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ABSTRACT
This project proposes a power factor control method of a % HP, 220V, 50Hz
single phase induction motor, by using the “phase control” method, by changing
voltage feeding to control maximum power factor in any load. TCA-785 is used for
generating the pulse signal, fed to thyristor(Triac)'s gate by using the opto couple to
isolate between control circuit and power circuit. This IC will prevent the damage
from the high voltage in power circuit.
This method will control the single phase motor to response to a load

change in order to save energy and can be applied to industrial applications.
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31 2.19 namesiuvdaiaaifa (Hysteresis Motors)
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In3siaeidszinniaaens (SCR: Silicon Controlled Rectifier) 1lugunyalans
& o o A9 o 1 v a A 6 o ¢ A v
drihildnuadiininendunudidnnseiingings ueUnsalidsznaylledae

A Al Zo 0.: = 1 =) ¥ 1 =
RITNIAIUT 4 TU LAzl 3 Ja86a LLRZ&I‘U’]I“EG’W%&% 3 U1 a8 LLQI%@ LLﬂI‘Y]G] LR NN

ﬂ”ﬁLLamlugﬂﬁ 2.26
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31 2.27 ugasagansalrasinisieas

u

Anode
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p Q4
N N
Gate @@=y P P
i L) Q,
N G
K
®
Cathode

31 2.28 ugasuuuhassvadlnisaasleslinudaaaszosda

2.4.1 anwuzzlivadlniseaimas lniseasvmalnguouilsnuialy
wthaalasainld 2 dszinnfa wwulidubunIeuuuada (Stud Type) wasuuy
@an (Disk Type)
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(STR) 2N1913

4

i
O SR MBS MAS
052 110 amps. 200y

31 2.30 ugavgUivasiniseeimatuuudsr

'lugﬂﬁ 2.29 -2.30 a]:LLamgﬂi'lmaavlw?ama?ﬁ’la”muuam’“mm:uuu@aﬁ
anwuevia lenmdonnvlalaaidsusdasdanunméuidng dniuminszgulilng
ALADTYNY SUTUAIDITaI LYTRIATAIaILURG A VS ae I wa99:Sina L1811y

L

Tufladanuusduszuiaanuian (Heat sink) dnlnssiaafuuudatiszuionnusan
fEMIUTENULHRTENIAN LT U Fa 96

2.4.2 vanmynuadlniaass myvawsaslnisieeimaanIndiaas
mvnulagld noudsaes 2 d2 lddhlemsiowsesinsaae Sotu o
melugﬂﬁ 2.31 lmwsawaauﬂmaﬁlsﬂauﬂﬁuLmumn Tugnazfisns Iwliriy
ualuauazualna Lﬁaﬁmms:e}”uﬁmﬁaﬂﬂym Q2 v ldsunislunes avefianiug
nsud I, il Q2 dhnszumdunavinli 7, e ud 1,= 1, 1fla 1, lnseen

nnrnusres Q1 il atldsuluwesassfvuavinly Q1 shnsug 8

nssud 1, warhuindfawmesludimaeadainas (7, was Q1 nszua 7, azlnaly
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a dl o v vV o [ v o J o v
Vununsus I Mhanszdu Q2 inszua vld 7, ldsunszuaanndu viali
o J v J v <3 Q v
Q2 nszugannduay wazdmgadnanszus 7, Wy @2 a2 Amausaiinszuale

n 1, Ml Q2 usr Q1 shnszualdaaaaiian daudnezngadnanszus 7,

=T, (UaizN I.=0)

lEZ

311 2.32 ANBUMT MATaINTEURIUN T BT RL AT NIFIAA

2.4.3 quian¥UzI04 lnIqiaaT (Thyristors Characteristics) In3aiaatilszinm
LagTans m:v‘hmmﬁamuaimLﬂummﬁaLﬁﬂuﬁumuﬂ‘[m@ﬁgﬂﬁ 2.31 lagdasd

manszguainndgiioanivieu drldinenszduiiannn (1,=0) Insaaatazly
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o v A‘ Qe dl J t:: a 1 v
inszus dwinuseuiuelua (7)) duldeuiinailnisaeinulild (Forward

breakdown voltage) InImaasianldsuanuiameilidresleaiu asgui 2.33

+la@mp)

—_— Forward volits drop { conducting }

Forward breakdown

voltage

‘Gate Gate
, lriggered triggered T
. le= 0
4 [ -
Reverse breakdown g

voltage 1 e

-Vak Vak

{¥olts) (Vois}

Reverse leakage
current IL = Latching Current
lh= Holdinn Current

-la mp;

31l 2.33 nmWquisutidnzuauazunaasiniaaas

mluneandu(Reverse Bias) wiadnaussandrfianualuaduauiiialiiouny
1ualne  mmsnfznndasuseuninnieay Insseadeslitinszus v:dud
ﬂi:LLﬁ%L’JVLMaLﬁﬂ"] (Reverse leakage current) LLa:ﬁ'lLﬁutmﬁuauﬁmWLLaIu@mm’fu
%uﬁaﬁ;ﬂﬁvlw?ama{ﬂuvl;ﬂﬁ (Reverse breakdown voltage) tnSainasazlasuainy
GAVRH

inﬂrmwLfiaﬁl,l,iwn”uqmmuﬁl,nw nazuanalue (1) @"hqﬂﬁvlm‘%m@]ai‘ 5
dnszuadia 1, wazdean nizuswelueaniay 9 udndt I, EEVRRREEVHD
ﬂwmmmmzﬁ]wqmﬁmaaﬂvl.ﬂ wndw:ﬁmsm:ﬁmnﬂﬁaULLim”umﬂSﬂﬂ%

2.4.4 MInga¥iu - (Commutation) lnsaines amefiinsaiaaslasuniy
ﬂs:ﬁuﬁmmﬁa z¥udnaaaly °1nLn"nvl,sjmmmﬁmuqmlﬁwq@ﬁwmﬂﬁ
%ﬁnwiﬁmzﬁwlﬂﬂ?amafﬁqﬂﬁwmzuaﬁa Fasnldnszuai lnaruasiuanaslid
ndnszualands (2,) unswuniuniueawing (Tum off time) vaddsu
éaumﬂm:mumiﬁlﬁﬂqw%%amafﬂ:ﬁﬂﬁﬁ@mimﬂIaunszLLamnﬂ”’JLaaﬁﬁmﬂﬂ
IEIWANDE91993 ﬁ’%é}LﬁMWiﬁﬁﬁUﬂ’ﬁﬂqmmnmmaﬂﬂ%mma{

wmailalumnganszuavasiniaiaes (SCR) uthasnidu 3 358e
1. quﬂﬂimmmummmﬁ (Line Commutation or Natural Commutation)

2. mi%ﬂqﬂﬂi:ummuﬁuﬁdﬂuu (Forced Commutation)
3. mangainizualagdnlnaalflnanzay (Load Commutation) (uilazlive

1 =3
N&10Y)
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2.4.4.1 MINYANTLUTLUUBTTNTIA (Natural Commutation) tnaulisaai ac
(wsanndune) luguf 2.34 Titulnsmaainng dusurasgdaduaziliiioussau
luwaanauanasoufilnisaas villinszua 1, Wounin Holding current (1,,) &4

‘l.ﬁ'”lm%amai‘ﬂqmﬁwm:LLmﬁLLamlugﬂﬁ 2.35
mivxzgmaasﬁaﬁﬂmﬂﬂﬁLﬂu"LiJ@nuﬁﬁwmﬁmaagﬂﬂﬁ'ul,m@”uﬁuvg@ 9580

ﬂ?iﬁﬂqﬂﬂi:LLﬁﬂi:Lﬂ'ﬂﬁ’h NI qwn‘s:ummum‘mmﬁ

__—{’.
+ >
T T't
Vs =Vpsimnwt R. Ef

+VP | ——
Vs\\° p time
NP —NMeliN
\‘4./2‘3 e e e
o & R
Vo 0+ - ‘;7\ - time
'A. << T;-|
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2.4.4.2 mvgainzusuuuuiisay  (Forced Commutation) n1Iniga
dnszuawuufiudidy Wumafsulinszus 7, Widddugudlasmsiianeesi
131 WIMEaIINIzUE (Commutation Circuits) LﬂTﬂVLﬂluaaﬁ]imﬂw?aLmai{muqu
ol mwq@ﬁwnnummuﬁuu’”@ﬁuﬁwmmh:m'ﬂLL@iluﬁﬁawﬂ@Tﬁazhmai”nmsms
weainIzuy @”alugﬂ'ﬁ' 2.36

