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Abstract

This thesis is studying about how to design to create UPS
which uses for supplying critical load. These provide protection
against power outages, as well as voltage reguration during power
line overvoltage and undervoltage condition. We use high frequency
transformer for transfering energy. So we can decrease the size of
transformer and the size of UPS. And we use the concept of pulse
width Modulation for controlling, inverter and controlling mosfet's

gate. Then it results in lower noise in output voltage.
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OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,DBH,OBH,OéH,DBH,OBH,OBH
08H,08H, 08H, 08H,08H, 08H, 08H, 08H,08H, 08H,.08H, 08H, 08H, 08H, 08H, 08H

0CH, DCH, 0OCH, OCH,0CH, OCH, OCH, OCH, OCH, OCH, 0OCH, OCH, OCH, OCH, OCH, OCH, 0CH, OCH
0CH, 0CH, 0CH, 0OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH
0CH, 0CH, 0CH, OCH, OCH, OCH, OCH,OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH
OCH,OCH,OCH,OCH,OCH,OCH,OCH,OCH,OCH |

08H,08H,08H,08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H
084, 08H,08H,08H,08H,08H,08H,08H,08H, 08H, 08H, 08H,08H,08H,08H, 08H,08H, 08H

os8H,06H,08H, 08H, 08H

0OCH,0CH,0CH,0CH,0CH,0CH, OCH,OCH, OCH, OCH, OCH,OCH, OCH, OCH, OCH, OCH, OCH, OCH
0CH, 0CH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH
OCH,OCH,OCH,OCH,OCH,OCH,OCH,OCH,OCH,OCH,OCH,OCH,OCﬁ,OCH,OCH,OCH,OCH,OCH



DB
DB
DB

DB
DB
DB

DB
DB
DB
DB

DB
DB

DB
DB
DB
DB
PB

DB
DB
DB
DB
DB

DB

08H,08H,08H,08H,08H,08H, 08H,08H,08H,08H,08H,08H,08H,08H, 08H,08H,08H, 081
p8H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H
08H,08H, 08H, 08H,08H, 08H, 08H, 08H, 08H, 08H, 08H, D8H, 08H, 08H, 08H, 08H, 08H

0CH, 0CH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, 0CH, OCH, OCH, OCH

‘0CH, 0CH, OCH, OCH, OCH, OCH, OCH, OCH, 0CH, OCH, OCH, OCH, OCH, OCH, OCH, OCH, 0CH, OCH

0CH, 0CH, 0CH, OCH

08H, 08H, 08H, 08H, 0BH, 08H, 081, 08H, 08H, 0BH, 08H, 081, 08H, 08H, 08H, 081, 08H, 08H
08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, D8H, 08H, 08H, 08H, 08H, D8H
08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H, 08H
08H, 08H, 08H, 08H; 08H, 08H, 08H, 08H, 08H, 0BH, 08H, 08H, 08H, 08H, 08H, 08H ‘
0CH, 0CH, OCH, 0CH, OCH, 0CH, 0CH, OCH, 0CH, 0CH, 0CH, 0CH, 0CH, 0CH, 0CH, 0CH, 0CH, 0CH
0CH, OCH, OCH Ce )

08Hd,08H,08H,08H,08H,08H,08H,08H,08H, 08H, 08H,08H,08H, 08H, 08H, 08H, 08H, 08H
08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H,08H, 08H, 08H
08H,08H,08H,08H,08H, 08H, 08H, 08H,08H,08H,08H,08H, 08H,08H,08H,08H,08H,08H
OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,OBH,08H,08H,08H

08H,08H,08H,08H,08H,08H,08H,08H,08H,08H1,08H,08H,08H,08H,08H,08H,08H,08H

014,01H,01H,01H,01H4,01H,01H,014,01H,01H,01H,01H,01H,01H,01H, 011, 01H, 01H
01H,01H,01H,01H4,01H,01H,01H,01H,01H,01H,01H, 014,01H,01H,01H4,01H,01H,01H
01H,01H4,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H
01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H;01H,01H
01H,01H,01H,01ﬁ,OIH,OIH,OIH,OIH,OIH,01H,01H,01H,01H,01H,01H,01H,01H,01H

03H,03H,03H,03H, 03H,03H,03H,03H,03H, 03H, 03H, 03H, 03H, 03H, 03K, 03H, 03H, 03H



DB

DB
DB
DB
DB

DB
DB
DB

DB
DB

DB

DB

DB
DB

" DB

DB
DB

DB
DB
DB
DB

DB
DB

03H,03H,03H

01H,01H,01H,01H,01H,01H,01H4,01H4,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H
014,01H4,01H,01H,014,01H4,01H,01H,01H,01H,01H4,01H,01H,01H4,01H,01H,01H,01H
01H,01H,01H,01H,01H,01H,01H,01H,OlH,OlH,OlH,OlH,OlH,OlH,01H,01H;01H,01H
0iH,01H,01H,01H4,01H,01H,01H,01H,01H,014,01H,01H,01H,01H,01H,01H

031, 03H4,03H,03H,03H, 034, 03H, 03H, 03H, 03H, 03H,03H,03H,03H,03H,03H,03H, 03H
03H,OSH,03H,OBH,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H
03H,03H,03H,03H

01H,01H,01H,01H,01H,01H4,01H,01H,01H4,01H,01H,01H,01H,01H,01H,01H, 01K, 01H
OIH,OIH,OIH,01H,01H,01H,01H,UIH,01H,01H,01H,01H,01H,01H,OlH,01H,01H,01H

01H,01H,01H,01H,01H,01H4,01H,01H,01H,01H,01H,01H,01H4,01H, 01H,D1H,01H

03H,03H,03H,03H,034,03H4,03H4,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H
03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H
03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H,03H,03H,03H,03H, 03H,03H,03H, 03H,03H

01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H, 01H,01H, 01H,01H, 01H, 01H, 01H
01H,01H,01H,01H,01H,01H,01H,01H,01H,01H, 01H,01H,01H,01H,01H,01H, 01H,01H
01H,01H,01H,01H,01H

03H, 03H, 03H, 03H, 03H, 034, 03H, 03H, 03H, 03K, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H
03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,OBH
03H,03H,03H,03H,03H,OSH,OSH,O3H,03H,OSH,OQH,OBH,OSH,OSH,OBH,OBH,OBH,OBH

03H, 03H,03H, 03H, 03H, 03H, 03H, 03H, 03H

01H,01H,01H,01H,01H,01H,01H,01H,01H,01H;01H,01H,OlH,OlH,OlH,OlH,OlH,OlH
01H,01H,01H,01H,01H,01H,01H,01H,01H,01H, 01H,01H, 01H,01H, 01H, 01H



DB
DB
DB
DB

DB
DB

DB
DB
DB
DB

DB
DB
DB

DB
DB
DB

DB
DB
DB

DB
DB
DB

03H,03H,03H,03H,03H,03H,03H, 034,03H,03H,03H, 034, 03H,03H, 03H, 03H, 03H, 03H
03H,03H,03HK,034,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H
03H, 034, 03H4,03H,03H,03H,03H,03H4,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H
03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H

DlH,OlH,OlH,OlH,OlH,DlH,01H,01H,01H,01H,01H,OlH,01H,01H,01H,01H,01H,01H
011,01H4,014,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H, 01H

OBH,UBH,OBH,OSH,03H,03H,03H,03H,03H,03H,03H,OSH,OSH,D3H,03H,03H,08H,03H
03H,03H,03H,03H,03H,03H, 034, 03H,03H,03H,03H,03H,03H,03H4,03H, 03H, 03H,03H
o3H, 034,034,034, 034, 03H, 03H, 03H, 03H, 634, 03H, 0O3H, 03H, 03H, 03H, 03H, 03H,D3H

03H,03H,03H,03H,03H,03H, 031, 03H, 03H
01H,01H,01H,01H,01H,01H4,01H,014,01H,01H,01H,014,01H,01H,01H,01H,01H,01H
01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H, 01H,01H;01H,01H,01H, 01H, 01H
01H,01H,01H,01H,01H :

034, 03H, 034,031, 034, 034, 034, 03H, 034, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, D3H
03H,03H,03H,03H,03H, 034, 034, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 034, 03H, 03H
03H,03H,03H,03H;03H,03H,03H,03H,OSH,03H,03H,03H,03H,03H,03H,03H,03H,03H

01H,01H,01H,01H,01H,01H4,01H,01H,01H,01H,01H,01H,01H4,01H,01H, 01H,01H, 01H
01iH,01H,01H,01H4,01H,01H4,01H4,01H4,01H4,01H,01H,01H4,01H,01H,01H, 01H,01H,01H

0iH,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H4,01H,01H, 01H,01H

o3H, 03H, 034,034,034, 03H,03H, 03H, 03H, 03H, 03H,03H,03H,03H,03H,03H,03H,03H
03H,03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H, 03H
03H,03H,03H,03H



DB 01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H;01H,01H,01H,01H
bB 01H,01H,01H,01H,OlH,OIH;01H,01H,01H,01H,01H,01H,01H¢01H,01H,01H,01H,01H
DB DiH,01H,01H,01H,01H,OIH;DIH,DIH,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H
DB 01H,01H,01H,01H,01H,01H,01H,OIH,01H,01H,01H,01H,OIH;OIH,OIH,OIH

DB 03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,03H,DSH;OBH,OBH,OBH

DB 03H,03H,03H

DB 01H,01H,01H,01H,01H,61H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H{01H
DB 01H,01H,01H,01H,OlH,01H,01H,01H,01H,01H{01H,01H,01H,01H,01H,01H,61H,01H
DB 01H,01H,01H,01H,01H,01H,01H,OIH,01H,01H,01ﬁ,01H,01H,01H,01H,01H,01H,01H
DB 01H,01H,01H,01H;01H,OIH,OIH,01H,01H,01H,01H,01H,01H,61H,01H,01H,01H,01H
DB OIH,01H,01H,01H,01H,DlH,OIH,01H,01H,01H,01H,01H,01H,01H,01H,01H,01H,01ﬁ

DB 10H,10H,10H,10H,10H,10H,10H,10H,10H,IOH,IQH,IOH,10H,10H,10H,10H,10H,10H

END



.nsapnun waaef
RaimadVadee it 1C Rainas
- fivim _
winRitunszusnss pe
NI=HL
NI=uBl
IR TS ey B-H  Curve  (huidunss
(Linear) <=fpaymi MMdulivdn  (Magnetic Potential) unnnfspidEng

pINNA (Air Gap)ﬁat?'mnﬁaﬁﬂmﬁ’xfgafu

Tuduiihnssusedu AC

V=4 .44fNBA

WY AC drsvunuinn il ivdn sEBuasiiusefu Fanadox
udiunsfimas DC Fi’mmwmuuuﬂﬁm’acfunéﬁmﬂmmaans::uaﬁ‘mﬂhumnﬁam
yuRiEes fansnaDNILLTA

WilEauTBiEN LAY 0.5 mH (ﬁ%tﬁuﬁ')
- fnfinseg

TN TR L‘ﬁmm:qﬁ"u CsRsvns st

AnsusEy usefingndifiusey winueas ifunse Aasy

Volt Volt

sy 23 uamn'rsm:mmﬁuLﬁuasamsnsaqm:qdﬁu C



5%

<nu¥ Q (RL) = m:qﬁdw’lﬁ?’mm TWIEAINTEUR
T = mumRERENSR)

: -~ o - L) -~ J - ’ +
wnsszy fiissyfiiedn usafiunstifeu(RippleVoltage) 3%

mum:qﬁ‘lﬁé’zﬁa .
Qc = CxVgy
URE Qe WALVl
- . @c = Q(Ry)
QNEINITRIARE
IeXxTy, = CKVR
= Qe
fofu € = &;‘ X Ton : )
@( X
IINAITATW IR CIRENRALD. N ef |
uitumanis e EasRamR eyl

TAEMEEATSEDNUUL [EADIATUIRIAN ﬁﬁamuﬁaaﬁqﬁ’z a:ﬁaa%’mﬁﬁoﬁ,
« E = 1/2 (CXV2)  ume = 1/2 (L*I2)

fa ﬁﬁwﬁaawuﬁmmag (Joule)

fin afhdI (Volt)

E

\

L % & oilemn (Henry)

I % AWMU (Amphere) R
c

%0 A tﬁmﬁzq (Farad)



g L & C

ton = 1 (1=(Eo/Bw)
2 f

%‘% SWh el T TR R R e B R Wen T JUORTT mLsk
LA ot T .
il -~



Nenbfudesnas uﬁs\umaufsm‘m’?@ (Soubber circuit)
- tHinsthatusvindnsnas LFImDS S AU

UpEnin  (di/dt)max ges‘m?'nm‘lﬁ f§ iy Bufinriven

Cg = (2/9)Im*tif/VS e (M4R)
Ry =ton/Cs el (Vi)
Vit Ybfatuney
) 3
Vout eTunmy
o 4

&

Y 24, usmaRrnanBuu v el miu 1 un s

SN Tnn T Forranrendis
‘ nmvﬁfvmamaumsn mas‘v"'m’fmnwasfmmum:ua i
Nasﬁaoﬁmtsoﬁu‘mﬁﬂﬁszu‘m fimsnwiainny (Fo Vo ridd Davma
fxﬂmrmﬁ'i‘?"xxunn‘SW‘:n's:w‘iwao%mwﬁ’mﬂuﬂﬂmﬁ ﬁoﬁnﬂ'zﬂ’ﬁ’mﬂmasn‘m

URENITILAUNITRUEDIND 1rpT T3 1 Tunasn &

56



HUALADS

d‘ s (3 (v 4 [ uc‘v’ ¢ .

WAL ANS L DUUNANHAN Y TURERNYN UPS 129 Cauindwiinay iy

TMAyAs UPS HRzUNIATANULALABS wumLADINILINET 2 ypu Aalinifia-
WARLIIDI  URzudAncNI-denzd nﬁmﬁnaﬁauam¢ﬁuuﬁ§m11n155mﬂs=?/

) o0 L o N v ' 16 o
1 nnaqamnnu1v01unn11q unvawnnwsﬂvquaqnaw wen

v

a7y Q an

.

Dp o).

71ﬂ1§q 2 R] Uuﬂﬂ°ﬂ1~aQﬂ ﬁnvamaUWuuqﬂawuuaannvmaw1n uaz ﬂ?iN

n%auuaqqunaunwnngi uaguuuuumtmasnumniumaq;muujnau uRe 18
URERELIE! (maintenaﬁce~f;ee) Taun Y UPS NUDEINUNSMAILD -
vt { ¥3 [ V3
HURLADSYN 2 YA uuqmwuﬂmswnwsamﬂs~a7ﬂ1uUUva1ﬁ| 3
UssLam@a @9 (H) naie" (M) @9 (L) Usztnnnmaen17n5~uaa11us e
LIRIAUTN AIUUTELANERS IR M e eI uR B9 NS s anT Syt 2811y

nwsnﬁnunuuwmnaquumxna? unnﬁuuﬂq1nuanmvnens~u1uuum
xwasawuaanuwnun1a1nuuntmnsqwuns %) nnuau&uuij wapuYs <57 Ta
%30 Ah (Ampere-hours) nqvuaunuquQ UREHATIUTEY /ATDUFETVAN
uuAteas n1sidannuninaidaeiFanyiianou udaget Sanuure BiinuaILYA
LBS Hefa AT Bea T e Su uszdnSmn 8an13 1N, AReATUNYS
TRPRERIS) aﬁnsunws1abnvu1ﬂaﬁtyumaauvagamema1ﬂu A -

- navvoeTuRm (p)

- trvanbndn ()

- IM12DTUNAL MBS BB THan (PF)

»

LY o - i
- USEANSMINYBIBUL 2105 1MBS (Nin )

AY

- WIIGUAAAYDNDNI 285 10BT (Vain)

WINAUATRAVBNUUALADSAD  (BRR  (end  voltage u3BD
- k e [ ) g
final voltage Viasn/cell) WEITIUMNNIANIUMINTUABUGINE 200 TUN

S



nazunaanQQQQnaquumtmag (1p)

(la) = P x PF LB HIUS

N X Vatn

ML VARVDIULALMDS ﬁﬁaquﬁnwﬁaagnsuﬁu -
A ! I

é
N = __Vmin _ L78Q

Vmin/cell

NN AALDIUUALADSLAREAD NEDNI Y

e
3
Be

Watles/cell = P x PF

N5 1g 1un1scaanuuwnuumtmas 1uun15untnuﬂ11uanamaq

ERIULIL. L uaawuﬂﬁawupwnuuuaa 1uaqawnﬁsQﬂuuuntmasmauawu
1nnﬂﬁﬁ1geniwusqmumﬁQﬂn1vﬂﬁu1m uad LN s ipvwiauum ap§
4101500 d Taaas L TaRTUNIS LREN 16 '
XFGU18ﬂwUUMﬁauﬂaqﬂﬁéﬁgb 'f- > A i
nOedusit van Ixi Lh T

3
/ .. N

-0 -

o . o -~ [ ’
3Un16u1mqnﬂsuﬁ11ﬂm1uﬁu1wutquﬂaaﬂ Nnﬂﬂﬂ?ﬁﬂ1ﬂﬂﬁﬂﬁﬂq
dwu13n€' tuua1mvmavqasns~ua1wﬁ1n1uvﬂa1ﬂ nﬁ1utnnﬁu1uuuluan

aﬂUW?ﬂ] NHWNHNLHRHS?UUQR?QM&?UH?? Wﬂﬂﬁ (flux)

sUnuanqnnswuvﬂaaﬂsauun411n ﬁnnwunﬁuuﬁxu5n1ﬁ (L34
LWAn, uqtnn. 1AUBRA tTunsaum 1 iHaTsunnuIAn) unqaanunﬁﬂutnﬂ

ﬁ11suuu1uﬁNuwuuutuanwa aqnﬁﬁuwannnuwuuunaw ﬂRﬂﬁQv?QngHUMQ

. : y & S o B
QNQWDDQﬂuﬂﬂﬂﬂﬂﬁﬁlﬂﬁﬂ?ﬂﬂuulﬂaﬂﬂsgiﬂu ﬂquaﬂqﬁugun !

Y

\



a o ¢ ' [ © '
UnfAnANTusi vanargnszuL DUATEMNUIN (fiux  density) i
o o & 0 @ o v o 1
Sofnsiidu B dmiapduinnd (JaadufinFiaupsaan1siaiams) uas
. , @ 4 ar  as
A2 FUYBNAUIHUI L HAN (magnetic field intensity) A nuoi Ou

ad © é o w“ a & 6
B fwipiDueassiaa (Jaatuisalvuanuapiuns) lap

H = 0.4 NI ceel

]
o ©~

LD N A AUIUSDUTBNIARIA
1 A8 NS=uENIMRAKIULAALA

1 88 AINBITBIUNY

w%; -
ﬂ??NNNWHﬁi ﬂ??ﬁﬂl?u“uﬂuﬂuﬂﬂﬁﬂﬂﬂﬁ ﬂﬂﬂ??ﬂtﬂﬂﬂﬂﬁﬂuWHuN

& «
Lnanaztyu

U (f1) ApAEBuSY (permeability) vBSUNUMIIBIN AN N

o o o [ : G Nigh [ a & - - e P
naqamqﬁuauﬂﬂauﬂuaﬁuwauuLwanmwu1uiﬂu1nusauaﬂ g MsuRINIEN H=1

o v
NOEHUNBUUAN

1
@ o

R lENAI A2 Liains sud INARIREARIANKUS B ULNUDRA
~LﬂﬂWanﬁLuuﬂauﬁ”uunu fnse uﬂnawaiuun1sLU?ﬂuuuaqiuun Wandae
LuBpulunean nnLswuﬁvﬂaanannﬂukusBuunuuazLnﬁuSQWu URZNI U

Lﬁﬁﬂﬁuﬂlﬁﬁtiﬂﬂlﬁ WNBHUQQ



JURLAAIANB AT WIDRUASUUUE 11 vaa AN Bunal Sunitvauga-

“ ' n o o ¢
gu Hﬂ::ﬂ'NlD’lG%Y’mL:S‘Uﬂ’J’H‘WIUQN m'mi!mmsvaw"m')mauuma'm 143} -

HSNAUILIDMT V1A INANNAD

Np = Vp veedd ‘
Ns Vs ) o # L :

Np UAE Vp A8 IMIUTAVYARIA UAZUS AR YNNI

o

Ns U@ Vs AD IMUINTBVUIRAIA uazusqﬁuﬁwuvﬁunu

v .

1

[ o [ o Py
USNANLWUBIUIE L UTTUAIUNT S LUSBUULURN UDIR2 TIMUIUNNY DY

o & L [ w ¢ & @& t
wandy n1ts v B ag1uu1qn:ﬂutaumsq151a31m .

5 “ "
.
)l

} Bmax = Vp x 10 ....4’ )
Kf NpAe !

10D Bmgx D AINMUILUKYDNWANT AED

L o & a & é o,
vp @B useausuuzapiiiuliaa g .
o o a 4 ‘
£ A AINDLVULBS AT
Np 6D aﬁuvusauumaamuaunﬁ . -
Ae B wunuuwmﬂnaqunu LEunT599L TR ums .
K RO AIANATAY 4.44 aﬁusuusqnuﬁunwuu uRE 4,0

aﬁusuusqnuguﬂtwauu .
. |

« ~ g - | VR ¥ t ] d l
UNAAT Bmax YSIRBNNAT Bsat/2 LR THUNTIRTININIUTIUE 29N L DUL funs

' ] [ 1 . ]
AIUSENDURRIARDNAININ AD KU MTUNISI19 L NURIARINS T9 ;

© A ] L g ? L] 1 . - L4
UNAI=NUBBUNAILBULN (Bobbin) AINAzfdiAdnTiimnsindIy amsy

+ -~ [
ATINAINITOTUNISIIBARNVDNUUNUL MANAIUINIIN ‘ |

Pout = (1.16 BnaxfdAeAc) x 10-°9

i S 7 ey
. . EARS [

.
5
. S



. L ] é éa é 1 ¢
AT HALUHNY DI NS U d TUR 18I NUI U L TBIARTITURRADUDNY (c.m./A) i

L;lﬂ Pout

d

Ae
Ac

61

B0 nuaeRaplvLduied

A0 maamnutuaenszud luaiadu dunoa
ABANTIN L NAS

20 FuRMENFATDIUNY (TUATSTY L TR L RS

o n§|’ o o (4 g 3 @
A8 WUNE WS UNUDARIAUUUBUUYE LUUAITINL TUALHATS

owgu' g o e o .rlg
U US TNy e D U TAQANYE Wa  WIBWAAINDAUUN  URe

ar [ é
dgandn D lew

Pout =

f1 D  azLAYUNUAT

e

N e e

1000 Lﬂasﬂaw NRanoupNY luanﬂgéﬁa 1ﬁﬂl§ﬁﬂq

..»,;

200-400 LHBAIINURBANLTBNE Y

IEARIN

qunIsn 7

-

473 .
SfamSuetuls  uaziAaAMIIRIAYANLNUnaE THWY

e
=




nwstﬁanﬁnum:unuua:nﬁﬁua05a@
- ‘

faqﬁnﬁtﬁuununﬁauUaﬁﬁaiu g1 50n s Suunuwiisuuaearuf
d9 16 uéﬁﬁuu1ﬁu1nﬁgaﬁa T01MDT 15 twswzﬂﬂwuwﬁﬁuﬁuuéqwinﬁﬂg
NOLEN xwswzﬂa1nuu1uﬁuua¢w5niaﬁ1uﬁaq-3000-5000 tnad N5 8y
tfuen usznavday unulwas1amusus1q uAz vuwnuwnuwuuﬁqanum~unu
#iiw EE, EI, EC vqﬂnnunﬁaq1w10ﬂ LAZUAUNEA (POT) (Muwrzdmiy
1nnunﬁwq1ﬂﬁ1unawq (20-200 306) @1579% 1 usAYLNRLYDT 15 AVEY

PSENAINT MITING 2 uamqvuwﬂuaqavuﬁ1ﬁﬁum1uu1msa1u AWG (Ameri-

can Wire Gauge)

I
VUADUNITDDBNUVY:

-~ Ld d -
T, ta9n1ﬂ9n1ﬁnﬂunuuazanumsunu
P ' - P "
2. (BN Baax 91nuuuﬁayauoqqa@n11)t§9n 1ﬂv91nuuuﬁaua

13792187 Bsat # 100 C 131921RBNAY Banx |9 uSQﬂu1waauﬂ1mﬁaﬂn
{

-

iUt 9Ny ulia1lionnin Bsat tfntian ‘
2 f
3. AMIWMINTEUIGIFAYDNHIBULAEINYTUON (1) vorfinsy
AU INARUAI AN R
ip, = qut[»

| vin
L4

. v 03
4. L3BNYUIAYBIUNY WRE Bobbin IINANNISH 7 nI51ABNHUN

e . - 3 a ] [ L ‘'
wAAYBAUNE TUNISNNIUITY UASHUTMIIAIY Bobbin uniaz Tgenia

AMAMIalYDeINIBY 50X



5. LADNUNIAYDNANY uazqﬁuvusavﬁ1uuaugﬁ

PIAYANEIY = ATEMUILRKYBNNTEUR MR x Ip

TunUfURYARIAYIUDT =fiuRuA 30% 189 Bobbin ML)

YARIAUFNONAINGY 60 SBU UUIAYEY Bobbin IL1HIA

-~ ”
IMUIUSDY Np =, Vin, min (DC) .

