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ABSTRACT

THIS THESIS PRESENT POWER SUPPLY ANALYSIS IS DESIGNED FOR
ANALYSIS POWER SUPPLY (DC), ABOUT VOLTAGE AND CURRENT. THE CURRENT
SECTION CAN SELECTER IS CURRENT CONTINUOUS, CURRENT PULSE

THE CONTENT OF THIS THESIS IS ABOUT CONTINOUS CURRENT SINK,
RELAY CONTROL, PULSE CURRENT SINK AND COMPUTER INTERFACE
POWER SUPPLY @NALYSIS DEVELOPMENT AND TRAINTNG SET IS COMPLETE

* AND SUITABLE FOR USINGIN LABORATORY
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Vdc (fullwave) = 0.637 Vp

= 2 Vdc (half wave) 22
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3. Output rectifier and filter
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aMm 311) dudmuguanhouvessiad desndiunsnlfoudeuuradui 1 ndos
TG PR LA LR) (“l%"lvh?;sq +5 Tran) wazlisimgn Tuftildeenuun {5 mddlavse
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ffﬁmueﬂexvﬁmsmf‘mfhﬁﬁqnuqtytﬁuﬁlﬂn Fusrunsofmramaitidanugad

o 1 [} as dy
nvinluugazee el

VIN=<20;P=(VIN-001*I)*I =VIN*I-001*I

2
20< VIN=<35;P=(VIN-2787*1)*] =VIN *1.-2787*1

2
35 < VIN=<50;P=(VIN-55656*I)*I=VIN*I-5565 *1I

4 v [l o dy
31# Pmax vounmnsusamnlulaasse ael
VIN =< 20 ; Pmax = 99.75 W

20 < VIN =< 35 ; Pmax = 105.305 W

35 < VIN =< 50 ; Pmax = 110.86 W
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TEST POWER SUPPLY

o 2

R1
10aK VR1
168

RELAY1

R8 47K

@1 BC 337

i
4 Ui:LM 3114

D2
1N4148
R9 47K
— 1] @2 BC 337
4 U2: LM 311
He
D3
RELAY3 1N4148
R13 18K Ri1 338
s 1)
Q@3 BC 337

FROM PORT B: 1

< ' 4
zﬂ‘ﬂ 3.3 UANNATTIUAILANT DY



51

L 4
9101 DATA SHEET vsuwmesvoammiumnudasimannsonusddld 150 Snd
é : ar 1 t o o z o
H11993510: 10 Pmax vourniy 2 da dfumiiy 11086 Tad mszaztiumin 1 M
- A 1 L LY -%
Pmax = 55.43 Ja¢ Fefiennsoudle ldTmines ldeanrundomslunms 9oy snmaseu

Tlsunsudisussiuduyniiu 5o v. wxlidygnanfeudmninsenouiianes

P ' o o ' o
nngdf 33 szudsnihwinda Wi s v unhnsudwssduedadoudhn
" A’ oF A ar e’: \J
Suneifweressfsufsuussdumodiuuseiugds Tumsziluns$ules
o G’I t o = A A * H L
WTsuiteunsaduiy Auseruddainflouldeciisunnai IWideweses 1u'ld
y o 1 A o Y A\ t Y J L] L]
(Midsnnsalfoudsunssduiian s vy FedwsdudrdadiaunnniIWideaiiselvun
P =4 o o ¥ 0o = & o 3 0 ot 2 ° -~
wWeslSsunguussdusz i e sulfsuisuussdudniu e wiemauianaialy
1 é 1 or ar T
293 UAMAMURIUNIY R2 1oz RI FaiiA1 10 Kohm 1a% 90 Kohm amudidusuuiluduia
o o = L o “ o‘: b3 st o o
ussdudndar ihdunn  wesflowdiiviuouBunesasevsenlFouisuusedunnd
A o dao ¢ a o = i:! d"d * * o o o P
Tagdio lanaundnde IdfhBunnivmeuduneiailsminnhiszdusndar Indhie

- o o

SunedaweyesulSouiouus sty (Vref) ﬁﬂzﬂﬂﬁ?xaéﬁ'ﬂfuq Waudwmiududusiad
Atdnuaemsldiuiag Tfe wiinudmmesiumsunssua i biudvaaravesdiad
Taoit lnTondensonvaatnsind ietlostunseua v nandudiusatlostusafindluly
dannuidomoiasiidaudiuniu Re, R7 oz RS Faiialszunm 47 Kohm dlusiiia

A\
aszua WA Inasiuuaalaiiad

3.4 MIVOAUVUNITAIUAINTEUAF IS

o ) a e
ngdfl 34 Jusesifouvenesdullatad @use) Taoldlodiued T 494
t

o A el et P d d o o & 7
IﬂuﬂQﬁTLUﬂﬂQTUﬂIﬂU1HNﬂ77Nﬂ 4 ANUD ﬁ'lﬂfjﬁ?ﬂ')']ﬂﬂﬂﬂﬂﬁmfy']mﬂﬁﬂlﬂ'lﬂﬂﬂ‘ﬂﬂﬂ

& 9/ ™ o P A P o
TL 494 ioiins1Fnuludnyae SINGLE - END femiwnnsudmaosaovunudiu)
Fo=11/(Rt*Ct)

o v o o i a1 '
vngaszmuldhdnnudvesdygruiugndimuaTasginsaiiasegaiouen
-, PR = [} o -t ' 2 o
fio Rt uaz ¢t lundmuald o suduldsusmenud Teowl@oudr re Feldn
ar ] + w ar 4 q Adl 1
anuiumuliuanndeeynsufudidumundd e binnuafigadeaniueulans

Al A 1 o Y
weiiilaln ct = 0.01 e mingasdiedussldmanufumu ®y fanudagdad



52

oo F:dl¥04d.._.._]

(4

4

a

o

= 91z
8zz s ROV mﬂoAT
AT*1 81y
sz
8zz €yp [REV VT ..NlﬁnAT
AZZT L1y /7
¥z
A2z zaa WOV VIV EQA
ATT 9Ty
€12
N S R ||o-oA
ABTT STY
€ AVTIH 0L +cA
z:2z
A AT ZTHA AZ*1 9Z¥
A ety = 11z
int-eea el T Sl A PN M NoA €
AneT #0 AZ1 szY
¢“T__ﬁ I*i % 54
€:6¥0F OL v a o = w1 sraa PRATAN 5T !
g AZT*T ¥zY
o1 s:1 v
TT . |
esSL ¥I1¥ 2 3 Nk 6¥A Al oAri
¥6P TL AZ 1 €2y
- . ¥l
zT € Ny Bda [VRIY VY Ci8
|m+ﬂ AZ T ZZY J/
gl
A cr L¥n ROV ooA
AT*T 12y
z11
Ay sus TREOV VY *Aw
AZ*1 8z¥
. 1t
AT sap TROVTANNVT— <
AT 61y 4/

1 3.4 LA NIINUUANAY

<

R S111'0'Y GOSN
ool




53

o d o
RT = 110 Kohm fiANa&aya1aue1Mun 1 KHZ
d oo J
RT = 11 Kohm NAMuddgyanaiemnn 10 KHZ
{ 4o
RT = 2.2 Kohm NA1MM0 §g181019%"N 50 KHZ ¢

P ad o
RT = 1.1 Kohm fnnudideygnaue1mnn 110 KHZ

4 -
WYive RT A9 R 9141 6 fluns17Y ( GND )

TaoldBidnnaotindaing 1c wed 4066 @4:4) dufudonariud Taslddyauen
wein 2 (dludmiugu dm DUTY CYCLE szmwisoutsesndiu 8 $afle 5%,
45%,35%,30%,25%,20%,15% IasldBi@dnnsoiindaing L2 uaz L3:aA dudufenTanld
Fyameanedn 1 ifudnauqulumsdfuer DUTY CYCLE uldmnifufndanInih
flvr 4 (11 DEADTIME CoNTRoL) Taeldfstuuunvesnslfim TL 494 Tudnuaizaces
DEAD TIME CONTROL #41¢ 1441

MAXIMUM ON TIME =90-[80/1-(R1/R2)]

. 1 4 A N aF 1 A t
NUWINg 9117999 R1 fioA1 R NAOTSNINUT 4 ALY 14 99U R2 fie R13 NvDY7 4

o < v yd
nunsnﬁmmﬁmuamn'ﬁ’n 1 Kohm

4 3
LY <

@ 1 o YR
Faiuiiersum DUTY cYCLE wededdd R1 dlumudumunemnsalfuamld
L L 3 . \A 4 -
nazesdedinunndl R2 wng woedeamsi? puTy cycLE fiautlad 0% ualunil
J . .
weenuuuliaeesll DUTY CYCLE qegaft 50% fifisanand1ld DUTY CYCLE g9

o ° 4 H
nsznamdsszgamuszi indodlionnsoasasaeuldts 10 uond

o o & P H
nngn 35 unsesvasiswims@endanssuaunudnvusduestionsod
<& a & Y- o o =
aszuadivas 1489 10 uouilf so Thavi@areesilez ¥ 1c wed TL 494 Wudrdmuanadn

A714D 1 KHz,10 KHz,50 KHz,lae 100 Khz Uazil DUTY CYCLE 85%,80%,75%,70%,65%,
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H

70%,65%,60%,55%,50% nmiuflezihdganaiadnn IC TL 494 meuesivied
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MC1 4049 FuiluBunedinefesilva DUTY CYCLE wlaowiiu 15%,20%25%,30% 35%,
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Sunmwein,emiymneinuazaduiidiutendenduoniives 8255 (DECODE PORT) fip
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3.5.1 N5 DECODE PORT

¥

i 4 N

Aldanes 8255 vumdathusiesld 1C TTL 74LS688, IC TTL 74LS139 uay
A @ 4 & '

pre sw. WuasesdldaieWaunsolsy D sw. ivesadunianednueandaldlay

¥
Tumsdfy DI sw. uweznsiddu DIp sw.  duszdAstluasetuduintianesnyes

A a I's
ATOINBURUADTAIY
SET DIPSW #%PORT
G oM = 0O
g ofr = » PORT 3@2H
A A A A A AR A A a A A A
1 4 3 8 T 8 § 4 3 2 1 ¢
ord P |
aaﬁaggaa D 0O & r Q@ o © 0 X X X x
3 %] )
1 2 = 4 € 6 7 8

(37
0D

orD
D

< o
51 3.7 uaman13ilsu DI sw. Tumisd ldanein

:: LG o d ¢ [Y é at v 1 o 1 o 1 A’:
swaneialfaneinldlaemsdsy pp sw. Fallaumisuaidumie (ADDRESS) Hu9

] : ] ar o A
U 1TSS 0300H v31/5Y DIP sW. Aegin 3.7

HEX RANGE Usage
000-00F DMA Chip 8237A-5
020-021 Interrupt 8259A
040-043 Timer 8253-5
060-063 PPI 8255A-5
080-083 DMA Page Register
0AX NMI Mask Register
oCX Reserved
OEX Reserved
200-20F . Game Control
210-217 Expension Unit
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’ HEX RANGE Usage
£ 220-24F Reserved
d 278-27F Reserved
2F0-2F7 Reserved
2F8-2FF Asynchronous Communication (secondary)
300-51F Prototype Card
320-32F Fixed Disk
378-37F Printer
380-38C SDLC Communication
580-389 Binary Synchronous Communication (secondary)
3A0-3A9 Binary Synchronous Communication (primary)
3B0-3BF IBM Mnochrome Display/Printer
¥
3C0-3CF Reserved
. 3D0-3DF Color/Graphic
3BE0-3E7 Reserved
5F0-3F7 Diskette
‘ 3F8-3FF Asynchronous Cornmunication (primary)

A1519% 3.2 /O ADDRESS MAP

3.6 MINIVAUUASNITUAAIND

3.6.1 WesnlasudyanasurdsniiluAiaea (Analog to Digital Converter)

¥
A o o
251919 1C # ADC 0809 Fanzinmisilasdygnueurden o5 Trarifiudyana
aa = A o & 4’ 9 o - ot P o - [
dvmoava 8 dn wohdygruinldureuiuaelunsnifeuuloweudonduynua
4 t4 et & t 4 < =
aziliiinsueafiniinn  Ouput  Bnable  (OB)  ifieRvzswAuOIYNTBENIN

o/ é o P N o {
#1 IC # ADC 0809 Fuiludyaudsasaudunmunsarnisassaoudusiduiioonun'ly
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o an o an o -
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i d
wilaaWilumegdy udWahlddunumawidogane 11

A ' ¢ - 1 1

ioflonun Analog Input = 5 Taavina Digital Output 811114 FFH
A o -

FrH domidlumugudy = 255

Digital Output Converse to Analog = (255 * 5) / 255

= 5.00 Volt

o a  w an a 2 °
MIhaneedia ADC 0809 1z iszdudygudtasald 8 da Fwsdmuadiums
=1' & 3 oo o A i ar s - d" e
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o o Lo o Vet o 2 Y 3 o = .o Yo
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é L ar (%3 o ~
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L
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4 o 44 4 d o~
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SELECT ANALOG CHANNEL ADDRESS LINE
A H | c
INO L L L
IN1 L L H
, IN2 L H L
IN3 L H H
IN4 S L L
NS L L H
ING L H~\\ L
N7 L H H

=
A5 3.3 UAAINISIABA Channel Input

VINANNUENIINTANILYEIRT ADC 0809 oy limmandasdygalunsd
usnazdosdmua (Sety Fayanni START uay ALE Tasezrsanldonlndislaesunsy
(Timing-Diagram) Y8457 ADC 0809 Tugil onarsdredavesgilnsal) lumsdmuadgono
START uaz ALE 5798 [n1sfmuaniegrdanid (HARD WARE) lumsi5u START Taoms
flounmud 25 Hz 1107997 RING OSCILLATOR U@z ICMASAINA (4040) mndnwais

4 o d
nusseelfieesdegii 3.8

d d ar ar an, A o ar
vingif 38  waanslasudygusudeniiudygruilaeadeesTudyo o
Pooa o i . ¢ o :
BURBNINNITFUN 32 uazgihn 35 TaseshTiandmeninaeesluglil 32 vnasutis
o Py o a o - P 4
usnIld o-s Taadt vudhiesnldoudyanueudentudygudlaoassniinedn 3
h ' 1 4 ° J Y 4
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DUTYCYCLE | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do
50% 1 o | o o |o |o 0 0
45% 1 1 o o [0 |o 0 0
40% 1 1 1 o |o |o 0 0
35% 1 1 1 |1 0o | o 0 0
30% 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

\ 15% 1 1 1 1 1 1 1 1

< < e A - d A & .a o
A19190 3.4 uaasdoyaveniinedn 1 e lilaugudidnnsefindaing

WelSUDUTY CYCLE

-] : -~ d A 4 3 ° 9 - s
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1 4
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A zy | D7 | D6 | DS | Ds | D3 | D2 | D1 | DO

“4

AONILY Pulse
1K ol o o] ol o 0 1 1
10K ol ol ol o] o 1 0 1
50 X e e e 1 0 o | 1
100 K o~ /g 1 0 0 0 1

@enuLY DC i 1 1 1§ T 1 1 1

o o ¢ A - o A & a4 A o
AN 3.5 llﬁﬂs}fl’ﬂy‘ﬁﬂﬂﬂﬂ'ﬂﬂiﬂ 2 ma'lﬂmnf]uamﬂmaunammmmaanmmﬂua:

o S o A ' < o 4 A = P
DO m'lﬂmuam' 189 3 (WBRONTNSANNTZUTUULUNATH T ORINTSLUTUUUAIN
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/***&***t***t******************************************************************/
H

[* KING MONGKUT'S INSTITUTE OF TECHNOLOGY */
/* KMITL x/

/*********************#********************************************************/
{ .

/* FILE NAME : PSAD.C *
/* CREATE : 7/JULY /94 */
/* UPDATE : 7/DEC /9% */
/* PURPOSE : Prototype function for POWER SUPPLY ANALYSIS */

/******%***************************************ﬁ*********#********************/

/* Copyright (C) 1994 */
/* KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG ¥/

/*****************************************************************************/

winclude <dos.h>
#include <math.h>
#include <conio.h>
#include <stdio.h>
#include <stdlib.h>
;ﬁnclude <stdarg.h>

#include <graphics.h>
#define ESC  0xl1b /* Define the escape key */

char *rec[2]={"CONTINUE CURRENT","PULSE CURRENT"};
char *bang[8]={"50","45","40","35","30","25","20","15"};

char *freq2(4]={"1 KHz","10 kHz","50 KHz","100 KHz"};

int bangl[8]={110,160,210,260,310,360,410,460};

int freq1{4]={107,232,357,484};

int freq[4]={90,215,340,465},;

unsigned int C,D,ED] ED2;



80

double ED3,ED4,ELEC1 ELEC2RPVRPVI;
int begin,start,go;

int X,Y;

int A[8]={127,63,31,15,7,3,1,0};

int B[8]={225,254,252,250,246,238};

int GraphDriver; /* The Graphics device driver */

int GraphMode; /* The Graphics mode value */

double AspectRatio; /* Aspect ratio of a pixel on the screen */
int MaxX, MaxY; /* The maximum resolution of the screen */
int MaxColors; /* The maximum # of colors available */
int  ErrorCode; /* Reports any graphics errors */

struct palettetype palette; /* Used to read palette info */

/***f***************a!***********#*******#*************************************/

]
* Function prototypes */

/******************************************************************************/
void Initialize(void);

void PutlmageDemo(void);

void MainWindow();

void éhangetextstyle(int font, int direction, int charsize);

void .show(void);

int gprintf(int *xloc, int *yloe, char *fmt, ... );

/****;*************************************************************************/
/* . Begin main function */
/******************************************************************************/
int main()

Initialize(); /* Set system into Graphics. mode */

PutlmageDemo();



.
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closegraph(); /* Return the system to text mode */
show();

return(0);

/********#***3***************************************************************#*/

g* INITIALIZE: Initializes the graphics system and reports */

/* any errors which occured. */

/***************t*****************************#ﬁ*******************************/

" void Initialize(void)

{
int xasp, yasp; /* Used to read the aspect ratio */
' GraphDriver = DETECT; /* Request auto-detection */
initgraph( &GraphDriver, &GraphMode, " );
ErrorCode = graphresult(); /* Read result of initialization */
if( ErrorCode != grOk ){ /* Error occured during init */

printf(" Graphics System Brror: %s\n", grapherrormsg( ErrorCode ) );

exit( 1);
}
getpalette( &palette ); /* Read the palette from bogrd */
I MaxColors = getmaxcolor() + I; /* Read maximum number of colors */