SW.
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Vaa

o
=
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3
7]
=
e

E a2

31 2.36 wé’nmsmmqﬂﬁwmzuauuuﬁm"u

n3dasiad awm leafa1s 1IngUN 2.36 llana SW, teadarazgnnizedu
Iinszusuazezlisansnaivauldngaianszuadis S annisvinlvinga
WnszuIzdadng SW, a SW, runszusez lnarin SW, YINuaNIzURT Lna
' a & & a o A ' a f . & ~ &
muLaaﬂﬁa'muﬂuguﬂml%m:me"lmamul,aaﬁaﬂimnﬂaﬂnizLLaIaa@a LORTNTA
ﬁqﬂﬁmmm

' -~ @ a & = P o o

M3AaaIaT aynsuny 1aaians 91n3UN 2.36 Liana SW3 1zdanIzusi bus
N1ULaRT015 a8 asIv N Tzuan ek wdndntzualas Gvvasdady vinlkiead
aﬁuqmﬁﬂmzummzamq@ﬁrms:uamaamvlﬂfﬂundw:ﬁﬂﬁw?ﬂlmiﬁm5ﬂm°<1 ol
fldna SW, uaz SW, azdasnalitfiiaaininnin Tum — off Time 284 SCR w9y
A 49 o A €49 o a & 9 A €a & Al e 2 %
39N I afm'ﬂ‘nlmquaammm:l,mumam@l’ﬁamﬂmauﬂmwaaﬂﬂmwmmu
AMHLIIUATNITANTAVDIRINAUNE @"’\1LLamNmﬁlﬁmm?d@mugﬂﬁ 2.37
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b
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x

o a

=] a ' o a =
;51"}'1 2.37 LRGN @]'Jaﬂ']d')ﬂﬁ]iﬂq@u’]ﬂizuﬁﬂi(] LYY

N1379% mngﬂ'ﬁ' 2,37 ’Niliﬂﬂq@ﬁﬂﬂi:uﬁﬁﬂizﬂElU@T’JULa&%m{ 3 @2fa
lagda131 (7)) ﬁfmﬁw'ﬁ'muquﬂi:LLamﬂLmdodmvl,ﬂ;ﬂm@ ade1352 (7;) vnti
wee 7, uaz T ﬁ'mﬁ’lﬁlumi’m{ﬂﬂs:qﬁauﬂﬁulﬁﬁumm%ma§

sun@ienhdaad ldsunsmiatszgauddn V.= 7, ﬁmguﬂﬂﬂgsﬁgﬂﬁ
2.38 vuizfl T Wnszug winudlvaliglnaaiiadainisld 7 ngasinszua
3zeiay nInlw 7, dnszus T m:gﬂ"l,ml,aana”ui@mm@”uﬁmﬂ']sﬁma{ ") T, 2=

Q a 6 A '
ﬂﬂqﬂ%qﬂiﬂl’ﬁ uaza1lgia a‘iﬂzﬂ’lﬂﬂi$ﬁ“wafﬂ7Elﬂ'izLLﬁ'LﬁTﬂaﬂLL‘Y]‘H;

T
+ e
# \ﬁr:.-== C wj
Vs 3 DLI R
Ta |

Y

311 2.38 usasmaiAiudszazasmihfined
iaeihdimaiesdszaan - 7, ugud udrmiadszy (7)) auldviiu
v, wwdenszuananihdinetazaaaadugud 7, Azngaiinszusuuusinmd (da
T, Winszugazvhliiiemimdadszadeunduenn 7, = 7, T, azngarhinszuanag

ALa
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2.4.5 Turn — off Time 283 SCR (tq o) toff) Turn — off Time W83y SCR i
rzmesuanilinszualnadiu SCrR nadaunduudndugeud ( 329987
SCR nauAuan1zlnaizanda reverse recovery time : 7, ) aufialiaifisanIndng

1o '

a a o o ﬂ‘: d. 1 A
usaunasasaluszanasslasn SCR lWunszua l, ﬁ]:uaﬂmayj’lu data sheet 4

J ¥ 1.0 v o ' 1 nd‘ =) a 1
m%:muagnwanmuﬂma 9 L’ﬁuqm‘wgm Junction , NILLENIALIIAW LTY data
P di di
sheet olUfl 7,=1504, T, =125 °c , — = 50A/sec , — =20 V/S , T, =
4 dt dv e

A A ; VA al
60 s Fovzmansiianszuaiilnachu SCR luns Forward laifiu 150A , amnndlal
LAt 125°, 80TIN1TRAVEINTZUE Forward @adlitasndn 50 Alsec . 8031N1ILAN
284u390% LLAK 20 V/sec ez SCR ﬁ”\mﬁﬂmam’;:ﬁqmﬁwm:umﬂunmmuﬁﬂ

60 us F9udeusaulddnasiasluglil 2.39

] 3
I % rt— tr—p
A ' i
i 3
] 3
i i

Thyristor current 0 ! -
Yl
: :

] 3 t

I §
B 3
] 3
A B k
] k
] ]
; E
VM ---------------- -: ———————— IS
3
] I
] 3
: i

Thyristor voliage 0 i 4L

t

E
3 3
i E
M it g
¥ ]

;51]17'1 2.39 URAY reverse recovery time

SCR wivamunman @ turn — off time 10w 2 wila fia

- Phase control SCR. #3282 Turn — off Time Uszanmk 50-250 5. 31470
92151112995 AC to DC (Rectifier)

- Fast switching SCR. {32tz Turn — off Time Uszanms 5 — 50 us. azlHlu

4373 Copper, Inverter
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2.4.6 mamiaagaLin (Power Loss) lulnaiaed laussauiizunnldiu
minzdudisuiauuin Inisasfesihinszuaasaalunszug 7, Amaduinli

\aussaunanaiaunaluauazualng (7, ) usiauiianaianazviliiiamasgoidoln

a a & o a
@]'JVLYliﬁL(ﬂﬂi @]x‘lLLﬁﬂ\‘igﬂ‘Yl 240

+
4 e

_V
B —_— S

[‘——-4 Viak N

+ SW )
: -l
311 2.40 uspsmAamIRIgayLFY
MagRYLFe (Power loss) MuNIWT laadd
Power loss = ¥, x I, Watt (2.18)

. £ o a &
ﬂ'l‘iﬂ"lﬂizﬁ'ﬂﬁﬂ']W’UaG"Nfiﬁ(ﬂ) ﬂl’ﬁ%ﬂ?ﬁL@aﬁﬂ?UﬂNIﬂaﬂ

77=P—?x100 % (2.19)

a

e idsfiiaving (PO) usziasiidnsdrannisduna (Pl) auasan bean
PO=V, x1I,  watt (2.20)

PI=V xI,, watt (2.21)
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3.1 amanlnzasaaluaai
« o . .
aaduany (Op-Amp) tfufatad niuiTun19938187AN1910 Operating
Amplifier 1T11%49938N8UL LA 8ATY (Direct coupled amplifier) AflaanmIvesgInIn
'L’ﬁn'liﬂauna”ml,uuauvlﬂmuqm‘“ﬂwm:miﬁwmu M lANan1Iiuve92995 18
Y - « > i
Iwnuwindiaasaeluveseatuanil 'zaﬁmU'Luﬂi:naummwwmyﬁ@aagnm
s A A a = 9 v a a
% MK Ao 29TV eaFWIWBITSaa W 399 TBEN8aNLWBLTULTEaNA
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709 WITRBUTTA VLA 1T EITuNIean FuansaiilTunteatuauiles
] 6 o o< A
Hugdeumioy ledeadusuliiulediuandralandiitusladving ldaladeadl
o v 1 a .
wanlfindwnn 2 11 [undandrlinauwa (Non-inverting Input) w38 1 + uazan
\NAUWE (Inverting  Input) w381 — daundsuaendifevaida Wady o