4 Boax &V Ae

18Y Vin, min = 2% Vein (dc)

7. Ay useAUNSE 1wauﬁ%%a1

6. AIMIUMT Bmax W vin CRERET )

i - J
T e Py B .&m I T
B oA R S I A v_,'-e e e ~"’f:ﬁv‘.-'.».lﬁ:-. Glar S ROINE SN "
L4

B max = Vp x 108 : )
4fNphAe /

e
o)
SN

(7. ATMIRITUIUTBUFITUNAL DA

NS = , !g EV& . _4,@.‘.4.(.
Vs

8. ﬂWMQNWWHuWﬂUDQRTNﬂWUﬂN ﬁQNﬂWtﬂWﬂU akunu1uuuuaﬁ !w

|

|

I ‘

nac uﬂmunmnm: nunse uﬂmnzmu I.YIUUWH'I\IH’W‘WIEW)}J | J
|

9. VI'I'JQHDU‘FI'J'INHMWNDF! UD\!U'HNIWRR'JQUSNQN uaépnunu‘lﬂu

It

[ 18

AAYINAIINNTINLBY Bobbin u%751U1ﬁudwuguﬂnaqunqﬂwu LM

L. e ¢ e ¥ v
FMINTUTA NMIAIMIUILBNTN TABLATAUIMINTY  AUIMIARIY WA
MINUFUDT URNABDN UEIUWIVINAY ﬁawsmwi1a11nuu1ﬁaan51ﬂ11ngq

199 Bobbin u5al) |

|



o & o
AN 4 UNULABS b0 U HNAINY

Material Manujacturer
3cs8 Ferroxcube

24B Stackpole

77 Fair-Rite Products
F. T Magnetics, Inc.
H7C1 TDK

N27 Siemens

<



o | dg e o
AN 5 uaﬂﬁu“uﬂﬂeaﬂﬂqa1ﬂﬂ1ﬁ"uﬂuﬂuﬂa€

Current
copacity in

Diameter over

insulatio inches Nominal Reristance Miliomperes
corcioar per 1000 based on

AWC Min Mas. mil arec fi 1000 c.m.JA AWC
8 0.130 0.133 ° 16510 0.6281 16510

9 0.166 0.199 13090 0.7925 13090

10 0.104 0.106 10380 0.9955 10380 10
11 0.0928 0.0948 8230 1,261 8226 11
12 0.0829 0.0847 6530 1.585 6529 12
13 0.0741 0.0767 5180 2.001 5184 13
14 0.0667 0.0682 - 4110 2.524 4109 14
15 0.0595 0.0609 3260 3.181 3260 15
16 0.0532 0.0545 8280 4,020 2581 16
17 0.0476 0.0488 2050 5.054 2052 17
18 0.0425 0.0437 1620 6.385 1624 18
19 0.0380 0.0391 1290 8.045 1289 119
20 0.0340 0.0351 1020 10.13 ] 1024 20
21 0.0302 0.0314 812 12.77 812.3 21
22 0.0271 0.0281 640 16.20 640.1 22
23 0.0244 0.0253 511  20.30 510.8 23
24 0.0218 0.0227 404  25.67 404 24
25 0.0195 0.0203 320 32.37 320.4 25
26 0.0174 0.0182 253 41.20 262.8 26
27 0.0157 0.0164 202 51.44 201.6 27
28 0.0141 0.0147 159 65.31 158.8 28
29 0.0127 0.0133 125 81.21 127.7 29
30 0.0113  0.0119 100 103.7 100 30
31 0.0101 0.0108 ; 79.2 103.9 79.21 31
32 0.0091 0.0098 64 162 64 32
33 0.0081 0.0088 50.4 205.7 50.41 33
34 0.0072 0.0078 39.7 261.3 ' 39.69 34

35 0:6Q§4 0.0070 31.4 330.7 31.36 35
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CD40106BM/CD40106BC Hex Schmitt Trigge L8
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General Description Features 'é
The CD40106B Hex Schmitt Trigger isa monolithic comple- W Widé supply voltage range 3Vio 15V | m
mentary MOS (CMOS) integrated circuit constructed with N~ ® High noise immunity 0.7 Vpo (typ) O
and P-channel enhancement transistors. The positive and  m Low power Fan out of 2 driving 74L
negative-going threshold voltages, VT+ and V7, show low TTL compatibility or 1 driving 74LS
variation with respect to temperature (typ 0.0005V/°C at  m Hysteresis 0.4 Vpp (typ)
Vpp = 10V}, and hysteresis, VT+ — V- 2 0.2 Vpp is 6.2'Vpp guaranteed |
guaranteed. m Equivalent to MM54C14/MM74C14
All inputs are protected from damage due to static dis- m Equivalent to MC1 45848 :
charge by diode clamps to YDD andVgs. =4 i
Connection Diagram _ Switching Time Waveforms
E— S g ‘.
N Dual-in-Line Package X Y *
- 12 "
\ ':“
< 4
1 b
& 7 e
t i T 4 L - ’.
i - 2 T DT (% Order Number €D40106B* =m0 3
s |’ i _ 7., Pleasa ook nto Secton, AppendixD - 3
= v for availability of various package types.
< 4 - i s . i k ~ h
b - - T e =T “~TU/F/5985-2 - =) = d h - %
- i Top View s [ & ¥ ,
a T i f
Schematic Diagram _ _ . 3
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O- i o 1
m - . . gy Srnd L
g | Absolute Maximum Ratings (Notes1&2) Recommended Operating- " %;;"3 1:-+%
p It Military/Aerospace specified devices are required, Conditions (Note'2) I
< contact the National Semiconductor Sales Office/ . A I AP U B
8 Distributors for availability and specifications. ?C St:;);)'lty Voltage (VpoJ ' 0:: tf\)/ 15 :lIDC ¥ i
S| DCSupply Voltage (Vo) —~0.510 +18Vpg (’)‘p“‘ ﬂ?,?ger‘nv'N:am Ringe (T -3 ‘1 oo Voc, |.4] ﬁ
N .3 L perating Temperature Hang : wgentoa, [ B
% Input Voltage (Vin) <o 0.5to Vpp~+0.5Vpc CD40106BM —s5cto £125c | Hoaf
= Storage Temperature Range (Ts) —65°Cto +150°C CD40106BC o . —4cctoesc | | K ,:E
=] Power Dissipation (Pp) FO - = X o /VB L.;
p=s Dual-in-Line 700 mW - C NI
'y Small Outline . 500 mW 2 N Al
{ . Lead Temperature (T) - - 1 =
(Soldering, 10 seconds) .« 260°C RLA! ' “ it
3 < ¥ i } @
DC Electrical CharacteristiCs cp401068M (Note 2) EIREE S PO NS ©
0 > n Y fipod
- ' o 81BN
Symbol Parameter Conditions — +25°C +125°C Units | .J° ;};i
’ e
. . - Min Max Min Typ Max Min | Max o i Q(I‘E
oD Quiescent Device Vpp = 5V. . 1.0 1 1.0 30 | pA | gl
N - | Current ’ | Vin = VpporVss ’ o
. . Vpp = 10V, 2.0 2.0 60 | pA | 1VT
T _ | ViN=VpporVss . ’ =5
: : . “ {Vpp=18V." .. |« 40 40 | . 120 pA ol
' : 7 i Vin = VpporVss , "oy’ o
. { VoL Low Level Output  ~ liol < 1 pA \ -
___ Lvottage .. |VoozTH 0.05' 0.05 005| V -
' LT oo =10V, | 0.05 e 0.05 005( V
- 0L . Vop =15V 005 ” ' 0.05 005 | V
. o - JJ on oL OD - . = _ . .
. Vo High Level Output ol <1 pA - b
Voltage Vpp = 5V 495 .| 488 5 4 4.95 v
Vpp = 10V -9.95 9.95 10 0.95 A
Vpp = 15V 14.95 1495 | _ 15 i 14.95 v
Vr— | Negative-Going Threshold | Vop=5V, Vo= 458V | 07 | 20 | 07 i4 | 20 | o7- 20| v |, ;» -|
Voltage Vpp= 10V, Vo= 9V 14 | 40 | 14 3.2 40 | 14 Tao | Vv 1
Vpp=15V, Vo= 13.5V| 2.1 6.0 2.1 5.0 6.0 21 | 60| V B
V1 + Positive-Going Threshold | Vpp=5V, Vo= 0.5V 3.0 4.3 3.0 36 4.3 3.0 43 \ o R
Voltage Vpp= 10V, Vo= 1V 6.0 8.6 6.0 6.8 8.6 60 | 86 | V |, il
Vpp=15V, Vo= 1.5V 9.0 129 9.0 10.0 12.9 9.0 128 \ ‘;: :
VH Hysteresis (Vr+ — Vr-) | Voo = 8V 1.0 3.6 1.0 22 36 10 | 36| V s
Vpp = 10V B 2.0 7.2 2.0 36 72 | 20 | 72| v |AE
, . Vpp = 15V 30 | 108 | 30 50 | 108 | 30 108 V | 3;
lou | Low Level Output Vpp=5V,Vg=04V | 0.64 051 | 088 0.3 mA | 51T
Current (Note 3) Vpp= 10V, Vo=0.5V 1.6 1.3 2.25 0.9 mA .
Vpp=15V, Vo=1.5V 4.2 3.4 8.8 2.4 mA | °
loH High Leve! Output Vpp=5V,Vo=4.6V |} —064] - —-0.51| —0.88 —-0.36 mA [¥#]«
Current (Note 3) Vpo=10V,Vo=9.5V | —16 “ | -13 | —2.25 -0.9 mA ,;; iﬁ
Vpp=15V,Vp=13.5V —4.2 -3.4 —8.8 —24 mA | 2f%
IIN input Current Vpp=15V, ViN=0V -0.10 —-10-5| —0.10 —1.0| pA é i
Vpp= 15V, Vin=15V 0.10 10-5 | 0.10 1.0 | pA | €1~
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant 1o imply that the devices - X
should be operated at these limits. The table of “Recommended Operating Conditions™ and “Elsctrical Characteristics” provides conditions for actual device - o
operation, ;; ;
Note 2: Vgg = OV unless otherwise specified. . ;;i
Note 3: lon and o are tested one output ata time. ™ <
i
P
n:;
5-230 £

3

¥

l

4

L.

.

5

.

g

/

s

§
1P Y

\r 19
: "?W‘Vf
il t e

3

otk " Sn A A TR SN - N R A A

IV R S T O e s VI




* ’
$— - .
| DC Electrical Characteristics cosotossCNote2) .~ . R o )
symbol * Parameter ' Conditions —40C. +25C i +85C | ynits
Min Max Min Typ Max |- Min | Max
) Quiescent Device Current | Vpp = 5V 40 40 <TI0 | pA
s | Voo = 10V | 8o 8.0 60 | pA
Vpp = 15V 16.0 - 16.0 | 120 | pA B
VoL Low Level Output ol < 1 A e - ‘
Voltage Vpp = 5V z| 005 0.05 005| V
Vpp = 10V 0.05 0.05 0.05 \
Vpo = 15V 0.05 0.05 0.05 \
VoH High Level Output ligl € 1pA - -
Voltage Vpp = 5V 4.95 4.95 5 4.95 v
Vpp = 10V 9.95 9.95 10 0.95 v
Vpp = 15V 14.95 14.95 15 14.95 v
Vi— | Negative-Going Threshold | Vpp = 6V, Vo = 45V~ | 07 |. 20 | 07 14 | 20 | o7 |20 Vv
Voltage Vpp = 10V, Vg = 8V 1.4 | 40 1.4 3.2 40 | 14 | 40| V..
’ . . Vpp = 15V, Vo = 13.5V| 2.1 6.0 2.1 5.0 g0 | 21 1 60| IV-
"vr+ | Positive-Going Threshold | Vpp =.5V, Vo = 0.5V 30 | 43 | 30 36 43 | 30 | 43| v
Voltage. . |Vop=1ov,vo=1v 7} 80 | 86 | 60, 68 | 86 | 60 | 86| V °
. Vpp = 15V, Vo = 1.5V 90 «| 129 | .8.0 10.0 129 9.0 -| 129 v
2l Vi Hysteresis (VT+ —V1-) | VoD =5V - 10 |36 | 10 | 22 | 36 | 10 |36 V '
] | Voltage e Vpp = 10V | 2.0, 7.2 20 | .36 |.72:].20 7.2 V'
L i fao¥, s "~ |VoD=15Vies 3 30 | 108 ] 80 50 | 108 | 30 (108 V
o | LowLevelOutput ™ 3| Voo = Y. Vo = gav 7| 052 | . [\044 | e8|, dz0ge, | G| mA
2 : | Cumrent (Note®) ™ = | Voo = 10V. Vo = gsv | 13 | gy 225 4] 08 15 | mA
- e, *| Vo® =.15V, Vo™= 1.5 36 ot <) g8 [ | 24 | = mA
T S = g W DS - Y F e
loH High Level Output ™ Vop =J§V, Vo= 4%V -0.52 -0.44| —0.88 ; < | —0.36 .l mA
A | current(Note3) - .. | Vpp'= 10V, Vo = 9.5V —1.3 -11 | -225| : =09 mA
* - . . |Vpp=15V,Vp =135V} —356 =3.0 | w88 | nepri] =24 | mA
1 M R ¥ 1 L. AL nd
4 N Input Current "1 Vpp = 15V, Vin = OV —=0.30 —_10"5 :0.30 1 =10] pA -
*| Vpp = 15V, Vin = 16V 0.30 10-5- | 0.30 1.0 | pA
‘| AC Electrical Characteristics*
| Ta = 25°C, G_ = 50 pF, R = 200k, & gnd t; = 20 ns, unless otherwise specified
| Symbol Parameter i .Conditions Min Typ Max Units "~
; tPH[-or tpL{:} " Propagation Delay Tinjgi from Vpp = 5V 220 400 ns
tT Input to Output Foolo 4 Npg B0V 80 200 ns
Vpp = 15V 70 160 ns
THL OF tTLH Transition Time Vpp = 5V 100 200 ns
Vpp = 10V 50 100 ns
Vpo = 15V 40 80 . ns
- CiN Average Input Capacitance Any Input 5 7.5 pF
Cep Power Dissipation Capacity Any Gate (Note 4) 14 pF
*ACP S are g d by DC tosting. N
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the dovices
should be operated at these limits, The table of "Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device
operation.
Note 2: Vgg = OV unless otherwise spacified.
Note 3: Ion and I are tested ane output at a time.
Note 4: Cpp determines the no load ac power consumption of any CMOS device: For complete explanation see 54C/74C Family Characteristics Application Note,
AN-90.
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g | Typical Applications _ S 4 %
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a Low Power Oscillator _ Voo i 1 e
O - -R - - Tl . |
= 4 = RC ln%‘;i Y / \ DO
- hed
m RS _ &4
© ty = RC IHM V- -l -
o Voo — Vr+ J 3
S ViN O d Vour 1 0 | S .': M
. s —————— Viy = t Y :
3 RG ¢ Y1+ (Voo — V1) " oY :
N :
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| *'CMOS Schmltt Trigger _
--—-a Unlquely Versatile

43

Iy pe ot w ce 3
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%INTRODUCTION JOPN - -
e Lo~
;iThe. Schmltt trigger has found ‘many applications in
s

54}numerr:n.xs circuits, both analog and digital. The versa-
3 tility of a TTL Schmitt , is hampered by its narrow
 asupply range, limited mterface capability, low input
»4 |mpedance ‘and unbalanced output characteristics. The
Schrmtt tngger could be built from discrete devices to
.} satisfy a particular parameter, but this is a careful and
sometimes time-consuming design.

The CMOS Schmitt trigger, which comes six to a
package, uses CMOS characteristics to optimize design
and advance into areas where TTL could not go. These
areas include: mterfacmg with op amps and transmission
lines, which operate from large split supplies, logic level
conversion, lingar operatnon and specxal desrgns relying
on a CMOS characteristic. The CMOS Schmltt trigger
has the following advantages._

Y

.

.
.

i -
t ® High impedance input (10’29 typical)

] Balenoed mput and output charactenstlcs i/

‘e Threshole are typ|cally symmetncal to 1/2Vec

_ & Qutputs squrce ; and sink’ qual currents

o ® Outputs drive, to supply Tais T s

Posmve and negative-gding thresholds show low
~variation wrth respect to femperature .

® Wide supply range (3—15V) spllt supplres possible’
® Low power consuimption, even during transition,
® High noise immunity, 6.70 Ve _typical

Applications demonstrating how each of these charag-
teristics can become a d95|gn advantage will be gwen
later in the application note.
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FIGURE 1. CMOS Schmitt Trigger

National Semiconductor ™ -
Appilication Note 140
Gerald Buurma
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‘ANALYZING THE-CMOS SCHMITT —s—~—+ —r
The input of the Schmitt trigger goes through a standard
input protect:on and is tied to the gates of four stacked
devices. The upper two are P-channel and the lower two
are N-channel. Transistors P3 and N3 are operating m the
source follower mode and mtrodu,:e hysteresns by
feeding back the output voltage out’, to two drfferent
points in the stack. , R

[ 2 B

When the input is at OV, transistors P1 and P2 are ON,
and N1, N2 and P3 are OFF. Since out’ is high, N3 is
ON and acting as a source follower, the drain of N1,
which is the source of N2, is at Vee—Voy. If the input
voltage is ramped up_,to'one threshold above ground
transistor. N1 begins to turn ON, N1 and- N3 both being
ON form a voltage divider network blasmg the source of
N2 at roughly half. ,the supply. When the mput is a”
<. ‘threshold above 1/2Vcc, N2 begins to_ turn,,ON and
regeneratlve swntchmg is_ about to take over.-Al
voltage onthe'i input causes out’ to drop When
the.source of N3 Ffollows its gate";‘whlch is ouf'..the
influence of N3 in the voltage divider, wrth N‘l raprdly B
-dlmnmshes bnngmg Ol.Lt down furthier yet.‘Meanwhlle ;
P3 has started to turn” ON, ns gate | being brought low by
the rapudly droppmg out P3 turnmg ON‘ brm‘g';”me
T saurce of P2 low and turns P2 OFF. With Pﬁ,OFF‘”out, -
_ crashes down. The snapping action is “due to greater than
unity loop gain through the- stack caused by posmve
feedback through the source follower transwtors When
the lnput is brought low again an identical procesf occurs
in the Upper porfion of the stack and the snapping

action takes place when the lower threshold is reached.
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.Oi;dt:.._i;fet_:l.jnto the inverfég formed by P4 and N4;
another inverter built with very small devices, P5 and «

typically 3.6V of threshold difference, enough hystefetis
to overcome almost any spurious signal on the inputer 1

. ;)

N5, forms a latch which stabilizes out’.. The output is . E3 0 3es S0 3tert § o -
N e S L, B . < F >~ T X eF ST L S ﬁm‘J
an inverting buffer capable of sinking 360uA or two -A comparator is often used to_recover information s'é?{% "
LPTTL loads. R _ down an unbalanced transmission line. The tlfréghéla“o“’ bt
: e . the comparator is placed at one half the signal amplitides” 1t
The typical transfer characteristics are shown in Figure, (See Figure 4b}. This is doen to prevent slicing"i&‘,e‘f e,
: 2; the guaranteed trip point range is shown in Figure 3. distortion. If a 4us wide signal is sent down a transmissfafi*‘ig‘g
= line 2 4us wide signal should be received or signal distor” s
i e opppmmeeSeeggt, —e o = tion accurs. If the comparator has a threshold above half ¥+
! WHAT HYSTERESIS CAN DO FOR YOUR ‘-- *' the signal amplitude, then positive pulses sent afe shorter1-b ¢
. . , _ . and negative pulses are lengthened (See Figure 4c). Thistors
1 "Hysteresis is the difference in response due to the direc- is called slicing level distortion. The Schmitt tﬁé‘g-e?ds?g‘f‘ £
e atg e - ORI A ; SR = P . N P
tion "of input chanige. ‘A noisy signal that traverses the have a positive offset, V1,, but it also has a‘nég";ﬁ;,, :,-,
threshold of a comparator cah cause miltiple transitions offset Vr_. In CMOS these offsets are approximately'§ 144
at the output, if the responsé time of the comparator is symmetrical to half the signal level s6 a 4us wide Palse oo
; less than' the time between spurious effects. A Schmitt sent is also_recovered (see Figure 4d). The‘rgé’a"v'ereﬁ}, R
«+ trigger has two thresholds: any spurious effects must be pulse is delayed in time but the length is not cﬁéﬁ“g‘ea"i‘.‘;: H
greater than the threshold difference to cause multiple 50 noise immunity is achieved and signal distortion is‘riét;fi*g;
transitions. With a CMOS Schmitt at Ve = 10V there is introduced because of threéshold offsets. - BoF St
N £
- - - 3" hvﬂ:nz J; .
i
20 15 e |
MMB4C14 —55°C TO +125°C 2 VR
. . MMIACI4 £3CTO +85°C 12.9 1 ‘i“‘
- Ve =JSV ° “MINIMUM HYSTERESIS P W |
2 5 v v SPREAD (= 8.2 Vcc) L1
3 Vie  fve. s 1 A
5 Ve = 10V Vg =8 3 90 e
s A . 2 A
‘ > 1 7 e 5 < j
S V. e aan ¥
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' « FIGURE 2. Typical CMOS Transfer Characteristics . FIGURE 3. Guaranteed Trip Point Range. J ;i
for Three Different Supply Voltages. - i 1 A
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FIGURE 4. CMOS Schmitt Trigger Ignores Noise
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APPLICATIONS bDF THE CMOS SCHMITT

Most of the following applications use a CMOS Schimitt

characteristic t0 either

formance. Some of the applications could not be done
at all with another logic family.

