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Tneninusiidumsinufwansenurensastunasalnueadi (LED driver
circuit) v 100 Fod / 70 Taad Afdenisiviuvensasudluiiusznauiidaliii
wuuyaraounednes (Boost PFC drcuit: BPFC) Bsluinenimusilddiunisussyndld
2995 BPFC afiunsasaeuliedinosdnau 3 Ussian 1iun 1sasdnaeunedines (Buck
converter circuit), 1935WanulnARUIBSineS (Flyback converter circuit) Wawa9as
Uszgnanangudnaeuiiasines (Modified flyback converter circuit) Wiafnuniawansenu
Aatulunisiauvewasniiueadivsyiandandn  Inglunismaaesanansautiug
namsvegeusonilu 2 wuavae lald  n1397809n13%91uwe9995  (Simulation) #ae
TUsuNTUUITENANIAIAINTIY UaEN15AT1I99IAULUY (Implementation) fafiilerfuns
firsanamaudnuazmalineie g venees W mermudisuvesnszuassluiingy
(Total harmonic current distortion: THDi), Asausenauiiaalwin (Power factor: PF)
wazAUszAnsnmlunisvinuvensas (Efficiency: 1) Wuiu lagnan1snaasinuinggas
Tuvaealilueadine 3 2asiildihvszgndlinuiuansashauldmunusiiuely
uaziiovhnsinsamanssnuiifndutensiueeeas BPEC wuinnsasUssgnsans
ulneounesinesdsnanssnunoasas BPFC fign dsaunsniararniisuresnseuaens
Tuinsmwiiu 11.42% uagAruszneumastiindawindy 099 muddy Tuvnied

1sanendnaeuesneiiuseaninmlunisvihaugsianwiniu 90.92%



56406201 : Major (ENERGY ENGINEERING)
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MISS CHANTIMA LAPSONGPHON : THE EFFECT OF LED DRIVER COMPONENT
ON BOOST PFC CONVERTER CIRCUIT THESIS ADVISOR : ASSOCIATE PROFESSOR SAROJ
PULLTEAP, Ph.D.

In this thesis, the effects of LED driver techniques on boost PFC circuit for

100 watts / 70 volts have been studied. Three converter circuits; buck converter
circuit, flyback converter circuit, modified flyback converter circuit have been applied
to operate with the boost PFC circuit for characterization the performance of those
circuits. The experimental set up can be divided into 2 parts: simulation with an
engineering application software and implementation of LED driver circuits for
ensuring the designed concept, respectively. Moreover, some important factors such
as total harmonic current distortion (THDi), power factor (PF), and efficiency (1), are
exploited for indicating the impact on the boost PFC circuit. The experimental results
reported that all of LED driver circuit has ability to operate at the desired conditions.
In addition, when considering the effects of boost PFC circuit of each technique, the
results shown that the modified flyback converter circuit is provided the lowest
impact in any parameters. For examples, it obtained a total harmonic current
distortion (THDi) of 11.42%, and power factor (PF) of 0.99, respectively. However, in
terms of the efficiency of those LED driver circuits, the flyback converter circuit can,

extremely, be achieved of 90.92%
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1.1 AUALAMUEIAY

[

ANNTLLARUAIAIUNITUTENT AN UL ANTUNIAN YINTALARNITHAILIUIRNTTULND

aa

nsuszrdandsnuluadiuang q Jusnunune Jevaealvueadd (LED lighting) fiolaindu

dnvnadennisidrsluniseusnendenulniiuazldsuanuauladusgrsunnludagiu

1%

LiuTiassudnaenluoasildinssuduldnuludondvdududt a6 1962 Fedu
vazsudadiannudunadinntn ogralsinunasnliuoadilésuniswauinie g
soiilas aunseiiad a.A. 1994 Shuji Nakamura 37AUSEW Nichia Uszaumudnsalunis
UssRwsvaealiuoadiiliiuasiinfueudugs Inendmnanansfsihlssamduion
wnadenlunsies (InGaN) Faluselemiogdilumsasimaanliueadiden [1, 2] dewarh
Ifgunsaifndnigninanysegndldennnndstu uenmnduvaenlnidnandsdauauiifeu
Tusnunsaanisldndssulihuayiuanudulinsdedunndon 3ldfinisusegndldau
‘viaamlwLLaaﬁﬁasmﬂ"iwumqﬁgﬂunmqmamaﬁu aagsna waznianiasou usu lne

an1iuidedeyaniun1snain (IMS research) ladin1sd1siateyaselaniiniuainn1sdn

Fthevaenlnusznnaig 9 lunawnlan deuandudagun 1.1

30,000
LED

~
o
v 25,000 . /
3 ;
c
o
= 20,000
£ /
=
@ 15,000
3
c
q>J 10,000
(] g CFL Incandescent
oc

5000 * Fluorescent

4 .

0 HID —

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

g‘dﬁ 1.1 elaannnsdndmiievasalnissianaig 9 [3]

ngudunisuansiianeneldannisind miienasaliussianeng o laud vaeald

(Incandescent), Maaml‘i/\lﬁammm/\lqaawamuﬁ (Compact fluorescent lamp: CFL),



vaenbngoaisaiwun (Fluorescent), naaalnAauidugs (High intensity discharge: HID)
uazvaenliueadd (LED) muddu Tnenuimaenlrueadifivendadmineifiutuegng
Aoiiioanausd a.e. 2000 AUAGY A.A. 2017 AndugaA1Uszanal 24,000 EMUMSHYARST
vgiinaoaliiiussandu q feeatadmiisogludisdaus 1,000 f 7,000 ruvdsg
andy ity dafuasiiildiwaealiweaditoduiifenldiduetrannlugaiagdy
dmsugmamnssunasaliueadilulssmalnedufiininfivinegesinduduieaiu
saihilaananauiavimeauianssusasimaluladdunsndnvesnirgaavingsy &
TnevilusyuudesainsveamaenlnuoadivzUsznoulusiediuvesduueadi (LED chip)
1935UUnasm (Driver circuit), Qﬂﬂiaiizmamm%'au (Aluminium heatsink), waLlANNaDA

(Cover) muad1su TneUszansninvesannlnueaddtiuazdusddursastunassdundn

Y
(%

p819l3ANY 2995AInaN T leumannsvesurasIeluuuaInds (Switching power

supply) 1nUszandldnulunisaiuauusinaussiulniwarnssualiihiivanzauiulnan
aa o & ] a a Y | Y, ) 2

woadd [4] Melluvasanelnluuaindasuseneunigdiuysenounan 3 @1u Ao 1993N389

dyarausuniu (EMI filter circuit), 29a51389n520d (Rectifier circuit), Lag1995ADUIBSIADS

(Converter circuit) Auuandluguin 1.2 Faluingrinusiliinnisnydnisinureas

AaUBSaTdmsUUTEEnA b lRstunaanlvlLeadfdunan

2993ABUNDSADS

. 29930509 o o 4w o
wvasdglnin —= = 299si38enszud = @Indansnafiaun —=
yRyITUNIY

ndioulas 2995N5849
o = nan
BRI Hrygya

WITAIUAY

UM 1.2 Inssainevesunasdneliwuuadnds (5]

TudruransasreuiasimastungluszUsenaumeaindansnemain (Semiconductor
switch) iutnilUssulaiiouaindlviua9as wlouUasainde (Switching transformer)
° v o = a Y] Y] o . . . A v oA
Mntaandoiiuszaunssaulnily 199snsesdygra (Filtering circuit) dutinannis

= 1Y) [y . . . o v A
nszsivenvasdyyInusaiuliihvienn uwavisasmuau (Controlling circuit) yiuiifinuay
vurnvoaksasulniuasnszualilidaned [6, 7] lnglursasimaniinisldgunsal

a « a 6 o L3 =% o o o [ o 1 o [y
’e]Lﬁﬂ%ﬁ@uﬂﬁ?]']W'JﬂQ‘Uﬂﬁm?ﬂ'iﬂ\‘iC‘l'J‘L!'ﬂ,uﬂ’]ﬁVI?ﬂWULﬂU'ﬂ’]U'JUQJWﬂ wWu nsidlalendinsu



SeINIELa i Seupawn NN NUSsuLalauaIn gl u995ABULIDSABT FIN15VN9U

vasgunsaldanadfieilugunsalnlaiiludadu (Non - linear load) F9dnanssnusiogy

A [

AaudyIMnsELalniInIsaue U993 i idgrusinan dnisiaisuliain

>

v
(% =]

dgrgueauled Fausingnisalilisendn “armuiiguyeenssuagsluingay (Total

s> QU

-

harmonic current distortion: THDi)” [8] Imaﬂ'wmmLﬁauﬁménﬁ%mazywmiumulﬂé’fﬂ
wiadldliingy q Tieulslidudszansnm Snieddnaldrsusznaumdsluia
(Power factor: PF) 98929a38A16 uanantuvinliintdsiniligaydelussuy saufen
UseanBam (Efficiency: ) veaszuulnihazdiandnas [9] Falddnsimuauinsgiunis
spuuliiiindsdeindeisesvesisnistdanieannounsenasisludnauuinsgiu IEC
61000-3-2 [10] agrslsimulunimguiazauisaldimainues “wvsudlodavsznau
maaluivuueniin (Active power factor correction: APFC)” untaelunisundegun
aana1le [11] Ingraasnussaunsenulniivietsasyadpeuiasines (Boost converter
cireuit) forfursasiildsuanmdeslunsuitiymaszuasisiaudn fesnnildsuiugunsal
Hoerhliesensinsviuareanuuy Snedgdnuaslasiaiweneesidfmileah
TilFeudetuunasiteliiilaense ildnszualiiladuenduianisinasgrsaios
uenntuiiansasivisssusssliiidueeniileails Fnsasdinanidinieuld
Saifuasasiuiiity g lfledadszavsamlumshsuesnsasliaeiu [12)
MNNsAEnwNUEteTifates nunmsfinusEans nmrenasiunasalnaiaueads
HulgdnsAnmegrunsvane Tngldinatiniesaouinosinosuuunig 9 snfegaudy
Nirmala, M. lavian1susudseafmusgneudtdduianigisasyadaaunesinesluluun
nszualnilideiiles (Continuous current mode: €M) wazldimadianisAruaunis
WasuuUasAmnletia (Variable duty cycle control) saudsldlusunsuysend MATLAB
Tunsdassnisiauuenas lnenuidewdsulnanvensasiuain 100 Q auis 1,000 Q
AndUsznaufd i daiiaaafuminfu 0.998 [13] wenaniiu Trjilo, C, et al. [14] ¢
penuUUKariaL9aslunsUfuU A szneuidsluiuielddmiunasnliuoads
Tnesaesnisiaurenaassn - yadaeuiednoslulnuanshauuuudig q Swans
npaomumsiadluluatinssaiiveu (Boundary conduction mode: BCM) Tulina
neiauRiian uenaindudiarinsninaiiuszneuiddlnihainlssiusuuldiviafy
0.992 luweisdi Lin P. Y, et al. [15] Iddonldinaiicmasnrounesinesiiioosnuuuieas
vivaenliuoadd (Dimmable LED) lianunsnvinarulélutag 19% - 100% wagauaunns

iaumefInIuAuYila Pl (P controller) lagviiuivuialuan 42V / 8 Jnd Fewanis



NAABINUINARIUTENRUMANTHIv892995TAYINAY 0.96 LagUsednsarniliainhiu
94.67% mua1eU hagludiuves Wang, v, et al. ladnwin1sesnuuulaulnauuleads
(LED street lighting) @1833333Un (SEPIC circuit) shuiulasnarsudnmsuiasines laelu
nsviauvesadndagiduuuy Quasi - resonant circuit \itoannisgaydsindalniung
430t wazAIuANNITININUMIEIMATANITAIUANAI8DAYDINTERA b (Peak current
control) Kan1sVAABINUIINRsTiUsEANS AIAU 83% Tilwanuuin 100 Tas [16] waw
Cha, W. J, et al. lapanuuuisasduaonlnueadndinsuaasnin (LED backlight) Ale
wadimsasnasuinaounosines lnefgnusrasdiiieifiuAiusznoumdaluii andunu
waziilaseadrelddudou Fawan1snaasImuIIIasiusuUaILIsoLanIAIfIUsENaY
rdaludnvindu 0.988 [17] afiilosnainnisauaunisvheuuunisulasdaneiia
(Algorithm) TaennstiiuAnszualiiintuiiazdos uanaintu wang v, léAnw129a59U
naonlluoadidnsulaulnouy (Street. lighting) Tagldineiiansasdn - WL LINELHELH
$uU193THa18uinAB LIRS LABT KATAIUALNTITNINIUAIENITATUANLUUAIEEA
nszualain nanisneasanuIneasasnanfiainilseneumasduiliiadu 0.995 uagd
UsEANS AU 80.2% MLETeU [18] 91N91UITEAINA1IVIIAUILLAUTUNATAIIDT
AewBfnesAe q SuainrsetldefiuUssans amlunisinenuvensasdunasaly
Loadals Tnsmadafiuandiiufszdmwalvinaeuifnnihouiwndeiily
Inendnusidunsineiianseuresnadaisasreuanosuiacmg 9 fifisonis
MauveeIsualuivsyneuiaslniliuuuyadnoutiesines (Boost PFC converter
circuit: BPFC) vanululnuaiinssuafivey (BEM) 675&Qﬂﬁmﬂﬁﬁﬁué’guwﬁaﬁm%’u%’u
vaealvlueadivuin 100 Yad ussduluihaun 70 Taast IngldijaiiuluFowesuszansam
grumsldndinudundn onfegiaty arsusenaufddniin (P, ArAnuLiteuves
nTzuagsluilngn (THD), 58UszanSAIMN19v191U9992935 (1) sgdlsfinnaludoiu
laviAsAnemaTinaTABUNBSIADS 2 anwiy Ap 19aTARUIBSIAOSLUULNLENNT 1A
T9i#1 (Non - isolated converter circuit) lawn Na'ﬁﬁ‘gﬂﬂauna%ma% (Buck converter
circuit), La¥I99IABULIBILNBITLUULENNT 1IN (Isolated converter circuit) bown
19957an8ulnAauLIasLaes (Flyback converter circuit) auaiau Usgnaudulaiinns
Usggnaldinadimeasransutnreunesinesfiionin “wesuszendnarsutnaouiesines
(Modified - flyback converter circuit)” 1nlalun1589nuuul995Tunasnlnueadfniey

LU



1.2 dagussasAvasingrinus
dlefnwidsnansgnurensasreunefinesuiasasinaeunodines 2asraioudn

ABULESABS LaravasUszyndnarsutnaouieines Mlnadenisiuvensasudly

fuszneumdlnihuuuyadneunesines dmsunisussyndldiuvasn lnueadfvuie

100 96

1.3 UauLlUnYaIngIinug

1.3.1 aankuuinaskiluiiuseneumaddlnilegldinafiniasyadaouesines g
Uszgndldleddniaguiues FAN7527 Bsiaululuuntiinssuaiivey (BOM) $auifunns
hurensasinaounesines 1@sanendnaeunefines uarasasuszandarendn
ABULIBILADT AUAIRUY

13.2 $1899n1991uv092393RUIRS AR s MElUsunTuUsEgnAmsimnTTuLile
Anszsitennudululalumsdniumiass

v U

1.3.3 asrnassusuulaviiauantfaunsosessunsiauiissiulnfivid v

'
a a

230 Thas Annalnaniiasiidivuie 100 908 tazisssubiiiviesn 70 Thad anudsu

1.4 Yunaun1saiueuInertnus

1.4.1 Anwrsivsiudedanareenuuuliastunasalnieadsmemaiiniaasuiby

dalsznoudtadslifanvuyadneuesinesieleddusagy saudumaialeasun
6 6 <@ 6 4 '3 2] I3 & o Y]

AOULIBEMDS 193sATBLTNADEIBSNES LariasUssgnananeuinaauesines nua1iu

1.4.2 799371591901 LAINI995UNAD U5 BY 29aTHasLTnAUBSNeS LAy

6 6V 6 & vV 6 a v gj a s

19935UsgndvarsulnaowIasinesnaglusinsuyssgnanIadmngsy nieunadnsnzwng
MauvassivaduwuInslunisas1n AU Uy

v P

1.4.3 @5192995AULUU BNAADULAEIATIETN1TTNUI AU BIHANTENUBII99T

ABULIBSLABTHY o NllAedRTUAluMIUsEnuMadlniuuuyadasuliasines naumns
AunuUsEANAmARadularTufinnan1maaes
1.4.4 9AUSIUHANTTYINABY LAETUNANANIITNAADS

1.4.5 dpvhguiasineniinug



1.5 Jyrusnianig

aa

1.5.1 weadd (Light emitting diode: LED) w3afiiSanin “lalomuasuas” fie gunsal

a

a1snafrdanie Usenaumeansnesiunuin N waswyile P Usenuitnsieiy wielasu

Y Y
=

nszudluiazannsaduasoonuniuding 4 ¢ fedduegfuinniuivesnduuasd
fwualy uenanduneadidelsuuuiuandsiulumuaumanzaslunsilulde

1.5.2 uwnasdnglwadnds (Switching power supply) Ao undsgiaussfuluiinnssuanss
yilnasAussfuliuuunilsiiannsadsunssulniinssuaaduussiugs (AC voltage)
T dunsssulniinszuanssusius (OC voltage) ioauisaldluaudidnnsedndids
TnouvasingliluuuaindeasUseneudie 3 d@wlvg) q i 2asnsesdyaiusuniu EM
filter circuit), 2995.589n5ewa (Rectifier circuit), WarI935ABULIBSIABS (Converter circuit)
AUAIU

1.5.3 Usz@ndnn (Efficiency) Ao Anuanuisalunisdesiaumasanuaininasdnaluii
UFalnan lneAna1ndnsId@IuuesidsnuYIeen (Py,) fefidauendn (P, duiredu
wWasidud s?fﬁﬂ'mizﬁm‘%mwﬁ%LLamﬂﬁLﬁuﬁaﬁwa"’ﬂﬂﬂwq@lﬁaﬁLﬁmsﬁu (Poss)