" v

dauitaladnsuidssygimnmsdiveanasiivaassduniaduida wddiden

a

a v c: v a a a 1
mytywmmmumnamﬂa aagrywmmaaam:mvxlamﬂﬂ 180 a3ANIINRY U

v v

N9AT LT

a7

Tverting foput
QE-AMpP  iosiiec Quipist
Nop=fuverting taput sf
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1S3y
TN o

[ &5 5 [
31 3.1 usasdanwolvavealuowl

L= ot a
amaudAveseatuentluniganad
1 é”mwmﬂﬁ@hqqmmﬂuaﬁuﬁ
2. Suvgwﬁm‘v’u@wfﬁm;gammﬁuaﬁmi‘
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4, ANUNTNUBILLILG AN (Bandwidth) ‘Lumsmmmqamﬂ

(7
(%

5. SNUNIDVLNURY Q04 LAIFEY QT4 AC Laz DC

6. msv‘hmﬂﬁi‘fuﬁuqmmﬂﬁ

A 2 s M o v a

Wadnunquaniavevaatuendluganadudinudt satuendldrindadves
2wswnelildagaasudau losnnddanvmedueinduszmunsnrsms dyyio
Tevislunszuasauuas lWnszuaass mabldlFnuluunefidadasnisansanms
pgnsAmansanszinldlasnisteuwnsy (Feed Back) LAaunaasaIn1Tu81889 uas
Tafanlsznsnitefida SuNuaugnaBunnidufua udgann Foliiniaulaid
ni:LLaﬁmgﬂ"l‘maLaﬂﬁ‘nwmwﬁuﬁﬁaﬁﬂﬁwmmaSuvgﬂvlaﬂmmaﬂidaﬁﬂﬁa‘lu&hu
nin L"ﬁmﬁmﬁ’uﬁil,mﬁwwﬁﬁmﬁu@wﬁﬂuﬂuﬁmm*mﬁn"l,ﬂL%ﬂ&l@iﬂﬂ”ﬂqqaiﬁuwﬁ

v
£

3.2 25281 gnaugadanas (Inverting Amplifier)

@
a

311 3.2 299328 8NAUTIN Y YITU

v
= =
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£

NITenaFYyIsizilaundwetdwaldn

|t (3.1)
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3.3 299528195 INFY Q18 (Summing Amplifier)

317 3.3 2993 U TINFY AN

]
=

WITVLUTINFWAN D (Summing Amplifier) kaadlaaisun 3.3 lasdusian

U6

moﬁml,am(vgmvhﬁ‘u

Br R
P Bfvr I'F ,
Vout N Y (R {/1 & VZ) (3.2)
1 2
a u’: ; =% o [ Rf a o o a "
AIUWINITUATNDAINV I UFINRIU Vl Lﬂu —E_ LaeNaINVLNURINIL VE
1

Rf : 4 oI 7 y LY
i — = Sﬁammmimhuamwmﬂmmummau Rl ; R2 LR Rf WL I@ﬂ

—
e

wRaunmadnaziiunIbIniuvs sawIRes(irhmIvensu)

2/
£

3.4 29952818 ldnaugdaanmk (Non-Inverting Amplifier)

AN
R 10k

(%
a

31 3.4 199y linduadyan o
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v v
o o a =

192328 niﬂnﬁumammmmwLLia@”uma@TwuLaﬁvgmmﬁu

R
V. (1 L E?) Vin (3.3)

v
o o

R
cgJ = A a s @
somsesieidanmain 1 + ~L daneunmliusanomgldonu
1 Rl 1 v
dwas By wsr Ry dwaes Tasdarnumsimduuinuaasinislindutivas

sy Aetusseudunadanduvanussduendwaszdanduoan lunendudiu

% o A a a 6 (=3 A=
mmmuauvg@1umLﬂuauLLsa@uLm@vgmna:umLﬁuau

3.5 2095V LAWY IMUUUMINUTIAK (Voltage Follower #3a Buffer)
NIV YYPIUUUVAWUTIAY IzdiTadun1admrinairiiiusaan
v a A M 1 PO A [ a A R A
nenudunalliafasanvessme linduddynmaigli 3.4 Wa Ry dauiuo

(ewd) uaz Ry deidu oo (aiud) 2 le9a509919 3.5
4 1 4

L% + waitd
mk__

O_

3111 3.5 WNVYYFYLIUULA VLTI

Ty W sanaun1If 3.2 lasrnuasisduniu Rr=ousz Ry = o0

v ; =1 a £ 6
LLﬂ’J’Ni}iu%:MLLN@%T]N@]’I%L?J’WW!@Lf]u
Vout = V::n (3.3)

aviuwashazlidanumeidn 1 wiafdeldinsvssyagaiue s
mwﬁmm@Tvgmﬁmwhn”uLLsm"’umaﬁmﬁum) Liﬁaﬁnnfmmﬁgﬂ 3.5 #i119399

wysenlvnh ®14(Voltage Follower) w3a (Buffer)
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3.6 299352818HAA" (Difference Amplifier)

UM 3.6 ATV UHAAN

’N'*ﬂi‘IJF;I’]EINRth‘lﬁﬁltﬁLLidG]DHYI’N@T’WMLEHGTw@]Lﬁu

R 1+ Rl‘a‘{R
S YR L e
out Ry ‘1+R21’R3 ( X 1) (3.4)
v o @ a ' Rl RZ Ay P aoA
mﬂmuﬂlm@ﬂmumaa — e T datnnuaa
Rf RR
R B~

at'laaunis (3.5) 1w

R
Vﬂut ¢ (E{_) (Vz ~ Vl) (3.6)

v v R
WwTiazldanusnodu Eﬁ lagrinsvenenadesznitedynim
1

uwsiaudunanisas (V5 — V)

3.7 29972uNLN5@ (Integrator)

éTthuﬂmmﬁvgmamaaiﬁuﬁmm (Integrator) a:%uagjn”umsﬁuﬁmw
(Integral) UWINVBIFYYIABUNA Fyazddnnsdananvasania (RC Time Constant)
Pa99959zuanIiTutnglaw (Transfer Function) 28429958 ufiinTa @Tﬂgﬂﬁl 3.7
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(3.8)
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@ 11)

(3.12)
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v, 1" Compatater COMP o g
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> 3 o a A o
51/11 3.8 (a) Block Diagram U&OAN BT VBINITUTOLLABLUTIAU

(b) FyaNWiUINTUTHLIALULTIAK

Tasfidauluin 1V, > Ve 22lddn Vg = #Ves dth V< Vg 3zld9n

Vo = -Vss

H 1
A o

3.9 1999n989ANA 61 (Low Pass Filter)

lunsldnuasidnnsafindungnin  1seasnsliaan muIn Ui

il lasdidgyagnudedanutneninilonniwzgnindasenty luises

nsasanudain alilidygnuianeiss 9 dululd Geeendudszd 3.9(a)
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o

(a) )
511 3.9 (a) ANBULVBIWITNTBIANNAG

(b) NTINVBINIINTAIAM DG

RINUNINNIDATVLEY ﬂx‘i’]xﬁ]ivl,ﬁ‘iﬂﬂ

—Ry/Ry
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uddnfile dadudrwamBedau dearhmisladduysalldnu 4,

RE)f;Rl

IAPI = VW (3.14)

Rsonianudeunn 9 ald wR, C << 1 ainusunsn 3.14 astiu

Rq/le Rn
Al = = = — 3.15
il (3.15)

Anannanudgian 9 ald oR, C > 1 dadusuniii 3.15 axdu

Ny Ry Y B-C '

unsnin lldsunile lasaufidl nawasdanutuidn 0 gauwanud

1 B
a a

A g =21 o ' A &
g\m:ummmmmnu -20 dB/decade (8®3128188@84 20 dB daanunntNyUL 10
; ik

1 v x s Qs =1 Sy
L"v’l']) BRILEUNNRDINANUNAN (1) =
" R,C

wazanunsnth ldidsunaildesgy 3.9(0)

