - 380 ~ 200 | 400 - 800
£0.26 - s - 280 [ 850; ~ {1230
+5 E - | s00] - 250 | 6601 - 960 | O
-5 - 600 | - 250 680| - 960
10,25 - {170} - 630 | 2000; - |2600
+15 o [+18] - | 360 - 200 | 400 - 6001 0
+0.25 - ‘O ~ 200 400 - 800
+9.3 - s - 300 | 850 - [1230
+10 [+] +10 - 600) -— 250 | ©60] - 9601 01
N +0.25 - 600 - 250 660) - 9680
. 456 - |1870¢ - 560 | 2000] — 2600
E device Ron Vis
Ve =Vpp (Vdc r
RL=1k o] as|ens| - [ 370} - | 200f a00| - | s20| 0
-1.8 = 370 -~ 200 | &0 ~ 820
£0.25 - | 0] - 80| 80| ~ 11080
+5 5 {45 - | 60| ~ 250 | 660] — 8a0| O
-5 - 610} - 250 ©80| - B840
10.25 - |1800) - 580 | 2000| -~ | 2380
+15 o |+15] ~ | 3r0| - 200 | 400} - 820 0
+0.25 - j 3| - 200 | 400} ~ 520
9.3 - | 790| - 300| B850] —~ {1080
+10 o j+10]| - | 610 — 250 660 - 840| N
+0.25 - ] 610{ - 250 660} - 840
, +56 - [1900} = 560 | 2000 -~ 2380
ON-RESISTANCE MATCH ARonl . Vis
(Same peckage) Vc=Vpo (Vdc) ;
Re=10r5e] aslias] - = | = 1 w0l - | - [ —4n
25 L.} +5 - —_ - 1| - - -
NOTES: ' Remaining Static Electricai Characteristics are listed under “SCL4000B Serier Family Specifications”
2 Tiow = -55°Ctor C, D, F Hdevice.
= <40°C for E device
Teom = #1258°Clor C, U b Vo= oL
« 4 BS°C for E device.
* This device has been designed for batanced output drive current specifications. Consult Family Soeciticstions.
DYNAMIC CHARACTERISTICS (C, » BCpF, 7. el AN ol
. . L Vg i Mpo
[EEY 1 o 3 .
EMETLR j CORDITIONS | vl l wveu | Muc i Tye | Mex. | UNIT
SIGNAL INPUYS (Vig) AND OUTPUTS (Vor!
PROPAGATION DELAY TIME R
Signat input 10 [revey Ve * Voo 0 [ - 20 40 ™~
signal output Vis = square wave 0 10 - 10 20
R, =100 0 15 - 18| 18
BANDWIDTH (-3d8) BW . 8 .
(Sine Wave) - Ve = Vop Wi}l 5 +5 - 54 — | MHz
Vig = 5V, 10k 1 - 40 -
centered 100k {2 - 38 - B
€0.0vde IME - 37 -




SCL4016AEB

ELECTRICAL CHA.RACTERISTlCS {Continued)

DYNAMIC CHARACTERISTICS (C, =50 pF, Ta = 25°CY {Continued)

T
Ves .1 Vope
PARAMETER CQNDITI?NS vaer | vae) Min | Typ. | Max. | Uniu
SIGNAL INPUTS {V5) AND OUTPUTS (Vpg) (Continued) .
INSERTION LOSS : Ly
v A
(=201l0g ,o—in's } Ve = Voo k0 .5 - 2. _ a8
Vi * TOL() - [ -~
5V, 00k - o -
centered ™ - 0.05 -
©0 0vdc .
SIGNAL DISTORTION ’ . .
(Sine Wave) Ve = Vpg 45 f - [ - %
Vis = 5V,
oelmeved ee
®0.0Vde
A\ fig 1.0xH2
R, ¢ 10.§2
FEEDTHROUGH 1-50dE) . .
Ve = Vs Ry
Vis " 5Vp W] -5 .5 - 1250 <] KMz
centered 10k €2 - 340 . -
@0.0vde TO0KE - g, -
MR - 2 -
: +
CROSSTALK {-60dB) A
{Between two switches) Ve (Al = Vpp -6 +6 ~ 0g - MH2
Ve (B) = Vgg
ViglAl = 5V,
centered
@0.0Vde
R, = 1.0k
—
CAPACITANCE ’
tnput Cis - 4 - of
Output Cos | Ve = Vss +5 1 .- - of
Feedthrough Cios - 0.2 - pF
CONTROL INPUT (Ve) ™
PROPAGATION DELAY TiME trw,
Gur | Ves S Vis € Vpp 0 5 - 40 80 ns
Turnon Ry =10k [} 10 - 20 40
L ° 11— | s 30
MAXIMUM INPUT FREQUENCY fe Vgs € Vig € Vpp 1] 5 - 5 - VHz
RL = 1.0 0 0| - |0 -
0 15 - 12 -
CROSSTALK .
{To sigrat port) % Ve = Square wave 0 5 - 30 mV
R, = 10k 0 1 f - | s -
Riw = 1.0k 0 185 - |0

TYPICAL ON-RESISTANCE CHARACTERISTICS

CHARAC- | SUPPRLY LOAD
TERISTIC*| CONDITIONS CONDITIONS
LI R = 10ell | W, = 100u{1
Vpo | Ves IVALUE] V, IVALUE] V;, |VALUE] Vg
R B R I O I T TR
200 |18 | 0 | 4
fo JRPR B 5 | 18 | 15
b EEERE [RES [
Fontmany =ik | L 3 sd3 | 3K g +e3 | 3L, 5
0 [ +10 | 750 | <10
Row a0 o L LA
) 290 o [ 20 RIED o
Ron(mss ] <30 | €[50 174 | 860 | =8¢ | 610 | 5%
860 X 470 -« 5 450 -5
Ron <54 0
60 0 | 5% o | s [}
Ronimexdf+ 5 | 0 (176 [e2 | 7 |29 | 3% | +27
200 145 1200 [ 475 | 1 ]
Ron 15 | =18 %0 2
20 |-28 1200 {-75 ] 0 [-7%
Ronimaxt| 475 | ~75 | 200 | 20.25| 700 | 126 | %00 | H0.%5
200 |+5 | 250 |+5 | 240 |+ 5
Ron +6 | -5
310 |-s [250 1 -5 240 | -8
Bonimexi]+ 8 | =6 Jeoo |z025] se0 [ 2028] 760 | 2025
§00 | 425 | 450 | 425 | 490 | 425
Ron 028 | ~25
720 |-25 {520 |25 | s20 | -28
Ronimextt 426 | 25 232 {t025| 300« | 2025] g7k [ 2025