1.5.4 fdleiAa (Duty cycle) Ao 8Rs1aIUsEMINAINILNINT0IF I U ad Uy

dnseud (7,,) Auatunan sy (N legunfaziandluniiovaadosiduddiaag

Y

T3 0% - 100%
1.5.5 2995U5UmMIuNINvedauNed (Pulse Width modulation: PWM) viutind
= ~ o ) A Ya & o v ea a | a A a Y
Wisuieudyyu 2 dygra e liiadudygruiadiasnsaasuntasamilafala

Taevinaule 2 @ao1uy Ae @anuzie (On) wazaanusla (Off) aua1nu

1.6 Ustleviiiianadnagldsu

1.6.1 awnsnUsuenisnansznuvessiiaisasaeunofineifiinadonisvihanuluiias
uilususznaufdsliihuuuyadaounesines wiouansntwenisiofuasdofesves
2astunaenaliiing 9 Wleliluuszgndldauataldegranngan

1.6.2 finruiauinlalunisesnuuuiastunasalnueadanioinallni9as
ADULIDILADTH 9

1.6.3 laseuinasnsesnwuuiaznisaineeasnieliiiniglusunsudssynanig

IFINTIUFN



1.7 aauitlunisaniuy

o URN55zuURlefiInana (Mechanical Embedded System Laboratory: MESL)
dimnadvimnsaaiena angimnssumaniuazinaluladonaivnssy uv1ineds
Aaung

o URN15NEgNITe N udTed (Greenergy Research Group: GRG) &4inn1A3YN
Amnssuliiinazaeuiiames augdrnssuamans unanerdomaluladnszasunan -

NILUATVD
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UNHazunN1sUsI8N8img B kagI3InnIsNININMALITIlUN1T98N I UUINITTY

naoalieaddruin 100 Tnd lnguszendldrsasuiladivsznauidelniluuuyad

a a 1

ADULIBSIMBSTINAUWATIAISATTUMasnlWLeadAvTnm1g 9 laLn 1995UNABULIDSLABS

[V
v a A

19asiansulnAsuiesines uavasaslszgndarsutnaouneiines aliieUsvanis

[
a = 1

NANSENUNLAATUABDNITYINIUYDII9S WA bUAIUTENDUANAILNHIFINETD TId1U1TOLUS

panluidenan o lanealudl

I uiuarTsunssuiasaifiiendes

i l | l l

Inlenidauas nNMsuTenRstunaen m3Ufulgesgdvsnm Wsunsulszandmedemnssy J550uNIIINTAl
(Light emitting diode) (Principles of LED driver) (Performance improvement) (Software engineering) (Literature review)
kﬂ'ﬂaﬂaﬁﬂﬂﬂuawaammaﬁa tawmauna%ma% k msuszneumadliia L fadrnsldrulusuna
HATAUYAVBIVIADAUBADA Aensludin Uaggnim1dinana

MINBNIENAIUN TNV
Fyanauitad

= = a e A 1%
3‘1J‘VI 2.1 VYW ITIUNTINIVNTUNLNYIVBN

e saiunsdrnuaraiunsanusrannisanduniseenlailu 5 vaandn 9
Toun

o  lalemnawuas (Light emitting diode) Wlun1susseeiisdeyaluvesmasalyl
Loadh 1y laseasianisvinnu Jefuasdeses sruiivasauyalunisousaviasnlyl

aa 2/
Loasn LUuny

o WanNN13%1914Ye99955uanalyl (Principles of LED driver circuit) \0uns

'
a o Y

93U18HMANN5Y1191U28 9395 IFd S uTuraenlWileadd il 2995ADULIDSIADS

[y v

FAINTHYAAAUNIVBIFY YA

o  MIUiuUzas¥dnsnin (Performance improvement) ludetlavusseneia

FBnslumMsusuUelseAnSnnueisas Felsenaumeatfmiysenaumaslniuazmeiialy

nsunlaAiusenaumatiii Arenslutinuasuinsguiineatos auaau
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o  Wsunsuuszenedn19dmingsu (Engineering software) \UuUN1583UNENINTINTDT
TUsunsudszendmadmnsuy suduansseg1insd1aesnsinuuenas

o  135Ain33uI9158dAL 278 (Literature reviews) Tusitatiagiun1sussenena

NUITYMNYIVDITUITTUNRBALNLDADA 8nAI881TY IWATANITYINIIUYDII95TU Y138
AsNUsEANS A IwN15vIu Ludu

Ines1uazldensng q nauuanlananisulsswuannsasduiglanelui

2.1 lalaalasuds (Light emitting diode)
Tutagduimalulagaiunisesniuussuunisdesainalainisuyatuiue g1eun
loleawasuas (Light emitting diode: LED) w3auaadh {udsssRuvgnilanlagnimuniu
waglafinasthunlderudusgrsunsuany 1wy eunuan dnenssy aunsaeas Au
¢ = v & v & aNav v o v a a
nsunnd saufeinuenairngsy sy [19] aunsensieadalignimunlvisiussaniamnig
desadneigeauunazgnilenyluie “ueadan1avgy (High power LED)” [20] lngnasguay

Laﬂ%uﬁauﬁwLmLLaagﬁﬁwa‘”ﬂamﬂ%mLmuaﬂﬂsaimsa'aaaiwLL‘U‘UL(»’?N mj'u “aon kil

[ o

wgeeisalwud naenld 1ludu Feieliinueadiddsgadumaluladlmifidreyszuda

Y

nasuladueged

NIUNI5 U999 aRD AN ULAATULNAINAITUHS AN Ul ran WA A8 Tudy

'
aaa

mimmm%wamLLmﬂmNﬂuliJmmi’a@ﬁﬁmﬂ% TngvlUdnduansuszneuvessigunaidey
(Ga) 915iwia (As) nasneanesa (P) uanatnuunIsuILeadfuvinnaenlntus ndude il

aa 2/ ) d! Yaa aaa a A a Y v U
NITUITAT1UEIEV1? Be91991TITNTTILLASINNLBADAALAY Fe NP [21]

<3 [

o leanesaarunelulaudniunasdiend (Epoxy) Nagyliinuasdauialauiu

[ [ Y

1 ”aaqmmma:uummu 9 mmﬂm UNFIDLINLTU N%‘Lﬂﬂlﬁﬂ ATAIY

o

UBNAINTULDADAN

v a v

dosainegs lineliiAnsedsaniihleian e1gnsldamiionnuiuis 100,000 dalas e

aa o oJ

Y] a = 8 v
TDUVDILLENNLND BN NYILANUDY LLagLUUlﬂﬂﬁ(ﬂ@ﬁQLD@a@N L‘Uumu [22] I@EJLLEJ@ 12815 E‘N

v s =

Tounaaus 1 - 100 306 uazdonsnnunszualninluaig 300 Jadueuuus auds 1 wouuls

a a o o’dd a

TngdrulngdnvuzvsweadinidigeazidnvazilusuuaunsalnBafnuuiinues
WKUI9SAN (Surface Mount Device: SMD) Safidnuuzifunsuue 9 fvuadn a1anse
v

1 Y] = v Y ¢y v Y A A o & e
Wum@ﬂ?qmﬁuagLWQUIWW LLAHUUDADY ﬂ@IUﬂ’ﬁUiSﬂa‘Uq‘Uﬂimuum@ﬂiﬂlﬂi@qma‘ﬂjﬁ AIUU]

frnugeentunisusenauinnnivaentnueadauuy DIP (Dual in line package) [23]
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2.1.1 99AUTZNOUVDILDADH

aa o w

drulvgiuieadiidegeazdsenauig 6 dwumdn q Feaunsauanilaseaiing

aa o

Yosoadadsgelangui 2.2

Cathode lead

Base

[

UM 2.2 lassafalpgluveswendanindeas [24]

INFUN 2.2 NUTweadanaegeazUsenaunieTuieads (Chip) B9vnunanans

=% o o a

& o o A a | A o a aa ~
A9 TUFIANNUAAINULIIAFUYDILAITIUFDDDNUT NIBNNUAFVDILEADA tAyaLdl
aneLaume (Bond Wire) Ynutiiiausatuweadninnuiin1lsnvesduweadn (Cathode
lead) nonantudeiiunulangssurgauiou (Thermal heatsink) Yunlvigjinagaiuang

YDIAILDADA LBYINVTNNTEUIEAINNSUDINANNTUWDADRA diwavinluinUseansSninnis

1 6

dosainegean sgrelsinulaediulvgaunsaldinaiazinuiainneuns nesr wie

v
a a a v

availlley Falunimgnavnssudinavienldevaiilonluningn vedilosaniisiaignuasd

G
Y
TUABUNTNAAIENTINBILAT UBNIINUULBABAM SIS gnAnAtag ugIY (Base) wazau

Y

1Y

= s = o ) a2 A a . p= ' ° v
vuilaud (Lens) B9vunanianussnndiendis@u (Epoxy resin) Ianwaglusslaviming
JeasiududiunegnnglunazAmuniianianisnszateuas

Ingunfongnisldiuvesueadiasdudadiulaenssivaamgiilunisvirenu [25]

faanUNsawaEnslAlunNs1en 2.1
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1399 2.1 AudNiussEnInaamiinuetensldeu

7,0 Lifetime (hours) 7,0 Lifetime (hours)
25 234,000 85 29,500
30 191,000 90 25,700
35 157,000 95 22,500
40 129,000 100 19,500
45 107,000 105 17,100
50 90,000 110 15,100
55 75,000 115 13,300
60 64,000 120 11,700
65 54,000 125 10,500
70 45,000 130 93,000
75 39,600 140 7,500
80 34,000 150 6,000

ﬁJJ’lz Ryckaert, W. R, et al., 2012 [22]

a

PNesEENTaesuEldi e ilunisvinu (T) gedu szdmaliongnis
14911 (Lifetime) vesupadidAanas dumaudunusluanvazulsnndu ondiegragu 7
gaunillviniu 50 °C ueadnazilongnisldanuwiaiu 90,000 vl tagluvugigamaiiviniu
100 °C upadpaziogn1sldaulniinu 19,500 . wanInntuleinnsAnwdanuaud
% ! v & N A Y a A ]
Aueng 9 waglassaiiiuguvemaenlilieadfiiiieuiunaealiyindy q wuimasaly

(%
o

aa a Y oA Y Y [ | ‘:’lj
weadRtulvesLazTeney aualul

N ~ a Y Y v aa
MITNN 2.2 ﬂ’]iLﬂiﬂUL‘VlEJUGUEJ@LLaZ%a@aﬂ%aﬂﬂaa@lWLL@a@@

Y A Y v
UBn Uvanay

1w suedn Wwdnudes 1 91A1g9

2. NusENIsFUATLTOULATLIINTEUNA LNy | 2. TAnevesnasaiededluiameduntn
dwdudnddluniasduniosnous Wiy

3. lifldunanvesuasiiiudunsiodenyud Wy | 3. Anuasfivesnszuauazussfuiinase
wasdunse vsedanslilalan ANEINVDMADALYLDADA

4. 91enslgueIuILd 100,000 Flus 1ilesann
mmmmmu@mmmmﬁﬂéaaaaﬂmlﬁ

5. UangA1minusauaanutaguin

#i11: Introduction to Light Emitting Diode Technology and Applications [1]
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2.2.2 2asauyalunoudenasnlniead
Insunivasalilueadfazldnszualinduimiuaunisvihauvemase [26] §9

ANAIOLAATINITALYaYRIN SHaldNUnaanlikeadRlaragun 2.3

JUN 2.3 2asanyavenIsitendaviaeninieads

INFUT 2.3 uaeamsiesdevaonbilueadiludnuugluleanss (Forward bias)
Auwmasdngliiinszuanss (Vo) sinbminainsenalniy [27] wagaussulninnase (V;)

¥ v Y

Aaendu wonanuuladnisinnansekaliirnluaniunasnlilueadfnlefifiuniu (R
nifiifietesiunmsidemeininanannnseualnd iy (Over current) Tuaeas lagaunsamiuIn

Toa1n (2.1)

2.2 %ANNTSNNUYB9995TUMaanln (Principles of LED driver circuit)

TngUnfundsdnslaindsiuazgninuivszgndldlunisainansastunaondniy
vaanlyioadd (LED Driver circuit) aunassngluifianarvimihfidnelwliiugunsaling
shemsasusziuvessfulifihanlwihnssuaaduussiugaiduliinssuansausadu
i1 [6] Tngaskusznauiugutumusouandldfeguil 1.2 fian

uanNUuLnasslnaindeaziilaseainsusznoudie 3 daunan o Ao 19930509

TUTUNIU ITLILINTTUE LALIIITABULIDILADS AUAINU FI@1U15005U18A1591191Y

2°
2
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n)  MNIInTANAAaITUNIY (EMI Filter circuit) vinvunilunisnsasninudlaegauls

o a0 | v o = a0 o X A 19
wauanuannmuanullle tazaaneudygiauenmiloananudinimue vadiveli
19asanunsavinulaegufuUszdniam waranaulEssreni1ssunIuiueInN18luIees
(28]
= o . . o v o o v 9 v
9)  wassgenseua (Rectifier circuit) vinvthiwUasdyaralnihnssuaaaulndu
Fuaalwiinszuanss nande 1sasezsenlinssualviluaiululufirnslafianianis
Inefieyldlalen (Diode) WusAnuaudfianisnsivavesnszualih

p)  eaIARUIENABT (Converter circuit) imhudasiumasiniainaiaduns

TUfsnaednlidvunamnzaniulvan fnasaeuneiinesazsznoulumenisiinu
vosgunInising 4 Fereluid

- @indarsAedarh (MOSFET) Tasunfidinduensasaounefinosarldgunsal
Frmnnsudanes vean To30N i iduaiadiasiou (virtual switch) Wifuaaas
Feaghauiueudgslutiayszanal 10 kHz = 1 MHz [29] wieidunmsannsldndenu
il wazvinbindioudadliuazfiiuyszalivunanas

- udleuiseainge (Switching transformer). Wiasunienivlnihasvindng
finv3eanseiuusssilniiinssuanss

- 9esnsasdyyaas (Filter circuit) vavitinfiann1nseifionvesdayayio
wsestulvii dewalddanasinnuSeuinniy

- 299sMIVAY. (Controlling - circuit) ﬁmﬁﬂﬁmuqmmmﬂm%mq Heyeyad

Wad wielrwsanulniinaznseualwirfiuwiaanilaneed

Mndoyadeiu wdaunaliduvasinelnaindadosiusenevilidudounnnidn 891993
4 = Y I3 Y] o o 1 1 a [ | Y} '3 o‘éj
Aounesmesteldinlumladrdguesinasieliyianinan lasilliasrounesinesi
1 Y @ é’ (XY} o % 1 3 4 4
wialdidunangyseinvduegfuanumunzgaulunsiiluldou wu 1asunasuieiines
(Buck converter circuit), awauﬂaﬁmuna%ma% (Boost converter circuit), 2935Nan8win
¢ 3 . . & Y o= a a s v oo X
ABUIBIMES (Flyback converter circuit) Wusu Faluineinusilaune nugiuuesins
UNABULIBTHADS BALIMITNANEWUNABULIBSWBSUN b lUN1SANdUNISANYILALL AT

asuns1eazdunle s LUl
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2.2.1 19ATUNABUNBSLABS (Buck converter circuit)
195UNABUNBSINOINIBIRENDNDYINTIIN “wasyeulsia Ul (Step-down

converter)” Aa1935ansauksIsuUlnin Tnawsssulnirviesnazdvuinminiwsesulnin

'
=

Yudnane [5] lnganansalaniieasauyavesasunasuieiaes lanegun 2.4

Y

+ V-
—_—

SUN 2.4 19958UYaV09TUNABULIDS NS

a s

fmﬂ’Nﬁ]iamﬂaa’mWiaﬁﬁ]Wimﬂmiﬁwmmma‘imﬂﬁ 2 ANWMY AD VUENAINT

P1nsewa (Switch on) kazadndlitinsewa (Switch off) Feis1aazidansadl

) wzaInvinTua (Switch on)

Tuyagnadaduinseualninuia nszualnihanunasinelniiazlnaniu
aind waznudamienihindilugelvan Tneiinseualnidunilsazlualuifuiduiuiseg

Iyl dawanslugud 2.5

JUN 2.5 295auyaveasUnAsuneineTuuraindiinseua



17

AatiuaInnguenAasyanil (Kirchhoff's Laws) aganansanlguaunisnis

WasukUasvaswsasulnin Taaadl

-V, +V +Vv, =0 (2.2)
30 V=V, -V, (2.3)
di ]
ey Vi = —
dt
B (2.0)
< di— Yo V%
FIR) — = N
dt L

Tunsaladaduinszwann dt T (2.4) EAnua Al ALYInAuAIRIR botAaTua1g
anduinszua (OT) vinliaiuasasuia1ons1n1siUasunUasvaansehalnivusaing

nseud (A ) lean

diL \ AI‘L,on n
dt DT
130 = (2.5)
v, =V,
. _ S o
A/L’on = (—jDT
L _—
e V, WD wsanulunLgn
v, wets wsanuliiieen
v wef wsssulninnnnaseudrie il

9) Yazaangliiinssua (Switch off)
deainflaitnszuadesud 2.6 auuuslimdnlififiAeduludumiea
lylihaziinnsguiasinlilalengnludanss (Forward bias) LAnnistnszudlylii eae
dsmalvinszualulii lnaiuiunienieduseileaarinadolugilnanld lasainngues

wasyanNazlaaunIswsnulnin fesaludl
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v.(O

sw + Lo /cl

= w

JUN 2.6 235AUYavRNRTUNABUND e TUMraInd i nssua

Vi +V, =0
ai
V==L
dt

Tunsalanagliunnsenaan dt T (2.6) aziAvinduansblaLAalugisaing

Tdinnsewa (1 - D)T) vinlanunsamuIensINTsasukUasaInsewa Wi vasadIngly

wnseua (A7) l9an

Wi L

dt - (1=D)T L

D ftenlniin

PUBDI ANULIAN

(2.7)

(2.8)
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A)  A1SAIYINIAIENTINITUE MR UYDINDTUNADYLIDADT

Aanzdumian1silasuwlasvesnsenalnidflnasudniderurlndn
Turuzainduinszwd 92in15.Ua8URUaIMALTULYINIAUNISLUAS UL UAINIana 998

nsewa i Aluanusmtet it luvasadingluiinssia nannme n1saguklasuad

(%
[ VK'Y

nszuailnaudunieiliihansazdiandugud dadudaunsafuinsnsinisvensy

w399y (Vo / Vo) laannnaulnues (2.5) wag (2.8) fia

=0 (2.9)