MaxX = getmaxx();
MaxY = getmaxy(); /* Read size of screen */
getaspectratio( &xasp, &yasp ); /* read the hardware aspect */
AspectRatio = (double)xasp / (double)yasp; /* Get correction factor */

}

/******************************************************************************/

r* PUTIMAGEDEMO */

/i************************************?*******#*!************************!***m*/
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"void PutimageDemo(void)
{
int in;
static int r = 20;

static int StartX = 100;

static int StartY = 50;

struct viewporttype vp;

int PauseTime, x, y, ulx, uly, Irx, Iry, size, i, width, height, step;
void *Saucer; -
MainWindow("GetImage / Putimage Demonstration");
changetextstyle(TRIPLEX_FONT,HORIZ_DIR,5);
setcolor(RED);

outtextxy(MaxX/10.5,55,"POWER SUPPLY ANALYSIS");
changetextstyle(TRIPLEX_FONT,HORIZ_DIR,3);
setcolor(LIGHTMAGENTA);
outtextxy(MaxX/3.4,200,"INDUSTRIAL EDUCATION™);
setcolor(LIGHTBLUE);
outtextxy(MaxX/3.66,250,"BLECTRONIC COMPUTER");
setcolor(LIGHTGREEN);

outtextxy(MaxX/2.02,250,"&");
changetextstyle(GOTHIC_FONT,HORIZ_DIR,1);
setcolor(YELLOW),

outtextxy(MaxX/3.2,400,"Copyright (c) 1994 by ");
changetextstyle(TRIPLEX_FONT,HORIZ_DIR,1);
outtextxy(MaxX/1.66,400,"KMITL");

tgetviewsettings( &vp );

/* Draw Saucer */
setfillstyle( SOLID_FILL, getmaxcolor() );
setcolor(LIGHTRED);
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fillellipse(StartX, StartY, r, (r/3)+2);
ellipse(StartX, StartY-4, 190, 357, r, r/3);
line(StartX+7, StartY-6, StartX+10, StartY-12);
circle(StartX+10, StartY-12, 2);

line(StartX-7, StartY-6, StartX-10, StartY-12);
circle(StartX-10, StartY-12, 2);

/* Read saucer image */

uix = StartX-(r+1);

uly = StartY-14;

Irx = StartX+(r+1);

' Iry = StartY+(r/3)+3;

width = Irx - uix + 1;

height = Iry - uly + 1;

size = imagesize(ulx, uly, Irx, Iry);
Saucer = malloc( size );
getimage(uix, uly, Irx, Iry, Saucer);

putimage(ulx, uly, Saucer, XOR_PUT);

/* Plot some "stars" */
for (i=0 ; i<1000; ++i )
putpixel(random(MaxX), random(MaxY), random( MaxColors-1 )+1);
x =MaxX/2;
y = MaxY / 2;

PauseTime = 350;

/* until a key is hit */

while ( !kbhit() ) {
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/* Draw the Saucer */

putimage(x, y, Saucer, XOR_PUT); /* draw image */
delay(PauseTime);
putimage(x, y, Saucer, XOR_PUT); /* erase image */

N

/* Move Saucer */
step = random( 2*r );
if ((step/2) % 2 1=0)
step = -1 * step;
X = X + step;
step = random( r );
if ((step/2) % 2 !=0)
step = -1 * step;
y =Y+ step;
if (vp.left + x + width - 1 > vp.right)
X = vpright-vp.left-width + 1;
else
if(x<0)
x=0;
if (vp.top + y + height - 1 > vp.bottom)
y = vp.bottom-vp.top-height + 1;
else
fiy<0)
y=0
}
free( Saucer );
in=getch();
ifEBSC==in){
speaker(2500,700);

N
closegraph();
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'oexit(l);

[ERREXRRXKER ST RRERRREERRRRRIRCRERRERRR R IR R KRR R RR KRR R R RRFERRER R EAR

r* MAINWINDOW: Establish the main window for the demo and set */

* a viewport for the demo code. ¥/

/***************m*********************************x****************************/
void MainWindow()
!

int height;

cleardevice(); /* Clear graphics screen */

! setcolor( MaxColors - 1 ); /* Set current color to white */
setviewport( 0, 0, MaxX, MaxY, 1); {* Open port to full screen */
height = textheight( "H" ); /* Get basic text height */

changetextstyle( DEFAULT_FONT, HORIZ_DIR, 1 );
setviewport( 0, height+4, MaxX, MaxY-(height+4), 1);

setviewport( 1, height+5, MaxX-1, MaxY-(height+5), 1 );

/******************************************************************************/

™ CHANGETEXTSTYLE: similar to settextstyle, but checks for */
7* errors that might occur whil loading the font file. *f
/******************************************************************************/
void changetextstyle(int font, int direction, int charsize)
{

int ErrorCode;

graphresuit(); /* clear error code */

settextstyle(font, direction, charsize);

FrrorCode = graphresult(); /* check result */
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if( BrrorCode != grOk }{ /* if error occured */
closegraph();
printf(" Graphics System Error: %s\n", grapherrormsg( ErrorCode ) );

exit( 1);

/******************************************************************************/

/* Begin test function */
A******************************************************************************/
void show()
{

int Gd=DETECT,Gm;

initgraph(&Gd.&Gm,"");

speaker(2500,700);

psa_test();

closegraph();

psa_test()

{ s
int key;

+ bbx(0,0,639,479,15,8,7);
bbx(3,5,634,474,8,15,7);
bbx1(20,25,620,150,9,8,1);
bbx1(25,30,615,145,8.9.1);
changetextstyle(TRIPLEX_FONT,HORIZ_DIR,5);
setcolor(14);
outtextxy(MaxX/2.4,40,"ID.ED.");

setcolor(12);



87

outtextxy(MaxX/10.1,85,"POWER SUPPLY ANALYSIS");
writetext(30,185,4,1,0,1,"DIRECT BY :");
botton(60,225,585,355);
botton1(65,230,580,350);
setfillstyle(1,8);
bar(65,230,580,350);
bbx(65,230,580,350,11,3,9);
bbx(70,235,575,345,3,11,8);
writetext(185,240,13,1,0,1,"Mr.CHAKKRIT SANGSAWANG");
writetext(185,280,13,1,0,1,"Mr.BANCHA  KRAKRIT");
writetext(185,320,13,1,0,1,"Mr.ANUCHA PINYOPORNSAWAT");
writetext(140,405,0,1,0,1,"<< & >>");
writetext(190,405,1,1,0,1,"ELETRONIC COMPUTER");
key = getch();
if(key==27){
bbxesci(5,5); bbxesci(618,5);
delay(500);
closegraph();
speaker(2500,700);
main();
}
else crt();
}
crt()
{
speaker(2500,700);
bbx(0,0,639,479,15,8,7);
bbx(5,5,634,474,8,15,7);
bbx1(20,25,620,150.9,8,1);
bbx1(25,30,615.145,8,9,1);
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changetextstyle(TRIPLEX_FONT,HORIZ_DIR,5);
setcolor(14);
outtextxy(MaxX/2.4,40,"ID.ED.");

: setcolor(5);
outtextxy(MaxX/10.1,85,"POWER SUPPLY ANALYSIS");
bbx(50,185,590,355,12,8,4);
bbx(55,190,585,350,8,12,4);
bbx(200,210,449,250,7,8,9);
bbx(205,215,444,245,8,7,9);
writetext(215,224,2,0,0,2,"SELECT CURRENT");
botton1(150,285,250,325);
botton(390,285,490,325);
writetext(180,300,12,0,0,2,"DC");
writetext(403,300,0,0,0,2,"PULSE™);
bbx(50,390,590,450,10,8,2);
bbx(55,395,585,445,8,10,14);
writetext(180,415,0.0,0,2,rec(0]);

select();

select()
{
int key;
begin = 0
dof
moveto(640,480);
key = getch(Q;
if( key ==0) {
key=getch();
if(( key==75)li(key==77)){
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check(key);
}
}
if( key == 27 ){
bbxesci(5,5); bbxesci(618,5);
delay(500);
speaker(2500,700);

psa_test();

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

}while(key!=13);

seteolor(15);

[*checking key when the button is press */
int check(int key)
{
if(key==75){
speaker(1500,100);
botton1(150,285.250,325);

writetext(180,300,12,0,0,2,"DC");



if(key==T7){
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botton(390,285,490,325);
writetext(403,300,0,0,0,2,"PULSE");
bbx(55,395,585,445,8,10,14);
writetext(180,415,0,0,0,2,rec[0]);
begin=0;

}

speaker(1500,100);
botton1(390,285,490,325);
writetext(403,300,12,0,0,2,"PULSE™);
botton(150,285,250,325);
writetext(180,300,0,0,0,2,"DC"):

-bbx(55,395,585,445,8,10,14);

writetext(230,415,0,0.0,2,rec{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+1,ey);

bar(sx,sy,ex,sy+1);

setfillstyle(1,3);

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

bar(ex-1,3y+1,ex,ey);

setcolor(0);



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

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

{

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+1,ey+1);

de()

{

~ bbx0(0,0,639,479,15;15,1);

}

X=00;
Y=B[0];

port();

.pulse()

¥

{

speaker(2500,700);
bbx(0,0,639,479,15,8,7);
bbx(5,5,634,474,8,15,7);

bbx1(20,25,620,150,9,8,1);
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bbx1(25,30,615,145,8,9,1);
changetextstyle(TRIPLEX_FONT,HORIZ_DIR,5);
setcolor(14);

outtextxy(MaxX/2.4,40,"ID.ED.");

setcolor(5);

outtextxy(MaxX/10.1,85,"POWER SUPPLY ANALYSIS");
bbx(50,180,590,350,12,8,4);
bbx1(55,185,585,345,8,12,4);
bbx(180,210,460,250,7,8,9);
bbx(185,215,455,245,8,7,9);
writetext(195,222,2,0,0,2,"SELECT FREQUENCY");
botton1(90,280,175,320);

botton(215,280,300,320);

botton(340,280,425,320);

botton(465,280,550,320);
writetext(107,295,12,2,0,5,"1 KHz");
writetext(232,295,0,2,0,5,"10 KHz");
writetext(357,295,0,2,0,5,"50 KHz"),
writetext(482,295,0,2,0,5,"100 KHz");
bbx(50,365,590,455,9,8,1);
bbx(53,368,587,452,8,9,1);
writetext(240,380,1,0,0,2,"DUTY CYCLE"),
bbx(500,375,580,445,15,8,12);
bbx(90,400,490,420,7,8,0);
bbx(92,402,488,418,8,7,0):
writetext(519,389,14,0,0,3,"00™);
writetext(540,428,14,0,0,1,"%");

) mode();
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mode()

int key;
start = O,
do{
moveto(640,480);
key = getch();
if(key==0);
{
key=getch();
if((key==75)ll(key==77)) answer(key);
}
if(key == 27 )
{
bbxesci(5,5);
bbxesci(618,5);
delay(500);
pulse();
break;
}
else{
if(key==13){
delay(200);
switch(start){
case 0: k1();  break;
case 1 : k2(); break;
case 2 : k30; break;

case 3 : k4(); break;
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}
Jwhile((key != 13));
setcolor(15);

duty();

[*checking key when the button is pressed*/
int answer(int key)
{ ¢
if(key==75){
speaker(1500,100);
botton(freqstart],280,freq[start]+85,320);
writetext(freq1[start},295,0,2,0,5,freq2[start]);
start = (start ==0 )7 3 :start -1;
botton1(freq[start],280,freq[start]+85,320);
writetext(freql[start] +1,296,12,2,0,5,freq2[start]);
}
if(key==77){
speaker{1500,100);
botton(freq(start],280,freq[start]+85,320);
writetext(freq1[start},295,0,2.0,5.freq2[start}]);
start = (start == 3)7 O : start+1;
botton1(freq[start],280,freq{start]+85,320),;
writetext(freq1[start]+1,296,12,2,0,5,freq2[start));
}

k10
{ Y=252; }



k2()
{ Y=250; }

k30
{ Y=246; }

k4
{ Y=238; }

duty()

{
botton(110,405,120,415);
bbx(506,385,575,420,8,8,0);
botton(506,381,575,420);
botton1(511,386,570,415);
setfillstyle(1,8);
bar(511,386,570,415);
writetext(519,390,14,0,0,3,"50");
speaker(2500,700);

control();

control()
{
int arrow;
go =0
do{
moveto(640,480);

arrow = getch();

95
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if(arrow==0){

arrow=getch();

if((arrow==75) Il (arrow==77)) {

kmitlad(arrow);

}
if(arrow==27){

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

delay(500);
crt();
break;
}
else(
if(arrow==13){
delay(200);
switch(go){
case 0 : cl(); break;
case 1 :¢c2(); break;
case 2 : c3(); break;
case 3 : c4(); break;
case 4 ; ¢5(); break;
case 5 : c6(); break;
case 6 : c7(); break;
case 7 : c8(); break;
}
}
}

}while({arrow 1=13));
speaker(2500,700);
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setcolor(15);
}

¢10

{

+ X=A[0];

port(;

c2()

X=All);

port();

30

X=A[2];

portQ;

A0

X=A[3];

port();

X=A[4];



port();

€60

X=A[5];

port();

c7()

X=A[6];

port();

[210)

X=A[T];

portQ);

[*checking key when button is pressed®*/
int kmitlad( int arrow )
{
if(arrow==75){
speaker(1500,100);
go=(go==0)77: go-l;
bbx(92,402,488,418,8,7,0);
botton(bang1[go],405,bang1[g0]+10,415);

bbx(506,385.575,420,8,8,0);
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botton(506,381,575,420);
botton1(511,386,570,415);
setfilistyle(1,8);
bar(511,386,570,415);
writetext(519,390,14,0,0,3,bang[go]);
}

t

if(arrow==77){

; speaker(1500,160);
g0 = (g0 == 7)7 0 : go+1 ;
bbx(92,402,488,418,8,7,0);
botton(bang1{go],405,bang1[go]+10,415);
bbx(500,385,575,420,8,8,0);
botton(506,381,575,420);
botton1(511,386,570,415);
setfillstyle(1,8);
bar(511,386,570,415);
writetext(519,390,14,0,0,3,bang[g0]);
}

port()

int count=0;
speaker(2500,700);
outportb(0x303,0x80);
outportb(0x307,0x92);
bbx(0,0,639,479,7,8,9);
bbx(5,5,634,474,8,7.9);
bbx(50.35,590,160.7,8,6);
bbx(55,40,585,155,8,7,13);
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botton(70,47,310,101);
botton(330,47,570,101);
botton(70,105,570,148);
writetext(280,64,0,0,0,3,"V");
writetext(504,120,0,0,0,2,"Vrms");
writetext(322,120,0,0,0,2,"Vp-p");
writetext(540,64,0,0,0,3,"A");
botton1(80,57,260,92);
botton1(340,57,520,92);
botton1(210,114,315,142);
botton1(392,114,497,142);
bbx(45,183,595,455,11,3,1);
bbx(50,188,590,450,3,11,8);
bbx0(82,59,257,90,3,3,3);
bbx0(342,59,517,90,3,3,3);
bbx0(212,116,313,140,3,3,3);
bbx0(394,116,495,140,3,3,3);
writetextxy(84,124,1,0,0,1,"RIPPLE VOLTAGE");
do{
setcolor(5);
line(86,220,86,434);
line(86,436,580,436);
writetext(81,200,5,1,0,1,"Volt, Amp");
writetext(62,225,7,1,0,1,"50™);
writetext(62,245,7,1,0,1,"45");
¢ writetext(62,265,7,1,0,1,"40™);
writetext(62,285,7,1,0,1,"35");
writetext(62,305,7,1,0,1,"30™);
writetext(62,325,7,1,0.1,"25™);

writetext(62,345,7,1,0,1,"20");
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writetext(62,365,7,1,0,1,"15");
writetext(62,385,7,1,0,1,"10");
writetext(62,405,7,1,0,1," 5");
writetext(62,425,7,1,0,1," 0O");
outportb(0x300,X);
outportb(0x301,Y);
C = inportb(0x304);
D = inportb(0x305);
ED3=C*50.000/255.000;
ED4=D*10.000/255.000;
RPV=ED3*0.1*(sqrt(2)/2);
RPV1=ED3*0.1;
»  writetextxy(130,68,14,0,0,2,"%2.2f" ED3);
writetextxy(390,68,4,0,0,2,"%2.2f" ED4);
writetextxy(415,121,12,0,0,2,"%2.2" RPV);
writetextxy(231,121,12,0,0,2,"%2.2f" RPV1);
if(count==0){
bbx(56,194,584,444,1,1,0);
moveto(60,320);
}
count = (g:ount==;192) 70 : count+l;
delay(100);
ELEC1 = (255.0000-ED1)*200.0000/255.0000+235.0000;
ELEC2 = (255.0000-C)*200.0000/255.0000+235.0000;
moveto(count+85 ELECI);
setcolor(14);
lineto(count+85,E1.EC2);
ED1=C;
ELECI = (255.0000-(BD2/5))*200.0000/255.0000+235.0000;
EBLEC2 = (255.0000-(D/5))*200.0000/255.0000+235.0000;
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moveto(count+85 ELEC1);
setcolor(4);
lineto(count+85,ELEC2);
ED2=D;

if(C == 255 | D == 255){

speaker(1500,100);
}
}while(!kbhit());
getch();
crt();
) '

bbx(int x1,int yl,int X2,int y2.nt coline,int colbox,int patt)
{ §

setfillstyle(1,patt);

bar(x1,y1,x2,y2);

setfillstyle(1,coline);

bar(x1,y1,x142,y2);

bar(x1,y1,x2,y1+2);

setfi]lstyle(1,colbox);

bar(x1+2,y2-2,x2.y2);

bar(x2-2,y1+2,x2,y2);

setcolor(0);

bbxO(int x1,int y1,int x2,int y2,int colbox,int coline,int patt)
{

setﬁflstyle(l ,patt);

bar(x1,y1,x2,y2);

setfillstyle(1,coline);
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bar(x1,y1,x1,y2);
bar(x1,y1,x2,y1);
setfillstyle(1,colbox);
bar(x1,y2,%2,y2);
bar(x2,y1,x2,y2);

setcolor(0);

bbxl(il’ht x1,int y1,int x2,int y2,int coline,int colbox,int patt)
{

setiﬁllstyle(l,patt);

bar(x1,y1,x2,y2);

setfillstyle(1,coline);

bar(x1,y1,x1+1,y2);

bar(x1,y1,x2,y1+1);

setfillstyle(1,colbox);

bar(x1+1,y2-1,x2,y2);

bar(x2-1,y1+1,x2%52);

setcolor(0);

bbxesci(int x,int y)
{
bbX0(x,y x+16,y+15,15,8,7);

bbx1(x+4,y+6,x+12,y+8,0,0,0);

speaker(int freq, int lenght)
{
sound(freq);
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deiay(lenght);

nosound();

writetext(int x, int y, int color, int font, int direct, int size,
char str{])
{
setcolor(color);
settextstyle(font,direct,size);
outtextxy(x,y,str);
}
writetéxtxy(int xloc, int yloc,int color,char font,int direct,int size,
char *‘fmt,...)
{
va, list argptr;
char str{140];
struct textsettingstype textinfo;
va_start(argptr,format);
vsprintf(str,fmt,argptr);
gettextsettings(&textinfo);
settextstyle(font,direct,size);
setcolor(color);
outtextxy(xloc,yloc,str);

va_end(argptr);
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. IRF250 .
IRF251 :
IRF252
IRF253

MOTOROLA

Advance Information

N-CHANN.EL ENHANCEMENT MODE SIUCON GATE
TMOS POWER FIELD EFFECT TRANSISTOR

These TMOS Power FETs are designed for high voltage, high
spead power switching applications such as switching reguiators,
converters, solenoid anc relay drivers.