* Vermtion trom o pertect awmth. Aoy = O




SCL4016AB
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Typ. ON characteristics for 1 of 4 switches
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Typ. ON characteristics for 1 of 4 switches
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Typ. ON characteristics for 1 of 4 switches
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§CL4049UB Inverting
$CL4050B Non-Inverting

CMOS
HEX BUFFERS /CONVERTERS

—

FEATURES

& Direct Drive of 2 TTL/DTL Loads

¢ Operation from Single Supply

¢ Pin-for Pin Replacements for SCL40098B,
sCcL4010B

DESCRIPTION

The SCL4049UB and SCL4050B are Inverting
and Non-Inverting Hex Buffers, respectively, and
featute logic-level conversion using only one supply
voltage {Vcc). The Input-signal high level (V) can
exceed the Ve supply voltage when these devices
are used for logic-level conversions. These devices

CONNECTION DIAGRAM
{a!l packages)

NC 8Y 6A NC 5Y S5A 4Y 4A

| S (RN S S N ]

16 15 14 13 12 11 10 9
SCL4048UB  SCL40508

1 2 3 4 5 6 7 8

1 | | 1 ] | i T
Vee 1Y 1A 2Y 2A 3Y 3A Vgg

Add suffix for package:

are intended for use as CMOS-1o-DTL/TTL con- C 16-pin Cerdip
verters and can drive directly two DTL/TTL Loads. D  16-pin Ceramic

The SCL4049UB and SCL4050B are inter- E  16-pin Epoxy
changeable with SCL4009UB and SCL4010B de- F 16-pin Flat
vices, respectively. In these applications the H  Chip

SCL4049UB and SCL4050B are pin-compatible
with the SCL4009UB and SCL40108B, respectively,
and can be substituted .for these devices in existing
as well as in new designs. Terminal No. 16 is not
connected internaily on the SCL4049UB or
SCL40508; therefore, connection to this terminal
is of no.consequence to circuit operation.

RECOMMENDED OPERATING CONDITIONS
For maximuin reliability:
vVee - Vss
Operating Temperature TA

C, D, F, H Device

E Device

DC Supply Voltage 3to15 Vdc

55 t0 +125 ©C
40to +85 ©C

SCHEMATIC DIAGRAMS

Note: These devices contain input protection net-

works to Vgg only. Therefore, Vi (max)
< may exceed Ve without damage {subject
to absolute maximum ratings).

LOGIC DIAGRAMS

SCL4049UB
1A 1Y 1A ’—‘1>—‘ 1Y
e 2y 24 ’—\>—' 2vY

3y 3a L{>-* 3v
9 "0

2A
i 3A
4A’ ayY aa >— 4Y
[

,
., Eas 5A - 5v 5A —>—’ 5Y
out 1 6A 6Y A >3 aY
N Y .
S

VYYYY

2
g
Jil

Pz

[}

vee vee
vss
NC 13
ue 6

.-

¥ss ——

<

- & X2 v=a

~
vs
SCL40508 SCL4049UB SCL40508




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '3

T 2 ° 2
PARAMETER Vee | conpITIONS | TLow *8 ¢ TaiH | ynies |
(Vde} |- Min. | Max. | Min. | Typ. | Max. | Min. | Max. .
QUIESCENT DEVICE
CURRENT cel 5 [Vin=Vssorvoo| - | 10| -~ |o0o008 10| - 30| uAde
10 |[AIll valid input - 2.0 - 0.01 2.0 - 60| *
15 |combinations — 4.0 - 002{ 4.0 - 120
MINIMUM INPUT HIGH Vin
VOLTAGE .
SCL4049UB 5 VoL =0.5V - | 40| - lars| a0 | - | a0fvde|.
10 [Vor =1.0v -l 8ol -~ |58 |8o| -1 80
15 VoL =1.5V - 12.0 — 8.25 1120 . 120
MAXIMUM INPUT LOW Vie
VOLTAGE )
SCL4049UB 5 |Vou=3.6V 1.0 - 1.0} 2.25 — A.0{ - | Vde
10 |Vou=7.2V 2.0 — 201 45 - 2.0 -
15 Vou=10.8V 3.0 - 3.01 6.75 - 3.0
QUTPUT LOW (SINK) loL
CURRENT . -
C, D, F, H devices © 5 VgL =0.4V 4.0 - 32| 64 - 24 — | mAdc]
10 {Vo =05V 10 - | 8o - | 56| -
15 |VoL=1.5V 30 - 24.0 40 - 16.8 -
Vin=Vss or Vop
E device g 5 [Vor_=0.4V 3.8 - 3.2 6.4 - 2.6 ~ | mAdd
10 (Vo =0.5V 9.6 - 8.0 116 - 6.4 -
15 |Vor=1.5V 28 - 24.0 {40 - 19 -
Vin=Vss of Voo

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
T ow = -565°C for C, D, F, H device.
= -40°C for E device.
Trigr = ¥125°C for C, D, F, H device. i
=+ 86°C for € device.
3 These devices have been designed to meet-the balanced output drive current specifications for
Qutput High (Source) Current. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C_ = 50pF, T4 = 25°C)

