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AIR COMPRESSOR MOTOR SPEED CONTROL SYSTEM

Mr.Somchat Panakasem
Mr.Sompoch  Pusri

Mr.Jirawath Parnklang (Advisor)
2™ Semestor, Educatational Year 1997

ABSTRACT
AIR COMPRESSQR MOTOR SPEED CONTROL SYSTEM is a principle of changing

the speed of the air compressor motor. By sensoring the temperature in the room compare to the
setting point. Then used the difference to control the frequency 'of the electrical at the compressor
motor. When the temperature in the room reduced to the setting p.oint the speed of the compressor
motor be reduced too, In this comcept, can save the energy of .ﬂie compressor motor.
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VinisiimanIntiudeunna NN unshaded 1Udetauniily shaded voa¥BiMAN
- ' < o d o . a o 4 a d . . '
Wuq  dimfuluviamTadmdvaninifidada 135wy lufemsivin e s i)
d & [ o~ 1 d [ : d ' o o ) :
IMANIINING Y unshaded TSttty shaded iniu TavfitiduususimSnnduneiut
d a v 1 ad ! 4 4 d & .
N namnﬁﬂ'ﬂﬁunu‘nﬁm:mmé’ntm:aylua1mﬂ'[nummaumm%w‘hhm RUUT
4 ) Y - [ o ” 3 o ' -
Tiemmamandeufivesdamyulanindauil ushaded TSl shaded n3o139vin
' dw - ~ 3 d Pt 3 : ' o :
muﬂuﬂwmauﬁazx:au'lﬂuqmunﬁwmuﬁeu:a'u'nihaQ‘lu 173 v839usimansiu q

Ce

2.5 usineiviinldmandn (Repulsion Motors) afamaiﬁinﬂ'ni‘lu single phase
commmutator motor ¥HANTLY ﬂﬁammnﬂwﬁvﬁni‘luﬂ 7911887 Tuermigeminilay Elibu
Thomson Aidaegruifimaiusaasadluyieien dadtdampfuiium ez
533UAMT commutator uaziuvismudniuiassdegy 2.5.16) Fuuueme fnaniiosdu
¥83 Elihu Thomson taugy 2.5.1(b) éuﬁwwtﬁ'mﬁumﬂn;ﬂ @ Tavifassmeerfn
wefvesudazgallaing TumshuemempldtufeTunnnisdaasesveserfiueed
nansm'mfjwﬁqéaﬁumunmwnaan'11J%mumunmlawﬁmﬂﬁm°1agjﬁ'vﬁ Tunsdii
951111114'«11]:admﬁqnﬁﬂ'Ja'i:1‘fag’“luumunmﬁam?evinﬁu 90° fuuunumaIAding
ag'ﬁﬁ":adﬁnﬁfmzﬁﬂﬁuemef‘lﬁﬁmmquefﬁws1z"hiﬂusma"n TuvenyulRiideie
uaasuegseudndumia 0 fu 90°

vemeduuniluandafuuemein s duuunaid (A.C. series motor) AA3aTIT
hifinszurminaavansuendernud e fuuned VelmaeuismTaudaaens 138
U 252 maeanfivsaiuidensadiiidaasesBen i Wi q wdnsilerlnda
fuths TuiitwAvsumemefndniiaimdn 2 fnﬁ‘lﬁ’i’uaumnszé’uﬂn‘lﬂaﬁu’[ﬂuﬁ
eriuuve Iy Inasasssvea vingd 252 @ Waumivveunlsadndiganesiiu
unqumnﬁ'uumunwammnnszé’u o dumisiiitdamamienhusandenlndy
Tuudaznsvsamnrniiuerfunsed ufmmensatudn ¢ nngufvesaununimin
U 2 o) #qﬁflﬁﬁné’uﬁunm‘lﬂnﬁmi‘lmimfutiau'him'lﬁtﬁﬂn:zuﬁ'l'nalum?m
weuasvin W hidusedafady o

vingy 2.5.2 (b) ﬁumﬁqttﬂnﬁmﬁlﬂu‘lﬂa;j‘luum1muﬁumuﬁmﬁnﬁtﬁmmﬁ'wﬁ
fufl o dumsiaii Widansua 1 TnaluerfuneTveusaradedailfemeautun soue
marilinIFiAausatiay 4 daudagnasiidiuge vingd 252 &) Faui Wusetinueasin

daduly dnhioiusatiaduguisn

.
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1Y 2.5.1 uamumetuehufudnlges

. v . ' P4 Y -
‘1“21] 2.5.2 (¢) ﬂuﬁnﬂlﬂj5‘“]11““0“11'53“11‘1uu’umunﬂqg'mﬂuﬂaqn‘!ﬁﬂq

' . o ] -] o )
unu I uwaunuve audl sag st B safuununuvesnimanvindaegiuf Tuiiiv

¥
yuuar Wusetaftitaduilu T1, T2 amgy 252 )

{
/.

d da 4 v 4 ' o, '
311 2.5.2 msfifiaduveweme frilandnileun saduegiidumiaing q
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1 -

ussfiadng T = 2(T1 - T2)

T nssuerssniamlsatm x ﬂ"zwaaxﬁuusmnﬁaag’ﬁuﬁ#«ag"luumefq
minfumlsstuudnazuarssnihamlsstn o davvesduusavindaegiuidieg s
Ruatunaunyve sty

o ¢ cosal
o ¢ cosaL SINGL
0L COSQL SINQL
" OL SIN20L
Fafu T finrqasgaude 200 = 90° viufle ot = 45°
1 253 (@ futﬁu;ﬂﬁ‘lﬁ%uwmuuama§uﬁ'n§?e 1 SufoumulgTavgl 2.5.3
o) 31 b ﬁ’uunﬁumﬁmﬁxﬁﬂ?:uuuﬁaaﬁﬁuﬁaami‘lﬁéhmfmnﬁuﬁe'luumunwaauﬂn
swuFondmnuveantfeunlag (transformer axis) AusnununilsdammmiuunuiiGundun
¥8N1IN384U (excitation axis) wviudIliINIRRIRTINUATBse My T,
udaez 184
1UIUIOUVOIWRAIA T = T, COSOL

11OV YBIWMAIA E = T, SINOL

o £

(A)

A & o o o
71 2.5.3 dygdnutimunsmeindneda 4
¥
vaaia B Avwlidmsuansesnveamisifaniami vadininudsutlag
) : A s d v M 4 v
(notransformer action) uNBITANIBHITEMILWAIRYEILITINBITY E daninaaruuas
- ' A Y | ' A
fusniduudnanwmalan laudalsesfinnundiave s seg iy Anluvaii Ifvmaaa E
l ) v o P d o '
hisndmdsauliderinueild niiives £ Adedludavionanszfuetiufivs W
A [ U [ 3 [ L] & LK A &
mnuama:’i'mmu:uuagﬂu‘lﬁ’mwamwmnm T -?aan'ﬁmagnnn'lumtﬁmnmﬁu
r o [ - o - a - ) o d
usamimanyesva T M Midansmilunhusundeuadnd (statc emd) Tuflva T Aaulay

o 4 I ] . [ ] ] ] v
Husundeuidimerin hinniduusaunivmdnvesva T @) Wiy 90° ud ¢, Tyudrety
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o v & o ] Ia o
anusiminnszdu ¢, = 90° dniu SaihMysmeddaumsimandy
v d (Y o ' v
2) runuimdnmpuiivasnauriiududuanaunuisreaidy (= ,)
-] 3 -
b) ervuisimanmpaiugliduduusainnaseiu (= ¢,)
p 4 d a
Wusrfvuseifusundeulvadainitannifninvemdonias (wansformer
] <4 : v 3 o’ v v :
action) eglutwaunuvesva T dadamndy ¢, ud ¢, Awndy §, waz ¢, Aatuuss
4 4 o 4 a v o d 4
mdsunasnaaitivslmadniuusunasuadad 180° Aagyl 2.5.4 wadafi Idnnusaniey

L4 1 4
4 o A . 1 - 1 L]
Naarea (e, M ¢) Hfousundsuanasey IR uadeudi Wifinnudnmulueifuues

ad e e

-

T e e e — v

- S e P

ey

- —————

T e e

< -
UHUND e, =6,

W ¢, = duussgagaveava T
¢, = uussgeqatioawn E

T, = 1MIuIeuvese1fuutes

d v w ¢ d 4 da d
11|'V| 2.5.4 u’dmm]u'duwui'uaatﬁuu:auumammztmmaau'lﬂmnmm'lu

UBIAB I HAN

&

€a

3

4
UsURABUWAMEATE, O QTINP  coorereersnrres 2.5.1

4 a
uazusunAsuadAl

E, 0 OTf  cresrierrinnons 2.5.2

4 *ﬂ d o o . d
we N Uag P (UUANUIT ARSI HILVIRIMNAN

4 E, = E,
NP = Of
gl N, = 1206p
f O NP
o = ¢, NP
¢/d, = NNs
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v < « o & v d d " o d 4
Aaiuauiminisasseniiuinimuga synchronous 1YY 81 iA21132 Nis 1
v d 4 da v g ' - v 4
aunaiman Wtiluenuuimanuyuediauiesdunily
P d 3 ’
famudadind Ns 8 §,< ¢,

P d '
fnudagand Ns 18 &> &,
g o g « | Y - Jﬂ a o - .
avvtumoifamomartidewi Iaummitanantiluaa i lavnunud g (major

) e o ﬂ . . g ' vl e

axis) 171013241071 Ns narutluunuueu (minor axis) FIUATBUTIYIN UANANNTI
4 L1 g d Vv e ]

synchronous g1 e fuazennuimanmyuiinauTaniiu Aniiahilimagaduly

a ¢ ¢ 1: dd ¢ ¢ v ddw 12

unumdnvssnrfuused (hiffanudneiuused) nieumuiin liinszualuaiuluvaaina

d ' . g ] . 3 ' ° -

fegnoiulsaciu AirnmuTagandi synchronous 1 ¢, geduediannivih iianisgy
-1 ‘» o . - . J 1

& vluunund nvessrfuuved i uswamnauasdair i fadszmeTunuiusznan
o 1 : y Y ) 4 -

commutator AuuylssgIunadimazinssuadniseslnainsznineg commutator Auulse

] All - i . ":fa ﬂ ‘v .. W -] /9 yA

g 1uf lda29svs39narnavaanivinariitaiudaditanuiivesusme i Iiinaw

d vo d d ' g 4 o
Falndfunamudaf synchronous uadesms Wilnauuhgquindesrilf ¢, anasly
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NN 3
yiiavsegUnIsing v ingaimgi

3.1 moflusilla (THERMOCOUPLE)

Ay dlethmaTans 2 @uiindaoTansiasiinfandeulaniaeud:
Asuiud 1aruyad ow qaaaﬁqswgﬁﬁviuﬁ'mzﬁns:1m‘1ﬂﬁ1‘h¢a°lmnsn%ummfaam
USnamsInaveanszue ez dvunlas iuausamesgemgiiflanyadesaes

: & . 4 a 4 d
unzdualawgadedunilsenn swvhlditausundoulifutadunaeduiiaTaouss

4 da d v 1w ) ad &
ndeu I itadussidiudaduiunasiisuesgaingiingasmsass

3.1.1 yiaveamed Tufmhila
1. ¥iia {1 (TYPE B Pt 30%RW/Pt 6&Rh) 0-1700°C
meFTudTauuydie: Wusundewiniuwy SR urnaauAnAund
Aoudausaasnumundr aunsnlfaniéinamgiiys 1704° Tuannasfidhu oxide 3o
inert ugt Pimuiziumalfau
2. ¥iin 819 (TYPE R Pt 13%Rh) luauiifuvesTansuaze Tany Pt 0-1600°C
medTusTafimnefumsidnusiudeies  luanzfiduoendlnd
uae inert Agomaiiqade 1600°C wierumsWluszuzdu 1 nuldds 1600°C iz
msl¥nuluannzanmiiiiuloves Tansusidiinnusuiindeadlosiudan protection tube
uyve Tane ”
3. wiin 19& (TYPE S Pt 10%RWP1) 0-1600°C
ma§Tnﬂ°ﬂzﬂm‘fmmmfﬁqmwgﬁ'lﬁqqﬁq 1400°C wielfuasrezdu
7 'IRqefle 1482°C FenmiantiATania o ldmdoudy R TYPER
4. ¥ila 1 Tauua uaveguia ( TYPE K CHROMEL / ALUMEL) -20-1250°C
maifTuﬂ'ﬂzﬂaunn'f:mumﬁ'ﬂqmngﬁ‘lﬁqqnq'm'uu 7 uasiinegnnd
asalfouidluannsauilifueenled (oxidizng uaznuii¥iagunsalinme
athaGinert) IWANTWLAY cunsanugemadIfgsds 1250°C uasiguugiidit -250°C
Tusmnnuidesiumsunded Tasassnndaduianaudou
5. ¥riia 8 MR ( TYPE E COPPER ) -200 - 900°C
ma:'Inﬁ'ﬂxﬂaﬁﬁﬂﬁquﬂgﬁﬂne'iﬁ'l%’qma;j'lmhqsw:in -250 10 871°C