The circuit in Figure 5a is the familiar sine t0 square
wave converter. Because of input symmetry the Schmitt
trigger is easily biased to achieve a 50% duty cycle. The
high input impedance simplities the selection of the bias-
ing resistors and coupling capacitor. Since CMOS has a
wide supply range the Schmitt trigger could be powered

from split supoties (see

threshold value around 2ero and makes direct coupling

“
4
s

-

8 >
. ‘iﬁ "
B L ~
Vso

. . w4 . ¢
) Capacitor impedance 3t Jowes) eperzting frequency shouhd be much Tt than R R-V2IR

Y 1) By waing sphts0gplY 415 104751 durt intrrtgre 18 uchieved
¥

Fl(‘:URE 5. Sine to Square Wave Converter with Symme-rical Level Detection.
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Schmitt triggers are often used to generate fast transi- trigger, six low power oscillators can be built. ﬁ%{%@;f T%
tions when a slowly varying function exceeds a pre- . wave outputis approximately 50% duty‘dfclgbé'é’gg‘e”v ]
determined level. in Figure 7, we see a typical circuit, a the balanced input and output characteristics of CMORE,
light activated switch. The high impedance input of the The output frequency equation assumes that t'.("':'\‘-';i"“ Y
CMOS Schmitt trigger makes biasing very easy. Most toao + toat- - L

photo cells are several k2 brightly illuminated and a - e o
couple MS2 dark. Since CMOS has a 10252 typical input We earlier saw how the CMOS Schmitt incré’aséd“nof‘gﬁ;
impedance, no effects are felt on the input when the immunity on an unbalanced transmission line.‘F@ErEb. 2
output changes. The selection of the biasing resistor is shows dn application for a balanced or"diffe?:fmi[-‘f ;
_just the solution of a voitage divider equation. i transmission line, The circuit in Figure -Za-is CMOS &
R - EXCLUSIVE OR, the MM74C86, which could alZ?;&?i% o
A CMOS application note wouldn't be complete without built from inverters, and NAND gates. If unbalanced #1 ;
a low power “application. Figure 8 shows a simple RC information is generated on the line by signa! chs}Ea'lEl- 4
oscillator. With only six R’s and C’s and one Hex CMOS or external noise sources, it is recognized as an eﬁgfy
- T
i3 n-}&i "h"\- " .
“ * & st 4o
v s - b emeBine i
> s - v - . o -wwtf‘fi}"é ‘!‘
* i - Vee :t:\.‘i "
. 3 ‘ﬂ“%{
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_FIGURE 7. Light Activated Switch coulhdn‘;l_l;o?impler. The Input Voltags B.iso‘s"a':«Ligh', Intensity Increases, when V4 is
H Regched, the Oltput witl g6 Low and Remain Low until the Intensity is Reduced Significantly.
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FIGURE 8. Simplest RC Oscillator? Six R’s and C's make the CMOS Schmitt into Six Low Power Oscillators. Balanced .

Input and Output Characteristics give the Output Frequency a Typically 50% Duty Cycle. =

’,

i 73 MM24C 4 Schmnt Trugger Lo

- . /5 MMIAC04 Inverine ~ 3 wh

A MMI4C00 2 Input NAND i

173 MMTAC10 1 tnput NAKD ? o
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ERROR 3 o ile
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Transmitted data appesss at £ m tong a3 tammissian hae 15 balaated
unbalanced data i§ ynored and eirur 1 detacted by above ciourt - .
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FIGURE 9. Increase Noise |mmunity by using the CMOS Schimitt Trigger to Demodulate a Balanced Transmussion Line.
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~The circuit in Figure 9b is a differential tine receiver

. that recovers balanced transmitted data but -ignores <
" unbalanced signals by latching up. If both circuits of

3| Figure 9 were used together, the error detector could

@ |" signal the transmitter to stop transmission and the line
receiver would remember the last valid information bit

., when unbalanced signals persisted on the line. When
balanced signals are restored, the receiver can pick up

< where it left off.

i The standard voltage range for CMOS inputs is Vcc
+0.3V and ground -0.3V. This is because the input pro-
tection network is diode clamped to the supply rails. Any

-t

input exceeding the supply rails either sources or sinks negligible. The output frequency is given by -
a large amount of current through these diodes. Many

times an input voltage range exceeding this is desirable;

for example, transmission lines often operate from 12V - f . Viu — V!N K
and op amps from +15V. A solution to this problem is *o _
(Vre = V12) Ree- -

found in the MM74C914. This new device has an uncom-

mon. input protection that allows the input signal to go
to 25V above ground, and 25V below Vcc. This means
that the Schmitt trigger in the sine to square wave
converter, in Figure 5b, could be powered by +1.5V

have a 35V breakdown. The input voltage can  go positive
~ until rfeverse biased D2 braaks Uown througi\ “forward
bias D3, which is 35V above ground The.input vo]tage
can go; “negative until reverse biased Df breaks® down
through forward bias D2 which, is 35V bvelow Vcc- Lo VN is at ground and the-frequency will decrease as V,:,
Adequate mput prqtectlon agamst statlc charge ls sh!l -

mamtamed % -

P

by the derivative: with respect to Vin So,

suppﬁes and still be directly compatible with an op amp - -
powered by $15V supplies.

. \ d fo -1 )
A standard input protectlon circuit and the new mput ¢ d Vin {Vy+ = Vi) RC, " > -
protection are shown in Figure 10. The dnodes shown =~ <7 v oo xR A e = el

e,

| nverter thr&shold approx‘mately 0.55 Vcc-
. .
o, e , wg ,;., i =.‘;’, )
B ‘ e - = 4;;-__’.&"
e P % RSPyl
X .{‘ “oar e AT
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. ;— . Y
v - v * N
'
NORMAL
tMos
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FIGURE 10. Input Protection Diodas, in a] Normally Limit the Input Voitage Swing to 0.3V abova Vg and 0.3V
below Ground. In b) D2 or D1 is Reverse Biased Allowing Input Swings of 25V aboveGround or 25V below Ve
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FIGURE 11. Linsar CMOS (Voltage Controlted Oscillstor)
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CMOS can be linear over a wide vol@e range |f'pr§per &
consideration is paid to the biasing of themputs. F'gur'é b
+ 71 shows a simple VCO made with a CMOS mverteé‘, i
acting as an integrator, and a CMOS Schmm actmg"a's ) N
comparator with hysteresis. The mverter mtegrates the
positive difference between its threshold and the mput g
voltage Vin. The inverter output ramps up’ unﬂ Jhe R
positive threshold of the Schmrtt trigger is reached_ At *
that time, the Schmitt trigger output goes low, tummg
B T siop vy Lo ek e e —+ ~0N the transistor through R, and speeding up capautor
C,. Hysteresis keeps the output low until the mtegmmg 5
capacitor C is discharged through Rg. Resistor "Rp™
should be kept much smaller than RC to keep Igsetﬂt_;p-r‘e,
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“The’ pulses from the VCO output are "quite narrow
‘because ‘the reset time is much smaller than the integra-
tion time. Puise stretching comes quite naturally to a
Schmitt trigger. A one-shot or pulse stretcher made with
-an inverter and Schmitt trigger is shown in Figure 12.
~A positive pulse coming into the inverter causes its
output to go low, discharging the capacitor through the
diode D1, The capacitor is rapidly discharged, so the
"Schmitt input is brought low and the output goes
“Positive. Check the size of the ‘capacitor to make sure
that inverter can fully discharge the capacitor.in the
input’ pulse time, or

av

R

| C AV |
SINK INVERTER > —  +
AT

where AV = V. for CMOS, and AT is the input pulse
width.

“For very narrow pulses, under 100 ns, the capacitor can
be omitted and a farge resistor will charge up the CMOS
gate capacitance just like a capacitor.

:W[\enA _the inverter input returns to zero, the blocking
diode prevents the inverter from charging the capacitor -,
“and the resistor must charge it frof its supply. When
~the mput voltage of the, Schmitt ‘reaches’ Vs, the

Schmm output w:II go fow sometnme after the input. =¥
3 ut, -
pulse.has " gone,, lovw(”.;;“{ PO - by s 7o
;w_},u - a5y = £ )
g Y e w
e % B L
- cgtbar PR o Mg
5 3 (M5 MMTECOH
. 3
->'1 ¥ r--.'
\
N “l
P .

FIGURE 12. Pulse Stretcher. A CMOS Inverter Discharges a Capacitor, '
a Blocking Dioda allows Charging through R only. Schmitt Trigger
Output goes Low after the RC Detay.

THE SCHMITT SOLUTION i

The Schmitt trigger, built from discretg parts, is a cafeﬁ-
and sometimes time-consuming design. When mtrodm~
in integrated TTL, a few years ago, many circuit desngner;,’
‘had renewed interest because, it was a building b[gck',.
part. The input characteristics of TTL often make magf» W
of the trigger input difficult. The outputs don't Sourc‘
as much as they sink, so multivibrators don’t have 503
“ duty cycle, and a limited supply range hampers nmﬁe‘?
facing with non 5V parts. .

,,,“ %‘.
M

“n<

&

h\

The CMOS Schrhitt has a very high input impedance™w "zl}:" J
thresholds approximately symmetrical to one half " i/k’
supply. A high voltage input is available, The output’s{v“
sink and source equal ‘currents and pull dlrectly to th
supply rails. -

»

A wide threshold range, wide supply range, high ﬁ5:’§e‘$’ -
immunity, low power consumption, and low board,k
space make the CMOS Schmitt a uniquely versatxle§
part.

. o

- ‘L . Loe o ad,,
Use the Schmitt trigger for signal conditioning, restofgﬁ‘L
tion of levels, discriminating noisy signals, level detectin
with hystereﬂs Jevel copversion between logic famxltesﬁ ’

and many other usefuljunctions
A

DA

*The CMOS ’Schmm ;s~one step closer_to makmg des%
«hmlted onry by tha’f’i %matlon of the designer. ;.7
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TECHNICAL DATA

6-Pin DIP Optoisolators

Transistor Output

- "% -

These devices consist-of a gallium arsenide infrared emining‘dic;de op—fi-cally coupled~
toa monolithic silicon phototransistor detector.

e Convenient Plastic Dual-in-Line Package
e Most Economical Optoisolator .

-4N25

AN25A
AN26

4AN27
aN28

&

>

3

e High Input-Output Isolation Guaranteed — 7500 Volts Peak
e Meets or Exceeds All JEDEC Registered Specifications 6-PINDIP 3
e UL Recognized. File Number £54915 OPTOISOLATORS .
e VDE approved per standard 0883/6.80 (Certificate number 41853), with additional TRANSISTOR OUTPUT i*
approval to DIN {EC380/VDE0806, IEC435/VDE080S, IEC65/VDEO8E0, VDE110b, covering - P
all other standards with. equal or less stringent requirements, including |EC204I . . é
VDEO0113, VDE0160, VDE0832, VDEQ833, etc. —— 883 s
e Special lead form available (add suffix “T” to part number) which satisfies VDE0883/ g
6.80 requirement for 8 mm minimum creepage distance between input and output g
solder pads. ;
e Various lead form options available. Consult ““Optoisolator Lead Form Options’ data
sheet for details. .
‘ . s 2 CASE 730A-02 p
MAXIMUM RATINGS (Ta = 25°C unless Stherwise noted) PLASTIC h
‘r '.: b 4 Rating Pl N Symbol Vaiue l Unit
INPUT LED ! e e o/ W ' e ,
A - — £ — - . SCHEMATIC :
Reverse Voitage - VR 3 Volts - L
Forward Current — Continuous e, 60 mA
LED Pgwer Dissipation @ Tp = 25°C PD 120 mwW :
with Negligible Power in Output Detector ° *en . . -
Derate above 25°C ~ 4 1.41 mwrC 6 ;
OUTPUT TRANSISTOR NT Awd ¥ ’ .
Coflector-Emin® Woltage =, . .| Veeo 20 Volts ; 5
Emitter-Collector Voltage N VECO 7 " Voits 4
Collector-Base Voitage VcBO 70 Volts f
Collector Current — Continuous Ic 150 mA
Detector Power Dissipation @ TA = 25°C PD 150 mwW
with Negligible Power in Input LED b
Derate above 25°C 1.76 mwrC 1. LED ANODE
TOTAL DEVICE :Zi hEg CATHODE
\solation Surge Voltage (1) - VIso 7500 Vac 4 EMITTER
(Peak ac Voltage, 60 Hz, 1 sec Duration} 5. COLLECTOR
Tota! Davice Power Dissipation @ TA = 25°C PD 250 mw 8. BASE
Derate above 25°C 2,94 mw/rC
Ambient Operating Temperature Range TA -5510 +100 °C
Storage Temperature Range’ Tstg ~55 to +150 °C
Soldering Temperature (10 sec, 1/16" from case) Tsol 260 °c -
(1) Isolation surge voltage is an internal device dielectric breakdown rating. h
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
’ 6-2

S
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ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

r Characteristic . N Symbol _Min l Typ Max * Unit l
INPUT LED R
Forward Voltage (I = 10 mA) TA = 25°C VE —_ 116 [ 15 Volts
Ta = —55°C — 1.3 _ P
- M - Ta = 100°C — 1.05 — —
Reverse Leakage Current (VR = 3 V) IR — - 100 ¢ RA
Capacitance {V = 0V, f = 1 MHz) ‘ Cy - 18 — pF
OUTPUT TRANSISTOR . T
Collector-Emitter Dark Current 4N25,25A,26,27 Iceo - 1 50 nA
{(Veg = 10V, Ta = 25°C 4N28 - T T 100 T
TVeE = 10V, Ta = 100°C) All Devices lceo - 1 - _BA
Collector-Base Dark Current (Vcg = 10 V) : Iceo — 0.2 —_ nA
Collector-Emitter Breakdown Voltage {Ic = 1 mA) V(BRICEO 30 -45 o — . Volts
Collector-Base Breakdown Voltage {Ic = 100 uA) V(BRICBO 70 100 - Volts
Emitter-Collector Breakdown Voltage {Ig = 100 pA) V(BRIECO 7 7.8 — Volts
DC Current Gain {ic = 2mA, Vcg = 5V) hrg — 500 - P B
Collector-Emitter Capacitance {f = 1 MHz, Vcg = 0) Cce - 7 — pF | -
Collector-Base Capacitance (f = 1 MHz, Vcg =0} - .Cca - 19 - | . PF .
Emiiter-Base Capacitance (f = 1.MHz, Vgg = 0) Ces - ] .o =" 1 pF 3
COUPLED -~ - ] T3
" Output Collector Current (I =-10 mA, VCg =.10 V} - Ic o a2
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TECHNICAL DATA

6-Pin DIP Optoisoi}éférs

Transistor Qutput -

I

These devices consist of a gallium arsenide infrared emitting diode optically

to a monolithic silicon phototransistor detector. 6-PIN DIP
Convenient Piastic Dual-In-Line Package - OPTOISOLATORS
High Current Transfer Ratio — 100% Minimum at Spec Conditions - TRANSISTOR
Guaranteed Switching Speeds v OUTPUT

High Input-Output Isolation Guaranteed — 7500 Volts Peak .
UL Recognized. File Number E54915 A"\

coupled

VDE approved per standard 088

3/6.80 {Certificate nUmber 41853), with additional

approval to DIN IEC380/VDEQSOS, IECA435/VDEO8085, IEC65/VDE0S60, VDEO0110b,

covering all other standards with equal or less string
|EC204/VDE0113, VDEO0160, VDE0832, VDE0833, etc.
Meets or Exceeds All JEDEC Registered Specifications

ent requirements, including

—— 883

Special lead form available (add suffix “T"

to part number

y which satisfies VDE0883/

6.80 requirement for 8 mm minimum creep;
. solder pads.

- Various lead form options available. Consult

sheet for details.

age distance between input and output

»QOptoisolator Lead Form Options” data

CASE 730A-02

. - PLASTIC
s MAXIMUM RATINGS (Ta = 25°C unless otherwise noted]
R g 7 : t
> _ Rating _ Symbol Value | Uni ¥i SCHEMATIC
. INPUT LED
. Revers's Voltage e VR [} Volts
) Forward Current — Cortinuous I 60 mA
. " LED Power Dissipation @ Ta = 25°C’ Po 120 . mW. 1 6
twith Negligible Power in Output Detecter L e y
Derate above 25°C 141 . mWrG*y e . -
OUTPUT TRANSISTOR . 2 5
Collector-Emitter Voltage VCEO 30 Volts 4
Emitter-Base Voltage _VEBO 7 Volts ?
Coliector-Base Voltage VcBO 70 Volts
Collactor Current — Continuous Ic 150 mA .
Detector Power Dissipation @ Ta = 25°C Pp 150 mwW *
with Negligible Power in Input LED “ﬁ;
Derate above 256°C F 1.76 mwWrC ;
{ 1. LED ANODE 5
TOTAL DEVICE
OTAL D 2. LED CATHODE
Isolation Source Volitage (1) Viso 7500 Vac NG
{Peak ac Voltage, 60 Hz, 1 sec Duration} G 4, EMITTER I
Total Devica Power Dissipation @ Ta = 25°C Pp 250 mwW 5. COLLECTOR ‘i
Derate above 25°C 294 mWrC 8. BASE 2
Ambient Operating Temperature Range TA ~551to +100 °C ;’i
Storage Temperature Range Tstg ~55to +150 °C ~§
Soldering Temperature (10 seconds, 116" from case) - 260 oc "
x
4

{1) Isolation surge voltage is an internal device cimtectric breakdown rating.
For this test, Pins 1 and 2 are common, and Fins 4,5 and 6 are common.
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4N35, 4N36, 4N37

ELECTRICAL CHARACTERISTICS (Ta = 26°C unless otherwisa noted)

By

[ Charactarlstic Symbol Min Typ Max | Unit |
INPUT LED ’
Forward Voltage {If = 10 mA) Ta = 25°C Vg - 0.8 1.15 1.5 \
- . Tp = —55°C 0.9 13 1.7
. Ta = 100°C 0.7 1.05 14
Reverse Leakage Current (VR = 6 V) ’ IR —_ - 10 pA
Capacitance (V = 0V, f = 1 MHz2) o - . Cy —_ - 18 — pF . ~
OUTPUT TRANSISTOR
Collector-Emitter Dark Current (VCE = 10V, Ta = 25°C) \'CEE) _— 1 50 “nA
(Vcg =30V, Ta = 100°C) - —_ 500 pA
Collector-Base Dark Current (Vcg = 10 \'2 Ta = 25°C icBO — 0.2 20 nA -
Ta = 100°C — 100 —
Collector-Emitter Breakdown Voltage ic = 1 mA) V(BRICEO 30 45 — v
Collector-Base Breakdown Voitage {Ic = 100 pA) | V(BR)CBO 70 100 — \
Emitter-Base Breakdown Voltage (g = 100 pA) V(BRIEBO 7 7.8 — \
DC Current Gain {ic = 2mA,VCE = § V) hEe —_ 400 —
Collector-Emitter Capacitance (f = 1MHz. Veg = O .. . °} Cce - 7 — pF
Collector-Base Capacitance {f = 1 MHz, Vcg = 0) . Ccs - 19 — pF
Emitter-Base Capacitance {f = 1 MHz, Vgg = 0} s Cep — 9 - pF 8
COUPLED . :
Output Collector Current Ta = 25°C Ic 10, .30 —_ mA
. {If.= 10 mA, Vcg = 10V) Tp = —557C 4 . — L ¢
N TA = 100°C a A X L Y
Colléctor-Emitter Saturation Voitage (ic = 0.5 mA, I = 10 mA) Vegsa) | = 0.14 0.3 v
Turn-On Time ' N - ton — 4l 75 10 us
. Turd-Off Time - = 2mA, Vo= 10V, toff’ —_— - 87 10
Rise Time Ry = 100 Q, Figure m t e 3.2 .
Falf Time f 7/ 0! t T 4.7 -
|solation Voltage (f = 60 Hz,t = 1 sec) ., Viso . 7500 - Se— Vaclpk)
\solation Current (V.o = 3550 Vpk) 4N35 10 — = 1008 ] pA
*(VI.0 = 2500 Vpk} 4N36 - — 100
] {Vi.0 = 1500 Vpk} 4N37 | .. - 8 100
Isolation Resistance (V = 500 V) = h RiSO 1011 — — Q
lsolation Capacitance (V = 0 v, f = 1 MH2) Ciso - 0.2 2 pF
TYPICAL CHARACTERISTICS
2 5 1 : d
TT T LT T; g ===
- "f""":gtg: g:%{c - 117 g - NORMALIZED TO:
- @ g —= C - T p=10mA
g AATIN <= 8 Er i
= 7 e {111 e
=} VA / ] I
g 16 "i ,1 / <
= » ra 4 : 2 ’,/
1 =4 :
g 14 — - v & Z
E 2 “’/ 4 = 01 = =3
& |—Tp - -5°CIHH g =
‘; 12 —H‘ / — ' =
S )
1 100°C . >
1 0 100 1000 0.01 05 1 2 5 10 20 50
If, LED FORWARD CURRENT (mA) Ip, LED INPUT CURRENT (mA)
Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current.
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4N35, 4N36, 4N37
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MOTOROLA =
| SEMlcoNDUCTOR E s
TECHNICAL DATA C e . . : =
Do * 1}
- - 4N38
- . - . -

6-Pin DIP Optoisolators AN3SA
Trans:stor Output T 7
Theso dovlces consist of a galhur;\ ;:s:;(‘i;'lr:frared emitting diode optically coupled - — B =

to a monolithic silicon phototransistor detector. ) o e C 6-PIN DIP

e Convenient Plastic Dual-in-Line Package i OPTOISOLATORS N
® Guaranteed 80 Volt V(gR)CEQ Minimum ‘| TRANSISTOR QUTPUT |’ '

® High Input-Output Isclation Guaranteed — 7500 Volts Peak

® Meets or Exceeds All JEDEC Registered Specifications

e UL Recognized. (1) File Number E54915 Q) D

® VDE approved per standard 0883/6.80 (Certificate number 41853), with additional
approval to DIN IEC380/VDE08B0S, IEC435NDE0805 JEC65/VDE0860, VDEO110b, -
covering all other standards with equal of less stringent requirements, |nclud|n .
IEC204/VDE0113, VDE0160, VDE0832, VDE0833, etc. —

® Special lead form available {add suffix “T” to part number) which satisfies VOE0883/
6.80 roquirement for 8 mm minimum creepage distance between input and output
soldor pads. .