3.10 2997n389AA NI (High Pass Filter)
dl dl 1 v dl ; [} L2 s
wasnsesaudgs iwansinsaslilianuidan 9 dwldld ansuzaes

wanduaszy 3.10(a)

@ )
511 3.10 (a) ﬁﬂwm:mammsmaqmmnga

(b) n9@INIINIBIANNDFY
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WIDATIVLLUDI1AT LA RN

v —R,/R
A,= 2= 2L (3.16)
Vi 1-j/wR4C

wdniled dadudmwditan dosimslamauysalliny 4,

Rz;‘le
V1+{j/wR,C)*

(3.17)

IAL" l =

Ansanfianuddman 9 ald wR, C K 1 dusunisn 3.17 aziflu

N e T (3.18)

Rnannanudginn 9 ald wR,C >> 1 aviusunsi 3.18 azilu

R,/R;

A

= wR,C (3.19)

gru1tai tilouniwla Taaaqrunen nawasdatautuidn +20

' @ e v & (VIR Ao | 1
dB/decade ﬁquﬂqqﬂﬁ§3ﬂ$ﬁﬂqqu°ﬂuLﬂqﬂU 0 URSLFUNRDY @ﬂuﬁﬁ!@ = —C
1

)

wazaannih Wdsunmwladigy 3.10(0)

3.11 29930509 NITng 29
Wurarnvanlvursanuadiwldlaivinng $97879993n389aNAGILaS

dl v v v a a o ' a
ﬂsaammﬂngﬂamﬂﬂu maﬂwmxmma’ma‘magﬂ 3.11(a)
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Toadi LBl 3.20
1 1 G (3.20)
Ra
ST ST TN 3.21
g 1+jwRoCs oy
00NV HVBIIITLIU
—Zz _RZ.’!RI
A, = - o (3.22)
g z {1+jwR,C }(1+L)
.k i 2 A
Ry /Ry
[A,] = .( (3.23)

2

IS NS e, e E J
ViH{jwR;C5)?% | 1+(wC Ri)
\ :

Anandandusudae fs 3a9anudsEniteg. W usr @y, TraNaigs

W 2> Wyuaztanuii W K wpFnanudEwin Opue: Wy (Mid-

)<< 1 alddamaas

Frequency Range) 3¢ l¢ wR,Cy >> 1 uaz (
1w

Wiy Ly

R;/Ry R,
Vi+04140 Ry

|4, = (3.24)

1

TN W > Wy a:vl,@i”( ) <1 uwd wR,C5 aldiin

wRq 0y
ARINAINR T
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RE*{"RI 1
—— e (3.25)
\,'l‘l‘iJLURzCE) i 1+0 lecz

4, =

tuanuien @ < wield wR,Cp > 1 ud (1/wR,Cy) u
st

R, /R
= 21 = wR,(; (3.26)

|4,
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[
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a

A1591 4.1 HANINARAITBUTIRUANAG (220V)

Inan(Kg)

0 0.2 0.45 0.95 1.45 2.15 2.45 2.70
V(V) 220 220 220 220 220 220 220 220
I(A) 2.00 2.00 2.00 2.00 2:10 2.20 2.30 2.30
DPF 0.28 0.35 0.39 0.47 0.57 0.63 0.69 0.70
PF 0.28 0.34 0.38 0.47 0.55 0.62 0.68 0.69
Pin 130 150 170 220 260 310 350 360
rom 1494 1488 1482 1473 1461 1450 1439 1433
Pout 0 18.23 31.81 68.02 103.42 | 138.32 | 181.58 | 193.57
% 0 12.15 18.77 30.91 39.77 44.61 51.88 53.76
@15197 4.2 wamimaaamuqume‘"ulﬁmmﬁ’;mﬁﬁ AN® (1450rpm)

Tnaa(Kg)

0 0.2 0.45 0.95 1.45 2.15 2.45 2.70
V(V) 26.2 69.3 96 140 173 202 220 220
I(A) 0.23 0.64 0.91 1.36 135762 2.08 2.44 2.50
DPF 0.67 0.66 0.66 0.66 0.64 0.63 0.63 0.66
PF 0.66 0.65 0.65 0.67 0.64 0.66 0.62 0.64
Pin 4 30 60 120 190 260 340 340
Rpm 1450 1450 1450 1450 1450 1450 1450 1450
Pout 0 17.77 31.08 66.82 102.42 | 138.41 | 181.95 | 194.11
% 0 59 51.8 55.68 53.90 53.23 53.51 57.09
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a1T1971 4.3 wamimaaomuqmmm‘”ulﬁwnnaiw&lmmfﬁﬁq@
Inan(Kg)

0 0.2 0.45 0.95 1.45 2.15 2.45 2.70
V(V) 28 58 72 96 114 131 149 155
I(A) 0.19 0.92 1.30 1.70 2.20 2.50 2.60 2.70
DPF 0.67 0.83 0.85 0.86 0.87 0.88 0.88 0.88
PF 0.73 0.88 0.86 0.85 0.88 0.88 0.88 0.88
Pin 60 50 80 140 250 310 350 380
Rpm 1454 | 18322 | 1310 | 1325 | 1328 | 1340 | 1855: [ {360
%THDi | 61.0 61.4 61.4 53.7 48.0 436 37.9 34.9
%THDv | 49.8 55.7 64.9 49.3 45.8 42.8 35.6 33.7
Pout 0 16.19 | 28.12 | 61.81 | 94.00 | 127.83 | 170.97 | 183.70
% 0 3238 | @1§=) 43.70PI-$376 - 418N | 4884 | 48.34

P a v € 6 P 7
M19191 4.4 Naﬂqi'ﬂﬂaa\'lﬂ'lﬂﬂJJLLTG@Hl%W']'JL’)E]SLLWﬂL@Iaiﬂ\ﬂ’l I@ﬂl“ﬁ’l;ﬂﬂ’]UQNW’n

Lasunniaes
Inaa(Kg)

0.45 0.95 1.45 215 2.45 2.70
V(V) 107.2 130.9 148.7 169.1 179.6 198.6
I(A) 1.30 1.64 1.93 2.13 2.34 2.41
DPF 0.71 0.72 0.72 0.70 0.73 0.67
PF 0.57 0.63 0.66 0.66 0.69 0.66
Pin 78 133 191 240 291 316
Rpm 1440 1421 1412 1415 1403 1418
%THDi 59.7 53.1 47.3 39.1 34.3 23.4
%THDv 54.9 450 39.6 31.6 27.2 18.7
Pout 30.91 65.62 100.00 130.43 177.04 191.55
% 39.62 49.33 52.36 54.34 61.00 60.62
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2011/02/16 14:21:53
ateppediidie oi s n e

NORM:Z00kS /s

P =

5ms /div

_ (5ms/div)

EhesE e

50

CH1: ON
5V /div U1

| DC 0.00v
CHZ: O~
50mY /div 11
DC 0.0000Y
CH3: On
2Y /div 11
DC 0.00V
“CH4: ON
2V /div 11
DC 0.00y

Record Length

Main: 10K
= Zoom: 10K
Filter
Smoothing: OFF
B! FULL
Trigger
Mode: AUTO
Type: EDGE

Source: CHZ2 4

31N 4.7 siedunszil Wnauuazdamninlumsilnas 045 Kg

NORM:200kS /s

2011/02/16 14:24:24

5ms /div
(5ms Adiv)

Stopped g

g CHIT: ON
5V /div 11
f DC 0.00¥
| GHZ: ON
| S0mY /div 11
! pC 0.0000V
| CH3: Ol
,ﬂ-\\ /-‘\ /\ 2v /div 11
| £ DC 0.00Y
&r—“---/ "‘--—‘--H\ N f o H"“"""‘-/ CHa: ON
. \ / . A 4/' _ 2v /div 11
3 : DC 0.00v
‘ u Record Length
| m ‘&7 Main: 10K
o = L / Zoom: 10K
il H Filter
o Smoothing: OFF
BW: FULL
- Trigger
! m J"‘"’ m Mode:  AUTO
‘_E: i s Type: EDGE
= + Source: CH2 4
AUTOSET
EXEC UNDO