" e Silicon Gate for Fast Switching Speeds
@ Rugged — SOA is Power Dissipation Limited
¢ Source-to-Orain Diode Characterized for Use With Inductive
Loads

D
e
g G o \ |
TIVIOS
= s
MAXIMUM RATINGS
L
Reting Symboel | 250 | 251 | 252 [ 257 | unn
Orain-Sourze Voltage Vpss | 200 150 | 200 | 150 | vee
Orain-Gate Veltage VoGr | 200 | 150 | 200 | 150 | Vde
(Rgs = 1.0 M) ..
Gate-Scurce Voltage vGs - =20 Vde
Continucous Drain Current T = 25°C ip {30 g x| 2 i 2S | Ade
Continucarz Drain Current Te = 100°C o 19 18 18 16 | Ade
Putsed Ocain Current =+ -- & lom 120 | 120 | 100 | 100 | Adc
Gata Current — Pulsed oM 1.5 Adc
Tots! Power v Po Watls
Dissipedon @ T¢ = 25°C 150
Onrats above 25°C 12 wrc
Opersting snd Storage TyTag -85 to 150 ‘c
Tempecsture lange
THERNAL CHARACTERISTICS .
Trarmal Resistance Rasc 0.83 W
Junction to Case
Maximum Lesd Ternp. for Soldering TL <
Purpowes, 1/8” from cass for S seconds

Part Number Yos DSion) Igﬁ
IRF25Q 200V | 0.085Q 30 A
IRF251 19V | 0.0850 J0A
IRF252 00V | 01200 28 A

—
IRF253 10V | 0.1200 A
{RF250
IRF2S1 .
iPF252
1RF2S3
gy
i 8t .c
._+_
NI S
[T !
i i i
3 H
wawe S 0 N
maat K -~ .
| —
i i "_i
4 | /’T\\; ]
c | o~ e
Nt T |
Y —y s
H v S i y
T bt P2 '
STYLES:
LA 7)1
1. |
CaSF onam
ML UMETERS] TWCMES
OMPwin T UAT | W | Wax
A 138381 8T $10 § 1.850
(1930 ( o] 0780t 860
ST 7a7] 0801 Con
] ey &) 208 53
- 143 - 9.1%
15,901 saa] 117 [ 1,
€ 1106 [ 11L18] 5.420 | 04
) 1
t
H

MOTCROLA TMOS POWER MOSFET DATA



RF250-253

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) i
Characteristic R l Symbol l Min [ Typ h Muj[ Unk . l .
OFF CHARACTERISTICS :
Drain-Source Brestdown Voltage : V(BRIOSS vde
vgs = 0. 1p = 250 pA) IRF250,252 200_.. - -
1RF251253 150 —_— —_
2ero Gete Vohage Orain Current Ipss mAdc
Vgs = 0 V. Vpg = Rated Vpss! — - 0.25
VGs = 0 V. Vps = 0.8 Rated Vpgs, T¢ = 125°C! - - 1.00
Forward Gate-Body Leakage Current ’ IGssF - hand 100 nAde
Vgs = 20V, vps = 0}
Reverse Gate-Body Leakage Current N IGSSR —_ —_ -100 | nAd
(VGgs = -20V.Vpg = 0}
ON CHARACTERISTICS®
Gate Threshoid Vohage YGsith) (20 - 4.0 Vdc
(Vps = VGs. Ip = 250 pAJ .
On-State Drain Current . 1D(on) Adc
(VDS = 25V, VGs = 10V IRF250.251 Go - -
. RF252253 25 —_ —
Static Drzin-Source On-Resistance DS(on} Ohm
VGs = 10V,1p = 16 A} IRF250.251 - - 0.085
. RF252.253 _ — 0.120
Forward Transconductance s 8.0 — - mhos
(Vps = 15V.1p = 16 A}
DYNAMIC CHARACTERISTICS
Input Capacitance ) Ciss —_ —_ 3000 pfF -
Output Capscitence {Vpg = 25V, VGs = 0.1 = 1.0 MH2) Coss —_ —_ 1200
Reverse Transfer Capacitance Crss — — 500
SWITCHING CHARACTERISTICS® (T = 100°C)
Tum-On Delay Time : Yion) -— — 35 ns
Rise Time Vpp=95V.Ip = 16A t — - 100
Turmn-Otf Delay Time I, =470 tatet) — - 128
Fell Time ty —_ — 100
SOURCE DRAIN DIODE CHAPACTERISTICS®
Characteristic Symbol Typ Uakt
Forward On-Vohage vsD 1.8 Vde
fig = Rated Ip. VG = 0)
Reverse Recovery Time ter 750 ns

*Puiss Test: Pulse Width < 300 us, Duty Cycle < 20 %.

. RESISTIVE SYATCHING
FIGURE 1 — SWITCHING TEST CIRCUAT .

Puise Generstor_ o
(e e OU‘M v°u‘ —
* Inverted” -

00

JERPURPIN I IS |

[r=—----

Voo
R:-%-:M
Vin B _r . ..
5.0 3
=

FIGURE 2 — SWITCHING WAVEFORMS




Table 1 — Plastic TMOS Power MOSFETs

T0-220A8 -TO-225AA and TO-218AC {continued). .

CASE 221A-02, CASE 77-04 CASE 3¢0-01

-y ees fazmem——

V(BROSS ’Ds(m o oCont
Yolts Amps PD G Tg = ¢
Min e Ampe Device Max | Wems
© [ 20 RES13 35 B .
[Y] IRFET1 40 - .
25 MTPSNOS 5.0 &
[ _ 35 MTATHOG 7.0 0
40 IRF523 %0
03 : IRF521 8.0
B 028 ) WMTP10NOS 10 s
025 eo IRF533 - 12, U
020 [ MTP12NO6 .
0.18 80 RF531 14 R
* 0.%6 75 MTP15N08 15
0.11 — RFSL3 - 24 125
_ 0.085 RFS41 7
: 0.08 125 MTP25NOS 25 100
{ 0.055 175 MTHISNOG s 159
0 [Y] 5 25 * MTPSNGS 50 0
04 15 MTATNOS 7.0 2.
1 0 ) MTP1ONOS 10 7S
020 60 MTP12NOS 12
0.16 73 MTP1SNOS 15
) 0.10 60 BUZ10 12
0.08 125 MTP25NOS zs 100
0.055 178 MTHISNOS 150

Table 2 — Metal TMOS Power MOSFETs

TO-204 (Former}y_'_l_'O-3)

CASE 1-04 and CASE 105

B

Orain comoctod  case

&

Y@®Aoss 'Dm o~ - ’ inCont
Vons S Ampae Py @ Tg = 25T
Min i Mez - - Amps Device — - Max Warzs
1000 10 o5 MTMIN100 A = 10 75
950 - 3 MTMINGS
000 20" = 1D ) 20
550 = NMTMZNES 3
&0 25 5 MTVGNGD 30
"3 12 30 MTMENGS - - 6.0 15C
€50 25 15 MTMINSS 30 - s
12 30 MTMENSS - 60 15
500 80 - = UET ¢ | MTMePse - 20 - 3
T NN 40 T]= —mmm= - [CMrveNso 2 - -
2.0 28 IRF4I2 - 0
- .- 157 | T e RFL30 Yt a g = - 45
— gl g~ F 20 MTMANSD .- a0 .
- e Nk e 30 - | aver62 - ~ 45
- - 08 - s - WTMINSO = - = - 70 - 150
04 R MTMISNSD ¢ - s = 250 .
Fer) =80 Y NTV2PS -~ - - =, 20 TS .
= <0 —- Te= NTM2NAS - et
i 20 25" - | _IRF433. 2NETB1 4.0
- o LTI, <~ = YT
- - < i 20 - MTM4NGS - <0
0.8 2.5 MTM7NAS 7.0 159
0.40 75 MTM1SNAS 15 20
400 33, 15 WMTWMONZD' 3.0 £
1.8 10 IRFI32 45
10 IRF30 55 -
- 25 WTMENA0 5.0
35 2N6780 5.5
0.55 10 MIMBNLO 8.0 150
0.30 7.5 MTMISNGD - - 1§ =
“ricates P-Chanowl T e —

.
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Table 2 — Metal TMOS Power MOSFETs
10-204 (Formerly TO-3) (continued)

— -
HE il - fos'&p:'b - oCont
{ Yo'a - Ampa PG Te~ 25C
1 Min ‘Max Arnps Device Max Wats
i aso 33 18 MTMINIS 3.0 Py
| 15 30 IRF333, 2N6 758 a5
10 IRFA31 55
25 MTMSNIS 50
0.55 40 MTMaNS 2.0 5o
0.30 75 MTMI1SNIS 15 255
2% 0.50 5.0 MTMIONZS 0 100
200 12 28 IRF222 0 o
1.0 MTMSN20 50 75
0.8 IRF220
9.7 35 MTM7NZ0 70
9.8 50 IRF232 . 20
.04 IRF230 ., Y
—— 6.0 2N6758
40 MTMSN20 20
033 6.0 MTM12N2g 2 00
- 922 10 1AF242 16 125
0.18 IRF240 8
a.18 75 MTM1SN2D 5. ey
6.12 . 8 IRF252 25
0023 | IRF25Q. N oy SR
0.08 Y] MTM4ON20 © — T
180 1.0 2s MTMSNIS 50 75
0.70 s MTM7N1S 70
940 40 MTMaN1TS 20
03s (X4 MTM12N18 12 00
0.16 78 MTM1SN18 5 %
008 20 MTM40N1S o 550
150 12 2.8 IRF223 20 v
08 IRF221 50
0.1 s MTMTN1S 7.0 3
08 (Y] 2N67S7 8.0
IRFZ33
0.5 40 MTMSN1S
0.4 50 IRF231 30
03 MTMION1S 10
025 18 MTMISN1S 15 150
o 10 1RF243 6 1=
0.18 1RF241 )
0.12 MTM20N1S 2 150
3 IRF25) 25
0.085 IRF251 30
~0.06 28 MTMASH1S 25 0
120 0.70 s MTMIN12 7.0 78
0.50 40 MTMBN12 8.0
0.30 S0 MTMION12 10
025 . 75 MTMISN12 15 %
0.12 %) MTM20N12 20
0.08 25 MTMASN12 rg )
100 05 0 MTIMBN10 ) 75
0.4 MIMEP10”
IRF122 70 o
0.3 50 MTMION10 10
0.3 40 IRF120 w0 T
925 80 IAF 132 2 75
0.18 IRF130 1
\ 60 MIMI2N10 2
9.0 2MN6756 17}
9.15 10 MTM20N10 £ 100
0.11 15 IRF142 PY} 125
0.065 IRF140 27
0.08 20 IRF152 o) 1%
0.07 125 MTMN10 £
0.055 20 MAF15) <
0.04 8 MTMSSHI0 - 2%




e @ MOTOROLA

TLA94 :
TL4S5

Specifications and Applications
Information

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS -

The TL4S< and TL49S are fixed frequency, pulse width moduy-
iation control circuits designed primerily {for Switchmode power
supoly control. These devices leature:

s Comalieie Pulse Width Modulstion Control Circuntry

o On-Chip Osaillator With Master Or Slave Operstion

e Qn-Chip Error Amplifiers

¢ On-Chip £ Volt Reierance

e Adjustadle Dead-Time Control

e Uncomminied Dutput Trensistors For 200 mA Source Or Sint
s Qutzut Control For Push-Pull OrSingle-€nded Operation

¢ On-Chip 33 Yoh Zener {TL495 Oniy}

¢ Qutput Steering Control (TL495 Only)

”~—,

PIN CONNECTIONS

TLAM4

SWITCHMODE
~ PULSE WIDTH MCDULATION
CONTROL CIRCUITS

SILCON MONOUTHIC
INTEGRATED GIRCUTS

1
i

M SUFRX
PLASTIC FACFAGE
CASE 4805

CERAMICPACKAGE |
CASE 62007 i

TLASS

L
i
N SUFFIX
PLASTIC PACKAGE

CASE 70762

4 SUFRRX
CERAMIC PACKAGE
CASE 72603

CROERING INFORMATION [

| Temoeratsrs | H
Oevice l Range [ Prchagé i
TLes<CR | 0To 20C Plasne OF |
TLAS4CS | 870 70°C Ceramic DIP
TLAMIN | - 25 To 85°C Pucuc DIP
TL&™Y -25To 85°C | Ceramic 0P
TLASSMI - 5570 125C | Caramic GiF !
The TLES4CHESC sre specified over the commercisi operating
range of OC 10 70°C. The TLASAL495! srespecified over the in- TLL95CH 070 70¢C [ Piearic 0P
dustrial rance of = 25°C 16 BSC. The TL&SLM is specitied over the TLL9sC) ¢ To 7CC | Cerernic OIF
1 -
full milnary ange of - 557 to 125°C. Tasom | T35 70 05 Tramic DIF

LA { ~26 To-8S°C i Ceremic o |




TL494, TL4SS

ELECTRICAL CHARACTERISTICS (Ver = 15 V. fosc = 10 bRz uniess otherwise noted.)
For typical values Ti = 28°C, for min/max values Tp it the operating ambient temperature range that .ophe: uniess otherwase

noted
{ TUASLTLASS i
Charscteristic { Symbol Min Typ | Maz Unit E

PWM COMPARATOR SECTION (Test Circuit Figure 12]

Input Thrashold Vohage R - 38 ] m v
{Zero duty cycle) i |

input Sink Current i - 0.3 e.7 ! -— ma&
YV (Pin31 = 0TV | !

DEAD-TIME CONTROL SECTION {Test Circust Figure 12)

Input Bigs Current {Pin 4) f W8 (D) - -0 1 -5 l wh

"(Vin = 010 5.25V) : :

Maximum Outy Cyde, Esch Outaut, Push-Pull Moge i DZmax i IR
(Vin = 0V, CT « 0.1 4f. AT = 12k ] 45 4E H 52 |
(Via = O V.Cy = 0.001 uf. AT = 30 kD) { - 45 ! He . ¢

f inout Threshold Yonrage (Pin 4} POVTH i oo
! “2erp Duty Cycle) | - 2.8 ! 33 :
: {Mpainum Duty Cvcle! i 0 —_ i s H .

OSTHLATOR SECTION

—
| Frequency ! fose - 2 ! - ! L1t I
I (€7 = 0.001 uF, Ay = 0% i : 1 ;

Standard Deviation of Frequency*® l atose — ac ! - ! wo

(Ct = 0.001 uF, A7 = 30N t H i H
! Frequency Change wun Voiusge | Algse 1aV) - 0.4 i - “« !
“Vee = 7.0Vt doV, Ty = 25°C ¢ !

Freauency Change with Tempersture I Mgse (AT) _— "y i v: [ '

2TA = Tiow 10 Thigh! (7 = 0.01 uF. Ry = 121) ! i H :
TL4%S ! i
Charscteristic Symbol Min Tra i Mer | Unnn |

STEERING CONTROL

lnput Current Low ISTL -— -25 ! - 200 nh
(¥{Pin 13} = 0.4 V) !

fnput Current High ISTH . | l pA
{ViPin 131 = 2.4 V) - 25 I 202 |
V(Pin 131 = Vret) — 75 - 1

ZENER CHARACTERISTICS

Zener Brealoown Voltage vy —_ 39 l - v
{7 = 2.0 mA)

Sink Current nz —_ 0.3 l - mA
{Vipin 15) = 1.0V}

- TOTAL DEVICE

Standdy Supply Curreatl \cc | mA

(P10 6 8t Vyo. All Other inputs and Qutputs Ooenl
tvee = 15 V) . - £s 1c !
ivee = 40 V1 — 7.0 19 )

Aversge Supoly Current -_— - 7.0 - mA '
{V(Pin &) = 1.0 VI {See Frpure 12.) i |
ICT » 0.001, Ay = 12&0, Vge = 151 1 !

