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Abstract

The stability and security of electric power system has affected to develop and
expand the economics and industrials of the country. It is necessary to develop a
device that can help to maintain the stability and security of the power system. This
paper is to study and experiment of 3-phase Static VAR Compensator for power
system using Thyristor Control Reactor (TCR) with fixed capacitor rated power 1.5 kVA
voltage 220 V and current 3.5 A. The purpose of this project is to maintain load point
voltage level and improve the power factor of three-phase power system. The
compensator can control the quantity of reactive power flowing into system by
adjusting the firing angle of the thyristors. Microcontroller is used for calculating of the
firing angle of the thyristors in eash phase, receiving load point voltage, sending
calculated firing angle to trig the thyristor in each phase, and using buffer amplifier

instead of buck converter to make the circuit faster.
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UNTl 4 HANTTI1ADVNIABURIADSHAHANITNAABULASD IR ULUY NAIEaHANTS
TIBDINNADUNUADT WALHANITNAADY

unit 5 dquna dordusiuy uazwWIMaNT ALY nanisunasUitldainnisAne
AuAT uaznsaliudniilasany agduanisvaaemle sullUfstaiauouus o ety
e

apAruan Yszneulse stenisaunsalilld denavesaunsaiildluliyaainus

UNAMNNIITINSHaz IUames Ul duara Iy



UNA 2
A a I
NN NNYIVBY
2.1 NQUIUATNANNITVBINITANAIVDI T UT VAR
’Lu'ﬁwuéﬁwﬁﬂé’ﬂw%wml,wrfiaﬁl'wajiwaﬂimaawdqﬁaﬁw%qmEJ‘Lumaa'ﬂwﬁm
AUATUNIUR: Resistance) wazA1Andle11 (L: Inductance) IagAAuAI U

\agu (Z: Impedance) 1891881 azaunsavAlaInaunsianaluil
X, = wlh (2.1)
Z=R+ijX, (2.2)

Taga1naNun1sy 2.2 anssathluniAiwsasunnasaunanaadadiTlins s udn

'
=

wadeiulwaniawualiviie venanilidednisialvasininssuatiigeiuludg

8t '
= L |

Tngazdwalvilsiunnaseufiatsadlaundeliu wazuswunivanidaianas  lagaiuise

laagunazaunsraluil

Is| = 1{Z, (2.3)

Is=1, (2.49)

Varoi(Z LsZine (2.3)
Vioad = Vsource =~ Virop (2.49)

lnganaunisi 2.4 awnsasduieiiudulagldivaigesPhasor diagram) 1

famelUll

gﬂﬁ 2.1 WA UN TN A DS UDINSINALTIAURNLAZN TS LA



@

MNJUN 2.1 ilviaunseeduitsuasiuunedusznautaLssdiunn (Varop) 9191

Virop = IR +jX) (2.5)

2/
= 1

BNUIINSTLSIAUT andia1anad WwTULYANUABINITVEIIMAN LazAIBNRLALS

1 o H 1 L cJ 1 1 d'a::' 1 al F 2 Y U
ONGRLGE IﬂawmimﬁmmeuviLmaqa"lamwmlu”lﬁuwaﬁﬂmﬁﬁﬂw%LLazcngam‘llma’Lumu
AlElinsiiaussiusn dudiwansenudeussdninmnisieuvenaiesdnsiiiuas

gunsalvasdlalnih dfdmiunisfnussiunn ervavdundnsuaadosnmmeusasy

Waavnuiiasziinisiwdsuudasmanuseinisidsliiiiueaiiviegnaaniia 39
naiinfuvesidilwiniueaiinazdwaliidslniusingiuiiagedulusae wazdawna

2
(]

usaruilvasludiuston %Eanﬁatﬂumsﬂaaﬁ'mw]m‘scﬂwuu N33 sesnngtovediu
Wigldlwihinwsziuuseiunmealudinddaidivue @asiingiadszana + 5% voausadu
u1n3gU) MsasuuUadinanageTandrssiiliuseiuanad waziludunsngregunsal
tasiu (Protective equipment)  Maewngiana1asdudednisiigunsaluiudlunis
Waguuaswedusesy Tngisiudaignlunisudlunisdsuassiudy fdevildszuy
Iihindafuastulagnisiuvunauas Sruauue e 3ol (generation unit) n3ed
svuuiadedieiidouse Muldmuwiuiiuanndy ui33 Yand1fulduasildduding
wswgmans uasenmiluglamuieaiussiuneaniisunss (high fault level) uazfifnved

L3

aindifies (Switchgear rating) Wiesgalu Jaudluniuuseiigalvanuny tieliduainis

L3

wsvgransuazbitiuszdunead lnenisfiuszuuaupuliividauainadeanis

o =

Aeslnihadagean uasmuanianisiumaalniiiueniin saefvaiwenazgUnsaidy

anusalagunlatainndssuaniwle

2.2 nguijwazvannisuiuledrialsznau

mMaslwiaunsaduuneentdilu 2 du e

- Meddlwihass (P : Real Powen) urddlninildeousss aunsaudasguluagly
Usstavduqld 1 anudeu was Mdmnana Tmhedy Tadwatt

- mdslwinailou (Q : Reactive Power) Wudsiildlunisadeaunuusivdnd vy
gunsaliiforenduauuuimdnlunisshen wu wieulas vewmed Tnansmand
wilen fvihedu 19 (var)

- maalvvlsing (Apparent Powenidusmianawesvesfiduiuaiafuingany

Usng) fvaedu Taavineud (VA)



kVA = \/(kW)? + (KVAR)? (2.8)
AsiaUsEnauniae (Power Factor) ﬁ”lmzulﬁ%’mqmi

kw
COS@ = m (29)

Lﬁaamniwaﬂ’lumaqmawnﬁmhuimyj%ﬁﬁamsﬂauﬁwﬁamwé’q (lagging)
nanfeazsumdslwindueniv duiunszualnanasiiiunntuniifidesnisiidsinings
MnwEefissegafer uenandmddinasavimiuilivss lovilunimydoug
Wt dunszualvasdauiivaziduduiigywan Fdiifesudosdoadoaldinelunsld
anefiivnalvauddainnnugaddlusunduuanufouitanedndae fhemeiiss
Sudusesindsgunsaifiannsad gl uoaiviiuiuannisaielnuemsivin 3

@

A a o 2/ ! A a Yo @ oal =i o '
LHANATUIRINFUN1IN (2.9) LLa?’i]BWU'J’IL!JaiJﬂ”I‘S'L’Uﬂ"IEix‘1iLL@ﬂﬂWQWﬂTﬂWﬁWﬁﬂﬁé%z%?ﬂ? £

v G

Usznaumagatiu aunsalnldlunisdredddvisuorvivifonniulse (Capacitor) §957

9

Ya3tiuesRaani1siadlniiage (kw) Wudwudasuinlagasyitnisaiuanlisiiulsze

q q
[v]

PamawmiTludanaslwi s wesinlndlfusiunvassissnisauvinlialsiUssnaunids

Tn@aLAgs 1 (unity power factor)

2.2.1 Usglewdyeanisusuupaiayssnauiiea

1. szuulwihannsasulvanldifistu deuiudgsmmdseneuidesssuul
getuud ahlinssuavesszuuanas duderdilwitsngueslnansmianas vilwszuy
anunsndreivanlduniy

2

2. ussdiulwivesszuuity 2ngnIussduRnTEndEy (av) sesszuuln 3 e

NAUNT
AV = V31(Rcos@ + Xsin@) (2 .10)
logfl | = nszuaany (ine current) (A]
R = ATUAIUNTY (resistance) [Q]
X = WaALaUS (reactance) (0]

@ = 4ui1a (power angle)
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dloufulgeliedivsenaumdsgedu vilvinszuaanas wazuuids (0) anad dana
WkseduAnszninaetaya

2. wssusnlunilawlasanas

Rated kVarcap X%Ukry

Rated kKVAT, (2.11)

AINFNT %V =

o
=

laAiuseneuindegetu viliussduliivnasunionivomsouas (%v)
Wiy

4. Masgoydelusruvana Lﬁadmﬂﬁwé’mmtﬁaflumaﬁqﬁﬁlw%maqﬁsumﬂuﬁﬂﬁau
AUAAAD9989N T LuamwiqmmﬂiuﬂaumaﬂwawuamﬂﬂmvLaaamaqmuumao

andedaludunduiuasiiussnauididges

2
Y%Power Loss = I%l x 100% (2.12)
P.F.1
%APower Loss = (1 - I ) % 100% (2.13)
(Power Loss2) = (Power Loss1) X (1 - |i£; ) (2.14)

e PF.1=Adausenauiidsnawinnisusuly

P.F.2 = Avussnaumdwmaiinnisuiuls

o

Power Lossl = Adslwihgandenaurionissuugs

o

Power Loss2 = Maslnfhgadeandniinisusudye

I

S8UU 3 wd Masgandsluaalwin = 3128

LY

as al

satiuilanssudanamitliniaiadsluaioanainig

LYY

L o a

5. iasgaudglumioudasanas Masgadelumieulaslsvneumeastdiu Aernds

=] o a o w

gapdaluunundnuazindsgadeluvaaiaveuns Jaidsgudsluaiamosunsdozsulsdy

' £
=

Aunszuaiasaed Weuuussawhussnauinddigaliuud nszuailnariumieudatas

anaq Milvndagdelianinanusumulurnainremeinianad
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2.3 nslganuirvaweivan(Compensator)
gunsalvasdmiuruaunslafdaliinfiasnsaniuaunisvariaidsbiiegs

wazaslinaleulinulvaaluiuasatededremadiihlaedinruaunisivaiidaludi

Ussneuiesuawemdsiueniivl (Static Var Compensator) siavunusdniulvanlagiiald

o as

LasgnlimuauusIunwaLasmMatlnihaduar Maslwihiueaiivvasssuunyndvaiey

£
s

fdssuoniiviiusiony aunsalvdailorauesindudufiunudvieundsdeidoundasanld
viounmsioaiuisaesedimdoutundnnsidluvesgunsaismanfmuaukuUTYY
vanunazfugunsaiiilddmivinvssduusadusougeiiiouselasoidendnnisdauiofs
nszudliFueaiinifiosodadeusluuunsdeonngainmsinssudlaiindueaiiiuaznszua
WaifienavenisntunuLsstuiifuLaslaannsundsesusafuDamping of Voltage
Oscillations) fvatwerfdalufinadauuuunsil  (Static Var Compensator: SVC)
Usznauseiueanosiinuauieglviames (Thyristor Control Reactor: TCR)AoUUUY
ArUnBimesiifmunainsil (Fixed Capacitor: FO) u3aataseruiuiuai dimesaintise
In3awes (Thyristor Switch Capacitor: TSC) wdnnasaruanvasmauaNnsluaiidalni
faeazdenlunrasiadedelud

svaieidlwiisuanivuuuadn (Static VAR Compensator) aldfinuussyse
yuuivdimieand Snldusuusinaeiiianudesnsidswil-Suaniiviivdsuidasiuag

lneiliagusrasAveansiiluldaulussuulnia dedl

1. 1$nwseduussuluinlime

- THUsuAussiulwifiudsuulategieinaduiesninnsaslvan

- Wﬂﬁ’us&i%ﬁdﬁulwm?im%uLLUaaé’mfjadawmmmsaiﬁlﬁmm’jmuﬁwﬁu WU N9
Falvanaenil wsasulwihiiuasunlasawmassiia (senerator) uazluaneds