31N 4.8 JaAUNTILR WSIAUUAZ RTINS luv Ak TIlnan 0.75 Kg
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2011/02/16 14:26:45 NORM:200kS/s  5ms/div
Stopped q - (smsydiv)
SreRped v QUE I R R i o
BV /div 11
DC 0.00V
CH2: 0N
50mVY /div 11
DC 0.0000Y
‘ T CH3: ON
j - : 2% Zdiv 11
‘ p /-\ DC 0.00v
il g ; CH4: ON
o ‘\\ i y 2v /div 11
! 5 , DC 0.00Y
{ S COY R 8 S S B 1ol I Joee & ot R I (B D R P 1 el Joserfeoncd
i Record Length
'-L i | l- Main: 10K
arH : — i © i Zoom: 10K
= H Filter
: Smoothing: OFF
P i BW: FULL
: - B Trigger
m m H Mode:  AUTO
" : i ity " st Type: EDGE
= Source: CH2 4
| -
AUTOSET
EXEC : UNDO
] A € S 74 =
JUn 4.9 uaduNTELY unAuLasF RSN Iua M lnaa 1.25 Kg
2011702 /16 14:38:33 NORM:200kS /s Sms/div
Stoppedi | & : _ (N D Al . (Bmszdiv)
[k : CH1: ON
| 5V /div 1:1
DC 0.00V
T \ & 72 CHz; ON
: ; : 50mY /div. 11
‘ : : DC 0.0000Y
:’ : : . : CHZ: ON
| . = -, 2¥ div 1:1
? ; \\ 4 DC 0.00v
2r o 2 pussssssd | CHA: ON
\‘// \J/‘M 5\/ 2V /div 11
2 ; ; | bC 0.00v
- o Record Length
| FN[ | [ Main; 10K
ar . = o s Zoom: 10K
= Filter
| Smoothing: OFF
! H BW: FULL
| : Trigger
J n : m , r Mode:  AUTO
‘-EL . Lty . z e Type: EDGE
= Source: CH1 4
AUTOSET
EXEC UNDO

31111 410 UaRunszus usdULazFy R amSnluaaeilnas 1.75 Kg



2011/02/16 14:39:59

NORM:200kS /s 5ms/div

52

Stopped { _ (5ms/div)
ey CH1: ON
5V /div 11
DC 0.00%
CHZ: ON
50mY /div 1:1
DC 0.0000%
CH3: OR
| 2v/div 11
DC 0.00V
,«w-/ CH4: ON
2Y fdiv 11
DC 0.00v
| Record Length
Main: 10K
ar-? Zoom: 10K
= Filter
e Smoothing: OFF
; . ? BW: FULL
: g Trigger
| r"] r""] Mode:  AUTO
a:f Dl : : 2 1# e ad W Type: EDGE
= i Source: CHZ 4
gﬂ'n 4.11 gﬂﬂaum:ua Lmﬂmmzatytymmmlmmmbﬁa@ 2.25 Kg
2011/02 /16 14:41:45 KWORM:Z00KS /s Sms /div
Stopped B 2y G : (5ms/div)
| H ; CH1: ON
5V fdiv 11
DC 0.00V
CH28 ON
q : ¢ SUmY /div 11
5 DC 0.0000Y
T - CHZ; ON
: U 2V div 11
DC 0.00Y
CH4: ON
2V fdiv 1:1
DC 0.00v
Record Length
rain: 10K
Zoon: 10K
Filter
: Smoothing: OFF
i : BW/: FULL
L Trigger
m m r"'] Mode:  AUTO
ar! e LA I : Type: EDGE
= Source: CH2 4
AUTOSET
EXEC UNDO

31li1 412 JuARuNTzUs usAuLAzAT LI INwu e Inaa 2.50 Kg
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Stepped’

14:42:54

NORM:200kS /s

Sms/div
(5ms /div)

R N N
4L ¥ —
AUTOSET

EXEC UNDO

99

CHT: ON
5V /div 1:1
DC 0.00v
CHZ: Ok
S50mY /div 1:1
DcC 0.0000Y
CH3: ON
2Y /div 11
DC 0.00v
CH4: ON
2V fdiv 151
DC 0.00v
Record Length
Main: 10K
Zoom: 10K
Filter

Smoothing: OFF
BW: FULL
Trigger

rMode: AUTO
Type: EDGE
Source: CH2 4

3N 4.13 gledunszus unduuazdyamnInluvmeluan 2.75 Kg
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SIEMENS

Phase Control IC TCA 785
BipolarIC

Features

® Reliable recognition of zero passage

® Large application scope

® May be used as zero point switch

® LSL compatible

® Three-phase operation possible (3 ICs)
® Output current 250 mA

® Large ramp current range

® Wide temperature range

P-DIP-16-1

Type Ordering Code Package
TCA 785 Q67000-A2321 P-DIP-16-1

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within a phase angle between 0 ° and 180 °. Typical applications include
converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and TCA 780 D.

Pin Definitions and Functions

Pin Symbol Function
so[]r ' w[]w
1 GND Ground
12[]2 5[]e2 2 Q2 Output 2 inverted
3 QuU Output U
w(]s w]os 4 Q2 Output 1 inverted
K [ i 3 :| L 5 Vsyne Synchronous voltage
6 I Inhibit
Ve L5 2[] 7/ QZ Output Z
1[]¢ ] v 8 V Rer Stabilized voltage
9 Ro Ramp resistance
Q| |7 101 C
1 ie 10 C1o Ramp capacitance
Veer [ 8 7 :l Ry 11 Vi1 Control voltage
EP00356 12 C12 Pulse extension
13 & Long pulse
14 Q1 Output 1
Pin Configuration 15 Q7 Gt
(top view) 16 Vs Supply voltage

Semiconductor Group il 09.94
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Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage Vs). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor C1o of which is charged
by a constant current (determined by R). If the ramp voltage 710 exceeds the control voltage
V11 (triggering angle ¢), a signal is processed to the logic. Dependent on the magnitude of the
control voltage 711, the triggering angle ¢ can be shifted within a phase angle of 0° to 180°.

For every half wave, a positive pulse of approx. 30 us duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged up to 180° via a capacitor C12. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180° will result.

Outputs WT and @2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180° which can be used for controlling an external logic,is available at pin 3.
A signal which corresponds to the NOR link of Q 1 and Q 2 is available at output Q Z (pin 7).
The inhibit input can be used to disable outputs Q1, Q2and @71 , @2 ,

Pin 13 can be used to extend the outputs @1 and @2 to full pulse length (180° — o).

G _I_Putse
- Extension
A2
5
Vse [> o Synchron. A .
Detector Register )7 0
N
6 1 Y 715, 0,
s 1 8 Discharge Logic |2 o
Lt A+ | Monitar 3
== = iy Qu
— > i
i) /' ‘P@ + r
Contral
1 Comparator
GND
EIT 68
Oischarge
9 |8 10" |71 Tinansistorfe i3
Vi 0
P o J_ _\Confrol Inhibit Long-Pulse
2 stab 10 —/Voltage Commutation
1EB00358

Block Diagram

Semiconductor Group 2
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TCA 785

[mm—

i

1
/=5
| ll: ;I
| | |
e
N\ 21 TEEM
I
S

Synchronization voltage

Ramp peak voltage
Ramp voltage

Control voltage

Min. ramp voltage =V

2

€ ¢8|
- Q2,Pin12to GND

- Q1,Pin12toGND

2, Pin 13to GND

1, Pin 13to GND

Pulse Diagram

Semiconductor Group



SIEMENS

TCA 785

Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
min. max.