LJ < . g0 . R
maneiuan Uiy oxidizing guieuifmiidvituuuy K1
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6. ¥iim 19 t1dn ( TYPE J IRON ) 0-750°C
med Tusldariiafmnsdmfuanmanidiun1ssana vacom,
oxidizing , reducing or inert figaingil iy 750°C murzdmuauidgamgiiding 0°c
uasfigangiqend1 538°c muiidlumdnszifia oxidization
7. ¥%n A NOIUAS ( TYPE T COPPER ) -200 - 350°C
mod Tus i avﬁﬂfizwmzﬁm:5°°um:5ﬂqmwgﬁ%i’1nd1qmﬁanwfm119:111'1
UndanniningungdIfts -184°C uAgamgiidalfdinduuudu q Aetsane 370°C
mufunnzsanmsitaesn lud veaTanziunn i uihuwuiinumunissanseuty
u:wmmmm%’u'ﬁﬁ Fudiow vozernnieldouluenmiidly vacuwum |, oxidizing

,reducing or inert 19
a d
8. ¥1a 184 (TYPE N ) 0 - 1300°C
d Y 4 d o oA da
mei lunldlauuuitrinsaegnunuunduazlisdusnmhdn iy

wm(K)

2,
Fom

o A ] -~ L%

3.1.2 dnvaznaseuganeme Tudilidla

1. J¢BLULIABY ( Exposed junction) iMNizd 1 fusuuuusundnv o dngangl

o ' " " o du d 'y a . 1 ! "
ypamianiouRean s hinanisTan higauaiidedois $13adtw limueduaaiwniw
PG

) t A 1) . 4 L3 v
2. apuuy liseudesgiuaItn#3ans128 ground ( Ungrounded junction) d1v§u
. d v e 4
MuLaLAAnYevBANal ( fluid ) Mlumstaniou uuutiwlfusundewlddidgn
' 4 Y 4 o

Apsmmsanwdenninidinaudugld fogmslfaunenuiga deiduiie Idkants

o [ A a s A <
Tadunmnedunungamgd ludsvaldou s

3.1.3 MUz ST UgeIngil luay
( EXTENSION & COMPENSATING CABLES )
4 a ' o . o R
weannmilFnuriaszndeginsainezyiinisda ( measuring ) uarminfSou
= ] ] ] . : e o I'4 @ =)
MUUANIZHINGAAR Reference Junction UNATIBYMIIAUN eumes Tudtiladisiniuna
- 9 ] t d’d = J 4 @& =1 v
yInvdeammenisie luy et nd niagnndiaumes luddlausriiguerutidnians
Ausiausanden Iifhamgamgil ( termoelectic ) maudume 3 Tufuiflalursgangd

) o A i) Y 1 A o
higaingsgeuesussnmeisndiulli® mosdafiGunhmofiemmvngamgdng

. » 4 d [d @ W
- luenuld ( extension wire ) #H9 2 uuvAsuLYN 1 yhnnenstszian@uadasamed Ty

o d o 1 o - @
Adidla uazuuun 2 mmn‘[ammwﬁﬂnnmma%’Tuﬂﬂfﬂa
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o~ o 4 deq 4 (L)
3.2 SHAUAUMNUINITINOTAUNAIADT ( ©13NA )
RESISTANCE TEMPERATURE DETECTORS (RTD)
A21UNNIY RTD (RESISTANCE TEMPERATURE DETECTORS) ANITUATUNIY
aov 4 o .
veeaan TanzAszuldvuasmy  18inmmassslfmana@iudeeninsalfifiudanma
¢l
gaingil Idauryaudedaveasendion (-18296°C ) TaublagnvesusudTudl( 630.74°C)
va . > ' ' - v dada
geiaulid RTD gnuinn ¥ lugamvnssudusiiaunsnawsinadnyaenanne
v A
1. Wramsiaf lauin (Good sensirivity)
P . e L
2. TpMuhonsuazaar udg8iANIN (Stability and Reproducibility)
3. I gndeasiudigann (High accuracy)

3.2.1 Anwaizasesae 1a1uees RTD
_ da . 4
3 2 ( Three-Wire ) iununasgmunionl¥iunniigaluamsgaaunssy
& : A 1 L) ’ L4 U A
Tava 1 moiseuideidinssuiadzdesivnenimomsiiuesegluyssnmeani
-~ > A a4 Y M P A - 4 o
gang iR vinuaasaie IWmanudumusesismumuonuuudas 1y luiemadvany
a v a @ o d a 4 o
aaen HunssauanuAananswiannmsanaiedaniho luanzhindndaii'ld
d ' L4 : ] o
4 210 ( Four-Wire ) enofi@ofiuna 4 aiusdesegluannzipvaiunasamiounts
! a J¢ [y [ 4 t 4 o : <& ' '
dsuuuy 3 my Tadnddmivlsnadumunemaunay lumsianfanis 4 himseum
v o A 4 g Y ) ¢
181 2 nfa eaanmnaImnAsuIINdT 3 muilissnnminudiumiueemuey v
fuld
N ' 4 -1 a 2 ' .
2 810 ( Two-Wire ) Mo suvuiiinmgnnimuudu q ¥ iz Wim s 1§

- ('Y 3 3 o o
aulumsiafidesnnanusiuiig uagamufedagin ol (element) vwiaudn
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3-WIRE

4-WIRE

2-WIRE

s o ] .
111 3.1 dnwazavesds 1Fnuvesnring (RTD)

3.3 guianiiAvennuduiu sz ninanudumuas gyl

( Resistance-temperature characteristics of termoresistive materials at elevated

temperature)

RELATIVE RESISTANCE Rt/R 0°C

temperamres.)

1,0
5.0 ) , -
NICKEL — TANGSTEN
7/
,
4.0 TERMISTOR ,/
7/
3.0
20
1.0
0 >
200 ‘4of1 600 800
TEMPERATURE °C

i

o .
117 3.2 nlusrasaimni@msiinuvese A

[
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¢ da

33.1 nawraFauandmes Tufined (Platimum Resistance Thermometer)
dulanzitonni$iudy RTD wnfige maeditwmsiagemgiinhauaemu
annzms¥nuluussnnede 9 W8 wadiuiisdalummsdedidulssdngaam
gnmurfhdegamad a = 0.00385 Q Q°C (0-100) FuthunasguAitdlugammnsay
TusnguuazyTadasiuan  nadiuthilanzAfnaeni@infindede Taquingdi

P a 4 ' v v ad
anuieanaags TaflolfithunSesdeasudioumiduginieiingungdou 4

3.3.2 ifia IFauaud meo 3 TudlineF ( Nickel Resistance Thermometer)
dwduangammn sy ¥ umsagoimgiivas 70 & 150°C umawia

RTD fvidaeiifia Sohifhanasguiigudafidonduilszdninnudnmiudegamgild

mia1e q nu v ld@enldgqunsaldnnn imnzen Wiansalfimuduitesu idluvuin

o « o 4 1 -
wuatuss Iddudseansaaudiumu Ivhdegungiligauszanss 0.0066CY Q/°C

3.3.3 nodiled IFauaud me3 Tudiimes ( Copper Resistance Thermometer )

A faind o A 10
upumauasilunuun WAl lumsandfige uddiums 1auuniniszanat -200

ad .
81 +150°C UnAnuAnsziinnuduniv 10 uaz 25 Tovu

3.4 quiautid luns 1 auuasnisvadeu
(PERFORMANCE CHARACTERISTIC AND TESTING PROCEDURES )

v?ﬂngnﬁmfwawﬁnﬁm RTD senuivis nouwdwminssifidhunasgiuly
mindauasnaey fomimaneyludeswins q §1ufufie accuracy , stability , repeatability
, timereponse , self heating effect , insulation resistance (9 Vibration 1iu@u

1. pamAanatn ( Accuracy ) lunimaneuludeanugndesvesnisulduuud
mndiumudegamgl 1wy Ae3imanFeudfvusuniesdeagemginldsunsiuses
wefvutuyaantoasiivesmuil IPTs-68 Rauiv 5 ya

2. erfusam ( Stability ) SluFsidesmididmaudede1$nal W lun1s 160w
fiiliunimaaeudn Dritt fie mafAouaninllmueymsldnu Tasasavasudaonisi
RTD lsglufigumgdl 0°C dszanes 2428 v, udninnVigamgiteuwdanhluf
gamgd 0°C Bnansgrnnudmudiimanfounlamie i smsndou 0.05

(nIevi 1% ataia lideundt 0.25°F)
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3. aanidedle ( Repeatability ) WluTimsiindiuny Stabitity daomsingaingdl 100°
Fyhmaiu q i1 mmanSounlawdaniasnndades i v lifiu 0.02

4. MIRBUAUBIMINIAT ( Response Time ) AsmIasrvasundnlalumsdalugl
483 Time Constant ( T ) M iWausl Step Change guingii lusus1until 63.2 % veq
guimgiT Step Change T/ tummarreuiiduninguimgdl 0°C lfvuuuy Step Change i
50°C fi1 Time Constant ABiifinisund1 6 Iufisseglurimua

5. MINMgEIMGT ( Self-Heating ) fiudendesmilifuiusrannlumslfidesvin
i sufudestinsuaInfhidveiniuesinumiidenseuai narvdaiud ¥
wiannud au%uuﬁzﬁ:nui'aueTuﬁ'ﬁﬂﬁfimjamé’mmu'lﬂ%‘l‘uﬁ:mfﬁﬁxﬂﬁumﬁ'zj%u"f}q
Bilfhumandnmm Iiiidanngemgiiazia fmamdew Seitheating fHeeiifu
MIR wadleannn self-heaﬁng fHadanai WAannuAanan lunisiauansdadulal
adnyaiz Tassadaunsdanasiidadnda (1 Tinasifi 2 ma)

N 1MATOUS Self-heating Error 1 141311 RTD 'lﬂq'u'lmfmmwgﬁ 28°C fifins
Tnarudavdan 1 faAudl SumsflounssueIdfudlaluaces rRTD A 0-10 Tad
uwil udan1 Self-heating error AB3iiAMTBUN1 0.1 C

6. A IMIUYeaRuIUAUINA ( Insulation Resistance ) 1un1smsasaounaty
AUNMUYBINUIUITNINAT RTD Auaau13eneusan  (Sheath,thermewell,terminal
uazConnecting Head) 4 luarn1azmnhautnadesiin iy infinite Tudumeumsndadesd
13
asvaeuludesves

1 anvunwissnediniveslnssaing
2. N7 Leakage 184 conducting medium (%% Sheath
3. msﬁ Sheath IfiA mechanical deformation
4. msfisafunadunelulnssadienioly Sheats
manageusnadnm flou Voltage gaila 300 Ve uazdiga 1.5 Vde %'uedn"u
upnzAIfia 13 insulation resistance SEM319 Lead wire 111 Sheath Aoaileinnnndt 100 M
#72°F uaz 1M 1000°F

039126

%
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( RESISTANCE THERMOMETER MEASURING METHODS)
' a - o a o d
231378 1F U ug U 1e101391AND Wheatstone Bridge #2 RTD 3:AnAI0y 1uyan
o - ' a ' 4 o '
Fosmsingungdl Feguuuvuniivearssuiad drunnudiumudy 4 8n 3 @1 1zl

d 4 d a . a Y
anudumunan diefl RTD figaingi 0°C wevirldasesundeongad DVM Jald o volt

R R
BN DVM
RS Q RTD

= a
719 3.3 20ssanalavuied

4 ad daa 4 & o q ¥ d caa 4 4 o
uaziiogamginerifamuiu  sevih imnnudumuie ifamuduny vihid
- a ' A o [ v & [ d '
1vsuiadifialiaugal wsundsulthi pvm Jaldssdunusiunisnldvusesrna
[ 2= - & ' g 4 ' ' -
Frumuveserinanegamgil Famuisans lluansdunioseumesnuniiugamgd1é
1 L d 4 [} :l o 1 A g o
U 39930 3 Rudads lmangfszih I ke sreenuifte T Fidan o 1l

¥ 1%azaan Hurgesuuy 2 atu

V2 v3
DVM

vl RTD

d o gde 4 ayy .
119 3.4 TaaTauviadndemude Wdeififannson 1118 1dazaan

A 1] o ?