- I¥ann1snseanveuswiu (voltage flicker) Suflonnunlnanidouutasiuag
9819570157

2. Mhfadesnwlitussuulnih

- Mersussiuliiiiasudluiigananvasengds

- P29UTUUTINTUNIUUEinIIU (swing damping)
3.43ulssmmusenauiig

q.nmsviwnalianna

5. Buq 1y

- mim‘UﬂuLmﬁuﬂ‘ﬁmmaﬁuﬁ%wauﬁ?uﬂmfﬁzLLam'NLL‘Nﬁuqa (HVDC converter)

- MmIannsaadaluavdsioanuiatnmeiiialwisseying
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- nMandaslswuuguasgudalasia (subsynchronous)

- N3 IIRUAULUUNA IR (dynamic overvoltage)

JUN 2.2 Myaweiaalwiisueaiiwuuadnluvisgaun

2.3.1 AuautRvesmvaeiadlniis Leniviuadn

mvalsenIaslninTueannwuuadn (Static VAR Compensator) Ussnausisgunsal
fanunsausuahadliiiveniinldathasiaiias Taeldiinmsminainismevaues uazd
anunsnvengtnIsvaelaonaae (eredenunas (lagging) waruiut (leading))

o e

puauRTd Ay TanvestaeuuUade Ao anuanansslunisinuliisiuivn
(terminal voltage) AsiinaantansusuidslniTuaarinvesssuulwihidnuandily
nMs3nenssilinsiidunusdusuisnuesivaesvuuLUUTETR (dynamic shunt
compensator) wagiinudAglunisanniansenn (flicker) WANISUN VDI AR N
vanfiudsuuas

at v

AnauRidAnvenafenitlunisneuaues JmaTataazfesauisaUsu

@

madalwiiueniinldsaiuisimeiionovaussronsiUasunUaawsusanuida (terminal
v < = ey Dh, \& ' 1o o o v o & 1
voltage) wiasidsuisuanisensuwiontliindunviewmavauadldsnisionnszuy
1 | & o [~ 2/ o & =f & éi d'-:l 1 = 2 :5" (E=]
vy lusyuuamedidditusssdiidifvesdusenevdunilnaseaiosnwueassuusie Jaliil
yritinasluiivaeusasiuuazinnevausiiiiganduldldlummguminle Tu
nMsdiuuialvan n1snszan (flicker) azanasldidamyausenautauasinsifigaviiuy
anwaugnsnuandlvgssiianutuiuuindndesdiofieuiuaissnmuon
URUR nszuaiueninazgnitinluriawuuyini (leading) uwasyunu (lagging)iie
asduszneuildlunisesnuuuivnwe wazndnlunsufiRauresiu winswaudnvue
rosuIziuueanIINdUR T lnlddededlagAnnudureansmeziuegiudninis
ﬂ' s a
WaguLUauaan sz uaiulLs iy
vouivatvedagnihuildlunisesnuuuiivaewuuadn Famnsadwunyssan

yaamvaliidu 3 Yssnlvgq Ae
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1. LL‘U‘U%LLE]?]Lma‘fmuquﬁlﬂlw%mma‘f (the thyristor-controlled reactor ,TCR)
2. LLUUIM%ELmﬂ%ﬁﬂﬁiaﬁﬂLﬁUUizq (the thyristor-switched capacitor , TSC)

3. LUULBALMBSBUM (the saturated reactor ,SR)

¥

I

TCR

TSC 5¢
(M) (¥) ()
JUT 2.3 funisuuuaiayssinusg
(n) MyAELUULBALMBIAIUANIVS RS
(1) Fvnewuulniaimesannemiiulszy

(A1) FTALBBUUULDALAD S DU

2.4 YpeRvaELUULaAnasi g lnsanas (Thyristor-Controlled Reactor, TCR)

2.4.1 ¥aNNITN19UY

sUnuUugIuvsraweLonmaiiglnIawmes (TCRIKANIAIFUN (2.4 laaAruaui

Uy

1
oy v e =

In3awmas (Thyristor Controller) 9nguasiudulviainasanovuiunduiu Juluay

U

inssuanadull-nduiiluusarasaseu (cycle) vasprmuiunaitngl arlndanosgn

YU (turn on) NINFIEA (peaks) VasATULTIFUYBIUMEITIBNER JzifinnsihnIzua

@

Wu? (full conduction) ialwluiainesanieas uasnszialuiuoaiiviuasmuvas (lagging)
usauiauq 90° Wesanilduuseneuviiansiiuusadi (in-phase) aghdntaaduinan
nsgademasiiviluseameiusyana 0.5-2% vaemasliinTuoniinguil (2.5) uans

sUAduveanszuadafianininsswadiny (full conduction)
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‘.‘

JUT 2.4 ueAwmesiniuaumglvIawmes (thyristor-controlled reactor)

Y

OUTMINVNANTYHAUNINTY (delay) WhiuvulnIawmesiag nan1snauauas
wianilagAusgivgumin « Fainamngaiussduduaud nsdinszuatsifntuduiidoyun
Fnvlu 90° uim3ngu 90° fiv 180° aziAnNIsUINIELaUd Woluguminazluvinli
drudsznauvanyavesnszuaanas maviuiisuadeudunisiumannmiienivess
woAvvlas uBNaINALINYITIAUNTZLANANYALTY AIVALBLLUULBANBIAIUANIIY W3

LT o _a = 2/ o s
awmaiduluanudiiuanin (susceptance) finjuauld wasaiuisadrlulgluiivaive

LUUADH

JU# 2.5 sUnGunIsuaIa (phase) \ilasomunieuuunannasniuaumelvianes

nazuavazlag () 3wl
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V2V

N (—cosa — coswt) O<wt<m—a
L
0 mT—a<wt<a
: J VZV
i(wt) { 5~ (cosa — coswt) a<wt<2m—a (2.15)
L
0 Zi—a<wt<m+a
VZv
o (—cosa — coswt) D<wt<m—a
L

< & ) s &
LD V ABLLTIAURTL8HLed (rms)

X, = oL {uAuenkmudvaILaAmDTIATLANSNYS

waz O Ae yuvanadeuninm

3UEY (origin) veaan Aegaiiussiulvinlu 0 wazfdwaiutuluniauan 11

anunsaminsuananya (fundamental) lngldn1sudasmSieas(Fourier) Aaluil

NnnTuUamiieas
flwt) = ay + oz (a,cosnwt + b, cosnwt) (2.16)
2y = = f, flwt)dwt (2.17)
ard %f;f(u)t)cosnwtdwt (2.18)
b, = %IDT f(wt)sinnwtdwt (2.19)

'
s

iWionn 1(wt)Juilsdduadniua, = 0

o e

-
f (—cosa — coswt)coswtdmt
0

21m—ot

_ V2V

+J' (cosa — coswt)coswtdwt
Xy,

o
2mn

+ ](—cosa—cosmt)coswtdwt

T+




o

—
| cosZwt 1
f (—cosacoswt — — =)dwt
2 2
0
2 —
_ﬁv +j'a . cos2wt ldt
=X, (cosacosw 5 2) w
2u11
cosZwt 1
+ f (—cosacosmt— > _E) dwt

m+a

16

{—cosa[sin(n — o) — sin0] — % [sin(2m — 2a) — sin0] — % [Tt — (x]]

V2v _ : f— _ 1
- TII_XL +{coscx[sm(2n — o) — sina] — t_} [sin(4m — 2a) — sin2a] — c [21— o — ot]}
1
+{—cosa[sin27r — sin(m + )] -:1}-[51'71411‘ —sin(2m + 2a)] — > [2r — 7 — a]}
i { : Y =) 5 1 s I } ]
- o o +— X —= —
€0s & sin 7 Sin STt oa
V2V X
= -I-[—Zcosocsinoc PEIBNP X —n+a}
9.6 2
+[ n o + i 2 ; + : }
—C0S X Sin < +— o —= -
F n 5 STt sa]
V2V , _
= [—4cosasina + sin2a — 2w + 2a]
X,
ay =2 [~sin2a + 2(a ~ ) (2.20)
L
\ieann a + %: 2 «=27 ~ ¢ (2.21)
sin2a = sin(2m — o) = —sin (2.22)
. —
| o yal = [sino — g (2.23)
Woean i(wt)WJuisntun s b, = 0
1 p2m A2V
T ;fo R(n—xL [sino — g])2cos?wtdwt
= rgine — 61| 2
= |nxL [sino 0]| - (2m)
' :
I1 rms = — (o — sino) (2.24)

i i | o o W W fw )
LD OAD ﬂ?ﬂi{ﬂmu’mﬁﬁLLﬁ%ﬂﬁmWUﬁﬂUOCFNalJﬂTi
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a +§ =1 (2.25)
WSS olEUaNNTS (asdf )
I, = BL(o)V (2.26)
d‘ @ 1 o a o o:ll [ = s 1
dle B, (0)lusmnuidunnmitaauandnya Swanunsausuildlagniugy

taminszua (0)
o—sino

= (2.27)

B(o) =

MImUALTYAELUULEAMEIMUANdE SAme TS e 0 = TT vl
180°azsilsilyamestnssuaiui wazAnnaidunnwitnuivdnyaazdigadu o
e o = 0 («= 180°) ndnlunsAruALFINa12GEN T "NIATUANWE (phase control)

2.4.2 GNWAMBUTIAY / NTZU

fuaweuUTLIULeAmesAURL el awesT dudellszuumunuiiliimun
lugUvesnduiadludainvvediames Tuniseaniuussuuniuauiisnazdosadg
duaadouvianitaritlils aanuthdusnm (susceptance) By adimenisnssuiunis
Tunsaaupuazuansmefulumunsiinesfi inliainssuuiogluyae Wy usad uazay
a$1adasyratourinm (gating pulses) TnalallelddmuaadmsuArninumidunnn
wiuay dnvazvawsed/nssualuidasnsdasiudgui 38 yadaszuiadfilvanyes
UV (system load) fiulduAnan uazueIRI9aLLe (compensator characteristic) Ananiie

AR (steady state) W MyNUIINTILE (coduction angle) 130 aglviAussnuusyanas 1.0

=

p.u. WAnsINillduuALegamvdenldlun1saIunuTRgdasRasandIudugdn 1wy N1

NISATUANLASTAAYBINIYALYY GNUNENIAUANGAITUN 2.6 Avunlagaunis
V — VK + jxsll, 0 < Il < ]max (228)