Supply voltage Vs -0.5 18 VvV

Output current at pin 14, 15 Ia -10 400 mA

Inhibit voltage Vs -0.5 Vs VvV

Control voltage V1 - 0.5 Vs \

Voltage short-pulse circuit Vis -0.5 Vs \

Synchronization input current Vs - 200 + 200 HA

Output voltage at pin 14, 15 Va Vs V

Output current at pin 2, 3, 4, 7 Ia 10 mA

Output voltage at pin 2, 3,4, 7 Va Vs \/

Junction temperature T 150 'C

Storage temperature Tstg - 55 125 G

Thermal resistance

system - air Rinsa 80 K/W

Operating Range

Supply voltage Vs 8 18 W

Operating frequency 7 10 500 Hz

Ambient temperature Ta - 25 85 G

Characteristics

8<Vs<18V;-25°'C<Ta<85°C;f=560Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Supply current consumption Is 4.5 6.5 10 mA |1

S1 ... S6 open

Ji=0V

C10 =47 nF; R+ =100 kQ

Synchronization pin 5

Input current Is rms 30 200 pA |1

R 2 varied

Offset voltage AVs 30 75 mV |4

Control input pin 11

Control voltage range Vi1 0.2 V10 peak h/anils |

Input resistance R11 15 ka |5

Semiconductor Group 4



SIEMENS TCA 785

Characteristics (cont'd)
8<Vs<18V;-25°C<Ta<85°C; f=50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Ramp generator

Charge current To 10 1000 uA

Max. ramp voltage Vo Va—2 Vo]

Saturation voltage at capacitor | V1o 100 225 350 mV [1.6

Ramp resistance Rs 3 300 ko :[+1

Sawtooth return time s 80 us -1

Inhibit pin 6

switch-over of pin 7

Outputs disabled VeL 33 0 N

Outputs enabled Ven 4 33 \Y 1

Signal transition time tr 1 5 |

Input current Is + 500 800 pA 1

Ve =8V

Input current —IL 80 150 200 uA |1

Ve=1.7V

Deviation of I Lo -5 ) % |

R 9 = const.

Vs =12 V; C10o =47 nF

Deviation of 1o To - 20 20 % 1]

R 9 = const.

Vs=8Vto18V

Deviation of the ramp voltage

between 2 following

half-waves, Vs = const. AV10 max +.1 %

Long pulse switch-over

pin 13

switch-over of S8

Short pulse at output Vi3n 35 2.5 Ve

Long pulse at output VsL 2.5 2 Mol

Input current 3w 10 uA |1

Viz=8YV

Input current — 3L 45 65 100 wA |1

Vis=17V

Outputs pin 2, 3,4, 7

Reverse current Iceo 10 uA | 2.6

Va="Vs

Saturation voltage Vsat 0.1 0.4 2 Ve 126

Ia=2mA

Semiconductor Group 5
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TCA 785

Characteristics (cont'd)

8<Vs<18V,—25°'C<Th<85°C;f=50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Outputs pin 14, 15

H-output voltage Viansw | Vs —3 Vs—2.5 Vs—1.0 M 88

—Ia=250mA

L-output voltage Vianse 0.3 0.8 2 NE 2.8

la=2mA

Pulse width (short pulse) fo 20 30 40 us i1

S9 open

Pulse width (short pulse) fo 530 620 760 us/ |1

with C12 nF

Internal voltage control

Reference voltage Vrer 2.8 $ /! 3.4 Ve

Parallel connection of

10 ICs possible

TC of reference voltage OLREF 10N wax4DW [1/K |1

Semiconductor Group 6



KYL BTA/BTB12 and T12 Series

SNUBBERLESS™, LOGIC LEVEL & STANDARD

12A TRIACs

MAIN FEATURES:

Symbol Value Unit
lt(Rms) 12 A
VprWVRRM 600 and 800 Y
leT (@) 10 to 50 mA
DESCRIPTION

Available either in through-hole or surface-mount
packages, the BTA/BTB12 and T12 triac series is
suitable for general purpose AC switching. They
can be used as an ON/OFF function in
applications such as static relays, heating
regulation, induction motor starting circuits... or for
phase control operation in light dimmers, motor
speed controllers,...

The snubberless versions (BTA/BTB...W and T12
series) are specially recommended for use on
inductive loads, thanks to their high commutation
performances. By using an internal ceramic pad,

G

A2

(sted 31" 28000 RN} comaing i L. || et | (@t
standards (File ref.: E81734)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
IT(RMs) | RMS on-state current (full sine wave) | p*PAK/TO-220AB | Tc = 105°C 0 .
TO-220AB Ins. Tc=90°C
ITsm Non repetitive surge peak on-state F =50 Hz t=20ms 120 A
current (full cycle, Tj initial = 25°C) F=60Hz R 126
I't I't Value for fusing tp =10 ms 78 A’s
dldt g itzicf;r'f’;‘fft:ii ggonns' siato cuprent F =120 Hz Tj = 125°C 50 Alus
Vpsm/VRsM \I;J(;Ttna;ipetitive surge peak off-state tp=10ms Tj = 25°C VDR+M1/?)/(I)?RM v
Iam Peak gate current tp =20 us Tj=125°C 4 A
PG(AV) Average gate power dissipation Tj=125°C 1
Tstg Storagg jupctior) temperature range -40to + 150 °c
Tj Operating junction temperature range -40to + 125

April 2002 - Ed: 5A
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BTA/BTB12 and T12 Series

ELECTRICAL CHARACTERISTICS (Tj = 25°C, unless otherwise specified)

m SNUBBERLESS™ and LOGIC LEVEL (3 Quadrants

Symbol Test Conditions Quadrant T12 BTA/BTB12 Uik
T1235 SW CW BW
loT (1) [-11-11 | MAX. 35 10 35 50 mA
Vp=12V R . =30Q
VaT [-11-111 | MAX. 1.3 v
Vb Vpb=Vprm RL=3.3kQ | I-1I-1 MIN. 0.2 v
Tj=125°C
Iy (2) It =100 mA MAX. 35 15 35 50 mA
I lg=12lg7 -1 MAX. 50 25 50 70 mA
1 60 30 60 80
dV/dt (2) |Vp= 67 %Vpry gate open
: 10
Tj = 125°C MIN 500 40 500 00 Vius
(dl/dt)c (2) |[(dV/dt)c =0.1V/us Tj=125°C MIN. - 6.5 - - Alms
(dv/dt)c =10 V/ius  Tj=125°C - 2.9 -
Without snubber Tj=125°C 6.5 - 6.5
s STANDARD (4 Quadrants)
Symbol Test Conditions Quadrant BTA/BTB12 Uit
i
C B
IgT (1) I-11-11 MAX 25 50 mA
Vp=12V RL=30Q v - 50 100
Vor ALL MAX. 1.3 Y
Vebp Vp=Vprm RL=3.3kQ Tj=125°C ALL MIN. 0.2 Vv
Iy (2) I+ =500 mA MAX. 25 50 mA
I lg=12IgT I-1-1v MAX. 40 50 mA
Il 80 100
dV/idt (2) |Vp= 67 %Vprym gate open Tj=125°C MIN. 200 400 Vlius
(dV/dt)c (2) |(dl/dt)c = 5.3 A/ms Tj =125°C MIN. 5 10 Vius
STATIC CHARACTERISTICS
Symbol Test Conditions Value Unit
VT (2) tm=17A tp =380 us Hil= 268C MAX. 1.55 \%
Vio (2) | Threshold voltage BT MAX. 0.85 v
Rg (2) Dynamic resistance Tj=125°C MAX. 35 mQ
| Vv =V Tj=25°C 5 HA
DRM DRM = VRRM : MAX.
IRRM Tj =125°C 1 mA

Note 1: minimum IGT is guaranted at 5% of IGT max.