1. 29950U1 2 My annselFnunsdinaosznieerinasulsyad luann
o ] 1 1 “AW [ ] = ] -
dnuadenedenann  mgamginda lWeinnis hieuqadveaisesuiaiernee luldife

1 s A " A ' a 4 ad . v
VA NPNAIUMNYBIB I RRNEIBINRY  urentsliname v Ingunglnvh dainay
o’: A @ 4 o w o} d

Frumulummsasaduiain e iian I8~ denssindimiuluaonfoulydhs

o ' ade a
az 5 Teuesi Ifieguingiindnialalds 260°C
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R=5

. RTD
100

R=5

111 3.5 wansznuvinanudumuluey (EFFECT OF LEAD RESISTANCE )

' .4 o <
2. mazienvy 3 mo Hunannuninlfiunn lamgasmns s moia
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mwia'l‘B"ﬂm’«"uﬁuﬁmma'munszummumﬁ ( Constant Current Source , CCS)
Tasedifurmin 2 taveserdia demmdnmunFoulasenh WiRusundeulnih
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3.6 THERMISTORS

dwersfladain ( Semiconductor ) f‘mviumﬁ’juﬂﬁnm:ﬂeqmnﬂﬁuuuﬂnwaqm
anudmuinfhudegamgdildoy Undudaia limeitame fesfldunlszdninimd
Wi egamgilifiuay ( Negative temperature coefficient of resistances) uasiiniga
(large temperature coefficient ) tnuizeniulFingamgil luduuny  szaeuru -100°c
& 300°C unznuia ey luaueriia endtmmsTadwad -200°C vudls
600°C fiflnaiantiana lilveame iamed

1. imaaudumninlndgann

2. manfdsunlamnnudundegangifinnmn = 3-5 % de 0°C

3. Lil‘aqmwgﬁqqﬁ‘j’ummé’mmm:ﬁaum

. fidulszdnFaandnmiudegeongiifiu nontinear

pamduiuisenimanudnmuiugamgd e Iddeuns

Rt = RoexpB(I/T- I/To)
where Ro = fimandiumuiinadisvesgemgd To °K
Rt = manudumuiigemgd T°K

EK

n

B
E ISAUNHIIYU ( electron volt energy level )
K

' = - o
fi1naNvea Tueriul ( blotzmann * s constant)
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3.6.2 2913598015 1 1uveame STaman S ( Thermister readout instrumentation )
3 J- s 4 1 ﬂ . o )
2vnsAn lnuveameitmae meud e output voltage 1M tinear NUREIMEH
d o d va ' t a Ja Py ﬂ
1 Taud T gnuisaning uoud@ vear mnuduniud sguugiveaneidame fnitly
nonlilear239SUUUIY 4] V832315 linearizing szn1aTranimaiugamgiife 192993 Voltage
Divider

ES

=l a A a
U0 3.11 uarmemis Waas Laavimed Tame Five e wiymithudadu

(Voltage divider circuit for linearizing thermistor output)
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Uszneudinaansndannudinuguiioussdunundiflofidsi dow power, linear VCO),
UMAINIUATY (Source follower) , Hiueilalen uazassinfSeudvunla 2 2995 F9l¢
dygubuymidnaiy uasliunndssaudusy Sidgsbuyndvnemnnedamnse
flowdhun & Tnomss Wiﬁ'1ﬁ11u1m§mzﬁ'aqﬁ1n1:'ummﬁuriauuﬁqﬁ'ﬂﬂﬁ’qmuﬁmﬁ'uﬂ:zg
widaees
drunfSoufovaasesi 5.1 sliSndngiviesiinn (exclusive OR gate) &4
am‘ﬁum1nd7u1{vzzi‘luﬁ'tyty1mﬁ§ﬁaa (flyA PHASE COMP I OUT 12) Fafimsidoumer
Tl 90° finufinannwes veo sewinedagnaBunmuavdagan/Souivy @adoyano
yagiaan liRa 50 % ) 2evsfazdennand Wdusdlen i vesdygmdumidutind
13 Tufinvesnmudianatsves vCO mifdadgyaarunauvenssssifkaduin e

a d ﬂ 4, é d : R o d 4
DUNNNY 3 uaz v 14 iHunau wavuuAe ¥y 9IM IIun 1N (capture range) NUAY

N

4 .
{1 5.7 vlen lnozunsuavdauszneuniousnvedled CD 4046 B



~

- Sy

40 i

daunlFoufsumaacesi 5.2 fwmisanuiiRiaealémminfiveunves
a"mmm#umﬁunﬁ'lﬁnnnnmni'mzti‘luﬁmapmﬁiﬁaa (! PHASE CPMP I OUT M
13) uneiidgygnemumansiennamdvesissssenindudnyoeiiutad (phase puise)
sewindygadupnuasdygafivididuToudvuma sudaswezdiu 0° M
fudyausssuamiondufiidnyos Wannaridin 3 uosn 14 dahdedvaansdy
mmdfnhs ual¥masiadagrasuninihinevd

AYYIIN VCO (ﬁqﬂ VCO OUT) silmmudianuusadufin 9 (VCo M) uazda
fnlszyszndnm 6 uaz 7 (C1 A uay C1 B amdidy) uazdadiumy R1, R2 fi 11
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UNN 6

t 4
o 4
ﬂﬁﬂﬂ'lilﬁﬂ\i?#u‘llﬂﬁ’l\l‘ﬁiﬂiﬂQﬂ’]'lllil

d d o d
299I38IANND  (Fiter)  fisesh IFlumsdagzlvesesiilszneumisnaind
o ) ) o
(frequency spectrum) vosdqygRindh  2vInsesnnudidiulnssdefisuiuvesssuy
demsuazsyuvnluny
A 1] UY ° L)
nsnsssmmdrnnsauismmnuemnidlumnhanididiu 6 uuufie Low pass
, High pass , Band pass’, Band Reject , Amplitude equaizers 10¥ delay equalizers Tuunilez
k4
- aren 4 '
IdeSnunaenidiugIuveesn T8RN UA1
6.1 19ATATBIATUDA WU (Low pass filters) : , LPF
Ai oo v da Al a
29v3n38InNdd NIz ven I dygamiinawddirueen 1y Taulinsgeudu
d o 4 P
woaaney uavsvaansudygpunilnandas
- A & A - A o
windmeindngyngalumiinsenesnuuuissiniesnind  wwgnimuaun
@ P a Jd A vad v o
VNAUAVTA VBTTLINITIR oINS WindlimeinTeguantiandwangaluniseen
da :
HUVUNTINNUDAD
Aﬂl o [] . o t:l:l :l
uaunNudusy INR 126U ( Pass band Frequencies ) : Wp Agyguniinaind
' A o 1 () 1 A ee)
Tuyasvesunvhvenlddyanarhu wwdesdimsgydabifiumgsganseiuoey : Amax

da o d
Op AL Amax Y9INVINTBINNUDMHIUUAAIAT UGN 6.1
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Stopband
e—

Transition
band

Loss UB ~——»

Amas

>

“p

51l 6.1

d4 o . -~ o !
uouRNNDNMYATTYY 14 ( Stop band Frequencies): Ms  Aggnamiinaing luuoy
4 o o A o =) s 9 4 Y . .
nyansefiitanioaanouil ssdeslimigydvediadorigaiiiy Amn ®s 18Y Amin

184 LPF uaasdalugldl 6.1
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d o - ) .. -
UOUATUD IENTN Op UAL Ms (UAI1 Transition Banduarlunisneissnesn
d 13 : ) 7 & - —— -
uuasvInesnad ueeniams1¥mAanduveanisqyde (Loss Function ) ey i
anudhlelddndr Aedduvesnisqydvisdunduveaisisuvesmagydefedunduy

PRy -
Vv9INIATUYBINITVNIY N3
Gain = yo = Forward Transfer Function (6.1 )

Loss = E,%'f(g= Reverse Traosfer Function (6.1 9)

i@y  Loss =1/ Gain 6.19)
- dae e dd o , - 4
dinunsesnsenmuddiie  uaunmdnoen IWdygesiu As anuddug O
1 a - d
Hz—> Op Taviimsgeydv iy Amax Tivaavesuounind
' 4 - - ' - . o 4 4
N ®p 81gATund Pass band edge Frequency uardmgyiadidiniiudann
' . A 2 od ! d '
N1 Ms —>00 ITABIPNAANSY Amin ﬁ‘luamamn’qﬂ mAud ®s 919gNTundt
Stopband ’

o : P o W o 1 do o
AINUNINYUYDI LPF S UAY 2 'Ylﬁﬂ'lﬂ'l'lllﬂﬂﬂﬂﬂﬂ Op UATIRIINITIVWIL K iztﬂu
Vo kb

LPF gain= % = Zgurp
_ ke
Gainypr sz+gs+ap2
k = Pass band gain
®p = Cut off Frequency nie passba.nd edge frequency
6.2 qwﬁﬂsmmm?{qamu (High Pass Filter ) : HPF
2vInseanIwigaezuen idygaidiinandqand op vl Taeiinowgyde

1 a a = d. 1 ) [y P
Tiiu Amax uazdyygediinawddind ©s szgnaaneusiiaies Amin dagii 6.2
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Zero i origin 14 10lzvin Y slope finamibidnatuidiu +20dB/decade uasfinnudigatl -
20dB/decade avwiilumsneveuesves BPF Aalugd 6.5 sufuftefiumavnuves BeF

wwaylugives

—_——
R P+ srapt

o w < . . .
6.4 1W9TINVAUNLAND (Band Reject Filter or Notch Filter) : BRF
wusfinuounId Hursvifoamendygiediinandusae swop Band Tnodl
' d . ' P2 [ . 1 a
nmigyiiuedinieungn Amin uasi1uAUATUYIIYOY Pass Band Taslinagaydulaiiiiy

Amax ﬁalugﬂﬁ 6.6
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5 4 awe d 4 A
Frequency BRF laoa 1yl @z = @p ez iidanumoinimddunsniudqaiiauiiu

P [ @ o a o - ] ]
Fadievindy K uazlunsdlil 0z # op sufafudnysizuesnans LPF uie HPF $auey

A

Loss dB —»

|
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31 6.7 mamouFUBIYES BPF U n38i 0z = Op

Loss dB —
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717 6.9 MIreuruBIYes BPF T n3tl @z > 0p wifiAnaves LPF sauegday

Tunsdlves 0z < ®p szifinkave HPF Tauday mdunraseuaestun sl
High Pass Notch #aTu31/fl 6.8 uazth 0z > ®p szifinnanevaussves LPF sausgdaum
FunHaneueuBTUTTH1 Low Pass Notch Ratugidl 6.9

HAMBUAUBIYBY High Pass Notch #38 Low Pass Notch v24%14 1471 slope 909 stop
band vl 0 Fevzrinl¥msaAmenves stop band Sremifunde Fat stop band loss HIn13

aAneun3e Loss 483 HPF n¥e LPF W1 Iaeiliudnuaizveq Infinite stop band loss

6.5 Gain Equalizers

MIABUAUBININAYEY gain equalizers NanuaizAumNAINNININTBINILETA
4 ¥l a1 1uda n1smeveruesnamdves gin equalizers woylugduuyvesmisun
seaunSerfuuounidiluRieoy ( Pre-emphasis) wisanszAunSenadyadiuouaiud
ununils (De- emphasis)

6.6 Delay Equalizers %30 ALL PASS

guautdvesasransesnnuifing 1 udynsia 15118 Wanvaulaunme
Pszduvesving 5l IRRnssunmsasvauemate lunsinsesnsesnnud 1) iday
faunn mareueussmadad Wiludawdwgin

mssadygsuiuay igtal) Foyasiseidnvsmiiiniad ﬂﬂmﬁ"uwaaﬁ'amm -
amﬁﬁi:jmﬂlmnnmnﬂﬁuuuﬂaaumﬂmmmf'[uﬁﬂzfehq 1 fleflussfivlszneumisnay
fi( Frequenoy Spectrum ) voswad ishuFudu é‘?mu?unmmﬁﬂt#ﬂi&ﬁWﬁﬂfI’hﬂ'ﬂﬂ
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d ) va d dw
23130383021 Taua T el quand@ninf vuvad TuudwSady Delay

, 4. dad o d w1

Equalizers 1Hwasvsiminnidlunmsvawe mafifadusudannmsnldsuadn Tiduss
d

WUU83391INIDINTND

Delay secs. —>

tnput amplitude voits —

Wy t—
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g'dﬁ 6.10 NMINNWNIATIUGANARA ( Ideal Delay)
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15U SN TR TUUDINITNT DIATIND

TuM IR IBNBENULLITIN IR ﬂumfiﬁaﬁf}"uqtylﬁu (Loss Function) uf
gniwinsanlumseenuuy  Jimsmvesilaisufiannsaimiseumusaniud idam
fideansTaolisusuvesansnsesnaud Iddfige e T 1%sfifvnnadiniqe

935 naR 1 lumsmAad su élgqagjuuﬂngmvaam:ﬂszmm'uaq'fm (Bode
Approximation) f?ﬂﬁﬂﬂdﬁéﬂﬁfﬁﬂﬁ’uﬂﬁwlm‘f‘Hﬂ‘l ufio Butterworth, Tchebyshev, Bessel
uay Eliptic %3 (Ca;user)

7.1 33msdsensuinutnnesiiss  (Butterworth Approximation)

nngeaulAves LBF Loss fnanddnisimdeufiqa uazm Loss sz e
AN IuzUM2 11]18 9 Low Pass Loss Function i

LPF Loss = 1+K(s)

#ai K(s) 199 Butterworth fie
s n
Butterworth . K(s) = € (E)

' d
€ =f1RIN
n = order AYNY
Butterworth LPF Loss= H(s)z =1+ &(%)"

*

gz vy

[H(s),| = {1+ £(2)”

4 t:{ ; 1 o
AANUNAT ] O<<WOp A1 Loss=1 ‘?Q Response vaqﬂumsmi‘luﬁagﬂ 7.1

; 7 I T 100
| ——— : 20
Pl D
| ' Zanl!
! : I il —a 4 0 g
! L L 60 :
‘ /(I3 A 3
7 " 50 g
T // ' }2‘ > 4°§
E . - /// ’/" o @
g, : ; 1/ /Z/}/ bl
3 1 - % '4/ ///‘/j(;/,‘ ! 10
B S g NV —  E EEE
s .2 3 4 55 810 15 2 3 3 5 8