Tugun 2.6] 1 axdinasduAinszuanne (rated current) Tasuenmasdmiuniansly

v 1.0 p.u.
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Voltage ¥, [pu]

1 System Load Line

1.2 Compensator Characteristic

700

Wi
AR

. o
=il 8
g;‘ ~ 7
—

v

P e e

=

0.2 0.4 0.6

il
o

Fundamental Current /,, [pu]
Ul 2.6 nsmdnuaizussiw/nszsandnyaluiwsvsuuuioaneinunuilysanes
2.5 N1IAUAY
UssasAtuiuTesiYAY Ao SnulsuatsRAu/nIuATY AnuuzLaysTiaTes
MvAEwUUILeAWmaiAIURNMmIElIames AnauasnsviavesirawessnlalagIuen
inosuasyumilna faudasgmasuansseazdnussiauthiunnw wumnidsas

U juiluduvetundusianTsuandnga uazssuuaIeas MIATUANKUURLIIRILUTY

seazdeadaiulianudeulaiiwela

sUN 2.7 vaenlaazunsuveanisaniua

(n) nMsmuANLUUIsUA , C=RG/(1+GH
(¥) msmuAuuuuIlna , C=RG

198 = 5 udwasiandudoundu

o

H
G = NIUAWDIWINTULALWLN
R = A197989

C

= fmuUsfignatuay
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m‘smuauﬁugmLmaaaﬂlﬁﬂu 2 Uz Feazldnismuauuuunda (closed-
loop) wialuuRLTa (open-loop) lun1snruaulasiinsnuauLuuTaasduwuy
i’]auné’uﬁagﬂﬁ 2.7 a’aumsmuammuaaﬁjﬂ%@mwuﬁlﬂﬁmsﬁauﬂé’uﬁqgﬂﬁ 2.7% Fm
swdwlesiliduvemsteuludrmihiio 6 Sssgnlusunsulisrmihlinasonyusi
o3 C dledeud R 1Wilu warldiinshwavess C mFeuifisunasnsmasulaedouly
nsdaasmegluileitu 6 widuAnmenisallumsAsuudasilildmaniseily
drevthuasszuy C Aldazlidulumuuauiinild mafaunszuunismuguuuuisting:
Tnafigndesnit uszuunsmuauwuusdagiideinssilinaneuaussiisins

2.5.1 mamuAuuuURIna

nsmuAuLuUIedyadingyneing ROUAUDITITINGIT Lﬂuﬁugﬁuﬁgﬂﬂﬁsqﬂﬂu
N1900NLUUNITAS N ulouTnnuesnsames ImUﬁﬁlﬂﬂﬂiﬂ?UﬂuLLuuaqL?Jﬁmsﬁ
Au3anlaionIsAIuIN (susceptance calculators =SC) VIndaadansnisindnan
wansviareansy nislddmmeeasfuiiseints miudeantsivgraeliliiuuduma
fuananeiu dyaaiisansdnssuiunis miﬁ‘i’lumqumﬁmﬁ’l (CAQ) Tunandndeymy o
wanedaAnah I unn ey e nILaNn S

B, =B, (c) = B;¢ (2.29)
dle By (o) Aesifldanaunis (2.27) lunaniswdaunismaes (07) Tuewns

Kom

= &/ = aa

7 (2.27) axlidudadu a¢dl 133 fa as1999slauiins1ueswandu violan

(o—sin(a))
srulesianvutiaslulusmsawe aunisi (2.27) davaganuiAuaumussErianIl

' 2

resnsdaaaiiinnulifiunssaenigndesrenuiladudady

nsmuAILUUSadmiuNsIAeMs: SaiBsnsnanouaussiTaleiising.
Ineldrrvasruiingedon (admittance) atlupauiunas lneldsieasdenaindneuay
NILUEUBINTY ‘?J!dha‘l;lm?\]lﬁﬂf;]l,‘iﬁd (voltage-regulating) ‘Luﬁaﬁﬁﬁ"u'l.uﬂﬁmuquﬁ/azlﬁ
wluay

2.5.2 A1slun1IneUELeY

luvirde 2.4.1 uansfayuesnismilenhlusalnquesivasuuuiuennos
muAuilvIamefamsafianudeuldlnessrinndsseurasnuintoutludsimun
Pusdinizua (0) aswdetosni 180° amhonansuausiiininiiazgnienis
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uni 3
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3.1 unid

Tuuntinanfawuudiassivamsiidsiendi (Static Var Compensator) lddmsu

< ! i & v = 2
garweiduinglussuuaedeszegnalnaquasidainisunenaanarsguuuunisiday
lngiuaeidstueaiviuldrensasmduazisasmivay Tunsmuauerdevdnnis
mIUANLUUTA (Close Loop) Tngsumusesiuiialuaauiduinmayuiinssuavedlnswen
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(aviveAuAuidsTwaaivuasszuulil
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Load

AC
source

Ls
A

SvC

UM 3.1 2993nIafdseaiuniteingd duanii
3.2 AYAENIasTuanfn
3.2.1 msoonLuvrIABImE i ays AU sEare nvaei Tl Swendiv
fvatveiddvihiueafingnldlumsinunssiuiiaaivannisvasefdalui
Sueniivveasyuy tileUulgsAfuszneufidsliiuundsdnaddelai Tasarde
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o w =l =l v ] oot v a 1Y
amatlisueaivvesiuiulszad miusnwissiuusuasmlaain

Qsve = Qec — Qier (3,1)
Qcc = thcc (3.2)
Xee = IEL (3.3)

Qter = Vilier (3.4)

Ve

Xtcr == (3.5)

Iter
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Xoop = ——2b (3.7)

2m—2a+sin2a
Aduiwaudvesiimilenhaiuguiiglasieafiyuavuiulasweaiiyy 90-180 aam

Xspe = S (3.8)

X.(2n-2a+sin2a)-mX},
A1BuRkAUTTILvRITITALeTINIarUIULRSILaATILY 90-180 9IA7
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Qspe = (3.9)
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Thyristord

Discrete 3-ph

Threa-Phase
Seurce
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Three Phase
Breakerl

Thyristoré) ThyristarS

—

é Xeer3

Load2

Three:Phase|

Breaker3|

ase

Positive-Sequence
Fundamental Value

U 3.6 UdaNNsIIERVIRBLRIADTURILTATUIY

Constant

U

Repeating Relstional
Sequence Cpetator
Repesting Relational
1
Sequencel Operator
- >
L
Repeating Relational
Sequence2 Operator2
C1 )m

= ° a L3
sun 3.5 NAIV@INNATUWARDINIAATUAL

Cut1

Cut2

Cut3

Saturstion
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Lead3
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Voltage rms (Phase-Phase) 380 V
Phase(Degree) 0
Frequency 50 Hz
Resistance 00.6 Ohm
Inductance 7.5mH
A Three-Phase
Programmable
Voltage Source
(4 JGND
= ?
o—s| s [ —@- N
Three-Phase
Series RLC Branch
€

5UN 3.7 199591009 NABNN AR UDIUNEIT Y

3.3.2 A1591009RUAEN 1893 ha AW

A137199 3.2 AR esYRIRITAL B AN LA (Static VAR Comnpensator : SVC) Wuu

3 L

SVC phase-AB

Capacitor 60 yF

Inductor 170 mH

SVC phase-BC

Capacitor 60 uF

Inductor 170 mH

SVC phase-CA

Capacitor 60 pF

Inductor 170 mH
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Thyristor

b e ————
Thyristorl Series RLC Branch3

e

Series RLC Branch4
o o a Y
3‘1.]1’] 3.8 299591809 NADUNUFDINIVALYY

3.3.3 N159ansvaninin

o ] a
A15199 3.3 Amnsdwesvadlnanlniii 3 wia

arameter | Nominal Voltage | Nominal Frequency | Apparent Power | Power Factor
step ph-ph (rms) (Hz) (VA) (cosB)
Load 1 380 50 500 |
Load 2 380 50 500 1
Load 3 380 50 100 0.49
Load 4 380 50 100 0.49

LLLE

')
Three-Phase) a-Phase
Breaker3 Breakerd

. . -

Tnmerl- Ttm¢r2- Timlra- TithF
f o

Three-Phase Three-Phase

Breakerl Breaker2|
i -

.
AL

o o ) 3
E‘U‘VI 3.9 91899 NABNNILADSUDINAT AN

Load2

]
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3.4 NN59DNLUUNATAIVALYENASIaARNLUUa U E
3.4.1n’ﬁaaﬂLLUUNR]EWS'J%’]’UN'TLJQMEJ (Zero crossing detector circuit)
o o 1%
\Wesnnnismuadlasuenroulvsa uluumuauina (phase control) $uduses

= Y a £ q v Y] ¢ 9] Y a
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220/15V
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2200 +/-5%
o 3 Y ¢ .
3UN 3.10 3U Schematic U83933ATITVUNIUAUE (Zero crossing)

= a\\ § ), L ¢ .
UM 3.11 299595299UNUAUE (Zero crossing)
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220/18V

15k +/-1%
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3.4.5 NM1T9RNLULNIsInTwaALazesatiulues
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Tunsiteilldidenldrsesinsuendusainddsidlne i satuivesiuueia
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BTA476008 27 Ohm 5W
115V
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| e
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MOC3023

%

GND 160hm 5 W 1uf
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P h w
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NSNAADULASDIRULUULATALLEAEI WA S waATIWaLWa U 2zvinIsAusuaLe
L ] 9

Judnune Delta wazlvandudnuae Star TngArmsfwmesaagazuandwinde 4.2 uay

12993693U7N 4.3

AC
source

Ls
[

SvC

=

|

| l

Zero Crossing Voltage Sensor

= T

MQC3023

72 o

Microcontroller

TLP 250

U7 4.3 U Schematic 193siATasULULUYRTALEIE IS woRTiWa WA

TuivetiasuaninanisnnasdfiivatueinasliiaS woafniwuvatuwa Tunisunive

v o Y "W o w a VAL | = a =i V]
wseunlvan warUsuupadsznouitaainnasdie Welinsinvuininan ALseiuse

@ o w = =i A s
4.3.1 tansnnassmeaseinadlnvsueanwiuuatdiwe Nusanu 170 V

A199797 4.1 AT ILAAINANITINWINTIAULAL ANRIUTZNBURIET TILTIsU 170 V

No- 1000 | 1200
2 THAA Loag | 300 VA | 500 VA | 800 VA | £
Vs(V) 97.9 97.8 97.9 97.3 97.2 97.9
Is(A) 0.66 1.01 1.48 2.01 2.52 3.06
P(W) 0.03 0.09 0.13 0.19 0.24 0.29
S(VA) 0.07 0.1 0.14 0.2 0.24 0.3
Q(VAR) 0.07 | 0.05 0.05 0.05 0.05 0.05
P.F. 0.53 0.87 0.94 0.96 0.98 0.98
D.P.F. 0.98 1 0.99 0.99 1 1
THDI(%) 82.5 50.6 32 23.5 18 14.6
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Vload-AB
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Vload-CA
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170
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8 165 e \\\/ithSVC
o
> 160 e \\/ithoutSVC
155
No-Load 300 VA 500 VA 800 VA 1000 VA 1200 VA