= S1an0ArT OPviation | § Measury Of INe MELTLCH OFTIDUHION aLOUT (N MBan 84 Gerrved hom 1he formule. ¢ © ": % *a?

a-t
T ==



TL494, TL4SS

MAXIMUM RATINGS (Fuh operating ambient temperalure range apolies uniess otherwase noted.}

Rating Symbol | TLASM | TLASAUTLASS | TLS4CTULISC | Unh !
Power Supply Voltage vee &2 H &2’ ! 42 v {
Coliecior Output Voluge | vei. Ve a7 | 2 i & v
Collector Outowt Current feacn trangistor) S 256 ! 250 i 250 I ma
Amplitier Inout Voltege ] Vin vee - 30 Vvee - 36 L vec 3 L v
Power Dissipation @ Ta © 45°C i Pp 1090, 1032 ! 1009 Lomw
Operating Junction Temperature T 158 158 i 153 boe
Operaiing Ambdient Temperature Range Ta -5510125 | - 2510 €% ! 0t 70 ! °C
Storage Tempersture Range | Ts1e ~6510 +150 i ~6510 - V%0 1 -6510 - 15C l °C
THEAMAL CHARACTERISTICS
Charvcteristics Symbol | J Sutfiz Carsmic Package | N Sutfix Plastic Package T
Thermal Resisisnce, Junction to Ambient Raga 106 l 82 i CTW ..
Power Derating Fzctor VRaJA 10.0 i 12.% P mweCt
Derating' Ambient Temperatuce T i 50 | ' P
RECOMMENDED OPERATING CONDMONS
! ; 1 TLAS< TLASS ! :
: ConditionValue l Symbol Min Typ : Max b Unh i
'LTowet Suooly Volage ' vee 2.0 18 40 [
I Collecior Owtout voluge | ves. ve2 = 30 49 v
| Collemor Outow: Cusrent (ach transistor) | tevnter - ) i 200 Poma
. Ampier Input Voltage - s I -0.3 | —_ 1 vee-20 'V '
1 Current inta Feedback Termmal RS | - | — i © 03 p oma |
! Reference Ouwut Current I VO] - = i 10 I ma P
Timing Resistor i 3 I & al ! 500 i [ 3¢
Timing Capacnor Cy 0,47 10 -.l 10,000 [T
Osciltator Frequency lose 1.0 40 i 200 | wHz |

ELECTRICAL CHARACTERISTICS (Ve « 15 V. lgge = 10 kHz uniess otnenwise noted.}

For typicsl values To = 25°C. for min‘max values Ta 1s the operating ambeent lempereiure range mal

applies uniess otherwise

noted.
TLLS4M TLAS4C, 1TLLSC!
Characteristic Symbol Min | Tvp l Max Min i < Typ I Max Untt
REFERENCE SECTION
Reference Voltage I Veel 475 5.0 8.2 415 | 50 E 5.2¢ v }
{ig = 1.0 mAl . : | i
Relerence Vottsge Chanpe with Temperature Vet (AT) —_ 0.2 20 - i 13 25 *~ |
(3Ta = Min 10 Mas) ! !
Input Regulation | Reotine - 20 2% - i 0 25 mv
Vee = 1.0V 10 48 V) * ! | B
Output Reguistion I Regload - 1.6 15 - l a0 1 my
o = 1.0 mA 10 10 mA) { ! i
Shon-Circunt Owtpat Current | 'sc | 10 38 59 — [ s | -] ™
i i ! .

Vet = 0V, Tp = 2501




TL4S4, TL4SS i

ELECTRICAL CHARACTERISTICS (Voe + 19 V. fggc = 10 kh2 uniess otherwise notea |

For typicsl velues Ty =-25"C. for mun'max values Ty 13 the opersting ambrent tempersture range that apphies uniess othenwvise

notes
; i f TLis4m TL4S4C, [ TLAFSC, | '
|l Charsciedstic i Symbol | Mia i Typ | Max Min ! Typ ! Max Unnt
OUTPUT SECTION
Callector Off-State Current {oiCior = I e | o100 - 28 03, WA
IVec « 40V, Vee = 43 \: : ] ! i : : : '
Eminer Ott-State Current i lgtgty | o=t~ ] a8 - - a0 wA
IVee = €0V. Ve « 40V, Ve = OV} : ; : ' . :
Coliector-Emitier Saturation Voltage i Veauc - i 1.9 - 1 v v
i Common-Emitter | !
: tvg » OV.Ic = 200 mAl : :
¢+ Eruner-Follower g Vgaut L BN 2.8 R B 2 b
E tve = 1SV He & <200 M4 i :
: Output Comtrot Pin Current ! loc - [ - - 1 10 = 3 WA
Low State ] '
i tvor « 0.4V .
. hpr St 10~ — e e - \%& 1z —
. NOT = Vet i g .
! Gulout Vortage firse Time (T, + 2870t t. L= ¢ e 202 - HN WL o
t  Commor-Eminer (See Figure 13! i
5 Emme--Follower (See Figure 141 1 [— P g™ (D2 Primemd 0 - 100 1 20 ay
] Owtnut Voltage Fail Time (T4 « 25°CI " o U= N ase o y 2¢ Y ~
. Ccmrmon-Eminer {See Figure 131 I LYG .
I Emimer-Follower (See Figure 14) ™ 4 103 — . 23+ oaot P
—_ -
. ; b TL4S4 TLA9E
. Lharacreristic ! Symbo! ! Min i Typ i Nar Ui
ERADR AMPLIFIER SECTIONS
+ tnout Otfset Voltage { vy 4 A 2.0 ; ¢ =
| i ' i
' va (pia 3t = 2.5V1 | ' L ¢
1150t Oftset Cuctent | uo i - ( 5.0 233 nA
(VO (Pin 31 = 2.5 V) i : . ‘
tnput 8sas Current i heg ! — , 01 : 16 | wA
{ VO (Pin 31 = 25 V1 : : d : . ;
| Inpuwt Cormmon-Mode Valtage Range vicr ! -63 ! - 1 Vg - e v
Vee = 2.0Vio 40 V) i ’ . '
Ooen-Loop Voltsge Gain AvoL | 0 95 : - Poes |
{4vg = 3.0V.Vg = 051035V, ; : i : ;
| A =20 i : ! ! :
| Unay-Gain Crossover Frequency e a— - H 352 ; - ©oemr |
| (vo = 05t035V.R = 2.0LN ! : : : .
| Pnase Margin at Unity-Gain om : - i ‘6% , — i oep i
| tvo - 051025V, R - 2.0 ; . : :
| Common.-Mode Acjection Ratio CMRR ¢ 6% | 99 : TR
I tvee » 40 V) ! ! : )
i Power Supply Revecriion Rato i PSAA ' - i 100 i - voes
! laVee = 33V.vQ = 2SV. R - 20N | : : : )
t Quioz Sink Current I wo- 2.3 H c3 - ma
5 Yo (Pin3) = 02 V) | ! i : : :
| Outowt Source Curren: { 0. H -20 -zC 1 — t me
t :

VG 1pyr 20 = 1S V)
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Description R
. st

The TL434°495 are fixec-lrequency pulse widih mod- voltage af the'feedbacs pin varies from 0.510 3.8 \'.'So(hl'" !

ulation contrz! circuit. incorporating the primary builc. error ampiihiers have 2 ccmmon-made input carge from

- ing blocks required tor the control of 3 Swilching powet ~0.3Vto(Vee - 2Vi. and may be used Ic sense power: :
supply. {See Figure 1.} An internat-linear sawtooth os- supply output voltage anc current. The error-amohifier
ciltator is frequency-programmable by two externa! outputs are active high and are ORed logether 3t the
components, Ry and C1. The oscillator {requency is non-invering input of the pulse-wicth mogulator com-
- detesmined by ; parator, With thus conlmuration, the amphlifier tnat ce-
mands muaimum cutput on time, dominates controt of

. { - _M_.. the ioop. .

O%¢ Ry e Cy When capacitor C1 1s discharged ati ise i i

T scharged, 8 positive pulse is |

g . generated on the outout of the dead-time comoarate’, ;

. Qutout puilse wicth moculation is accomplisheac D wrich clocks the pulse-sieering llip-{iop and infdts the )

compatison of the positive sawtooth waveiorm across output ransistocs. O and Q2. With the oulpul-contro! |

capacitor C7 o either of two control signals. The NOR connected to the refersnce ime, the pulse-steering th.
gates, which Crive output transistors O1 and Q2. are llop girects the modutated pulses 10 each of the twe
enabled only when the fhp-hiop clock-snput line is in its output transisiors alternately {or push-puil operalhion.
low state This happens only duting that portion of tme The output lrequency is eaual to nail that of the osdii-

: when tne siwiooik veitage is greater than the controt 1ator. Quiput drive can 8lso be taken {rom O1 or (22,
signals Therefore, arrincrease in control-signal amol- when single-ended 22e:3U00 wilh 3 Mavimurn on-time i
tude causes & corresponding hineat cecrease of oulput of tess than S0% is requitea. This 15 desirable when the
pulse widih. {Reler to the fiming diagram shown in Fig- output transformer has a ringback winding with @ catcn
ure 2.} drode used for snudbing. ¥vhen Righes oulDUT-Afive Cur-

The comrof signals are external inputsthat can be leg tents are required for single-ended operation. Ot anc
into the dead-time controi, the errot amolifier inputs, Q2 may be connected in parallel. and the oulout-Mmoa?
of the {eeogback input. The dead-tme control compar- pin must be tied 10 greund Lo disadle the (hp-liop. The
atce has an eHective 120 mV input offset which hmits cutput frequency will now be equal o that of the
the rrunimum oulput dead time to approximately the oscitator.
first 4% ci the sawisoth-crele time. This wouid result The TL4SS 495 has aninternal 5.0 ¥ reference cacabie
in 8 maximum dutv cycle on 8 given output of 96% watk of sourcing up to 10 mA of load current far extemnat bias

: the Qutout control geounded, and 48% with it connectec circuits. The reference has an accucacy of = 5% with &
10 the relerence line. Acaitionat cdead time may be im- thermal drift of less than 50 mV cver an opecat:ng tem-
‘poses o~ the output Dy seting the dead lime-control petature range of 0 to 70°C.
input 10 & ua g vcltage, ranging between 0 to 3.3 V. The TL495 contains an on-chip 38 volt zener diode for

The pulse wicth modulztor comparalor provides 2 high voltage apphications where Ve is greste= it 17 20
means {or the erroramplifiers 1o adjust vhe outpul puise volts, and an output steering control that overrices tne
wigih {rom the maximum percent on-L..ie. establhished internal control of the putse-sieering flip-flop. {Reler to
-y lhe dead time control input, down to zeto, as the the functionai table shown in Figure 2.)

-- ey, = i 2 - g o= - i
. FIGURE 3 — FUNCTIONAL TABLE

.[ Inputs . ? feut
Qutput Steenng . Output funclion ! : -
Comtrol Corrtrol 1 o3¢

Grounded Open Single-cnoed P WAL a: Cl ana C2 ! !
At Vet Open Push-pult operation 4 0.8
o cm e ] = AL Vyf ~ 0| T NI AN0LNY " | Swngiceenoed P.WAL a1 Q1 oniy i 1 )

Al Vel | vis2ev Sinple-ended F W M 22 Q2 onty v

Sae Eagineanng Bulletin €8100 tor furiher informaetion.



TL484, TL435

FIGURE § — OFPEN LOOP VOLTAGE GAIN AND PHASE

FIGURE ¢ — OSCILLATOR FREQUENCY

versus FREQUENCY

versus TIMING RESISTANCE
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DEAD-TIME CONTROL VOLTAGE

OSCILLATOR FREQUENCY

[T T
Ca rEEERTTT
r..--.-.ln..lllvlll(
Lppgees |10
1 1 _ ‘<
- - e
. _ |/
y - - g m.
AT
- P -\ . .—1
e - Syl Euin | \l FURE SRy N W
SO e 18171
A )
\\z
) ] x © ¥ Cl
A0 M) ININD AN 1IN
g ™ b -
S
B
2 E
-
L) -

i 2
il

!

o Ve

Yor « 1BV
Ve g = 0V

|
w—ia

!

i

-

et 7O

?
]
[
[}
I
I
2
1
4
w

HUINO MY Il OVID IND WA 10 2

OLAD TWAL CONTRA YOUTASE

REDERDY Inds

1 csoue

FIGURE § — COMMON-EMITTER CONFIGURATION
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TL494, TL4S5

FGURE 10 — STANDBY.-SUPPLY CURRENT
wversus SUPPLY VOLTAGE
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LINEAR LS! PRCDUCTS

MONOLITHIC SAMPLE AND HOLD CIRCUITS
e e e e e e e e e e e e e e eSS

DESCRIPTION

The Signetics LF198/LF298/LF298 are
monolithic sample and hoid circuits which
sutilize high-voltage lon impiant JFET tech-
nology to obtain ulitra-high DC accuracy
with fast acquisitidn "ot signal and low
droop rate. Operating as a unity gain fol-
lower, DC gain accuracy is 0.002% typical
and acquisition time is as low as Bus to
8.01%. A bipolar inpu! stage is used to
dchieve-tow oifset voitage and wide band-

width. Input cifset adjust is accomplished |,

with a single pin and does. not degrade
iipyt offset drift. The wide bandwidth
ailows the LF198 to be included inside the
feedback loop of 1MHz op amps without
having stability prcblems. Input imped-
ance of 10'%Q ailcws high source imped-
ances tc be used without degrading accu-
racy.

P.channel junction FET's are combined with
bipolar cevices in the outpul amplifier to
give aroop rates as low as SmV/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-
po:rature instebilities. The overail design
guarantees no feed-through from input to
qutput in the hold mode even for input sig-
réls equal to the supply voltages,

tLegic inputs are {ully ditferential with low
input current, zilowiag direct conneztion
to TTL, PMOS, zna CMOS. Ditlerentiai
threshoid is 1.4V. The LF198/LF298/LF3S8
witl operate from =5V to = 16V suopiies.

. They are avzilable in an 8-iead TO-5 pack-
age. or an 8-pin plastic OIP.

FUP}'CTIONAL DIAGRAM

FEATURES

e Opaerates from =35V to = 18V suppiles
¢ Less than 10us acauisition time

* TTL, PMOS, CMOS compatible logic
input

0.5mV typical hold step at Cp = 0.01uF
tow input cfiset

0.002% gain accuracy

Low output noise In hold mode

fnput characlecistics do not change
during hoid mode

hotd
Wide bandwidth

APPLICATIONS

e The LF198/LF298/LF358 ara ideally
sulted for a wide variety of ssmpla and
hold epplications including data
acquisition, analog-to-digital
conversion, synchronous demodu-
lation, and actomaetic test setup.

High supply rejection ratio in sample or

LF198/LE298/LF208

LSS __J72 W
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UNEAR LSI PRODUCTS

MONOLITHIC SAMPLE AND HOLD CIRCUITS LF198/LF298/LF398

LESOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage =18 v

Power dissipation (package limitation)! 500 mw

' Operating embient temperature range - -

LF198 -5510 +125 °C
LF298 -2510 +85 °C
LF338 0to +70 ‘C

Storage tampersature range —-65to +150 °C

Equal to

fnput voltage supply.voliage

Logic to logic reference dilferential voitage? +7, =30 v

Qutput short circuit duration * Indelinite

Hold capacitor short circuit duration - 10 sec

Lead temperature (soldering, 10sec) 300 °C

£

pDC ELECTRICAL CHARACTERISTICS

Unless otherwise specified, the following conditions apply. Unit is in “sample” mode,

Vg = £18V, Tj = 25°C,

—-11.5V < Vi < +11.5V, Cp = 0.01uF, and R = 10Kk Logic

relerence voltage = OV and logic voltage = 2.5V. s
LF198/LF298 \ LF398-
1 PARAMETER TEST CONDITIONS UNIT
Min | Typ Max | Min {-Typ- Max
T,=25°C 1 3 .2 7 mv
(] 1 .
.Input offset voltage 5 10 mv
' . . T,=25°C s 25 10 50 | na
9 1
Input bias quigeng Full temperature range 75 : 100 nA
input impedance T,=25°C 10¢ ] - 100 a
. T,=25°C, Ry = 10K 0.002 | 0.005 0.004 | 0.01 %
1 T
Gain error Full temperature range 0.02 0.02 %
Feedthrough attenuation ratio at 1kHz T,=25°C, Cp=0.014F 86 e 80 20 a8
= & B ‘I I . . 4 -(2
Output impedance T;=25°C, "HOLD" mode 0.5 2 0.5 ¢ °
Full temperature range 4 [ o
“HOLD" step* \ Ty=25°C, Cy=0.014F, Vour=90 0.3 2.0 1.0 2.5 my
Sucply current® T,225°C 45 3.5 25 6.5 ma
' Legic and logic reference input current T,=25°C 2 10 2 10 wA
! Leakage current into hoid czpacitor® T,= 25°C*, Hold mode 30 100 30 200 A
L . LAV, = 10V, C,, = 1000pF 4 4 us
[ ne 10 0.1% Ll 2
Acquisiticn time t0 0.1% Cp = 0.01,F 20 20 s
Hold caoacitor charging current Vin - Vour =2V H] 5 mA
Supply voltage rejection ratio Voyr=0 80 110 . 80 110 a8
| O-itereatial logic threshold T,=25°C 08 | ¢ | 24 |0 | 1& | 24 | vV
“OTES
1 The maaimum junclion lampersture of the LFI98 is 150°C. When operatmg at eleveted 4. Hold step fa 10 stray cagac Delweer INDUL IONC Lignals and ine

amdient lamperature, the TO-S and plastic DIP pacrages musi be derated dased on e

1hermal reasistance (B1A) of 150°C/wW.