V. =V v
(5 OjDT+ —(—O)u—o)r =0
L L
V. —V. v
(M)DT—(—OJM—D)T:O
L L

(Ve =V )D — V(1 —D)=0 (2.10)

LYIUAT

VD =V.D=V, +VsD=0
AiunsIngUaunisival agledn

Y Y Y &
ISP v a 4

Wie Vo / Vs aeiiAnasanliiiu 100% nsluegivamminleda (D) nd1ike

IS 4 1

Avanaazidustmuaasssuliiiveenlvde1tesnitusowinAuks sl

TngaunsausuANlafaLs 0% - 100%
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s

9 msAAIANNYTYTIgAYeNTUNABUNIDINE S

Iﬂaﬂﬂﬁmmmmﬁmﬂwﬁﬁwﬁq@ (L,.) Tazfimnuduiusiunssualiii
narudamienitluih () Feadandnigmiunlddmivimunlnamsiinurensas
Tnaeunesined aslaun Tnuminssuasasiies (Continuous conduction mode: CCM),
Tnuatinszuadiveu (Boundary conduction mode: BCM), wazlunustiinssualinaiios
(Discontinuous conduction mode: DCM) amdsiu Tnednwarnsyinuvesusasinuntiu

anansauanslalugun 2.7

0 -7
<— DT —>=— (1-D)T —>
(n)
/.L A
(BCM)
0 >
<~ DT ——»ie— (1-D)T—> T
()
i A
(DCM)
0
«—DT —»ia— (1-D)T—> T

(A)

5UN 2.7 Wuan19vnaueeeess; (n) nushnseuasaiiies (CCM) (v) nuadinseuanveu

(BCM) (@) nuatinszudlaldaiias (Dcm)
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NN3UT 2.7(n) wamsmsvhaululnuaiinszuasioides (Com) azdaunalsin
nszualiiihilnaruimidoni () Tuwdazaunaidiiuinningud esandedindsany
Iwihazauegasluvaainneufiiansazizunisieuseuln definnuunns1aaingud
2.7(%) nanfe easusoummirnulundazaiuiian wdsnudiazanluvaainazgnae
nsuoonindsddviiuauswed Sadenlnuanisvhondudnuueidilnminssuadveu
(Bcm) uonaniululnmiinnsudlsisiowios (0CM) Faguit 2.7(m) Yanainszualwihitlua

1 Y N o a0 1 & 1 PN o = [ =
N’]‘L!WJL‘VIUEJ’JTJ’]‘IW‘W’HJF’]WL‘U‘u@u&ﬂ@u%ﬂ%‘ﬂUﬂ’]UL’Jﬁ?ﬂ’ﬁ‘Vl’N’]u Wesannndsnunazaulu

'
a

woangnaelauludnuiednnegauysalneunazisunsiuluseulng
I I3 I Ql' o d'c') d' d' o ¥ g 6 6
ag13lsfinu TumsvAmenumiisninaiganagyilinaesuneeuiesines
aululnuniInNsswanaLlnItu AEEUINNAITAUIUTIAINTEha WA Lade a1y

Fntleat (.. Teaslidwiriunssualuiihuiesn [30] 1093995 AI3UN 2.8

i i
| |
IL,max———— I———:—% —————————
BN T

IL, min

DT (1-D)T

JUN 2.8 sUswveanszualiilvadudimvteniluinsinreunesines

ngUaunsaasurglddnssualiinasgeilvarudumideni (/) 167

WINAUY

Ai,
/L,max - /L,avg + (2.12)
2
A o v a W VO _ _ VO !
LllE]ﬂ']‘Viu@ﬂﬂﬁ A/L UANIAY — 1 —D)T ey /L,avg _/O - Lmumaﬂu
L R

(2.12) azla
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L,max -
2L L

V. 1l v
=24 [—o(l—D)T:| (2.13)
R

wag T fldwiiu 1/ f daguaumsiniazla

1 (1-D)
/L max = VO —+ (214)
’ R 2Lf

woNINUUAINIUN 2.8 arunsafiarsandinseualindiganlvaciiu

ARt (I ) 19370

A.
/L,min Ye /L,avg _4 (215)
2
dngulniazla
V. 1V
- =—O——|:—O(1—D)T:| (2.16)
' R 2L L
V v 1=D)T i
iL min === x ( )
' 2 L
(2.17)
, 1 1=D)
IL,min = ol —
R 2Lf

210 (2.17) aganursathunlglunismaianumte i innan (L.,,) 13993
anunsovihaululuuninssuasaiies lngazivualinseualnieannluarudunieddi
fawiniugug lanadl

Lmin —

ala
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1 (1-D)
V| —— =0 (2.18)
R auf
1u-ol o 2.19)
Ro2f | v '
e (2.20)
R ouf '

'
1w IS

211 (2.20) ANt (L) a1unsafiansantainduaimnumieiiingn

1w

MR (L) V0IMT P92UARNT

o T e (2.21)

Cs

Tunsilin Ly, dawvirduaud svdawalninsinigyhaulugissesnesening
nsyiraululuuninsswadauiias (COM) wazlnuaiiinseialiseiiias (DCM) 38138070

“Imumnszuanvay. (BCM)” Taa3

9)  A19AIYINAINITATLBUYBILSIS I 127880

Y

TasUnlusasunpourasinesaziisifulssgluihvuialng tiesnwili

w5 ulnAnv1eenTdAAN Lwﬂumwﬂg‘jﬂ’ﬁhjmmmLﬁaﬂisé'féhLﬁuﬂaquﬂﬁwﬁﬁmum%wj
v & & A ~ v A v U = o & v o« Yo & P

1N 9 Ia Neilifiseandsimumanaglinunun dudadndudesdenidminuuseluiin
fpunaivaneay wazliainisnseiiionvewssiulnihuneenegluseduiiseusuls nanfe &
An1snseiiinnlutisliiiu £10% voswsenulninvnean uananntulunIsAIUINMIAINNS
nsziianvaIwsIsulwinvnean (Av, /v.) AN1150ANU U LA NNANUFUNUSVDILTIFUNU

nazwavasdiulszqlnihduanslugui 2.9
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>

S

I

y

>

O<

N ‘V’P
y

(n)

, o
TR

()

JUN 2.9 JUARUNITIINOUTENNITUNABEIESNaT; (N) nTsualiihiilvaniu

Fanulszglni (1) msnseivenvesusaiulnilflnarudafuuseg i

ngUT 2.9(n) WenszualnihiilvasuAulszalnihdanduuin dufiudses
Infhezavautsey simdunuiiaunisuiinainnsseavesdniuuseqnigauiuiian

(AQ) Tngaunsamuilaain

2\ 2 2 8

dermualst Ao = cAv, agld
Av, =— (2.23)

¢]

11 (2.22) wnueashu (2.23) aglaea
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TAi
Av ’L (2.24)

8C

o v 1 1 ¥ \/ - gj { o 1 - 1
AMAUALIARN Ai Aty =1 —0)7 satuilatAinanaluwnuasliy
L

(2.24) aglg

T (v,
Av, = —(—O)u —D)T (2.25)
8C\ L

Aiunsdnguaunsiuiaiasauanslasialuil

Av. T (1
== |(l=D) (2.26)
v, - 8C\L
%30
AV, (1-D)
=TT (2.27)
Voo 8LCf

90 (2.27) gawnsaten AV, /v, “shs1n3nIiion (Ripple ratio)”
fnlduanaludnsdmvainisoseiionvesnsssuliiianneanseninemeeniseen (Peak to
peak) fuausaiulniiawnosn Femndesnisvirlisnsmsnsafienfiatesas anunsavile
Tnen1susuaiileiia wdenisiuafamie il duivdsealidh vieanudluns

alndlinniu uonantuaTaAwINAIALIUYTER i laeIN

1—D) Vv
c= = (2.28)

sLf”  Av,

dlo € vaneds dafiudsealidh
L s sadeaunlndn

£ et Al
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2) U0AuArUanagYadNITUNADULIDSINET

9 s X [ Aa o v 1 1
'N"Di‘Uﬂﬂ@um@iLG]@i‘u‘uL‘IJu'Nﬂi‘VI‘UEJlquﬂJTUiSEgﬂ(ﬂsﬁx‘l’]u@ﬂ\‘] € bTU IWane
aa

(Flashlight), Trlauu (Street light), 29955uneada (LED driver circuit) susiu $11995danana

ANUSOLANITDALAT IR lARINSI9T 2.3

f151991 2.3 UVOAWALUONDEYDIINATUNADULIDITHADS

Y Y v

VDA UVanag

1. flessaislidudou fvumdn siangn | 1. fnisnevaussiuiloiinnisiudsuuvasi

2. UseAnsnnvenesiAUszanm 90% dune (Transient response)

3. nusensAsuLUas Ul LR 2. dndusedidrmvonasnsanszudlnin

3. fldImsnszifionvosusadulafinviesn
(Output voltage ripple) g3 Tunsdinaeasd
AmUsznauMasiniigs

4. Tunsdlussiulwihgeonalivasnseidesan

2995k suennsusMalndn (solation)

2.2.2 299sWansudnasunesines (Flyback converter circuit)
3 & ¢ & & Aa A v
asiansudneeuiesned IWugluuunindeuldluniagnavingsy vdnnis
Maulpgadeinuiusevrnalnvaanteldadiidfisanvseriuseaunsasuludrlriuieas
[31] uazildnweiaupe nslondandasiiiianudawimidnvennsrauanielnili (Ground
isolation) SERINAIUIWIALATUVIDDNVDATHBAUUFBANsluNTITY Felaseasna

< s s Y N
VDIWITNAYLUNABUNDILADT aqﬂqiﬂLLafﬂﬂm\‘]EU'ﬂ 2.10

+ V-
g
lo
In
I
v Cl
+ +
’ C ~ R g Vo
47 (Dot)
I
_—

JUN 2.10 293sauyavesasnateuinaeuIesines
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9INFUAN 2.10 kaneavsauyanlilun1siasennisyinenuredeas wasiiva iy

AONITIATIZINENNITVINNUVDI95 EAuaauluNITIASIZ9saIRa Ul
fa @ a € 0 gj 1 a 4 = 1 [~3 a 1

- gunsalBianvsetindmdwmianun wu dlnduazlalon adodnlugauad (L
Insgeydeinadu)

- wvauyavemidenUaslwihiednlugeuad nanAsludiduvieaisilng
(Leakage inductance: L) wsazdarimieniuadiundn (Magnetizing inductor: L,,) ¥u1u
pgiuIAaInUsUNN (V;) Wity

o I3 ¥ al 1 = 7 Ly [

- daiudsgglniiidnueen () azdlvwnaluvguin audieladmusenulniisnu
ONVBIITILUANAIY]

- HR1TNN9RsA e NYINUluanINgAdFL YNy Fanunetawsssulninay
nszualninBudeniusenu (Periodic signal)

- mAaflglAa (Duty cycle: D) Uo9a3nd [32] agdivaananiinsswaviniu DT

wazdivnsatvausliinnsewanindu (1 - D)T ey 2.11

Vs

\

O =—or (DT -

< >
frwraniinszua Prsraliinssua

'VO (N1 / N2)

(%
I a A

sUN 2.11 eddileAavainsyialayliiinssua

F19FUN199119UT995NA18 LTI NAD LIS MBS ARILTUNITVNUVDII9ATUN
- yadAauieiines nd1nfe lendendnnisitauvesvaaialniy (Fauwilenilia /

powladtiiln) Tunisazaunadanulnidvusainduinsewa wazazaenasanuludlnan

'
a

vugaInglainnssua [33] FIN15IATIERNITVINIUTDI19959ENANTUIINNNTYINIUYB S

[% (%
a 6

AIndvisansdnIuz e kUl
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n)  YazaIntiinszua (Switch on)

Weaintuinseua avdsalrnszualiiagluaanuuasatgln (Vo) fuluds
Familenhuivin (L) Wneruaing wazdsialudmiloudatinih vazieiulalenazgn

ludandu (Reverse bias) viilwliianansathnszudls (v, = 0) uanslugui 2.12

Ni: N, Vo =0

Is=iim
ILm

v,

VSW

JUN 2.12 1esauyavenasiatewinaeulesinesuuzaindunszua

wazllefinnsanmuysugivewdoudadlii (v,) Ingarnnguesaesyons

azldaunsvaanssnulnidngal

V. +V.=0 (2.29)
e
di, -
V=V.=L_ (2.30)
dt
avla
d/'Lm _ AiLm _ £ (2.31)

[
o I a A

PNAUNITVNAUAT dt wdATIIAUAAIALgLAaludeaIndiinsewa (D)
waznrsUdsuLUasvesnszualuii (4i,,) ziia1aan lagdnsinisivasulladves

NN A AN UFITEI WA N VUL N T LA (A ) LA UIULAIN
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_vor

(2.32)

Lm,on

L

m

a a

uenniu iefinnsanfiveaiayionivemsiouvadluii (v,) wuilalenl
thnszuadunailvinszualiidundogivesmsoudadlni () fandumud Favaneds
navudlafindnulgugivesoudadlaii () fagiiinfugudduiiontu Kiidesinnis
azanndsnludmieniudmin () fedesunn audoldinnszualiiduugunives

wiloudaslihfianduaud

v)  vazaIngliiinssua (Switch off)

Weadndilasudarusainianssianniuladiinszua degun 2.13
nseuabiihiluasusmdeniudvan () agldannsaadsunlasegraiuiiulale Ou
wavibidsasiinszualvialvadiuveainusugiineluremdaudasiniey Tnanszualni

(L) elvanluiigailaidids (Undotted) duvnainugunil wagnssualnihsnuniegiag

Y 9

[ (% 1
Y [y =

Inasananganlifitiuazusssiulnirvziluuin u eaiihifivaduiu Fazvililalenlasu

ludansiwazinnsewa wazalnaliiialsssulniiv1aandu

N1:N2 >D=
=P

) ’l
EVZ_—VS ¢ +

+

it ’ CT R§VO

+ $ oo

)

Vi = Vs +Vo(N, / Ny)

I

JUN 2.13 1sauyavenasiatsninaeunesinesvaugaindliinnssua

91n3UT 2.13 Wealadliuinsua dundleniuivan L, wlassuseiu

willgahdaundu vlvanansaduaumwssiuliiigugd (v;) Teann



di,.
i=L|—
dt

wnuA V; 910 (2.37) asly (2.36) azla

AUA divw= A _wae dt = (1-D)T 9gle

dngulngiasle
AN S M
(1—=D)T Lo N,

30

(2.36)

(2.37)

(2.38)

(2.39)

(2.40)

v o a PN ' v a o 1 < a s
fatun1siUasuulasvasnseialnirnlraniusinderiiusindna s aing

laithnszua (A ) awnsadwuaadldan

_wa=or

Ale,off
L N
m 2
W Lo, VUNEAY USIUNVARIAUTUS
Vo mnene wsanulninauenne

9

(1- DT vuneds AR bLAa lutanaIntluuinnsewa

(2.41)
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A)  AIIAILIAMSIAUN Y000 Y89299T (Vo)

Ranraaninisasunlasvesnsewabiinluarundendiwdwdn ()
AzdlAvniu “0” nande n1swasunlasaansewalnihilvac uswdeinuiivan (o
¥nszua) azwindunisivdsuwlasvesnsewaliidnfluaciudvdettinaman (vl

UINTEE) AN (2.32) way (2.41) agla

A/'Lm,on + AI‘Lm,off = O (242)
739
V.DT V.1=D)T N
TN X— =0 (2.43)
Lm Lm /\/2

[

a3y (2.43) Ivdlaganunsaruaaiussiulninvisentaan

N

2

D
Vo=V, X——X—= (2.44)
1=D N,

YBNINUUIIN (2.44) =aU1TaAMUIMNATIRLAa AN

= 0 (2.45)

9 msmwanmanumdsnhinigaresaaleuinaeuesnes

Imﬂﬂaﬂ'wmmmﬁmﬁ'}ﬁ@?wﬁqm (L) SA0EITUS FUAINSZUALHANT
ek udndertudivgn () Fesiuldimsanlunstimualnuanisiaueenses
iy Inuatnszuasewiies (com), Tnupinssuadiveu (BAM), wavinuntnszualiseies
(DCM) sy TagnsAumanumisnihimianvenamaisuinnouesines

%mmiaﬁﬁmmﬂszLLaIWﬂwﬁluamuﬁamﬁmﬁwLL;J'mﬁﬂléﬂugUﬁ 2.14
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ILm

! Lm,max

/ Lm,min

JUN 2.14 sUsrsvasnseualnihilvanudwiostuimanluesiaeutnaeunesines

nguamnsafinTanm i, o uay i e
. 4 AiLm
’Lm,m'm ¢ le p3) (246)
2
WA
. . A,'Lm
le,max - le + (247)
2
2
o v o, a1 1 % VSD N2 . a1 I [ \/SDT
MUA [ dAwy ————X| — |uag A dauvinfiu
(1=D)R \ N L

1 m

Faruanunsothluunuly (2.46) uas (2.47) agld

' V.D N, V.OT
ILm,m‘\n = 2 Xl — - (248)
1=DYR N, 2L
LAy
2
, V.D N, V.0T
le,max = 2 x| — + (249)
(1—D)R N 2L

TunsENITAINUATNLANITNNIUVDII9TNAELUNADULIBSIADS LUl rLA

'
a

Wnsgianuusialliealy ssfdmualianssualiinnlnanuduniienindiign L, ., J67

= 0) dstuiledngy (2.49) Tl ezl

,mi

WinAuaug (i
U Lm,
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V.D N, | v.DT
/Lm,min - 2 — - = (250)
1=D)R \ N, 2L
%30
2
VD [ M| _vor
1-0YrR N, 2L
dlo T=1/faldf
2
4 2o E P -
(1—DYR \ N ) 2L f
(2.51)

a 1 1 N o 1 =3 a1 (Y 0
970 (2:51) @nsafananladnraumtestugwan (L) azdanyinduan

'
a

=i ° I & Ao = o Y
AMUNUYINMUAENNA R (L, 1in) Farnamulagin [5]