(M)
I:J ' d ot
sUN 4.4 AMNANITVARBINSYAERSITUT VAR Tlusesiu 170 V
(n) W& AB, (1) wWa BC, (A) wa CA

< o w A =l =] 1 < o w
"\]’1ﬂﬂﬁﬂﬂﬁ@%ﬂi@d‘ﬁﬂL‘UEJﬂ’IaQ'iLLaﬂﬂWﬁWNLWﬁ%BﬁHﬂSﬂL‘WUIWﬂ LATDNUALYBNIAY
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Power Factor

P.F
o
)

No-Load 300 VA 500 VA 800 VA 1000 VA 1200 VA

A 1 s o o A s
SUN 4.5 n5INAIMIUTENBUNIAT NLLSIAY 170 V

Y

THDi

100
80
60
40
20

%THDI

No-Load 300 VA 500 VA 800 VA 1000 VA 1200 VA

CJ (3 - !du A a
5UM 4.6 nsmiuesidunnuiniieureInssud NUseu 170 V

U

LY ] s =l = CJ Y]
4.3.2 HANSVAAD9 YR8 A NS ke ATWLUUAILWE TLsIRU 190 V

ﬂl a s 1 at - A ot
AT 4.2 T NULERAIHANISINYILIINULAEAINIUTENBUN Y NHIInU 190 V

No- 1000 1200
2UINTURA Lo 300 VA | 500 VA | 800 VA VA VA
Vs(V) 109 108.2 1092 108.7 108.6 108.3
Is(A) 0.73 1.02 1.56 2.1 2.7 3.23
P(W) 0.04 0.09 0,15 0.21 0.28 0.34
S(VA) 0.08 0.11 0.17 0.23 0.29 0.35
Q(VAR) 0.07 0.06 0.08 0.09 0.09 0.09
A.E. 0.52 0.84 0.89 0.93 0.95 0.97
D.P.F. 0.97 0.94 (.95 0.95 0.97 0.98
THDI(%) 84 Sl 30.8 22.5 172 14.5
THDv(%) 1 i | 1,2 1.0 il | 1.2
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Vload-AB
195
0 190
£ 185 e \\/ithSVC
=]
> 180 o \\/ithoutSVC
175
No-Load 300 VA 500 VA 800 VA 1000 VA 1200 VA
(n)
Vload-BC
195
190
s
Q
= 180 e \\/ i thoutSVC
175
No-Load 300 VA 500 VA 800 VA 1000 VA1200 VA
(V)
.- Vload-CA
190
]
] 5
§ 13 e \V/ithSVC
180 e \\/ithoutSVC
175
No-Load 300 VA 500 VA 800 VA 1000 VA 1200 VA

(M)
o o a )
Un 4.7 A3 MNANIITVAABINSTLTEUSITUTIan Tusey 190 V
(n) wiad AB, (1) wWa BC, (A) W& CA

A o o a = /1 A o <
NNNTNARDILATDITAETNA S LoaTinauaIsaInsaiulain IATesuRALeRIas

= Y Y| v a o @
SuoAiva eI SN TIUNYAlan a3 aTiLs Iy 190 V



P:F:

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Power Factor

No-Load

300 VA

500 VA

800 VA

1000 VA

1200 VA

d U o o A .
3U% 4.8 n3lmmadIEnaunIas useau 190 V

%THDi

100

80
60
40
20

0

THDi

No-Load

300 VA

500 VA

800 VA

1000 VA

1200 VA

o < a £ o )
sUR 4.9 nslUos I EuAILRANEUTDINTE LA TILTIAY 190 V

U

al o 7] -l =) =J [v]
4.3.3 NAN1SNAFDIMTALYEN 18 IS waainwuuaUNE Aksaeud 220 V

:’ o at 1 a o A a
M99 4.3 AT LARANANTITINWILTIAULAZATRNIUTENBUNEY TIAU 220 V
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No- 1000 1200
AUNATUAR > 300 VA | 500 VA | 800 VA VA VA
Vs(V) 119.9 120.9 121 120.6 120.5 121.7
Is(A) 0.76 0.95 1.54 2.24 277 3.39
P(W) 0.01 0.09 0.16 0.24 0.32 0.4
S(VA) 0.1 0.13 0.19 0.26 0.34 0.41
Q(VAR) 0.09 0.1 B.1 B.1 0.11 0.1
P.F. 0.1 0.67 0.86 0.93 0.95 0.97
D.P.F. 0.22 0.89 0.94 0.95 0.97 0.97
THDI(%) 65.9 46 30 20.4 16.8 13.3
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Tuasaenuwuuilly Microcontroller Arduino Mega 2560 Tagnisluswnsuniuy
anwaie 1w C++ tneilldaafidniaguveavng arduino Usynousienisimune register

Tnenssvaesilulasraulnatans

#include <avr/io.h>

#include <avr/interrupt.h>

const byte BUTTON = 18;
const byte BUTTON1 = 19;
const byte BUTTON2 = 20;

int ledPin = 7;
int ledPinl = 6;
int ledPin2 = 5;
int var = 0;

volatile int N =0:
volatile int N1 =0;
volatile int N2 =0;
volatile float volt = 100;
volatile int aval = 0
int volt1=0;
int degree=0;
float vlioad=0;
float vref=190.25;
float v=0;
double vall=167;
int main(void)
{
Serial.begin(9600);
attachinterrupt (5, pinChange, RISING);
attachinterrupt (4, pinChange1, RISING);
attachinterrupt (3, pinChange2, RISING);
pinMode(ledPin,OUTPUT);



pinMode(ledPin1,OUTPUT);
pinMode(ledPin2,OUTPUT);
pinMode(BUTTON,INPUT);
pinMode(BUTTON1,INPUT);
pinMode(BUTTONZ,INPUT);
digitalWrite (BUTTON, HIGH);
digitalWrite (BUTTON1, HIGH);
digitalWrite (BUTTONZ2, HIGH);

ADMUX = 0x43;
ADCSRA = 0x00;
ADCSRA |= OXAO;
ADCSRB &= 0xF8;
ADCSRA |= OxOF;
TCCROA |= (1 << WGMO1);
OCROA = 0x50;
TIMSKO |= (1 << OCIEOA);
sei();
TCCROB |= (1 << CS01);
ADCSRA |= 0x40; //start ADC
while (1)

{

vload = aval * (950.00/1023.0);
v=vref-vload:
ifl(v>1.2)&vload>170)val1=val1+0.1;
if(lv<-1.2)&vload>170))vall=val1-0.1;
voltl=vall:

ifvolt1<152)volt1=152;
iftvolt1>237)volt1=237;
degree=volt1*0.72;

Serial.print(" vicad = "),

Serial.print(vload);



Serial.print(" diff = ")
Serial.print(v);
Serial.print(" voltl = ");
Serial.print(volt1);
Serial.print(" degree = ");

Serial.printin(degree);

ISR(ADC _vect) {

}

aval = ADCL; // store lower byte ADC

aval += ADCH*256 ; // store higher bytes ADC
ADCSRA &= OxEF;

ADCSRA |= 0x40; //start ADC

ISR (TIMERO_COMPA vect) // timer0 overflow interrupt

{

//event to be exicuted every 4ms here

N=N+1;

N1=N1+1;

N2=N2+1;
if(((volt1)>=(N-1))&((volt1)<=(N+1)))digitalWrite(ledPin,HIGH);
if(((volt1)>=(N1-1)&((voltl)<=(N1+1))digitalWrite(ledPin1,HIGH);
if(((volt1)>=(N2-1))&((volt1)<=(N2+1)))digitalWrite(ledPin2,HIGH);

void pinChange ()

{

N=0:;

digitalWrite(ledPin,LOW);

}

60



void pinChangel ()
{

N1=0;
digitalWrite(ledPin1,LOW);
]
void pinChange2()

{

N2=0;
digitalWrite(ledPin2,LOW);
1
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Order this document by MC7800/D

@ MOTOROLA

Three-Terminal Positive
Voltage Regulators

These voltage regulators are monolithic integrated circuits designed as
fixed-voltage regulators for a wide variety of applications including local,
on-card regulation. These regulators employ internal current limiting,
thermal shutdown, and safe—area compensation. With adequate heatsinking
they can deliver output currents in excess of 1.0 A. Although designed
primarily as a fixed voltage regulator, these devices can be used with
external components to obtain adjustable voltages and currents.

@ Output Current in Excess of 1.0 A

) No External Components Required

@ Internal Thermal Overload Protection

@ Internal Short Circuit Current Limiting

) Output Transistor Safe-Area Compensation

o Qutput Voltage Offered in 2% and 4% Tolerance

 Available in Surface Mount D2PAK and Standard 3-Lead Transistor
Packages

@ Previous Commercial Temperature Range has been Extended to a
Junction Temperature Range of —405C to +1255C

DEVICE TYPE/NOMINAL QUTPUT VOLTAGE

MC7800,
MC7800A, LM340,
LM340A Series

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

SEMICONDUCTOR
TECHNICAL DATA

T SUFFIX 0N
PLASTIC PACKAGE /
CASE 221A

Heatsink surface
connected to Pin 2.

Pin 1. Input
2. Ground
3. Quiput
D2T SUFFIX
PLASTIC PACKAGE
CASE 936
(D2PAK)

Heatsink surface (shown as terminal 4 in
case oulline drawing) is connected fo Pin 2.

MC7805AC MC7812C 12V
LM340AT-5 oy LM340T-12
MC7805C 1 MCT7815AC
LM340T-5 LM340AT-15 18w
MC7806AC 60V MCT7815C
MC7806C i LM340T-15
MCT808AC MC7818AC
0v 18V
MC7808C MC7818C
MC7809C .0V MC7824AC 24V
MC7812AC 1 v MC7824C
LM340AT-12
ORDERING INFORMATION
Output Voltage Operating
Device Tolerance Temperature Range Package
MCT8XXACT
Insertion Mount
LM340AT-XX 2%
MC78XXACD2T Surface Mount
Ty =-4051o +1255C
MCT78XXCT
Insertion Mount
LM340T-XX 4%
MC78XXCD2T Surface Mount

STANDARD APPLICATION

r————

4

Input T}—{ MC78XX Output
(3
Cip" - -
03 T i I

A common ground is required between the
input and the output voltages. The input voltage
musl remain lypically 2.0 V above the oulput
vollage even during the low point on the input
ripple voltage.

XX, These two digils of the type number
indicale nominal vollage.

* Cin is required if requlator is located an
appreciable distance from power supply
filter.

** Co is not needed for stability; however,
it does improve transient response. Values
of less than 0.1 uF could cause instability.

XX indicates nominal voltage.