Q=

;ﬂﬁ 7.1 Loss of LP normalized Buttérworth approximation
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vad ¢ o - ) ¥
AIEULATIE AT YB3 Butterworth LPF i Loss 484 pass band szlinaunuiSuuuin
4 'Y 4 + 4
#igga A2uimg il Butterworth LPF 39il488n0tianiled1 Maximally Fiat

1INAUNIIAIY8I Loss Tugilves dB e
LPF,,(dB) = A(w) = 1010g(1+ gz(%)u)

A J :{A 1
NYDUYOI Passband ® = @p A1 Loss HAOAI1UBDY Amax 12 1§
A(® = Op) = Amax = 10 log (1+ £*) %%

&= flOO.lAm- __1
. oA d < 1
Tumseenuuy Fiter umiwazmanedudafineemiteidulugyes kil

y

i5unn Norma}izgd Frequency : () Normalized Frequency 183 Butterworth ﬁﬁﬂ"lﬂd

)
Q= s””(—ai)
ap

1989 Loss 11431]1180 Normalized Frequency fie -
LPF Loss (dB) = A(Q2) = 10log (1+Q*")
11211989 LPF Loss Function ifiudserunisd

LPF Loss = H(s) = 1+K(s)

o <

2 4
po i

°?at’ﬂm:t;n.‘l’:tmag”luph,ru'u118:1

H(j®) = Re{H(jo)} + jIm{H(jw)}
(o) = Re{H(jo)}" + In{H(jw)}"
H(-j) = Re{H(jo)} - jIm{H(jw)}
HGRI = HGQH- jo)

[E ()" = H(s).H(=s)

H(Q) =1+ jQr

[H() = 1+ (=52)"

14 (-s*)" =0

Jr(2km
S, = e( ) K=123,..2n

widhisinves |H(s)" 1 H) Ao Normalized Butterworth LPF Loss WO YUU

NauNSedl = 1 (umit circle) §149% 20 10 uazTINSvgHuusTrzmanh q fu Sy
b4 I= v :
TV o ISAUM Aalu

H(s)= 1;I(s—s,,)
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4 $ ’ & d d
HaR U H(-s) ig 197 (mage) ¥0IRITHU H(s) 910N poles 483 Network 9
russeAeeydudiuves Complex splame s, leumsedsngdudrovsauny
AN
a ' . '

#70019a 711471 910909 Normalized Butterworth LPF Loss 1z8niadiudivvea

- dao o > ' @
UANIUANTIN VURINAUNTSHT = 1 U89 Complex s plane $1UIU 0 A2 LRAEANT S2UY

3 @ 3 =g
VIINU 5y 1Ay

157971 7.1 Normalized Butterworth LPF Loss order 1-5,

n Normalized Loss Fuaction . Q 994 section order 2
1 -
s+1
2 0.707
st +1414s+1

3 (s+1)(s2+s+1) 1

Pl (5 +076537s +1)s? +184776 + 1) 1.307,0.5412
> | (s+1)(s* +061803s + 1)(s* + L6185 +1) 1.618,0.618

7.2 I5dszanamy vy (Tchebyshev Approximation)
' o d ad 5 d . a d a 4
114”1!1]!8”13&1’]1&&1]1]11?!&%0'.H.'J'J'ﬁ Loss NATU0A1 1 1CUMAINNID Flat 19N

81108 ©p Loss 93'lai Flat 113710831 Loss 14 Pass band s 10i3u e 3oty Loss
184 Stop band I¥ifu T

1INAUN155UW2 l1/u8e LPF Loss Function A1

LPF Loss = 1+XK(s)

Hafdu K(s) vo9 Tchebyshev 9231 ripple 11 passband  U# Loss U84 stopband 3@
171 K(s) U84 Butterworth orderﬁ n Y899 Tchebyshev Function: Cn fio

C,(Q) = cos(ncos™ Q) Q<1
cosh(ncosh™ Q) IQj>1
éq (2 fie Normalized Frequency
Q. =&

@p
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Tchebyshev LPF Loss Function fio
Normalized Tchebyshev LPF Loss: H(s)e #©

H(s), =1+ C,(Q)
wie  |HGQ) = 1+ £CHQ)

Tchebyshev Loss Function Cn mmmt%uuegj"lugﬂvaa Polynomial U84 Polynomial
voa QQ 4

f2150071 Loss i1 981v84 passband ©p nie Q=1 Haffief 1989 Amax 12
wh C ) =1 tuifermvesaumaf Q = 1 wil

HGQ|, = {1+ £€,(1) = 1+ &
i |[H( o), fef1 Amax 921}

A, =10log(l+ £%)
wazM1  A4__ #ifeA19uAved Ripple 189 Pass band uamiudariinunamves

parameter € Loss U849 Normalized Tchebyshev LPF Tﬂuuﬂwaq Pass band Loss (Amax)
0.25,0.5,1 dB 7l order sivvziiiudagy 7.2-7.4

T T T T T
' : 4110
| LA

+ l ,,.5/ ] 100
i L " 0 |
1
2 i 8 ’I/ao H
b IZEPalne.
= | 8
5 ',/ V4 €0
& [ // % 50 3
W o
/ // - 7 40 &
Y y
25 S R //, '7/ L, 30
| 1

-fg_ 2 //// - 20

A0 / e L ,

o5~ .t , ; I 0

2
a 2 3 4 5.6 .8 1. 15 2 3 4 5 873910

d
gﬂ'n 7.2 Loss of LP Chebyshev approximation Amax 0.25 dB

I 120
r //110
— 100
A Lige &
e /90 I
// ,’A 80 3
A LaAT, 8
/ // ! 2
60 &
1 a
AVZEIEZating
! VA A o
£ sof- 4 VA% s 50
§ .0 / ] 20
'] od i
g0 // =t 1 =110 I
g0 f ik | L——TT | | |
°'1 2 3 4 5.6 .31 s 2 3 4 5678910
g
z‘l.I'Vl 7. 3Loss of LP Chebyshev approximation Amax 0.50 dB
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N
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Passbaid Loss dB —-» .

N
N

Stopband Loss ) ——

R

o Eeeey T

gﬂ% 7.4Loss of LP Chebyshev approximation Amax= 1 dB
N1371A1U8S Normalized Tchebyshev LPF Loss 14 § domain musgm 13 Inuds
YueuRvay  Butterworth TAUNIIMININTeS lHe)| Fmadnin Marnuirnnves
()" egusuduseuass (eliipse) '
H(s) = m(} (s~ 5,))
‘?d H(s) fio Normalized Tchebyshev LPF Loss 14 S domain I Uﬁ Sk BTNV
[H(s)" si aglugilues
S;=0,+jo,
s, Wunnfegniskiuduves Complex s-plane

<
$19790 7.2 Normalized Tchebyshev LPF Loss order 1-4 Amax = 0.25 dB

n Numerator of H(s) Constant K
1 s+4.10811 | 410811
2 | s* +179668s + 211403 2.05405
3 (s* + 076725 + 1338)(s + 0.76722) 1.02702
4 | (s* + 0425045+ 116195)(s* + L0261s + 0.45485) | 0.51352
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73 msdszansmuusildn (Elliptic or cauer Approximation)

Tun3givey Butterworth 138 Tchebyshev W30 Bessel Approximation 1984

)
Normalized LPF Loss 11ilu Quadratic function %9 Loss U89 stop band 2:3% Infinite
Function ¥84 elliptic approximation s¥iijudnNaZBY LP Notch %38 Biquadratic
& d -] L &
Function %4233 9 1&Tdnsfnnaifai$uues Normalized Eliptic LPF Loss Taudl

fi1 passband loss ¥3® Ripple U89 passband 13iifiu 05 dB Tavt Q #o Normalized
Frequency .

W

Q=—

. - ap
Tumaa1939es Eliptic LPF 1|8 Taomssauves LPF fu HPF fifidh op

o

ny

#1313 7.3 Normalized Elliptic LPF Loss Qp = 1 4oz Passband Loss 131i% 0.5 dB

n | Denominator K . Denominator of H(s) Numerator of H(s) Amax
2 0.3854 8.3
s* +392705 s* +1.0315s + 16031
3 0.3141 (s* + 04525+ 11491) 21.9
s* +2.80601 (s+0.7669)
4 0.015397 (s* +2.5355) (s* +0.25495+ 1.06044) | 363
(s* +12.0993) (s* +0.92001s5+ 0.47183)
5 0.019197 (s? + 2.42550) (s* +016345+1.03189) | 506
(s* +5.43764) (s* +0.57023s5+ 0.57601)
(s+0425)
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7.4 115 Denormalized

$ ] A L o] A
vinfinmanuduesa i order Y83 LEF e W dnaiouni@ Loss auiides
) d )
nslaulfnaimmouausaves LPF uuusis q Tunisad1a LPF dleistld order i n 910
nnTenIImuIdnI19eA89Y NS Denormalized i1 1@ Taunsuny S 14 Normalized

] Ny Pl ' 1 d v

Function Tlﬂﬂ‘erﬁ"]U ﬂWNi'ﬁﬁan'ﬂ 74 ™M Qp ﬂﬂQﬁquﬂtﬂuﬂuﬂU 2 “1‘1#‘3'"\
< QJ & '

ﬂlllhzﬁ'ﬂﬁ'lmq S ﬂﬂﬁﬁﬁﬁﬁu Normalized 91NA13198 14 )

@15197 7.4 113 Normalized t1@¢ Denormalized LPF

AT LGN Polynomial | Normalized _ Denormalized
1Y \n
Butterworth Qpr=¢€ n(?.;') 1 S=( @)
- o
Tchebyshev,Elliptic Qc = E | S=s/ a)p
Besgel '
Q=afo S=slo
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8.1 Block Diagram HasuH1AAIHaU

1L.o1nuseau Irady 220 Toant wihwusnd IWSuarName St Wi Innsuan se
yanee 310 Taant

210053 Ierdy 220 Taavsinnrumilaunag Step down udausnd Iny Hawmes
uazrnnavaIngaimediie WA Innszuamss 12 Taadl therh Tuswifuasesianun

3.1§u10151iﬁmsq¢3'uunnﬂ?mh'lﬁ'[ﬂq'l%mmﬁmmuﬂt?miﬂﬁ

sdlss sl douussmuiiunandens q

saffwasvsmanifide ey lusasfisdesms

6.iluravsdagdoynsuitelwis 2 doyayraaaziit luaugu MOSFET

7.1?]14;1]maaﬁmmmﬁﬂzﬁﬂﬂmuﬂumsﬁﬂtﬁmg‘a MOSFET

8414 POWER MOSFET finthitfuadnaiannsoysunmd idnnisesmuny

9.4fhu23v3mIaeTuNIZUEYIN POWER MOSFET iMefloafu MOSFET i@uwiunin
nsuaiuAin

10.dhnssiame fievin W gUdygnaaneinnfige
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POWER MOSFET W4 4 dwvhnulanhnszuauasnyminssuanuiiug q T

' <4 . > <4 4 .
HAfzAIIMUNa Q1 uay Q4 %zmn:zuawfaunu“luﬂ:qmunmuazmaﬂqamn:zuﬁ Q2

. & A A L & ' ’A A L4 A
uaz Q3 wihnszuemisuduluniamunammisuasseadyduruiizos ] datgyorun

. o - o S . o
vnnugul 1dnnge A uas B dyanod Idvzuanaiaiy ieniuguld T1 uaz T2 ady

o« 4 e w v v e o d d4
numammam'lﬁ' MOSFET 74 4 maaunumamua:uammmulauummammm]um

1NN VCO dgygamiuguiasdagioumyne Idaag

Tek BXTH 20kS/s

Ch2 RMS
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Ch2 freq
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o b dof

OV M Z3Sms CRT 7 95V

19 Mar 1998

< w 4
11U 8.5 dgymauevinm

CURRENT SENSE

15K
IM358

: 150K j148
56K g

-

47K

r . o
v 31 8.6 :avsdianszua

o e o g



s

L R

>on

L . .

63

druiiduressasistunseuai Inaluiaes POWER MOSFET diunniudiumins
0.1 Tovty udasimmiinis vononsdudas OP-AMP Hwemnsoy$y Gan msvo@ine W
SnussunimsnlfnunlasehesamuniudninyinmaSondouussy Taold
OP-AMP Snsanily MenSvufieususfimimun B3Fadedsmfisimun udewd.
Wiyl nngiiye ¢ udaillaauguases veo e iwgamsvhanuiedlesdula

WMOSFET 1@y

INPUT 30 60UH oUTPUT |

o
1 8.7 29vsHames
« d 13 4 A ¥
vng1ifuaees Low Pass Filter ¥iln Butterworth NvimshiiAundeysyios Square

g . y A ! g
Wave Willudnyios Sine Wave ifefwziwldiuuemes
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d o a tao Wt P d
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MOTOROLA ST
SEMICONDUCTOR TECHNICAL DATA

et s en e o - - - ~ - — e

. ™
DeS/gners Data Sheet MTW1 6N40E

TMos E FET TM ' M:H”— . ’ MoloroIanhrndDevlcc
Power Field Effect Transistor e

TO-247 with Isolated Mountmg Hole . TMOS FOWER FET.