\" \' i .
PARAMETER IN Ve Min, Typ. Max. Unit:
(vaell vae) in yp ax nits
PROPAGATION DELAY TIME ; teLH
SCL4049UB 5 5 - 60 120 ns
10 |10 - 32 65
"15 |15 - 25 50
10 5 - 45 20 ns
15 5 - 45 90
SCL40508 5 5 - 70 140 ns
10 |10 - 40 80
15 |15 - 30 60
10 5 - 45 90 ns
15 5 — 40 80
SCL4049U8 teHL 5 5 - 32 65 ns
10 {10 - 20 40
15 {15 - 15 30
10 5 - 15 30 ns
15 5 - 10 20
SCL40508 5 5 - 55 110 ns
10 |10 - 27 55
15 [ 15 - 15 30
10 5 - 50 100 ns
15 5 - 50 100
QUTPUT TRANSITION TIME tiin 5 5 - 80 160 ns
10 |10 - 40 80
15 15 - 30 60
trHL S 5 30 60 ns
10 |10 20 40
15 15 - 15 30
INPUT CAPACITANCE Cin
SCL4049UB — - - 15 225 pF




Typical voltage transfer characteristics as a function

of temperature for SCL4050B.
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National
Semiconductor

MM54HC139/MM74HC 139
Dual 2-To-4 Line Decoder

General Description

This decoder utilizes advanced silicon-gate CMOS technol-
ogy, and is well suited to memory address decoding or data
routing applications. It possesses the high noise immunity
and low power consumption usually associated with CMOS
circuitry, yet has speeds comparable to low power Schottky
TTL logic.

The MM54HC139/MM74HC139 contain two independent
one-of-four decoders each with a single active fow enable
input (G1, or G2). Data on the select inputs (A1, and B1 or
A2, and B2) cause one of the four normally high outputs to
go low.

The decoder’s outputs can drive 10 low power Schottky TTL
equivalent loads, and are functionally as welf as pin equiva-*

‘,,}/.

lent to the 54L.S139/741.5139. All inputs are protected from
damage due to static discharge by diodes to Vgg and
ground.

Features
® Typical propagation delays —
Select to outputs (4 delays): 18 ns
Select to output (5 delays): 28 ns
Enable to output: 20 ns
® Low power: 40 uW quiescent supply power
& Fanout of 10 LS-TTL devices
® Input current maximum 1 pA, typical 10 pA

Connection Diagram ' *- Truth Table
Dual-In-Line Package "HC139 <7
SELECT DATA OUTPUTS
ENABLE P ~ - - Inputs
Vee 62 [V} [Y] ve m 2 i Outputs
s {is 1 B Jrz  n | 16 |s Enable | Select
5 $ G ‘B A|lY0o Yi Y2 Y3
S H X X|H H H -H
pad{-UN I IR T T L L LiL H H H
¢ - L L H] H L H H
L H L H H L H
L H H| H H H L
guar-:g; : QUTPYT BUFFER ' H=high level, L=low level, X =don't care
1 2 ] 14 15 16 17 0
ENABLE A1 81 o m 2 13 GND
6 SELECT DATA QUTPUTS
TUF/5311~1
Order Number MM54HC139* or MM74HC 139*
*Please look into Section 8, Appendix D !
for availability of various packags types.
Logic Diagram
' MM54HC139/MM74HC 139
BNABLE G—Do—“.j‘l [: E Wl
Lg‘ b—l >O——| DO——Y,
A
}outputs
= Do—Do—o—n
SELECT r—1}
ol oo k
TL/F/5311-2

(10f2)

1} —




MM54HC139/MM74HC 139

Absolute Maximum Ratings (Notes 12 2) Operating Conditions

If Military/Aerospace specified devices are required, Min Max
contact the National Semiconductor Sales Office/ Supply Voltage (Vo) 2 6
Distributors for avallability and specifications. DC Input or Output Voltage 0 Vee
Supply Voltage (Vcc) —=0.510 +7.0V Vins Vour)
DC Input Voltage (Vin) -1.5t0 Voo + 1.5V Operating Temp. Range (Ta)
DC Output Voltage (Vour) —0.5toVco+0.5V MM74HC . —40 +85 °C
2 MMS4HC —55 +125 C
-Clamp Diode Current (I, lox) +20 mA B Fall Ti
. . i nput Rise or Fall Times

DC Output Current, per pin (IOK:!T) +25mA ™ tt)  Veo=20V 1000 ns
DC V¢ or GND Current, per pin (Icc) +50 mA Voo=4.5V 500 ns
Storage Temperature Range (TsTg) —65°Cto +150°C Vee=6.0V 400 ns
Power Dissipation (Pp) ’

(Note 3) 600 mW

S.0. Package only 500 mwW
Lead Temp. (T) (Soldering 10 seconds) 260°C

DC Electrical Characteristics (ot 4)

A NN 74HC 54HC
Symbol Parameter Conditions Vce A Ta=—40t085°C | Ta=—5510 125°C | units
Typ Guaranteed Limits
Vin Minimum High Level -l 2.0v 1.5 1.5 1.5 \
Input Voltage 4.5V 3.15 3.15 3.15 v
8.0V 42 |. 4.2 4.2 v
ViL Maximum Low Level . 2.0V 0.5 0.5 0.5 \'
Input Voitage** 4.5V 1.35 1.35 + 1.35 \
6.0V 1.8 - . 18 . 1.8 A
VOH . Minimum High Level | ViN=V)orV)_ [
Output Voltage llout] €20 A 20V | 20 | 1.9 1.9 1.9 v
! . 45V ] 4.5 4.4 4.4 4.4 A
6.0V | 6.0 5.9 : 5.9 5.9 "
VIN=ViH or Vi
lloutl<4.0mA 45V | 42 | 398 3.84 37 v
llouTl<5.2mA 6.0V | 57 | 548 5.34 . 52 v
VoL Maximum Low Level | ViN=Viyor V)
« | Output Voltage lloutl €20 pA 20V | o 0.1 0.1 0.1 v
4.5V 0 0.1 0.1 0.1 \
6.0V [ 0.1 0.1 0.1 A
Vin=Viy or Vi
llout|<4.0 mA 45v | 02 | 0.26 0.33 0.4 v
floutls5.2mA 6.0V | 02 | 026 0.33 0.4 v
IiN Maximum Input VinN=Vgcor GND | 6.0V +0.1 +1.0 1.0 pA
Current
Icc Maximum Quiescent | Viy=Vcgor GND | 6.0V 8.0 80 160 pA
Supply Current lout=0pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur,
Note 2: Unless otherwise specified all voitages are referenced to ground,
Note 3: Power Dissipation temperature derating — plastic *N" package: —12 mW/*C from 65°C to 85°C; ceramic “J" package: ~ 12 mW/*C from 100°C to 125°C.