® Various lead form options available. Consult “"Optoisolator Lead Form Qptions” data

sheet for details. CASE 730A-02
PLASTIC

MAXIMUM RATINGS (Tp = 25°C unless otl’;erwi;e noted}

L " " Rating .| _Symbol® Ve | Unit | SCHEMATIC
INPUT LED ) F :
Reverse Voltage T.. & ™ 3 Volts
Forward Current — Caftinuous - IF . 80 CmA
Forward Current — Pk (PW = 00 us, 2% duty cycle) “Iglpk) 3 A 1
LED Powar Dissipation @ Ta = 25°C Pp |® 6150 mw A
with Nogligible Power in OQutput Detector © A 6
Derata above 25°C . : 141, | mwWrC § - ;
OUTPUT TRANSISTOR o oY
5
Collector-Emitter Voltage {3 VCEQ 80 Volts
Emitter-Collector Voltage ® VECO 7 Volts )
Collector-Base Voltage vVcBO 80 Volts
Collector Current — Continuous Ic 100 mA
Detector Power Dussxpatlbn @ Ta = 26°C Pp 150 mwW - ,
with Nagligible Power in Input LED
Derate above 25°C 1.76 mw/reC
TOTAL DEVICE
Isolation Surge Voltage (1) Viso 7500 Vac
{Peak ac Voltage, 60 Hz, 1 sec Duration) b
Total De = 25° P 250 mwW 1. LED ANODE
vice Power Dissipation @ Ta = 25°C D
Derate above 25°C 2.94 mWrC ;-hEECATHODE
Amblent Operating Temperature Range Ta ,~55t0 +100 °C 4 EMITTER
Storage Temperature Range Tstg -55 to +150 °c 2 gg;léECTOR
Soldering Temperature {10 sec, 1/16" from case) Tsol 260 °C
Note: (1) 4N3S does not requlre UL approval; 4N38A doas. Otherwise both parts are Identical. Both parts bullt by
Motorola have UL approval.
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Ca ey one v rkmilng %o ogtepe o v % i‘fﬂﬁxﬁ'ﬁm{i&%?‘ﬁ

.'5{‘ S |
- 4N38, 4N38A
* .
-
N _ELECTRICAL CHARACTERISTICS (Ta, = 25°C unléss otherwise noted) --
£ I Characteristic “ ] symbol | Min | Typ | Max [~ uni_ |
INPUT LED ) -7
= Forward Voltage (I = 10 mA) Tp =26C VE — 115 15 Volts
4 - .. Ta = —55°C 1 - 4.3 = -
1. . Ta = 100°C , — 105 | -
.- ‘1 Reverse Leakage Current (VR = 3V) IR — —_ 100 nA
e |-  Capacitance (V = 0V, f =1 MHz} CJ - 18 — pF
' QUTPUT TRANSISTOR - . ' R - -
Collector-Emitter Dark Current . Iceo — 20 50 nA
_ . Wvce = 60V, Ta = 25°C) .. o .
{(Veg = 60V, Ta = 100°C) IcEO —_ § — A
Collector-Basa Dark Current (Vcg = 60 V) Iceo - 2 20 nA
Collector-Ernitter Breakdown Voltage (ic = 1 mA)} V(BRICEO 80 120  ©~— Volts
Collector-Base Breakdown Voltage (Ic = 1 pnA) V(BRICBO 80 120 —_ Volts
Emitter-Collector Breakdown Voitage (Ig = 100 pA) V(BRIECO 7 7.8 —_ Volts
. | DC Current Gain{lg = 2mA, Vcg = 5V) heg —_ 400 —_ —_
R i Collector-Emitter Capacitance (f = 1 MHz, Vce = 0) Cce — 8 —_ pF
gollecton-Base Capacitance {f = 1 MHz, Vcg = 0} $ Ccs — pal — pF
. Eminer-Bas‘e Capacitance {f = 1 MHz, VEg = 0} . Ceg — 8 —_ pF
.COUPLED AP
’ ~ Output Collector Current {ig =20 mA, Vce = v 4 Ic .4 7 — "mA
) v Collector-Emitter Saturation Voltage (Ic = 4 mA, Ip = 20 mA) “VCE(sat) 5, . - 1 _Volts
* N *1 Yurn-On Time {Ic = 2mA, VcC = 10 V, Ry = 100 Q, Figure 11) . ton -—. 3 - .pus
~« ’_ Turn-Off Time. {lc =.2mA, Vce = 10 VR = 100 ©, Figure 11} toff " — .28 | v us
T4 . | Rise Time {ic="2'mA.VcC =. 10V, Ry = 100 Q, Figure 1) P —_ 16 . —_— . ps
- Fall Time {Ic = 2 mA, Vge = 10V, R = 100 8, Figure 11) ¥ |, = 22 T T ns
Wt Isolation Voltage ¥ = 60 Hz, 1 =1 sec) v [] viso | 7500 = 71 = 7| Vaclpk)
o \solation Resistance (V = 500V} .=, Rsdx] B0} | = | —r 0
Isolation Capacitance (V = 0V, f = 1 MHz) > *  Clg0* o= o2 A ez pF
) i TYPICAL CHARACTERISTICS = . -
ALK ¢ ===z
2 1l . ste - ‘ /I I/ g - Nolr::M:%Eg :0
<] vl ] .
E i Z ll,' E !
‘;‘: - '§ 16— - " 1 :}/’ 7 ‘% //
2 st & 2 :
E Loqi- st ,_,,// /’, 4 .g.. o = ==
;‘- 12 ’zgg— L = A : g »
-
. 100°C 3 401
1 10 100 1000 £ 0z o5 1 2 g w0 » %
Ir, LED FORWARD CURRENT (mA) If. LED INPUT CURRENT (mA)
Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current
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4N38, 4N38A
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. FEATURES

‘¢ 10 Decoded Decimal Outputs

¢ Direct Resat - .

¢ Trigger from either Edge of Clock Input

¢ Carry Output for Cascading Stages .
¢ Fully Static Operation - DC to 5MHz @ 10Vvdc .

o
b

DESCRIPTION T .

The SCL4017AB consists of a é-stage Johnson
Decade Counter. and an 'Output Decoder. Inputs

include Clock, Reset, and Clock Enable signals.

The counter has interchangeable Clock and
Clock Enable lines for incrementing on either a
positive-going or negative-going transition, respec-
tively. A high Reset signal clears the counter to jts
zero count. -

Use of the Johnson decade counter configur-
ation permits high-speed operation, 2-input decode
.9ating, ‘and spike-free decoded outputs. Anti-lock
'gat,iqg is provided, thus assuring proper counting
gequence. The 10 decoded outputs are normally .
“tow and go high only at their respective decoded

-, time slot. Eachr decoded output remains high for
Cérry-out (CoyT) signal

one full clock cycle. A

'

e
P

#and i€ Gséd 10 directly clock-the sticceeding counter
q’wlti-stage applications. = = (£
W m A e A ol "

This "part can’ be “useld in frequency division

-t

e F,'H Device
ki > 3 i 3 e
scircuits as well as decade counter or decimal decode R B I P 4 y
» display applications. - L6 . > ) &
o . Ay & E: - =
R R ) . %
£l * .'
FUNCTIONAL TRUTH TABLE .
{Positive Logic)
Clock Decode Cloex 14 00— o 3
Clock Enable Reset | Output=n 1 o2
ks I S B I | L on & ~2f—0a4
X 17 4] n Ip—o07
X X 1 “0” 4+—o0 10
— 0 0 n+1 o 13 0—d sb—o1
— X 0 n 6f—os
X e 0 n 1—06
1 —~— 0 n+1 'Y SEDN
. # ——0 11
xj- Don‘’t Care Reset 15 Cou 12
Ifn<B Carry = “1”, Otherwise = “Q” SRR | ~

~

C  16-pin Cerdip
D 16-pin Ceramic *
E  16-pin Epoxy .
F  16-pin Flat K
H Chip?
Taw, Y 3 -
- A N e, 3 M 2o
e o F * o5 e
3 wd Ll ey iy
BECOMMENDEQ OPERAT, NG CONDITIO

o Faoe L
. For maximur reliability:

AL
= Operating Temperature

CONNECTION DIAGRAM
- . .lall packages) __ -

S N

16 15 14 13 12 11 10
. SCL4017AB I
1 2 3 4 5 ¢ 7

1 [ 1 I o
N KL T P S

.

Add suffix for package:

L

SRR S s S
DC Supp}ﬁ-!{gltg@'} VDD~ Vss
S
.TA

Vpp = Pin 16
Vss - Ping




- " i A"
“r g S S S
; . - L X . "
T P . Ao R T -
SR v o T
u:- -, - kY
3 . ) - - e

% - —_
“Egs»-x.—r P ey R

= ;q':g_l_'EgTR_[Ql\:L'CHARA(;TERI_S]’R_:S -

iy
md Lo Srayrediy
: SCL4017

4 #ZSTATIC CHARACTERISTICS | m - - I {
e - 2 o, R 5"
BE PARAMETER oD | conpiTrons |_Tiow B C Thish | i | 27
Bgler o . | (vdel Min. | Max. | Min. | Typ. | Max. | Min. [ Max. | -5} -
E “[QUIESCENTOEVICE  +=  Tioo| 5 VineVssorVoo| — | 5| - |oos| 5 | — 150 | pAde| %
L I[CURRENT - - e 10 JAllvalidinput | - | 10 |~ po1 | 10 | ~= {7300 |-+
vgg_f’, e . e - 15 [combinations - 20 - 102 -] 20 = | 600 | ~=%. -
¥ .1 oUTPUT HIGH (SOURCE) . . REMER T
ACURRENT &7 ° = . . o It B 1 £
g i[C.D.F Hdevice 1 ™ .llon H U (P AN I [ 4 L
#|. Decoded OQdtputs™ =~ S| | 6 Nou=48V  |-005| -~ |-004 [-03 | = |-0.028] = | mAda B
1 Wi . 10 Vou=95V -0.129 - |01 [-075| -~ [-007 | .- ].r §|%*
Eall Wl 5 e e 15 Monu= 13.5V -0379 -~ [-03 }-25 - }-0:21 LR
; ;% = g»?; . Lin - ‘:“’ - VIN=V$S or VDD i} r‘i E “ﬁ
5| § +|FCarry Output . 5 Vou=46v  [025| -~ [-02 [-075] - ‘|-0.14 ¢l &
s 4R il . s e ! 10 Vou=9.5V -062] - |-05 }-1.1 - |-035
O P 15 Vou=135V  |-19 | — |15 [-35 | — |-1.1
"T i s * VIN=VSS or VDD .
A
E device lon , .
Decoded Qutputs 5 NMou=4.6V -0.044 - i-0.04 |-0.3 - 1-0.032
- - i | 10 Nou=95Vv -0.12| - |01 (-075| — [-0.08 k1 %
- S T FL 4 13 Vow=135v 036 - |03 |25 | - |-024 I ¢ 5
: TS L L =Min=Vss or Voo -l
t ol RSt Carry Outpur . .5, Non=46v.  |-024| - |02 [075| - |-0.16 ade| [+
BBy Toex - o ED 10 Von= 95V 068 | - 05 |-1.1 ~ o4 o~ | e
= Bk o ol s 16 Mouy=1356V  [-18 - |15 {-35 - -2 i B K5
:4‘ o’ b . - e L e~ =+ ViN=Vsgs of Vpp s 1'::;
s % B TFOUTPUT LOW (SINK) ™ ™t , A, ; p
g JLa[CURRENT » 9.7 e S" i
“3;% o:{C D, F, Hdevice °, e . 5 fhes
* Va7 i=becoded Oitpurs Vor=04V,  1005] - [ §°7
WL T e Vo= 05V % 10124 =% E
% °3"‘c‘€ 5 4”::’?’ . ....;z.}fn:? Vo= 1.8V, ~| 0375 "'_'; R,
N I e ¢ v:
ey RUM Carry Output ;7% Vo =020 ;j-o.g- .- I
S B ekt ‘Mor=05v. lom| - '
3 R R Vop=15V ~"l.18 | —,
el L e =+ Vin=Vss of Voo | e
by B evice * - -, 4
<% K531 Decoded Qutputs 5 ‘Vor= 0.4V 0.048 -
—r Y T A T 40" Wo_=0.5V .+ '] 012 -
i ) R 15 Moc#15v~ |o03s| —
E« ::é T “ ‘Vin=Vss orVpp
«§ %7 Carry Output . 5 [VoU=04V 024| - |02 jors| - |06 -
§ B ‘ .| |10 NoL=05v 06 | -~ los |13 | - |04 | -
ol mm v e ewe oponl el 15 Vo =18V {18 | - {15 (40 | — |12 | -
o FLE movw w0 o7 F e Vg orVag

NOTES: ! Remaining Static Electrical Characteristics are listed und
* T ow =-55°C for C, D, F, H device.
= -40°C for E device. .
ThigH = +125°C for C, D, F, H device.
=+ 85°C for E device.

er “SCL4000B Series Family Specifications”.
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- -, ELECTRICAL CHARACTERISTICS (Continued)
- - c % b r‘{"”'&'
; . DYNAMIC CHARACTERISTICS (CL =50pF, Ta =25°C) o,
- VDD . ot
PARAMETER a9 Min. Typ.
CLOCKED OPERATION ‘
PROPAGATION DELAY Time . . T
To Decoded OQutputs PLH, Ty, 5 - 600
: .- 10 - 240
r : 15 - 180
To Carry Output LRI 5 - 500 ’
- 10 - 200
15 C = 150
OUTPUT TRANSITION TIME S Bk “f;;:‘i\g ‘
_Decoded Qutputs B trLm, try 5 - 250 500 ns' ¥y
10 - 125 250 | el SR
15 -1 90 . 180 z
Carry Output trim trag 5 - 180 360 | » nsTRH
: 10 - 80 <180 | Aoty oY
15 - 65 . 130 .
MINIMUM CLOCK PULSE WIDTH PWe, 5 ~ 200 - 400 ntig
- 10 - 100 200 A
L. 15 - 80 160 w’?f?f
MAXIMUM CLOGK FREQUENCY feL 5 1.25 25 - | Mz
\ — 10 - 25w 5.0 - et
i JA . . 15 3.0% 1 6.0 | e 1 {
MAXIMUM CLOCK OR ENABLE RISEAND - lteo), it T PSS R A e 3‘5 :
FAL;L TIME .. v T . SPER e - A N 5 o= 15 . ;: . YoaT oned
T 3y D > YL o 15 {7t
A v T T e ’—33{‘ £l “g
MINIMUM ENABLE sgrgie TIME ? B
,-».,',"}_4 ot Y sl Al g2 iK ey, )
O e A R e S
" | MINIMUM ENABLE REMOVAL TIME'™™ & trem " 7
‘ e «: Ny L d o3 v
RESET OPERATION ¢ “ ‘e - s
. PROPAGATION DELAY TIME . - “ s . ¥ .ﬂ";{, 2|
To Decoded Outputs R tiiteu [ . B = 500 . 1000 ns bR
L 10 of 200 400, SrE.
: , 15 - 140 280 s AL
To Carry Output - toLn 5 - 400 800 n;;?g: jff k
s 10 - 150 300, Tk,
. i L S S 15 - 110 220 AR
¥ - ;| MINIMUM RESET PULSEWIDTH = PWpg 5 - 150 300 | . ns A -
' 10 | 75 . 150 - 4 i
15 — 60 120 2
RESET REMOVAL TIME tram .
3
)
¥
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~. SCL4017AB - - : .
. - 4x APPLICATIONS INFORMATION s .
e "COUNTER EXPANSION *

* This figure shows a techn'iqug for extending the number of decoded output states
for the SCL4017AB. Decoded outputs are sequential within sach stage and from stage

to stage, with no dead time (except propagation delay).- -
” ] T '
— - . =
cL ™ ;? cL b : jcL
SCL4017AB SCL4017AB SCL4017A8
CE 3 . cE CE
0 1e4.8 9, 0O 1eeos 8 9 L. 1 oo 8 @
| I l |
LI 7 P
R, ¥ e 8 Decoded
* +9 Decoded 1 Y @ T 8 Decoded Outputy
“Ouputs _ Qutpun
.. . s, €2 7NN T
Ciock et L LA Sy 4 _——
" —-— - Pe— - } e R R T
F in‘(‘Sug..' <iAtermadiate Stages = Last Stage
4 y ) Sy
. # <3 o e L4 P E " —";. R e ..:
- = . g s -~ A i -
r - - 47 : b8 .
. -~ o L s "
- - (O, G e Yl AJTIE L\ ’ e Y i At ol
A sy DIVIDE-BY-N COUNTER | = + T Temeta
; Z S - \< . s
. T g e e aiw e e e I gy i e, R
.. When the Nth decoded output is_réached {Nth ciock pulse), the S-R Mflip-flep™ _ =+~
- “{constructed. from the SCL4001B) generates Teset pulse which clears the SCL4017AB &

. o its zero Count. .Atthis time,’ if the'Nth ?ec‘ddgd output is greater than or equal o 6,
« the"CoyT line goes high 1o clock the riext countet section. The "0 decoded output’
a also_goes high at this time.. Coincidence of. the clock “low” and decoded “0” outpat _
“high" resets the S-R ﬂipff!qp to"gnable the SCL4017AB.e’ iy -
. I the Nth decoded outpat is less than'6, the CoyT ling Wil ndt go high, and,
therefore, cannot be used. I this case, the “O’* dedoded output may be used to perform_
the clock function for the next éounter. g . p

-~

v
n b H
- .
i v-r‘
“aox 2 Couy
FORN vy
isz| ScL4017AB . 1 cuoe ; v .
E3ET
il T,
M L
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FEATURES

s ® 12 Fully Static Stages T
All 12 Buffered Outputs Available
Common Reset Line - .

¢ 8MHz Counting Rate @ 10Vdc

=~ ~® Allinputs Buffered “ -

3

N

_DESCRIPTION

The SCL4040AB consists of 12-
binary counter stages with appropriate in
and reset circuitry. The counter is rese
0’s” state by a high level on the Reset
counter is advanced one count on th
going transition of each input pulse

= R

ripple-carry
put buffers
t to its “all
input. The
e negative-
. Isolation

from external noise and the effects of loads is pro-

vided by output buffering.

N Applications include time delay circuits, counter

“controls, and frequency dividers.

vDD Q11 Q10 a8 q

e "y
R > o M
CONNECTION DIAGRA
(all packages) Mg

<

S N

14 13 12 11

e imn

et o
4 R cv_..‘mf‘. £

. SCL4040AB ™™
3 4 5 ¢

T |

Q12 Q6 a5 Q7 Q4 Q3

Add suffix for package:
C 16-pin Cerdip
D

16-pin Ceramic

N._
g
o 2

e

sy

i
-5t

s

3

i

e

S 40 to +8
: . Lox

¥

e

d

£
it

vy

Qe‘ti‘m NS o>

.

ie g dedpes

i
4

. =] E 16-pin’ Epoxy
R 3 F  16-pin Flat
i P ) H Chip
- " ¥ T
a7 R W g O3 QT ‘ A
S ~__TRUTHTABLE ' £° __ = Y &Rk J I 11
- Clock | - ~ Reset . : | 5 Output State "] RECOMMENDED OPERATING COND!
1 1 . o ~- No Change * 3 % For maximum reliability: ~ 7 ;,. "
ad 0 = .| ¥ Advance to next . DC Supply Voltage™ VDD*V§s *~3to 15 °
B~ s 1. KXe ‘s EVIEERIS - * 4 TE, oo
S 1 - gioto ] ;= ~Operating Temperature Ta - Y
X 1 [ All Outpussare jow ] C.D, F, H Device™, * ur. B5t0+125
X="Don'tCard  ~= - cx.ooTia ice,,, Lt
. . = ) ;“: - ; E: % ~ x\:im
-
LOGIC DIAGRAM
= e Lo o SRR
b CLOCK o1 2. Q4 Q5 06 Q7 08 Q9 Q0 o
tio) 9 % n 3y T(Z.) rl) rlll I(lZ) T(u)T
jcL o cL -]
FFi Fr2 FFS THRY FF12
SO a3
.1 R
n:s:rw—bo__.{% i I
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rex
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LS . . i
k. e T ELECTRICAL CHARACTERISTICS N
€= Y L . Lo - IS
g T4 v Lo . ' T teT
, :’:E rsrATlc CHARACTER!STICS‘ 3 - e - T
~ 2 o 2
Al PARAMETER - ng’) CONDITIONS | —TLOW t5¢ TuigH__| ynits
:if - - (vde Min. | Max. | Min. | Typ. | Max. Min. | Max.
#% *[7QUIESCENT DEVICE Ioo . ~ ] '
?‘cURRENT . o 5 [Vin=VesorVoo | = 51 - Loos| 5| —| 180 [sAde
s . . 10 |All valid input 2t 1w —[oa 10| - | 300
"~ . - 15 lcombinations - 15 - 102 20 —~ | 600 . =
[[QUTPUT HIGH (SOURCE) ' _ low d : ' P B
CURRENT™ <%~~~ Jo o e 2
C, D, F, H device 5 Won=4.6V -0.1s| -~ |-0a27(-05 —~| 08| =~ |mAde| —+ ~xd¥x
10 |[Vou=9.5V 037] = |-03 |-1a8f - [-021} - 3k & omy
- . _ | 18 ou=138V 426! — |-10 |45} - |-069] ~— R
1 Vin=Vss or Voo’ 1 1T - T o ot
. . 0 . B
E device 5 Von=4.6V 014 - |-012]-05 - {-0.10| -, |mAde oawy
5 . 10 Vou=9.5V -.035f - |-03 |-115] - |-025: - E
: 15 Vou=13.5V 12| - |-10 |48 ) - |-085 - ’
- ' Min=Vss of Voo
QUTPUT LOW (SINK) low .
CURRENT - +
C, D, F, H device 5 Vor=0.4V 015| - |o0.12] 05 — | 0.08] - |mAde
. 10 [VoL=0.5V 0371 - {03 | 10 -l o021} - *
: 15 Vor=1.5V 126 - {10 | 5.8 — | oe9| - .
. Vin=Vss of Vop " ¥
- ey it
E device 5 VOL-O 4V ol - 0.12| 05 - | 010 - |mAdc .
- —- L= b 10 VoL =05V 035f ~ |03 | 10 - |02} - H
! : iy o 15 Vg =1.5V 12| — {10 | 58 ~ | 085 - 3
% y Vin=VssorVoo | . - -
B 3 o
A =

St ! Remaining Stmc Electncal Characteristics-are listed under “SCLA4000B Series Family Specifications”. s
-Tx.o "= 55° CforC D,F, Hdevncs B o 20 K > ’

Z
:z) =

:

e

v
I3
"

Lo e e ¥ .EA0 Cfor'E device. s b, -/
i ‘Tmc.n -1125 Cfor, D, F, Hdevice. * -
L e et 85°C for E device. T V) 4
YNAMIC CHARACTERISTICS (CL = 50pF TA = 25°C) :
A S e S R L,, .NVDD . Sy
. gt PARAMEfER 1, Ky ‘ s l Mln [
~*CLOCKED OPERATION 3 . PN = O] PRTA
, PROPAGATION DELAY TIME ¥ 3] s
Clock to( 01 w o T tprH. tPHL 5
» ;e - - -— - - » 10 w ’4
.- - it = « ¥
N L £ v 15
Q;10 Q +9 ¥ tpLn, teHL 5 |
P N . . 10
.- . 15
OUTPUT TRANSITION TIME trom. UTHL 5 |-
! 10
. 15
MINIMUM CLOCK PULSE WIDTH L lpwer "5
- . . R + 0
. - i <15
MAXIMUM CLOCK FREQUENCY feL 5 . X
10 40 8.0 -
. 15 5.0 10.0 -

} MAXIMUM CLOCK RISE AND FALL TIME teews teL 12 :g - - us ¢
ks ' ) 15 5 ' - - ;’.E
* RESET OPERATION . . -
. :
% PROPAGATION DELAY TIME TonL 5 - 300 600 ns Ty
) 10 - 150 300 e
“ . 15 - 120 240 gk

MINIMUM RESET PULSE WIDTH PWr 5 - 150 300 ns )
10 - 75 150 . Lo
9 . 15 - 60 120 =
RESET REMOVAL TIME tam 5 - 1 280 500 s . ;
10 - 125 .| 250
% . 15 - 100 200
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4 cL4049UB Inverting
‘ scL40508 Non-Inverting

- g

;gfrrumzs

'r "pirect Drive of 2 TTL/DTL Loads
3 .! Operatlon from Single Supply

3 Qégm -for Pin Replacements for SCL4009B,

’*’scl.amos . ~ e <

"
’ -

b' ""EscmprloN

——tee

and Non-inverting Hex Buffers,

yoltage {Vco). The Input-signal high level

exceed the Vg supply voltage
1 ta;e used for logic-level conversi
3 “afe mtended for use as CMOS- t0-DTL/TTL co

&r}ers and can drive

respectively.

vices,

§f h“the SCL4009UB

":eer well asin’ “new desngns
o inected mternafly on the SCL4049UB

4OSOB therefore c0nnect|on to X
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*"The SCL4049UB and SCL40508 are lnvertnng
respectively, and
feature logic-level conversion using only one supply
(VIH) can .
when these devices
ons. These devices

n-

directly two DTL/TTL Loads.
#The SCL4049UB and SCL40508B are inter-
a geable with SCL400SUB and SCL40108B de-
In thése applications the
SCL4049UB and SCL40B0B are pm-compatlb!e
and SCL401OB respecnvely,

4 = ind can be substnuted for “these devices in ex:stmg
Terrhinal No. 16 is not
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CONNECTION DIAGRAM 2
- {all packages) SR

s'\’.-

< INC. GY 6A_NC 5Y S5A ay "4A

| 1 R | =
16 15 14 13 12 11 10 9
SCL404OUB  SCL4050B i
1 2 .3 4 5 6 7 8
T | L | | T 7
Veo ay 1A 2Y 2A 3Y :‘LA Vgs
ooTesTLY
Add sutfix for package: .
C  16-pin Cerdip o
D 16-pin Ceramic =
E 16-pin Epoxy -
) F  16-pin Flat i
H Chip ¢