N-Channel Enhancement-Mode. Silicon Gate .o -~ 16 AMPERES

.= 400 VOLTS ..
This high voltage MOSFET uses an advanced termination RDS(6n)-= 0.23.OHM *

scheme to"provide enhanced voltage-blocking capability without - r S

degrading performance over time. In addition, this édvanced TMOS R

E-FET is designed to withstand high energy in the avalanche and Tt o ia
. @ .

commutation modes. The new energy efficient-design also offers a- ]
drain=to-source diode with a fast recovery time. Designed for high _ _ TMOS' ool oon Ll
voitage, high speed switching applications in power supplies, PUTEE . et
converters and PWM motor controls, these devices-are particularly 4
well suited for-bridge circuits where diode speed and commutating
safe’opérating areas are critical and offer additional safety ' margin
against.unexpected-voitage transients. - e -

- Robust High Voltage Termination - -
¢ Avalanche Energy Specified :
L

$ie

Source—to—Drain Diode Recovery Time Comparable to a
Discrete Fast-Recovery Diode -~
+ Diode is Characterized for Use in-Bridge Circuits _

* Ipssand VDS(on) Specified at Elevated Temperature S
D “Isolated Mountrng Hole Reduces Mountmg Hardware - I B CASE.?QSZ‘;:ESM’ - :
MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted) ' - - - . -
Rating ; Symbol . |. . Value. ~ Unit..
-Drain-Source Voltage .- ... PPt - . .. Vpss- - 400 f.. Vde .. -
Drain~Gate Voltage (Rgs = 1.0 MQ2) ' VDGR 400 | vdc.
Gate-Sourde Voltage — Continuous, ~ = “"7 7 R B . Vgs 20 vde
- — Non-Repetitive <10 ms) .. vVasm . 40 Vpk
Drain Current — Continuous. . X Ip -~ 16 Adc
— Continuous @ 100°C : I 9.0
= Single Pulse (tp'S 10 us) o " - "1 - oM . 56 . . ~"Apk ""
“Yotal Power Dissipation =~ "~ 7" T o T oo 0t ppy T e0 T | WattsT
‘ - 1.4 WrC

Derate above 25°C’

_Operating and Storage Temperature Range T Tstg -551t0 150 °c..

Single Pulse Drain—to—Source Avalanche Energy — Stamng TJ =25°C Eas. 870Q; Tmd
(VoD = 100 Vde, VGS .10 Vdc, I = 16 Apk, L = 6.8 mH, Rg.= 25 Q) " ~ R L
Thermal Resistance.  — Junction to Case, . - RaJc 0.70 CW |
- e -~ -—Junclion to Ambient  --~ - - - RQJA" R
Maximum Lead Temperature for Soldering Purposes, 1/8™-fromrcase for-1Q seconds-~"  ~—{- - TL ol k ~ 260 “fo-cCc -

Designer’s Data for “Worst-Case™ Conditions —The Designer's-Data Sheet permits the design of most circuits entirely from the information pmsemed SOA lert
curves -— renrmnung boundarias on device characteristics are given to facllitate “worst case” desrgn

.- e mam m . i e v e ——— e -

Preterred devices are Motorota recommended cholces for future use’and best ovérall vatue. - e H TR L T WE s
REV 2
Mdtorola TMOS-Power MOSEET Transistor Device Data 4-1031

A Tt R .



MTW16N40E

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

[ Characteristic Symbol I Min I Typ | Max l UnitJ
OFF CHARACTERISTICS - s §
Drain—to—Source Breakdown Voltage V(BR)DSS v ;
(Vgs =0 Vdc, Ip = 250 pAdc) 400 — — vde .
Tempe:gtu_rg Coefficlent (Positive) 2T 4 ) — 420 — mVPp .
Zero Gate Voltage Drain Current IDSs i . mAdc
(Vpg = 400 Vde, VGs = 0 Vdc) . ; - ¢ = 0.25: . .
(Vpg = 320 Vdc, Vgg =0 Vde, Ty = 125°C) R —_ - 1.0
Gate—Body.Leakage Current (VGs = £ 20 Vde, Vps = 0) lgss - — 100 " nAde
ON CHARACTERISTICS (1) : ) |
Gate.Threshold Voitage ) Vasith) i . Vde -
. (VDs.= VGS. D= 0.25 mAdc) .0 3.0 40 |* < E5)
Temperature Coefficient (Negative) —_ 7.0 - mV/r°C p
- - . 3
Static Draln—Source On-Resistange (Vgs = 10 Vdc, ID = 8.0 Adc) --Rps(on) - 0.225 024 | Ohm | *:
Drain-Source On-Voltage (Vgs = 10 Vdc) VDs(on) . . Vdet -
(Ip = 16 Adc) i — v 48. o
(Ip =8.0 Adc, Ty = 125°C) — — 4.3 -
Forward Transconductance (VDS = 15 Vde, Ip = 8.0 Adc) aFs 8.0 10 - mhos
DYNAMIC CHARACTERISTICS
Input Capacitance 3 Ciss - 2570 3600 pF- P
Output Capacitance (Vos= Z‘S_Vfg,xﬁzs) =0 Vd, " Coss - 330 460 ;
Reverse Transfer Capacitance: Crss - 82 64 " =
z it PR
SWITCHING CHARACTERISTICS (2) K . v
Turn—On Delay. Time * td(on) — 29 50 ‘ns - ¥
_Rise.Time (VDD = 200 Vdc, Ip = 16 Ade, t - 62 70 | ¥
Vas = 10 Vdc, - - EE B
Turn=Off Delay Time N RG£9.1Q) td(off) - 76 - 170 i B~
Fall-Time- - - - - o - 57 - 95 - E
Gate Charge - - - - e QT - 66 93 nC -~
(See Figure 8) ! 1 . } R
. (Vos 320 Vdc, Ip = 16 Ade, ey — 17 — ST &
Vags = 10 Vde) :g
aee - Q2 — 31 el . .
Q3 - 30 — s
SOURCE-DRAIN DIODE CHARACTERISTICS R ot
- g 32
Forward On-Voltage (1) (Is = 16 Adc, VGs = 0 Vdc) Vsp _ ‘o e Vde ':
(Is = 16 Adc, Vag = 0 Vdc, Ty =125°C) - - 0'9. = R -
" Reverse Recovery Time ~ T ter - T340 | — ns
(See Figure 9) L
. . (lg = 16 Adc, Vgg = 0 Vdc, ta - 228 - .
. dlg/dt = 100 Alus) to — . 112 — :
Reverse Recovery Stored Charge | - . - QRR —_ 43 | — |-pCe-.
INTERNAL PACKAGE INDUCTANCE .- — - - . .- - JRS
Intemal Drain Inductance p - - 5.0 —_ Ha| ®
(Measured from the drain lead 0.25” from package to center of die) 'ﬂ'.
Intemal Source Inductance Ls — 13 - nH
(Measured from the source lead 0.25” from package to source bond pad)
(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2%. =
(2) Switching characteristics are independent of operating junction temperature. .4 ;—
3
=
o8
3
Rl
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MTW16N40OE
TYPICAL ELECTRICAL:CHARACTERISTICS

%0 S © 5 S e ettt
3 Ty=25°C Vgs=10V |/ /1 8V. | . | Vpg=50V>4—— - —f W e R O
" 35 = T .
o T " x /| -
N i N - . AN
s | S % T 7= -
= : = /
£, s 65V |-, £ 25 - - T -,
w w
£ A O P : :
3 6V 3 2
g. Al i 15 > //I o T g A
a i a 10 = ARy /4 5 RGN N
o i a YT T &=
o R 11 0 L PIEY S T
S0 2 4 & 8 10 12 ¥ 16 18 2 0. e re2 I RN !
Vs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) _ “ 1.VGS, GATE-TO=SOURCE YOLTAGE (VOLTS):+ +;
Figure1. On=Fegion Characteristics’ - Figure 2. Transfer gharacteristlé's
e "y . .’: r . : . -‘- B "y
2) ) Sl » g 02 s W
0.75 . T put I
& veg=tov | | . . & T)y= 25°C i
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% 03 : L 25°C T § SR R /// L
(> ] 2 024 - P oy
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-~ Figure 3, On—Resistapce versus Drain Current’ - Figure 4. On-Resistance versus Draim Qurrent
.. and. Temperature . . - and Gate-Voltage- - L.
LTI e et
30 . ) :.' ‘- ki - '_"' T 1000 ' - ..I . s o e . t-": '_..
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Sz henen
Figure 5. On—Fesistance Variation with Flgure 6. Drain-To-Source Leakage
Temperature Current versus Voltage
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MTW16N40E

' . POWER MOSFET SWITCHING" ~

Switching behavior is most easily-modeled and.predicted
by recognizing that the power MOSFET is charge controlied’
The lengths of varibus switching. intervals {(Aty alje"deter-
mined by how fastthe FET input capacitance can be charged
by.current from the generator. .-

The published capacitance data i difficult to use for calcuiat-
ing rise and fall because drain—gate capacitance yaries::
greatly with applied voltage. Accordingly, gate charge data is -
used. In most cases; a satisfactory estimate of average input:”
current (IG(AV))'can be made from a rudimentary analysis of
the drive circuit so that - | LT N
t=Qflg(av) - - o
During_the sise.and fall time interval when switching a resis-
tive load, Vgs remains virtually constantata tevel known as
the plateau voltage, VSGP- “Therefore, rise.and fall times may
be appro;gimated by(the fpllowing: N

tr = Q2 x Re/(VGG ~ VGSP) '

tt = Q2 x RG/VGSP

where I

VGG = the gate drive voltage, which varies from zero toVGG~

Rg = the gate drive resistance
and Qg and VGSP are-read from the gate charge curve. -

During the turm—on and turn—off delay times, gate current is
not constant. The simplesi calculation uses appropriate val-.
ues from the capacitance curves in a standard equation for
voltage change in an RG network. The equations are:

ta(on) = RG Ciss In VGG/VGG - VasPl -

ta(oh) = R Ciss In (VGGVGSP) ——

5000 L T :rx 2vc

* Ci Vas=gV- y= 257
4500} Uiss A
\

. 4000
@
's 3500 - — T
e R\ :
éi:'-" T.Crs.s e »».T— \-‘ \..._ oo PE - . Ciss
gl 250
g
(&) . ——
d'.

Coss _
+

VOLTAGE (VOLTS)

T Figure 7a. Capacitance Variation

T, DA WDl Sual e

95 L 2

The qapacitance (Ciss) is reaq from the capacitance curve at
a voltage corresponding to the off=state condition when cai-

culating tg(on) and is read at a voltage corresponding to the
on=state wher calcllating tg(off)-- . .

At high’ switching speeds, parasitic, circuit elements com-
plicate the analysis. The inductance of the MOSFET source
lead, inside the package and in the circuit wiring which is
Eommon td B6th the drain and gale Current paths, producesa
voltage at the séurce which réduces the gate drive.current.
THe voltage is determined by Ldi/dt, but since di/dt is a func-
tion of drain current, the ‘mathematical solution is complex.
The-MOSFET output capacitance also~complicates the
mathematics. And finally, MOSFETs have finite internal gate
resistance which_effectively adds to the resistance of the
driving source, but the intefnat fesistance is difficult to mea-
sure and, consequently, is r)ot-‘specified,

The resistive switching time variation versus gate resis-
tance (Figure 9) shows how typical switching performance is
affected by the parasitic circuit elements. If‘the parasitits
were not present,. the slope.of the curves would-maintain &
value of unity regardiess of the switching speed. The circuit
used to obtaln the data is constructed to minimize common
inductance-in the drain and gate circuit Igops and is believed
readily achievable with board mounted components. Most
power electronic loads are iriductive; the data in the figure is
taken with a resistive load, which approximates an optimally
snubbed inductive load. Power MOSFETs may be sdfely op-

. eratedinto"an inductive load; however, snubbing Teduces

switchinq Josses. - e

aese F
v e e~

10000 £ : -
£ Vgg=0V - Ty= 25°C
[reg Ciss
s . .
— T ‘
£ 1000 = Coss
o e ol
& ~< b
<
S
o A X
Cres ] =
\~?,
W, R 100 . 150 2005
-

- e Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS); - o

-_ Figure 7b. High Voltage Capacitance,
’ Variation -t

4-1034

Motorola TMOS Power MOSFET Transistor Device Data




SO Vi

W

A e

& 15 T 350
5 ip=16A _|
T)=25°

S 12 \ J - 280

(L) - .

E QT -

= -l

= g vas P P

w .

€ Lo _|§ \ Q2 p

g = 1\ 7

- . 140

s )

i ”

% 3 / \ 70

8 .- Q3 \
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Figure 8. Gate-To-Source and Drain—-To—Source
Voitage versus Total Charge
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10000
Vpp=200V
Ip=16A
Vgs=10V ) d
Ty=25°C LT |
1000 =
@ - —
L
w A
E- > 1)
- ’d(off) g 1 | L]
100 RNy . -
tr = ¥ —
lf] T
F td(on)
0 1] _
1 10 ' 100 1000

R@, GATE RESISTANCE (OHMS)

Figure 9. Resistive Switching Time
Variation versus Gate Resistance

@

DRAIN-TO-SOURCE DIODE CHARACTERISTICS

® 8 T s
] vVgs=0V Y,
- & Ty=25°C /
o
=6
= /
= s -
@
: /
3 ¢ / .
R 3
& -
=3
3 2 //
- £
1 Z
[
050 054 058 062 066 070 074 078 082 0.86

VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS)

Figure 10. Diode Forward Voltage versus Current

SAFE OPERATING AREA

The Forward Biased Safe Operating Area curves define
the maximum simultaneous drain—to—source voltage and
drain current that a transistor can handle safely when it is for-

able operation, the stored energy from circuit inductance dis-

" sipated in the transistor while in.avalanche must be less than

ward biased. Curves are based upon maximum peak junc- -

tion temperature and a case temperature (Tg) of 25°C. Peak
repetitive pulsed power limits are determined by using the
thermal response data in conjunction with the procedures
discussed in AN569, “Transient Thermal Resistance—-General
Data and Its Use.”