Note 4: For a power supply of 5V £ 10% the worst case output voltages (Von, and Vo) occur for HC ab 4.5V, Thus the 4.5V values should be used when designing
with this supply. Worst case Vyy and V_occur at Vg = 5.5V and 4.5V respactively. (The Vy value at 5.5V is 3.85V.) The worst case leakage current (i, Icc, and
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used.

“*Vig fimits are cumrently tested at 20% of Ve The above Vi specification {(30% of V) will be implementad no later than Q1. CY'89,
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AC Electrical Characteristics
¥ec=5Y, TA=25'C, C =15 pF, t;=t=6 ns

symbol Parameter’ Conditlons | Typ QGuarantsed Units

: Limit

s tPLH | Maximum Propagation < 18 30 ns
Delay, Binary Select to any Output o 5
4levels of delay b

tpHL: tPLH | Maximum Propagation 4 28.'; _38 ns
Delay, Binary Select to any Output
§ levels of delay

teHL tPLH | Maximum Propagation 19 30 ns
Delay, Enable to any Output

AC Electrical Charactei'istics CL=50pF, t:=4;=6 ns (unless otherwise specified)

54HC

Note 6: 4 levels of delay are A to Y1, Y3 and B to Y2, Y3.
Note 7: § levels of delay are A to YO, Y2 and B to YO, Y1.

b Jie ; Ta=25C L4HS:
“symbol Parameter Conditions | Veg = Ta=—401085C | Ta=—5510 125°C | Units
- Typ Guaranteed Limits N
teuL teLH | Maximum Propagation {Note 6) 20V ] 110 | 175 219 - 254 ns
. Delay Binary Select to 45V | 22 35 44 51 ns
’ any Output 4 lévels of delay 60V | 18 | 30 38 44 ns
tpHL, tpLH | Maximum Propagation i (Note 7) 2.0V | 165 | 220 275 320 ns
Delay Binary Select to any p 45V | 33 44 55 64 ns
Output 5 levels of delay 60V | 28 38 T 47 . 54 ns
teHL, tpLH | Maximum Propagation” 20V | 115 | 175 219 T 254 ns
. Delay Enabletoany * 45V 23 35 44 51 ns
Output 6.0V | 19 30 38 44 ns
iy trun | Maximum Output Rise 20v| 30 | 75 95 110 ns
and Fall Time 45v| 8 15 9 ¢ 22 ns
| 6.0V 7 13 16 19 ns
Cin Maximum Input 10 10 10 pF
Capacitance
Cpp Power Dissipation (Note 5) 75 pF
Capacitance (Note 5)
Note 5: Cpp ines the no load dy ic power ption, Pg=Cpp Vc2 T +ice Voc, and the no load dynamic current consumption, Is=Cpp Vog I+ Icc.

6CLOHPLINW/6ELOHYSININ



MM54HC147/MM74HC147

‘ National
Semiconductor

MM54HC147/MM74HC147
10-to-4 Line Priority Encoder

T i
General Description .
This high speed 10-to-4 Line Priority Encoder utilizes ad-~
vanced silicon-gate CMOS technology. It possesses the
high noise immunity and low power consumption of stan-
dard CMOS integrated circuits. This device is fully buffered,
giving it a fanout of 10 LS-TTL loads.

The MM54HC147/MM74HC147 features priority encoding
of the inputs to ensure that only the highest order data line
is encoded. Nine input lines are encoded to a four line BCD
output. The implied decimal zero condition requires no input
condition as zero is encoded when all nine data tines are at
a high logic level. All data inputs and outputs are active at
the low logic level.

The 54HC/74HC logic family is functionally as well as pin-
out compatible with the standard 54LS/74LS logic family.
All inputs are protected from damage due to static dis-
charge by internal diode clamps to Vg and ground.

Features

m Lowlquiescent power consumption: 40 pW maximum at
25°C

® High speed: 31 ns propagation delay (typical)

B Low input current: 1 pA maximum

® Wide supply range: 2V to 6V

Connection and Logic Diagrams

Dual-In-Line Package

INPUTS
QUTPUT sttt OUTPUT
Vee NC D 3 2 1 9 A
lw lis Iu Iw |1z In ||o |‘9 ©
« - - A
Lo RTATTET) §
D.3 2 1 8
‘ A e '
- ) D —
’ s 6 1 8 € 8
iPAA2 SN o
N O B G O A e FO—
« 5 6 1 8 C B GND - ; o
BNy B
INPUTS OUTPUTS @ [ ._D°—r .
TRty 8P y
Top View O
Order Number MM54HC147* or MM74HC147° 3) I L
*Please look Into Section 8, Appendix D 8 :Db—
{or availability of various package types.
0]
0! ¢
Truth Table 1—p
Inputs Outputs |
1 2 3 4 5 6 7 8 9{D C B A (s)
HHHHHEHGHEHHHHEHRH '
X X X X X X X X L|L HHL : 4
X X X X X X X L H|L H HH o1 De— °
X X X X X X L H H|H L L L
X X X X X L HHH|H L L H TL/F/5007-2
X X X X L HHHKHHIHLHL
X X X L HHHHHHLHH
X X LHHHHHMHH H L L
X L HHHHHHHIHHLH
L HHHHMHHHH|H HH L
H = High Logic Level, L = Low Logic Level, X = lrrelovant
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Absolute Maximum Ratings (otes142)