For maxlmum rehablluty < =
DC Supply Vyo“ltagev o ;yCC VSS
Operatmg Temperature . ;.-T.A

e
,
’I“a

“Thé’se devnces _contain mput protectl
works 10 -Vgg only. Therefore;, V}H (m Ax
7 may exceed Vce without damage
“* “"to absolute maxnmum ratmgs) s

LOGIC DIAGRAMS

o
w W e P
18 >t 1y a >y
2a 1=t 2 2a H>-* 2y
3a >t 3 aa >t av
aa 560 ay an ’—{>'—° ay
5A - 2 sy 5A = 25y
6A _{>»2 &Y 6A _DJ &Y
vee —L— vee
Vgg —— Vgg —
Noe Y=A& e Y=A
SCLA4049UB SCL40508B
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- e, PARAMETER : Vin Voo | Min. | Typ. | Max.
- 5o ad tvdcliivde)
- * | PROPAGATION DELAY TIME ) " T teew S
: | scLao49UB g 5|65 - 60 120
10 |10 = 32 65
: » 2 15 |15 - 25 50
10165 - 45 90
15 | 5 - 45 90
SCL40508 . 5 | s £ 70 140
10 |10 “ 40 80 |-
. 15 |15 - 30 60
10 |5 - 45 90
. 15 | 6 - 40 80
SCL4049UB toue 5 |5 - 32 65
10 |10 - 20 40
15 {15 - 15 30
. 10 | 5 - b s 30
. 15 | 5 - 10 20
. SCL40508 515 - 55 110
10 |10 - 27 55
15 |15 - 15 30
0|5 - 50 100
15 5 - 50 100
OQUTPUT TRANSITION TIME trim 5|8 - 80 160
. 10 |10 - 40 80
15 |15 - 30 60
< teme 5|5 - 30 60
10 {10 - - 20 40
15 |15 - 15 30
INPUT CAPACITANCE Cin )
SCL4049U8B - 1- - 15 225

N e o % - - :"‘f
CHP U . ok g
. . _ SCL4049B, scL
& ‘ - —hap e ‘. "
) ¢ ‘..;,5‘:"";_ AR ELECTRICAL CHARACTERISTICS . =T
- (,\3‘ g ‘ ul R . - - (R |
- : STATIC CHARACTERISTICS‘ 3 - - ) - R
%% parameTerR  ~ | YEC{ CONDITIONS Tiow’ T +sC Thign”
T e Hiabatinnd - w yo |WVdeb| T Min. | Max. | Min. | Typ. | Max. | Min. Max.
; — | OUIESCENT DEVICE j
CURRENT " Jeel 8 [Vin=VssorVeo| - | 10f - |0005 10} -
. o 10 Al valid input - 20 - 0.01] 20 -
Ly b B 15 |combinations — 4.0 — 0.02] 4.0 -
FE ST RINIMUM OINPUT HIGH 5 V|~ - = O RN . e
: . | VOLTAGE - S
: SCL4049UB 5 |VoL=0.5V - | a0| - J215| 40} - 40! vad¥lEy
: e 10 Vo =1.0V Z 1 g0} - |55 |80o] -] 8ol <aF-
N 15 |Vor =1.5V - l120] - ls2sjr20| - | 120 T%"ﬂ
i | MAXIMUM INPUT LOW | = |Vi . . 4 e
“ .| VOLTAGE . - . PR EAR e §
1 |: SCLA0SUB . L .as 5 |Vou=36Y 10 =] 10f22§ - | 10 - |vde & °3
i 10 |Von=7.2V 20 - | 20l45 | - | 20| - a2
2 G - 15 {Vonu=10.8V 30| - 30(675| - 3.0 ' Hiaf
- -l QUTPUT LOW (SINK) " Nlow . . S B it
CURRENT & ~E 1;. \
., C, D, F, H devices / - 5 |VoL=0.4V 40| .- | 32|64 | = | 24| - |mAdd's =
: } . 10 Vo =0.5V 10 - | 8016 - | 58| - &
15 |VoL=1.5V 30 ~ | 24.0 40 - | e8| -
Vin=Vss or Voo
i E device 5 |VoL=0.4V 38| - 3.2 64 - 2.6 ~ | mAdd &*
= - - 10 |V =0.5V 96| - 8.0 16 - 6.4 - Yy
15. [VoL=1.5V 28 _ | 240040 1} — j19 -
- . Vin=Vss 0of Voo

:" Remaining Stanc Electrical Characteristics are listed under ~SCL40008 Series Family Specifications”.
2 Tiow = -55 C for C, D, F, H device. 3
'-‘ “=-40° C for £ device. " A o
i Thien ™ +126°Cfor C, D, F,. H dev.ce. - \E- 5 e - = T
g 4. 85°G for E dedice. 2 o ’ 3

‘,(V
I

o3 These Jevices have been designed to meet the balanced output d"w ;G rrent specmcatlons “tor
— Output ngh (Source) Current. Consult Famlly Speclhcanons

- ‘."a.-

o DYNAMI(; CHARACTERISTICS (C, =,5,9pF Ta £25°C)
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Xifiee e ox e o « . S . .
“3ad £ Vou DRAIN VOLTAGE (V). - ~ C o s
hEhe"8 16 14 12 10 8 64 2 1 . P :
el — g ! SR
’{?, = T B - Vos= =5 Ve _T—= 5o E : Vs = 15 Vde ™ ’
- 23 1 r- A a0 T = 140 - -
B I 10 % c. -
* = |
2 Ve == 10 Vde 7 Be §
Pl Rt . 20 = € 100 2 B
- A [+] . =2 Y
2 T 2B G : . 80 .
2 : 30 & £ o0 Ves = 10 Vdc :
v 35 = & 4014 ul \
3 A - s / L~ | -
P Vos =—15 Vde -40 3 . 2 2044 lm=5Vdc TA—25°C— .
L B I S R BT -] -~ - Tl 11« ] —5
BT T [ kI R B S TR TR YR T T
h SN - - Vs, DRAIN VOLTAGE (Vdc) =
2k : : :
'f—?‘ Typical P-Channel Typical N-Channel -
. P Source Current Characteristics, Sink Current Characteristics :
v s wd TRE ) ' -
L ";* hd = i :
‘ 3 b e ranssesuane swe IT
f" ’;v'?? & un 1. -
P i 1 Ssastesaant HSUPPLY VOLTAGE (v gl lov ! e
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N K >, HH Sesssanessiananane J Y=t t TR -
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1712 g T . M +125°C @ (1 . sgec T
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MOTOROLA BD135,-6,-10,-16
m SEMICONDUCTOR musmmmmmmmmss BD137,-6,-10,-16
TECHNICAL DATA, o 1 6 ,
80139,-6,'1 " -
PLASTIC MEDIUM POWER
SILICON NPN TRANSISTOR 1.5 AMPERE
) ) ) R " POWER TRANSISTOR
. . . designed for use as audio amplifiers and drivers utilizing
compl?mem.ary or quasi complementary circuits. NPN SILICON
® Available in HEE groups -6, -10, -16
@ DC Current Gam—-hFE-w (Min) @ Ic- 0.15 Adc 45, 60, 80 VOLTS
e BD 135, 137, 139 are complementary with BD 136, 138, 140 10 WATTS
- MAXIMUM RATINGS ,
Rating Symbol Type Value Unit
BD 135 45 :
Collector-Emitter Voltage VCEO 8D 137 60 Vde
80 139 80
. ot N 8D 135 45
Collector-Base Voitage Veso | B0 137, 60 . Vdc
8D 139 - 100 .
Emitter-Base Voltage » VEBO ) ) 5 Vde "
Collector Current [ e 15 " | Ad o
 Base Current * lB 9;5 Adc
Total Device Dissipation @ Ta= 25°C PE, 1-2§ Watt_s
Derate above 25°C * 10 mRPc - » ‘. s
Total Device Dissipation @ T¢ = 25°C Pp 125 Waty §1%% e 9
- \ &
Derate above 25°C . 100 mw/eC i :r I——/-F { e
Operating and Storage Junction T3 Tsg 55 to +150 °c Q I.,"t‘;}: ’ 'S
'Q:?:: M
T}:\pernuro Rarfgc E: i
v i ... ]
THERMAL CHARACTERISTICS - [ Y 23 )
Characteristic Symbol Max Unit - .
Thermal Resistance, Junction to Case 8,c 10 °cwW K
Thermal Resistance, Junction to Ambient LJ7N 100 ocw i |
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) A v -—ll_._J
Characteristic Symbot Type |MinMax|Unit — G L—-R
Cotlector-Emiter Sustaining Vohage® BVeeo' o0 135 Vdc — s [#oxspo0® [Aa@[e ®]
(Ic=0.03Adc. Ia-O) 45 { —
~ BO 137 | 60| — ~=lie-0:n [}ozs 000 ® [A @[ B
80 139 | 80| — NOTES:
Cotiector Cutoft Cumrent lcso 4 Adc 1. DIMENSIONING AND TOLERANCING PER ANSI
(Veg =30 Vde, I = V] — 101 Y14.5M, 1982,
(Voo =30Vde, I, =0,T.=128°C) — |10 2. CONTROLLING DIMENSION: INCH.
ce 1e=0%T¢ -
P ; MILLIMETERS INCHES i
‘mitter Cutol urrent #Ade OiM [ MmN | MAX | WMIN | MAX .
(Vgg =50 Véc. 1.=0) €80 — |10 A T T0m0 [ o [z [0 | STo e
B | 150 | 774 | 0795 | 0305 2 COLLECTOR
OC Current Gain h c 242 | 266 | 0095 § 0105 1 BASE
{1 .= 0.008A, V. =2V} FE 8B~ - D | 051 | 066 | 0020 | 0026 |
0C= 0.18a.vE=2WV) 40 |250 F | 291 | an | ous | 012
c CE G 39 85C 0,034 BSC
W | 127 | 241 | 0050 | 0095
.= 05A Vce=2V) 25 — 3 | 03| 063 0015 | 0025
[ X | 1461 | 1663 | 0575 | 0655
Colt -Emitter S. Voltage® A} * Vdc M rTVE rIYP
- - CE(set) — o | a3 4o [ o | oiss
(.= 0.5 Adc, I, = 0.05 Adc) 0.5 R [ n15 [ 139 | 0045 | 0058
Base-Emitter On Voltage® VBEon) vdc s | 0s | oss | oo | noxs | CASE 77-08
{I. = 0.5 AdE, Vo = 2.0 Vdc) on —| U | 363 | 3w | o | a1ss | TO-225AA TYPE
ok CE v 1 102] — {oeos] —
* Pulse Test: Pulse Width § 300 pa, Duty Cycle § 2.0% -
3-258
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BD135,-6,-10,-16, BD137,-6,-10,-16, BD139,-6,-10;-16 ' R
. P
FIGURE 1 — ACTIVE REGION SAFE OPERATING AREA J
100 —= . -
. § 5.0 I ‘é
< Sins RISIEANEE Y T R
g 20 i 0.5ms N i -
N -~ . - " Pt
: E 1.0 y NN S \_\ N A o
-~ & ’ = * : :— Lt ) j
- “'m [ ~— L X M . e o - h
3 08 o M - o ;‘Q g
':\ & - 20 E \\ N DN N Ry - .
& o2 T, = 125°C" BEN 5 | Salha 2
- M . A ‘1..» NN oo m -
[&] NCLY . 5 .,
wl 0.1 - 3 Y N byl = (3 ~
-} 5 o | . ;
3 o0s : T 1 :
. A . 2
8 N " |
L BD135 A :
0.02 BD137 . :
0.01 BD139 ;
1 2 5 10 20 50 80 ‘
- Vcg. COLLECTOR-EMITTER VOLTAGE

.- N (voLT) '

Available in HFE groups Min.  Max.

(At ic=0.15 A, VCE = 2 V) HEE group: -6 40 100

-10 63 160

-16 100 250

- B e awim e [ e 3-259 - . - o ,n;f:
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MOTOROLA BD136,-6,-10,-16 | &
|| SEMICONDUCTOR R 30138,-6,-10,-16 o
TECHNICAL DATA BD1 40,-6,'10,'16

PLASTIC MEDIUM POWER ;i
SILICON PNP TRANSISTOR 1.5 AMPERE
X i . . . POWER TRANSISTOR
. designed for use as audio amplifiers and drivers utifizing
complementary or quasi complementary circuits. -
o Available in HFE groups -6,-10,-16 PNP SILICON
e DC Current Gam—-—hFE-w (Min) @ Ic- 0.16 Adc 45, 60, 80 VOLTS
e BD 136, 138, 140 are complementary with BD 135, 137, 139 10 WATTS
MAXIMUM RATINGS - ,
Rating Symbol | Type Valus Unit
' 80 138 45
Coltector-Emitter Voltage Vego | 80 138 60
. BD 140 . 80
N . : BD 136 45
Collector-Base Voitage Vego | 80,138 60 °
‘ ! ) A .- 7 B.. . 80’140 [ 100
% Emittor-Base Vohage . . . - | Vepo l - 3 5
.+ Collector Current , % . S ~ 15
Base Current S [P ¢ (X
. S i 8 —t
. Tota! Dayice Oisslpation @ TA=26°C |- P KR ) P 125
v e Derate above 25°C =5 Ry - ® ~-1a 10
- 25°C ~ 1
Total Devict Dissistion @ Tc =25 Pg 2.5 :‘ .
» Derste above 25°C - Q 00 L_
Opersting and Storsge Jupction T3.Tsg ¥ | -850 4150 ; - LT | I
Temperature Range , + 74 i . 5 Ty - :.l‘ 5’:
- G | -
THERMAL CHARACTERISTlCS iyl
f Characteristic Symbol Max Unit _J I .
Thermat Resistance, Junction to Cow a,c 10 ocm X
Thermal Resistance, Junction to Ambient 03A 100 ocw l
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) : T v
Characteristic Symbol Type |[MinMax Ulﬂ] e
s
Cotrector-Emitter Sustaining Vohage® BVeeo vae 0000 ® (O
{1 =0.03 Ade, 1g =0) B0 136 | 45 | — —elep 2 ({05000 @ [A O[3 O]
BD 138 | 60 | —
) BD 140 | 80} — NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
C?T'"_cs"gflﬂdccf"?m ‘cso - e Ade Y145M, 1382
C8 _ " E_ ° g 2. CONTROLLING DIMENSION: INCH.
(VCB =30Vde, 1. = O,Tc =125°C) — |10
Emitter Cutoff Current lEBO uAde [ MAX_| STYLE?
(VBE-S.O Vde, IC-O) — |10 PIN 1. EMITTER
2. COLLECTOR
OC Current Gain . 1, BASE
{1 = 0.005A, Veg =2V Mee ws|-1 -
“t = 0.16A, VCE =2V 40 | 250
(lc = 0.6A, VCE =2V) 251 — K
Py Emi s ion Voltage* v . vde ?
“lig = 0.5 Ade, lg = 0.05 Ade) CE(sat) —los £
-
Base-Emitter On Vottage® VBE( on). vde CASE 77-06 Y
| 0 =05 Ade, Vpg =20 Ve -1 TO-225AATYPE| %
o pulse Test: Pulse Width § 300 ya, Duty Cycle § 20% ‘§
¥
Y
§

-
S

P D 3 . ~2.960



" BDA136,-6,-10,-16, BD138,-6,-10,-16, BD140,-6,-10,-16

.

." FIGURE 1 — ACTIVE REGION SAFE OPERATING AREA

4 o

10.0

T | Ty w1250
A,
ki - x| MA
T B0 A
80138
: ) . _ BD140
1 2 5 10 %0 50 80
——

Vg, COLLECTOR-EMITTER VOLTAGE
¥ -5 {VOLT), »

L -
oo R W s,

* Available in HEE groups Min.  Max.
(at1c=0.15 A, VCE 2 V) HFg group: -6 40 100
-10 63 160

-16 100 250
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MOTOROLA ' ‘ «
= SEMICONDUCTOR

s
TECHNICAL DATA
- £l
MTM5P18 o
, 7
Designer’s Data Sheet MTM5P20
L] - ek Pt
Power Field Effect Transistor MTP5P18 A
P-Channel Enhancement-Mode MTP5P20 T
ags &
Silicon Gate TMOS *
These TMOS Power FETs are designed for medium voltage, TMOS POWER FETs -
high speed power switching applications such as switching regu- 5 AMPERES R
lators, comierterg, solenoid and relay drivers. DS({on) = 1 OHM
® Silicon Gate for Fast Switching Speeds — Switching Times ™ 180 and 200 VOLTS
Specified at 100°C TMVMOS
® Designer's Data — Ipgsg, VDS{on). VGS(th} and SOA Specified
at Elevated Temperature
® Rugged — SOA is Power Dissipation Limited . . 0
® Source-to-Drain Diode Characterized for Use With Inductive Loads' o . % L. -
- - . k4
¢ 3
G
v r‘~_§§ T
e s i
MAXIMUM RATINGS - A _ n:
- Rati Symbol TV IR ‘un 3
atin *
4 0 s . 5P18 5P20 IWE %, g
Drain-Source Voltage 2 Vpss 180 200 Vdc* * ' ~1
Drain-Gate Voltage o VDGR 180 200 Vde el 3
(Rgs = 1 MQ) - - . : .
Gate-Source Voltage — Continuous VGs +20 Vde
. — Non-repetitive (t,, < 50 pus) VGsm +40 Vpk | el MTMsP1s i
Drain Current Adc | MTMSP20 1
Continuous Io 5 .. CASE 1-04 N 3
Pulsed ) Iom 20 ) TO-204AA ]
Total Power Dissipation @ Tc = 25°C Pp 75 Watts
Derate above 25°C 0.6 wre .
Operating and Storage Temperature Range T4, Tstg - 65 to 150 °C Y 3
THERMAL CHARACTERISTICS k
Thermal Resistance CW !
Junction to Case Reyc 1.67
Junction to Ambient TO-204 RgJa 30
TO-220 ‘ 62.5
Maximum Lead Temperature for Soldering TL 275 °C
MTPSP18
Purpases, 1/8” from case for 5 seconds MTPSP20
. . CASE 221A-04
' TO-220AB .
Designer’s Data for “Worst Case” Conditions — The Designer's Data Sheet parmits the design of most circuits entirely from the information presented. Limit ®
curves — representing boundaries on device characteristics — are given to facllitate "worst case” dasign. %
: d R sl B R ?
MOTOROLA TMOS POWER MOSFET DATA §
= 3-442 i
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

[ Characteristic Symbol Min Max [ Unit j
OFF CHARACTERISTICS )

Drain-Source Breakdown Voltage V(BR)DSS Vde

Vgs = 0, Ip = 0.25 mA) MTM/MTPSP18 180 -
MTM/MTP5P20 200 —

Zero Gate Volitage Drain Current Ipss pAde
(Vps = Rated Vpgs. VGs = 0) —_— 10
(Vpg = Rated Vpss. VGS = 0, Ty = 125°C) - 100

Gate-Body Leakage Current,!Forward (VGsF = 20 vdc, Vps = 0) IGSSF - 100 nAdc

Gate-Body Leakage Current,/Reverse (VgsR = 20 Vdc, Vpg = 0} 1GSSR - 100 nAdc

" ON CHARACTERISTICS® | ]

Gate Threshold Voltage VGS(th) 2 45 Vde \
(Vps = Vgs. Ip = 1 mA), . 1.5 4
Ty = 100°C :

Static Drain-Source On-Resi’Qtance (Vgs = 10 Vdc, Ip = 2.5 Adc) DS{on) — 1 Ohm

Drain-Source On-Voltage (VGgg = 10 V) . VDS(on) Vde
{ip = 5 Adc) - 5
(ip = 2.5 Ade, Ty = 100°C) . . — 4

Forward Transconductance {(Vps = 16V, Ip = 2.5.5)‘ * ars 2 —-— mhos

DYNAMIC CHARACTERISTICS N Ve - .
0] S, . —_—

Inptjt Capacitance (Vs = 25V, Vgs = 0. Ciss 1000 pF

Output Capacitance N f = 1 MH2) - Coss - 250 .

Reverse Transfer Capacitance Ses Figure 10 .. Crgs ™ = 75

SWITCHING CHARACTERISTICS® (Tj = 100°C) -

Turn-On Delay Time tdlon) . — 40 ¢ ns

Rise Time (Vpp = 25V, Ip = 0.5 Rated Ip t ™ 50

Rgen = 50 ohms) : =
Turn-Off Delay Time See Figures 11 and 12 td(off) ! %0
Fall Time . t SnER ‘60 -
SOURCE DRAIN DIODE CHARACTERISTICS* fand y - e ) -

Forward On-Voltage< - Is = Rated Ip Vsp 2 ETyp) l 4 I Vde

Forward Turn-On Time vgs = 0) ton Limited by stray inductance

Reverse Recovery Time tr (Typ) l — ' ns

INTERNAL PACKAGE INDUCTANCE (TO-204)

Internal Drain Inductance L4, 5 (Typ) -— nH
{Measured from the contact scrgw on the header closer
to the source pin and the center of the die)

Internal Source Inductance Ls 12.5 (Typ) —_

{Measured from the source pin, 0.25" from the package
to the source bond pad)
INTERNAL PACKAGE INDUCTANCE (T0-220)

Internal Drain Inductance . Ld nH
{Measured from the contact screw on tab to center of die) 3.5 (Typ) — -
{Measured from the drain lead 0.25" from package to center of die} 4.5 {Typ) —

internal Source Inductance Ls 7.5 (Typ) —

(Measured from the source lead 0.25" from package to source bond pad.}

*Pyulse Test: Pulse Width < 300 us, Duty Cycle = 2%.

MOTOROLA TMOS POWER MOSFET DATA -
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TYPICAL ELECTRICAL CHARACTERISTICS ’
10 3 12 4
&
s 20V 2 !
8 LT 10V ] " Vbs = Vgs
— — - =] - Ip = 1mA
4 Ty = 25°C A A 7] = 0=
§ 7 _ - " 2
g /// v g !
o
s Z :
Z // 7 z 0
S 4 - AT & AN
a . &
2 = Vos = §V g S
1 Gs : 3 N
= {
C 9 [ g L
L e o T0.50URCE voLTaGe g f 0T Wm0 m % w wm "o
L DS. DRAIN-TO- St T, JUNCTION TEMPERATURE (%)
Figure 1. Op-Region Characteristics Figure 2. Gate-Threshold Voltage Variation
D . With Temperature
-9 . .
10 &G e
] g . [ ]
] Ty= —55C A g t +
8 P~ / Z 15 Ves = 0
4 Wan 7 : Ip = 025mA X
57 100°C \ﬁ’/ A4 g i =
s 794;/ 812 3= '
g . 4, B
© (& R JUm— bl i
) /74 22 0]
= Vps = 10V DS . %
% 3 % SZ0s Ner ;
< =z g 2
2 § 04 - N 4
1 7 & 02 T = %
0 2 0 A . - RN
0 2 4 6 8 10 & ~N-B0 % ®n-5 0 13 5% 1
Vg3, GATE-TO-SOURCE VOLTAGE vours) . T JUNC\Z}OEJ;JEMPERATURE (°C) o g
Figure 3. Transfer Characteristics Figure 4, Normalizeq Bl‘qakdown Voltage .
*  versus Temperature '
;
G 1
g T ] AT [T ,:
e Vgs = 10V 2 % F
g 5 | = VGs = 10V i
< & - Ip=25A H
2 7= 0 —1 g p 3
£ & Sl
z 12 212
S g el ¢
g 25°C § g N
S 08 SS 08 T
8 ~55°C "] % = L
Z o4 e
S s :
= L 72)
% g
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The dc date of Figure 7 is based on a case temperature Rajc = rated steady state thermal resistance. s, | 3
{Tc) of 25°C and a maximum junction temperature r(t} =.normalized thermal response from ' P
{TJ(max)) of 160°. The actual junction temperature Flgul‘eS . 3 .
depends on the power dissipated in the device and its K o
case temperature. For various pulse widths, duty cycles, SWITCHING SAFE OPERATING AREA
and case temperatures, the peak allowable drain current The switching safe operating area (SOA)} of Figure 8 is
'(lom)'may be calculated with the aid of the following the boundary that the load ling may traverse without
equation: - - incurring damage to the MOSFET. The fundamental limits
o[ Tdlmax) = Tc are the peak cum.snt,.IDM and: the bfeakdown voltage,
Ibm = |p(25°C) PpeRaycerit)| V(BR)DSS. The switching SOA shown in Figure 7 is appli- .
where cable for both turn-on and turn-off of the devices for 3
o K switching times less than one mlcroseconcf - %
Ip(25°C) = ::']9 dc drain current at Tc = 25°C from The power averaged over & complete swrtchmg cycle .
Figure 6. L P must be less than: B
TJ{max) = rated maximum junction temperature. ~. Y pef
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Pp = rated power dissipation at Tc = 25°C. Royc - ¢«
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C. CAPACITANCE [pF)

Vps, DRAIN-TO-SOURCE VOLTAGE {VOLTS)

Figure 10, Capacitance Variation
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MOTOROLA
1 SEMICONDUCTOR
TECHNICAL DATA

Designer’s Data Sheet

-~

Power Field Effect Transistor

N-Channel Enhancement-NMode

Silicon Gate TMOS

These TMOS Power FETs are designed for high voltage, high 4
speed power switching applications such as switching regulators,

converters, solenoid and relay drivers.