~

ARnough the dilferentisl voitage may nol exceed the limns gwen, the common-mode

v;m.qt on tha 10GiC pine may De eQual lC the supply vollages withoul Causing damaQs 5
10 1he cucud, For prepes I00IC Operstion, however, one of 1he t0QIC pine Mus! shways De
tt laset 2V Delow the potitive supply end 2V sbove the neQetive sudply
I Uniess otherwine ting, the s 800ly. Unnt 18 in “sameie” mdde.
Ve = 1SV, T @ 28°C, =11 SV X Viy & ~ 1.5V Cpy » 0.014%, aad Ay = 1O\ Logic [

talacance voliage * OV end logic valisge = 2 SV,
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LF498/LF298/LF39¢

TYPICAL ‘ac PERFORMANCE CHARACTERISTICS (cent'q)

DYNAMIC SAMPLING ERROR

10¢
::o:.t/
' " acrs
Q.033.F /
O\ F
B 0.3.f .
R ] {2
=3 ‘Q 33000F \ 100Cof
E3 ’
» :& \ N NG
NN 5
=100 =
[ R] + 0 100
INPUT SLEW BATE {V ma)

PHASE AND GAIN

A

N

|
~§ Je—aaCn = 10000F 7

Cn 2 001."7
{

Ca = llooou ~

/
/]

Ca T C.OVF o

GAM - PUT 10 OUIPUT R

Ch > GF
bl N

]/

| V7

" Ca20

FREQUENCT rn2t

100K AL

(INPUT TO QUTPUT, SMALL SIGNAL)

L3 avI i 1S tha 1O 01 LNt

OUTPUT DROOP RATE

190
ot \
5 \ 1, s as'c
-
“ \
Z -2
3 N
3 = 280
2 \
103 \
10-4 \
1000F 1000cF s0t.F o..f tf
HOLD CAPACITOR
POWER SUPPLY REJECTION
160 T
1, = 25°C !
140 Fy* sy~ = 14y
Vout = ov
- 120
z \
g 100 —~
g >
5 80 > POSITIVE
= NEGATIVE ~\s“"‘-'
: 60 e SUPBLY
-
€
«0 =
20 \\
o L }
00 w 10% 100m w

EREQUENTY thug)

FEEDTHROUGH REJECTION RATIO

=133

=120

-110

RATIO {3}
[
3

{HOLDO MODE)
Lol Sl Y 14
Ve ® 30Voy
vra=0
Cn =0 1.F e
) N
Ca = 5:1.! ﬁ\\
Ca ¥ 10000F l
1e 100 » @ o »

FULOUENC ™ vwpr

TIME tust

HOISE 1oy i)

"HOLD" SETTLING TIME

< Y T T
.. VY EyT = t§v
SETTLING TO tmv
16
14
2
1 <l
0.8
1
o0&
0.4
3]
0 "
=% ~28 O 28 S3 7% 100 138 14d
JUNCTION TEISEALTURE °C)
OUTPUT NOISE
160 i
140

0 4
1
[ i
N ;
100 ] 4:;
\'-'JTC‘ HOCE |
\J ' p
J
N
4 .
Samoe ﬂm“\"t-—“

FOEOUENT T rugy




* e GTY T

National
Semiconductor

"ADC0808, ADC0809 8-Bit
'With 8-Channel Multiplex

General Descr‘i.ption

The~ADC0808, ADC0609 data acquisition component is a
monolithic CMOS device with an 8-bit 2nalog-to-digital con-
verter, 8-channel multiplexer and microprocessor compati-
ble control logic. The 8-bit A/D converter usas successive
approximation as the convarsion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voitage divider with analog switch tree and a succes-
sive approximation register. The 8-channei muitiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and fuil-
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, ADC0803 has been optimized
by incorporating the most desirablae aspects of severat A/D
conversion techniques. The ADC0808, ADCO809 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 o applications from process and machine
control 10 consumer and automoltive applications. For 16-
channel muitiplexer with common output (sample/hold port)
see ADCO0816 daia sheet. (See AN-247 for more informa-
lu’on.)

nP
er

Compatible A/D Cdfxverters

Features

8 Resolution—8-bits

® Total unadjusted error— = % LS8 and +11LSB

No missing codes .
Conversion time—100 pS ™

Single supply—5 Voo

Operates ratiometrically or with 5 Voc of enalog span
adjusted voltage referance

8-channsl muitiplexer with iatched control logic

Easy intertace to all Microprocessors, or operates
“stand alone"

Outputs meet T2L voltage level specifications

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

No zero or full-scale adjust required

Standard hermaetic ¢r moided 28-pin OIP package
Temperaiure range —s3°C to +85°C or —55C to
+125°C

Low power consumption—15 mw

Latched TRI-STATE® output

Block Diagram
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Absolute Maximum Ratings
(Notes 1 and 2)

Supply Voltage (Vc) (Note 3)

6.5V ADC0808CJ
Voltage 2t Any Pin =0.3Vto (Ve +0.3V) .. ADCG808CCY, ADCOB0BCCN, = -
Except Control inputs . ADCO80SCON -
Voltage at Control inputs ~0.3Vto + 15V

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
—65°Cto +150°C,
875 mw

Storage Temperature Range
Package Dissipation at T, = 25'C - -
Lead Temperature (Soldering, 10 secends)

?

Electrical Characteristics
Converter Specitications: Veg=5 Voc=Vagr+.
stated.

L—A’a‘ﬁé?'aﬁﬁg Ratings (Notes 1and2) A

Tempeyature Range (Note ‘1)

300°C

VReF(-) = GND, Tpin<Ta<Tyax and foik =640 kHz unless ¢

Range of Vg (Note 1)

A

TuiNSTAS:

- =85C<T,ag

o

T —40'CSTAgE

4.5Vpeto 6,

>

Symbol Parameter Conditions Min Typ Max
ADC0808
Total Unadjusted Error 25'C Y,
(Note 5) Tamin to Tiax ELA
ADCO809
Total Unadijusted Error 0°Cto 70°C +1
(Note 5) TMin to TMAX ’ 1Y
Input Resistance From Ref{ +) to Ref( —) 1.0 2.5
Analog Input Voltage Range | (Note 4) V(+)orV(~) GNO -0.10 Vee +0.10
‘\5;;55( ) & Voltage, Top of Ladder Measured at Ref(+) Vee Veg+0.1
—SERL2) - RERLZ) | yottage, Center of Ladder Vegi20.0 [iVeo/2 | Veer2+0.1
VREF( -) Voltage, Bottom of Ladder Measured at Ret(-) -3 s} :
Ly Comparator Input Current {c =640 kHz, (Note 6) -2 *0.8 2

¥ << < 5B GGG

Electrical Characteristics
Digitai Levels and DC Specifications:

ADCO0808CJ 4.5V<Vce<5.5V, -55Csg TaS ~
ADC0808CCJ. ADCOBO8CCN, and ADCOS09CCN 4.758Vcp£5.25V,

7

<

125°C unless otherwise noted

—40°C<TA< +85°C unless othervise noted

Symbol I Parameter Cenditions | Min l Typ Max Units
ANALOG MULTIPLEXER 4
IOFF(+) OFF Channel Leakage Current Veg=5V, Vin=5V, l
Ta=25C i 10 200 nA
TuiN 1o Tax 1.0 sA
'OFF( - OFF Channel Leakage Current Vee =5V, Vin=0, .
Ta=25C =200 -10 nA
Trmin 10 Tax -1.0 BA
CONTROL INPUTS
Viny) Logical "1 Input Veltage Vee—1.5 v
Ve Logical "0 Input Yoltage 1.5 v
sy Logical “ 1" Input Current Vin =15V 1.0 pA
(The Control Inputs)
hingoy Logical 0" Input Current Vin=0 -1.0 pA
(The Control inputs)
Icc Suppty Current oLk =640 kHz 0.3 3.0 mA




: c'trical Characteristics (continued)

Lavels and DC Specifications: ADCOS08C 4.5V<Vec<s.sy, —55°C<Tp< ¥ 125°C unless otherwise noted
8CCJ, ADCOBOBCCN, and ADCO809CCN 4.755Yec<5.25V, ~40°C< TA< +85°C unless otherwise noted

F;arameter Condlitions 1 T Min, fyp : .'Max ‘Unlu
QUTPUTS AND EOC (IN:I'ERRUPT)
Logical *1” Output Voltage lo= —360 pA Vec—0.4
Logical “0" Qutput Voitage lo=1.6 mA 0.45
Logical “0” Qutput Voltage EOC lo=1.2 mA 0.45
TRI-STATE® Output Current . Yo=5V 3 nA
bl - * Vo=0 -3 A
fr.
glectrical Characteristics . ,
ng Specifications Voo = VRer(+) =5V, VREF(~) = GND, t = ;=20 ns and Ta=25"C unless otherwise noted,
L
W Parameter . Conditions Min Typ Max Units
r Minimum Start Pulse Width (Figura 5) 100 200 ns
WiLE 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) 25 50 ns
(-
9. Analog MUX Delay Time Rs=0Q (Figure 5) 1 2.5 1S
; From ALE
: g, O OE Control to Q Logic State Ci =50 pF, R = 10k (Figure 8) 125 250 ns
i R OE Control to Hi-Z Cu=10pF, Ry =10k (Figure &) 125 250 ns
' Conversion Time fe =640 kHz, (Figure 5) (Note 7) 90 100 116 »#S
t Clock Frequency 10 640 1280 kHz
teoc EQC Detay Time (Figure 5) s} €+2uS Clock
Py Periods
o™ Input Capacitance At Control Inputs 10 15 oF
Cout TRI-STATE® Output ALTRI-STATE® Outputs, (Note 12) 10 15 "pF
Capacitance

Note 1: Absolute maximum ratings are those values bayond which the life of the device may be imoawed.

" Nota 2: Al voltages are measured with r8308Ct to GND, unless othewrse specified.
Kate 3: A zener diods sxists, internally, irom Veg 1o GNO and has & fypical braakdown voltage of 7 Yoc.

Note 4: Twa on-chip diodes are tied 1o 8ach analog input whieh will forward conduct for anaiog input voitages one dicae drop telow ground or one diode dron
Feate than the Veen supply. The Spec allows 100 mV forward bias of aither diode. This means inat as long as the analog Viy does nct exceec he suooly voitaqe
by more than 100 mV, the outout code will be corrsct, To actweve an absolute 0Vpe 10 SVpc input vollage range wiil therefore require a mmum supcty voltage of

4900 Vo over ¢ ions, initial to! ang loading.

Note §: Total unadusted error includes ofisst hiil-scale, lineanty, and muttiplexer errors, See Figure 3. None of these A/Ds (#QuIras a 2000 Or tuil-scate adjust.
However, 4 an ak zaro code Is desired for an.analcg input other than 0.0V, ord a namow lull-scalg span axists (for examgle: 0.5V 10 ¢.5V tull-scale) ine refersnce

yofages can be adjusied 10 actweve this. See Figure 13,

Note &: Comoarator ApUt Current 1s a bras currant mto or out of the chopper stanikized comparator. The 2138 current vcms'c-mcﬂy with clock requency and has

ite tamoerature dependence (Figure &), Sea paragraph 4.0,
Hote 7: Tha outouts of the data register are updated ane clock Cycle betore the nsing #aqge ot EOC.
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Functional Describ-tidn"

Multiplexer. The device contains an 8-channel single-end-
ed analog signal muitiplexer. A particular input channel is
salected by using the address decoder. Table | shows the
input states for the address lines to salect any channel. The
address is tatched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLE L

ADDRESS LINE
A

SELECTED
ANALOG CHANNEL

INO
IN1
IN2
IN3
IN4
INS
IN8
IN7

IIII:—:—r—{r‘ (9]

III‘I‘III‘&‘ o

ErXr Iec-Xx

CONVERTER CHARACTERISTICS
The Converter

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

CONTAOLS FAOM S.AR.
1

to give fast, accurate, and repeatable conversio,
wide range- of temperatures. The converter is pq
into 3 major sections: the 256R ladder network, |

sive approximation register, and the comparator,.
verter's digital outputs are positive true, .
Tha 256R ladder network approach (Figure 1) wag §
cver the conventional R/2R ladder because of ts &
monotonicity, which guarantees no missing digita) .
Monotonicity is particulady impontant in closed locp
back control systems. A non-monctonic relatio

cause oscillations that will be catastrophic for the g
Additionally, the 256R network does not cause load v
tions on the reterence voltage. ==

The bottom resistor and the (op resistor of the ladd.e,»
work in Figure 1 are not the samae value as the remain
the network. The difference in these resistors ca
dutput characteristic 1o be symmaetrical with the Zer
{ull-scale paints of the transfer curve. The first cutput
sition occurs when the analog signal has reached +y,
and succeeding output transitions occur every 1 LSB it
up to full-scale. . .

-\
The successive approximation register (SAR) performs g s
erations to approximate ths input voltage. For any SAR
convertesr, n-iterations are required for an n-bit COnva
Figure 2 shows a typical example of 2 3-bit ccnverter, I?.
ADC0808, ADC0809, the approximation technique 3",
tended to 8 bits using the 256R network.

o 7/
REF(S) Qs ‘ * } ;‘
%R
[ h RS
3 . . .
R
. ¥ i S—
o
10
2568 . P, N COMPARATOR
. INPUT
\ ’ . \_J
R
. . .
A - . -
. - o
%R N— "
—

REF{<) Or—md

FIGURE 1. Reslstor Ladder and Switch Tree
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AR) is raset on the positive edge of the starl conversion
pulse. The oonverszon is begun on me 1allmg edge of

htenupted by recmpt of a new start conversion puise. Con-
- inuous conversion may be accomplished by tying the end-
o3 of-conversion (EOC) output to the SC input. If used in this
¢ F mode, an external start conversion pulse should be applied
‘; giter power up. End-of-conversion will go low between 0
> and 8 clock pulses after the rsing edge of start conversion.
! The most important section of the A/D converter is the
'oomparator. It is this section which is rosponsible for the
uitimate accuracy of the entire converter. It is also the

[}
‘- FULLSCALE

10EAL CURVE =< EAROR=1/2LS8

5 10
S
~ 100
=2
-~
5 m -
g = NONLINEARITY = 1/2 LS8
b (1] - -
- NOKLINEARITY = =172 LSR
001 o=
= ZER0 ERROR « -1/4 LSB
H

0] Vin
O® IR 3 e 4 SA s 1R

Vin AS FRACTION OF FULL-SCALE

FIGURE 2. 3-Bit A/D Transfer Curve

QUANTIZING 'l
Ennou{

INPUT OV
VOLTAGE

comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized comparator
provides the most etfective methcd of satisfying alt the con-

verter requirements.

The chopper-stabilized comparator converts the OC 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 ampiifier since
the drift is a DC component which is not passed by the AC
ampiifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input otfset
errors.

Frgure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION
m PERFECT CONVERTER
18 “12 .88 IDEAL 3-8IT CONVERTER
= TOTAL ._1 e
S 10t | UNADJUSTED s
JERRAOR |
5 100 ; L -1Ls8
= ASSOLUTE
3 m ACCURACY
a
< o -tz ss
g QUANTIZATION
o ERROR

o Vin
I MIN SR A IR

VIN AS FRACTION OF FULL.SCALE

FIGURE 3. 3-8Bit A/D Absolute Accuracy Curve

REFERENCE LINE

TL/IN/SGT2-3

FIGURE 4. Typical Error Curve




‘Connection Diagram.
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Appiications information

OPERATION
1.0 RATIOMETRIC CONVERSION
The ADC0808," ADCI809 is designed as a comglete 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 gbsolute standard. The volt-
age input to the ADC0808 is exprassed by the equation
Vin Ox

Vis=Vz Omax—Dwmin

Vin=Input voitage into the ADC0808

Vs = Full-scale voitage

Vz = Zero voitage

Dyx = Oata point being measurgd

Dmax = Maximum data limit

Dain = Minimum data limit

(1

A good example of a ratiometric transducer is a potentiome-
ter used as a posilion sensor. The position of the wiper is
directly proportional to the output voitage which is a ratio of
the {ull-scale voltage across it. Since the data is represent-
ed as a proportion of full-scaie, referenca requirements are
greatly reduced, eliminating a 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).

Ratiometric transducers such as potentiometers::
gauges, thermistor tridges, pressure transducers, !
suitable for measuring proportionat relationships; hg
many types of measurements must be referred to an
lute standard such es voltage or current. This means g
tem reference must be used which relates the fy
voltage to the standaid voit. For example,
Veo=Vaer =.5.12V, then the full-scale range is dividedhh ;
256 standard steps. The smailest standard step is { LS}
which is then 20 mV. Y

2.0 RESISTOR LADDER LIMITATIONS
The voltages from ihe resistor ladder are compared tg the 38
selected into 8 limes in 2 conversion, These voltages gry N
coupled to the comparator via an analog switch tree :
is referenced 1o the suoply. The voitages at the top, Centar i
and bottorn of the ladder must be controlted to Maintaj ¥
proper operation.

The top of the lacaer, Ref(+), should not be more positin
than the supply, and the bottom of the ladder, Re((—)‘
should not be more negative than ground. The center of the
ladder voltage must aiso be near the center of the Supply
Decause the analog swilch tree changes from N-channe -3
switches o P-channel switches. These limnations are auty.' 3
matically satisfied in raometnc systems and can be easiy"
met in ground refarenced systems. c

Figure 10 shows a ground referenced sysiem with a sepa.
rate supply and referenca, In this system, the supply must '
be trimmed to match the raterence voltage. For instance, §
a 5.12V is used, the supply shouid be acjusied 10 the same @
voltage within 0.1V j

T Vee
[— REF(¢) ust
< a2
X DIGITAL
o 2 QuTPUT
° Qout PROPORTIONAL
¢ TQ ANALOG
© INPYT
L]
- a0
REF(-] use Qgure N, N
l I N VREF Vce
D _L i 478V sVec = Vagp 525V
- ADC0808 * Ratiomelrtc ransaucers
TL/M/I5472 .7
\ FIGURE 9. Ratiometric Conversion System




pllcatxons Information (continueq)
ADC0808 needs less than a milliamp of supply current
Wtopmg the supply from the reference is readily ac-
. In Figure 11 a ground referenced system is
_wmch generates the supply trom the reference. The
gt shown can be an op amp of sutficient drive to supply
milllamp of supply current and the desired bus drive, or if

The top and bottom ladder voltages cannot exceed VYcc

. and ground, respaectivaly, but they can be symmaetrically less.

than Vog and greater than ground. The center of the ladder
voltage should ‘alwidys 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 feference
system, In Figure 13, a 2.5V referanca is symmetsically cen-
tered about Veg/2 since the same current flows in identical
resistors. This systam with a 2.5V reference ailows thg L.SB
bit to be half the size of a 5V reterence system.

vee
sureLy o Vee
mss
VRer REFL.) - BIGITAL
QuUTPUT
gyt REFERENCED
O tay 10
Vin{O—i ¢ GROUND
.
Ot [
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aocetos 475V Vee = Vagr £5.25V

‘FIGURE 10. Ground Referenced
Converston System Using Trimmed Supply
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Applications Information (Continued)
- = 19-15 Vge

Vee
REF(s)

[

+ 18uF
ST SGLID

FIGUHRE 12. Typical Reference and Supply Circult

2

—Jb

—

T TANTALUM
‘[ — GND

REF(-)

sV

Ra
_ ) | 115V

LM136
.
INSTL =
l 1 1.25V
5v
REFERENCE Ag

1

{ Yeo

REFLs) =

ta)

.

: OICITAL JUTPUT

PROPURTIGNAL TO

Y Gour AXALIG iNPUT

e 1.25V < Viy € 308V
no /

REF(-) /

Ls8 '—V
GO Ay=Rg
"AzLometnc ransaucers

TU/M/58124

FIGURE 13. Symmetrically Centered Reference

3.0 CONVERTER EQUATIONS

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

{ N 1
v (v, ey =V -tV }-v -
N l( REF( -y~ YAEr( ’){256 5‘2] Tue REF( -~} @
The center of an output ccde N is given by:
X N
"W{(VREF( n-'/asfu)){'z"é; =V7ue} +VRef(-) 3

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

Vin = Vagg -
o ﬁ_“' ! + 256 = Absalute Accuracy
VRER(+) = Vags.)-

where: Vi = Voltage at comparator input
VREF(+) = Voltage at Ref( +)
VREF( ~)=Voltage at Ref(—)

Ne (@)

Vrug = Total unadjusted error voltage (typicaily
Vrer(+)+512)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator nput current is caused by the sed
odic switching of on-chip stray capacitances. Thesa an
connected alternately to the 2utout of the resistor lagderi
switch tree network and to tne comparator nput as can o
the operation ot the chopper stabilized comnarator.

The average value of the comparator nput current varies
directly with clock frequency and with Vin as shown in Fig-
ure 6.