Operating Conditions

§ Mititary/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voitage (Voo) 2 <] \
pistributors for availability and specifications. DC Input or Output Voltage 0 Veo v
supply Voltage (Vec) -0.5t0 +7.0V Vine VouT)
¢ Input Voltage (Vin) —1.5t0 Vg +1.5v Operating Temp. Range (Ta) . .
0c Output Voltage (Vout) -0.510 V0.5V MM74HC =40 +85 *C
MMS54HC —~55 +128 *C
clamp Diode Current (i, lok) +20mA . ] .
ut Current, per pin (lout) 125mA -k Input Rise or Fall Times
0COutp! e, ouT %)  Voo=20V 1000 ns
0C Vee or GND Current, per pin (Icc) +50 mA Veg=4.5V 500 ns
Storage Temperature Range (Tstg) —65°Cto +150°C Veo=6.0V 400 ns
power Dissipation (Pp) .
(Note 3) 600 mW
© 8.0. Package only 500 mW
Lead Temp. (Ty) (Soldering 10 seconds) 260°C
= . - .
zDC Electrical Characteristics (ote ¢)
= . . To=26c |, T4HC 64HC
Symbol Parameter ° Conditions Vee Ta=—40t085°C | To=—55t0 125°C | units

Po— Typ - ---Guaranteed Limits

Vil Minimum High Level 2.0V 15 15 "1 v

—z.-=-- | Input Voltage - 4.5V - 3.15 3.15 ~1- 3.15 \

¢ 6.0V 4.2 4.2 L 4.2 \%

Vi Maximum Low Level 2.0V 0.5 0.5 0.5 \

¥ Input Voitage** 4.5V 1.35 1.35 1.35 v

6.0V 1.8 1.8 1.8 v

VoH Minimum High Level | Viy=V|qor V)

? Qutput Voitage lloutl <20 pA 20V | 20 | 1.9 19 1.9 v
45V | 45 | 44 4.4 4.4 v
6.0V | 6.0 5.9 59 5.9 \

ViN=ViH or Vi

floutl<4.0mA 45V.| 47 | 3.98 3.84 3.7 v

lloutl<5.2mA 6.0V | 52 | 548 T 534 - 5.2 \
Vou Maximum Low Level | Vin=VyorVy,

Output Voltage Jiourl<20 pA 20V O 0.1 0.1 0.1 v
4.5V 0 0.1 0.1 0.1 \
6.0V 0 0.1 0.1 0.1 \

ViN=ViHor ViL -
[lout!<4.0 mA 45V | 02 | 0.26 0.33 0.4 v
|'ouT| <52 mA 6.0V | 0.2 0.26 0.33 0.4 \Y
Iy Maximum Input Vin=Vcc or GND | 6.0V 10.1 +1.0 1.0 RA
Current
lee Maximum Quiescent | ViN=Vgg or GND | 6.0V 8.0 80 160 nA
Supply Current loutT=0 pA

Note 1: Absolute Maximum Ratings are those valuas beyond which damage to the device may oocur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Nots 3: Power Dissipation temperature derating — plastic "N" package: — 12 mW/*C from 65°C to 85°C; ceramic "J" package} — 12 mW/*C from 100°C to 125°C.
Note 4: For a power supply of 5V £10% the worst case output voltages (Vou. and Vo) occur for HC at 4.5V, Thus the 4.5V values should be used when designing
with this supply. Worst case Vy; and Vy_ occur at Vg = 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current (Iiy, lcc, and
loz) occur for CMOS at the higher voitage and so the 6.0V values should be used.
"*V)L limits are currently tested at 20% of Vge. The above Vy specification (30% of Vo) will be implemented no later than Q1, CY*89.




MM54HC147/MM74HC147

AC Electrical Characteristics vee=5v, Ta=25'C, C_ =15 pF, t,=ty=6 ns

Symbol Parameter Conditions Typ' Guaranteed Units
Limit
teHL tpLy | Maximum Propagation 31 38 ns H
Delay : 3
& 4
¥ a
AC Electrical Characteristics vcc=2.0v106.0v, ¢ =50 pF, t,=ty=6 ns (uniess otherwise specified) -
Tam25C 74HC 54HC
Symbol Parameter Conditions | Vge A Ta=—40t085C | To=—5510 125°C | ypy
Typ Guaranteed Limits o
teHL, ten | Maximum Propagation 20V | 181 | 220 275 319 hs
Delay 45V | 36 | 44 55 64 ns.
6.0V 31 37 47 54 ns
tTLH, ttHL | Maximum Output Rise 20V | 30 75 95 110 ny
and Fall Time 45V | 8 15 18 22 | .ns
- sov| 7 | 13 16 19 fis ™
Cep Power Dissipation (per package) 180 PF;
Capacitance (Note 5) A B
CiN Maximum Input 5 10 10 10 'pE;
Capacitance =3
Note 5: Cpp the no load dy ic power ption, Po=Cpp Ve f+ leg Vec. and the no load dynamic curtent consumption, 1s=Cpp Vec f+1lcc
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MM54HC245A/MM74HC245A

National
Semiconductor

MM54HC245A/MM74HC245A
Octal TRI-STATE® Transceiver
X%

General Description g

This TRI-STATE bidirectional buffer utilizes advanced sili-
con-gate CMOS technology, and is intended for two-way
asynchronous communication between data buses. It has
high drive current outputs which enable high speed opera-
tion even when driying large bus capacitances. This circuit
possesses the low power consumption and high noise im-
munity .usually associated with CMOS Ccircuitry, yet has
speeds comparable to low power Schottky TTL circuits.
This device has an active low enable input G and a direction
control input, DIR. When DIR is high, data flows from the A
inputs to the B outputs. When DIR is low, data flows .from
the B inputs to the A outputs. The MM54HC245A/
MM74HC245A transfers true data from one bus to the oth-
er. .