® Silicon Gate for Fast Switching Speeds — Switching Times

MTP2N35
MTP2N40

™

TMOS POWER FETs
2 AMPERES
'DS{on) = 5 OHMS
350 and 400 VOLTS

Specified at 100°C TMOS
® Designer’s Data — Ipgs, VDS(on). VGS(th) and SOA Specified
at Elevated Temperature 0
® Rugged — SOA is Power Dissipation Limited
# Source-to-Drain Diode Characterized for Use With Inductive Loads
.
. G
- e -
MAXIMUM RATINGS .
wTP s
Rating Symbol Unit
2N35 2N40 -
Drain-Source Voltage Vpss 350 400 Vde
Drain-Gate Voltage (Rgs = 1 MQ) VDGR 350 400 Vde *
Gate-Source Voltage
Continuous VGs =20 Vde
Non-repetitive (t, < 50 us) VGsM *40 Vpk
, | Drain Current — Continuous Ip 2 - Adc
~— Pulsed IoM 5
Total Power Dissipation @ T¢ = 25°C Pp 50 Watts
Derate above 25°C 0.4 WrC
Operating and Storage Temperature Range TJ. Tstg ° 6510150 *C
THERMAL CHARACTERISTICS
Therma! Resistance — Junction to Case RaJc 2.5 ‘cwW
— Junction to Ambient RaJA 62.5
- CASE 221A-04
Maximum Lead Temperature for Soldering LN 275 °c TO-220AB
Purposes, 1/8” from case for 5 seconds
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
Characteristic I Symbol l Min Max [ Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BRIDSS Vde
(Vgs = 0, Ip = 0.25 mA) MTP2N35 350 —
MTP2N40 400 -
Zero Gate Voltage Drain Current lpss = mAdc
(Vps = Rated Vpss, Vs = 0) — 0.2
(Vpg = 0.8 Rated Vpgs. Vgs = 0, T = 125°C) - 1
Gate-Body Leakage Current, Forward (VGsF = 20 Vdc, Vps = 0) IGSSF — 100 nAdc
Gate-Body Leakage Current, Reverse (VGSR = 20 Vdc, Vpg = 0} IGSSR - 100 nAdc
{continued)

Designer’s Data for “Worst Case’ Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information presented, Limit
curves — reprasenting boundaries on device charactaristics — are given to facilitate “worst case™ design.
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N35, 40 =

i - * ﬂ
l A
ELECTRICAL CHARACTERISTICS — continued (T¢ = 25°C unless otherwise noted) ’
ghnracteristlc Symbol Min r Max J Unit 1 |
ON CHARACTERISTICS® .
Gate Threshold Voltage 1 Vesin) Vde X .
(VDs = VGs. Ip = 1 mA) 2 4.5 . L
Ty = 100°C . 1.5 4 )
Static Drain-Source On-Resistance (VGs = 10 Vdc, Ip = 2 Adc) rDS(on) —_ [ Ohms R £
Drain-Source On-Volitage (Vgg = 10 V) VDS(on) Vde
{Ip = 2 Adc) - 13 -
{lp = 1 Ade, Ty = 100°C) —_ 10
Forward Transconductance (Vpg = 15V, Ip = 1A) 9Fs 0.5 —_ mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (VDS = 25V, Vgg = 0, Ciss -_ 200 pF
Output Capacitance ~ f=1MHz) Coss - 30
Reverse Transfer Capacitance See Figure 11 Crss — 10 P
SWITCHING CHARACTERISTICS*® (T = 100°C} '
Turn-On Delay Time . td{on) — 20 " ns Yo
Rise Time ] WDD v, Ip = 0.5 Rated Ip te N 15 -
60 ohms} - N s
Turn-Off Delay Time See lggures 9,13and 14 td(off) - 35
Fall Time ¢ k — 30 «
Total Gate Charge ‘ (VDs = 0.8 Rated Vpss, Qg 9 (Ty;:) 1" nC
Gate-Source Charge Ip = Rated Ip, VGgg = 10 V) Qgs 7 (Typ) — 4
See Figure 12 - ~ s
Gate-Drain Charge Qg4 2(0yp} b — -
SOURCE DRAIN DIODE CHARACTERISTICS® f % iR *
T Lad 3 i
Forward On-Voltage Vsp 1.8 (Typh | /7 2.2 [ v :
- Forward TurneOn Time (ISVEG : a.:eg)lo. ton Limited b\E  stréy inductance - 3
. Reverse Recovery Time Y 150 (Typ) l tro— I ns = .
INTERNAL PACKAGE INDUCTANCE {TO-220) . B
Internal Drain Inductance Z Ly IR nH %
{Measured from the cormact screw on tab to center of die) 35 (Typ)= —_
(Measured from the drain lgad 0.25" from package to center of die) 4 4.5 (Typ) —_
Internal Source Inductance < ’ tg 7.5 (Typ) - *
(Measured from the source lead 0.25" from package to source bond pad.) ] Z i 5
*Pulse Test: Pulse Width « 300 us, Duty Cycle < 2%, e @,

MOTOROLA TMOS POWER MQSFET DATA




TYPICAL ELECTRICAL CHARACTERISTICS

- ¥
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SAFE OPERATING AREA INFORMATION

I T 5

H 10 s
5 2z INENAg) 100 5 ,!
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Figure 7. Maximum Rated Forward Biased Figure 8. Maximum Rated Switching
. Safe Operating Area Safe Operating Area
FORWARD BIASED SAFE OPERATING AREA The power averaged over a complete switching cycle
- The FBSOA curves define the mgximum drain-to- must be less than:
source voltage and drain current that a device can safely T - T .
PR s R Jimax) c L
handle when it is forward biased, or when it is on, or RojC ;
being turned on. Because these curves include the limi- P % - :
tations of simuitaneous high voltage and high current, == : 2 E
up to the rating of the device, they are especially useful, ’
to designers of linear systems. The curves are based on 75 E fotf) |
acase temperature of 25°C and a maximum junction tem- 200 7] :’ H *
perature of 150°C. Limitations for repetitive pulses at var- Ty= 5. A ! #
ious case tempefatu(es can be determined by using the Io'="1f(.+' = = g p
T thermal response curves. Motorola Applicagion Note, Voo *75VA Z fon) u
AN569, “Transient Thermal Resistance-General Data and VIGS =10y ¥ :
Its Use” provides detaijled jnstructions. - = [H 4
hd N “'e '\ p— B = ~,
e ~ SWITCHING SAFE OPERATING AREA E . . f T i
The switching safe opérating area (SOA) of Figure 8is, * = H 3
the boundary that the lo4d line may traverse without jh- ety 7 17 T N o
curring damage to,the MOSFET. The fundamental limits et SBD 1 20 30 s 100 « 20 s0, ... . i
are the peak current, Ipm and the breakdown voltage, el - . )
V(BR)DSS. Thé switching SOA shewn in Figure§ is ap-, . ; l N i, GATE RESISTANCE (OHMS) . '."‘" . ;
plicable for both, turn-Bn and turn-off of the devices for Toue Figure 9. Res%tive Switching Time . v
switching times less than one microsecond. Tee Variation versus Gate Resistance ‘ y
-7 )
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MTP2N35, 40
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MOTOROLA
M SEMICONDUCTOR oy MTM55N08
TECHNICAL DATA MTM55N10
~  MTM60NO5 3
S Pewd I6 Deata S .
Designer’s Data Sheet. 55 and 60 AMPERE
. - Bow |
N-CHANNEL ENHANCEMENT-MODE SILICON GATE N CP%AV'V\'!'E\';E',;;T""OS ;
TMOS POWER FIELD EFFECT TRANSISTOR s .
= 0. H :
These TMOS Power FETs are designed for low voltage, high o r%g‘::‘), 103 \%ETSM p
speed power switching applications such as switching regulators, ’ = 0.028 OHM '
conv?ners, solenoid and rc'alay.drivers. rD§8°:r)' d-GO.VOLTS' " :
® Silicon Gate for Fast Switching Speeds — Switching Times 3
Specified at 100°C o
¢ Designer’s Data — Ipss, Vpg(on), VGS(th) and SOA . o
Specified,at Elevated Temperature MTMSS5Nos . . 3?
A MTMS5N10 £
® Rugged — SOA is Power Dissipation Limited MTMGONOS 1
® Source-to-Drain Diode Characterized for Use With inductive MTMe0N0S o
Loads e
. D
| o
. A ’g:,
A >,
: A
™ N %y 3
TMOS | ==mi %
’ o 2
;4 e
X ¥ —dl=51n "
. MAXIMUM RATINGS T RO < &
. S g .
Rating Symbol” | 60N0S | 60NO6 | 55N08g] 55N10 | Unit =4 s
Drain-Source Voltage Vpss 50 60 80 100 | Vde - _.‘3‘_6 ¢ .‘E“_
Drain-Gate Voltage VDGR 50 60 *80 | 100 | Vdc = »—' e .
(Rgs = 1 MQ) Soiin.” S  [hemellig - W &
Gate-Source Voltage N T N :
Continuous VGs =20, . vdg i mr&z fi‘
Non-repetitive {tp < 50 ps) VGsm *40 vy Vpk N N 1 m.sts'?s:ermwmms } %
Drain Current Adc 2 CONTROLLING DIMENSION: INCH. .
Continuous o 60 55 . sTHE 2 5
Pulsed DM 300 275 PINT GATE ,
Total Power Pp Watts usé gg:‘l:ﬁ -; ;
Dissipation @ T¢ = 25°C 250 A
Derate above 25°C 2 WrC MILUMETER LI
o {MIN_ | MAX T v | wax -
Operating and Storage Tae Tstg ~85to 150 °C 3:.:? 33 7 [ 1510 ] 1550
Temperature Range o z&. %oy Dﬁ i
THERMAL CHARACTERISTICS T e T -
Thermal Resistance ReJc 0.5. °CW ot a5 T Bt r
Junction to Case e st ¢
Maximum Lead Temp. for T 275 °c 118 |1 0 - o §°
Soldering Purposes, 1/8” 2615 1 2667 1 0. £50 ; QL
from case for 5 seconds # [ 49 ] o151 T gies
- - - CASE 197A-02 2%
Deslgner’s Data for “Worst Case Conditions TO-204AE i%
The Designer's Data Sheet permits the design of most circuits entirely from P
the information presented. Limit data — representing device characteristics "g,,.E
boundaries — are given to facilitate “worst case” design. :;_?.
Z
o
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- MTM55N08, 10/MTM60NO05, 06

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise ooted)

L Characteristic I Symbol ! Min Max Unit ]
OFF CHARACTERISTICS
Drain-Source Breakdown Voitage VBR(DSS) Vvdc
(Vgs = 0,lp = 5.0 mA) MTMGE0NOS 50 —_
MTMGE0NOS 60 _—
MTMSS5NO8 80 —
MTMS5N10 100 —
Zero Gate Voltage Drain Current Ipss pAde
(Vps = Rated Vps, Vgs = 0) - 10
~Te = 125°C ~ ~ - 100
Gate-Body Leakage Current Igss —_ 100 nAdc
{(VGgs = 20 vdc, Vps = 0)
ON CHARACTERISTICS® A
. Gate Threshold Voltage VGSsith) Vde
(Vps = Vgs. Ip = 1 mA), Vps = Vgs 2 45
Ty = 100°C i 1.5 4
Static Drain-Source On-Resistance DS{on) Ohm
{(Vgs = 10 Vdc, Ip = 30 Adc} MTMEONOS/MTM6E0NOE -_ 0.028
{(Vgs = 10 Vde, Ip = 27.5 Adc) MTMS5NO8/MTMS5N10 —_ 0.04
Drain-Source On-Voltade (Vgg = 10 V) .y VDS(on) Vde
- {lp = 60 Adc) MTMEONCS/MTME0NOE —_ 1.98
{lp = 30 Adc, Ty = 100°C) MTME0NOS/MTME0NOE —_ 1.68
(Ip = 55 Adc) ¢ MTMB55N0S/MTMS5N10 = - 2.6
{lp = 27.5 Adc, T¢ = 100°C) MTMSENOS8/MTMSSEN 10 — 2.2
Forward Transconductance e 1 gFsS B mhos
(Vpg = 15V, Ip = 30 A) MTM6EONOS/MTMEONOE 10 - -
AVps = 15V, Ip = 27.5 A) MTMS55N08/MTMS5N10 10 —
DYNAMIC CHARACTERISTICS L
Input Capacitance (VDS = 25V,Vgs = 0, Ciss —_ .
Qutput Capacitance - f=1MH2) ! Coss —_
Reverse Transfer Capacitance 730 LlgUe/E Crss _ -
SWITCHING CHARACTERISTICS® (T = 100°C) [{ 7 3 R
"} Turn-On Delay Time oy < td{on) el
Rise Time O (Vop = 25 V.Ip = 0.5 Rated Ip. [~ -y 5, L - -
. 4 Rgen = 50 ohms) = T .
Turn-Off Delay Time See Figure 16 'd(offb -
Fall Time ) tf —
Vps = 0.8 Rated, Qg " | 105 (Typ}
Total Gate Charge Ip = Rted, Q 74 (Typ)
g Vs = 10V, gs Yp -
s @ See Figure 15 Qgd 31 {Typ) —_
SOURCE DRAIN DIODE CHARACTERISTICS*
Forward On-Voltage Is = Rated Ip Vsp 35 l 4 I Vdc
Forward Turn-On Time Vs =0 ton Limited by stray inductance.
-Reverse Recovery Time trr 200 I —_ | ns
INTERNAL PACKAGE INDUCTANCE (TO-204)
Internal Drain Inductance ¥ 5 {Typ} —_ nH
{Measured from the contact screw on the header closer to the source pin :
and the center of the die)
internal Source Inductance Ls 12.5 (Typ) _
{Measured from the source pin 0.25" from the package to the source bond
pad)

*Pulse Test: Pulse Width = 300 us, Duty Cycle < 2%.
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- MTMS55N08, 10/MTM6E0NO05, 06

TYPICAL CHARACTERISTICS
MTM6E0NOS, MTM6E0NO6 MTM55N08, MTMS5N10
FIGURE 1 — ON-REGION CHARACTERISTICS ~ * FIGURE 2 — ON-REGION CHARACTERISTICS
0 ] 125 7 Ves = 0V
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7 | T =5¢]/ £s
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- MTM55N08, 10/MTME0NO5, 06
TYPICAL CHARACTERISTICS
FIGURE 7 — GATE-THRESHOLD VOLTAGE
VARIATION WITH TEMPERATURE FIGURE 8 — CAPACITANCE VARIATION
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SAFE OPERATING AQEA INFORMATION

FIGURE 12 — MTMB0NoS, N{TMBONDG FIGURE 13 — MTMssNog, MTM5sN10

z z2
2 ]
= =
& &
3 3
= g | A fmm—— DS{on) Limit
g 10 § 10 —————— Therma/ Limit
= & = == Package Limit
Ves = 20v
Single Pulse
Tc = 257¢
1 1
0.1
FORWARD BlASED SAFE OPERATING AREA
‘ . The FBSOA Curves deﬁnAé the maximuym drain-to- The Powssaveraged over 4 complete switching cycle
Source voltage and drain gurrent that a device can safely must be less thaniﬁ
handle when itis forwar_d biased, or when itis on, or - T
being turned on."Because these cyrves include the limj 4
tations of simultaneoys high voltage and high current <% Rac
Uup to the rating of the device, they are especially usefy| - FIGURE 14 L'EMAXIMUM RATED SWITCHING
¢ to designers of linearv Systems. The curves are based on B s ey SAFE OPERATING AREA
acase temperature of 25°C and a maximum junction ten;. 5 ) - LRl . -
¥ perature of 159"0 Limitations for répetitive puises at var. A - o FY
; 10US case temperatures can be determined by using the : 7 =
thermal response curves, Motorola Application Note, P e '."'l <
' . ANS69, “Transient Thermal Resistance-Generaj Data and _ \ w3 PRI ~
: e Its Use” provides detailed instructions, 5 S i = R Py =
S N " o | z, (=4 2 a .
. ) i ~EWE T € 50eAS
SWITCHING SAFg OPERATING AREA "'W‘ § e N
“ « =+ The switching safe operating area (SOA) of Figiire 14 Z 160 |- o
” is the boundary that the load line mMay traverse without § MTMEONoS
incurring damage to the MOSFET. The fundamental limits s . | MIMeaNos
are the peak current, IbM ‘and the breakdown voltage, & MTMsznNos i
V(BR)DSS. The switching SOA shown in Figure 14 is ap. MTMSsN10
plicable for both turn-on and turn-off of the devices for 00 % -
itchi i 1 : ond. 4 60 80 100
switching times legs than one microsecond Vos, ORAVTO.S0URCE VOLTAGE (vorTs)
FIGURE 15 — sTORED cHARGE versus FIGURE 16 — ResisTive SWITCHING TiME e
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.General Description

National
Sem l...'“

MM2708, MM2708-1 8192-Bit
(1024 x 8) UV Erasable PROMs

Features

The MM2708, MM2708-1 are high speed 8192 UV -
erasable and electrically reprogrammable EPROMs
ideally suited for applicationis where fast turn-around
and pattern experimentation are imponant requirements. n

The MM2708, MM2708-1 are p.cklged in a 24-pin L]
duakin-line package. with transparent. lid.. The trans-
parent lid allows the user to expose ‘the chip to ultra-

violet light to erase the bit pattern. A new pattern can o
then be written into. the devices by following the pro-
gramming procedure. ‘.

® 800 mW max

MOS EPROMS

4 Lot g

1024 x 8 organization

read and program modes

These EPROMs are fabricated with the reliable, -high
volume, time proven, N-channal silicon gate technology.

a TRI-STATE® output

4

b

S

Low power during programming-
Access time — MM2708, 450 ns; MM2708-1, 350 ns
& Standard power supplies: 12V, BV, -5V

Static—no clocks required

r

Inputs and .outputs TTL compatible during both

g
v

Block and Connection Diagrams

Duat-In-Line Package

U

Ai-—" b vee
Vg o1V ".—"' -
g ¢ IV ‘!
G Vg3 GND = £ = m
— gy - K, P LI
oAnnmmuumm s ”»
L = ot
e wuunuvmnumcuﬂ T T T T T T 1 prol J."_v“
T T ] . “lu
] At = — frosran
L LTI s e -ni : L
‘ . t A~y . p-— 04 N
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E w:?: L « X decose Q ; ; RY MATRIX - : u—'l .;“ , .!L“
* ’ ] Vg-'—l- e - e 33, ne -
Lrmcccrbebccrmcrccmnmed N i
100 viEw
Order Number 27050«?@‘27000-1
. Ses NS Packiage J24CQ
Pin Connection During Resd or Program
wooE 1= ] PIN NUMBER ; ]
' 9-11,13-17| 12 18 19 20 21 24 ' Pin .
Read Dout vss{Vss |Vbp | ViL | Ves}Vce AQ—A9 Address inputs
R 01--08 Data outputs
Program OIN _Vss | Pulsed | VDD | ViHwW | VBB | VCC CSMWE . ,Chi select/writs enable input
Vinp
5-7

*ggz,zwmg

0
s

5
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-4
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e
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MM270831
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Absolute: Maximum Ratings (Note 1) RS
Temperature Under Bias. ~25°C to +85°C CS/WE lpput, with | Respect to\/BB' . -J ,—:.h‘
Storage Temperature —65°C to +125°C ) ghunng rogramtnmg. 2% 7 P 20V-to —0,3
V.DD with Respect to VBB 20V 10 -0.3V Program Input with Respect to VBg '35V to —0
Vee and Vgg with Respect to Vg * 15V to 0.3V Power Dissipation
All Input or Output Voltages with . Lead Temperature (Soldering, 10 seconds)

Respect to Vgg During Read 15V to —0.3V ’

Read Operation

DC Operating Characteristics
Ta = 0°C to 470°C, Vo = 5V 6%, Vpp = 12V £5%, Vgp = —5V 5%, Vgg = 0V, unless otherwise noted, (Note 3)

PARAMETER < |+ <" CONDITIONS A-kug {rve omax [ouniTs
IR} Address and Chip Select Input | . VIN =5.25V.or VN VJ‘L . . 1 ,119
Sink Current . R TR SR SR I SEPER A
ILO | Output Leakage Current ' \'/QUT = 5.25’\/,"C”§(~\'I‘VE;= 5V % ~ T‘,, B B O A A (1)
DD VpD Supply Curren‘t': ) 'W.orst-Case Supply Currents, All Inputs 44 65.
e - - . p . v «
‘ Y / 4 High, CS/WE = 5%, Ta =0%C"¢™" 7/ S RN
lce Vee Sh;:ply' Current ki ‘Worst-Case Supply Gurrents; AII {nputs J* ... = 7 10
CUANE High, CSWE =BV, TA=0°¢ . ° { R
" lgg | Vag Supply Current - | WorstcCase Supply Currents, All Inputs L 34.. {146~
' High, CS/WE =5V, TA=0°C :
ViL Input Low Voltagé " 9 \ ’ VA =] Vss 0.65
ViH Input High Voltage P . : 3.0 Veett
VOH1.| Qutput High Voltage IoH=—1000A 3y e 0 o 932 [ ] s
VOH2 | Output High Voltage IoH=—-1mA 24
Vot | Output Low V:otl:ge loL = 1.6 mA 0.45 ]
Pp . Power Dissipation V 800 mw |

1 . €

AC Electrical Charactenshcs (e - - ' . 1
TA 0 C to +70°C, Vgg = 5V 15% VDD =12V £5%, VBB 7 ~BV'+6%, Vss ‘0V, unless otherwise noted |
) : ot | mMMm2708 ' MM2708-1 5 :
_ " PARAMETER JGONDITIONS (3 s e ] MAX UNITS |
tacc”  Address to Output Delay Output Tosd: 1TTL Gatepnd G52 190 oF, "3 | 480 [7,, |. 350 ns o
1o . -Chip Select to Outpl‘:-t 'D.e:hv Input Rise and Fall Tlmes< 20 ns _Tlmung . 120° | 120 s 1
T - - Measurement Reférence Levels: O 8V -
'DF __Chip Deselect to Output Delay | 45 gy for Inputs; 0.8V and 2.4V for 120 120 ) ns
tOH Address to Output Hold Qutputs, Input Pulse Levels: 0.65V to 3V 0 0 ns
CAPACITANCE (Note 2)
CiN {nput Capacitance VIN =0V, Ta =25°C, f= 1 MHz 6 | s pF
i z
CouTt Output Capacitance VouT=0V,Ta= 25°C, f =1 MH'z , 12 12 pF

Note 1: “Absolute Maximum Ratmgs" are those’ values beyond whlch the safety of the dovlce “cannat be guaranteed. Except for “Operating
Temperature Range’” \hev are not meant to impiy that the-devices ‘should be opemted at these limits. The table of “’Electrical Characteristics”
provides conditions for actual device operation. ‘.