Switching between the off—state and the on—state may tra-
verse any load line provided neither rated peak current (Ipyp)
nor rated voltage (Vpgg) is exceeded and the transition time
(tn,tf) do not exceed 10 us. In addition the total power aver-
aged over a complete switching cycle must not exceed
(TymAx) - Tc)(ReyC)-

A Power MOSFET designated E-FET can be safely used
in switching circuits with unclamped inductive loads. For reli-

the rated limit and adjusted for operating conditions differing
from those specified. Although industry practice is to rate in
terms of energy, avalanche energy capability is not a con-
stant. The energy rating decreases non-linearly with an in-
erease of peak current in avalanche and peak junction
temperature

Although many E-FETs can withstand the stress of drain— .
to—source avalanche at currents up to rated pulsed current
{ipM), the energy rating Is specified at rated continuous cur-
rent (Ip), in accordance with industry custom. The energy rat-
ing must be derated for temperature as shown in the
accompanying graph (Figure 12). Maximum energy"at cur-
rents below rated continuous Ip can safely be”assumed to
equal the values indicated.

Motorola. TMOS Power MOSFET Transistor Device Data
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SAFE OPERATING AREA .
3
100 ===t=rrrr 900 3
E VGs=20V Tt A 8 \ = 16A %
F SINGLE PULSE - N 10ps % 800 \ D=16A :
& 5l Tg=25°C ] "'\\ " H gg 700 .
2 ~. | N Niwops B> N\
= 1 = mass ‘=2 600 N
=z ) 1T wi \
& S 22 50
== Z N “TELJ uo_, w \
3 N a5 400 S
S 2 N 52 \ .
g 1 NN AL =
S H oz -
o THERMAL LIMIT R 2T ' \\ -
, ——— —— PACKAGE LIMIT T N s
0.2 - ADS(on) LIMIT - ]
04 RRTIT (lon)l 1 [l 0 \\
T 2 0 2 100 200 1000 ] 0 75 100 125 150°
VDS, DRAIN-TO-SOURCE VOLTAGE (VOLTS) T i) STARTING JUNCTION TEMPERATQRE (°C) 2
Figure 11. Maximum Rated Forward Biased Figure 12. Maximum Avalanche Energy versus-
Safe Operating Area Starting Junction Temperature k
== = I —
w - D= 9.5 ! =t
g I
£ = 02 ]
= o - U -
g Pt L
< 01 T LA
w g | !t
g 2 o - Plpk) +
E e - - Rayclt) =) Reyc ::E R
E = £.005 | D CURVES APPLY FOR POWER 11
Ik 002 PULSE TRAIN SHOWN Nil
2 4 = \j‘. 001 ——‘ ] H:—l READ TIME AT {4 4
€z [ SINGLE PULSE 2 TJ(pk) = TG = P(pk) Reuclt §
= | ] H| l | DUTY CYCLE, D=ti2
001 R O O T O T B
0.00001 0.0001 0.001 0.0 0.1 10 10
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Figure 13. Thermal Response
AN
didt
Is——- E
(14
. a I‘— b s ' i
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Figure 14. Diode Reverse Recovery Waveform -
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CMOS

counter controls, and frequency-dmdmg circuits.

DC Supply Voltage VDD - Vss
TRUTH TABLE. Operating Temperature Ta
B C,D,F, H Dewce -55 to +125 -o¢

CLOCK RESET OUTPUT STATE E Devuce ) 4Q1to +85 OC"

] - No Change )

0. Advance to-next .

- state ¥ .
1 All Outputs are low
&
o ' LOGIC DIAGRAM  ~

LTINS 14-STAGE BINARY GOUNTER
. FEATURES . -
¢ 14 Fully Static Stages CONNECTION DIAGRAM
4 Buffered Outputs Available from 12 Stages {all packages)
4 Common Reset Line . .
‘® 8MHz Counting Rate @ 10Vdc Vpp Q11 Q10 @8 Q9 'R CL\QN ;
4 All Inputs Buffered . ) I ] L1 | : »
. 16 15 14 13 12 11 .10 9 i
DESCRIPTION SCL4020AB
The SCL4020AB consists of 14 ripple-carry 1 2 3 4 5 & 7 .°8
binary counter stages with appropriate input buf- T 1 71 1 1. 1
fers and reset Sircuitry. Buffered outputs are ex- Q12 Q13 Q14 @6 Q5 Q7 &;} Vss..
ternally .available from stages 1, and 4 through 14. B . e
The counter is reset, to its' “all zeroes" state by a . . " ~ N
high level. on the Reset input. The counter is ad- m,:. - Add suffix for package:
vanced one count on the negative-going transition C 16-pin Cerd|p .
of each input puise. lsolation from external noise D 16-pin Ceramic
and the effects of loading is provided by output "E  16-pin Epoxy
buffering. F  16-pin Flat
Apphcat»ons include time delay circuits, H Chip’

RECOMMENDED OPERATING CONDITIQNS

For maximum reliability:

3to 15 —Vde




o

THA

0 NACR :.f_,.._. - - - > P .-:~' . IO . ,.i ty e ot PR
Co : - - . . ~.” SCL4020AB ..
ELECTRICAL CHARACTERISTICS - ™ S S %
. - FRES B R
STATIC CHARACTERISTICS". ‘ - T )
= 3 H 2 ° 2 ﬁé« .
PARAMETER Voo | cONDITIONS |—TLOW t25C Tuigh’ | ynis|
Ve (Vdel | Min. | Max. | Min. | Typ. | Max.| Min. | Max. | *
_— QUIESCENT DEVICE CURRENTllop| 5 |Vin=VssorVpo| = 5§ (.- 1005] 5 —.| 150.|uAde: .
= . 10 |Altvalidinput | . = | 10 - 01 {100 - | 300 B
- 15 [combinations - 15 = 0.2 .20 - 600 | - %
» _OUTPUT HIGH (SOURCE) lon .l
< CURRENT ) . _ )
. C, D, F, H device . 5 (Vou = 4.6V -0.15| —~ |-0.12 |-05 - |-008| - |mAde o
a¥ 10 [Von = 9.5V 037| - |-03. |18} - |-021] - -
- - 15 |Vou =138V [-1.25| - 1-1.0 4.5 - |-069) -
- : Vin=Vss or Vpo - ’ .
E device i . 5 [Vou =4.6V 014 - [-012]08 | .— |-0.10]| ~ ImAde
10 |Vou = 9.5V -035| - |03 |-118| =~ {-028| --
R 15 Von=135v |[-12 | — |10 |45 | - |-085| -
R V|N"ng orVpp
=, OUTPUT LOW {SINK) oL &
S CURRENT
! . C, D, F, H device 5 VoL =04V 0:15| - (0.12 |05 - | 0.08 -
i ) 10 |Vo_ =05V 037} - .j03 |10 - 1021{ -
15 [Vo_ = 1.5V 125} - |10 |58 — {o69| =
| Vin=Yss of Voo
E device U8 VoL =04v, 014 — |o12}o05 - {o10| -
10 Vo, =05V 035| - |03 |10 - lo2s| -~
15" [VoL = 1.5V 12| - |10 |s8 - joss| -
Vi =Vss of Voo { -
4 . . ’ To.
- - “NOTES: "'~ Remaining Static Electrical Characteristics are listed under “SCL40008B Series Family Specifications”;~
. 2 T ow = -55°C'for C, D, F, H device.
. = 40°C for E device.
i Tuigr = +125°C for C, D, F, H device.
H =+ 85°C for E device:
H DYNAMIC CHARACTERISTICS {C, =50pF, To =25°C)
. . < Voo i
f - ; P.ARAMETER . I vde) l Min. | Typ. l
3 T CLOCKED OPERATION ’
=+ PROPAGATION DELAY TIME. : . .
"y ’ Clock to Q1 : ' tpur. teHL |. 5 - 200
. 10 - 100
15 — 80
Qito Q +1 tpLH, tPHL 5 - 4 150
10 - 75
15 — 60
OUTPUT TRANSITION TIME trims tTHL 5 - 180
. g . , . 10 - 90
. ' . 15 - 1. es
4o MINIMUM CLOCK PULSE WIDTH PWer 5 - 100
e . . 10 - - 50
- 15 - 40
1 MAXIMUM CLOCK FREQUENCY for . 5 | 20 4.0
10 40 8
15 | 5 10
MAXIMUM CLOCK RISE AND FALL TIME.«" ity ticL 5 15 .-
. L 10 15 -
: . s 4 15 5. —
\ RESET OPERATION . . T
PROPAGATION DELAY TIME = ltene 5 | - 300
; . 10 - 150 -
- L. SR U1 IO T T S . 120"
MINIMUM RESET PULSEWIDTH _ ° PWg 5 - 150
’ . 10 - - - 75
: : 15 = 60
[ ResET REMOVAL TIME » tem: <} - 5 - 250
LR R e fee A sy [ 10-] -. 125~
: - 15 - 100
i A *
! 4 :
95




SCL4020AB

o

©

V.n., DRAIN VOLTAGE (Vdc)
<20 -18 -16 -14 12 -10 -8 -6 -4 -2 0 _
T S
v°'|'=-5 vdc - 5 <
-10 g
Vos =—10_Vd 15 § E 12 E Ves = 15 Vde
[ 20 = £ 1 |
o a /
Veg ==15 Vde -25 § = 8 Vs = 10 Vdc
E g =
3 = 2 1A r..|=5vﬂl€ TA=25:c—
o ¢ o L L L 1
Th=2Cq = 0 2 4°6 8 10 12 14 16 18 20
Vos. DRAIN VOLTAGE (Vdc)
Typical P-Channel _ ’ Typical N-Channel
Source Current Characteristics ) Sink Current Characteristics
R T
o 1 / -
o (>’
22 TIMING DIAGRAM
> ' -
- 16 32 G4 128 256 512 1024 2043 4096 8192 16,384
Clock WWTU'LFTTTUTUU L _LJ__LJ—
Heset I
a1 JL_LLLLLLLLLLLLL
Qs — WLLLLLLLLLL —
T as f__l_LLLL_I_LLLL
Qe | I U N I M N ) N
Y M L_ T T
as /A N e S e e e
as 1 L j S I B T
Q1o 4 N R P I I
a1t : - . f_—L__ R S E
Qi2. s W e B s
a3 - | D U T
Qia — | R
= ) : TYPICAL COUNTER STAGE

Ay
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SCL4046B
SCL4446B

CMOS PHASE-LOCKED LOO

FEATURES

4 Very low power consumption — 70 uW (typ)
@ fo = 10kHz, 5Vde | .

#- Operating frequency range (no offset) —
Up to 3MHz (typ) @ 10Vdc (SCL4046B)
Up to 4MHz (typ) @ 10Vdc (SCL44468B) °

4 Low frequency drift — 0.04%/°C (typ) @ 10Vdc
4 Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
phase-pulse output for lock indication
4 VCO inhibit control for ON-OFF keying and
uitra-low standby power consumption B
4’ High VCO linearity 1% (typ} s
¢ Source-follower butput of VCO control input
(Demodulator Qutput)
¢ Zener Diode to assist Supply Regulation
4 Balanced Output Drive Current Specifications
APPLICATIONS

¢ FM demodulator and modulator
Frequency synthesis and multiplication

CONNECTION DIAGRAM
(all packages) -

ZENER DEMOD OUT
SIG P “VCO
oo | WER g gy |

16 15 14 13 12 11 10 9
SCL4046B  SCL4446B .-
1 2 3 4 5 6 7° 8
T
PCI
ouT

PHASE COMP
PULSES IN

] I T
VCO INH C1 'C1 \fss
ouT (A) (B)

Add suffix for package:
C  16-pin Cerdip
D  16-pin Ceramic
E 16-pin Epoxy

=& Frequency discriminator

Data synchronization
- Voltage-to-frequency conversion
Tone decoding
FSK-Modems
Signal conditioning

L2 X X X 2

DESCRIPTION

, The SCL4046B and SCL44468B Phase-locked
loops contain two phase comparators, a voitage-
contrdlled oscillator (VCO), source foliower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directly N
coupled to large voltage "signals, or indirectly
coupled (with a series capacitor) to smali voltage
signals. The self-bias circuit adjusts smail voltage

- signals in the linear region of the amplifier. Phase
comparator I (an exclusive-OR gate) provides a .
digital error signal PCIoyt, and maintains 90° phase
shift at the center freqpency between Signal and
Comparator inputs (both at 50% duty cycle). Phase

-comparator II (with leading edge sensing logic) pro-
vides digital error signals PCI o, and Phase Pulses,
and maintains a 0° phase- shift between- input
signals (duty:cycle is immaterial) The linear VCO
produces an output signal VCOgqyt whose frequency
is determined by the voltage of input' VCO;, and
.. the capacitor.and resistors connected topins Clp,.