" This device can drive up to 15 LS-TTL Loads, and does not
have Schmitt trigger inputs. All inputs are protected from
damage due to static discharge by diodes to Vce and
ground.

Features

& Typical propagation delay: 13 ns

= Wide power supply range: 2-6V

m Low quiescent current: 80 pA maximum (74 HC)

M TRI-STATE outputs for connection to bus oriented
systems

® High output drive: 6 mA (minimum)
® Same as the '645

Connection Diagram

Dual-In-Line Package

ENABLE
Yec @ 81 82 83

l20 |19 18 17

B4 es B¢ ar Ba

16 I‘S IN IIS --I12 [l!

o é;
A

> lv Iz I:

DIR Al A2 A3 Ad

GND
TL/F/5165-1

Top View

Order Number MM54HC245A° or MM74HC245A°
“Pleass look into Section 8, Appendix D for avaitability of various package types.

Truth Table

Control
Inputs

DIR

Operation

Irr |0l
X Ir

B data to A bus
A datato B bus
Isolation

H = high level, L = low level, X = irrelevant




jpsolute Maximum Ratings otes122)

Operating Conditions .- -

VSYZOHYZINN/VSPZIOHYSNIN

¢ Military/Aerospace specified devices are required, Min “Max " Units
gtact the National Semiconductor Sales Office/ Supply Voltage (Vce) 2 6 * v
pstributors tor avallabllity and specifications.
iy Volt —051t0 +7.0V DC Input or Output Voltage
. tc:/c:tg: (evlg?F)( and G pins (Vin) —1.5 to.V. + 1.5V Vin. Vour) 0 Vec v
winpy g P N : cer " Operating Temp. Range (Ta)
g¢ Input/Output Voltage (Vi Vour) —0.5toVec+0.5V MM74HC —40 +85 c
gamp Dfode Current (ico) F20mA MMS4HC -85  +125  °C
0c Output Current, per pin (IOL_JT) £35mA < Input Rise/Fall Times
gCVcc or GND Current, per pin (Ico) +70mA 5 tnt)  Voo=20V 1000 ns
swrage Temperature Range (TsTG) —-65°Cto +150°C Veo=4.5V 500 ns
power Dissipation (Pp) Vce=6.0V 400 ‘ns
{Note 3), 600 mW
8.0. Package only 500 mW
Lead Temp. (T) (Soldering 10 seconds) 260°C
_.0C Electrical Characteristics (ote 4
o s gl 74HC 54HC
gymbol Parameter Conditions Vee A Ta=—401085°C | To= —5510 125°C | Units
g.,,‘ Typ Guaranteed Limits
W% | Minimum High Level Input 2.0V 15 15 15 v
% Voltage 45V 3.15 3.15 3.15 v
.3',..‘ . 6.0V 4.2 4.2 4.2 Vv
Vi~ | Maximum Low Level Input 2.0V 05 |7 05 0.5 v
}“ Voltage** . 45V 1.35 1.35 1.35 v
A 6.0V 18 18 18 v
4 V&I Minimum High Level Output | Vin=Viyor Vi, .
167~ | voltage - | lloutis20 pA 20V| 20 19 |~ 1.9 1.9 Y
ol 45v| 45| 4.4 4.4 a4 v
k% ’ 6ov|60]| 59 | - 569 5.9 v
b g 0
b - ViN=ViorVie - -
2 llouT! £6.0 mA 45V]| 4.2 | 3.98 3.84 3.7 A
& liout|<7.8 mA 6.0V} 5.7 | 548 5.34 5.2 \Y
Yo Maximum Low Level Output | V=V Or Vit . - -
“i | Voltage liouti <20 pA 20vj 0 [ o1 0.1 0.1 v
ind] 45vV| 0 | 0. 04 \ 0.1 v
- 6.0v|{ O 0.1 0.1 0.1 \
ViN=ViHor Vi,
floutl<6.0 mA 45V1 0.2 ] 0.26 0.33 0.4 \
; lloutl<7.8 mA 6.0V | 0.2 | 0.26 0.33 ) 0.4 v
I Input Leakage Vin=Vce to GND 6.0V +0.1 +1.0 +1.0 HA
’ Current (G and DIR)
‘oz Maximum TRI-STATE Qutput | Voyt=Vcg or GND | 6.0V +0.5 +5.0 +10 . RA
. Leakage Current Enable G=V|y4
ke Maximum Quiescent Supply | Vin=VcgorGND | 6.0V 8.0 80 160 pA
Current loyT=0 pA

¥

Note 1: Maximum Ratings are those values beyand which damage to the device may occur.
Note 2: Unless otherwise specified all voltages are referenced to ground.
Note 3: Power Dissipation tempsrature derating — plastic “N" package: - 12 mW/*C from 65°C to 85°C; ceramic “J" package: —12 mW/*C from 100°C to 125°C.

Nate 4: For a power supply of 5V 1 10% the worst case output voltages (Vou. and Vo) occur for HC af 4.5V. Thus the 4.5V values should be used when designing
with this supply. Worst case V| and Vy occur at Vee=5.5V and 4.5V respectively. (The Vi valu® at 5.5V is 3.85V.) The worst case leakage current (i, Icc. and
102) oceur for CMOS at the higher voltage and so the 6.0V values should be used.

**Vy_limits are currently tested at 20% of V. The above Vi specification (30%) of Vce) will be implemantad no later than Q1, CY'89.0 = V.