(1=DYR [N,
&K — (2.52)
2f N

m, min

9)  N13AIYIAIINTINITNILUNBUYDNNTWA 1L TNADUIBSINDS

NSATUIUAITNTINITNIINTELNBUAIUYIBEN (AV, / V) 98999951UUIE

firsananeendssonvaaussiulnihilraduiuiuuszglnihawielul

Ay __ D (2.53)

V.  RXCXf

e}




34
210 (2.53) WpRedn1sandnsin1snseivauveasnulninviaan aunsayin
Iplasnsanafaflaida (D), wioiuAausunulvan (R), aaiudszglni (), wse

J a a 4 % X 1 =3 [y d' v & vao &
ANAIUNAINY (f) quwu ’e]Eﬂ\‘l‘liﬂ@’ma’]ﬂﬂiﬂ‘ﬂﬂgﬂﬂuﬂ’]ﬂwmﬂ’]ﬂﬂﬁ’lLﬂ‘U‘UiS"QI\'ﬂﬂQ‘U

C=——— (2.54)

2) mseanuuyvdautadlnihlyieasnaleudnAeulasines

nilawladluirlursaswarsutnasuesimestuaziidnwausiduniounlas
Inlfhaudgs (High frequency transformen) Falagyaluuailuniseenwuundouwdasini

Anudasienly “Tsragaui (Area product: Ap) Befienulasiail [34]

Ao = Ac XA, (2.55)

¥
a

W Ap 889 NuNNAnSv99inU (Area product)

'
= =

Ac 8N NuUNniNAnvedlay (Core area)

e

a

A, ved Nunnelunsouinswesunu (Window area)

D¢

UBNAINTUY JINAUNITUTIPURLEMNTOUNSU (Vaye) Voangiowuaslniln Fadl

AU V, =KV, =K XEXNX fXB XA 9501l Ha11150A1UIUTIUIUTOUAY

N=— (2.56)

N, =——— (2.57)
4K.AB_f

'
a

We Kr 4A1 “17 nydlgumdudysudivaey

o

w38 “1.11” nsdlgundiudyealed

A7)

i 1

= ! ! 2
B VN8 A1AUNLULLAULNULIWENESER (Wh/m)
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waznszualiihiluaruean () azfunaldain [36]

I=JXa__ (2.58)
a P ' 2
o/ vwnehe anuvunkuunsewalidn (A / m)
= dy d‘ ¥ U U o d‘ 1 2
Avire VHNET Runntdnvossinnseualnitluasnu (m”)

a

agalsiany Mvualivaainugugd (V) fiufinihdawinfu o, uazunadn
Nl (N,) SR F A a, Faduuiinindnesainfativanuaasiianmafy
N,a; + N,a, ?fﬂuquwﬁﬁuﬁwﬁwf?fmsuaﬂmm&hﬁﬁ‘ﬁwumma%waﬁﬁ’uﬁuﬁmsﬂuﬂia‘udm
vosunu (4,) uilumaiifdunainlilfdsyneusaeshwindu udasuszneudsauiy
AMNZEU NSEANYRLIUSENINNTAAN LarTedinsenniAmiionssyunenuSeu Fusded
MsTlenuAMssAERUAnGeU (Window: utilization factor: K,) afuunnnesildlunis

gaeRdina dsasfiantosndn “1” dsuwaldain
KA =Na +Na, (2.59)
waziilownua gy = 1/ adki (2.59) 2zl
KA J=NI +NI (2.60)

We [, MU ArsInmasdauaasvadnseldluvnalnusund

<9 Y

I, vaneia Msinfdsaenaisvenseualuvnalaniugil
YIAWNTOLNUAT N, ez N, 970 (2.56) way (2.57) adku (2.60) azle

VI 4V,
KA J=——"""= (2.61)
4K AB_f

daguaunisinaiaela
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[vl /1 + \/2/2]
AA, =2 (262)
4K K B, f

TunmalfoRasimualian K, A1luga9 0.3 - 0.4 LaZAIAIUNUILULYDY

nszualviin ) 2esiAlugae 3.5 - 5 A/ mm” anudeu

a

wenINUuANsaAILsRulnhanaseuaaaUgual (V) leann

Y

B
V. =N,A (—)X10 (2.63)
dt

\dlo dB / dt vise AB fe dhs1nsiUasuulasvesidndusingn agalsinn
wsssulninainUgugdl (v) Mfetussiialndifgaduussnuliinimud (Ve) wadunu
s a YY) a P A a0 v A A 4
waslsfinnsdudl dnsamsiasuiuasveanandusimanasdindosunnvisediandugue
daabiussrulninfnnasenvnainUgugiiasiidianategnsimsialiouinnisdniens 9
winasiansviuveandowdaslniwazaeasinineates luvasiedduaiunsameainiy

nuUuvINdndumaniinvulusnulaain [36]

V Xt
AB=-"—x10° (2.64)
N A

i’ &¢

Fefurrauliinsldunuseslsdluviiondadininazdosss Tl lvuny
{Ann5dush feenuuumsimundtmtumuimEngwimangsaalneazdodiiuaimils
gasmANILLULNENSuiwAndudvesunuleslsdiionuuasasdeiuie uaznisiiu
FasImAfuaiuLingn (Ar gap) Tuunuleslsdiduisnisedrwmidafitestunisdud
vouny wazduslinisavaundinuveaaalunfeuvasinidisunnty egaslsinng
gasenaduluunuimeslsdagrilfiAnnsunsnszaedyainsuniuudwinindiosnsn
wazenasunugUnsalneuenle

Mndnn1sinuremieutaslifinisasrateutnaeuniesinesfiing

(%

Mauludnvaznisidvazaundsnulinielusindifeoswmndunusanludilvan fatu

o w a0 -

AN AlaanndonlasinidFaunannandsnunndowlasindazauld i awing
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~2 o { v & v U sw ¢ = 9
1/ 2(L]) Tnendsuiiazauliduasiianuduiusivauaveswnunestsd dawsamle

AN [36]

AB. A
I /AZ — (max) g~ C (265)

e (g nede szuzvaIaInIAAuLNUNesLA
Lp e Ananuwmlieniveainugugiivesmiisutaslni
I, mne Anseualiihgegailvadueaaiaugund

ABna - vianee Aauvuktuandgeaaluwny

210 (2.65) azwiulaiandavaranlunsondadiniranusaiivdulalae

a vaa

NSWNTEEEYaeeINIAAY {; nTn1skivuInvasnwesLsAlva iy uilumeajuiRtey

Tan1siusrzteI1nN1AAY N9UiLaI nABINTIndawladkazsinieliednnilvuie

q

[ |

AN uenantuunuwleslsdnaunaniia 9 882090101 1AANEIEAEgNIIARIBAIAIY
5 oda ¥ d- . - JETE ) a o
goudeiindulurnadn Wesainduseullaiuiu lngdauauseu (V,) awilAniuTuny

| b oAa & o
FPYSYDNDINAAUNLNNYU AU

AB |

(max) g

N = (2.66)

0.4771,

WeansrezlunsiuvnanvIntatladia1innnetaluiiganasneanuiu

'
= =

FRUTLIANAY FIUDIN5FYFLNAAIUAIANIMAIINTULDTIVIUTBULINTU T99192 AN

(%
a =

Tindoudaslnirfigungligetuniuluaie detulun15eontuunfnleneaiansangad

Y Y

WLNzaNlUNSINSLELDI9INAAY TBNISERLTUNAYRILNWN S IsenulUMe

%) YALALYUanReYaINITNAIEMINADUIETINES

& s s & A a ° e v !
1asrarsuinaouiesinesidutsasniisuiiundszendldeausng o
gnfeg1udy wasdglviidmsuinIosneuiaees (Switching power supply for PQ),

\AesteeNans (Copier), niloulasusdugedniunasndidnnsetind (Cathode ray tube:
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CRT) ldiuannmvasnauinmes (Monitor) LWuAY wanaNTudIagaIuIsananItanLay

YORDUVDIINATLAGINITIN 2.4

f15199 2.4 ToRWaTUan08YRIIAsNANULUNADUNDILADS

v

= Y v
UBA UanaY

[

1. fnnsuennsnaudnialiii (solation) Vil | 1. fdenisgadelusnunivingandnnes

LLERE ADULIDSLADIUUNDY 9

2. duszdnsnmuszunal 90% 2. fwualngiiesinudeudaslni

3. ldanynsaldanusulvasiilanuvainvany

2.2.3 MINBAANANUNIVBIFUY WAL (Pulse Width modulation: PWM)

RS

NNSUOYLANAIILININTBIAYY AR U8R MIUTuAMUN VeI

7 o

Tngnsuodyea 2 dyarauiddeuiisunu [37] Weliladyauiad sndegiatu

[

nsiedyeaanmasn (Ramp signal) NUSsuiisunudgaus sansTLaLUUANARY

(Full wave signal) azladnuaganunitwesdyauiadnlanudeuwdasly degun 2.15

Full wave signal High

AL =
Low
Comparator
/W

Sawtooth wave

[

JUN 2.15 f79E2393000LEAAINNI 1YYy 1eUad

FBnsuegatunisanunitswesiad (PWM) azslunsuiuilaeuaaiuniing

vosdaiad lnsanudvesdygaiagazliinisiasullas vieiseninsiasuLlas

2
' a

A1 “GadleiAa (Duty cycle)” FIA1HINE1D AD 929ANUNTNVDIF YUYz UINTULA

a o !

(Ton) TneAndnaruduesiduiainauaivesdaaiunad (7) JsaunsamaAIRNUduRus

1%
[

lonatl [38]

T
Duty cycle = —=X100% (2.67)
T
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270 (2.67) @mnsaeduielain drarmalsAaiiayindu 50% aznuneauinly
1 sUpdudyaaiadasiivasvesdyaanduaniuzasin “1” (High) ogrsants uavaniug

8030 “0” egdnAsanils [39] Feanunsauansiieglanigy 2.16

WA NIVDINAE AULIAN
((Pulse width), | (Period)
| | | |
| | | |
ON {
75% duty cycle
OFF = | | |
| | | |
ON |
I
50% duty cycle :
|
|
OFF .
| | | |
I I | ]
ON :
|
25% duty cycle |
I
|
= 1
OFF 1™ I | |
T T T T =
! ! Time ! !

Y

JUN 2.16 dnvagesdaIUNadniANUn Ve dyaadluyig 25% - 75%

<

2.2.4 leddniaguiues 71494

o v 6

loTdnSaguives 71494 Wuledneanuuunniievihmiinfiadadyguiaddmsu

A
1% 1

Idauaunisiauvesaindnigluiasreunasines lnellnuaudiiloswuns 1ol
Tuaine 7 V - 40 V fusssueedaniglu (V) windu 5 V waganisadnenseualninlawmindu
10 fadueud wWieldiuisasateuen egrelsAnudnuausaedladfinanaiunsanandlan

SUR 2.17

U
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/
IN - 01 16 [] 2IN+
N+ ]2 15 [] 2IN-
FEEDBACK [ 3 < 14 [] REF
DTC ] a4 %\ 13 [J OUTPUT CTRL
CT s I:' 12 [] vcC
RT O 6 11 1 €2
GND [} 7 10 [1 E2
C1 s 9 [ El
(n)
Output Control Vee
P e e e e e e e e
6
Oscillator
Rr s
CTl |
- I o
o 1]
4 "
Deadtime 0.7v
Control i}

PWM
Comparator

| —

| Lockout -~ = Reference
| fig Regulator
| H L

|

I 35V =
— J— |
1 l lz 3 15[ |16 14 7
o [¢] j)_ Gnd
Error Amp Feedback PWM Error Amp Rel. L
1 Comparalor Input 2 Output -

(v)
JUT 2.17 dnwazaedloBdniaguiues 1L494; (n) n3dnansiumian

@) Yassasnanglu [40]

91N3UN 2.17(n) lokansdansdnnesiuntsviveslod wazgun 2.17(2) uanads
lassaineluvetleddinagn Inglumsimuaniunitewesdyyiase1dnnaza1anng

= = ) a . ) ) o ay v !
Wisusudygrailudes (Ramp signal) Aunssiudeundunlanannieasveiennuuanei

1 A

(Error amp) nan3fe SussiuliihdeundurenasreuliesineiilAngdu Amauninves

dauaziiatanas Tunenssiudnutussiudeunduiaianas azawmaliainauninewey

a1 oA

Hey Ul iNTY Muasu [40]



a1

agslsAnuanuTaesureilanturinnuveslediuessananlanssalui

n)  lvuani9vienu

logdnSaguiues TL494 duanunsautsnsvinnueenitu 2 dnvug fis N3

=

vhaenlulvue Single - ended waglviun Push - pull e 2 Tuuanisiautivanunsaaag
Funnaiadsiua 2 dyaramdeutu Tnefiluua Single — ended é’fgzgmmﬁwmﬁ 1 uag
2 agyhanuneniiu vaugiilnun Push - pull dyananerdwail 1 uay 2 awiauaduiu lag
finsudowla (Phase shift) wirfiu 180° Feanunsauansdnuazvesdyaaiadiulnuanis

g 9 ladsgun 2.18

¢! Output 1

> ¢
xar
Qutput

Control 10mAto

l—c— Single-Ended 500 mA
c?
Output 2
0<Vog <04V «Ez e
Qe

(m)

c! Output 1
24V <Vog < Vet { o © 10mAto
250 mA
Y m

Qutput | |
Control ! .
Push-Pull W AtV 4

!

|

—o I

a 10mAto Output2
2 | g2 250 mA !

|

|

‘

|

@)

Uil 2.18 dnwaglvunnisievesledduiaguiues TL494; (n) an Single - ended

(@) Tnaum Push — pull [27]

%) DISAINUAAIINANITYINIY

nsvihuvedleddnsaguiues 71494 Wuluasfifdnud (fos) Al Lag
g11150MruUnANUDLARILA 1 Hz — 300 kHz Fegunsavilalaenisiuunan Ry wag Cr 9
9 6 waz 5 vedledninary dawmsululnunnsvinauluy Single — ended @1unsaAIUIL

| av v
APUALARIN
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1
= (2.68)

RT XCT

osc

1 [ ° U [ o 1 ay v
E)EJ’]\‘iliﬂﬁﬂ%Jﬁ’]‘MiUIﬁllﬂﬂ?i‘V]’N’]‘LlLLU‘U Push - ,ou(l mmsammmmmmlm

1
= (2.69)

2R, XC,)

osc

UBNANUUFIUTOUENIAINANRNUSTENI9A Ry wag Crivelalunisiivun

AulAaINgUT 2.19

500k I —
= ] H—H
5 =" Cr=0.001 uF 11T~ Veg=15V
5100k =
= L~
(=]
|
o
L e
o
o 0.01 uF
'5 10k Pt P
- - d_ -
2 1 uF N
L10K P -
I .

500
1.0k 20k 50k 10k 20k 50k 100k 200k 500k 1.0M
Rr TIMING RESISTANCE (£2)

JUN 2.19 nsmlauduiusssudnean Ry wag Criiteldlunisiviunninud (40]

A) n13AURANIRNUAS (Dead time: Tp)

loBdn5aguiues TL494 anunsanvund1Iaie (Dead time: Tp) 1943395

v
\rLilon

9 mmﬁaﬂaﬂﬁuiﬂﬁé’zyﬁyjml,mﬁwmamwiﬁgq 2 fvheundeuiu awsevilalagaay
NIHOUIIFUIIN O V - 3.3 V 1417191 4 (Dead time control) vasleTsana eealsfnn
MINLSIRUAY 4 SlAwiniu 0 V Anaiedishanagiidlsisngt 4% vesaunainisyiey
dHosnflussfuserkenuuin 120 mv seegmelu usnantulunsdifision 13 (Output
control) WhRulmAss (V) avdssalitianardiedndiinssua (Toy) gegailAnvindu 48%
Y99AUIAINIS9IY wazrlunsdifisier) 13 asns1am Franarfiainduiinssud (Toy) GNGIH

ANVINAU 96% YBIATULIATNITIINNIU AINARU [41]
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2.3 n13U3ulseUsEannn (Performance improvement)
luidellaznandmguluazmalinsiig g MRertesiun1susuusaussansaines

19957Una0ntNLeaadn Lawn AeUsEnaumdsnilwazmatdaluniswiluaisiusenau

o W

mddluih Agrsluiin wazdnsiaalihgads Wudu JaseaziBendisil

1w

2.3.1 Aeusznaumadlnidn (Power factor: PF)

AFUsENaUMaslniln AsArditauiusuanussansnnnisitaueaassuulndi
naNAe D1AdUsEnaUMadlnindialna@es “1” %59 100% znuneaunssuuludng

UszANSAnan auisarulalalee [42]

Real power(P)
= P (2.70)

Apparent power(S)

= o w

o P vineds Masauluiness (Real power)

S wneds Masliiysng (Apparent power)

wenINUuasaRsanAdauszneumadiiiluguvesauwieuidslnih

ié’ﬁqgﬂﬁ 2.20

Power factor = cos®

Reactive power (kVar)

Real power (kW)

Ul 2.20 awditusseninaenidslaingga (p), Adslwihusing (S)

waziasluiiswaniin (Q)
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31n3U7 2.20 nudnananuduiusvesarumdsuidelaily anunsaiiun

[

AwnAIRUsEnaumasinihiiinduls Ineasgnimunlieglusuvesuiiiintusening

Y

o w a

MANIUATY (P) wagmaenunusing (S) dallawiniu cos @ laefiAnfenaianusanasan

Tugtvesdyanaussiulni (V) waznszwalnin () fivanla qlé]’ﬁmam‘[,ugﬂﬁ 2.21

W) q
\/ time

[}
ﬂ time

i(t)

JUN 2.21 pnuduiusvasaidiiuseneumadlninseninsdyaauwssiulni (V) uae
nszualnia (i)

K

nflenuesdivssnauniahiiia wuirssuuldialadiiafuszneumaslni
iavdwaliianisgadearsssuuliiiuazeunsaling q Bnviadaduniseliuniniosinie
Tt wsdouvasinin aneds WDudu duiuAdussneumdalnihdsinmudAniaiuisaus

UsEANTAMNUDIIAT LA

'
1 o

aglshaiuninarfusgnauidlniidad sndudednisusulsaudle
ﬂ"]&hﬂizﬂ@Uﬁﬁé’leﬁ%ﬁdﬁmmaaamﬁﬁé’ﬂi/\lﬂquytﬁa wazsfinanuannsalunisulvan
vasgunsaia q fludruvealdluii seuusming ssuvddlifiuasiatesiudeliii g
szilunisuszndanisldndsnulnivesfldlniwazvesUssinand suaznelviinnis