€1 Motorola, Inc 1997 Revs
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MC7800, MC7800A, LM340, LM340A Series

MAXIMUM RATINGS (T = 255C, unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (5.0-18V) A 35 Vdc
(24 V) 40
Power Dissipation
Case 221A
Ta = 255C Pp Internally Limited W
Thermal Resistance, Junction-to-Ambient RoJa 65 Cw
Thermal Resistance, Junction-to-Case Roge 5.0 W
Case 936 (D2PAK)
Ta =255C Pp Internally Limited w
Thermal Resistance, Junction-to—Ambient RoJA See Figure 13 W
Thermal Resistance, Junction-to-Case Roya 5.0 CwW
Slorage Junction Temperature Range Tstg -65to +150 sC
Operating Junction Temperature Ty +150 C

NOTE: ESD data available upon request.

Representative Schematic Diagram

1
i

This device contains 22 active transistors

<3,
MC7800 A @
0 2ener
LaT LATIA
f R19
o o b
Ao
i ONPK a0
€3, 10F o Pl
N 10k
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= R21 g 680 < R2
5 100k z 00 ‘1- T 02
1
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a1z
ONPN j
SRI A
] m?;z\l 30k
' R2S
fd e ato & 60K
< R0 " <
s fo | e-gusChS
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MOTOROLA ANALOG IC DEVICE DATA



MC7800, MC7800A, LM340, LM340A Series
ELECTRICAL CHARACTERISTICS (Vi, = 10V, Ig = 500 mA, Tj = Tjow 10 Thigh [Note 1], unless otherwise noted.)

65

MC7805C/LM340T-5
Characteristic Symbol Min Typ Max Unit
Qutput Voltage (T = 255C) Vo 4.8 5.0 52 Vdc
Oulput Voltage (5.0mA 3 Ig 3 1.0A, Pp 3 15 W) Vo Vdc
7.0 Vde 3 Vip 3 20 Vde 475 5.0 525
8.0 Vdc 3 Vi 3 20 Vde - - -
Line Regulation (Note 2) Regjine mv
7.5Vdc 3 Vi 3 20 Vdc, 1.0 A - 0.5 20
8.0 Vdc 3 Vi, 3 12 Vde - 0.8 10
Load Regulation (Note 2) Regigad mv
50mA3Ig3I1.0A - 1.3 25
5.0mA31n31.5A(Ta=255) - 1.3 25
Quiescent Current B - 3.2 6.5 mA
Quiescent Current Change Alg mA
7.0 Vde 3 Vi 3 25 Vde . 0.3 1.0
50mA3 103 1.0A(Tp = 255C) - 0.08 0.8
Ripple Rejection RR 62 83 - dB
8.0 Vdc 3 Vjp 3 18 Vde, [ = 120 Hz
Dropout Voltage (Io = 1.0 A, T) = 255C) Vi-Vo - 2.0 - Vde
Output Noise Voltage (Ta = 255C) Vi - 10 - who
10 Hz 3 13 100 kHz
Qulput Resistance f = 1.0 kHz o - 0.9 - ule]
Short Circuit Current Limit (Tp, = 255C) Isc - 0.6 - A
Vin = 35 Vde
Peak Output Current (T = 255C) Imax - 22 - A
Average Temperature Coefficient of Output Vollage TCVo - -0.3 - mvIsC
ELECTRICAL CHARACTERISTICS (Vin =10V, Ig=1.0A, Ty=Tiowto Thigh [Note 1], unless otherwise noted.)
MC7805AC/LM340AT-5
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 255C) Vo 4.9 5.0 5.1 Vde
Oulput Vollage (5.0 mA 3 Ig 3 1.0 A, Pp 3 15 W) Vo 48 50 5.2 Vdc
7.5 Vdc 3 Vip 3 20 Vde
Line Regulation (Note 2) Regline my
7.5 Vdc 3 Vin 3 25 Vde. Ig = 500 mA - 0.5 10
80Vdc3Vip312Vde Ig=10A - 0.8 12
8.0 Vde 3 Vip 3 12 Vde, Ig = 1.0 A, T = 255C - 1.3 4.0
7.3Vdc 3 Vip 320 Vde, Ig = 1.0 A, T = 255C - 4.5 10
Load Regulation (Note 2) Regload mv
50mA3In3 1.5A Tj=255C - 13 25
50mA3Ig31.0A - 0.8 25
250 mA 3 Io 3 750 mA - 0.53 15
Quiescent Current g - 3.2 6.0 mA
Quiescent Current Change Alg mA
8.0 Vde 3 Vi, 3 25 Vde, Ig = 500 mA - 0.3 0.8
7.5 Vdc 3 Vjp 3 20 Vde, T = 255C - & 0.8
50mA3Ig31.0A - 0.08 05
Ripple Rejection RR 68 83 - dB
8.0 Vdc 3 Vin 3 18 Vdc, f = 120 Hz. Ig = 500 mA
Dropout Vollage (I = 1.0 A, T = 255C) Vi-Vo - 2.0 - Vde
NOTES: 1. Tjoyy = ~405C for MC78XXAC, C, LM34DAT-XX, LM340T-XX Th&gh = +1255C for MC7BXXAC, C, LM340AT-XX, LM340T-XX
2. Load and line regulation are specified at constant junction temperature. Changes in Vg due te heating effects must be taken into account
separalely. Pulse testing with low duty cycle 1s used.
3

MOTOROLA ANALOG IC DEVICE DATA
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MC7800, MC7800A, LM340, LM340A Series

OUTLINE DIMENSIONS
T SUFFIX
PLASTIC PACKAGE
CASE 221A-06
ISSUE Y
NOTES:
" 1 DIMENSIONING AND TOLERANCING PER ANSI
[ZF=] sean Y14.5M, 102,
T plane 2. CONTROLLING DIMENSION. INCH. -
3. DIMZ DEFINES A ZONE WHERE ALL BODY
= B e F T— G 8 LEAD IRREGULARITIES ARE ALLOWED.
k INCHES | MILLIMETERS |
J——@“-’r T oM [TWIN | WAX | MM | max
A_| 0.570 | 0620 | 1443 | 1575
Q + A r B | 0380 | 0.405 | 966 | 1026
- C_| 0150 | 0190 | 407 | 482
u D | 0025 | 0.035 | 064 | 088
H TITITIT | F_[0142 | 0.147 | 381 73
f=mi ! G| 0005 | 0.105 | 242 | 266 |
f K H_| 0110 | 0.155 | 280
z - J_ | 0018 | 0025 | 045 | 064
1500 | 0562 | 1270 | 1427
L] 0045 | 0060 | 1. 52
N_| 0190 | 0210 | 4 33
L 1 71 B Q[ 0.100 | 6.120 | 254 | 304
R_| 0080 | 0.110 | 204 | 279
N P 74 S {005 | 0055 | 115 [ 139
i T | 023 | 0255 | 597 | 647
G —"E U_] 0000 [0050 | poo| 127
D v oo . BT S
N z O .

D2T SUFFIX
PLASTIC PACKAGE
CASE 936-03
(D2PAK)
ISSUE B NOTES:
1 DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982.
;FT;I TERMINAL 4 2 CONTROLLING DIMENSION: INCH.
3 TAB CONTOUR OPTIONAL WITHIN DIMENSIONS
|'-—‘-* ‘——i ———-»{ AANDK.
—L B & N 4 DIMENSIONS U AND V ESTABLISH A MINIMUM
f/ MOUNTING SURFACE FOR TERMINAL 4

5 DIMENSIONS A AND B DO NOT INCLUDE MOLD
FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED
0.025 (0.635) MAXIMUM.

INCHES MILLIMETERS
MIN MAX MIN | MAX
0386 | 0403 | 9504 [1023%
035 | 038 | 6042 | 9347
0170 | 0180 | 4318 | 4572
0026 | 003 | 0860 [ 0914 |
0.045 | 0055 | 1.143 | 1.397
0051 REF 1,285 REF

0.1 g
0539 | 0578 113691 |34.707

S i
o

]
|

2|

Y
F R
l__
G

-ccmx'uzi]!‘!l—:m‘ﬂmanwblg

c 0116 REF 2946 REF
0,200 MIN 5.080 MIN
_L 0.250 MIN 6350 MIN

Mfax is a trademark of Motorola, Inc.
How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.: SPD, Strategic Planning Office, 4-32-1.
P.O. Box 5408, Denver, Colorado 80217. 1-303-675-2140 or 1-800-441-2447  Nishi-Gotanda, Shinagawa—ku, Tokyo 141, Japan. 81-3-5487-8488

Customer Focus Center: 1-800-521-6274

MfaxE : RMFAXO0@email.sps mot.com — TOUCHTONE 1-602-244-6609 ASBIA/PACIFIC: Motorola Semiconductors H.K. LId.; 8B Tai Ping Industrial Park,
Motorola Fax Back System ~ US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T,, Hong Kong. 852-26629298
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HOME PAGE: http://moterola.comisps/
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technelogies

DEVICETYPES

Part No. CTR % Min.  Part No. CTR % Min.
4N25 20 MCT2 20

4N26 20 MCT2E 20

4N27 10 MCT270 50
4N28 10 MCT271 45-90
4N35 100 MCT272 75-150
4N36 100 MCT273 125-250
4N37 100 MCT274 225-400
4N38 10 MCT275 70-80
H11A1 50 MCT276 15-60
H11A2 20 MCT277 100
H11A3 20

H11A4 10

H11A5 30

FEATURES

+ Interfaces with Common Logic Families

+ Input-output Coupling Capacitance < 0.5 pF

+ Industry Standard Dual-in-line 6-pin Package

- Field Effect Stable by TRIOS®

+ 5300 Vgys Isolation Test Voltage

+ Underwriters Laboratory File #£52744

- (% VDE #0884 Approval Available with Option 1

APPLICATIONS

« AC Mains Detection

Reed Relay Driving

Switch Mode Power Supply Feedback

Telephone Ring Detection

Logic Ground Isolation

« Logie Coupling with High Frequency Noise
Rejection

Noles:
Designing with data sheet is covered in Application Note 45

% 2001 Inineon Technologies Corp. « Optoelectronics Division » San Jose, CA

wwwLinlingon comiopto « 1-888-Infineon (1-888-463-4636)
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PHOTOTRANSISTOR

Industry Standard
Single Channel
6 Pin DIP Optocoupler

Dimensions in Inches (mm)
[5‘1 IJZLI m pinone [8]
248:(5 30) 4 Anode [1 (6 ]Base
256 (6.50) f
Cathode [Z | L'<:5:]Collecmr
L]
[CUREI NC (3] {4 ]Emitter
L,..335(8.50) |
343 (8.70)
030 i v .. 048(0.45) -300(7.62)
(o0) T} 7T [To22(088) | e ;
Min T 130(330) f
[].4 -150(381) ‘
4 i X A L) i
typ. ~ ) 114 (2.90)
U 031 @aoymin. 4. o |] .130(3.0)
U 1 o031 (080) il 010(.25) i
I e . typ. i
018(0.45) || i ] \
022(ose = = | 30,90} | 300.347 |
e 100 (2 54) typ (762881
DESCRIPTION

This data sheet presents five families of Infineon Industry Standard
Single Channel Phototransistor Couplers. These families include the
4N25/26/27/28 types, the 4N35/36/37/38 couplers, the H11A1/A2/
A3/A4IAS, the MCT2/2E, and MCT270/271/272/273/274/275/276/
277 devices.Each optocoupler consists of Gallium Arsenide infra-
red LED and a silicon NPN phototransistor.