MM54HC245A/MM74HC245A

AC Electrical Characteristics vq;=sv, TA=25'C.t,=t;=6ns -

Symbol’ Parameter Conditions Typ Gua&:ltteed Units .
tpHL. tPLH | Maximum Propagation Delay CL=45pF | 12 17 ns
tpzH, tpzL | Maximum Output Eniable Time | R = 1kn 24 35 ns
-] CL=45pF
teHz, tpLz | Maximum Output Disable Time Ru=1kn | 18 25 ns
Cy =5pF
8 R
- AC Electrical Characteristics Vcc=2.0V10 6.0V, C| =50 pF, t,= tr=6 ns (unless otherwise specified) fs K
. - 74HC 54HC [
Symbo! Parameter Condltions | veo | 4 Ta= ~40t085°C | To=—55t0 125°C Units
Typ Guaranteed Limits Tl
tPHL, Maximum Propagation Delay | C_ = 50pF | 2.0v | 31 90 113 135 ns
tpLA - CL.= 150pF | 2.0V | 41 | 96 116 . 128 ns
CL=50pF |45v| 13 | 18 23 . 27 - m’z
Cp= 150pF | 45V | 17 22 28 33 ns' s
. - e =50pF |6ov] 11 | 15 19 23 ne
v CL=150pF | 6.0V | 14 | 19 23 28 ¥
tpzH, Maximum Output Enable R = 1kQ : 1Y
tezL Time cL=50pF |20v| 71 | 190 240 285 ns 3
- - C_=150pF | 20V | 81 | 240 |. 300 360 ~{ -ns=
CL=50pF |45v]| 26 | 38 48 57 ns
C_=150pF | 4.5V | 31 48 60 72 ns i
B "1 CLE50pF | 6.0V | 21 32 1 41 - o748 - n‘s—?
, . | CL=150pF | 60v | 25 | a1 7 51 61 fs' %
' tPHz, Maximum OQutput Disable RL =1k 20V | 39 | 135 169 203 ns__;?
terz , Time CL=80pF |45V 20 | 27 34 41 ns
S by & C 6oV 18 | 23 |- 29 34 ns i
trim. trie | Output Rise and Fall Time' CL=50pF 20V | 20 | 60 75 90 ns ¥
; asv| 6 | 12 15 18 ns
% 6.0V 5 ‘10 13 4 15 ns™,
Cep Power Dissipation G=v 50 p‘F'
Capacitance (Note 5) G =Vy 5 pF
Cin Maximum Input Capacitance 5 10 10 10 pF
Cinout | Maximum Input/Output 15 | 20 20 20 pF
Capacitance, A or B 2

Note 5: Cpp determines the no load dynamic power consumption, Pg

=Cpp Voe? 1 +lec Ve, and the no load dynamic current consumption, Is = Cpp Vg f+1ce - -

— e e
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National
Semiconductor

MM54HC688/MM74HC688

8-Bit Magnitude Comparator (Equallty Detector)

General Description .

This equality detector utilizes advanced silicon-gate CMOS
technology to compare bit for bit two 8-bit words and indi-
cates whether or not they are equal. The P=Q output indi-
cates equality when it is low. A single active low enable is
provided to facilitate cascading of several packages and en-
able comparison of words greater than 8 bits.

This device is useful in memory block decoding applica-
tions, where memory block enable signal$ must be generat-
ed from computer address information.

The comparator's output can drive 10 low power Schottky
equivalent loads. This comparator is functionally and pin

.‘.‘
P

compatible to the 54L.5688/74L.5688. All inputs are protect-
ed from damage due to static discharge by diodes to Vog
and ground.

Features

m Typical propagation delay: 20 ns

B Wide power supply range: 2-6V

u Low quiescent current: 80 pA (74 Series)
= Large output current: 4 mA (74 Series)

B Same as 'HC521

Connection and Logic Diagrams

Dual-In-Line Package
Vec P=G Q7 P7T Q6 P6 Q5 PS5 Q4 P4
20 ||9 [16 |v7 [ [1s |1s [13 |12 |

D :

[v ]2 Ja Ja s Te T7r To Te Tro

G PO Q0 Pt Q1 P2 02 P3 Q3 GND
¢ " TUFIs018-1
Top View

Order Number MM54HC688* or MM74HC688*

B *Please look into Section 8, Appendix D
for availability of various package types.

Truth Table

Inputs

Data Enable
P,Q G P
P=Q '
P>Q
P<Q

I
Ol

Irror
IXITTITr

TL/F/5018-2

8890HYZINN/889DHYSININ'



MM54HC688/MM74HC688

Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions

If Military/Aerospace specified devices are required, Min Max
contact the Nationa! Semiconductor Sales Office/ Supply Voltage (Vco) 2 6
Distributors for availability and specifications. DC Input or Output Voltage 0 Vee
Supply Voltage (Veg) —0.5t0 +7.0v (Vin: VouT)
DC Input Voltage (Vi) ~1.5t0 Ve t+1.5v Operating Temp. Range (Ta)
DC Output Voltage (Vout) -0.%}0 Vee+0.5V mm;z:g :gg :18255 .
Clamp Diode Current (I, lok) T £20mA )
DC Output Current, per pin (Ioyt) +25 m;A In?t‘:'t :?)'Se c:;gcaizrg\e/s {000
DC Ve or GND Current, per pin (Icc) +50 mA R Ve =4.5V 500
Storage Temperature Range (TsTa) =65°Cto +150°C Veo=6.0V 400
Power Dissipation (Pp)

(Note 3) 600 mw

S.0. Package only 500 mwW .
Lead Temp. (T) (Soldering 10 seconds) 260°C

DC Electrical Characteristics ot 4)