(% s

audnundanulnimieden lnglunisunluadivseneumdalnihiuiuegiudunises
29sisimansuile awnsauvsesndu 2 nsd Ao msudledusznaumdalniisudune
waznswiludiusenaumaslniisuedne audu
wonaNtUITNsuAlAdusEneumaswindsanunsaudslaidu 2 nsdldey 9
2 Y o v = . = .
AonsunlaAiUsenaumasliiuuunadn (Passive) wazwuuwanaitn (Active) laglunis
wAlvuuunadneziinisldaunsaiddnvselindiiugiu wu dadiuniu Al was
Fufuusegliih undesaudiiuisasdeg 2.22(n) danisudleadiuszneuiasliihuuy

weniin Inemaluaglindnnisnisvaenisiauiieurenszuadune 1nein99saounesines
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A9 9 1l Faduszuunfianududeuninniuuunnesniad wansiegslalugy 2.22(2)

[43]
Ls . D L
u s
L c R * =~ T R
Vs * ’ Vs a G
il — =
= Diode bridge - Diode bridge
(n)
L D
AN
VCD # SWW 7\ T ¢ R
)
= Diode bridge PmL
controller T
()

JUN 2.22 inallansintudiusenaumidalniiy; (n) wuuwiadvl (Passive)

@) wuuaain (Active)

N3UT 2:22(9) ndnasThnuverasagidunisudaiiumadlihnssuaadul
Dunseuanss waziinasuiuguwosnssualnihiuuidiludienuduguaiuledifiyumea
asstunssulaid Fanadamsunlumysenaumdsliihdaglddymadunau (Full

o . & o Y a d' ¢ A o o a ¢ =t
wave rectifier signal) 1udayaae1edeguadulsliveirlumuaunisininuresaindaisne

Y

mit lngguivaanseualniinsurndniuasiuegiveiinveisasaouiesinosminunly

[44]
v A v v ° a v o w
f\]’lﬂGUEJquJaV]ﬂa’l’JmGU’NGlua’uﬂ‘muﬂL‘Vlﬁ‘LmﬂﬁiLLﬁlﬂJm’JﬂizﬂaUﬂﬂaﬂlWﬂ’lLL‘U‘U

WiaduaziuuwaavliIeuiisuluausing o lngagulanwmiseisialull
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f15199 2.5 VoRWALUaN08URINSLAAIUTENDUASI AL UUN AT WAL LUULDATIV

nswnludausznauntas i wuunIaTn nsuibudausznaunaswinuuutaniin
daf - 9asiilassaselddudou daf - fvuiadn dmdnun
- wingau Ut aslninvunaen - @U150AIVANNTVINNIUTOIASLA

- asaudludiusenaumasinilege
Joses - liaunsasunsiudunnluganiela §90.99

- fyualngy - ansnsunssruBuneluganIala
Todey - wIsHlAssadudou

- I1AEN

ag19lsAay Tudnerduusiladenldivadaniswiladiusznaumdludinuy

a a 2 & 6 o a o o Y aa 1 g.J/
waafinydinisasyadneuasinesutaniunsdnsuldluiastunasaliueadmintuy
Wesnmaiadinannduszansaamlunsinanunindd wazaiuisaauaunisinanuladeg

HULDY

2.3.2 A1815win (Harmonic)

A 1

A1g151uin (Harmonic) Aediuusenaulugudyyraaiulei (Sinusoidal
aa a ° | a P P
waveform) UAMUNLUUIIUIU N WUBIAINAFIU (Fundamental frequency) @93AN
Winfu 50 Hz [45] nfl981utu ANesuinaInun 3 azilaimnudwindu 150 Hz nanife
ArdenanEAudu 3 WinveIrudgIutLes
Tagvlunisraesludndndeuuiannandasidusaiuieudeensluting iy
(Total Harmonics Distortion: %THD) &3azidua1nuendsuSuiunasiuvesr1ansludin

o o a

awiufl 2 Auld (THD = 0% wneanuindugurduleilugauad) Tunnsgiu IEC uay IEEE
Juagldan %THD WausnNsEAUANUNeUsSIuTn 1ngagiguaIndmnsIaIusEnINeAI5INg
dodvaNauINMasdevesdiulsenevansludniumdiulssnauanudgiuluguuuuves
Y] = v fw ! v & \ & & a

Sp8ay [46] TINAGNSAINANIAIUITOLENDDNEALTUAIAINUNEUVDINTEWATNSIURNSIY

(THDJ) %agANPNULNYUTDILSIAUBNSIULNTI (THDV) Adumanaisn1sAmuindlaann

Z/Zh

%THDI = ~———— X 100% (2.71)
/

fund

00
h



ar

szh
%THDY = ——=2—— X 100% (2.72)
\/fuﬁd
I’h el Msnidsdesedsvesnszugansludndddud
Vih el Msnidsdesadsvesusssusludnddsud
I nueda miwﬂﬁwé’qaaqLaﬁamaaﬂizLLaﬁmmﬁgm

V.., NUBEA AITINANTIHBARRLVRIUTIAUNANUDFIY

Tngluamanuiieuanslutiniifintuiiagdmansenusagunsalluszuulni

lngagyilgunsallussuuimsvinuianain wasvinligunsallussuuiiongmsldauduas

& a ° = ~ N o w A 1Y) -~ =
wioiian1stigademeiiesaniimsniidaeuadeveanssiuluivionseualiigeu

[47] wonantudymansluiindsdmansenusogunsallussuulni Awaludl

FlAnmgoulufaindifisaniy

lsLagviaukanane
slfiAresgaudeifiuduiunaliaUnsallnihioumgliganinund
awlv wewmes wisuuadlni (Huau
v‘iﬂﬁﬁwé’qmuqzytﬁasuawﬁaLLUaﬂLﬁmﬁuﬁ%mﬂmmﬁaﬁwLLaszuLLm'm%ﬂ
v‘iﬂﬁl,ﬁmﬁﬂé’amuqzylﬁaiumsé'\’aﬁ’lmﬂ%LﬁmmﬂﬂizLLaaﬁiuﬁﬂﬁﬂﬁ
Anszualiihiasanuiu LBl
VibiAniaenugadeludiiuysy gl (Capacitor bank) Twisasuagyi
IﬁLﬁmmm%’auqﬂﬁﬁu

nszwassluin Triple n (§19uit 3, 6, 9..) suiulvasgluateiinsoari

TAAnANTauES

aunsallasuANUEseiasannlasunseka Wi wazlsae ulndLAuRNR

9

o

Yo w a4 a X a o g v A o v = %
bimdsnuliiihgadeiisdudunaviliiasesdnsfousaziiongnisldanuy
duninuni
iltmeasinAlii (Watt - hour meter) JaAanaT1n

ilvAndayarausuniu (Noise) Tussuudeansuazgunsalinanutianain
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1 =]

ausiunasnfinensludnuialseinneizdnatiowdntsssoszuulnii

v

aa uidndwauvesgunsallvimdunrasiideesludnddnuauunndy azdwmanssvuse
¥ a o

sruuliunnTuduiy dmewsraninavibisndudeadinisimuauinsgiuiuu e

IeUsinaueluiniintuaingunsalliihudasiu Ssanunsaeduialanwialul

2.3.3 UMI9U IEC 61000-3-2
19557 EC 61000-3-2 Tufigausvasdifiormundnifnvesnszuassludnly
gUnsaliedadldluii (nszuaduwntiosnitvdowhiy 16 A) [11] Tassassuilldusgunsal
wsodldlwiheandu 4 sz (Class) fywialudl
- Class A: gUn3ni 3 iaduga uaygUnsaidu 1
- Class B gunsaiilsuluszesnandu 4 vioamnsaindoudiels Tneluvas
aulnaTaIInanITknsnIzkaansiuinly Class B TAw1nnin Class A
Uszanad 1.5 11
- Class C gunsallssiandesainamnuiin
- Class D: gunsaiussuamlnsviat saneniianes in3esnouiinmed lasdluue

q

Maalniladiin 600 Jaea

Feluinetinusulafnwifeaduraenliluoadi waziauaonndoiuuInsgIu

IEC 61000-3-2 %iin Class C Ingagaunsananisigazdantonuunbnsinisisaalul

31991 2.6 Forhmuadmsugunsaling @ auninsgIU IEC 61000-3-2 wila Class C

. - nszudlniansluinieaslvigega
anduanslaiin (n) o 5 v o
wanaluiosazvanszualniivndinanudgiu (%)

2

30 x PF*

10

O | N| | W[ DN

8<n<40 3

* PF fip fUsznaumaabninuedaneas
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2.4 TWsunsuUszenanIeIAINgsy
Iuﬁwﬁ’uiﬂmﬂmm%’%Lﬂswsﬁms‘v‘mmmamwﬂﬂﬂﬁguﬁmﬂ:msJ WU LTspice,
OrCAD, Multisim Jusu Lﬁaqmﬂﬁqﬂﬂmimq@Lﬁﬂmaﬁﬂa‘lﬁlﬁaﬂi%”léﬁ/imﬂwaw w¥ouss
flertunaziadosilosing q Mftsunion Mlvdarmududilunsiinsgisasiniigs lne
fegamilsveslusunsuUszgndnisimnssuie Waunsu LTSpice daaztnglunsiingie
wannNsvieuYesasiii [48] Inedldnuasaiunsaidengluuunsinsenisng 4 lame
AULDY BN9LYY ASIASIEARUY Time domain (Transient), A15AS1EI9T ALY DC
sweep, wWa¥NITIATIZHRTINTIMUY AC sweep (Tudiu FanadnsTildainnisiasie
fo]ﬂ‘l/\lﬁﬂﬁ]ml,amﬂ[,ugﬂLLuumaﬂgﬂﬂﬁué’@mmmqiw% (Waveform),  aussaulni
(Voltage) uazanszualyiily (Current) mugafidesnisianielunasle ilusu sgrdlsfinu
Tuineninusiliuszandlilusunsusegndmsimnssudmiuiaein1saueessas

“Ny ¥ U g s 1 6V s s a = £ 1 dy
WUFU laun UnAouliasiiosiayasasiateninaauesines nelisivasidunnnellil

2.4.1 M331899N1VNNUIATUNABULIBS DI YN TUUTEENANIIMINTTY
lun15919992995UNABULIBSNBIA 8 LUSHATUUTEYNANIIAINTTY @110

U a 3 & & d‘ 1 U U Y o Yal %
NANYIO B VBINATUNABULIDSLADSAINNETITINAUNIOBNUULWIST A Nvualidiussdului
U (V) Wit 12 V wagussaulainunesn (Va,) windu 6 V. vneaufiainud 25 kHz wagdl
TM51N15N LUV LTI ULAN VI 9DANINY 1% UBNITNUUSIFIUITOAILINAIRIA wLAA
D), AreuwmleatfisNge (L), wagardanuuszalii (O lads (2.11), (2.21) was

(2.28) mnuafu WneseazidunvesgunInluandladfinisnd 2.7

P17 2.7 AMIrUaAIFLUTNEIAYlUINATUNABULDSLADS

faulsiineata AUNT Anfisunald Afidenld
v \/O
- AMUAUNIUIAAR (R) R=— 375Q 39 Q
/O
a & a Vo
- finluda (D) D=— 0.5 0.5
V
S
. L. (1—D)R
- fhanuwigatlidi @) = 315 uH 350 pH
2f
v & (1 - Dmin)
- fadudszglih (O C=—F—""— 26.7 UF 33 uF
8LF (AV, /)
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PNANTNA 2.7 UEAIENNIAIUIAIAILUTANS 9 AElU99sUNARWLIDS MBS B9

oA

lunsinaensasisdenldgunsalnidmielaeniluluriownaln uasdedinmlnglAgaiuei

AwInlls Asanasaaiiaeasialugui 2.23

D L C R
33u 39

Y
/

1N4148

Vi 12 350u
Q

TEL

VPWM
Vs

3UN 2.23 N13919093935UnABULIR SRl THNTUUTEENANNIAINTTY

1N3UN 2.23 LaAIN15918033933UNABULIB SLADS el TUNINUTBENANIS

Frnssd Faanuhsodadussiuliihunduasussiuliinesnlanegun 2.24

Voltage (V)

N A W

Vo = 6.19 (Laﬁa)

__________________________________________________________________________________________________________________

Time

JUN 2.24 wanisindussiuliihvidnazvisenvesasunaeuiesines
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ngUaziiulidituseiulnihuieanildainlusunsuuszandnisdminssudien
Windu 6.19 V iatigunuaksssulnidnuieanisivuall (6 V) wagaiulsafIuluaInng

AaALAARY (Error) teiniu 2.07 %

2.4.2 Msd@viMvesiatswinaounefinesmelUsknsuUssgnan1Imn sy
lun1sdnaeasasnatsudnaouiosinasneluswnsuyuseynaniaicingsy
aunsnivannguinsatsninaounesiwestiwu inussyndldlunisesniuuisasiay
fsuald wsesulwihandn (V) wihdu 12 v, ussuladianeen (V) Wiy 30 V, panud
(f) WU 25 kHz, mMdnTInIsnIzfienvewsssulniiviesnyiiu 1%, wavAmdnsdiuves
vsfouvasluin (n) WA 3 wh uenanntiuasnsafm AR loAa (D), ArAIATIEILn
ﬁﬁ?ﬁ'ﬁqm (Lonmin) BaZAWLAUYSZRINAN (O) Teian (2.45), (2.52) waz (2.54) auadiu lny

a Yo Al
ANUTOLANITIEaLBanURIgUNI0llAGINNSI97 2.8

A ° Y Ao o & ¢ ¢
M139% 2.8 mimmmmLLUiVla”lmnyU’Nﬁ]'inElLL‘UﬂﬂaulﬂaiLma’i

faulsineates ek Afisunadld Afidenld
ANUAUMUlan (R) R== 58.30 Q 59 Q
/O
N (1=DV,. N,
fnlada (D) = X— 0.49 50 %
Y N,
ALANeUILAaN (L) 41.6 pH 47 pH
(/Lm - /Lm,min)
o | B Nl 1 1
dnsndruntianlashuiln (n) n=-— — —
N, 3 3
_ D
Franuuszgliih (© . Av, ; 33.8 uF 47 uF
VO

NATRLAAINITAIIUATILUTAN 9 AlFluraswarsuineounesines Tslu

nsaenRsialaenidgunsalnidn

a3193993laragun 2.25

NUYNI

'
1 o

lUlpedlanlnaPesiuAIfAuIla taganunse
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D
T1
>
1N4148
Ly L, ;:C R
y 47u 470u 47u < 59
in
C
12
}7
. Q
[
Vowm

JUN 2.25 m3draenasiianeulnpeuneiinesmelusunsuussendnialminssy

n3UN 2.25 Weannluldsunsudssgnimadmnssulatinsldgunsainsieutas
Infnaiiow (T1) Tun1sanasanisyineny leaaunsainaiwsesulninaditasvneansie

iwsasdioTauseiulii lnvaunsouanisneasidealanagui 2.26

Vo = 30.44 V (1230)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Voltage (V)

———————————————————————————————————————————————————————————————————————————————————————————————————————————————

Time
JUN 2.26 nan1sindussiuliihvidiwasusenveniasansudnasuiefines

ngUaziiulddtusedulnihueanildainlusunsuussandnidminssudien
Wi 30.44 V diadisuiuaiusenulniivieeniinmualimindu 30 V aiuansanuin

ANANLAANMLAABY (Error) tenvinfdu 1.45%
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2.5 2550UN55UI5ITMNYIVD9

A Yy v & 1 ) aa g v s I
ﬂ']ﬂ‘VlﬂaTﬂ'JGU'Nmu ‘UgLVTJ?WQQQ?%UW@@@IWLL@@@@Lﬂuﬂ'ﬁﬂﬁgqﬂﬁﬂsﬁ']\‘miﬂaunaiW]'E]i

v ]
av aa ¥ 1

Tumsviau FalddnisAnwfumnegiunsvate seuuddinuideiieidessig 9 vnune
onfegaTu Wang, Y, et al [2] Wnussdeyauazmaluladfifetesiunasalnieads
Falitefe orgnslinuienuiu Ussansnmmsdesainegs Wulinsiudaneden 1Husu
Ingaaautidandngduiusiumaiavensasiuiiunldlunsiay snfegiay
Wwialla PFC DC - DC converter, Current balance, SMPS, Capacitor less Wusu ﬁqﬁ’ms
FunaenldiinsnaaeunuansgIu IEC 61000 wa Energy star SsiiansaunluFosase
asfisuvesnsuasnsludn uazardlsznoumaslaih uenainiu Villanueva, 1, et al
1491 lFUFsuiisuasastudiviunanalvueadiiidgeauin 546 Yad fuasasin
Aounefnosuarsaslarsutnaeunedines lusuvetengmslinulazanudumaniiens
Aatulunsldan §98198990u1A551U MIL-HDBK-217 TABNANISVAADINUT129955n
AounsNosTisAMsdenananIeatLnreuesines Fevinlidengnisldaui
717UUNTN UBNANTAY Pollock, A., et al. [50] laeanuuuwnasanglnindmsu LED vue
14 Taadf i1t lusneus Tngul3sufisunsminussuinnsasdnaeunefinefuuuily
(Conventional buck converter) uag23955nABLIIBIABFUSEANE A NgeTildeonuuuiy
(High efficiency buck converter) HanI3NAABINTI1 WATUNABULIDSMDSTlFenLUUTUS]
UsyAnEnmivindu 95% Fedidnfiuduaindia 3% 309 Jane. G. C, et al. [51] 1§vinnns

[ v a

a I 24 a 6V s 1
Wauastueadanuulrilegldinainnasuuiu (Parallel) 2925WA8LUNABULIDILADT