These couplers are Underwriters Laboratories (UL) listed to comply
with a 5300 Vs Isolation Test Voltage. This isolation performance
is accomplished through Infineon double molding isolation manu-
facturing process. Compliance to VDE 0884 partial discharge isola-
tion specification is available for these families by ordering option 1.
Phototransistor gain stability, in the presence of high isolation volt-
ages, is insured by incorporating a TRansparent 10n Shield
(TRIOS)® on the phototransistor substrate. These isolation pro-
cesses and the Infineon 1S09001 Quality program results in the
highest isolation performance available for a commercial plastic
phatolransistor optocoupler.

The devices are available in lead formed contiguration suitable for
surface mounting and are available either on tape and reel, or in
standard tube shipping containers.

2.53 March 27, 2000-00



Maximum Ratings 7,=25°C

Emitter

ReVerge VOIS v mmmansmmmwimingsmsis s iy T 6.0V
FOrward CUMENE .........ooviiiiiie e e s 60 mA
SUrge CUrment (FE10 HS)..ovovii ittt 25A
TR BT a e oL LS e Y 100 mwW
Detector

Collector-Emitter Breakdown VOIRAGE ......v.vevvirceeiie e, 7oV
Emitter-Base Breakdown Voltage ... susis AN
B |[= o1 (o)l G £ e T 50 mA
Collector Current(t <1.0 ms)........ ... 100 mA
POWEF DISSIPALION....c.viviiiie i it 150 mw
Package

[solation Tost VORBGE: « s wwmmwasmem i i Gt 5300 Vims
Creepage

Clearance

Comparative Tracking Index per DIN IEC 112/VDE0303, part 1 ...........co..... 175
Isolation Resistance

ViosB00 V Ta=25°C.ceeinecnreaat® ot o oeorssssorssnsssassesnsenss p—

Vig=500 V, Ta=100°C...... g o ....cccc.coone Do NN Lo fofi s
Storage Temperature ... g .. oo o) Aok
Operating Temperature ..
JUNCHON TEMPETAIUTE ...c..cveviecs e Nt Sl X
Soldering Temperature (max. 10 s, dip soldering:

distance to seating plane 21.5MM) .........cociviivvoivnn, e o b B 260°C

4N25/26/27/28—Characteristics Ty=25°C

68

Emitter Symbol Min. | Typ. | Max. | Unit | Condition
Forward Voltage* Vi — 13 1.5 v 1z=50 mA
Reverse Current* In — 0.1 100 | pA Vr=3.0V
Capacitance Co e 25 - pF l"F,:OWMMMMM
Detector
Breakdown Valtage* Collector-Emitter B8Veeo 30 - h v lc=1.0mA
Emitter-Collector | BVegp 7.0 — — Te=100 pA
Collector-Base BVeao 70 — = | fc=100 pA
Iceoldark) 4N25/26/27 — |50 |80 | nA | Vee=10V, (base open)
4N28 10 100
Icgo(dark)* —— — |20 |20 [nA | vgg=10V, (emitter open)
Capacitance, Collector-Emitter Cee — 6.0 — pF | Vge=0
Package — N T o - ]
DC Current Transfer Ratio® 4N25/26 CTR. “ f20__ 50 |— o] % A Vvee=10V, =10mA
4N27/28 10 30
Isolation Ubitage' - 2600 | — - v ‘ Peak 60 Hz
L1500 _Lo® _to€
Ege™ |
‘Saturation Voltage. Collector-Emitter Voewsy | — | =~ |08 N Ig=20mA, Ig=50mA |
Resistance, Input to Output™ Rio 100 | — s GO Vip=500V
. Coupling Capacitance Cio T 0.5 — pF f=1.0 MHz
' Rise and Fall Times L g v 2.0 — pus  lg=10mA
‘ V=10V, R =100 Q

* Indicates JEDEC registered values

€ 2001 Infineon Technologies Corp. * Oploelectronics Division » San Jose. CA
www.intingon.comjoplo » 1-888-Infineon (1-888-463-4636)

Phototransistor. Industry Standard
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4N35/36/37/38—Characteristics Ty=25°C

69

Emitter Symbol | Min. | Typ. | Max. | Unit | Condition
Forward Voltage* Ve b 5c] 1.5 v Ie=10 mA
09 gl Ip=10 mA. Ty=-55°C
Reverse Current” In 0.1 10 MA Vr=6.0V
Capacitance Co 25 e pF Vg=0, {=1.0 MHz
Detector
Breakdown Voltage, Collector-Emitter™ | 4N35/36/37 | BVceo 30 — — Y lo=1.0mA
4N38 80 - —
Breakdown Voltage, Emitter-Collector* BVeco 70 |~ — v 1g=100 pA
Breakdown Voltage, Collector-Base* 4N35/36/37 | BVcgo 70 —— e 1=100 HA, Ig=1.0 gA
4N38 80 e - -
Leakage Current, Collector-Emilter* 4AN3S/36/37 | Iogo — 150 |50 |nA | Vog=10V,ip=0
4N38 — {— |50 Veg=60 V., [g=0
Leakage Current, Collector-Emitter* 4ANB5/36/37 | dego | — | — | 500 |pA | V=30V, Ip=0, To=100°C
4N38 — | 60 e Vee=60 V, =0, T4=100°C
Capacitance, Collector-Emitter Cee 7 60 | — pF Vee=0
Package
DC Current Transfer Ratio® 4N35/36/37 | GTR 100 | = | — % | Veg=10V.le=10mA.
4N38 20 |- - Veg=1.0V, /g=20 mA
DC Current Transter Ratio® 4N35/36/37 | CTR 40 50 — % Vee=10V, [e=10 mA,
4N38 i "% 30 % — Ta=-55 lo 100°C
Resistance. Input to Qutput” R 10 - - Q Vip=500 V
Coupling Capacitance Co e 05 | = pF f=1.0 MHz
Switching Time* o IoFF | — 10 — us Io=2.0 mA, R =100 . \;_‘C=1GV
* Indicates JEDEC registered value
H11A1 through H11A5—Characteristics Tp=25°C =~~~
Emitter Symbol | Min. | Typ. | Max. | Unit | Condition
Forward Voltage H11A1-H11A4 Ve - L % 15 /11V Ig=10 mA
H11A5 —_ 1.1 g.7
Reverse Current Ip — - 10 HA Vp=3.0V
Capacitance Cy T 50 o pF V=0, f=1 OMHz
Detector
Breakdown Voltage, Collector-Emitter BVeeg™ | 30/ /cp—s "~ ]V Ic=1.0 mA, Ig=0 mA
Breakdown Voltage. Emitter-Collector BVeco | 70 | — | = |V |1g=100 pA. [p=0mA
Breakdown Voltage, Collector-Base BVoao | 70 L5 Jde= 71V dTcE10 A JR=0 mA
' Leakage Current, Collector-Emitier Icen e 5.0 Vep=10V, Ig=0 mA
| Capacitance, Collector-Emitier e < |60 Vog=0 '
Package
DC Current Transfer Ratio H11A1 CTR i 50 — — % ‘ce=10V, Ie=10 mA
H11A2/3 20 — —
i H11A4 10 = o~
H11A5 8 |- |—
Satralion Voltage, Collector-Emiter — — lo4 |V | ice-05mA f=10mA
Capacitance. Input 1 Output o — {05 |— |pF |[—
Switching Time — 130 |— |ps | Ic=20mA R =100Q, Vee=10V

& 2001 Intineon Technologies Corp. » Optoelectronics Division » San Jose. CA

vewwinfineon.com/oplo « 1-888-Infineon (1-888-463-4636)
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MCT2/MCT2E—Characteristics 73=25°C
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Emitter Symbol | Min. | Typ. | Max. Unit Condition
Forward Voltage Ve — 1.1 15 V lg=20 mA
Reverse Current I e — 10 HA Vp=3.0V
Capacitance Co — 25 — | pF Vg=0, f=1.0 MHz
Detector
Breakdown Voltage Collector-Emitter | BVegg | 30 — - A Ic=1.0mA, Ig=0 mA
Emitter-Collector | BVgep 7.0 j~— e Ig=100 pA, Ie=0 mA
Collector-Base | BVggo | 70 | — | — Ic=10 pA, Ip=0 mA
Leakage Current Collector-Emitter | Icgg e 50 50 nA Vee=10V, =0
Colleclor-Base | Ioao N T
Capacitance, Collector-Emilter = — Cee — 10 — pF Vee=0
Package
DC Current Transfer Ratio CTR 20 | 60 — % Veg=10V, Ig=10 mA
Capacitance, Input to Cutput Cio — 05 — pF —_
Resistance, Input to Output Rio — 100 | — GQ o
Switching Time N T Tt fore | — | 80 Ty e Ic=2.0mA, R =100 Q, Veg=10V
MCT270 through MCT277—Characteristics 75,=25°C /
Emitter Symbol | Min. | Typ. | Max. | Unit Condition
Forward Voltage Ve — e 15 v Te=20 mA
Reverse Current B=\N=" 7 }R — — 10 HA Vg=3.0V
Capacitance Co — 25 — | pF V=0, f=1.0 MHz
Detector ‘
Breakdown Voltage | Collector-Emitter BVeeo | 30 o e v Ig=10 pA, Ig=0 mA
Emitter-Collector | BVgeo 70 | — — Ig=10 pA, Ip=0 mA
Collector-Base BVego | 70 — e e Ie=10 pA, Ig=0 mA
Leakage Current, Collector-Emitter Iceo — — 50 nA Vep=10V, Ig=0 mA
Package
DC Current Transfer Ratio MCT270 CTR 50 — — % V=10V, =10 mA
BCTRNOATA [T B
MCT272 75 — 150
MGTe78 1 125 | — 1250
MCT274 225 | — 400
MCT275 70 — 210
MCT276 15 - 60
MCT277 100 | — foed
Current Transfer Ratio, Collector-Emitter | MCT271-276 | CTRee | 125 | — | — | % Vee=0.4 V, [;=16 mA |
MCT277 40 e - —
Collector-Emitter Saturation Voltage VCEsat | — 5 04 |V lcg=2.0mA, I[e=16 mA
Capacitance, Input 1o Qutput - Cio — 05 | — pF e "
Resistance, Input to Output HzgY VT — 0 [0 Vip=500 VDC
Switching Time R MCT270/272 foni fore | == | — 10 ps 1e=2.0 mA,
MCT271 e | — [ 7.0 A=1004,
MCT273 — |= |20 Vee=50V
T - e
MCT275/277 — _
e - -

& 2001 Intineon Technologies Corp * Oploglectronics Division » San Jose, CA

www.intingon.com/opto * 1-888-Infineon (1-888-463-4636)
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo-IC
Transistor Inverter
Inverter For Air Conditionor o
Unit in mm

IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a

integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving cireuit of IGBT or power MOS FET.