Note 2: Capacitance.is quaranteed bV periodic tgsting. TA 25°C f =1 MHz

Note 3: Typical conditidns are for operation at: Tp = 25°C, V(;c =5V, VDD =1 2V ‘/BB = -5V, and Vgg = OV.

.
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Programming Instructions -
Initially, and after each erasure, all bits'of the MM2708,
MM2708-1 are in the "“1” state (output high). Infor-
ation is introduced by selectlvely péogrammmg g
into the desired bit locations. A programmed “Q
can only be changed to a 1" by UV erasure.

required is a function of the program pulse width (tpw).
according to N x tpw > 100 ms.

The width of the program pulse is from 0.1 to 1 ms. The
number of loops (N) is from a minimum of 100 (tpy =

The circuit is set up for programming operation by
raising the CE/WE input (pin 20) to +12V. The word
address is selected in the same manner as ih the read
mode. Data to be programmed are presented, 8 bits in
parallel, to the data output lines (O1—08). Logic levels
for address and data -lines and the supply voltages are
the same as for the read mode. After address and data
set up, one program pulse per address is_applied to the
program input (pin 18). One pass through all addresses

1 ms) to greater than 1000 {tpw = 0.1 ms). There must

be N successive loops through all 1024 addresses. /t is -

not permitted to apply N program pulses to an address
and then change to the next address to be programmed.
Caution should be observed regarding the end of a pro-
gram sequence, The CS/WE falling edge transitibp must
occur before the first address transition when changing
from a program to a read cycle. The program pin should
also be pulled down to V[ p With an active instedd of a
passive device. This pin will source a small amount of
current (I{pL) when CS/WE is at Viqw (12V) and the

is defined as a program loop.-The number of loops (N} program pulse is at Vi p.
Programming Characteristics
Ta= 25°C,_Vcc =5V 6%, Vpp = 12V 156%, Vgp = ~5V £5%, Vgg = OV, unless otherwise noted
DC Programming Characteristics
.PARAMETER - CONDITIONS MIN TYP | MAX UNITS
It Address and CS/WE: Input VN = 5.25V ] 10 RA
-Sink-Current ) e e 7, .
YpL | Program Puls;gSource Current A N o 6 '3 mA
fipH | Program Pulse Sink Cufrent - 20 mA
DD Vg Stupply Current Worst-Case Supply Curfénts, Al fnputs High | 44 65 mA
TS/WE =5V, Tpo=0°C .
Ice Ve Supply Current Worst-Case Supply Currentsi All Inputs Higi’\, 7 10 mA
CS/WE=5V,Ta=0°C °
| igg Vg Supply Current Worst-Case Supply Currer}ts, All Inputs High, 34 45 mA
1 CSWE=5V.TA=0C
— b ViL Input Low Leve! (Except " Vss 0.65 \
~ Program) .
- T ViH | Input High Level, All ) 3.0 VegH v
Addresses and Data
; ViHw | CS/WE Input High Level Referenced to Vgs 1.4 126 \%
ViHpP | Program Pulse High Level Referenced to Vgg 25 27
_‘ ViLP | Program Pulse Low Level VIHP — ViLP = 25V Min Vss 1 v

* 59
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(R . . —_ s Ca o £ o el g
&“, AC ‘Programming Characteristics oo 5 pales
o S o
N PARAMETER — + .{. CONDITIONS MIN. { - TYP .] MAX UNITS
E - tAS Address Set-Up Time ¢ . 0 us
v 0SS CS/WE Set-Up Time 10 " us 4
8“- tps Data Set-Up Time S * 10 . us {1
N~ tAH Address Hold Time . ) ° i 1 N us
g " tcH |- CS/WE Hold Time' - e o 05 s
E tDH Data Hold Time 1 us

tDF Chip Deselect to Output Float Delay 0 [ 2120575 T s AL
tpPR | Program to Read Delay : 10 us Y[
AN ¥
PPW Program Pulse Width .01 1.0 w~  ms,
tPR Program Pulse "F}is.e Time ' - 0.5 . 20 . ad
tPF + Program Pulsg'Fall’Time ~ 0.5 20 us
o e
Programming Waveforms N
/ READ 0
10F K PROGRAN LOOPS {AFTER N PROG
Vinw —_— L00Ps)
Bwe "
Vi . -
L+ tessin) CHIRS)—] |~
[ v v pefvotED) o N
Vil = ] = - £ N
] ADDRESS x ,» ADDRESS 0 ADDRESS 1 ADDRESS 1023 x ADDRESS 0 T
viu : —— IS
. - 122 1| 7t
as(0) =1 = tan tace MAX
Vi ™ < 3 772777 !
OATA OUTN// DATA OUT 7
0ATA
' vu:>< > K: . N e 77
" tpsi10) i -1 QH(Y) — | = tomin - .
(0.1 cus MIN)
WPR(LE) — '——w"“, | [eees tOPR(10 MAX) .
Vine @
PROGRAM
PULSE
I L
Note 1: The C3/WE transition must occur after the program pulse transition and before the sddress transition.
Note 2: Numbers in parentheses indicate minimum timing in microseconds unless otherwise specified.
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] okt g . N
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, g . SO gy o i
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3 ' Veg=s25v | “
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had (1 L .. I -~ -
10 i
z | Vegrarsy V .
< .
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.
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MM4203/MM52Q3" 5

kY

National -

Semiconductor

e L

MM4203/MM5203 2048-Bit (256 x 8 0[ 5‘]2 x 4)

uv Erasable PROM

.,
. ‘“ . _'-.ka:";; )

general descnpt:on -

The MM4203/MM5203 is a, 2048~blt static read
‘only memory wh:ch is eleo«'u:lly programmable
and uses silicon gate technology to'achieve bipolar
oompanbllny The device i is a non- -volatile memory
organized as a 256-8-bit words or 512- 4-bit words.
Programming of the memory “gonténts is accom-
plished by storing a ehafge in & cell location by
programming that Iocatlon with a 60, volt pulse.
‘Separate output supply lead is prov:d‘ed to reduce
internal power dissipation-in the output stage
Vo)

features
® Field programmable

= Bipolar compatibility

8 High speed operation

+5V, =12V operation
1us max access time

P £
v ) o~ )

= Pin compatible with MM5213; MM5231 mask
programmable ROMs

s Stati¢ operation = no clocks required

s Common data busing (TRI-STATE® output)

. Q" guartz' 1iY version erasable with short wave
ultra-violet light {i.e. 263.7 n.m.}

® Chip select output control-

s 256x8or513x4 organlzauon

applications

® Code conversion
& Random logic synthesis

', Tg’fale iook-up

= _Chacacter generator
® Micro-programming

- & .- MOS-EPROMS-

Dual-dn-Lins Psckage

block and connection diagrams,

N 1 —n v,
u- . ,
4 a1 |~ D v
3 H I s ay ) — [— 0 reansn
e S
ot ) Y [y i a
T NS B —» s
=)
ey E  He) bt R .
P g
L — | w s
wov
3 - | _wer | e AW
Nt |~ % veo
e b b by 0w — — % Sotraet
By 11 e —u B
Ya ! —f - o a0

o vaew

typical applications

256 x 8 PROM Showing TTL Interface

Order Number MM4203Q or MM5203Q
Seo NS Package J24CQ *- <

E

= - o o a
. . £
' = e ' Operating Modes N
— m@ . " 258 x 8 ROM connection {shown)
-J_;_D._ Mode Control < HIGH {vgg)
1 went N > ~Low
. | commm.
= '—{'____;_D_ 512 x 4 ROM chnnections -
Aedn . L oL Laee Mode Control — LOW (GND or Vpp!
M Ag — Logic HIGH enables the odd {81, B3..B;) outputs
~—in - =t H ~ Logic LOW enabies the even {57, B4.. Bg) outputs
D B P L L ] R The outputs sre ensblad when & logic LOW is applied to
D & 4. ! the Chip Select line.
N - ' Programiriing is scCompiishad in 266 x'8 mode onty.
D n )= g
™maans _—___ Y 1 2 EEES
Y in f=a
’ A » ] Y 1
‘L oo gy ot ovan. !
Note: For progr g information see M y Applications Handbook, pege 4-6. .
= - 512° ) -




fz 4 - absolute maximum ratings e ersa. T 3
% \
% All Input or Qutput Voltages with i Starage Temperature Range ~65°C to ‘I:25°C 3
Respect 10 Vg Except During Programming  +.3V to =20V Lead Temperature (Soldering, 10 sec) 300°C o ’
i Power Dissipation 1w ; 4
: . Operating Temperature Range MM4203 -55°C 10 85°C 2 0?
k MM5203 0°C1020°C emadrnnes ~
, . SNy e Frrrm r{: ! [ ' g
: electrical characteristics 1, within operating temperature fange, g
Ve = +5V 6%, Vpp = Vi = -12V, $5%, Vgg = PROGRAM = Vss'unless otherwise noted. u]
) Y
L PARAMETER CONDITIONS < MIN TYe | “MAX UNITS N
3 - - Id
laput Current, Vi =0V 1% HA, 8
Output Leakage, I o Vour =0V CS = Vgg - 2.0 1 HA
Power Supply Current, Igs Ta=25°C TS =Vgs-20 35 55 mA
Input LOW Voltage, V "Vegs - 10 Vgg - 4.0 \'
Input HIGH Voitage, V,y Vgs - 2.0 Vgs +.3 v
Output LOW Voltage‘lVOL . 1.6 mA sink -12.6V <V <-3V . ! “.40 v
. : Vg = -3.0V Vour = -1.0V (Noze 8) Tp = 0°C .35, 60 mA
Output Clamp Current, Ic¢ Vi = -12.6V Vour = -1.0V (Note B Ty = o°C k 8,07 150 mA
Output HIGH Voltage, Vo 0.8 mA source 24 v
Data Ho!d Time, Ton {Min Access Time) Figures 1 & 2 100 ns
Access Time, Tace Ta =25°C Figures 1 & 2 {Note 6) - 700 1 us
Chip Select Time, Teo , Figures 1 & 3 “ 7 "] 500 ns
Chip Deselect Time, Top | Figures 1 &3 500 ns
o \ - - = = - ;
Allowable Chip Select Delay, tcg F'igures 1&2 100 ns
_Allowable delay in selecting chip after change Ry, .
of address without aflggting access time. 1 ~ror - o0
Input Capacitance, Gy V.= Vi DI 4 8 15 F
put Lapa 7N N - TSs f~ 1.0 MAZ INote'2)” N P
Qutput Capacitance, Coyr Vour = Vss N 8 115 pF
CS = Vgg - 2.0
P
programming characte rlStICS (see Figure 4)
Ta = 25°C, Vg = OV, Vgg = +12V £10%, C5 = OV unless otherwise noted
> > = AY -7
PARAMETER 1 CONDITIONS A MmN |TYR | max | uniTs
Address and Data Input Load Current, | o Vin =50V 0 10 mA .
Program Load Current, | p VN =50V 0 i0 mA
Vgg Supply Load Current, I¢g i A NN A 3 ¥ W 4] 10. . ¢ mA
g B . v = s ¥
Peak Iop Supply Load Currenit I po (Noté 3} Voo = Varogam = ~50V -~ I--650 L mA
tnput High Voltage, Vinp T -2 +.3
Address and Data Input Low Voltage, Vi p -50 -40 v
. Pulsed Input Low Voltage:
Vopo. and Program, Vpp 50 -48 A\
Vo {Note 5) N DY 0.4, 5\'/
Vpp Pulse Duty Cycle 3 2 %
Program Pulse Width;tpy (Npte 4}~ = - Voo = Vorogam = ~50V - b . - 20 ms
Data and Address Set:Up Time: tow ov 1 S N T
N L
Data and Addfess Hold Tinde; Y5~ ~ 1 - o~r us
Pulsed Vo Supply Overlip, tgs = 1 100 us
Pulsed Voo Supply-Overlap, tgyy Ny =1 i 3 ms
Voo. Program, Address, and Input Rjse - ! 1 s
and Fall Times - O [P - . #
Note 1: During programming, data is atways spplisd in the 256 x B mode, regerciess of the logic suata of Ag and MODE
GONTAOL.
Note 2: Capicitances are not tested oh 2 Produttidn basis ut ere pariodically sampied.
Note 3: IpoF flows only during program period tpwp. Aversge power supply current 1L D is typically 16 mA st 2% duty cycle. .
Note 4: Maximum duty cvele of tpy $hould not be graster thar 2% of cycle time so that power dissipation is minimized. The )
program cycie should be repestad until the dats resds trus, then over GrogIam thise Lmes that number of cycles {symbolized
a5 X+3X programming. .
Note §: V| i not needed during programming but may be thd 10 Vg for convenience.
Note € TAGE * 1000 ™ + 25(N=-1 whare N is the number of chips wared-OR together.
Nots 7: Measured under continuous cperation,
Note 8: ICF flows out the V|t pin, it does not flow out the Vpp pin
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operation of the MM4203/MM5203

Initially, all 2048 bits of the MM4203/MM5203
are in the HIGH state. Information is introduced
by selectively programming LOWS in the proper
bit locations. (Note 1)

Word address selectlon is done by the same decod-
ing “circuitry used.in.the Read made. The. eight
output terminals are used as data inputs to deter-
mine the |nformat|on pattern in the eight bits of
each word. A LOW data input_leve! (-50V)} will
leave a HIGH and a HIGH data input level- will
allow programming of a LOW, All eight bits of one
word are programmed simultaneously by setting
the desired bit information patterns on the data
input terminals. The duty cycle of the Vgp pulse
{amplitude and width as specified on page 4)
should” be limited to 2%. The address should be
applied for at least 1 us before application of the
Program pulse. In programming mode, data inputs

in program médé’ e Tl

™ 128 are pins '4—11 res—pec"tfvely regardless of the
logic state- of Ag and mode control Chip select
. should be disabled (Hl_GH)

Positive logic is used during the read mode for
addresses and data out. Address O corresponds to
all address inputs at V, and address 26644 cor-
responds to all address inputs'at V4. A “1” or a

"P at a data output cérresponds to Vgyy. A “0" or

an N at a data output corresponds to Vg, . Posi-
tive logic is also used during the programming mode
for atdresses. Address O corresponds to all address
inputs at V, p and address 255,o corresponds to
all address inputs at V ye.

Negative logic is used during the.programming mode
for data in. A “'1"”" or a P-at a data input corres-
ponds to Vy p. A “0” or an N at a data input
corresponds to V ye.

DATA AND ADDRESS LINES _
MODE Vs Vas Voo  PROGRAM 5 Vi
HIGH Low
Read Ves - 20 Vas - 4.0 w Ngg . -1 g V&T, Ves—4V  Vw-12v, |
Program Veg -20 Vss - 40 GND 12 -48 8 GND GND 10 -50V
{Pulse} tPulsa)

erasing procedure

The MM4203Q/MM5203Q may -be erased by
exposure to short-wave ultrayiolet light—253.7 nm.
There exists no.absolute rule for-erasing time or
distance from source. ‘Thé erasing’ equipment
output capability should be caljbrated. Establish a
worst-case time ‘required with the- equipment.
Then over-erase by-a factor of 2;l.e., if the device
appears erased after 8'minutes, continue exposure
for an additional 16 minutes tor a total of 24

preferred tape format

The custom patterns may be sent in on a Telex or
submitted as a paper tape in a 7 bit, ASCII code

minutes. Examples of UV_ sources include the
Model UVS-54 and Modeél S-2 manufactured by

Uitra- Vtolet Products,” Inc. {6114 Walnut Grove *

Avenue, San Gabnel California).- The lamps
should be used without short-wave filters. The
MM4203/MM5203 should be placed about one
inch away from the lamp for: about 20-30
minutes,

from model 33 teletype or TWX. The paper tape
should be as the following example:

Carriage return line feed
alfowed between F and 8.

Start Character Oata Field®

Leader: Rubout for

Stop Character

TWXorietterKey ppppNPPNNFBNNPPNNPPF.

for telex {at least

MSB {Pin 11} LSB (Pin 4)
Traiter: Rubout for

TWX or letter Key
BNPNPNNNNF for tetox {at least

26 frames.}
Word 0 Word 1

— i,
All Address Inputs LOW

25 frames.)
Word 255
P

All Address Inputs HIGH

*Dats Field: Must have only P’s or N's typed between B and F. No nutls or rubouts. Must have exactly eight P and N
characters between B and F. Any characters except B and £ may be typed between the F stop character and the B start
character. If an error is made in preparing & tape the entire word including the B and F start and stop characters must
be rubbed out. Data for exactly 256 words must be entered, beginning with word 0.
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lternate formag,{Punghed TapeANote 1 6rGEdsI 1.4 T2

2§pam—————1-r—] o
8000 ' GDOOOGO

an01 - ANNGODNN

typical

g imA}

MMA203 51

LY “
Poditive Logic by.'LSB (Pin &)

WA002 ¢
A002
* ANNA
A00S
ANDE
ann?
Al‘lf)l
astt’

00000600
n1010101 4
[LIRERREIN S
aont1100 3
fandnaon b
00111100 4
00900000 0
01010101 &

'

“

~Note 3.

1.

. T~ 15pace

Note T: Tra encieds # 7:bit ASCH cade on 8 punch tape. The tipe
should bégln ‘and end with 25 or more “RUBOUT" puhches. - .
Note 2: The ROM input address is expressed in decimal form and is
prccodcd by xm leuer A,

Non 3 frm loul number of ~'1” bits in the outpyt mvd

Note 4: The total numBer of ¥1°* bitrin each output column or bit
position.

188 “o..u_——-————-q—Noul . .
TB7,,150 ’
,.188°250
TAS 40N
134 010 .
TR 100 R v 5
B2 299
¢ "‘Bltlv‘l g -
1 Space ’

\ »

performance characteristics

s
Maximum Access Time (Tacc!
Maximum Supply Current Igg as a Function of Vpp Supply
»s a Function of Temperature Voltage -
0 1780 - B
(Now 7) Vig = #8765V T
LU %00 |— Vie*Voo ]
LRELS sswsurpy TF 1] 1oone 1500 5 L
w N IIIOM supeLY 1 o TS S
T R @00 PN >
50 T " g N - -
& — ~~ - - "3“ ’ -
-5% SUPPLY T .
30 4 syeh : - v {208 ~
. ] REERRNE o - 85°C
0 : - N ’ ct
100 ~=3 7i"C
" B . * i ¢ 2 T r, . . ¥
¥ 1000 |}— — P~ 25°C |-
50 .25 O 25 50 75 100 128 -9 a0 n 42 o i
.00 Voo (Veln)
H ¢ !
[ ' . i Y -
B i » - 4 ‘
! ) ik
* LI [ 3
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FIGURE 15 — ERROA-AMPLIFIER SENSING TECHNIQUES

Vo - Veet
To Output .
Voltage of
System

NEGATIVE OUTPUT VOLTAGE R1
. A1
< . Vo Viet g5
R2 S PQSITIVE OUTPUT VOLTAGE 2 Vo
-JL Vo = Vet 11 .%l) To Output
2 . Voltage of
System

FIGURE 16 — DEAD-TIME CONTROL CIRCUIT FIGURE 17 — SOFT-START CIRCUIT

Output
Control
Ry v -~ Cs
Output Vyef 4 Output et |,
o-—Q o7 % o—Q Dy -
R c
4 L R2 Rg
6 5 3
= \ e
30k I 0.001
Max % on Time, Each Output ~ 45- * Ry
TR
FIGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND
PUSH-PULL CONFIGURATIONS

Cy c?

. ——o——e—=OC RAEY
C::\':rlgl Output
110 500 mA | Control

Cz ' c2

-0 0
O<Vpoc <04V 0 g -—KC;- €2 110 250 mA

—o0—e—— O S

Single Ended Configuration Push-Pull Configuration
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TR
¥ absolute maxnmum ratmgs TINota 1) ~
Voltage at Any Pin 0.3V 10 Vee +0.3v
Operating Temperature Range = = - ) -
. 54C _ ~55°C to +126°C
ST e T n ""_I," Ty T T —40°Cto ¥85°C
LStorage Temperature Range + %¢ =+ "t ~65°C to +150°C -
Operating Ve Range_ Wy - - 3.0V to 15V
Maximum Vo Voltagé = e 18V
|« Package Dissipation —s £ v ts 500 mW — -
Lead Temperature (Soldermg, 10 seconds) -t 300°C

Mm/max |Imlt$ apply across the guaranteed temperature range unless otherwise noted

7aciokf

ar ¥

AA-‘—A—“J“

{ P

-**-me L 3’....'.(".3;} -
ASSOU DA

.. . PARAMETER * I CONDITIONS l MIN | TvP | MAX
" S ~  CMOS TO CMOS -
E Logical 1" Input Voltage (V1) Vee * 5.0V 35 . -
B cc = 10V 8.0 -t
5 Logical "0 Input Voltage (Vo c v 5.0V 15
¢ ‘; e Vee = 10V 20
a0 Logical “1" Output Voltage Nou".,) Vee = B.OV, lg = ~10uA 45 "'
' s E Ve =10V, Ig = -10uA 9.0 -
‘i Lo@cu s Ompu{ Vomg- Nour) | Vee = 50V, I = +10uA 0.5
b0l B “w] "vee - JoV. 1g = 41044 1.0
= | o sk, By '.-::. ~ = P
O °|7 Logical "1 Input Current, u.,...,) vcc . sv, v,N =15V 0.005 ~10 "
:g Logical “0"" Input Curvent {Ieq) Ve =15V, Vi = ov
:?]\‘ . " Supply Current (icc) byl %.v.‘_r_; X chc =15
;g F > LowPoweER TO cMos xS e “
# " Py PN R
N " Logical ™17 Inpuit Vattage (Vieiya) L 54C, Ve = 4 sy
‘;‘f: ) Z ; L) v | sr4c, V:c =4 75v
f8 i nput Voltage® (Vyaiyon) 7 B4C, Vg mpd 5V Y
3‘ &ig . 7 T74C Ve =478 2 i 1
i, - 1z Out vray) | -sac. vcc=45v 1o =z WA"A > 44 “( s
EE. Lo $(m$|(xmw_ﬂyv . v =] 74, v¢¢-4 T8V, 1o = =100A ", 44, . 112
'»'E. i Logical “0” Ou“sput Vovggg (vo.mo,) 84C, vcc =45V, 1 = ¢104A, . R e 21
ﬁ(:ﬁ L7 e S e . 74C, Vec '475V o = +J0nA 1 ~ ; - 1%
0 CMOS TO'LOW POWER > _ = 5 “7mg = R P e }‘ﬁ
. S . wm D H _— - - Cre e &
g . +Input V(':ltage Miki)) ¥ 54C, Vehasvy a0 Wy e Tw T - ;ri
N e T e 1] TMC Vee s azsv “| a0 o v Toae
: oad Doy - s * VIR Pl
1 3 Logical “0" Input Vomge Nova? 84C, Veo 5 4.5V 1w o, v s %!&
Hs - - - 74C, Vg = 475V L0 7T o b, “;;,
N Logical 1" Output Vorxa‘g.f(vo},,.,,) S4C, Ve # 4.5V, Ig ~ -360uA 24 4 v
(o\l ¢ ¢ s ) T Vo =475V, 1g = 36044 | 24 . Y
1.0 “Logheat 0™ Output Voltage Wour! -], $4C, Vee = 4.5V, Ig = 3604A 0a > ° b
< N 74C, Vge * 4.75. 15 = 360uA 0.4 v
0
E OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet)
S Cutput Source Current (lgounce) Vee * 5.0V, Ving = OV -1.75 mA
N . - Ta = 25°C, Vour = OV
8 Output Source Current (lgoumce) Vee = 10V, Vi = OV -8.0 N “1  mA
0O : o Ta = 25°C, Vour = OV -
a < Output Sink Current (igux! Vee = 5.0V, Ving, = 5.0V 1.75 mA
] E DRt Ta = 25°C, Vour * Vec
E Output Sink Current {lg 0} Vee # 10V, Vi = 10V - 4 80 mA
N - ‘. Ta = 25°C, Vour * Vee -~
(=] - - -
.S ‘
< .
g ~
Fhy wnhiP
~ 7y ow 21 P .~ - s - e»»:!.glk;:.:
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1 or 0" (1gq) e
.