Note 2: for both polarities of A2 referenced to A1

2/7
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BTA/BTB12 and T12 Series

THERMAL RESISTANCES

Symbol Parameter Value Unit
Rth(j-c) Junction to case (AC) D’PAK/TO-220AB 1.4 °C/wW
TO-220AB Insulated 2.3
Rih(j-a)  [Junction to ambient S=1cm’ D’PAK 45 °‘C/W
TO-220AB 60
TO-220AB Insulated
S = Copper surface under tab
PRODUCT SELECTOR
Voltage (xxx)
Part Number Sensitivity Type Package
600 V 800V
BTA/BTB12-xxxB X X 50 mA Standard TO-220AB
BTA/BTB12-xxxBW X 50 mA Snubberless TO-220AB
BTA/BTB12-xxxC X X 25 mA Standard TO-220AB
BTA/BTB12-xxxCW X X 35 mA Snubberless TO-220AB
BTA/BTB12-xxxSW X X 10 mA Logic level TO-220AB
T1235-xxxG X X 35 mA Snubberless D’PAK

BTB: non insulated TO-220AB package

ORDERING INFORMATION

TRIAC 4——|_ l I—» PACKING MODE
SERIES Blank: Bulk
SENSITIVITY & TYPE RG: Tube
INSULATION: B: 50mA STANDARD
A: insulated VOLTAGE: BW: 50mA SNUBBERLESS
B: non insulated 600: 600V C: 25mA STANDARD
800: 800V CW: 35mA SNUBBERLESS
CURRENT: 12A < SW: 10mA LOGIC LEVEL
T 12 35 - 600 G (-IR
TRIAC 4__T I
SERIES
PACKAGE:
CURRENT: 12A G: D'PAK
VOLTAGE: PACKING MODE:
600: 600V Blank: Tube
800: 800V :
: -TR: Tape & Reel
SENSITIVITY: <
35:35mA

57 317
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N @ (Standard type N @ (Reinforced typ)

HE (High-function Economy) Photo MOS
L ,
[1y-%ehannel (Form A) Type] RE LAYS

FEATURES TYPICAL APPLICATIONS
1. Highly sensitive and low on-resis- * High-speed inspection machines
tance * Telephone equipment

2. Controls various types of loads such ~ * Data communication equipment
as relays, motors, lamps and sole-
noids.

3. Optical coupling for extremely high
isolation

5,000 Vrms 1/O isolation available.

mm inch 4. Low-level off state leakage current
5. Eliminates the need for a power sup-
ply to drive the power MOSFET

A power supply used to drive the power
MOSFET is unnecessary because of the
built-in optoelectronic device. This results
in easy circuit design and small PC board
area.

6. Low thermal electromotive force
(Approx. 1 uV)

L
¥ e

=t £ @ O
ld Bl

X
ohrOoOMOO

TYPES
1.1/0 isolation voltage: 1,500V AC
Part No.
Output rating Th{:ﬁgiy:\g;)le OIOIOLON, €~ Packing quantity
Tape and reel packing style
Load voltage | Load current Tube packing style Picked from the | Picked from the Tube Tape and reel
1/2/3-pin side 4/5/6-pin side
40V 500 mA AQV251 AQV251A AQV251AX AQV251AZ
60V 400 mA AQV252 AQV252A AQV252AX AQV252AZ
100V 350 mA AQV255 AQV255A AQV255AX AQV255AZ b A
200V 250 mA AQV257 AQV257A AQV257AX AQV257AZ 50 pes. 1,000 pes
250V 200 mA AQV253 AQV253A AQV253AX AQV253AZ 1 batch contains : :
400V 150 mA AQV254 AQV254A AQV254AX AQV254AZ 200 pes
1,000V 30 mA AQV259 AQV259A AQV259AX AQV259AZ
1,500 V 20 mA AQV258 AQV258A AQV258AX AQV258AZ
2.1/0 isolation voltage: Reinforced 5,000 V
Part No.
Output rating Th[g#%:gfle e Packing quantity
Tape and reel packing style
Load voltage | Load current Tube packing style Picked from the | Picked from the Tube Tape and reel
1/2/3-pin side 4/5/6-pin side
250V 200 mA AQV253H AQV253HA AQV253HAX | AQV253HAZ | t“%% contains
1 batch Fc):g?l'tains 1,990 pes.
400V 150 mA AQV254H AQV254HA AQV254HAX AQV254HAZ 500 pcs.

*Indicate the peak AC and DC values.
Note: For space reasons, the package type indicator "X" and "Z" are omitted from the seal.

161



V250

TING

solute maximum ratings (Ambient temperature: 25°C 77°F)
Sym- Type of
Item gol connec- |AQV251(A)AQV252(A) AQV255(A) AQV257(A) AQV253(A)|AQV254(A)|AQV259(A) AQV258(A)[AQV253H(A) AQV254H(A) Remarks
tion
=D forward current Ir 50 mA
=D reverse voltage Vr 3V
sak forward current Irp 1A :Jit;ofgcl-tl;r +0.1%
ower dissipation Pin 75 mW
jad voitage Vi 40V | 60V | 100V | 200V | 250V | 400V | 1,000V | 1,500V | 250V | 400V
eak AC)
: A 05A | 04A | 0.35A | 025A | 02A | 015A | 0.03A | 0.02A | 02A | 0.15A | A comection: Peak
f’r'r‘é':t‘wus load I B 07A | 06A | 045A | 035A | 03A | 018A | 0.04A | 0.025A | 03A | 0.18A |AC,DC
G 1.0A | 08A | 070A | 05A | 04A | 025A | 0.05A | 0.04A | 04A | 025A |B Cconnection:DC
A connection: 100 ms
2ak load current Ipeak 1.8A 1.5A 1.0A 0.75A 0.6 A 0.5A 0.09A | 0.06 A 0.6 A 05A (1 shot) Vi = DC
wer dissipation Pout 360 mW
nower dissipation Pr 410 mW
lation voltage Viso 1,500V AC 5,000 VAC
: o oC ..4¢ Non-condensing at
erature | Operating | Topr —40°C to +85°C -4t low temperatures
Storage Tsg —40°C to +100°C -
ctrical characteristics (Ambient temperature: 25°C 77
Suin Type of
Item gol con- |AQV251(A)(AQV252(A)|AQV255(A)AQV257(A)|AQV253(A)|AQV254(A) AQV259(A)[AQV258(A)|AQV253H(A) AQV254H(A) Condition
nection
1 Typical 9 mA 1.4 mA
D) dnerato yp“,:a IFon — S I = Max.
irrent Maximum 3mA
D turn off Minimum 0.4 mA
] 5 - IL = Max.
rrent Typical i 0.8 mA 13mA L= Mex
D dropout | Typical 1.14V (1.25 V at Ir = 50 mA)
Vi — Ir=5 mA
Itage Maximum | 15V ol
Typical 0.6 Q 0.74Q 18Q 26Q 55Q 124 Q 85Q 345Q 55Q 124 Q [lr=5mA
Ro A IL = Max.
Maximum | 1Q [ 140 | 250 | 40 8Q | 16Q | 200Q | 500Q | 8Q j
Typical 0.3Q 0.37Q 0.9Q 14Q 27Q 6.2 Q 60 Q 345Q 2.7 ¥ 62Q |[lr=5mA
ist Ron B IL = Max.
" SIS | Maximum 350 ez Hroeety 2 NIAYRINT e (P raetttBea gl =l B8 | \yiinit s ontime
Typical 015Q | 0.18Q | 045Q 0.7Q 14 Q 3.1Q 30Q 160 Q 14Q 31Q |[lr=5mA
Ror C IL = Max.
Maximum | 0250 | 0350 | 063Q | 10 20 40 | 50Q | 250Q | 20 Jo o
f state leak- ; IF=0
e current Maximum | — dee? TpA 1A i VL = Max.
Turn | Typical 1.7ms | 14ms | 09ms | 1.5ms | 0.8ms [ 0.8ms 0.6ms l 0.35ms | 2.4ms 1.8ms P25 imA
vitch- g;e* Maximum Uy e 3ms 2ms 3ms 2ms 1ms 4ms 3ms |I.=Max
ied 'g;rn Typical i 0.07 ms 009ms | 0.1ms | 0.06 ms | 0.05 ms 0.04 ms 0.06 ms | 0.05 ms IF =5 mA
time* | Maximum 3 0.2ms IL = Max.
) capaci- Typical G e 1.3 pF f=1MHz
ce Maximum s 3 pF Ve=0
tial I/O isola- | ,,. .
R Minimum Riso — 1,000 MQ 500V DC

Recommendable LED forward current
Standard type: 5 mA

Reinforced type: 5 to 10 mA

on/Turn off time

For type of connection, see Page 31.

B For Dimensions, see Page 27.
B For Schematic and Wiring Diagrams, see Page 31.