If no filter capacitors are used at the anatog irputs and e
signal source impedances are low, the comparator inpst
current should not introduce converter errors. as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is stroded.

I input filter capaciters are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current, 1t will then take on the character-
istics of a DC bias current wnese effect can be predicted
conventionaily.
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e ¢
mical Application ¢l
. ; w— - ?
KZAD =
. ~| RTCRRUPT -
cx (113
ADORES VREE(o (113 INTERAUPT
DEEE T REF(s}
(AD4~ADIS}* VRert-)
. -V p—> 087 Mse
START 21— 0t - -
AT ALE 2~ ety DS
14— o
a0e—{A 2-§ f——p 083
AD1—{8 :32::“,: 2§ ey D82
Auz-J c 2~ b 011
s ——>on Lss
sv sumvT
Vee lag = Vin 8
GNO .
4-5v
GROUKD =5 . ANALOG
INPUT RANGE
lngf—Viy t
TU/H/S672-10
"Address laicnes naeded for 8085 anc SC/MP intertacing the ADCOS08 10 & Inicroprocessor
MICROPROCESSOR INTERFACE TABLE
PROCESSOR READ i WRIT INTERRUPT (COMMERNT) .
8080 MEMI ' MEMW INTR (Thru RST Circuit) ’
8085 RO WR INTR (Theu RST Circuit)
Z-80 =0 i WA iNT (Theu RST Circuit, Mode 0)
ScC/Mmp NRDS ! NWDS SA (Thru Sense A)
6800 VMAb2¢A/W | VMA2o+R/W | IRQA or IROB (Thru PIA)
Ordering Information
TEMPERATURE RANGE —40°Cto +85°C —-55°Cto + 125°C
Ercor % Bil Unadjusted ADCO308CCN ADC0808CCJ ADCOB0SCJY
* 1 8it Unadjusted ADCO0809CCN
Package Outline N28A Molded DIP J28A Hermetic DIP J2BA Hermatic OIP
——
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SCLA0668B

CMOS QUAD ANALOG SWITCH

,FEATURES

¢ Transmission or Multiplexing of Analog or
Digital Signals
¢ BOS) Typical ON-Resistance for 15-Volt oper-
ation
¢+ Switch ON-Rasistance Matched to within 5§)
over 15-Volt Signal-lnput Range
¢ ON-Resistance Flat over Full Peak-to-Peak Sig-
nal Range
¢ High Degree of Linearity:
£0.5% Distortion (typ) @ fjs = ikHz,
Vis = 5Vp.p, Vpp-Vsg 210V, R = 10k1)
¢ Extremely Low OFF switch Leakage Resulting
n very Low Offset Current and High Effective
OFF Resistance:
100A (typ} @ Vpg-Veg= 10V, T2 =25°C
¢ Extremely High Controt tnput Impedanze {Can-
trol Circuit Isotated from Signal Circuit):
16122 (typ)
¢ Low Crosstalk between Sveitches:
-50d8 (typ) @ f;s = 0.9MHz, R = k{2
¢ Matched Control-lnput to Signal-Outpe:: Capac.
itance Reduces Output Signal Transients
4 Frequency Response, Switch ON = 40Mi4z (typ)

DESCRIPTION

The SCL40663 is a Quad Bilateral Swizeh
Jntended fo: the transmission or multiplexing of
analog cor digital signals. it is pin-for-pin comaatible
with the SCLAOTER, but exhibits 2" much icwer
ON-resistance. In addition, *.:. IN-resistance is rel-
atively constant over the fuil input signel rangé.
The SCL&A0E8 consists of four indesendant difat-
eral switches. A single control signal is required per
switch. Both the P and the N device in 3 given
swvitch are biased ON or OFF simukanecusly by
the control signicl, As shown below, the wail of the
tichannel davice on each switch is gither iied to
the input when the switch is ON or to Vg when
the swiichi is OFF. This configuration rmunimizes
the variation of the switch-traasistor threshoid

SCHEMATIC DIAGRAM (one of four switches)

WORM. OPLRATION
CONTROL -LINC_ BLASING.
SWITCH ON. N r vpg

SWITD OFF v 0 ey

SKMAL-LEVEL RANCE

] rl: "] weavis 2vee

CONNECTION DIAGRAM
(ali packages)
Switch

A Sw~iwch O Switenh C
—— e I\ e i,

Vpp € C IN OUTCUT IN
| ! | { 1 1 !
14 13 122 11 1 9 &-

SCL40668

1 2 3 4 5 g 7

= i ; | i ) ]

IN OUTQUT IN C C Vgg

N — e — — ~

Sv.iten & Switch 8 Sverzzn

< /
! Add suffix for package:

C  14a-pin Cercip F  1é.¢in Flat
D 14.pin Ceramic H  Chip
3 14-pin Epoxy

t
i
—

RECOMMENDED OPERATING CONDITIONS
For maximusn.reliabifity:
VDD - Vss
Opersting Temperature Ta

C, D. F, H Device

€ Davice

OC Supp!y Voltage Zin15 Vde
55 tc +125 ©oC
010 +85 9°C

volisge with input-signal, and thus keeps the ON.
resiszznce [ow over the full operating range.

The odvantages over single-channgl switches in-
ciuce peac input-signal voliage swings eau:l 1o tne
full supgply voltage, 2nd more consizrt ON.impec-
ance over the inputsignzl range. For :emple-a2nd.
rold apglications, however, the SCL40D16 is
reccmmended,

[ty S ———s
- A -
e S
[P
o to-
iy




STATIC CHARACTERISTICS '-°

ELECTRICAL CHARACTERISTICS

140668

vV, \ Tiow’® 25°¢C T )
PARAMETER CONDITIONS | sy | (vae ——m MM | ynin
Min. | Max. | Min. | Typ. | Max. | Min, | Max.

QUIESCENT DEVICE .

CURRENT loo |Vin®VesorVoo | O 5| - | 0os - loooosl 00sf - | 1.5 pAc
Alf valid input -0 10 = 01| - (0001] 01 -] 30
combinations 0 15 - 0.2 -~ 10.002} 0.2 - 6.0 ]

MINIMUM INPUT HIGH Vim :

VOLTAGE Vis = Vs 0 s = | 40] - {2715 ] 20| -] €0 vde

{Control Input) Vos=Voo o| ]l - {80l - is5 ! 80| - sof

s =10uA o | 6] - jr2e| - la2s 20| - 120

MAXIMUM INPUT LOW Vi :

VOLTAGE Vig ® Vgg o] S| 10 - 1.0 1225 - 1.0 - | Vde

{Control Input) Vos= Voo ol to}20] - | 201{s¢s - 120l -

- 4155 = 10uA -l e} si30| - 3016751 - | 30f -

SWITCH INPUT/QUTPUT [y

LEAKAGE Vg Vee +2.5 {+7.5| ~ 12100| - [z001|2100] - |=200{nAde
Vig*27.5Vde Ay

ON-RESISTANCE Ron E

C.O.F.H device *Voo 7512751 _ {2z0f - | soy 280| - | 320| @]
Vss Vis< Voo 15 A° K
R =10k Q g

S 4 L - lae| - 1 120] e00| - | sso| a
o |+10 P
25 1728 _ 1000 - | 270|2s00f - | 3500 @}
0 |45 E

£d R -V 7.5 | +7.8 5

& device onr Ve * Voo ‘ 21 - | 250 - | so| 20| - | 309] o}
Ves&Vis<Voo +15 >

’ Ry 310kQ . 4 F
: o |3, - =0 -] 12 s0| -| s ﬂg

25 | *2.5 3
o |t = 200] - | 270f2500] - | 3200 ng

ON-RESISTANCE MATCH ARow =

{Same package) Ve =Vpp 7.5 14751 O\ & sl - _ _
VesSVis& Voo | 0 | 15
R, = 10kQ

-5 +5 - p - 10 _ _
| 0| -0
2sje2s| _ | _ | _ 6l - | -
| o +5

NOTE:. :

? T ow = 35" L torC0, ¥, H device.
=.~40°C for £ device,

"o #"85°C for Edevrce

~ IIZS'EforC D, F, H devica,

’%l:dﬂu hubeen designed for balance~ ouinut drive current soecificaticns Cen

= ...q:w-q 1:1.

1o €zt Sine

ﬁemammg Static Electrical Characteristics are liste2 under “SCL40008 Series Family Spec:ficstions”

cificzrcng

A



SCL4066B

ELECTRICAL CHARACTERISTICS {Continued)

DYNAMIC CHARACTERISTICS (C, =50pF, To = 25°C)

i o | Ves~ | Voo . Ny .
PARAMETER CONDITIONS (vde) | tvdel Min. Typ. Max. Units
SIGNAL INPUTS (V;} AND OUTPUTS (V)
PROPAGATION DELAY TIME | tpyp [Vc=Vog
temL | Vy=Square 0 5 - 20 40 ns
Signal Input to Signal Qutput Wave 0 10 - 10 20
. Ry = 10k 0 15 - 75 15
S8ANDWIDTH (-3dB} BW |V,=Vps R
{Sine Wave) V=5Vl 1kQ| -5 +5 - 54 - MHz
centered | 10kQ | - 40 -
@ 0.0Vdel 00k - 38 -
1M — 37 -
INSERTION LOSS Rh {
v oo !

{=20 |og,or:') Ve=Vps AL r
Va=5Vool 1kQ -5 +5 - 2.3 - a8
centered | 10k - 0.2 -

@ 0.0Vdcp 00k - .0.1 -
mMQ — 0.05 -~
SIGNAL DISTORTION

{Sine Wave) Ve=Vpo -5 +5 - 0.16 - %
Vo5V,
centered
@ 0.0vde
f,,=1.0kHz

R Ry = 10k

EEEDTHROUGH (-5048) V.=Vss Ry
: V=5V, | 1kQ -5 +5 - 1250 4 kHz
:|centered |.10kQ2} - 140 -
_{@0.0Vdcnooke - 18 -
X 1MQ - 2 -~
CROSSTALK (-5048) V(A)=Vpo -5 +5 - 09 — MHz

Between two switches V. (B}=Vgg
Vo (AJ=5V, o
centered
@0.0Vde
Ry = 102

CAPACITANCE

Input © sl Gy - . - g . - ofF

Output’ Cos | Ve = Ves -5 +5 - 8 - oF

Feadthrough Cos - 0.5 - { of

: B - - [ ———

CONTROLANPUT IVe) ctian e - |
PROPAGATION DELAYTIME { to¢ * [ Ves<Vi<Voo r 0 5 - 56 b

Tum on ., .. Ry = 10k : [o] 10 - 5 50 !

oo 0 15 - 20 40 i i
MAXIMUM INPUT te  1VeeQV XVgog 0 5 - 5 - I MHz
FREQUENCY 7 Ry = 1.0kQ2 [ 10 - 10 - i
0 15 - 12 - !
CFSOSSTAL K \
{To signal part) V=Sauare Wave [s] ] - 30 - mV
! Ry = 1082 0 10 - 50 -
| R, = 1.0k 0 15 - |10 -
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CHANNEL DN RESISTANCE (Roy) — OMMS

Py o 4
$IGNAL VOLTAGE tv, ) — vOLTS

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

SUPTLY VOLTS! vppe+ S, veg -3

INPUT SIGMAL YOLTS (Vig)e S vpup
SINE WAVE (L 77 RmS)

CONTROL YOLTS [wclesd

© LOAQ CAPACITANCE < (Crpy *CugTER!

108 87 voutugren

o

D R I B N A L
2 T~ L0A0 RESISTANCE R w0 7T i i
o e !
fiel—4 T T oaTS 3Bk
;3-. “ | f | ] 1 loorn 1\’?'“.’
::‘ i I~ i e f { l
23 - S~ 4
. | 1 et
3 o P } 21 |
o T C 3% B TS T g 0

WOUT SIGMAL FREOUENCY gl iy

Typ. switch frequency response - switch “ON”

| RPPLY VOLTS Ivpgeed vgge a3 T 1 T I
TNAUT SIGAAL YOUTS (vg)e 3 Vo.p SINC wEVE (1T RwS, | H
T SO FITURE 200 METON KA LED O o —— .
ORI .
mn i

.§. Ve vs !H Isr ,
‘I'__; v :

2 z

- -

2 e

o LH

- ol H
K3 P

5 H

- S

3 l

4

¢ |
l e |

0 ot
MEYT SIGRAL FREQUENGY (1, 1~ knr

Typ. crosstaik berween switch circuits in the same
Epackage

SCL4066B
———
{ Esur GE Yapt Sy TN SR 1341418
{ SUPPLY VOLTAGE vag:s Sea, 1200 €0 10xa
1. Vgg e -4V —
Py AMOICNT TEMPERATURE [T, ). 28°C S rbae
Pe o oA
Lt e
== s =
[~ ﬁ‘ .
b1
< l——_—_-——__.' T
g ° =2 Ve vap Voo
HERS S
i =" .
H === 2 Vae Vse
z -2 — " < O~ 105 e
e swacees | 3,
- .
! 2 37 v g
s, “4 o =
[ 2 ves =
ALL UNUSED TESmmaLS
% ARL COMNEZTLD TO vgg
¢ = -z ) H - 0

INPUT SIGNAL VOLTAGE (v, 3 = vOL TS

Typical ON characteristies for 1 0f 4 channels,

(SUBPLY ¥G. TS woge-§,
CONTROL VOLTS Ive):
fineyY SICHAL VOLTS ¥ 1v S vop SINE WAVE UT? ANS)

het 2004

1
1
i

T 30% L0 CABMCITANCE (€0 1o 2r  Tomg <CUETER N
2 {TTURE an METFR oL LD OUT . 4
o ety Pl 4y !
52 cas 7
g H )
H : - 4
Z | s i
L s 1Y
E ) @
= 319
i ’ M
3 -
& e §
] :
3 i3
F 3
[
E
WPUT SIGNAL FALQUEACT Hy)ame .
=
Typ. feedthru vs. freq. — switch “OFF~ !

3

————d

wov w
D/ U R

ner Py Ve o

3= .e
: E—-.\—li“r—-r—-‘ <
: [LY] | 0oRs
H Al
H - <+

4., LNTCT T hemals
Ll SO LY SRS I "ty

Test circuit, crosstalk-conira! input to signal cutput
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SPECIAL CONSIDERATIONS — SCL40668

1. In applications whare separate power-sources-are used to drive Vpg and the signal
t inputs, the Vpp current capability should exceed Vop/Ry (R = effective external
load of the 4 SCL40668 bilateral switches). This provision avoids any permanent
current flow or clamp action on the Vpp supply when power is applied or removed
from SCL40668.

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 voit (calculated from Ry values shownl.

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

APPLICATIONS INFORMATION

) sPOT

A/
al st LA o “:')-—c 3/°—Ov°,z

Vi O—%‘cs . SO O‘" i - . 3 Vis
« N W= p
|~ v

¢} OPOT

¢) OPST
. . Vasa2 Visa
v, v v, o4 Yoza Vosaz
o on Mo v-uo-—%zm 8 o=
: - . %

0 B Lo
. I
s Voss Yus Vess Vosa2 v,,l,
\/ E
O 1 ViseOr .
g Ove Ji
Basic Switch Frimzticns using the SCL4066B
C4=0.001C;
—i -
([ tee
SELLET O
€320.01C, =2 X
i } $ N -
'C:L o . ) .1 0%ew L0OP Ga
sELEC 2 ~
e cz-lo.\c. 2 N s
conTAOL “ Hr < er e e e 1
SELECT O- ro» g ! \\‘I\\ : i
v L. ARy
e e 1t
ey ‘- . 0
\ sliecT O- !
t
FREOUENCY « Hs
AAA
2. . A3 A [VOLTAGE GAIN BCLOW RAEAY, FAEOUENCY)
i n
e — i —~—y \ ©
¥ 1
. te (BREAK FREQUENCY] =
O Vour ¢ 2eMCx

L IUNITY GAIN FIEQUENCY ) »
IeRyex

MAx ATTCNUATION - BFiED)

Active Low Pass Filter with Digitally Selected Break Frequency
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SCL4016AB

CMOS QUAD ANALOG SWITCH

I3
FEATURES
4 Wide Range of Digital and Analog Signal Levels- CONNECTION DIAGRAM r
Digital or Analag Signals to 18 Volts peak (all packages! 3
¢ Low ON Resistance —
200 §1 typ. over 15Vp-p Signal input Range, @ SWIZCH SWE'JTCH SWlCTCH
15Vde - R Ty
¢ Matched Switch Characteristics - 1051 typ. Dif- Vpp € € INOUTOUT IN
farence between RN Values at 2 Fixed Bias | i i | } ! !
Pomt over 15V p-p Signal Input Range @ 15Vde 14 13 12 11 10 ] g
4 High On/OH Output Voltage Ratio -~ 65 4B typ. SCL4016AB 1
@ fig = 10kHz, A = 10K(2 {2 3 &4 5 § 1
¢ High degree of Linearhy - < 0.4% Distortion T T — ; . !
typ. @ fi = 1kH2, Vig= 5V, Vpo-VssZ 10V, INOUTOUT IN € C Vgg
RL - 1& ——— et —————— e
¢ Extremely Low OFF Switch Leakage Resulting SWITCH SWITCH SWITCH
in Very Low Offcat Current and High Effective A 8 < 3
OFEF resistance - 10pA typ. € Vpp-Vss = 10V, ‘
Ta~ 25°C Add suffix for package:
¥ Extremely High Control input Impedance (Con- C  ta.pin Cerdip j
trol Circyit 1solated. from Signal Circuit] - O  14-pin Ceramic e
101200 typ. E 14-pin Epoxy, .
¢ Low Crosstalk between Switches - -50dB typ. F  14-pin Flat b
@ f;c = 0.9MHz, R = k{2 H  Chip r
¢ Matched Control-lnput to Signal-Output Capac- -
itances - Raduces Output Signal Transients ;
4 Transmits Frequencies up to 40MHz
RECOMMENDED OPERATING CONDITIONS
DESCRIPTION For maximum reliability:
The SCL4016AB i3 a singlechlp monalithic DT Supply Voltage Voo - Vss 3t0 15
siticon integrated circuit coniazining eight N- Operating Temperat.ure Ta

v e o i s e, LD ‘Qa.aﬁhs‘ﬁb S HEN A

channel and eight P-channel enhancement-moae C. D.F.H Device 55 to +125
MOS transistors connected to form four indepen- e °
£ Device 40 to +85
dent tilateral signal switchas. Each switch consists
of tknh P. and N-channel devices with common
source and drain connections. A single control sig-
nal is required peur switch. Both P and N devices in
a given switch are biased CN or OFF by the control
signa!. The CMOS switch permits peak input-signal
voltage swings equal to the full supply voitage, &
considerable advantage over singie-<channgi types.
SCHEMATIC DILCS AN LOSiIC DiAaGT LN
A —
duTeet v T _l J : conTeoy, A-—-1'>——-t‘ samay &
S = = ne — e
+ — — ———— 7 ——— P H
'u"'J—L e ! ' [ W et ! ' :i 2 l [ l cowiwon » - ! trnaL 0
P Ums ![_J:v'. ! e i lL_._-_—f ' . D
ORI S [ S ;o e et ]
el | \ 1 T H . [N <-~—->—-8,—- aimag €
! i ]
erpar vamstt st [ o= | T | ‘, Pooeem ! Py { — ot
Tt Rmay o £33 30 . H N ALTR i | R L
L bmdd ™ L= Lesd =--m——>—®—'* s
s { i ¢ L e i Al j
réowr Yoot 16 our o 4o LI -
- Yz Vg 3
1@ s jerta sy 1ol g twrlat '.‘1