A 0.1pF bypass capcitor must be
connected between pin 8 and 5 (See Note 5)

Input threshold current: Ip=5mA(max.)

Supply current (Ioe): 11mA(max.)

Supply voltage (Voe): 10-35V

Output current (I0): £1.5A (max.)

Switching time (tpLH/tpHL): 1.5ps(max.)

Isolation voltage: 2500Vyms(min.)

UL recognized: UL1577, file No.E67349

Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage! 630VPK
Highest permissible over voltage: 4000VpK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
Creepage distance: 6.4mm(min.)

Clearance: 6.4mm{(min.)

Schmatic
Veo
IF
e
2+ :] Vo
VF 3 {
3- Vo
GND

Truth Table
T Tr2
Input On On Off
LED off off On

,
H-
o
3655038

6.4%0.25

%

&
122015 g 02s bl
02201 F
254 £0.25 § ’l‘a‘tﬂ‘&l
110cH
TOSHIBA 11-10C4
Weight: 0.54 g

Pin Configuration (top view)

1[0
2[]
3[}»

4

s
17
6
s

:N.C.

: Anode

: Cathode
:N.C.

: GND

1 Vo (Output)
Vo

Voo

@ N d® U s W N

2002-09-25
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Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current I 20 mA
Forward current derating (Ta 2 70°C) Alp/ ATa -0.36 mA/f°C
@ Peak transient forward curent (Note 1) IepT 1 A
Reverse voltage VR 5 \
Junction temperature Tj 125 °C
“H'peak output current (Pyy < 2.5ps f < 15kHz) (Note 2) lopH ~1.5
‘L"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopL +1.5
(Ta < 70°C) 35
Qutput voltage Vo v
5 (Ta = 85°C) 24
8 (Ta < 70°C) 35
2 Supply voltage Vee v
(Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AV | ATa -0.73 v/i°C
Supply voltage derating (Ta = 70°C) AV / ATa -0.73 vi*C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 4) Bvg 2500 Vrms

(Note 1) Pulse width Py < 1ps, 300pps

(Note 2)  Exporenential wavefom

(Note 3) Exporenential wavefom, lopH = ~1.0A( s 2.5ps), lopL S +1.0A( S 2.5us)

(Note 4) Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

(Note 5) A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max Unit
Input current, on lF(oNy 7 8 10 mA
Input voltage, off VF(OFF) 0 et 0.8
Supply voltage Vee 18 —_ 30 | 20
Peak output current lopr/lopL — —— +0.5
Operating temperature Topr -20 25 70 f 85 'C

2002-09-25
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TOSHIBA TLP250

Electrical Characteristics (Ta = —-20~70°C, unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.” Max. Unit
cuil
Input forward voltage Vg —_ IF=10mA , Ta=25°C 1.6 1.8 \
Temperature coefficient of _ _ o
farward voltage AVE ! ATa - Ig =10 mA — -2.0 mVv/°C
Input reverse current Ir — VR =5V, Ta=25°C — 10 HA
Input capacitance Cr — V=0,f=1MHz , Ta=25°C - 45 250 pF
H” level IRt 3 IF =10 mA 05 | -15 -
Vee=30v | VB-6=4V
Output current (,(17? A
i lgp=0
L" level lopL 2 Ve.5=2.5V 0.5 2 —
i Veeq = +158V, VEg1 = -156V _
H” level Vo 4 1 RECY000 I = S 11 12.8
Outpul voltage \v;
o Vet = +15V, VEgq = ~15V - e A
L" level VoL 5 Ry = 2000, Vr = 0.8V 14.2 12,5
Vee = 30V, Ig = 10mA S 7 .
“H" level lccH — Ta=25°C
Voo = 30V, Ig = 10mA - — 11
Supply current e F mA
Vee = 30V, g = OmA . 75 .
"L level It — |Ta=25C
Ve = 30V, I = OmA = - 11
Threshold input “Qutput i Veet = +15V, Vegy = -15V
" FLH — — 18] 4] mA
current L—H R = 2000, Vo > 0V
Threshold input "Output < IFHL 8 Vet = +15V, Vggq = -15V 0.8 & | ¥ v
voltage H-L R = 2000, Vo < 0V
Supply voltage Vee — 10 — 35 v
Capacitance c Vg=0,f=1MHz
£ - 1.0 2.0 F
(input-output) s Ta=25°C 5
; Vg=5600V, Ta=25°C 12 14 | |
Resistance(input-ocutput) Rsg — R H.< 60% 1x10 10 Q

* All typical values are at Ta = 25°C ~ (*1): Duration of o time < 50ps

3 2002-09-25
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TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit

cuit

Propagation L—H tpLH e 0.15 0.5

delay time HoL toHL IF = 8mA s 0.15 05

o ] Veer = +15V, Vegq = ~15V ps

Output rise time i RL = 2000 e S s

Outpult fall time if — — —

Common mode transient _ _

immunity at high level CmH 7 \\:,'CM s ggSVTIaF:_.?BsTé ~-5000 e — V/ps

output cc !

Common mode transient _ B

immunity at low level CmL 7 gCM - ggSV'TLF:'Z%TCA 5000 - - Vips

output cc !

* All typical values are at Ta = 25°C

4 2002-09-25
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Order this document
by MOC3020/D

VDE UL

CSA

S

SETI | SEMKO

©)

®

DEMKO | NEMKO

BABT

6-Pin DIP Random-Phase
Optoisolators Triac Driver Output

(400 Volts Peak)

The MOC3020 Series consists of gallium arsenide infrared emitting diodes,

optically coupled to a silicon bilateral switch.

o To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V must be included at end of part number. VOE 0884 is a test option.
They are designed for applications requiring isolated triac triggering

Recommended for 115/240 Vac(rms) Applications:

«» Solenoid/Valve Controls
o Lamp Ballasts

w Interfacing Microprocessors to 115 Vac Peripherals

® Motor Controls

w Static ac Power Switch

» Solid State Relays
o Incandescent Lamp Dimmers

MAXIMUM RATINGS (Tp, = 255C unless otherwise noted)

MOC3021

[IFT = 15 mA Max]

MOC3022

[IFT = 10 mA Max]

MOC3023*

[IFT = 5 mA Max]

*Motorola Preferred Device

STYLE 6 PLASTIC

n
STANDARD THRU HOLE

CASE 730A-04
SCHEMATIC
1 &
2503} Mwx s
30 4
1. ANODE
2. CATHODE
3.NC
4. MAIN TERMINAL
5. SUBSTRATE
DO NOT CONNECT

6. MAIN TERMINAL

| Rating | symbot | vawe [ unit
INFRARED EMITTING DIODE
Reverse Vollage VR 3 Volts
Forward Current — Continuous Ig 60 mA
Total Power Dissipation @ Ta = 255C Pp 100 mw
Negligible Power in Triac Driver
Derate above 255C 1.33 mW/sC
QUTPUT DRIVER
Off-State Output Terminal Voltage VDRM 400 Volts
Peak Repetitive Surge Current ITsm 1 A
(PW =1 ms, 120 pps)
Total Power Dissipation @ Ta = 255C Pp 300 mw
Derate above 255C 4 mwW/sC
TOTAL DEVICE
Isolation Surge Voltaga(1) Viso 7500 Vac(pk)
(Peak ac Voltage, 60 Hz, 1 Second Duration)
Total Power Dissipation @ Ta = 255C Pp 330 mw
Derate above 255C 4.4 mW/sC
Junction Temperature Range Ty -40 to +100 5C
Ambient Operating Temperature Range(2) Ta -40to +85 Fe
Storage Temperature Range(2) Tstig | -40to +150 C
Soldering Temperature (10 s) TL 260 5C

1. Isolation surge vollage, Vg0, is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Qualily and Reliability Section in Opto Data Book for information on test conditions,

Preferred devices are Motorola recommended chaices for fulure use and best overali value

GlobalOptoisolator is a trademark of Motorola, Inc

REV 1

€} Motorola, Inc. 1995

O
Q«‘\/.J MOTOROLA
bl



MOC3021 MOC3022 MOC3023

ELECTRICAL CHARACTERISTICS (T = 255C unless otherwise noted)

76

| Characteristic Symbol Min Typ Max l Unit I
INPUT LED
Reverse Leakage Current IR — 0.05 100 A
(VR=3V)
Forward Voltage VF — 1.15 15 Volts
(IF =10 mA)
OUTPUT DETECTOR (I¢ = 0 unless otherwise noted)
Peak Blocking Current, Either Direction IDRM — 10 100 nA
(Rated Vprpmt1))
Peak On-State Voltage. Either Direction VTM - 1.8 3 Volts
{ITM = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage (Figure 7. Note 2) dwv/dt — 10 — Vips
COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
(Main Terminal Voltage = 3 V(3}) MOC3021 - 8 15
MOC3022 — — 10
MOC3023 — — 5
Holding Current, Either Direction 14 — 100 — nA

1. Test voltage must be applied within dv/dt rating.

2. This is static dv/dt. See Figure 7 for test circuit. Commutating dv/dt is a function of the load—driving thyristor(s) only.
3. All devices are guaranteed to trigger at an I value less than or equal to max IgT. Therefore, recommended operating I lies between max
IFT (15 mA for MOC3021, 10 mA for MOC3022, 5 mA for MOC3023) and absolute max Ig (60 mA).

TYPICAL ELECTRICAL CHARACTERISTICS

Ta = 255C
2 f
i
J | o
18 T
g o BULSE ONLY a7 P‘:
& o ——— PUISEORDC 14, =
S 45 /A «©
- 7 o
= vy 3
E 1 D% £
81 g <
< it dlivs 5
z ] Z
8 (o] el LT ALl >
T e LT LA E
- ——
T essc | L]
1 10 100 1000

I, LED FORWARD CURRENT (mA)

Figure 1. LED Forward Voitage versus Forward Current

+800
///
+400 /
)4
%
0
//
400 //
-800 //
& -2 -1 0 1 2 3

V. ON-STATE VOLTAGE (VOLTS)

Figure 2. On-State Characteristics

Motorola Optoelectronics Device Data
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MOC3021 MOC3022 MOC3023

g - RN
ﬁ 13‘\ & T |
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. The mercury wetted relay provides a high speed repeated

pulse tothe D.U.T

100x scope probes are used, to allow high speeds and

voltages.

. The worst-case condition for static dv/dt is established by
triggering the D,U.T. with a normal LED input current, then
removingthe current. The variable RyggT allows the dvidtiobe
gradually increased until the D.U.T. continues to lrigger in
response to the applied voltage pulse, even after the LED
current has been removed. The dv/dl is then decreased until
the D.U.T. stops triggering. 1R is measured at this point and
recorded.