B For Cautions for Use, see Page 36.
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Semiconductor

LM741
Operational Amplifier
General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

August 2000

output, no latch-up when the common mode range is ex-

ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed overa 0°C to

+70°C temperature range, instead of —-55°C to +125°C.

Features

Connection Diagrams

Metal Can Package

NC
&)
OFFSET NULL
INVERTING INPUT (2) (6) ouTPUT

NON=INVERTING INPUT (5)OFFSET NULL

©

00934102
Note 1: LM741H is available per JM38510/10101
Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number HO8C

Ceramic Flatpak

10

NC I:11 L] NC
+OFFSET NULL l_—_i §:| NC
-INPUT : LM741W 7:] v+
+INPUT [ TOUTPUT]
Ve |:5_ 5__7 ~OFFSET NULL

00934106
Order Number LM741W/883
See NS Package Number W10A

Typical Application

Dual-In-Line or S.0. Package

/
OFFSET NULL—{1 8 f—NC
INVERTING INPUT — 2 7
NON=INVERTING — 3 6 |—OUTPUT
INPUT
V-—4 5 |—OFFSET NULL

00934103
Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JO8A, MO8A or NOSE

Offset Nulling Circuit

!

00934107

© 2004 National Semiconductor Corporation DS009341

www.national.com
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LM741

Absolute Maximum Ratings note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

(Note 7)

Supply Voltage

Power Dissipation (Note 3)

Differential Input Voltage
Input Voltage (Note 4)

Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range

Junction Temperature
Soldering Information

N-Package (10 seconds)
J- or H-Package (10 seconds)

M-Package

Vapor Phase (60 seconds)
Infrared (15 seconds)

LM741A LM741
+22V +22V
500 mW 500 mW
+30V +30V
+15V +*15V
Continuous Continuous

-55°C to +125°C
-65°C to +150°C

150°C

260°C
300°C

215°C
215°C

150°C

260°C
300°C

215°C
215°C

-55°C to +125°C
-65°C to +150°C

LM741C
+*18V
500 mW
+30V
+15V
Continuous
0°C to +70°C
—-65°C to +150°C
100°C

260°C
300°C

215°C
215°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of

soldering
surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics note 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta=e26°C
Rs £ 10 kQ 1.9 | %50 2.0 | 6.0 mvV
Rs < 50Q 0.8 3.0 mv
Tamin S Ta S Tamax
Rg < 50Q 4.0 mV
Rg <10 kQ 6.0 75 mv
Average Input Offset 15 pvre
Voltage Drift
Input Offset Voltage Ta2HC, Voo £20V +10 £15 +15 mV
Adjustment Range
Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 nA
Tramin Soa <t Tamax 70 85 | 500 300 nA
Average Input Offset 0.5 nA/C
Current Drift
Input Bias Current Ta=25C 30 80 80 | 500 80 | 500 nA
Tamin € Ta € Tamax 0.210 1.5 0.8 pA
Input Resistance Ta=25C, Vg = 220V 1.0 | 6.0 03 | 20 03] 20 MQ
Tamin € Ta £ Tamaxe 0.5 MQ
Vg = 220V
Input Voltage Range TaA=25€C +12 | £13 \
Tamin < Ta € Tavax =12 | *13 \Y;
www.national.com 2




Electrical Characteristics (note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain | T, =25°C, R_ 22 kQ
Vg = £20V, Vg = =15V 50 V/mV
Vg = 15V, Vg = £10V 50 | 200 20 | 200 V/mV
Tamin S Ta £ Tamax,
R, =2 kQ,
Vg = £20V, Vg = £15V 32 V/mV
Vg = £15V, Vg = =10V 25 15 V/mV
Vg = 25V, Vg = +2V 10 V/mV
Output Voltage Swing Vg = £20V
R, =10 kQ +1 \Y}
R. 22 kQ + \%
Vg = 15V
R = 10 kQ2 e 214 12| £14 \%
R. =2 kQ 10 =3 +=10.| 13 \%
Output Short Circuit TA=25C 10 25 35 25 25 mA
Current Tamin S A& T anranc 10 40 mA
Common-Mode Tamuf<SH A < oot
Rejection Ratio Rs <10 kQ, Vg = 12V 70 | 90 70, s 90 dB
Rs £50Q, Vg = 212V 80 95 dB
Supply Voltage Rejection Tamin S Ta < Tamvaxs
Ratio Vg = 220V to Vg = %5V
Rs < 500 86 96 dB
Rs <10 kQ 77 | 96 770 98 dB
Transient Response Ta=25°C, Unity Gain
Rise Time 025| 0.8 0.3 0.3 Hs
Overshoot 6.0 20 5 5 %
Bandwidth (Note 6) U.325C 0437 15 MHz
Slew Rate Ta =25°C, Unity Gain 03 | 0.7 0.5 0.5 V/us
~Supply Current il A= 26]C, W2y 2.8 g | 2.8 mA
.>ower Consumption ™ 325G
Vg = 220V 80 150 mW
Vg = £15V 50 | 85 50 | 85 mwW
LM741A Vg = 220V
Ta=Tamin 165 mW
Ta = Tamax 135 mwW
LM741 Vg = =15V
Ta=Tamin 60 | 100 mwW
Ta = Tamax 45 75 mw

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

www.national.com
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Phase Locked Loop

The MC14046B phase locked loop contains two phase comparators, a
voltage—controlled oscillator (VCO), source follower, and zener diode. The
comparators have two common signal inputs, PCAj, and PCBjp. Input PCAj,
can be used directly coupled to large voltage signals, or indirectly coupled
(with a series capacitor) to small voltage signals. The self-bias circuit
adjusts small voltage signals in the linear region of the amplifier. Phase
comparator 1 (an exclusive OR gate) provides a digital error signal PC1gt,
and maintains 90° phase shift at the center frequency between PCAj, and
PCBin signals (both at 50% duty cycle). Phase comparator 2 (with leading
<dge sensing logic) provides digital error signals, PC24yt and LD, and
maintains a 0° phase shift between PCAj, and PCB;j, signals (duty cycle is
immaterial). The linear VCO produces an output signal VCOgqt whose
frequency is determined by the voltage of input VCOjp, and the capacitor and
resistors connected to pins C1p, C1g, R1, and R2. The source—follower
output SFoyt 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 assist in power supply
regulation.

Applications include FM and FSK modulation and demodulation, fre-
quency synthesis and multiplication, frequency discrimination, tone decod-
ing, data synchronization and conditioning, voltage—to—frequency
conversion and motor speed control.

o Buffered Outputs Compatible with MHTL and Low-Power TTL

¢ Diode Protection on All Inputs

e Supply Voltage Range = 3.0to 18 V

e Pin—for—Pin Replacement for CD4046B

e Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle Limited

e Phase Comparator 2 switches on Rising Edges and is not Duty Cycle
Limited

BLOCK DIAGRAM

e e e e M — R T 7]
. SELF BIAS PHASE
"G 14 °'=‘ CIRCUIT COMPARATOR 1 J|_°2 PClout
| PHASE H—0 13 PC2,t
PCBj, 3 04— » COMPARATOR2 H—o1 LD
VCOr 90 | | VormaGE  H-o4 VCOgy
in T —H—o 11 R1
CONTROLLED 15 R
VDD =PIN 16 | OSCILLATOR [T og Cia
Vss=PIN8 , (VCO) :Egl 7 Cig
INH 5 0 - :l'I SOURCE FOLLOWER|—|—0 10 SFqut
| Vsgo- o 15 ZENER
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MC14046B

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
0 PLASTIC
CASE 648

DW SUFFIX
SoIC
CASE 751G

e

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

Tp =—55° to 125°C for all packages.

PIN ASSIGNMENT

LD 1e 16 [1 Vpp
PClout [] 2 15 [] ZENER
PCBi, [] 3 14 [1 PCAp
VCOqt [] 4 13 [ PC2qt
INH[] 5 12 [ R2
Ciall 6 11 [IR1
Ccigf] 7 10 [] SFqut

Vsg l] 8 9 [1 vCoj,

© Motorola, Inc. 1997
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