STATIC CHARACTERISTICS '

ELECTRICAL CHARACTERISTICS

SCL40168A8

v v Teow? x'c T * { Uni
PARAMETER CONDITIONS [\ 5 {20 | Lo - R jUnim
Min. | Mex. | Mia. | Typ. | Max. | Min. T Max.
1 ]
QUIESCENT DEVICE ioa i |
CURRENT Vi ®Veg ot Voo | O St - (005 - | 0.06 1.5 | udac
- [ANvaiid input [+ 10 - 1oy - loooviaer | - 30
comdinasticns o} 15) - 0.2 - |0.002; ¢.2 6.0
I3
MINIMUM INPUT HIGH Yim
VOLTAGE Vig ® Vye 0 S1 - f29 | - f1s 29 | - 24 | Véc
{Canirot Input) Vog = Vap 0 0] - 2.9 - 118 7 - 2.4
log = 108 [} 151 - |29 - 15 27 0 - 2.4
MAXIMUM INPUT LOW Vie .
YOLTAGE Vg = Vg [+ sy ag | - 0.7 |15 - (o4 - ¢ Voe
{Control Inputy Vos = Yoo 0 10} 09 | - 0.7 (|15 - | G4 -
. los ® 1GuA 0 1] 09 - 0.7 jis - 104 -
SWITCH INPUT/OUTPUT loen | Ve = Vgs }
LEARAGE ’ 751 on8t o~ frs0f - ooy 22500 - {22500 nace
(Switcrs off) S 4 es ] - lnas) o oo zizsf - Ll
F T
ON-RESISTANCE Ron H
C.D. F, H oorce Ve = Vop
Bom1oR ] gelas! - el - | 20 wf - | swola
-1.5 - 12 - 200} ol - Eled]
20,25 -1 . ;856 - 11230 }
-5 S 1es | - i.e00| - | 250f esol - i 9o n
-5 - | s00f - 851 ess! - 50
20,28 - j1er0f - 530 2000] - {2800
15 o [+ ] - | 380} - 02| 400l - 0| n
+0.28 - || - 100 eo] - o]
+9.3 |- 1 5| - 3G 8ss| - 1230
“0 f 0 jet0] - |00 - | 250 ssal ~ ! oscl
. ~0.2§ - | ey - 0! e80! - 950'
4 +5.6 - [1876| - S601 00 ~ !2600
€ device Rome Vig ]*
Ve =Vgo (Vde) i
At Are] s fens| - Lo o Famol wol & 1 20l a
X -y o3l - | s - 520
202§ - | 10| = 280 801 - |10
5 5 +5 81C| - 2501 e50] -~ 2| i
-5 - 1 610f - 80| 880| - 8401} ,
£0.25 t9c0] - 583 { 2000 - 1380
+15 6 {151 - | 3] - 200 | &00f - 2ol n
+0.25 - 1 3re; - 2001 ao0} - 520
%3 - w0l - 3001 g0 - {1om0
-10 0 j+10! - | &s10] - 25C | 85| - sl o
. +0.28 - | 8107 — | 250; 580! - ! gag
i Y +5.6 ~ |90} - 560§ 2000] - (2380
| ON-AESISTANCE MATCH ARopl Vis ! t
! (Same pecxagei Ve *Vag (Voo l
Rust ) s berst - | o of - | -1 ~gqa
25 5 -5 - - - 18] - - i - [
1
NOTES: ' Remaning State Electricai Charscteristics are listed under “STLACODR Series Famnily Sowcihzatieae®
Tiow = -38°C1or C, D, F. M deviza,
& «23°C for £ Cevece
Teiym o o125°Clar C, 0, ¢ - ~e, s
=+ BS°C for £ device.
? Thit Sevice nas been Cesigned for belanced outou: orive cyrrent soecifications. Conmult Famity Sorc:ficauions
OYNAWIC CHARACTERISTICS WGy v BRpF. T, « e
RSP T ' T Ve s oves . : ‘
Bii il TLA [ CONZITIONS i (ves) | (vaes é Moo ; Ve ' Maa, ' UN!T ;
SIGNAL INPUTS (Vi5} AND OUTPUTS (Vo) '
v d
PROPAGATION DELAY TiME o tag ' H
St input to e | Ve Voo 3 5 B s m !
spnal output * Vig ~ muare wave 0 10 - 110 20 i
R =~ 1= 0 i$ - 1 18P s '
BANDWIDTH {-Xu8) W Re { l
(Sine Wave) Yo = Voo 1% 5 5 -~ 54 - MHe
Vig v 5V, 100 - D1 - :
cantered 10Ck (1 - 35 . i
€C.0vde TN | - "‘"""‘_,, N .
L 2 I { ! i




T SCL4016AE

iy

ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (€, = 50 pF, T, = 25°CY (Continued)
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Vss.| Vooe '
PARAMETER CONDITI?NS tvael | vaor |, idln Tyo.| Max.! Unas '
SIGNAL INPUTS (Vg) AND OUTPUTS (Vgs!) iContinued)
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CAPACITANCE H
Inout Cs - & - of
Outout Cos | Yo *Vu 5 5 | .- 4 - of
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CONTROU INPUT {Ve) ©
PROPAGATION DELAY TIME toum,
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TYPICAL ON-RESISTANCE CHARACTERISTICS
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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 cheracteristics for 1 of 4 switches
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Typ. ON characteristics tor 1 of £ switches
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Typ. ON characteristics for 1 of 4 switches

with Vpp=15V, Vgge -5V

Typ. ON characteristics for 1 of & switches
with Voo=+2.5V, Vgg=-2.5V
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SCL40508 Non-inverting

am—

§CL4049UB Inverting |

CMOS
HEX BUFFERS /CONVERTERS

FEATURES

¢ Oirect Drive of 2 TTL/DTL Loads

¢ Operation from Single Supply

¢ Pin-for Pin Replacements for SCL40098B,
SClL40108

DESCRIPTION

The SCL4049UB and SCL40508B are Inverting
and Non-lnverting Hex Buffers, respectively, and
feature logic-level conversion using only one supply
vottage (V). The Input-signal high level (V) can
exceed the Ve supply voltage when these devices
sre used for logic-level conversions, These devices
are intended for use as CMOS-to-DTL/TTL con-
verters and can drive directly two OTL/TTL Loads.

The SCL4049UB and SCL40508 zre inter-
changeable with SCL4009UB and SCL40108 de-
vices, respectively. In these applications the
SCL4049UB and SCL40S08 are pin-compatible
with the SCL4009U8 and SCL40108, respectively,
and can be substituted .for these devices in existing
as well as in new designs, Terminal No, 16 is not
connected internally on the SCL4049UB or
SCL40508: therefore, connection to this terminal
is of no consequence to circuit operation,

SCHEMATIC DIAGRAMS

vie

i
!
—
[ e
o, ;'TP it
. Cre A Amer—t L —0
xl i our
| =Y

. ;
H Beugt I By
d=l=
P
i

SCL40508

CONNECTION DIAGRAM
(all packages)

NC 86Y 6A NC &Y SA 4aY 4A
[ NN N U S B S
6 15 14 13 12 11 10 9
SCL4049UB SCL40508
1 2 3 & 5 § 1 8

| IR, | b i
Vcc 1Y 1A 2Y 2A 3Y ZA Vss

Add suffix for package:

q C  16-pwn.Cerdip
O  16-pin Ceramic
E 18-pin Epoxy
£ 16-0in Flat
H  Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
OC Supply Volitage Vee ©Vss  3to iS5 Vde

Operating Temperature Ta
C, D, F, H Device 5510 +125 ©OC
E Device -10t0 +85 ©C

Note: These devices contain input protection net-
works 16 Vgg only. Therefore, Vi (max}
may exceed VCC without dimaza3zz {suiject
10 sbsolute maximum ratings).

LOGIC DIAGRAMS

s N2 : 2
1A 2>ty tA ’—-\— 1A%
. ~ .
2a >t 2v za =Tt 2y
3a et av 34 L4 3y
aA LS a2y aa =N av
5a Lot sy sa >~ sy
6A LiN.T 5Y 5A Nt 5v
- -
VEC —— PR
vy vy
. aa: v s i - 0 v = A
- ¢ - *
SCL40aguB SCL20508
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ELECTRICAL CHARACTERISTICS i
. L I EI
STATIC CHARACTERISTICS '? A
" 1 3 1
PARAMETER Vee | coNDITIONS | Ttow *SC THIGH | ynies
{(Vde) |- Min. | Max. | Min. | Typ. | Max. | Min. | Max,
QUIESCENT DEVICE
CURRENT ce|l 5 [Vin=VesorVoo| - 1.0 - | o005 10 - 30{ uAde
10 {Allvalidinpue | -~ | 20| =~ [001] 20| - 60| -
15 lcombinations - 4.0 - 0.02¢ 4.0 - 120
MINIMUM INPUT HIGH Vise - - -
VOLTAGE . .
ScL4049U8 5 |Vo_=0.5V - 4.0 - 275 | 4.0 - 4.0[ vde
10 |Vgg =t.0V - 8.0 - 5.5 8.0 - 8.0
18 |Vgg =1.5V - 12.0 - 8.25 | 12.0 - 12.0
MAXIMUM INPUT LOW Vi
VOLTAGE
SCL4049UB 5 |Vou=3.6V 1.0 - 1.0} 2.25 - 1.0 -~ | Vde
10 [Vou=7.2V 2.0 - 20| 45 - 2.0 - I
16 {Vou=10.8V 3.0 - 3.0| 6.75 - 3.0
QUTPUT LOW (SINK) low
CURRENT . -
C. D, F, H devices 5 [Vor=04V 4.0 - 3.2 64 - 2.4 ~ | mAdd
10 |Vg=0.5V i0 - 8.0 {16 - 5.6 -
15 VoL =1.5V 30 - 24.0 40 - 16.8 -
Vin=Vss or Voo
€ device 5 {Vg_=0.4V 38| - 321 6.4 - 26 -~ | mAdd
10 |Vg_=0.5v 96| - | 8018 - | 54} -
15 1Vo*1.5V 28 o 24.0-[40 - 19 - -
Vin=Vss of Voo
NOTES: ' Remaining Static Electrical Characteristics are listed under "SCLA000B Series Family Specifications”.
! Tiow = -55°C for C, D, F, H device.
= —40°C for € device.
Thign = #125°C for C, D, F, H device. =
X =+ 85°C for E device.
* These devices have been designed to meet the balanced output drive current specifications for
Output High (Source) Current. Consuit Family Specifications.
DYNAMIC CHARACTERISTICS (C_ = 50pF, T4 =25°C)
v V, . .
PARAMETER IN [¥ce . M
ET Vel Vaal Min Typ ax Units
PROPAGATION DELAY TIME trem
SCL4049uUB S S - 80 120 ag
10 |10 - 32 65
15 |15 - 25 50
10 S - ks 0 ns
15 5 - 45 30
SCL40508 5 5 - 7 140 ns
10 {10 - 40 80
15 |15 30 60 !
10 ] s - 45 20 ! ns
15 | s - 40 g0 !
SCL4049UB teme s |5 - 32 8 | s
10 |10 - 20 40 '
15 |15 - 15 30
10 S 15 30 ¢ ng
15 S 10 20
SCL40508 S 5 - 55 110 ns
10 {10 - 27 55
15 {15 - 15 30
10 |5 - 50 100 | ns
. 15 1 5 - 50 100 |
OQUTPUT TRANSITION TIME trom 5 5 - 80 160 | ns
10 |10 - 40 80 i
15 [1s 1 - 30 50 i
Ura sisi - | 10 60 | as
1w fig ] - 1 20 4 |
15 115 | -, 15 06
INPUT CAPACITANCE Cin : i
SCL404a9uUB - - . , 15 225 of
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Typical voltage transfar characteristics as a function

Typical voltage transfer characteristics as a function
of temperature for SCL4048UB.
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National
Semiconductor

MMS54HC139/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 applicdtions. it possesses the high noise immunity
and low power consumption usually associated with CMOS
circuitry, yet has speeds comparable to low power Schottky
TTL togic.

*The MMS54HC139/MM74HC139 contiin two independent
one-of-four decoders sach with a single active low enable
input{G1, or G2). Data on the salect inputs (A1, and B1 or
A2, and B2) cause one of the four normally high outputs to
go low., % -

The decoder's outputs can crive 10 lcw power Schcttky‘TTL
equivalent loads, and are functionally as welt as pin equiva-~

e e e

=

: ' d
lent to the 540.S139/74L.S139. All inputs are protected from °

damage due to static discharge by diodes to Vee and
ground.

Features
m 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 W qguiescent supply powaer
® Fanout of 10 LS-TTL devices
® Input current maximum 1 pA, typical 10 pA

Connection Diagram ' ¢
Dual-In-Line Package

‘Truth Table

‘HC139
sgecr OATA CUTPUTS —
ENABLE oty S | ¢ —— - Inputs ,
Yoo 62 4z 32 e m e m Outputs
| e | 1s 14 13 [z {n {10 fs Enabie | Select
& g G "B A YO Y1 Y2 v3
o S H X X|'H H H H
smecr | ] OumuTausm L L Lt H H H
N ¢ - L Loy H L H H
4 H L H H L H
> L H H H H H L
=
outPUT H=nigh lavel, L=low lavel, X = con't care
st q CUTRUIT SUSFER
1 2 3 g is 10 17 []
ENABLE A1 8 10 m ] 13 X0
& saLEcT CATA GUTRUTS
TUF/S311-1
Order Number MMS4HC139* or MM74HC139°
“Plaase look into Secten 8, Appencix D
for avaiactlity of various package types.
Logic Diagram
’ MMS4HC139/MM74HC 139
pIT c—-Dw D D E Y
L‘E]‘ b—! >O——I >O——1y
{a
I ? QUTPUTS
Qe i
| |
'I’_DO‘_——DO‘_:E >°'~‘l>0-—-| >O0— 1
TL/Fr8311.2

(1ct2)
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& | Absolute Maximum Ratings (votes 12 2) Operating Conditions !
O 4
E It Miiitary/Aerospace specitled devices are required, Min Max Unity
~ centact the Natlonal Semiconductor Saies Otfice/ Supoly Voltage (Vo) 2 ] Y
§ Distributors for availability and specifications. CC Input or Output Voitage 0 Vee v
> Supply Volitage (Voe) - = =0S5t0 +7.0V Vin. Vour)
™ DC Input Voitage (Vin) —-1.5Vee+ 1.5V Operating Temp. Range (Ta)
- ; - .
O DC Output Voltags (VoyT) -0.5to Vg +0.5V MM74HC —40 : 8S c
Z [ -Clamp Diode Current (i, low) £20 mA MMS54HG . =S5 412 c
3 . [ {2
g DC Qutput Current, per pin (IoyT) £25mA - ln;():t Slse o\;. :I.l-‘lgrg\e/s 1000 ns
= OC Vg or GND Current, per pin (Icc) +50 mA ' ng-- 4:5\, 500 ns
Storage Temperature Range (Tstg) ~65"Cto +150°C Veo=6.0v 400 as
Power Dissipation (Pp)
" (Note 3) 600 mwW
' 8.0. Package only 500 mw
Lead Temp. (T ) (Soldering 10 seconds) 260°C
" DC Electrical Characteristics ote 4
| —
= ; ”
To=25C 74HC \ 5__HC
Symbol Parameter Conditions Vée Ta=~—40t085°C | To=~-55% 125°C | unjts |
Typ Guaranteed Limits
b Minimum High Level 2.0V 15 1.5 15 v
Input Voitage 4.5V 3.i5 3.18 3.15 v
6.0V 4.2 4.2 .2 v
T
ViL Maximum Low Level . 2.0V Q.5 0.5 0.5 v
; Input Voltage** 45V 1.35 1.35 1.28 Vo
8.0V 1.8 1.8 1.8 v o
Veu Minimum High Level | Viy=Vyyor ViL
Output Voltage HouTi<20 pA 20v | 20 1.9 1.9 1.9 \'%
! 45V | 45 | 4.4 4.4 4.8 v
6.0V 6.0 5.¢ 5.9 5.9 "
ViN=Vigor Vi
floutl 4.0 mA 45V | 42 1 3.8 3.84 37 v
ilouti£5.2 mA 6.0V | 57 | s.48 5.34 5.2 v
SVCL Maxdmum Low Level | Viny=Vyy or Vi
Output Voltage llouti 20 pA 20v| 0 0.1 0.1 9.1 v
4.5V [¢] Q.1 0.1 0.1 v
6ov| o 0.1 0.1 0.1 v
VIN - V|H or vlL
loutl<4.0mA 45V { 02 | 0.26 0.33 0.4 \%
lloutl£5.2mA 6.0V | 0.2 | 0.26 0.33 0.4 v
fin Maximum Input ViN=Vccor GND | 6.0v *0.1 1.0 21,0 nA
Current
Icz Maximum Quiescent | Viy=Veeor GND | 6.0V 8.0 80 160 nA ;
. Supply Current louT=0 uA
FNol. 1: Absolute Maximum Ralings are thoss values oeyond wheeh camage o the cevice may occur.
Note 2: Unless atharwise specified ail voltages sre referencsd 1o ground.
Nots 3; Fovnr‘ Oissi . ing — plastic “N” package: — 12 mwW/°C from 65°C 10 85°C; ceramic " packaga: ~ 12 mw/ C from 100°C to 125°C. i
Hote 4: For 3 powsr supply of SV = {0% the worst case output varages (Veu, and Vo) occur for HC a1 4.5V, Thus e €.V values should 2e usad whan Qesigning |
“with this susoly. Worst case Vi and Vi, occur at Veg= 5.5V and 4.5V respectively. (The Vi, value at 5.5V s 31.85V.) The warst case leaxage current (I, lco, and H
Ic2) occur for CMOS at the higher veitage 2nd 0 thy 8.0V values shouid be used, '
Yy, lieuts are currenty tested at 20% of Ve, The abova Vy, spacificanen (30% of V) il be rmplementad no later tran <. Cr'es, I
o
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AG Electrical Characteristics
Yoo =5V, TA=25°C, C|_= 15 pF, t,=ty=6 ns

gnbol Parameter Conditions | Typ Gua:lan:tteed Units
k,,.,i, tpLH' Maximum Propagation " 18 30 ns
' Delay, Binary Select to any Output o e
4 levels of delay e
e Py | Maximum Propagaticn 28- 33 ns.
Delay, Binary Select to any Qutput
5 levels of delay
tp,.,é, tpLH | Maximum Propagation 19 290 ns
> Delay, Enable to any Output

13

| ACElectrical Characteristics c, =50pF, 4=t =6 ns (uniess otherwise specifiod)

B

6EF OHV2ZNN/EELDHYSININ

' 1 Ty=25C 74HC 54HC
“symbol Parameter Conditions | Vee A Ta=—401085C | To=—551t0 125C | Units
< . .
) Typ Guaranteed Limits
bHL teuy | Maximum Propagation {Note 6) 20V | 110 | 175 219 254 ns
) Delay Binary Select to 45v | 22 | 35 44 51 1 ns
any Output 4 levals of delay 6.0V | 18 30 38 44 ns
PHL tpLH | Maximum Propagation 1 (Note 7) 20V | 165 | 220 275 320 ns
Delay Binary Select to any ) 1 4.5V | 33 44 55 64 ns
Qutput 5 levels of delay 6.0V | 28 | 38 < T AL &gV 54 ns
tPHy, teu | Maximum Propagation 20V | 115 | 175 218 T o254 ns
Delay Enable to any 4.5V | 23 35 44 51 ns
Output 6ov | 19 | 20 - 38 44 ns
U treH | Maximum Qutput Rise 2.0V | 30 75 85 | 110 ns
and Fall Time 45v| 8 1§ "9 22 ns
6.0V 7 13 T 16 . 19 ns
Cin Maximum Input . 3 10 10 10 pF
i Capacitance
Cep Pewer Dissipation (Note 5) 75 pF
v Capacitance (Nota 5) !
Note 5: Cppy the na load dy IC power car P .,PD.CPQVxl""kxvcc,lﬂdmﬂﬂOlO:d dy i current cor tg=Cop Ve I+ g,

Note 6: 4 levals of delay 8r@ A 10 Y1, Y3 2nd B (o Y2, Y3,
Note 7: § levets ot delay are A to YO, Y2 and 8 o 70, Y1.