»

w

INPUT MERCURY
WETTED
RELAY

Vipay = 400V
APPLIED VOLTAGE P
WAVEFORM ——

o 063 Vmax 252
1

dv/dl
d RC *rRC

OVOLTS ——

Figure 7. Static dv/dt Test Circuit
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v Rin 1 ] 470 i
O—AM—O—
cc 7 woc :
wmr L s 00spFos 39 240
3022 VAC
3 3023 4
=] v 0.01 pF

* This optoisolator should not be used to drive a load directly. It is in-
tended to be a trigger device only.

Additional information on the use of optically coupled triac
drivers is available in Application Note AN-780A.

LOAD GROUND

in this circuit the “hot" side of the line is switched and the
load connected to the cold or ground side.

The 39 ohm resistor and 0.01 pF capacitor are for snub-
bing of the triac, and the 470 ohm resistor and 0.05 pF ca-
pacitor are for snubbing the coupler. These components
may or may not be necessary depending upon the particu-
lar triac and load used.

Figure 8. Typical Application Circuit
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oy TAWAN on DBL101G - DBL107G
i Single Phase 1.0AMP. Glass Passivated Bridge Rectifiers
® Eelis e
COMPLIANCE w . L
y Yy i} ¢
255(6.5) | .315(8.0)

Features _ _ 245(6.2) | .285(7.24)
< UL Recognized File # E-326854 ‘u‘ LLJI ‘
< Glass passivated junction B
< Ideal for printed circuit board
< Reliable low cost construction utilizing molded 335(8.51

plastic technique —a%i—g—gg% 320{812)
< High temperature soldering guaranteed; e M 08(2.03) gpro———

260 (/10 seconds at 5lbs., (2.3kg) tension | s 05(1.27) L '}
< High surge current capability f:_i_ . —— Ressmmammind
< Green compound with suffix "G" on packing i! T o

de & prefix "G" on datecod T
cote Siprefn B onalecode 0230.58) L-208(52) | 13 L_ 350(8.9
018(0.46) 19559 N 300(7.6)
S ey

Mechanical Data

Dimensions in inches and (millimeters)

< Case: Molded plastic body Marking Diagram
< Terminals: Pure tin plated, lead free, solderable )} DBL10XG = Specific Device Code
per MIL-STD-202, Method 208 oeLioxG | G = Green Compound
< Weight: 0.37 grams | pamw ; Y = Year
ww = Work Week
Maximum Ratings and Electrical Characteristics
Rating at 25 'C ambient temperature unless otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.
For capacitive load, derate current by 20%
D
Type Number Symboll 116 | tuzc | 1036 | 1046 | 1056 | 1066 | 1076 | U
Maximum Repetitive Peak Reverse Voltage Viaru 50 100 200 400 600 800 | 1000 \"
Maximum RMS Voltage Vaus &5 70 140 | 280 | 420 | 560 | 700 %
Maximum DC Blocking Voltage Vpe 50 100 | 200 | 400 | 600 | 800 | 1000 v
Maximum Average Forward Rectified Current @T,=407C Irav) 1 A
Peak Forwa_rd Surge Current, 8.3 ms Single Half Sine- e 40 30 A
wave Superimposed on Rated Load (JEDEC method)
Maximum Instantaneous Forward Voltage (Note 1) v v
@1.0A .1
Maximum DC Reverse Current @T4=25C i 10 A
at Rated DC Block Voltage @Ta=125C 500
Typical Junction Capabitance Cj 25 pF
Typical Thermal Resistance (Note 2) Ron e °crw
Reje 15
Operating Temperature Range i -55to + 150 e
Storage Temperature Range Tste -55to + 150 °c

Notes 1: Pulse Test with PW=300 usec, 1% Duty Cycle

Notes 2: Thermal Resistance from Junction to Ambient and from Junction to
With 0.2" x 0.2"(5mm x 5mm) Copper Pads.

Lead Mounted On P.C.B.

Version:H11
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FIG.1 FORWARD CURRENT DERATING CURVE
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FIG. 5 TYPICAL FORWARD CHARACTERISRICS
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FIG. 2 TYPICAL REVERSE CHARACTERISTICS
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SGS-THOMSON

MICROELECTRONICS

BTA41 A/B
BTB41 B

STANDARD TRIACS

FEATURES

= HIGH SURGE CURRENT CAPABILITY
» COMMUTATION : (dV/dt)c > 10V/us

n BTA Family
INSULATING VOLTAGE = 2500V(rMs)
(UL RECOGNIZED : E81734)

DESCRIPTION

The BTA41 A/B / BTB41 B triac family are high
performance glass passivated PNPN devices.
These parts are suitables for general purpose ap-

Q

plications where high surge current capability is re- TOP 3
quired. Application such as phase control and (Plastic)
static switching on inductive or resistive load.
ABSOLUTE RATINGS (limiting values)
Symbol Parameter Value Unit
ITRMS) RMS on-state current BTA Tc=7535C 40 A
(3605 conduction angle}
BTB Tc = 85 5C 45
ITSM Non repetitive surge peak on-state current tp=83 ms 315 A
( Tj initial = 255C )
tp = 10 ms 300
12t 12t value tp =10 ms 450 AZs
di/dt Critical rate of rise of on-state current Repetitive 10 Alus
Gate supply : Ig = 500mA dig/dt = 1A/us F =50 Hz
Non 50
Repetitive
Tstg Storage and operating junction temperature range - 40 to+ 150 5C
Tj - 40 to+ 125 C
Tl Maximum lead temperature for soldering during 10 s at 4.5 mm 260 5C
from case
Symbol Parameter BTA41-..A/B | BTB41-..B Unit
400 600 700 800
VDRM Repetitive peak off-state voltage 400 600 700 800 \
VRRM Tj=1255C

March 1995
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BTA41 A/B/ BTB41 B
THERMAL RESISTANCES
Symbol Parameter Value Unit
Rth (j-a) [Junction to ambient 50 5CIW
Rth (j-¢) DC |Junction to case for DC BTA 1.2 5CIW
BTB 0.8
Rth (j-c) AC |Junction to case for 3605 conduction angle BTA 0.9 5CIwW
( F= 50 Hz)
BTB 0.6
GATE CHARACTERISTICS (maximum values)
PG (Av)= 1W  PgMm = 40W (tp=20 ps) IgmM = 8A (tp=20pus) VgMm = 16V (tp = 20 ps).
ELECTRICAL CHARACTERISTICS
Symbol Test Conditions Quadrant Suffix Unit
A B
IGT VD=12V (DC) RL=33Q Tj=255C I-11-111 MAX 100 50 mA
IV MAX 150 100
VGT Vp=12V  (DC) RL=330 Tj=255C EIEIEAY MAX 1.5 \
VGD VD=VDRM RL=3.3kQ2 Tj=1255C 1-1=11-1V MIN 0.2 \"
tgt VD=VDRM |G = 500mA Tj=255C FI--IV | TYP 2.5 us
dig/dt = 3A/us
I Ig=12 lgT Tj=255C -1V TYP 70 60 mA
1l 200 180
Iy * IT= 500mA gate open Tj=255C MAX 100 80 mA
ViM * | ITM= B0A tp= 380us Tj=255C MAX 1.8 Y
IDRM VpRrM Rated Tj=255C MAX 0.01 mA
RRM N By Reted Tj=1255C MAX 6
dvrdt * Linear slope up to Vp=67%VpRM Tj=1255C MIN 250 250 Vius
gate open
(dVidt)e * | (dl/dt)c = 18A/ms Tj=1255C MIN 10 Vius
(dl/dt)e = 20A/ms
* For either polarity of electrode A2 voltage with reference to electrode A1,
2s SGS-THOMSON
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NIANUIN A

o oA ¢ o
1A3D3URYUNTAINITIA

1. Multi-Meter: SANWA

sUT @ - 1 Multi-Meter: SANWA

2. Oscilloscope: YOKOGAWA DL 1620

5Vl A - 2 Oscilloscope: YOKOGAWA DL 1620



3.0scilloscope Probe: YOKOGAWA MODEL 700978 50MQx100

gﬂﬁ A - 4 Differential Probe: YOKOGAWA MODEL 700925
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5.Current Probe: Fluke

6.Fluke 43B
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3-Phase Static VAR Compensator
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(Thyristor Control Reactor : TCR) fiaguufusiifiy
Usegiiimunanil (Fixed Capacitor) fififiaiads
1.5 kVA wsagitl 220 V uagnasua 3.5 A iieinersedu
wiaiulnihilyeinanuasyiulgeriiiussnay
Mdshivifiuvastievasssuuannvaliaty dunes
flansamuauuiinuhdsueniiniingssuldlan
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Buck Converter n1sifialyin1syiausinisaau

fdAy: iwneidsliihSueaiivaiuiva, 19953

uaAwasAuAumLlnianes

Abstract

The stability and
electric power systern has affected to develop

security  of

and expand the economics and industrials of the
country. It is necessary to develop a device that
can help to maintain the stability and security of
the power system. This paper is to study and
experiment of 3-phase Static VAR Compensator for
power system using Thyristor Control Reactor
(TCR) with fixed capacitor rated power 1.5 kVA
voltage 220 V and current 3.5 A. The purpose of
this project is to maintain load point voltage level
and improve the power factor of three-phase
power system. The compensator can control the
quantity of reactive power flowing into system by
adjusting the firing angle of the thyristors.
Microcontroller is used for calculating of the firing
angle of the thyristors in eash phase, receiving
load point voltage, sending calculated firing angle
to trig the thyristor in each phase, and using buffer
amplifier instead of buck converter to make the
circuit faster.

Keyword: 3-phase Static VAR Compensator,

Thyristor Control Reactor
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Susawmoiiintunuiglniawmed (Thyristor Control
Reactor : TCR) dievunufudifivuseaiimunsnei
(Fixed Capacitor) @siflaseairedagudt 1.1 Tnesaii
Uszgasdasdamadlviisuaadnldifismeduaiu
faansvaslvan uasyniuammaialuguiaelviamnes
wAsBUARNIIANNLANATENT Al S uen
wivlvasdinivuszy (Q)fuan Mmaaliiuaniing
andudluass [Gioqq (t)] Arrnuusnsises
Adalihiuenin [Qr — Groqq (£)] asivaiiou
ewindnfivdssgiviusawed (X))

<l v - &l v =
U 1.1 Tassadavansesivonmesinuauiigivi

awmad (Thyristor Control Reactor : TCR) Aavuaudu
dufiuseaiifmunsiasil (Fixed Capacitor)
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Juenfinvesszuy Tumsaiugunsyuadandnaiiey
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2. voufjuazauiduiiiieada
2.1 usadumn (Voltage drop)
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dmsusnuisrauussauazmleain
Ospe = Qcc — Qe (3.1)

Qcc = Velee (3.2)
V,

Xee =— (3.3)
Ice

Qter = Velrer (3.4)

Vi

Xeer = — (3.5)
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2n-2a+sin2a
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