Y v %

2 gantmeniu Tagyadl 1 iheululnimaiuauussiulazyed 2 iaululvuenivaunssua

q

[ '
v aAaov v A a a =

aidiingusrasdiioresnisliestuiivssdnsamiiasiu wavanmnsoreouldlutag
f1&sliln 80 - 300 Yad sAndsilandaussneuidslaindftuninsasiuluu iy
uenaniudsdienisefidnvnisatumuilailseneutdsniuarensluinluiasiy
Leadh eniiegne WU Trujillo, C, et al. [14] laaunisasysuladadiusenaumasluii
diglddmiunannlilueadd lneflinguszasdifiousulssmmnmmsldndsnu Gedrasinis
yharennsin - yadneunaiweslulnuanisvhauuuuig q Semuinmshenlulue
thnszudlsliiiivey (Boundary conduction mode: BCM) Suanunsalsinanisyauiiian
uenantldvinsainssuwuundeutiainaflseneuadsliinldivigu 0992 uas
THDi  WinAu 8.84% uammnﬁ?u Cheng, C. A, et al. [52] laepnuuUINaswilausenau

Maslninlursastunaenlnweadvdalnouu F9sumadan1swA buAIRI1UsE naUATaI bW

wuulalalalonuing (Bridgeless) AU29as3laluugaNanuIndnauLIosmesnmIuiu dina
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TohasiiuszAmBamannndt 92%, Adausznaufdlniiunnnd 0.99, safsenaudiou
voenszuaensluingansiinit 8% audiiu uenainthy tend 787 Uazansz (111 14T
nsraaeuAmniiwazUseansnmvemasnUsendand sy nuimasnUsendanasanu
fuduundsiniinensludn faduanvmvesiymamninihuazdainuiisdyszney
fdsluiie vinlsesnismdslnihdueaiinarnnislwiuiuanndu lngldvinnade nnga
Fregradunasnuszniandsnuifivgluiiesmainvesussinalng lngumaaausn
LAIAINILUUNTINANTIINASANLMTEIY JEC LavINATEIUNEnSasionamnssuil 623 Tag
insidseuiieuAdiusenaumasliiinudedmunavesnisini wagyimsiseudisu
A5 LUTNANAN I IEEE 519-1992, IEC 61000-3-2 wagaanasiAg iUl UszLAY

gsuazgnamnIsuTeslsEinalng nan1sTeuigunutAesluinusadu (THDY) Al

' (%
IS =

1INNINAFBUAUNGUNABARIDENHANAUNINTIIU EEE 519-1992 TunnugiAinnuiey
voenszuasslufinnu (THD) vesviaenUszndandanuiievimuniusfifnveansgiu
IEC 61000-3-2 uonanntuAiaUsneuidslnihvemasausendandanuiiaanining
Ifinuald aguladnlunisidennasalieisaziansanseauaiasluin Adauseneu
Mdaluit nsldndsany Useansam Wusu JauinnssunanUssndandsuaansanmu
Trdandausenaumadniruazatersiufinla sauds Sohel, U, et al. la@nwinisiia
gsludinarnvaeninueadiiiridelniiauin 3 - 10 30 WU 35 naeadislsmuieni
NDINAN %ﬁmamsmmamﬁana’n%gﬂﬁﬂﬂLU"?EJULﬁwﬁ’ummgwu IEC 61000-3-2 1lagnuin

Puninanuenasnutulidnadenisiingsiuiin ueviavedasasniesdygranldluias

JUrAINanDTEAUNISHnaNSLLTNTULeY [53])

luunillanafsdoyamlvvenasaliviioueads Feusznaulumemaiialunis
BONKUY MENNITYINNIU LAENITAIUANNNTYINNILYE9RS wendnduldesuredadsnislunis
UFuUgeUseansn1nvedeas luduvesardivsenauiiaslnin wmadaluniswiluen

fusznaumaluiiuunig 9 Arensluiln 9nvielauanifiiog19n1991899N 159UV 1999

'
[ v Y A

wazuIdeiieitesivisasiunanltnweadiludiudig q Gamniideiinanndsdiudy

d' o w ' [ [ [ ' 2 o o a =
Upudanmel EJEJ']\TliﬂG]']ﬁJIUUVIO@I‘UR]%L‘Uuﬂ’ﬁﬂﬁ?’)ﬂ\‘isﬂumauﬂqﬁﬂﬁLULN'TWN

o

29AAINY

D CeNv

[

ATBUARUOINTTBBNUUUINIILATNITNAGBUNIININIUYDINAT



unN 3

YUADUNITANRUNTS

Tuuniagnanisiunounisoonuuilassadamevhaurennss uagniseeniuusns
NAAUNITNIUdMTUIIsTUnaenlniaadavuin 100 104 tagldinatinieasuily
fusznauidsliiuuuyadaeunedinesimfulsasinaounofines 1asaisutn
ABULIBSLADST kardaasUssendratuninAuUIBiADs MINEIAY TAEAIUNITOLAAILNURY

TupaUMIAINULAGgURN 3.1

sonuuuNastunasnlilueadiremaiimeasuiluiiseney
fddliihuuuyadaounesinesimeleddisaguives FAN7527

FMNITABUNDSINsTIAM

TasimenIrounesnesuiang 9
A a st & o a a
welnneinsnandululalunsaniuanuass

J

A31919TAURUULAENAABUN TN NUYBI93sIne R0

Apaudnuaienalnieg 9 9833995

J

Uuiinuan1snaassuazoius1eNanITMAaDS

vanustunasaliueadfudanig o

asunan1Inaaes

5UM 3.1 uruedunaunisaiiuau

(%

ngUazmwittuduseunsiniunuluivednusil azsuduaInnseenkuuesiu

vaonlnuoadanieled@dniaguives FAN7527 Faldnwauzn199191ULUUIITYAA
3 s o v o v o w &

Aaullesines vimthilunisunledilseneoudrdeduiuazanadiuiisuvenseua
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1N3UN 3.2 uanslasaainenisviinuvesnasuileiiusenaudidalniuuuyad
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Tuniseenuuulsasnsesdyyiasuniulidenldiesnsesainuddsiu
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Tngagyirauassdrududniviszgliia egrelsfaulioninudiaigs danasinlvian
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1349 3.1 N1seankuUNATkiluiUsEnaumadlniuuuyadneuiesines

fiankUs Usua Wi
ussauluign (v;,) 85 — 265 Vaus
ussauliaesn (V,,) 400 Vv
maalin (P, 100 W
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Famdeaslaih @) 860 pH
Fafuuszliih (© 100 uF
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3. Wnamasliieneen (P,,,) 100 W
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wsesiaguaaudy sl

(Oscilloscope)

Frianennsnag

(Differential probe)
MapALEadA 100 W 70 V

(LED lighting)

Frinuseulain . Y Yy
29950 unaBAuaadA shrimnssualvii

Volt b
(Voltage probe) (LED Driver circuit) (Current probe)
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in3pstioTeneluvnatagni o

ngulananinsindaunIedieinsne o Aldlunimegeu Felaun Minnseua
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THDi = 9.41%

Class & Status: Pass B56/858 C Tsan o
Acquisition

lin = 0.45 A Bueraging: 2

2 B0MSals

,,,,, b= _%7,77,,,,,,, W***S*{*"””"”’ TG Channels
o 200:1

””” r ”””\i””””"’ ”Féixj”””””’ e (S 1001

) \\_‘ o 2001
7 o 2001
4 ,,,,,,,,,, N S I A 77/ L Measurements

| DE AMS - FS[ 7]

4t Agilent

230
*************** ~~~~| DCAMS -FS[Z]
459mA
Bug - FS[11)
105.07W
P, = 105.07 W Fower Factor|| 0T

987m

PF = 0.99

(@)

1200V 2 200 S 4 0.0s 5.0008/ Auto E

7 Agilent
Acquisition

Bueraging: 2
2.50MSa/s

V.= 403.00
¥ Channels
oC 200:1
oc 10.0:1
0o 200:1
0 200:1
lout . 4 A Measurements
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) 403,00V
Aug - FS[Z)

244 .20mA
Bug - FS[):

Poud= 9844 W — B

fien
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o
N
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< 1
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U
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duwn afiitethunldiduddrBainnisinurerasiuasakiusasgiugenanld

Tnouansldluguil 4.2

35

30 29.61 W EC 61000-3-2 class C

[l Boost PFC converter

25

20

15

RMS current (A)

10
10 8.77

5

> 1.29 1.02 1.05 > > 1.58 ’
: : : 1.51 . .
o R P P K

3 5 7 9 11 13 15

Harmonic order (n)

SUN 4.2 NaNISNAFDUAINTEWLETISIUTNAIAUNA 3 — 15

U

AULAIFIU IEC 61000-3-2 3in class C
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Class & Status: Pass 4.173k/4.173k THD: 15.13% THDi = 15.13%

| =7 Agilent
Acquisition
Averaging: 2
0.56 |A 2 50MSars
o /, Channels
bt 10.0:1
N o 20011
- ol 200:1
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L E— O FMS - FS[1]
230V
| DC AMS - FS[2:
L 555mA
Byg - FS{ )
6 = 12358 W ot {33
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in PF = 0.94—] 536
(n)
500y, 2 1008/ = 4 0.0s 50002 Buto L
3 Agilent
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"
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A J 1.42744
v P =9931W  lmer
99, 308w

UM 4.4 Aaaudnuagnalnihvensasunluiivsenaumaslningauiuieasun

ABULIDTHABS; (N) AUIIIVBIIDT (U) AUVIBBNVDIINAT



Class A Status Pass | 0539k/1 053 ThD 1240 — THDI = 12.40%
| — i Agilent
\/i” - 23( V Acquisition
ln =048 A | “EES
,,,,,,,,,,, 2 S N S S A I S
/1.'\\ /-‘_r\\ Channels

A o (11 10.0:1
bC 200:1

bc 200:1

hleasurements

OC AMS - FS(1):

230V
OC AMS - FS(2):

478mA
Bwg - FS{V):

107 .93

981m

(M)

50.0v/ 2 1004 3 4

0.0s

50002/

Auto

S

Acquisition

Bweraging: 2

2.50M5als

x/;)LJt =
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Application Note AN4107
Design of Power Factor Correction Using FAN7TS527

1. Introduction

The FANTSIT is an active power facior comection{FFC)
controller for boost PFC applicaton which operates in the
cotical conduction mode. If turms on MOSFET when the
mductor current reaches zero and ums off MOSFET when
the indurtor corrent mests the desired ingut comrent reference
vodtage as shown in Fig. 1. In this way, the mput cumrent
waveform follows that of the mput veliags, therefore a good

power factor is obtained.

1-1. Internal Block Diagram
It copfamms following blocks.

* Ermor amplifier (E/A4)

* Zero current detection (Tdet)

» Switch ourrent sensing (C5)

» Input volmge senzing (MULT)

= Switch drive (OUT)

Imductor Peak Corrent
lnducmrc‘met P
e, ‘ I (A +,,  Inductor Average Current
fi M i II 1 R
3 -H| ||-1I1'L|-Il 1I-II III 1|_ J 4 J‘ /
AL VT
ST || | '.I'F
AT l|'|| LV T
Crating .
Sigmal

o~
] (AT
~ T
L
-
Wil =3280
L
(E-1,
-1+ o] Wit
= R - 1k
.
OYF lnmrp=t%a i
ot el Rrid S
- R LY
)

0D

Flgure 2. Block diagram of the FANTS2T
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2. Device Block Description

2-1. Ermor Amplifier and Ower Violtage
Protection Block

The senz=d and divided ouipat voltage is fedback o the emor
amphifier myverting inpa{ W) to regulate the output
vpltage The nop-imwerting inpat is intemally biased at 3 5%
The error amp outpuiEA_OUT) is infernally conmected to
the multiplier and is pmned oot for the loop compensation.
(Genemally, the conmol koop bandwidi of FFC comventer is
sef below 20Hz to zet a good power factor In this
application, a capaciter is comnected bemwssn INV and
EA_OUT. However, in case of over voltage condition, the
E’A must be sanmated low as soon as possible, but the
namow E'A bandwidth slows down the response To make
the aver voltage prodection fast, the seft OVE and dynamir

Chipul
Slage

OVP iz added. The FAWMTS2T monitors the ourent flowing
into the EA OUT pin. If the meonitared current reaches abaout
30w, the outpat of moaltiplier is forced o be decreased, dms
reducing the nput current drawm from the mains(seft OVE).
If the monitored cumment exceeds 40w, the OVP protection
is miggerad{dynamic &VF), then the extemnal power
mansistor is switched off until the owrrent falls below about
1o, In this case, if disables some intermal blocks reducng
the quescent cumrent of the chip to ImA However, if the
over voltage lasts so long that the oupur of E/A poes helow
225V then the pretection is actvated{static OVF) keeping
ibe oufpat stage and the exiermal power swiich tumed off
The operation of the device is r=-enabled as the E'A ouput
zoes back into its linsar region.

Seaiic OYF

+_‘L‘ﬁ'-'
__‘ I_

o Va
ey ﬁ—c Vref ] E,
W ) [T "'\_\_\; . ['] INY
‘£ai=i
[ . 131
Cwrreni Errer Amp
| T—— Idovp=diuhi

Figure 3. Ermmor Amplifier and OVP Block

2-2. Multiplier

A single quadrant, two inpof ooalfiplier is the critical element
that emabdes this device to get power factor comecdon. Cme
mpt of multplisr(Pm 3) is commected to an external resistor
divider which mwnitors the rectified ac line woltage The
oiher inpui &5 imiemally doven by a DC voliage which i the
differsnce betwesn smor amplifier eurpat (Fin 1) and
reference voltage, Vief. The mulfplier is desizned to have an
exmemely linear mansfer ourve over a wide dynamic range,
OV to 3.8V for Pin 3, and 225V to 6V for emor amplifier
ouipai under all bne and lead conditons.

The mvoloplisr outpat controls the omTent sense Comparmn
threshold volfaze as the ac wolage waverses simusaidally
from zeTo o peak line. This allows the mdwcior peak cumrent
to follow the ac hne thus forcing the average mput owment to
be simuspidal. In ocher waords, this has the effect of forcing
the MOSFET an-time fo rack the input line veltage,
resulting in a fixed drive oufput on-time, thi: making the
pre-comverer bad appear to be resistive o the ac line.

The equation below describes the relatdonship betvesn
mmltiplier gutpat and its inpars.

Vmo =K = Vml = (Vm2 - Vref)

Viml: Voliage at Pm 3

Vm2: Emmor amp autput voltage

Vmo: Multiplier eutput velage

B F R e D L2
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¥ml| Veel-Veel+25V
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Errar g
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B

Figure 4. Multip

2-3. Current Sense Comparator

The cumrent sense comparator adopts the RS latch
confizuration to ensure that only a single puls= appears at the
drive ouiput dormz a given cycle. MOSFET dmin oument is
sensed sz an extamal ssmse resistor in semes with the
external MOSFET. When the sensed veltage exceeds the
threshold set by the muoliiplier oufput, the cuirent sanse
comparator pams off the MOSFET and resets the PTWM
latch The latch insures that the output remams in a low state
afier the MOSFET drain current falls back to zero.

The peak inductor curent undsr the normal operating
condition iz conmoll=d by the muoliplisr owtpnt, Vmo. The
abnormal operating condition ocoms GUMDE Pre-CODVErisr

m_H—

L=
EA_OUT

lier block

start-up af exiremealy high lme or as output voltage sensing is
lost. Under thess conditions, the mmltiplisr outpat and
curent sense thresheld will be mtemally clamped to 1.8V
Therefore, the maximmm peak switch current &5 lomited to:
Ipk(max) = 1BV / Bzense

In the FANT517, an internal BT filter has been included to
attennate amy hizh freguency noise that may be presant on
the current waveform. This circutt block eliminates the need
for an exrernal BT filter otherwizs required for proper
operation of the cirouit.

iC5
. 40k
L +
fpF
Bense T Current Sense
Comparator
13V
Vma

Figurs 5. Cumrant Sanss Clrcult

[TTTJEF FCPRE e e ey
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24 Zero Current Detector

FANT317 opemates as a onfical conducton cument mode
controller. The zero cumrent detector switches on the extemal
MOSFET as the voltage acress the boost inductor reverses,
Just after the ourrent throwgh the boest mductor has zone to
zero. The slope of the mductor current is indivectly detected
by menitering the volfaze acmoss an auxiliary winding and
CODNeCTng it to the zero cument detecior Pm 5.

Omee the inductor omrent reaches sround lewel, the polamty
of the volage across the winding i= reversed When the Idet

mput falls below 1.5V, the comparator eurpt i miggersd to
the low smte. To prevent false mipping. 0.5V hysterssis is

Ya

E

provided The zere ourent detector input is proteced
iofermally by twe clamps. The upper 6.5V clamp prevents
iopat ower voliage breakdown while the lower 075V clamp
prevents subsirate imjeciton An miemal curment limit resistor
protects the lower clamp mansistor in case the Idst pin iz
shorted to eround accidentally. A watchdog tmer finction iz
added to the IC to elimmate the need for an exiernal
oscillator when used m stand-alone applicatioms. The timer
provides 3 means to @M o restart the pre-convernsr
antomatically if the drive output has been off for more than
500us after the inductor current reached zero.

-

‘ 6.5V

IVl 5V

Zero Current
Dietector

Figurs &. Zera Cument Detecior Block

2-5. Output Drive

The FANT517 coomins a single tolem-pole ouput smge
dezipmed specifically for a direct drve of power MOSFET.
The drive cufpat i capable of op io 500mA peak Cwrent
with a fypical ris= and fall dme of 13003, 30ns respecavely
with a 1.0nF load Addiiomal circuitry has besn added to
keep the drive cutpat in a sinking mode whenever the UVLO
&5 active. This characteristic eliminates the need for an
extemal gate pull-down resistor. Intermal wolaze clamping
enzures that the owipar driver is always lower than 14V when
supply volage encesds the rated Ves of the external
MOSFET. This elimmatss an external zensr diode and extra
power dissipation associxted with it that otherwme is
required for the reliable cinonit operation

3. Circuit Components Design

3-1. Power stage design
I’} Boost inductor design

The boost mductor vake is determined by the minirmum

switching frequency Emitation. The minivmwm switching
frer[uzu.c'fhus o be abowe the andio Tequency.
The switching period is meagimum when the mput voltage iz
highiest at maxivum load condition. T, . & 3 function of
Vistpeaky 304 Ve, It can bave maximum value at highest Ime
ur At lowest ]me a.-:n:urd.l.ng to V. Check Tg, ... at
L] man) v then fake the h.l.g]lﬂ value
1!h.e maximum ﬂit:ﬁngpamd. The beost inductar vake
mb&ﬂh‘lﬂm&ﬂ.h} (s3]

R ]]_[pnk i H:inl'pnai'lii'n':mt:' "
=11 ‘,lnrw.klu.nl'tﬂ'l i?jn_:]“ﬂ:_m.:ml, -
_]-_:]i.n-:pq-ak:-
inipeak)
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AT

I i) | (sim{oot)

t.. = ]-__L'_:B..l.u_ = Lokl @
off WV, — simiut) V= Vi fpaiy R
3".':!:
Ltpeasy = 207 (3
alpek - v 1 pemk]
Te = tan* fan
1 AR T
= 2Li * | 141
(k) vln:[.lllhl 'Illl_""_'lllmlpilllI""mlI
- "'Luﬂllﬂlmlalf 1 . 1 1|
b I-\-'Il';'"|:=..h| ullllp-lhllvﬂl_um-p-ll.lll
Tg- = 4I-'.I'-.\"\'lllmlxl 1 . 1 .||3'|
st b I.r:'m.u..h. "'Ilrl::llIIIWC"_“mIpIIh:I.-
L= 3

l.-'ﬂm. paak) Yinlpaakl Y O in peuk

1 i |

wwl ||||n!'.ll_"" O i

1) Aumiliary winding desizn
The auxiliary winding voltage is lowest at the hizhest line.