C1g, R1, and" R2. The source follower output,

Demod Out, with an external resistor is used where-

the VCOjp -signal is needed but no loading can be

tolerated. The inhibit input Inh, when high, disables

““the VCO and-source.follower to minimize standby

* < power consumption: The zener diode can‘be used

" to assistin power supply regulation.

F 16-pin Flat
H Chip

RECOMMENDED QPERATING CONDITIONS
For maximum reliability:
OC Supply Voltage Vpp:Vss ~3t0.15

. A

Operating Temperature. Ta b et
C. D, F, H Device ".-55 to +125

E Device " 40 to +85

i

e

BLOCK DIAGRAM

SICNAL @) @voo

t .. ‘
COMPARATOR| | COMPARATOR PHASE COMP. I OUT
---
' “PRASE - O—————,
COMPARATOR
‘vco I
out
Lo-Xa
@A
Vssi :nz[: %
B Vs C e
INHIBIT

by
—® G-

T Fig- 1 s
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.VCO SECTION

The VCO requires one external capacitor (C1)
and one to two externak resistors (R1 or R1 and
R2). Resistor R1 and capacitor C1 determinhe the
frequency range of the VCO and resistor R2 en-
ables the -VCO to have a frequency offset if re-
quired. The high input impedance {10122 of the
VCO simplifies the design of low-pass filters by
permitting -the designer a wide choice of resistor-to-
capacitor ratios. In order not to load the low-pass
filter, a source-follower output of the VCO input
voltage is provided at terminal 10 (DEMODULA-

PHASE COMPARATORS

The phase-comparator signal input (terminal 14)
can be direct-coupled provided the signal swing.is
within CMOS logic levels [ logic “0"< 30% (Vpp -
Vgsg), logic “1” 2 70% (Vpp-Vgs)]. For smaller
swings the signal must be capacitively coupled to
the seif-biasing amplifier at the signal input.

Phase comparator I is an exclusive-OR network;
it operates analogously to  an over-driven balanced
mixer. To maximize the lock range, the signal and
comparator-input frequencies must have a 50%
duty cycle. With no &ignal 'or noise on theé signal”
input, this phase tomparator has an average output -
voltage equal to Vpp/2. The low-pass filter con-
nected to the output of phase comparator I supplies
the averaged voltage to the VCO input, and .causes
the VCO to oscillate at the center frequency (fy).

The frequency range of input signals on which
the PLL will lock, if it wag initially out of lock,
is defined as the frequency capture range (2f.).

The frequency range of input signais on which
the toop will stay locked if it was initially in lock is
defined as the frequency lock range (2f; ). The
capture range tan not exceed the lock range. .

With phase comparator I, the range of frequen-
cies over which the PLL can acquire lock {capture
range) is dependent on the low-pass-filtér character-
istics, and can be made_as large as the lock range.
Phase-cgmparatorlenables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal. . ‘

SCL40468B, SCL44468

TOR OUTPUT). If this terminal is used, a load
resistor (Rg) of 50k§2 or more should be connected
from this terminal to Vgg. If unused, this terminal’
should be left.open. The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input "enables”
the VCO and the source follower, while a logic 1
“turns off” both to minimize stand by power
consumptnon.

One characteristic -of this type of phase com-’
parator is that it may tock onto inputsffequencies.-
that are close to harmonics of the VCO center-
frequency. A second characteristic is that the phase *© -
angle between the signal and the comparator input’
varies between 0° and 180°, and is 90° at the center
frequency: Figure 2 shows the (typical) triangular
_phase-to-output response characteristic of phase-
comparator I. Typical waveforms for. a CMOS
phase Iocked Ioép employing phase - comparator I

AVERAGE OUTPUT . i .
VOLTAGE . ,

Voo

Voo/s2

¢ 1 1 .
o’ 90° 8o°* :
SIGNAL-TO- COMPARATOR
INPUTS PHASE DIFFERENCE

AVERAGE QUTPUT VOLTAGE —V

Fig. 2 — Phase-comparator I characteristics at
low-pass filter output. -

.
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; -
PHASE COMPARATORI . e 3
S slGNAL‘. INPUT (TERM. mlm )
- ], VCO OUTPUT (TERM 41+ Pt €
- COMPARATOR INPUT _[_L__r- -
o {TERM 3) - . * r
oL W g
Sig Cémp : . e = Vo |~
in In VCO,INPUT (TERM.9)s S\ NN N7
‘LOW-PASS FILTER- ~ - . : NG
PCIOut . . ! ouTPUT - ) TV | R
o . : H 1t1 L BRE
.Fig. 3 — Typical waveforms employing phase comparator I in locked condltlop .. L. R
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SCL4046B, SCL44468B N R
» PHASE COMPARATOR-IT . :
Input State
- T (x x
Sig Comp .
, In In
3-State :
PCILOut o Output Disconnected !
Phase Pulses o 1 :0 -
. ) SIGNAL INPUT (TERM. 14} -r—l————it M )] -
veo OUTPUT {TERM 4 )+ r—l ﬁ ’
(cTouPAF;‘}mR INPUT - 2 (s ™ 8
PHASE COMPARATOR II -V, .
OUTPUT (TERM. 13} B Bl T
-Vss
T S T
J- - = = = VCO INPUT-{TERM, 9y~~~ —~a~r 3 = VDB— ;
“Vss

LOW-PASS FILTER
OUTPUT

PHASE PULSE (TERM.1) - |]

NOTE:-DASHED LINE'IS AN OPEN-CIRCUIT CONDITION

— U—'Voo

Phase-comparator IT is.an edge<controlled digital
memory network. It consists of several flip-flop
stages, control gating, and a three state output
circuit comprising p- and n-type -drivers having a
common output node. When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of the signal
and comparator inputs. The duty cycles-of the
signal and comparator inputs are not important
since positive transitions contro! the PLL system
utilizing this type of comparator. If the signal lags
the compa'rgtor input in phase, the n-type* output
driver. is. maintained ON for a time corresponding
tothe: phase. dlfference If the comparator :input
lags the signal in phase, the-p-type output driver is
maintained. ON for a time corresponding to the

phase d:fference Subsequently, the capacitor volt- .

age of the* Iow-pass filter connected to’ thls phase

. 'comparator is adjusted until the ‘signal 3nd "éom-

parator inputs are equal in both phase and frequen-

.

cy. At this stable pomt both p- and n-type output

Fig. 4 — Typica] waveforrps employing phase comparator II in locked condition. = .

drivers remain- OFF. Thus, the phase compat
output becomes an open circuit and holds the
age on the capacitor of the low-pass filter cons
Moreover, the signal at the “phase-pulses” outp
a high level which can be used for indicati
- locked condition. Thus, for phase comparato
no phase difference exists between- slgnal and ¢
parator input over the full VCO frequency ra
Moreover, the ‘power dissipation_due to the
pass filter is reduced when this type of phase
parator is used because both the p- and n-

input cycle.

It'should be noted that the PLL lock range

this" type of-phase comparator is equal.to .the

R ture range, independent of the low-pass filterzy

< no signal present' at the signal input,.the VCi
adjusted to- its lowest frequency- for phase:

- parator IT_ | F,agureA shows typical .Waveforms

a CMOS PLL employmg phase comparator IT

locked condmon. .~

o e

output drivers.are OFF for_most of. thgsn

A .
s

O, S-S
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This information is a ‘guide’ for approximating
of external components -for the
SCL40468 and SCL4446B in a Phase-Locked Loop
system. The selected external components must be
within the following ranges:

the values

DESIGN INFORMATION
R1, R2>2k§), Rg = 10k§2.

C1215pF R
Co _ In addition to the given design information refer *&
to Figure 5 for R1, R2, and C1 componént selec-

tions.

- - -

SCL40468, SCL44468 | -

) USING PHASE COMPARATOR L USING PHASE COMPARATOR I
vcow
CHARACTERISTICS vco mr:::n_ OFFSET TH OFFSET vco wn:;).u: OFFSET VCO WITH OFFSET .
VCO Frequency
— L.
%o'T Voo o

Vop’2 Vo0 voorz Voo
VCO INPUT VOLTAGE VCO INPUT YOLTAGE

Yoo’2 Voo

YCO INPUT VOLTAGE VCO INPUT YOLTAGE

For No Signal Input

VCO in PLL system will adjust to center frequency, f,

VCO in PLL system will adjust
o lowest operating frequency, fmin .

Frequency Lock Range, 2f

21 = full VCO

frequency range-

.2 fL= 'mu"'miq

- Frequency Caprure= [ == "y~ T Tgyr

- U!I"_' with
min

Fig.5¢ to determine

ratio R2/R1 to obtain

- ©T A1

Range, 2fc
THam3c2 2 210~ (2T
T e
Loop Filter fo =t
Component I A3 oyt
Sqlection,
Re *
) . For 2 fc, see Ref.
c2 )
e
900 at center fr {fo). spp g CP and
Ph_an Angle between Py o Atways 0° in lock
Signat end Comparator 1809 a1 enchs of lock range (2fy )
Locks on Harmonics of ) o B P
Center Frequency * Yos - N,o_ 5
Sign.al Input Noise High Low' .
ejection
’ ~ Given:'fg ‘~ Given: 'o. and fy, - Given: frgx - ~ Given: Imin & fmax [+
~ Use fy with Fig.5a to = Calculate fm;p from - Calculate f, trom — Use fmin with Fig.5b
determine R1 and C1 ° the equation ° the equation 10 determine R2andC1
fmin = fo — fL ‘= fmax fmax N
— Use Imir, withFig. 5b ° — Calculate == -
to determine R2 andC1| _ yse fo with Fig.5a to ¢ -
, determine R1 and C1 - Use % ith. Fi
veo - Calcutate : Use Tin with . Fig.5¢
min
Compfmcm from the equation t0 determine
Selection u . t .4t ratio R2/R1 to-
max _To* L . . -
IR — obtain R1*
fmin. fo—fo 7
fmax

REF, G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked ﬁoop", B8STJ, May, 1965.
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SCL40468, SCL4446B

.ELECTRICAL éHARACTERISTlCS 3

K] o Py B
PARAMETER | voo | conprrions | Tuow *5 ¢ Tign”_ |,
{Vdc) ) Min. | Max. | Min. | Typ. | Max. Min. | Max.
QUIESCENT DEVICE Ino ) ' ,
CURRENT ‘ 5 |Inhibit = Vpp -l 5] —Joos| 5| — | 150 |u
10 |Signal Input = - 10 - 1001 [ 10 {. - | 300
15 Voo -] 2| —102 ["20{ - |&00 |-
TOTAL POWERDISSIPATION |p; Inh = Vgs, :
’ Vo, = Yoo
fo = 10kHz 2 )
5| C.=15pF - - =l007 | - | = -
10 | R1=1MQ, _ - 1. - |06 - - = m
15 R2= RS = °? — - - 24 —~ 1 R

NOTES: ! Remaining Static Electyical Characteristics are listed under “SCL40008 Series Famiiy Specifications”™.
) ? Ty ow =-55°C for C, D, F, H device.

= -40°C for. E device.

Thign = +1257Cfor C, D, F, H device. -

=+ 85°C for E device, >

* VCO output (pin 4) and Phase Comparator-Outputs {pins 2 and 13) have been designed for
balanced output drive current specifications. Consuit Family Specifications. '

- —— I 25°C .
PARAMETER - CONDITIONS -V L — . UNIT
[ 0o [ Min. ' Typ. Max.”
VCO SECTION ’
MAXIMUM OPERATING| f,,,, -
FREQUENCY ‘ .
SCL40468 Rl c1 |
R2=o 10k 50pF | 5 05 .08 - |'MHz -
VCOy = Vop 10 1.0 15 -
15 1.3 1.9 -
5k 50pF 5 0.6 1.0 ~  |-MHz
. 10 1.4 2.1, -
15 1.8 2.7 - .
. 2k 50pF 5° - 1.3 - MHz
10 - - 2.9 -
- . . - 18 = 3.8 -
SCL44468 A2=o R1 C1 : ’
VCO,y =Vpp | 10k 50pF 5 0.7 1.0 - MHz
| 10 13 2.0 - -
15 1.9 2.8 -
5k 50pF 5 0.9 13 - MHz
10 1.9 ' 2.9 -
-15 2.6 3.9 - .
2k - 50pF 5 - 1.8 - - MHz- .
.. 10 - 39 - .
. 15 — 5.4 —
LINEARITY R2=o -
VCO = 2.5¢0.3V, 5 - 1 - % -
R1210kQ - i
- VCO = 5.0£2.5V, .10 - A -~ .-
R1>400kQ — - T T
VCO.N = 7.535.0V, 15 - 1 -
R1Z1IMQ
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, ' SCL4046B, SCL44468"
ELECTRICAL CHARACTERISTICS (Continued) .
A Y
B +25°C UNIT
PARAMETER CONDITIONS Voo Win T Tye. ] Max.
VCO SECTION (Continued)
TEMPERATURE- -
FREQUENCY .
STABILITY . ' :
No Offset R2=co 5 - 0.12:0.24 | - %/°c
10 - 0.04-0.08 - \
15 — 0.015-0.03 | —
With Offset R2< 10X R1 5 -~ 0.06-0.12 - {%Pfc - |,
10 - 0.05-0.1 - :
15 - 0.03-0.06 = .
INPUT RESISTANCE Rin v
(VCO,,) ) 5,10, 15 - 10 - mMQ”
OUTPUT DUTY Al valid input combin- :
CYCLE ) ations and voltages — 50 — %
OUTPUT TRANSITION e . ¢ .
TIME [ ™" ™ e, = 50pF 5 - 100 200 |ns
10 - 50 100
/ 15 - 40 80 :
PHASE COMPARATORS ) .. i
INPUT RESISTANCE | |~ I S e B AR R
Signal Input | Ry 5 1 3 - MQ
. . 10 0.2 0.7 - - =
- 15 ° | 04 0.3 -
Comparato'r Rin 5, 10, 15 - 108 - MQ .
input ’ .
AC-COUPLED INPWUT  |Vin
SENSITIVITY .
Signal 1 nput ; 5 - 200 400 mV &
. 10 - 400 - 800 -
. 15 = 700 1400
OUTPUT TRAN!SITION
TIME -
. PCL FCO triH, tTHL 5 - 100 200 | ns
Outpr uts T, = 50pF 10 - 50 100
R : 15 ~ 40, 80
Phas e Pulses [ty n, tHL ‘5 - 130 260 ns
Out put 10 - 65 130 -
) 15 ~ 50 100
DEMODULA" TOR OUTPUT
OFFSET VC JLTAGE, . [VCOyy-
. VDEM R5>50kﬂ 5 - 1.4 2.2 . Vde
10 - 1.6 2.2
_ - . 15 - 1.8 2.2
LINEARI" Y Rs>50k 2 ’
VCOy = 2.520.3V 5 - -0.1 - %
VCOn =5.0£2.5V 10 - 0.6 -
. VCOy = 7.545.0V 15 - 0.8 -
ZENER, DIODE}
ZENEIAVOLTAGE ~ |V, 1z = 50HA - 63 70 | 77 )v.:
DYN/amIC . IRz Iz ="1mA - - - 100 - Q
RES).STANCE )