Input Capacitance {Cyx)

Power Dissipation Capacitance (Cpp)

.(Note 2}
"(Note ‘3) Per Gate

Vee = 10V

-ta P S, i = e Rttt X
e . . ~ by b
. - . ~ . ~ ’ -
ac electrical characteristics .
Ta= 25°C, C,_ = 50 pF, unless otherwise specified.
PARAMETER CONDITIONS I MIN l
MMS54C00/MM74C00, MM54C02/MM74C02, MMS4C04/MM74C04 -
i Propegation Delay Time to Logical Vee ™ 5.0V -
1 or 0T (1) | Veewdov . . | |
tnpur-Eapacitance (Ciy} {Note 2} . -
Power Dissipation Capacitance (Cpp) {Note 3) Per Gate or inverter -
FAMS4C10/MM74C10 - , i
Propagation Delay Time to Logical Vee * 5.0V -

" MMBAC20/MM74C20

Propagation Delay Time to Logcal Vee = 50V
“1* or 0" tpa) Vee = 10V
input Capacitance {Cyn} {Note 2)

Power Dissipation Capacitance {Cpp!

{Note 3} Per Gate

Note 1: "Absolute Maximum Ratings" are those vatues beyond which the safety of the device cannot be guaran(eed..Excspx
for ““Operating Temperaturé Range’ they are not meant to imply that the devices should be operated at these Limits. The
table of “'Electrical Characteristics’ provides conditions for actua! device operation

Note 2: Capacitance is guaranteed by pertodic testing.

Note 3: Cpp determines the no load ac povsar consumplion of any CMOS device For complete explana
Famjly Characteristics applicagon note — AN-90

o,

et i i
B .

.

-

-
- -

typical performance characteristics
, v e |

.

e T

. M *

Y

Power Dissipation vs Frequ:

tion see 54C/74C_ _

1 ¥ MMS54C00/MM74C00,
T ~ Guaranteed Noise Margin® MMB4C02/MM74C02, *
Gate Transfer Characteristics - Over Yemparature vs Voo MM54C04/MM74C04
15 T 1Y e 108 =
i bm o e oe T, 2125 C GUARANTEED QUTPUT 1" LEVEL 1358 £ TyeBC
Lttt » Ta -85 C L{.Vour (11 @ INPUTS = Vo B 28 3 PomEA Dt aTIgR Fan
o 7 1= Vi 1) e
0 T E % ‘! 1 <
Voo = 15V b} ]
B + H
= AT a0 3w
3 - Q@ 30 GUARANTEED QUTPUT 0" LEVEL 2
> =+ T 3 Vour {01 @ INPUTS = Vi (1) =
il e I a
MEREY S Vi 101~ <S 5 s 10
b — D 15 £
8 145 “ g
1 TH 4 045 ) L
10 15 450V 1oV 15V
Vi V1 Vee IRPUT FREQUENCY (Hz)
Propagation Delay vs Propagation Delay vs Propagation Delay Time vs
Ambisnt Temperature Ambient Temperature Load Capacitance
MMB54C00/MM74C00, MMS4C00/MM74C00, MM54C00/MM74C00,
MM54C02/MM74C02, . MM54C02/MM74C02, MMS4C02/MM74C02,
MMS4C04/MM74C04 MMS54C04/MM74C04 MMB5AC04/MM74C04
100 - T 50 T ~ 150
RTN [V t0v i I S T
S SEE AC TEST CIRCUIT _ SEE AC TEST CIRCUIT ¥ Voo =38V SEEACTEST—{ ,a
x Ew f——* -~ ' ClRcwT  — <,
z = : Hwrr ] 3w Hit ;
2 e PR A - 2 b+ o2 S00F A 2 y i ‘Vg-tw o ?1
E = - 4 4 = H -~
g2 LT 1 2 A o = 15pf 2 =8 &
x & . ~ < 2+ - -+ < Vec = 10V
] C=18pF 12 a s ol -
= et e = 4 bodo+ 4 F 50 el M
=3 - et o
£ » | ! E w7 ITT £ = ’E:-'Tsv hd
14 H 1} 1 B T t 11
. [ 1 . [ ! 3 T
50 -25 & 25 %0 7§ 100 125 -50 -25 @ 15 S0 Y5 100 135 s 2 = L] 1% 4

AMBIERT TEMPERATURE (*C)

AMBIENT TEMPERATURE (°C)

CL ~ LOAD CAPACITANCE {pF)
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MOTOROLA.
= SEMICONDUCTOR
TECHNICAL SHATA

SWITCHMODE
PULSE wibTy MobuLATION
CONTROL CIRCUITS

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL ClRCUITS

SILICON MONOLITHIC
INTEGRATED CiRCuUITS

The TL494 is » fixed frequency, pulse width modulation control
circuit designed

primarily for Switchmode Power supply control,
This device features: .

¢ Complete Pulse Width Modulation Control Circuitry

[ On-Chip Oscillator With Master Or Slave Operation

® On-Chip Error Amplifiers

® On-Chip 5 volt Reference

® Adjustable Dead-Time Control

® Lincommitted Output Transistors Rated to 500 mA Source 0{
nk

Si

L

Cutout Centrol For Push-Pull Or Single-Ended Operation
Undervoltage Lockout

J SUFFIX Lol
CERAMIC PACKAGE
CASE 520%%
5

Non-iny

Input E
inv
input 2

Compen/
WM Comgp 3
Input
Deaa
Time | ¢
Controi

c,E
u,E

N SUFFIX
PLASTIC PACKAGE
CASE 648

ke T igh

Grounc| 7

o E ) a3 ORDERING INFORMATION 1

m Temper.u"' m

Range o
B3
TL4S4CN " o Plastic DIp g
TLag4Cy Tlo+70C | e bp £
£
TLe94IN o . Plastic DIp "“
~25°to +85C .
DIP "
The TL4$94C is specified over the ¢ TLagal Ceram'xc 5
of 0°C to 70°C. The TL4S4l is specified over the industrial range TLasaMy ~55°10 +125°C | Ceramic DIp
of -2 - The TL494M is specified over the full military -
fange of ~55°C 1o 1259,

MOTOROLA LINEA RANTERFACE DEVICES
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FIGURE 1 — BLOCK DIAGRAM
Output Controt Vee
4 °
1
6 l 4 8 .
+ﬁ-
. Oscillator 0 a Q1 g
Rt ﬁ Flip- a%
CTI 5 Dead-Time Flop
= - Comparator o—
= & O oz| 1
<012V 4 3o
o ﬁ: 10
4
Dead-Time 0.7V
Control I 12 =
- PWM. Ve
‘_[_-O Comparator (VA'A = i
= 0.7 mA Lockout 1@~ Reference
Regulator
= F
3sv &
¥
1 l lz 3 15 l 116 1 7
4 6 " 3 A i Gnd .
- Error Amp Feedback P W M Error Amp Ret. =
1 Comparator Input 2 Output

A

FIGURE 2 — TIMING DIAGRAM

Capacitor C1
Feedback/P. WM. Comp.

~
~ _
Dead-Time Contro! — ]

Flip-Flop
Clock tnput

Elip-Flop
a

L
BERsR

AAANANS

1L

N

Flip-Flop -

B

Output Q1
Emitter

<
e
|

]

Nn

24
&
-

ey

Output Q2
Emitter

Output
Control
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vescription

The TL494 is g ﬁxed-frequency pulse width modula-
tion contro} circuit, incorporating the primary building
blocks required for the control of a switching power
supply. (See Figure 1.} An internal-linear sawtooth oscil-
lator is frequency-programmable by two externa! com-
ponents, Ry and CT. The approximate oscillator fre-
quency is determined by:

1
fOSC v

RrecCr

For more information refer to Figure 4,

Output pulse width modulstion is accomplished by
compatison of the positive sawtooth waveform across
capacitor Ct 10 either of two contro! signals. The NOR
gates, which drive output transistors Q1 and Q2, are
ensbled only when the ?lip-flop clock-input line is in its*

low state. This happens only during that portion of time

ure 2.)
The control signals are external inputs that can be fed
into the dead-time control, the error amplifier inputs,

first 4% of the sawtooth-cycle time. This would :esult
ina mlxin)um duty cycle on a given output of 96°, with
the outpUt contrpl groundedand 48% with'it coannected
to the réference line. Additional dead time may be im--
posed on the outout by setting the dead time-control\
input to a fixed voltage, ranging between Oto33V.

The pulse width modulator comparator provides a
means for the error amplifiers 1o adjust the output pulse
width from the maximum percent on-time, established
by the dead time control input, down to 2ero, as the
voltage at the feedback pin varies from 0.5 10 3.5 V. Both
error amplifiers have a common-mode input range from
=03Vito(Vce ~2V), and may be used to serse power-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com-
parator. With this configuration, the amplifier that de.
mands minimum output on time, dominates control of
the loop.

When capacitor Cris discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
tlop directs the modulated puises 1o each of the two
Output transistors alternately for push-pull operation.,
The output frequency is equal to half that of the oscil-
lator. Output drive can also be taken from Q1 or Q2,
when single-ended operation with a maximum on-time
of fess than 509 is required. This is desirable when the
output transformer has 3 ringback winding with a catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, Q1 and
Q2 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the flip-fiop. The

output frequency will now be equa! to that of the

oscillator,

The TL494 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
=5.0% with a typical thermal drift of less than 50 mV

over an operating temperature range of 0 to 70°C.

FIGURE 3 FUNCTIONAL TABLE

Input fout -
Output Output Function fosc
Control

Grounded Single-ended P.W.M. 2t Q1 and Q2 N
At Viet Push-pull operation o 0.5

MOTOROLA LINEAR/INTERFACE DEVICES
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TL494

MAXIMUM RATINGS (Ful! operating ambient temperature range applies unless otherwise noted)

Rating Symbol TLAS4C TLenel TLaSAM Unit
Power Supply Voltage vee 42 42 42 v
Cotlector Output Voltage Vet Vo2 a2 42 a2 v
Collector Qutput Current {each transistor) (1) icy. Ic2 500 500 500 mA
Amplifier Input Voltage Range ViR -0.31042 -0.310 42 ~0.3 10 42 \
Power Dissipation (v Tp = 45°C Po 1000 1000 1000 mw
Operating Junction Temperature Ty
Plastic Package 125 125 ) - °C
Ceramic Package 150 150 150 °C
Operating Ambient Temperature Range Ta 0to 70 -25to0 85 ~5510 125 °C
Storage Temperature Range Tsig °C
Plastic Package -5510125 ~5510 125 -
Ceramic Package N . -6510 150 - 6510 150 - 65 to 150
NOTE 1: Maximurm therma limits must be observed.
THERMAL CHARACTERISTICS -,
Characteristics Symbol N Suffix Plastic Peckage | J Suffix Ceramic Package | Unit
Thermal Resistance, Junction to Ambient R.JA 80 100 ‘CW
Derating Ambient Temperature Ta 45 50 °C
RECOMMENDED OPERATING CONDITIONS
TL49%4
Condition/Value Symbol T Unit
Min Typ Max
Power Supply Vohage vce 7.0 15 40 v
Coliéctor Output Voltage ver. Ve - i 30 40 - v
Collector Output Current (each transistor} Icy. Ic2 — = 200 mA
Amplifier Input Voltage Vin -03 = Vee - 20 v
Current Into Feedback Terminal Ity k - — 03 . mA
Reference Output Current lref —_ - 10 mA
Timing Resistor Rt 1.8 30 500 k(}
Timing Capacitor cr | 0.0047 0.001 10 uf
Oscillator Frequency fose 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vce = 15 V. CT = 0.01 pF, RT = 12 ki} unless otherwise noted.)

For typical values T4 = 25°C, for min:max values Ta is the operating ambient temperature range that applies unless otherwise

noted.
TL494C, TL4%4M
Characteristic Symbol — T Unit
Min | Typ | Max | Min | Typ | Max

REFERENCE SECTION

Reference Voltage Vel 4.75 5.0 5.25 475 5.0 525 v
ip = 1.0 mA} )

Line Regulation Regline — 20 25 - 2.0 25 mv
(Vgc = 7.0V1040 V) .

Load Regulation Regload — 30 15 .- 30 15 mv
(Ig = 1.0 mA to 10 mA)

Short-Circuit Qutput Current Isc 15 35 75 15 35 75 mA

(Vret = 0 V)

MOTOROLA LINEAR/INTERFACE DEVICES
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ELECTRICAL CRARACTERISTICS (vee = 15, C7 = 001 #E RT = 12 k2 unie

> ss otherwise noted.) T
For typical valuss Ta = 25°C, for min/max values Ty is the operating ambient tem

perature range that applies unless otherwise

noted.
TL4S4C) TLAS4M
Characteristié Symbol - Unit
Min l Typ [ Max Min ] Typ l Max
OUTPUT SECTION
Coliector Off-State Current ICloth) - 20 100 - 2.0 100 nA
(Vce = 40V, Veg = a0 V-
Emitter Off-State Current Ig(off) - - 100 — - ~ 180 uA
(Vee = 4wV, ve = 4OV,VE=0V)
Collectos-Emitter Saturation Voltage {2) VSAT(C) - 1.1 13 —_ 11 1.5 v
Common-Emitter
(VE = 0V, lc = 200 mA)
Emitter-Follower VSAT(E) - 15 25 -— 1.5 25 v
(Ve = 15V, 1g = - 200 mA)
Output Control Pin Current locL — 10 — — 10 — A
Low State
Voc < 04V}
High State 10CH - 0.2 35 - 0.2 35 mA
Voc = Vrer}
Output Voltage Rise Time t - 100 200 —_ 100 200 ns
Common-Emitter (See Figure 13)
Emitter-Follower (See Figure 14) -— 100 200 - 100 200 ns
Output Voltsge Fall Time 1y —_ 25 100 —_ 25 100 ns
Common-Emitter (See Figure 13)
Emitter-Follower (See Figure 14) — 40 100 —_ 40 100 ns
~ N N . Symbol TLa94 u
terist o it
Characteristic ym i Tve Mon ni
ERROR AMPLIFIER SECTIONS <
Input Ofset Voltage \;IO - 2.0 10 mv
Vo (Pin3) = 25 V) =
Input Offset Current ho - 50 250 nA
{
Vo (pin3) = 25V}
Input Bias Current B 74 - 0.1 -1.0 nA
Vo (Pin3y = 25V
Input Common-Mode Voltage Renge VicR -031t0 - - . v
(Vee = 40V, T4 = 25°C) Vee- 2.0
Open-Loop Voltage Gain : AyvoL 70 95 - dB
3Vg = 3.0V,Vg = 051035V,
RL = 20 k()
Unity-Gain Crossover Frequency fc — 350 - kHz
(Vo = 051w 35V, R = 20k
Phase Margin at Unity-Gain om < 65 ’ - deg.
(Vo = 051035V, Rl = 2.0 k1))
Common-Mode Rejection Ratio - CMRR 65 90 d8
(Vee = 40 V)
Power Supply Rejection f!atio PSRR — 100 — dB
AVee = 33V, Vg < 25V, Ry = 2.0 ki)
Output Sink Current o 0.3 0.7 - mA
Vo (Pin3) = 0.7 V)
Output Source Current o- 20 4.0 . — mA
VO (Pin 3) = 35V}

NOTE 2: Low duty cycle pulse techniques sre used during test to maintain junction temperature as close to ambient temperatures as possible.
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TL494

ELECTRICAL CHARACTERISTICS (VGC = 15V, CT = 0.01 uF, Ry = 12 k2 unless otherwise noted.)
For typicel values Ta = 25°C, for min/max values T is the operating. ambient temperature range that ‘applies unless otherwiso
noted.

Characteristic Symbol e Unit
Min J Typ ] Max
PWM COMPARATOR SECTION (Test Circuit Figure 12} .
Input Threshold Voltage VTH -_ 35 45 v
{Zero duty cycle)
Input Sink Current - h- 03 0.7 - mA
(Vipin 3) = 0.7 V)
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12}
Input Bias Current (Pin 4) B (DT) - -20 -10 pA
{Vpin 4) = 0t0 525 V)
Maximum Duty Cycle, Each Output, Push-Pull Mode DCmax “%
{VPin & = 0V, Cy = 0.01 uF, Ry = 12k0) 45 43 50
{VPin 4 = OV, C] = 0.001 uF, Ry = 30 k() — 45 50
Input Threshold Voltage (Pin 4} VTH v
(Zero Duty Cycle) - 28 33
{(Maximum Duty Cycle) ] - —_
OSCILLATOR SECTION
Frequency fosc - 40 -— kHz
(CT = 0.001 wF, RT = 30 k) )
Standard Deviation of Frequency* olose - 3.0 - %
(CT = 0.001 uF, R = 30 kf2)
Frequency Change with Voitage Afose (AV) —_ 0.1 —_ %
(Vee = 70 V1040V, Tp = 25°C)
Frequency Change with Temperature s Afosc (AT) —_— A 12 o
(ATA = Tiow to Thigh!
{CT = 0.01 uF, R = 12 kf1) )
UNDERVOLTAGE LOCKOUT SECTION
Turn-On Threshold (Ve Increasing, lrgs = 1.0 mA) | [ v [ s5 | 643 [ 720 | v ]
TOTAL DEVICE i
Standby Supply Current ' fcc mA
(Pin 6 at V;¢, All Other Inputs and Outputs Open)  »
(Vee = 18V} - 55 10
(Vee = 40 V) - 7.0 15
Average Supply Current ' - —_ 7.0 - mA
{V(Pin 4) = 2.0 V) (See Figure 12} -
(CT = 0.01 uF, Ry = 12kQ, Vgg = 15V} L

* Standard deviation 1s 8 measure of the statistical distribuhion about the mean as derived from the formula, »
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FIGURE ¢ — OSCILLATOR FREQUENCY . FIGURE S— OPEN-LOOP VOLTAGE GAIN AND PHASE
“verius TIMING RESISTANCE versus FREQUENCY
500K T =TT 120 ——
] )| 13 R J
3 ] Ve = 15V g% Vee = 15V
100K RICT = 0.001 4 + g P — :Vo ; gy 0
& % T L= 2040 —0
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3 = = N E—- 4 g
~ o0 \ 100
S N, N ]
~ ., 0 120 %
_g 0.1 s ;é 20 N\ 140 3
1K s : 1 SN 80 °
500 = e oS 0 180
1K 20K 50K 10K 20K SOK 100K 200K 500K 1.0M 10 10 100 1.0K 10K 00 1.0M
Ry, TIMING RESISTANCE (1) 1. FREQUENCY (Hy)
FIGURE 6 — PERCENT DEAD-TIME versus FIGURE 7 — PERCENT DUTY CYCLE versus
OSCILLATOR FREQUENCY DEAD-TIME CONTROL VOLTAGE .
20 50
. | . . l
| PN '
16 4 T \\ Vee=1v ||
= Cr = 0000 uf 3 2 RN VOg = Vigy
3 o X NCT = 001 uf +—
w 1 | 2 AN Rr=16k) | |
¥ . 1 w 2CT = 0001 uf
g0 1~ = PRy = 30M) —
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-3 1} = g 20 ’\\\
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e .01 uf =
3T 0,0 A g AN
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82 } -+ 4 &
* 0 : 0
500 10K 10K 100K 500K * 0 10 20 30 s
10sC. OSCILLATOR FREQUENCY {Hy) Vpr. DEAD-TIME CONTROL VOLTAGE (v)
FIGURE 8 — EMITTER FOLLOWER CONFIGURATION FIGURE 9 ~— COMMON EMITTER CONFIGURATION
OUTPUT SATURATION VOLTAGE versus OUTPUT SATURATION VOLTAGE versus
EMITTER CURRENT COLLECTOR CURRENT
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_ FIGURE 10 — STANDBY SUPPLY CURRENT

versus SUPPLY VOLTAGE
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vee. SUPPLY VOLTAGE V1

FIGURE

FIGURE 11 - ERROR AMPLIFIER CHARACTERISTICS

Etror Ampliifier
Under Test
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(Pin 3}
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12 — DEAD-TIME AND FEEDBACK CONTROL
TEST CIRCUIT
3
Vee 1BV
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FIGURE 13 — COMMON-EMITTER CONFIGURATION FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION

TEST CIRCUIT AND WAVEFORM

TEST CIRCUIT AND WAVEFORM
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Vret
- 6 Rg vee
R O—AA——g *—O—
5 Master Vin >80V 12 l
R cr IN975A
T or Vz =39V 5v
1T Ret
= = 2705
Vret Gnd I
\J Ry Slave --_-F 7
(Additionat
Cr Circuits)
FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
+Vin = 801020V
O
, ,$ +Vp = 28V
: - yh 1N4934 I0=02A
+ cc [ y | VAP T,y -0
2| a2 }Inp . 28
g : Ao
g Comp TL4g4 o i +1_ 50 3
R}y [ s 2 r sy
0.01 0.01=< 15 P i TiP{ 50 y <
N i ‘ 2 32125y 47kg | o
Tasv
*_OC VRer DT Cr Ry Gno €1 €2 | e ™ 3
13] 4] 4 SJ. 6! 7] o] o < 1N4934 F°
VWA~ 4¢ [ aan €
[ ! 240 2
A\ > 1o $ = S5k 3
47k 10kS 0,001
o— i :
Al capacitors m uF
L1—35mH@03A
Tt — Primary: 20T C.T. #28 AWG
Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3C8
TEST. CONDITIONS RESULTS
Line Regulstion Vin = 10Vio a0 v 14mV 028%
Load Regulation Vin=28V,lg0 = 1TmAto: A 3.0mV  0.06%
Output Ripple Vin=28V,lg = 10A 65 mVP.P PARD,
Shon Circuit Current Vin = 28V,R = 0.1 0 1.6 smps
Efficiency Vin=28V,ig = 1A 7%
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RGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUTTS

Vref.

6 Ry

5 Master
Cr

Rt I cr
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6 R Slave
{Additional

Cr Circuits}

+Vin = 80020V
(o

FIGURE 20 — OPERATION WITH Vi > 40 V USING

Rg

EXTERNAL ZENER

Vip >40V

II}—O

FIGURE 21 — PULSE-WIDTH MODULATED PUSH.PULL CONVERTER

7
|

5v
Ref

12 +Vp = 28V
. 47 1N4934 o =02A -
- Vee WA-@~ Ty P
2 8 TP 22
iMs - Cy 32 Ly kg
33k 5 A — +] 50
A Comp TLasq v K == L_¢
001 0.01% 15 1 5 BV
= C2 33120 47k3
‘ 32[25v XS 4l s0
16 | Tasv
1* OC VRgr DT €t Ry Gnd €' g2 ;v7 *
3] 18] 4] s[ e] 7] S] ¢ 1N4934 1.0
Wi &t ¢ 240 3
47k . 10‘ & sk g b
47x3 10kS gpor I
o i
All capacitors in uf
L1—~35mH@03A
T1 — Primary: 20T C.7. #28 AWG
Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3C8
TEST CONDITIONS RESULTS
Line Regulation Vin = 10Vto 40V 14mV  028%
Lcad Regulstion Vin=28V.lgp= 1mAto1A 3.0mV  0.06%
Output Ripple Vin=28V,lp = 10A 65 mV P-P PAR.D.
Shont Circuit Current Vin = 28V,R = 0.1 0 1.6 amps
Efficiency Vin=28V,lg=1A 71%
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