%o the oumber of auxiliary wmding can be obtained by (7).
A small resistor is connacted to the auxibiary winding o

suppress the high fregnency rinsing voltage.
Vee - Np
2.3
{1"'-".!__1:_ m:Hl.:]'

3) Imput capaciter desizn

M

- 7
aux 1EF

The woltage ripple of the input capacitor i maxmum when
the ling i lowest and the load & heaviest. I £ 00 =7 .
the imput current can be asommed to be constant during a
switching period

"'I-l.ld max)

L1

\ I—:_pund mari

Imduactor

Cuorrent
Imput —
Carrent

£ 1

Figure T. Input Current and Inductor Current Waweform during a Switching Cyele

3 =0}
S
AN mimux] =0

{I - ﬂmmm._nnq}m

1-AW

Immex

- L- ]‘.l.‘.":nn.: i I|"':.lll.l

ﬁvn."‘l: - "'{ln:pul x|

The input capaciter muost be largst than the vahie calonlared
bry (B). And the merinnum input capacitance is limited by the
mput displacement factor{IDF), defined as IDFmcozt |
Therefors the input capacitor must be smallerthan O
caloulated by (12).

Ve =V = Vgt oosiet] (%]
i, = I cosiwt)
iy = iy Tip = Leos{wt] - ol Vi e s {wt] 140y
B = tan —Inﬂln"r'.'!lEll.: I:]l"
I )
L ~{IDEY)
y = =/ fam| | i
i) = cos ]
FATRN |
= —— 0 micos T(IDEN (12}

m‘ilr-l'.il'p-:ll. e
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AM&IOT APPLICATIGN NOTE
. . Im
Ty L:‘n T,
T - A i
; A
+ el 14 .
- i
T . PFC '
4 i Ve Circuit ,
-_ - 4] 'ra
»—»Re
o * |
. 7
| Inpil’ll.ter_ l_-l
Flgurs 8. Inpuf voliags and current displacement dus to Input filter capacliance
4 Cruipat capacitor design

The ouiput capacitor is defermined by the relation betwesn
the mput powsr and the output power. As shown m Fig. 10,
the minimm eufpat capacitance is determined by (14).

Ay Iy I,
o FFC -
- I
sal™ C, 2 ¥
L
o . |

Flgura 5. PFC configuration

P.=1 Vesirmaill — o8 {2at)) = InVg

irma}

1 I'l'ml"'rlﬂllml:
(5] Vi
= Il -cos (2mt)) (13}

[1— cos {2eth)

Ty = T 1 o inS] 2 )

S NS\

Flgura 10. Dicds current and cutput voltage wavelorm

Limas)

Oimin] z 2:!:1'" -'I|'1"'._‘:1 rmax)

5) MOSFET and diede selaction

Maminmm MOSFET rms cument is obtained by {15) and the
conducton loss of the MOSFET is caloulated by (16). When
MOSFET tums on the MOSFET ourent nises slowly so the
non on less is peglipible. MOSFET umn off loss and
MOSFET discharge loss are obtaimed by (17) amnd (18)
respecavely. The switching frequency of the critical
condorden mods beost PFFC converter vanes according oo
the ling condstion and load condition. Therefore the
switching freguency is the average valoe dunng a lme
period. The toml MOSFET less can be caloulate by (19) and
then a MOSFET can be s=lecred considering MOSFET
thermal characteristc.

C (14}

=1 " :!1—4_"';-';1;:-.- i
Lirmx Lipeak "‘"-.I'E

I
FEE

= :'\'Ij ) "'rllIi.‘.‘-nu: I:l_q"'-'IEI""m Ll 15
MWinLy 4§ #=Vy

Fl\-l = I-'\}"“" F‘.':‘ﬁuln 16k

| .
purn-cil' = E"ﬂll.lpﬂll me b £

L

:_Iz :-":h.]"'ﬂli'.t - {17
3 1'|T|.'m:_ Ly B )

4 2 ]
Pd'n:h-'g: = il:-: mn Ve " Vo- j.lln' (1B}

FMII?GEF.T = P«:n+Pl.lrn-:l'l'_Fd|l:hu1= (19}
And the MOSFET gate drive resistor i determmed by (20

Vomaz _ 16V _ aa
RH.JL = Toomy = 1202 (2]

B F R e D L2
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Diiode average omrent can be calonlated by (21). The total
diode loss can be caloolated by (22) apd then a disde can be
salected considenng diode thermal characteristic.

IDlvu = I!"_Ilrr-.lcl (21]

FI:I':'\II l"III'Il:Il'\ulu (22)

3-2. Control circuit design
1) Cytprar wolmee sensing resistef and fesdback loop desimm

E, iz determined by the maxinmm outpat over valtage,
AV and R is determined by (23).

By _Vpo23. Aoy
]_‘. 13 40p4
1R,
= (23]
TR '

The feedback loop bandwidth must be nammower than 20Hz
for the PFC application. Thersfore a capacitor is connected
between INV and EA_OUT to eliminate the 120Hz rpple
vpltage by 40dB. The emor amp compensation Capaciter can
be cabrulated by (24). To improve the power factor, Coy
ozt be increased than the calkoulated value. And to mprove
the sy:tem response, Coy, Dst be kowered than the
caloulared vahe.

= 1 2
Ceamp = 537 2= 120H: Ry L)
1) Zeto current detection resistor design
Idet current should be less than 3mA. therefore zero current
detection resistar is determined by (25).

HIIII ) "‘rl\.'.\
Baa® N, 3mA
3) Seart-up cirouit desipn

Ta start up the FANTS2T, the start-ap current mst be
supplied throngh a start-up resistor. The resistor value is
caloulated by (28] and (27). The s@nf-up capacitor must
supply IC eperating cument before the auxiliary winding
suppliss IC operating cument maintaiming Voo woltage
hizher than the TVLO voltage. Therefore the start up
capacior is desigped by (28).
-V
B"GT - _I.IL'H.II_I:I.I.D.._I..LI.LI.I:I.I.'I (28]}

]‘G max

PFI- 1' inirma “‘“IL{I W (271

Ix- i m_lﬁTlrr.I '

4) Line voltage sense resistor and CuTent sense resistor
dezizn

The maxivmm line voliage sensing gain is dstermimed by

(1) at the highest lins.

Cor2

v =V o Hiaz
PIHE = ¥ malpeak e} g_ml—g_m_
=V -iG < 1EW {27

i pcak man) mlmax |

Caleulate the pin 3 voltage at the kwest line using &, .
by (30). Then the curTent sense resistr is -ﬂ.etarm.l:u.eh
(317, (31) and (34). Once the owTent sense resisior is
determined, then the minimum line volfage sensmz gaim
Gy 15 determnined by (31).

B
o [Erd | . -
"rl::ll:m;- =K '."Iﬂr|l=ll_llli'. m’ﬂrn:"m“r 2%
il inl
B - 1'r|.|'||l.:- _ v ) B::u'.ll
e Il.l:p-:lh_mul Infpeak_min) F=‘:nl. +E|u!
STy _TI".IIII“II:IL mank an
* Vo loymaz)
nv
..:"M': 1.8V = LEV mlp:ll. mm 032
I|.|p-:ll man O max)
Pa |:—|—;'—” Lo R <IW  {33)
semag m|p:|l. wmin}) sEnsg

o 1w ) nv:n'El mm!\r (34
woaps - 2 Yoltmes |

And attach 1nF capaciter in paralle] with B2 to reduce the
switching npple voltage.

4. Design Example

A 100% comeerter 1= desizned to Ulnstate the desizn proce-
dure. The syst=m parameters are a3 follows.

* Mamimum ouipat pewer - 100W
* Imputvoltage mnge - 23Wrme-265Wmms

= {hrput voltage T 400N
= AC lins frequency  © G0Hz
= FFC efficisncy - Al

* Minimom switching freqguency : 34kHz
* Imput displacement factor{IDF) : 0.98
= Imput capacitar rpple volage @ 24V

» Chatput veltage ripple © 8V

= VP sef voltage - 430V

4-1. Inductor design

The beost inductor is determined by (). Calonlate it at bath
ibe lowest lme and the highest line and choose the lower
vahe. The calculated value is 386uH To g=t the calolate
indurtor vahee, ET3025 care is usad and the primary winding
is 62 fums. The air gap s 0.5586mm at both leps of the EI
core. The auxiliary winding &5 determined by (7) and the
anxiliary winding is 5 mums.

4-2_ Input capacitor design
The minimmm inpar capacimnce s determinad by the input
valtage ripple specification. The calonlated minimum inguat
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capacitor valoe is 0. 35uF. And the masinmm inpu
capaciance is resmicted by IDF. The caloulated wvakhe is
0.75uF. The selected value is 0.6TuF for the inpat
capacitor|sum of all capacitors connected o the mput).

4-3. Output capacitor design

The minimmm ouipat capactior is defermined by (1) and the
calculated value is B3uF. The selected value is 100oF
CApaCHor.

4-4. MOSFET and diode selection

By (15~(19), 300064 MOSFET FQPEN5] is selected and
by (210(23), and 1000%/1A dicde BYWV2SE is selected by
(2123).

4-5. Output voltage sense resistor amd
feedback loop design
The upper oufput voltage sense resistor is 1. 20D and the
boftom ouiput veltage sense resistar is TkO plos 10k0D
variable resistor. & vanable resistor is used m adjust the
ouipat voliage. The emor amp compensaiion capaciance
must be larger than 0.11uF by (24). Therefore 0.33uF
Capacior iz nsed.

4-6. Zero current detection resistor design
The calculate value is 43002 and the selected valoe is 22k(1

4-T. Start-up circuit design

The maximmm start-up resistor is 1 ¥} and the mininmm is
14080 by (28)--(27). Onr selecton is 150kL} And the
start-up capacitmee muast be larger tham 10.6uF by (28). The
selected value is 4Tuf.

4-8. Line voltage sense resistor and current
sense resistor design
The maximum ioput valtage sensing gain & defermmed by
{297, Using the calculated value, the oument semss resistance
is determimed by (31). (32) and (34). The maximum oorent
semse resistance is 04500 and the selected walue &5 0200
Then the mininmm mput volfage sensing gain iz determined
by (30). If we choose the input voliaze sense botiom resistor
to be 13kL) then the mamimum inpuat veltage sense upper
resisance and the mimimom nput veltags sense upper
resistance can be obfamed from Gy, and &
The selected vahoe is 2. 7ML
Fig. 11 shows the designed application cincuit diagram and
table 1 shows the 100W demo board compoenents st

fmax ) -
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Figurs 11. Application circult diagram
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TL494 Pulse-Width-Modulation Control Circuits
1 Features The TL484 device contains two emor amplifiers, an

Complete PAWM Power-Control Circuitry
Uncommitted COutputs for 200-mA Sink ar
Source Curment

Output Control Selects Single-Ended or
Push-Pull Cperation

Internal Circuitry Prohibits Double Pulse at
Either Output

arakble Dead Time Provides Control Over
Total Ramge

Internal Regulator Provides a Stable 5-WV
Refersnce Supply With 5% Tolerance
Circuit Architecture Allows Easy Synchronization

2 Applications
= Dweskiop PCs
Microwave Owens
Power Supplies: AC/DC, Isclated,
With PFC, = 80 W
Server PSls
Solar Micro-Inverters
\Washing Machines: Low-End and High-End
E-Bikes
Power Supplies: ACIDC, |solated,
Mo PFC, < 90 W
Power: TelecomServer AC/DC Supplies:
Cual Controller: Analog
Smoke Detectors
Solar Power Inverters

3 Description

The TL4%4 device incorporates all the functions
required in the construction of a pulse-width-
modulation (FWM) control circuit on a simgle chip.
Designed primarly for powsr-supply control, this
device offers the flexbility to tailor the power-supply
control circuitry o a specific application.

on-chip adjustable oscillator, 3 desd-iime  control
(DTC) comparator, 3 pulse-steering control flip-fiop, a
5V, 5%-precision regulator, and outpui-controd
cirzuits.

The emor amplifiers exhibit a common-mode voltage
rangs from —0.3 WV to Vo — 2 V. The dead-time
control comparator has a fiwed offset that provides
approcimately 5% dead time. The on-chip oscillator
can be bypassed by terminating BT to the reference
putput and providing a sawtooth input to CT, or it can
drive the common circuits in synchronous multiple-rail
power supplies.

The uncommitted output transisiors provide either
comman-emitter or emiter-follower output capability.
The TL484 device provides for push-pull or single-
ended output operation, which can be selected
through the output-control fumction. The architecture
of this device prohibits the possibility of either cutput
being pulsed twice during push-pull operation.

The TL484C device is characterized for operation
from 0°C to TOC. The TL484] device is charactenzed
for operation from —40°C to B55C.

Device Information'®

PART HUMEER PACK.AGE (PN} By HFE
BOIC [§6) 550 mmE 35 mm
T FOF (18) 13,30 e ¥ 6.35 mm
BOP (18] 1030 mm X 5.30 mm
TEEOF (18] 5.00 mm £ 4.40 mm

{1} For all avallable packages, see the orderable addendum at

e and of Me data shest

4 Simplified Block Diagram

An IMPORTANT MOTICE at the and of this dats sheet addrecses avalaolity, wamanty, changss, Use In safety-critical applications,

) Imedectual property matters and other Important dsclalmess. PRODUCTION DATA.
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6 Pin Configuration and Functions

D, DB, N NE, OR PW PACKAGE

TOF VIEW)
1+ 1 w 16 |] 2144
1= 2 15 [] 21
FEEDBACK[| 3 14 || REF
oTC [+ 13 || QUTPUT CTRL
cTs 12 ] Wi
RT[|s n [ cz
e 19 ]] E2
cila ER IR =g
FPin Functions
FiN
TAE ey TYPE DESCRIPTION
1IN+ 1 [ Moninverting Ipu to e ampimer 1
1IN- 2 [ Irarting Inpat b error ampifier 1
M+ 15 [ Moninverting Input o eroe ampimer 2
M- 15 [ Irwarting Inpat to ermor ampiner 2
1 & o Coliacior terminal of BJT ouiput 1
2 11 o Coliacior tesminal of BJT ouiput 2
CT 5 — Capacitor temminal usad to et cecliaton Trequency’
oTC 4 [ DeacHime coninol companator Input
Ei ° [+ Emitier terminal of BT output 1
E2 10 [+ Emitier terminal of BT output 2
FEEDSACK 3 [ Input pin for feedback
ND 7 — Gmourd
TRt 13 I Selects Bngle-andedinaralel output of pUsh-pul operaton
REF 14 [+ S refierence requiator output
RT & — Resision termingl used to sat osllator frequency
Vee 12 — Posiive SUppiy

Copyright & 1553—017, Texas Insinuments Inconporaied

Product Folgier Links: TL4GS

Sutymit Docuimentation Fesdback
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T Specifications
74 Absolute Maximum Ratings
over operating fres-air temperature range {unless otherwise noted)™
MIN MAX| UNIT
Wee Supply voltaga™! 41 v
v, Ampifier Input volage Ve +03] W
Vo Coliectior ouiput voliage 41 v
I Coliecior ouiput curment 250 ma
Lead femperature 1,6 mm (1716 Inch) from case for 10 seconds 280 “C
| T Siorage iemparaiure range -£5 1= ¢
[1) Stwesses beyond hose Isted under Absoiute Madmum Ratin CaUsS pEmanent dam the gevice. These are siTess ratings
only, and funclional oparation of the devica at thess o any of -:::n::rtlurs rﬁnsd under Recommendead Cperating

Condiizns Is not Impled. Exposure o absolute-maximum-ratied condlions: for extenged penl:-:ls. may affac device relablity.
[2) Al voit3gEs are With respedt 1o the network ground temminal

7.2 ESD Ratings

MAX UNIT
Human body model (HEM), per ANSIESDAEDEC J5-001, al pins 500
Wipsy  SecimEialc dschage Charged device model (COM), par JEDEC specifcation JESDR22- W
¢ 200
101, all pins
7.2 Recommended Operating Conditions
MIN Max|
Ve Supply voitags 7 ol v
v, Ampifier Input woltage 03 Ve =2 W
WV Colecion ouiput voliage 40 v
Collecion ouiput current (gach transiston) 200 ma
Cument Into Teedback temminal 0.3 ma
Tt Oscllahor frequency 1 30| kHz
Cy Timing capacior 047 10000 noF
Ry Tirming resistor 18 500| kO
TL434C o 7
T, e free-air bem 2 "G
& Cipering P TLAD4 —40 ES
7.4 Thermal Information
ower operating free-air temperature range (unless otherwise noted)
PARAMETER TLAS4 UMIT
o DB N NS PW
ju]
Fo %""‘ 73 & &7 £4 108 W
(1) Maximum power diss) = 3 function of T4max), 6., and T, The maximum allowabie power dissipation 3t any allowable ambient
temparatrs s Jiman) — T, { 8, Operating 3t the absolute maximum T, of 150°C can afect rellabilfy.
{2) The package ihermal Impedance |s calculated In dccordance with JESD 51-7.
4 Submt Documentadion Feedback Comnght & 1583-20H7, Texas Insrumanis InCoporied