“

183

£

J’»Zf



o
2

-
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]
D = 10V Yoo
V
00 = 8V 'Y B /7Vo0
11t e 3747
t 2f
I
'o-o ! ‘_O
- 10k, N R =15V
N L :
Y v by - 10v
£ v c i - 5V
g S
N
o "
g g "
-~ - N
S % AN N
2 N\ s N 3 AN
- =
g g TR
3}
(8] Q
NP 00k, vpp 15V
N Vpp = 10V N
N Vpp * SV R
B IR N
Ry = IMQ, v - 1sv] Ay M8, vpg s 15y,
P N Voo * 10V
Voo <+ Svid
N R R
4
" w) w?
C1 (UF)

Vv .
Fig. 5 (a) Typical center frequency (fo) vsC1 (R2 = oo, VCOyn = -—% » TA = 25°C)

“

4V

Offset frequency

i

0 e
SCL44468
R
H—ttH—-
8 voy
Nop = 10V
Voo *
> P
Voo .U Ay = 10x§2 -
v 5 - wov
oo ]
VYoo 3. . = BV
o
o N 0
- N
-
2 A NN
5 R
N N N
NN
»:

7

100k 2, vpg = 15v

4%
VvV

Vop * 10V

Voo = SVITT
PR v+ T

%44

Ry = 1M82, vpg = 15V

C1 (uF)

Fig. 5 (e) ‘Typical frax/fmin.vs R2/R1
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* ¥CO POWER DISSIPATION (Pol—~pW

o
10y v
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& 3,
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!- \ tuf
o
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2 L3N} 2 “ 40 2 4 L
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Fig. 6 {a) - Typical VCO power dissipation
at-center frequency vs R1,
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Fig. 6 {b) - Typical VCO power dissipation
at fmin vs R2.
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Fig. 6 {c) - Typical source follower
power dissipation vs Rg.

NOTE: To obtain approximate total
power dissipation of PLL system

for no-signal input

PD (Total) = PD(fo) +_PD “MIN) +-PD (Rs)

— Phase Comparator |

Pp (Total} =LP6« Emin).
. — Phase Comparator 1]

-t

SCL40468B, SCL44468B

NORMALIZED LOCK RAMGE (1 /tg)
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Fig. 7 — Typiq;l lock range vs
signal input amplitude
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SCL4011B, SCL4012B.
SCL4023B, SCL4068B %

CMOS NAND GATES -

SC1L.4011B — Quad 2-Input NAND
SCL4012B — Dual 4-Input NAND
SCL4023B —~ Triple 3-Input NAND
.SCL40688B = 8-lnput NAND

FEATURES
4 Buffered Outputs .
4 Diode Protection an ail Inputs

¢ Fully “B"-Series Compatible
4 Balanced Output Drive Current Specifications

TRUTH TABLE
Inputs . ' Qutput

11 1.1 o]
All other combinations 1

. FUNCTION'DIAGRAM‘S

SCL4011B SCL4012B

1A 17 3 1A 2 N
1% - l .
1B 2~ 18 3-1 1 v
: 1
2A 5 4 1c 4-f—_r / _
‘|28 6 1D 5 :
3A 8 2A 9-
n )103Y _L
38 9 28 104 13
2Y
4A 12+ 11 2C11—‘_.J L

| 48 134 2012

Y = ABCD

<
]
@l

SCL40238B.

1A 11
BI )
2A 3
SA”—I_..4
38 12 D’J—TO;’N

s ¥ « ABT

SCL40688
2 ————
3 —_—

4 —y

=

" Y = ABCDEFGH

IQm"mOoOow?pd»
[

N

~N

CONNECTION DIAGRAMS
{all packages)

Vpp 4B 4A 4Y 3Y 38 3A
1 | I I ] | ]

14 13 12 11 10 9 8
SCL40118B

1 2 3 4 5 6 7

T 1 1. T 1 1 1

1A 18 1Y 2Y 2A 2B Vgg

Vpp 2Y 20 2C 28 2A NC'

T T R S T Bl
14 13 12 11 10 9 8
SCL4012B
1 2 3 4 5 6 7

T T T 1 1

| 1
1Y 1A 1B 1C 1D NC Vgg

Vpp 3C 38" 3A -3Y 1Y-iC- == |-
] | ] ] | |

14 13 12 11 10 9 8 B
SCL4023B
1 2 3 4 5 .6 7-

| ol U |
1A 18 2A 2B 2C 2Y Vgg

V?D Y H G F E NC
| 1 [ 1.l ]
14 13 12 11 10 9 8
SCL4068B .
1 2 3 4 S5 6 7
[} I i T = 0 I

NC A B [ D NC Vgg

- Add suffix to package:
14-pin Cerdip
14-pin Ceramic
14-pin Epoxy
t4-pin Flat
Chip

ITMmOO

. RECOMMENDED OPERATING CONDITIONS

For 'maximum reliability: L
OC Supply Voltage Vpp-Vss - 3to15 Vvd
Operating Temperature TaA

- C, D, F, H Device
E Device

55t +125 ©°C .

K e

40to +88 °C '’
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li T SCL4011B, SCL4012B, SCL40238B, SCL40688° . .
if . - .
! ELECTRICAL CHARACTERISTICS .
; .- . .
i _- STATIC CHARACTERISTICS ** .
: PARAMETER Voo | conottions |Teow’ +57C Tosn' | ynies
. (Vde) Min. | Max. | Min. | Typ. | Max.| Min. | Max.
QUIESCENT DEVICE loo| A
CURRENT 5 Vi =VgsorVop| - | 005| - lo000s| 005 - | 1.5 |uAde
s 10 | All vafid input -~ 1o0] - fooor| arof - | 30
p 15 |combinations - 10,20 - 10.002 | 020 - 6.0

NOTES: ' Remaining Static Electricat Ch
} Tiow =-55°C for C, D, F, H device.
= —40°C for € device. .
Tuigu = +125°C for C, D, F, H device.

. =+ 85°C for € device.
3 These devices have besn designed tor halanced output drive current specifications, Cohsult Farmily Soecifications.

are listed under “SCLA000B Series Family Spccilica(iens'\

DYNAMIC CHARACTERISTICS {C = 50pF, T, =25°C)

PARAMETER (‘\’/32, Min. Ty, Max. Units
PROPAGATION DELAY TIME [
5 - 12% 250 n
10 - 60 120 *
15 - 45 90
OUTPUT TRANSITION TIME Reem. trme 5 - msg 200 ns
10 - . 100
- 15 — 40 80
Vos. DRAIN VOLTAGE (Vdc) %0 ——
20 18 -16 -14 -12 - X .
14 12 1Io413 f 4 2 0 g % - Ve = 15 Vi
Ves == 5 Ve T—=7 S - E 40 et
- 0 5 %
=
Vs == 10 Vde // 5 2 & 30
L, 20 = E ] 7 Ves = 10 Vde '
A 25 g e 1) y, o
: 2 3B S avaras : el B
35 = 2 104 -
Ves =~15 Ve <] « 3 A "ul‘-'sl"" T,=25°C....
| o e 1
T T T;I=2~"i°"‘5 = 0 2 4 6 8 10 12 14 16 18 20
-50 Voe DRAIN VOLTAGE (Vde) .

Typical P-Channel ~ Typical N-Channel
Source Current Characteristics Sink Current Characteristics

‘ SCHEMATIC DIAGRAM SCL40128B (1 of 2 gates)’

voo

LOGIC DIAGRAMS

s ] P> B ’*EELE; .

'SCL4012

. ' | 8 L{

I

SCL4023 w ' B4 b h

68
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~ CMOS NAND GATE -

seLapnus (Unbuffered)
FEATURES ‘
4 .Unbuffered Outputs for Quasi-Linear Applica- CONNECTIO‘N DIAGRAM
tions . {all packages)
4 Quad 2-Input NAND Configuration
4 Diode Protection on all Inputs- Vpp 48 4A 4Y 3Y 38 3A
¢ Output Drive Current Compatible with “B” [ D 1 1 i
Series 14 13 12 11 10 9 8
4 Pin Compatible with Buffered SCL40118 - SCL4011UB
4 Balanced Output Drive Current Specifications 1 2 3 4 5 & 71
i i 1 | !
1A 18 1Y 2Y 2A 2B Vgg

DESCRIPTION
The SCL4011UB consists of four positive-logic
NAND gates. The outputs are unbuffered, making

the device suitable for quasi-linear applications,
such- as gated oscillators, nmultivibrators, and pulse

shaping circuits. -
For digital applications, the buffered SCL4011B

is recommended for its higher gain.and input
pattern insensitivity.

TRUTH TABLE

" Add suffix for package:
14-pin Cerdip
14-pin Ceramic
14-pin Epoxy-
14-pin Flat
‘Chip

IMmooO

{nputs Output

0

11
1

All other combinations

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:
DC Supply Voltage Vpo - Vss

Operating Temperature Ta
C, D, F, H Device

3to 15 ch

55 to +125 OC

40 to +85 Q€

" E Device
SCHEMATIC DIAGRAM LOGIC DIAGRAM
14
» P ? ?
Z:*i\ 2y 3y [:‘.r
g | PR D
140 _JE EL & 3a ;‘; ::D_. 2y
i [l =R
4A 12 °
i ;D— ay

Y = AB

Vpop * Pin 14
Vgg = Pin 7

O,

49
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ELECTRICAL CHARACTERISTICS R
STATIC CHARACTERISTICS L3 '

* 2 o 2 P
PARAMETER Voo | conpITIONS | TLow *5¢C THIGH™ | ynins
. ' {Vde) Min. | Max.| Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE  ~ Ioo|
CURRENT 5 |Vin=Vesor Vog — | 0.05| - {00008 005| — | 1.5 |pAde
10 |All valid input | - |010| - |o.00t} 010y - | 30.
. . 15 combinations - | 0.20 - 10.002 | 0.20 - | 6.0

NOTES: ! Remaining Statlc Electrical Characteristics are listed under “SCL40008 Series Famlly Specifications”.
. ! Tiow ™ -55 C for C, D, F, H device.
= 40° C for E davice.
- THiGH -+125 C for C, D, F, H device.

=+ 85°C for E device.
¥ This device has been designed for balanced output drive current specxftcanons Consult Family Specifications.

. DYNAMIC CHARACTERISTICS (C, = 50pF, TA = 25°C)

PARAMETER : (‘\’,32} _ Min. Typ. |ooMax. | Units
. PROPAGATION DELAY TIME toL M. tPHL
. . . .5 - 75 . 150 ns
‘ 10 - 35 70
15 L - 25 50
OUTPUT TRANSITION TIME trLm. tTHU
: S - 100 200 ns
0 | - 50 100
— e 15 - 40 80 -
i Voo DRAM VOLTAGE (Vdc) 50 I
20 18 16 14 12 10 8 6 4 2 0 S L 15 vde
[} 1 1 "
Yop= -5 Vi 5 5 ﬁ, b
S ol : s
Voa =10 Ve A— s g g%
oa / 20 g 25 Vou = 10 Vie
14 2 3 -
. » = EIRE
AP '/ 35 = S 10 ; .
Voo =18 Voo _‘o‘g 3 s&x Vo =8 V06 T, .
s T T,=2C{ 465 2 0 2 4 6 8 10 12 14 16 18 20 3
L -50 " Ve DRAMS VOLTAGE (Vec) E:
.*
. . . Typical P-Channel Typical N-Channel .
A Source Current Charactaristics Sink Current Characteristics E
4
3
-3
S
- .
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Compensated Monostable Multivibrator
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Frequency Doubler
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