¢
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MM54HC245A/MM74HC245A

-

National
Semiconductor
MMS54HC245A/MM74HC245A

Octal TRI-STATE® Tra['}sceiver

General Description - %
This TRI-STATE bidirectional buffer utilizes advanced sili- -
éon-gate CMOS technclogy, and is intended for two-way
asyncrironous communication between data buses. It has
high drive current outputs which enabie high speed opera-
tion even when driving large bus capacitances. This circuit
possesses the low power consumption and high noise im-
munily .usually, associated with CMOS clrcuitry, 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, datz flows.from
the 8 inputs 10 the A cutputs. The MMS4HC245A/
MM74HG245A transters true data from one bus to tha oth-
er. . 7

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

Features

B Typical propagation delay: 15 ns

& Wide power supply range: 2-6V

B Low quiescent current: 80 uA maximum (74 HC)
& TRI-STATE outputs for connsction to bus orented
systems :

High output drive: § mA {minimum)

Same as the '645

Connection Diagram

EMASLE 4l
Vvee G e1 g2 83 84 8s es a7 88
LZO ||9 18 17 ll& lls 14 ll:l -~‘l! I!‘
LA r::J
! :
VAN
NN,
it e - |
] i } 2 I 3 It l s I 6 7 [ ) [:o !
o Al A2 Al a4 AS A8 A7 A8 GNO
TUF/5185-1
Top View

Order Number MMS4HC245A° or MM74HC245A°

“Pleasa look into Secion 3, A dix C for av ity of vanous package types. .
\ i
Truth Table :
Control
Inputs Operation :
G DIR

L L B datato Abus
L H A data to B bus R
H X Isoration '

H = high level, L = low level, X = wratgvant '




3 ,\Ssolute Maximum Ratings (Notes 1 &2)

Operating Conditions

! dliitary/Aerospace specified devices are required, . Min " Max " Units
antact the Natlonal Semiconductor Sales Ofttice/ Supply Voltage (Vo) 2 5 - Vv
,,u-ibutors tor availablility and specifications.
OC Input or Qutput Voltage
apgly Voltage Vee) —-0.510 +7.0V v,
¥ . Vin. VouT) 0 Vee v
«Clnput Voltage DIR and Gpins (Vin) — 1.5t Veg+ 1.5V " Operating Temp. Ranga (T)
;m;nput/Output Voltage Vi, Vout)  —9.5t VCE +0.5V MM74HC —~40 »85 " c
camp Dfode Current (Ico) F20mA MMS4HC —55 +125 o
ocOutput Current, per pin (‘O"j'ﬂ £35mA =, lnput Rise/Fall Times
CC‘{CC or GND Current, per pin (icc) +70 mA Y Mat)  Voom2.0V 1000 P
swrage Temparature Range (TsTg) —-65'Cto +150°C Voo = 4.5V 500 ns
zower Dissipation (Pp) Ve =6.0V 4C0 ns
{Note 3), 600 mwW
&.0. Package only 500 mW
tead Temp. (T|) (Soldering 10 seconds) 250°C
.DC Electrical Characteristics ote )
o Ta=25C 74HC 54HC
_§ymbol Parameter Condltions Yee Ta=—40t085°C | Ta= —55t0 125°C | Units
3o Typ Guaranteed Limits
Y Minimum High Level Input 2.0V 1.5 1.5 15 v
.:;.;:_ f | Voltage 4.5V 3.15 3.15 3.15 v
p 8.0V 22 42 ¢2 v
: Maximum Low Level Input 20V 05 | 03 0.5 v
Voltage** . 4.5V 1.35 1.35 1.35 v
8.0v 1.8 1.8 1.8 \'
Minimum High Level Output | Viy= Vi or Vi .
Vottage HouTl £20 pA 20via20| e |-- 1.9 1.9 v
45V | 45! 4.4 &4 4.4 v
“ g 6.0V] 6.0} 59 o R v
il ViN=Vigor Vi - R > - .
’ llouti£6.0mA 45V| 42 | 3.08 3.84 7 v
Sy lloytl<7.8 mA 60V | 5.7 | 5.48 5.34 5.2 v
Yor Maximum Low Lavel Cutput | Vin=Viqor Vi B
- Voltage louTl <20 pA 20v) o | ot} ¢ 04 0.1 v
= 45vi 0 | 0.1 0.1 1 v
- gov| 6 | 0. _ g€ 0.1 v
Vin=Vigor Vi
' liouTi 6.0 MA 45vio021 026 0.23 0.4 v
i floyti<7.8 mA 6.0v| 02| 028 0.33 0.4 v
hy Input Leakage Vin=Vcclo GND | 6.0V £0.1 =1.0 =1.0 uA
. | Current (G and DIR)
‘oz Maximum TRI-STATE Output i Voyt =Vcg or GND | 6.0V *0.5 £5.0 =10 wA
Leakage Current Enable 8 =Viy
. L Maximum Quiescent Supply | Vin= VCC or GND 6.0V 8.0 80 169 RA
‘Current loyr =0 pA

ait

g

ae

1o ground,

g

Note 1: Maxmum Radngs are tnosa values deyond which damage 10 the device may occur.
y

t Nﬁ" 2: Uniess otherwse

Nate 3: Power Oissrpation temoerature deratng — plastic "N package: — 12 mw/"C frem 85°C to 85°C; ceramic “J” package: =12 mwW/*C from 160°C tc 125°C.

Note'd: For a cowar supply 0 5V = 10% the worst Casa output voitages (Vou. and Vou 'eccur tor HC at 4.5V, Thus tha 4.5V values should De used wnén cesigrung
N s supOly. Worst case Vi and Vi occur at Veg = 5.5V ana 4.5V rescectvety. (The Vi vaiua at 5.5V is 3.85V.) Tha worst casa leakage currant tha, 1cc, and
i o) occur tor CMCS at tha nigher voitage and 30 (he 6.0V values snouid be used.

"Iy fieruts are currendy tasted at 20% of Veg. The abave Vy soecificaton (30%e) of Vec) wiil be unpiementaa no later nac 01.CY'B9. O = “/iy.

VGyZOHVLWIN/YSYZIHPSWNIN



MM54HC245A/MM74HC245A

an

AC Electrical Characteristics Veg=5V, Ta=25°C, to=ty=6 ns

AC Electrical Characteristics Voc =2.0V10 6.0V, C_= 50 pF, t,

Symbol Parameter Conditions Typ Guaranteed Units
LUmit
tpHL taLH | Maximum Propagation Delay Cy = d45pF 17 ns
tezn, ez, | Maximum Qutput Enable Time R = 1k 35 ns
C_ = 45pF
tPHz. tprz | Maximum Output Disable Timet’{. AL =1kn 25 ns
Cy = 5pF

= =6 ns (unless otherwise specifiad)

T 74HC S4HC
Symbol Parameter Conditions | Veg | ° Ta= —40t085'C | Ta=-5510 125°C
Typ Guaranteed
tPHL, Maximum Propagation Delay C_=50pF | 20vi 31 S0 113 135
P CL = 150pF | 2.0V | 41 | g6 116 128
C.=50pF |45v| 13 | 18 23 27 g <
Cy = 150pF | 4.5V | 17 22 28 3z
L - | CL=50pF [68OV] 11 | 15 19 23 <
= CL = 150pF | 6.0V | 14 | 19 23 28 .
oz, Maximum Output Enable Ry = 1k0 4
tpzL Time C.=50pF |20v| 71 | 190 240 285 -
- . . CL =150pF | 2.0v | 81 240 | 300 380 SRS ~
CL=50pF |45V | 26 | 38 48 57 -
CL = 150pF | 4.5V | a1 48 g0 72
- CL=50pF [6ov| 21 | a2 T4 " 48 “nET
CL = 150pF | 6.0V | 25 | 43 51 61 ns -
tPHZ, Maximum Output Disable Re=1kn |20V | 39 {135 169 203 Y
otz , Time C_=50pF |48V 20 | 27 24 41
= a8\ |60V 18 23 |7 29 34
L ttHe | Output Rise and Fall Time CpL=50pF 20V} 20 | so0 75 c0
4.5V ] 12 15 18 .
60vV| 5 | 10 12 15 -
Cep Power Dissipztion G=vy 50
Capacitance (Note 5) G =vVy 5
Cin Maximum Input Capacitance 10 10 10
Cinvour | Maximum Input/Qutput 15 1 20 20 20
Capacitance, A or 8

Note & Cpg determines the no load dynamic gower consumption, 5]

!
_

=Cep Vec? 1+ Iz Vee, and the no load gynamic Zumrent consumMouon, tg = Cag Veg f+log.. -

i
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National ,
Semiconductor

MM54HC688/MM74H0688

¢

8-Bit Magnitude Comparator (Equahty Detector)

General Description (

This. equality detector. utllizes acvanced sxhcon-gate CMOS
technology to compare bit for bit two 8-bit words and indi-
cates whether or not they are equal. The P=Q autput indi-

cates efuality when it is low. A single active low enable is.

provided to facilitate cascading of several packagas and en-
able comparison of words greater than 8 bits.

This device is. useful in memory block decoding appiica-
tlons, where memory block enabla signals must be generat-
ed from computsr addrass information.

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

LCN
=
£

compatible to the 54L5888I74L5688 All inputs are protect-
ed from damage due to static discharge by diodes-to Veor
and ground.

Features

B Typical propagation delay: 20 ns

® Wide power supply range: 2-6V

® Low quiescent current 80 uA (74 Series)
® Large output current: 4 mA (74 Series)

| Same as 'HC521

Connection and Logic Diagrams

- - . M - . £ -

Dusl-in-Une Package
Vcc P=G a7 Pr_06 P6 OS PS5 Q4 pa
.o [19 [u [n |1e [15 l“ [m luz ]n

l .
PO QP Qat P2 Q2 P3 Q3 GNO
TUFI5a18~1

@ [a 4 Jefe [+ Te {9 o

Top View

Order Number MM54HCE88° or MM74HC688°

. *Piease look into Sectaon 8, Appendix O
for avaiabilty of vancus package typea.

Truth Table

Inputs

Data
P,Q

P=q
P>Q
P<Q

Enable

2]
0|
[
(o]

I rcr
IXTIr

TUF/5018-2
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" 'MM54HC688/MM74HC688

)

Absolute Maximum Ratings qotes 1 ana 2)
©If Military/Aerospace specified devices are required,

Operating Conditions

Note 4: For a power suppty of SV £ 10% Ihe worst casa cutpyt veitages (V
with this supply. Worst ¢ase Vi and Vy_oceur at Veo
l02) ocour for CMOS at the hugher voitage and 50 the 5.0V values shoula

TV fimuts are currendy tested at 20% of ¥co. The above Yy speciicaticn (30% of Vec) will be imptemanted no later than Qt, CY'89,

G~ and Vo) cecur tor HC at 4,5V, Thus the 4.
= 5.5V and 4.5V rescecavety. {The Viy value at 5.5V 3.85V.) The worst case leakage current N dcc. and
e used.

.3V values should bae used when desizning

Min Max
contact the Natlonal Semiconductor Sales Offlce/ Supply Voitage Veo) 2 8
Distributors for avallabllity and specifications. OC Input or Output Voltage 0 Veo
Supply Voitage (Vc) -0.5t0 + 7.0V M. Your)
OC Input Voltage (Vin) —1.5to Veg+ 1.5V Operating Temp. Range (Ta)
DC Output Voitags (Vour) —0.5 to Voo +0.5V MM74HC- - —40= - -85
Clamp Diode Current (lik, lox) TS to0mA MMS4HC —55 +125
DC Output Current, per pin (loyT) £25 mA '“7:‘ 3‘59 ’i‘/’ £ atzfgss i000
DC Vg or GND Cusrent; per pin (i) £50 mA VS <00
. Storage Temperature Range (Tstg) —65°Cto +150°C Vo= 6.0V 400
Power Oissipation (Pp). :
“ (Nete 3) 600 mw. K
8.0. Package only 500 mw , S
Lead Temp. (T() (Soldering 10 seconds) 260°C §]
. <1
i L
s - e 3
b DC Electrical Characteristics (note 4 _ g
o &
- "
¥ . e ot .74HC . 54HC _ | 5
, Symbol Parameter Conditions Veg 5 Ta= —40t085°C | Ta=—55t0 125°C | ynits -
TYR Guaranteed Limits T
| Vin Minimura High Level .zov 15 15 15 v,
Input Voltage 4.5V 3.15 3.15 3.15 V &
6.0V 42 42 42 v i
ViL Maximum Low Level 2.0V 0.5 0.5 05 vV o=
Input Voltage** 4.5V 1.35 1.35 1.35 v E
6.0V 1.8 1.8 1.8 v i
Vou Minimum High Level | Viy=Viy or Vi,
Output Voltage llouri<20 pA 20V | 26| 19 1.9 .18 v,
/ s 4.5V 4.5 4.4 4.4 4.4 v o
6.0V | 60 | 59 5.9 5.9 v
Vin= Vi or Vi ; i
llouti<4.0 mA 45V | 42 | 398 3.84 3.7 v
llourl€5.2mA 6.0V | 57 | s.48 5.34 ‘5.2 v
You Maximum Low Level | Viy= Vg or Vi
Output Voltage llouri<20 kA 20v| o 0.1 0.1 0.1 v
4.5v 0 0.1 0.1 Q.1 v
6.0V 0 0.1 0.1 0.1 v
Vin=Vipor vy '
Jlout|<4.0 mA 45V | 02 | 026 0.33 0.4 v
. ['OUT! £5.2mA 6.0V 0.2 0.26 0.33 0.4 \'s
N Maximum Input Vin=Vecor GND | 8.0V | =0.1 £1.0 =10 pA
! Current
Icc Maximum Quiescent | Vin=Vcgor GND | 6.0v 8.0 80 160 pA
Supply Current louT =0 pA
Note 1: Abzolute Maxmum Ratings are thosa values beyond which damaga 10 the device may occur,
. Note 2: Unless otherwrss specified ail voltages are raferencsd o ground.
Note 3: Power Dissipatk P derating — plasic “N" package: ~ 12 mW/*C from 65°C 1o 85°C; ceramic “J" packaga: ~ 12 mW/*C from 100°C to 125°C.

o



& Guaranteed
Parameter - Conditions | Typ Uimit Units
; Maximum Propagation - 21 30 ns
< Delay, any P or Q to Qutput 4 : .
- Maximum Propagation 14, 20 ns
3 Delay, Enable to any Output ‘
S
-::::_“‘( .
~AC Electrical Characteristics
:‘.-vc;,:;z.ov to 6.0V, C__ =50 pF, t,=t;=6 nc {uniess otherwise specified)
Tam26¢ 74HC S4HC .
Parameter Conditions | Vee Ta=—40t085C | Ty=~-55t0125C | ynits
- ) Typ | 3 Guaranteed Limits
Maximum Propaga'ﬁcn 2.0v 60 17§ - 220 253 ns
‘Dalay, PorQto 4.5V 22 a5 44 s2 as
F-Output -~-eom v e 8.0V 13 30 38 35 ns
Maximum Propagation 2.0v 45- | 120 180 180 ns -’
Delay, Enabie to 4.5V 15 24 30 38 ns
Output 60V | 13 |.20. 25 20 ns.
3 Maximum Output Rise 20v | %0 | 75 g5 110 ns
':r -~ -1 and Fall Time 45V | 8 15 19 22 ns
" 6.0V | .7 JBATAM- Bt 19 ns
fw"g’, Power Dissipaticn N L 45 BF
&;—* Capacitance (Note 35)
vy . =
‘C"l_ Maxdimum Input 5 A0 VL. 10 10 pF
it [ Capacitance.

L

& Cpg detarmines the no load dyramic pewer consurnprton, Po=Cog Vet t+

‘cc Veo. and the no load dynamic current consumpton, Is«Cog Ve I+1lca

~
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