. Poeq .74HC _ 54HC
Symbol Parameter Conditions | Vee | A Ta=—401085'C | Ta=~55t0 126°C
Typ Guaranteed Limits
ViH Minimum High Level 2.0v 1.5 1.5 15 v g
Input Voltage 4.5V 3.15 3.15 3.15 v ;ﬂ
6.0V 4.2 42 42 v i
Vi Maximum Low Leve! 2.0V 0.5 0.5 0.5 vV 2
input Voltage** ’ | 4sv 1.35 1.35 1.35 v &
, 6.0V 1.8 1.8 1.8 vV ¥
Vo Minimum High Level | Vin=Vyor Vi, - :‘:;'
Output Voltage lloutl<20 pA 20V | 20| 1.9 1.9 19 A
¢ 2 45V | 45 | 44 4.4 4.4 Vo
6.0V | 60 | 59 5.9 5.9 v @
ViN=Viyor Vi 7%
lloutl<4.0 mA 45V | 42 [ 398 3.84 3.7 Vo
lloutl<5.2 mA 6.0V | 57 | 548 5.34 5.2 v '
VoL Maximum Low Level | Viy=VyyorVy
Output Voltage llouti <20 pA 20v{ o 0.1 0.1 0.1 v
45V | 0 0.1 0.1 0.1 v
60V | 0o 0.1 0.1 0.1 v o
VIN=Vi or Vi, )
Houtl<4.0 ma 45v | 02 | 0.28 0.33 0.4 v
lloutl$6.2 mA 6.0V | 0.2 | 0.26 0.33 0.4 v
N Maximum Input VIN=VccorGND | 6.0V +0.1 1.0 +1.0 RA
Cutrent
lcc Maximum Quiescent | Viy=Vccor GND | 6.0v 8.0 80 160 RA
Supply Current lour=0 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.
Note 2: Unless otherwise specified alt voitages are referenced to ground.
Note 3: Power Dissipation temperature derating — plastic “N" package: - 12 mW/°C trom 65°C to 85°C; ceramic "J" package: — 12 mW/*C from 100°C to 125°C.

Note 4: For a power supply of 5V 1 10% the worst case output voltages (V. and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when designing
with this supply. Worst case V) and V) occur at Vce=5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current (I, Icc, and
oz) occur for CMOS at the higher voltage and so the 6.0V values should te used.

**Vy_ limits are currently tested at 20% of Vec. The above Vi specification (30% of Vee) will be implemented no tater than Qt, Cy's9,




F c Electrical Characteristics

s
%

“ =5V, TA=25°C, C =15 pF, {,=(4=6ns

VeC
. Guaranteed
: -s!mbol Parameter Cor?dltlons Typ | - Limit Units
k o tPLH Maximum Propagation . , ) 21 30 ns
s P Delay, any P or Q to Output k53 .
i s teHL | Maximum Propagation 14, 20 ns
] Delay, Enable to any Output ‘
50
.-AC Electrical Characteristics
Yoc=2.0V 10 6.0V, C =50 pF, t,=1;=6 ns (unless otherwise specified)
; Tam280C 74HC 54HC
Parameter Conditions | Vg | TA=—401085C | Tpa=-551t0125°C Units
. . Typ Guaranteed Limits
Maximum Propaggtion 20V | 60 175 -~ 220 263 ns
Delay, PorQto 458v | 22 35 44 53 ns
“-Output --oeiom e - 60v | 19 | 30 38 45 ns
Maximum Propagation 20V | 45 120 150 > 180 ns -
Delay, Enabie to 4.5V 15 24 30 ’ 36 ns
Output 6.0V. 13 .20 . 25 30 ns
Maximum Output Rise 2.0V 30 75 2 95 110 ns
~} and Fall Time 45V | 8 15 19 - 22 ns
X BT O A T R |- S 18 ns
Power Dissipation >4 .‘% | 45 Y pF
Capacitance (Note 5) EN
Maximum Input { 5 0L 40 10 pF
' Capacitance. ' Vorr -2 72 :
:E:Gpo‘ the no foad dy ic power ption, Po=Cpep Vo2 1+ lec Vee, andthqnoloaddynamiccunentconmpﬂon. Is=Cpp Vo I +Ice.

4
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 54AC/74AC244 ¢ 54ACT/74ACT244

Octal Buffer/Line Driver"*’i}vith':_!\'Rl-S_.TATE@? Outputs

General Description

The 'AC/'ACT244 is an octal buffer and ling driver designed
to be employed as a memory address driver, clock driver
and bus-oriented transmitter/receiver which provides im-
proved PC board density. N

Features

m TRI-STATE outputs drive bus lines or buffer memory
address registers ;

m OQutputs source/sink 24 mA

8 'ACT244 has TTL-compatible inputs

¥ Standard Miltary Drawing (SMD) ~ ~
— 'AC244: 5962-87552 h

-~ —'ACT244: 5962-87760 ---—- ~- - - -

Ordering Coder sésSections . -

' ARG T

Logic Symbol - - %= - -- Connection Diagrams -
IEEE/IEC Pln Assignment  _us_. _ PinAssignment
for DIP, Flatpak and SOIC = .5~ "*7{" “ for LCCand PCC ':
TTen ey TS| 4 T T T 0 057) T .
g’ ] L X ﬁ,—'_;—db-—-— %Vcc ...... EOEEGE
z -~ . —

o g — b V=0 . ,lo-?\_-—<% T % " R
Selymmd - . p—o0 0] 0p: %@ G0, -
=] . 2 tos]? | 16 HM z oo

iy ] oy )4 0g =t~ ] 0 ov PPy Py O 1
e 3 ] N =S I % B8 Vee
' - ;2-—7\——5L ,4‘:)5 > E @0,
"5, I i 1 i A= i RS &
13'—9 = s 4 i3 @ [ @@
;o o el — 0y 0150y g O oo .
4 > V=% GND-‘—‘)'-\Q——”—h TUF/9943-3
U = 05 ’ i - g .
lg - 0 TR TUF/8043-2 - -
b —0; - ’ .-
TL/F/9943-1 - 1
Truth Tables
Pin Names Description Inputs Outputs
OE,, OF, TRI-STATE Output Enable Inputs OE;4 In (Pins 12, 14, 16, 18)
lo-17 Inputs L L L
0p-C7 Outputs L H H
H X z
Inputs Outputs
6?2 I (Pins 3, 5,7,9)
L L L
L H H
H X 4

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

Z = High Impedance