Froduct Folger Links: TL&04
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7.5 Electrical Characteristics, Reference Section
ower recommended operating free-air temperature @ange, Vee = 15V, f= 10 kHz junless othensize noted)

TLE34C, TLAS
PARAMETER CONDITIONS
TEST 5 N TIPS MEX U
Output voitage [REF) = 1 MA 475 § 535 W
Input reguiation Vee=TViDd0W F 25 m
Cuiput regulation o= 1 ma o 10 ma 1 15 m
Dutput voitage change with iemperature AT, = MIN o MAX z o] men
Short-clrcutt outpat cument ™ REF=0W 25 mA
{1) For conditions shown as MIM or MAX, use the appropriate value specifled under recommendisd operating condiions.
[2) Al typical values, exsapt for parameter changes With temparature, are at T, = 25°C.
{3) Duration of short cincult should not excesd one second.
7.6 Electrical Characteristics, Oscillator Section
C; =001 wF, R; =12 kQ {see Figure 5)
TLAG4C, TLASA
PARAMETER TEST CONDITIONS ™ UHNIT
MIH TYP®  MaxX
Frequency 10 KHz
Standard deviation of freguency ™ All walues of Ve, Ty, Ry, and T, constant 100 HiHz
Frequency change with voilage Vop =T VI040W, T, = 25°C 1 HElHz
Frequency change with iemperature AT, = MIN 1m MAX 10| HziHz
[1) For conditions shown 35 MIN o MAX, U2 the approprate value specifled under recommentisd operating condtions.
[2) Al bypical values, except for parameter changes with temperature, are & Ty = 25°C.
3 asure of the statlstical disrbution aout the mean as deved from he fomnula:
[4) Temperature coeMdent of iming eapacior and timing resisior are not tEken INo 3ceount.
7.7 Electrical Characteristics, Ermmor-Amplifier Section
Siee Figure &
B ER TEST TLA3AC, TLASA uRIT
MIH TYPT paax
Input ofset woliage Vo [FEEDBACK) = 2.5V 2 10 my
Input offset cument V,, [FEEDBACK] = 2.5V 35 250 A
Input bias curment V,, [FEEDBACK] = 2.5V 0.z 1 udl
Common-mode Input voliage @nge | Ve =TV iD S0 W DIt Vee—-2 W
Dpen-oop voitage ampiflcation Ao =3V, Va=05Vi0 35V, R =2kD 0 g5 dB
Unity-galn bandwidth Vo=05Vio35V, R =2k 800 iHz
Comman-mode refecion rato AV =40V, T, - 25°C 65 ED a8
Cutput sink curment [FEEDEACK) Vg = —15 MW b3 -5 W, V (FEEDBACK) = 0.7 03 o7 mA
Cutpart souree curent (FEEDBACK) | Vg = 15 mv 10 5V, W (FEEDBACK] = 3.5V -2 mA
[1) Al bypical values, exsapt for parameter changes with temparature, are at T, = 25°C.
Copymight & 1323-2047, Texas Instnuments. Incomorated Subsmitt Documeniaion Feedback H]

Froduct Folger Links: TL404
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7.8 Electrical Characteristics, Output Section
PARAMETER TEST CONDITIONS MIH  TYP Max| U
Colector off-state curment Vg = 40V, Vpe =40V ] i
Emittar off-5tate current Vo=V =40V, Vg =10 -100[ A
) Common amitter Vg =0, |z = 200 mA 1.1 13
Colecior-Smimer SO WA e e Wit oy = 15V, Iy = —200 mA 15 75| ¥
Cutpat ool Input current W= 35| ma
(1) Al fypical values, SXospt for tempenature coemMoient, are at T, = 257C.
7.9 Electrical Characteristics, Dead-Time Control Section
Siee Figure 5
PARAMETER TEST COMDITIONS MIH_TYP"  Max|  ulIT
Input bias curment [DEAD-TIME CTRL) W =010525V -2 -0 uA
Medmum duly cycle, each output :Er—TAD-E l;‘lm: CTRL) = 0, Ty = 0.01 wF, 5% _
) Fem muty cyde 3 32
Input Mresnold volage [DEAD-TIME CTRL v
put age [DEAD- ! Wadmum dudy cyce 1
(1) Al fypical values, SXospt for tempenature coemMoient, are at Ty = 257C.
740  Electrical Characteristics, PWM Comparator Section
See Figure 5
PARAMETER TEST COMDITIONS MM TYR"  pax|  uwm
Input Mresnold wolage [FEEDEACK) Fern outy cyie 4 45 v
Inpit sink cament [FEEDBACK) V [FEEDBACK] = 07 W ENE mA
(1) Al fypical values, SXospt for tempenature coemMoient, are at T, = 257C.
741 Electrical Characteristics, Total Device
PARAMETER TEST CONDITIONS MM TYPY UNIT
j Ry =V, Vep = 15W 6 10
Standby Supply curmerit Al imer Inputs and outputs open Vog =40V a 5| ™
AWErage supply current Vi (DEAD-TIME CTRL) = 2 W, 562 Figure 5 75 mA
(1) Al fypical values, SXospt for tempenature coemMoient, are at Ty = 257C.
742 Switching Characteristics
T,=25°C
PARAMETER TEST COMDITIONS MM TYR"  pax|  uwm
Fise time 100 200 s
Common-amither configuration, See Flgune 7
Fal fime 100 s
Fise time I coe Flows B 100 200 s
Fall time Emiterfullwer comguratan, = a4 10| s

[1) AN typical values, excapt for temperabure coefMdent, ane at T, = 25°C.

E Submit Documeniation Feedback

Comyright © 15832047, Texas Insruments InCoporiesd
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7.13 Typical Characteristics

T 100k — 1w T
! Ve = 15W T Vee=15W
g 40k ri = Ty =25°C m M A= 3V
; RN ™ Ta=25C |
4 0.001 pF 8 \
§ § N
i !
! : N
; E - N
& 2 40 \
g ¥
w — = 5
B = Cr=1uF == = <

- - :
g &0 =] =] =l \

-] <] 10 \

" 10 [T, I 0
= 1k 4k 10k Ok 00k L0k 1M 1 10 i 1k Wk 100k 1M

f= =H
Ry - Timing Resistancs - 0 Froquency = Hz

Frequency varation (A7) Is the change In osciliator frequency

that nocurs ower the full temperatune r@ngs.
Figurs 1. Dscltator P e aE y Varist Figurs 2. .ﬂ.mpdlmrxltagn Amplfication
U]

Timiing Reslstancs Fraquancy
— B0
_,___,_,—'-d—F.——F "--.__\
F
ey £
T i o
F0 g
§ 1
[ §
B2 3
&
! / =
= 1 ||'I
L]
@ .III 0 10k 100k 1™
11} 10 20 f = Frequenoy = |Hz)
Wy = Input Voltage = (mi)
Flgure 3. Emor Amplifier Transfer Characisrstics
L Pl Figurs 4. Ermor Ampiifier Bods Plot
Copyright & 1353017, Texas Insinuments. Rcomorated Submit Documendation Fasdback T
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& Parameter Measurement Information

Ve =18V
12 % 15012 180 O
v W 2W
[+
4 [
Test | — | OTC ci #— Output 1
Irpts ! | peepmack el ol
12 el & 1" =
AT o2 DOutput 2
L 001 uF —
- 1
2 TiH+
1iN- Error
16 2N+ | Amplifiers
J_- LL] P
13 puTeuT pep 14
CTRL
L GHD
EﬂMET J_
T
TEST CIRGUT

e | s 1 1
R I o O
<= ANV NN

Threshold Volage ————

FEEDBACK |
0TV |
Duty Cycle - WA b— 0% —
VOLTAGE WAVEFORMS
Figure 5. Operaticnal Test Circuit and Waveforms
B Submit Documentstion Feedback Copyright © 13833017, Tawas Instruments Incorporated
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Parameter Measurement Information (continued)

Ampl thor Undar Test

W [ FEEDBACK

OUTPUT VOLTAGE WAVEF OFM
HOTEA: Cpindudas pmbe and jg capacitanca.

Figure 7. Common-Emitter Configuration

15W

— 1 [ FH]
CL=16pF == W
a—
TEST CIREUIT GUTEUT VOLTAGE WY EFGRM

WOTE &z Oy mcludas pmba and jig capa dtana.

Figure 8. Emitter-Follower Configuration

Ciopyright & 1853-2017, Texas Insirumanés. incorporaied Sutwmit Documentation Fesdback g
Product Folder Links: TL4R4
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9 Detailed Description

9.1 Owverview

The design of the TL484 not only incorporates the primary building blocks required to control a switching power
supply, but also addresses many basic problems and reduces the amount of additional circuitry required in the
total design. The TL484 is a fived-frequency pulse-width-modulation (FWM) control circuwit. Modulation of output
pulses is accomplished by comparng the sawtooth waveform created by the intemal oscillator on the timing
capacitor (CT) to either of two control signals. The cwtput stage is enabled durimg the time when the sawtooth
voltage is greater than the voltage control signals. As the control signal increases, the time during which the
sawiooth input is greater decreases; therefore, the output pulse duration decreases. A pulse-steerng fip-flop
alternately directs the modulated pulse to each of the two output transistors. For more information on the
operation of the TL454, see the application notes located on ti.com

9.2 Functional Block Diagram

OUTPUTCTRL
{=oa Funcion Table)

13

10 L €1
Doadl=Thima Controd I 8
=01 Vo Comparator E1

ore | b 4

11RO B E2
1IH—2—_ I Puls e-Swmaring
Aiip-Flop

- Error Amplifior 2 12 Voo
FNR LI |
an-18 | i Refaranca LI
Regulator
T

|r—{I} GHD

3 Y

FEEDBACK 0T ma

9.3 Feature Description

9.3.1 5V Reference Regulator

The TL484 intemal 5-V reference regulator output is the REF pin. In addition to providing & stable reference, it
acis as a preregulator and establishes a stable supply from which the output-control logic, pulse-steering flip-flop,
oscillator, dead-time control comparator, and PYWM comparator are powered. The regulator employs a band-gap
circuit &s its primary reference to maintain thermal stability of less than 100-m\ vanation over the operating free-
air ternperature range of 0°C to 70°C. Short-circuit protection is provided to protect the intemal reference and
preregulator; 10 mA of losd cument is awvailable for additional bias circuits. The referemce is intemally
programmed to an initial accuracy of £5% and maintains a stability of less than 25-mV vanation owver an imput
voltage range of 7 W to 40 V. For input voltages less than 7 W, the regulator saturates within 1 W of the input and
tracks it

i0 Submit Documeniation Feedback Copsright © 19832017, Texas Instruments Incormorated
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Feature Description {continued)
9.3.2 Oscillator

The cscillator provides a positive sawtooth waveform to the dead-tirne and PWM comparators for comparison to
the various control signals.

The frequency of the oscillator is programmed by selecting timing components Ry and Cr. The oscillator charges
the external timing capacitor, Cq, with a constant current, the value of which is determined by the external timing
resistor, Ry, This produces a linear-ramp voltage waveformn. When the voltage acmss C; reaches 3 W, the
oscillator circuit discharges it, and the charging cycle is reinitiated. The charging curment is determined by the
formula:

awv
lesimes = o—
Ry (1)
The period of the sawtooth waveform is:
V=G

lennmes (2)
The frequency of the oscillator becomes:

1
foee =5———
Ry =Cq

T=

(3)
Howrever, the oscillator frequency is egual to the output frequency only for single-ended applications. For push-
pull applications, the output frequency is one-half the oscillator frequency.
Single-ended applications:

1

F‘E] H'l:'| I4I
Push-pull applications:
fom—
2Ry Gy (5)

9.3.3 Dead4ime Control

The dead-time confrol input provides control of the mimimum dead time (off ime). The output of the comparator
imhibits switching transistors Q1 and Q2 when the wvoltage at the input is greater than the ramp voltage of the
oscillator. An intemal offset of 110 mY ensures a minimum dead time of ~3% with the dead-time control input
grounded. Applying a voltage to the dead-fime control input cam impose additional dead time. This provides a
limear control of the desd time from its minimum of 3% to 100% as the input voltage is vared from 0 V1o 3.3 W,
respectively. With fullrange control, the output can be controlled from external sources without disrupting the
emmor amplifiers. The dead-time control input is a relatively high-impedance imput (), < 10 pA) and should be used
where additional control of the output dufy cycle is required. Howeever, for proper control, the input must be
terminated. An open circuit is an undefined condition.

934 Comparator

The comparator is biased from the 5V reference regulator. This provides isolation from the input supply for
improwed stability. The input of the comparator does not exhibit hysteresis, so protection against false tiggering
near the threshold must be provided. The comparator has a response time of 400 ns from either of the control-
signal inputs to the cutput transistors, with only 100 mV of overdrive. This ensures positive control of the cutput
withim one-half cycle for operation within the recommended 300-kHz range.

Ciopyright & 1953-20117, Texas Insiuments Incorporaiad Sutymif Documentation Fasdback i
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Feature Description (continued)

9.3.5 Pulse-Width Modulation (PWM)

The comparator also provides modulation controd of the output pulse width. For this, the ramp voltage across
timing capacitor Ty is compared io the control signal present at the output of the emor amplifiers. The timing
capacitor input incorporates a seres diode that is omitted from the contral signal input. This reguires the control
signal (emor amplifier output) to be ~0.7 VW greater than the woltage across Cq to inhibit the output logic, and
ensures madimum duty cycle operation without requiring the control voltage to sink to a true ground potential.
The output pulse width varies from 87% of the perod to 0 as the voltage present at the emor amplifier output
vares from 0.5 W to 3.5 V, respectively.

9.3.6 Error Amplifiers

Both high-gain ermor amplifiers receive their bias from the V| supply rail. This pemits a common-mode input
voltage range from —0.3 W to 2 W less than V). Both amplifiers behave charactenstically of a single-snded single-
supply amplifier, in that each cutput is active high anly. This allows each amplifier to pull up independently for a
decreasing output pulse-width demand. With both cutputs ORed together at the inverting input node of the PAWM
comparator, the amplifier demanding the minimum pulse out dominates. The amplifier outpuis are biased low by
a cument sink to provide maximum pulse width owt wihen both amglifiers are biased off.

9.3.7 Output-Control Input

The output-control input determnines whether the cutput transistors cperate in parallel or push-pull. This input is
the supply source for the pulse-steenng flip-flop. The output-controd input is asynchronous and has direct controd
ower the cutput, independent of the oscillator or pulse-steering flip-flop. The input condition is intended to be a
fined condition that is defined by the application. For parallel operation, the ocutpui-comtrol input must be
grounded. This disables the pulse-steering flip-flop and inhibits its outputs. In this mode, the pulses s=en at the
output of the dead-iime control/PWh comparator are fransmitted by both cutput transistors in parallel. For push-
pull operation, the ocutput-control input must be connected to the intemal 5V reference regulator. Under this
condition, each of the output fransistors is enabled, altemately, by the pulse-stesring flip-fop.

9.3.8 Output Transistors

Two oulput transisiors are available on the TL484. Both transistors are configured as open collector'open
emitter, and each is capable of sinking or sourcing up to 200 mA. The transistors have a saturation voltage of
le=s than 1.2 Vin the common-emitter configuration and less than 2.5 W in the emitter-follower configuration. The
outputs are protected against excessive power dissipation to prevent damage, but do not employ sufficient
current limiting fo allow them to be operated as cument-source cutputs.

9.4 Device Functional Modes

When the QUTPUT CTRL pin is tied to ground, the TL484 is operating in singleended or parallel mode. When
the QUTPUT CTREL pin is tied to Vges, the TL484 is operating in nomnal push-pull operation.

12 Submit Documeniation Feedback Copyright © 19832017, Texas Instruments Incomponated
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fdu | Busau Fwazden W | 51A/%UE | 51A0

1 F1 Fuse 2A / 250V 1 10 10
Varistor diameter 10mm, 275Vac (RMS),

2 R1, R2 2 3.18 6.36
2500 A
Metallized Polypropylene Film Cap 0.33uF

3 C1, C2 2 5.75 11.5
/ 275 Vac + 20%, X2 Class
Common Mode Suppression Chock 18mH /

4 T1 1 42.84 42.84
0.8A
Ceramic Disc Cap 2.2nF /250 Vac, £20%

5 C3,Cd 2 2.06 4.12
Safety Standard Recognized
NTC Power Thermistor 20Q + 20% for

6 NTC 1 1.91 1.91
Inrush Current Limiter
Diode Single Phase Bridge Rectifier 800V /

7 B1 1 592 5.92
2A
Metallized polypropylene flim Cap. 0.1uF /

8 C5 1 4.55 4.55
630 Vdc
PTC Thermistor 220Q + 30%, 500 VAC 400

9 PTC 1 3.79 3.79
mA

10 R3 R1/4w5% 1.8 M 1 0.18 0.18
E-Cap GS Series 100uF/-50 Volt 40°C to

11 cr 1 1.29 1.29
+85°C

12 Rd R1/4w 5% 18k 1 0.18 0.18
Metallized Polyester Film Cap 1.0uF/

13 c6 1 3.66 3.66
63Vdc, +5%

14 R5 Riw 5% 150k 1 1.45 1.45
HIGH-SPEED SWITCHING DIODES 100V /

15 D2,D3 2 0.029 0.058
200mA

16 R11 R1/4w 5% 22k 1 0.18 0.18

17 T1 PFC TRANSFORMER 0.8mH 1 200 200

18 R10 R1/dw 5% 10E 1 0.18 0.18

19 IC1 Power Factor Controller 1 12.61 12.61

20 Q1 Power MOSFET N-Channel 600V / 9A, 40w 1 18.16 18.16

21 9 Ceramic Multilayer Capacitor, 1uF / 50Vdc 1 6.43 6.43
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a6 Fudu UazLdYn U | 5I0V/4U | 51A0

22 R6 Riw 5% 0.5E 1 1.45 1.45
Switchmode Power Rectifiers, Ultrafast

23 D1 1 5.62 5.62
600V / 4A

24 R7 R1/4w 5% 1M 1 0.18 0.18

25 R8 R1/4w 5% 5.6K 1 0.18 0.18

26 R9 Trimpot 25 Turns, 1kQ, +10%, 0.5 w 1 19.92 19.92

27 C8 E-Cap HP Series 100uF / 450Volt 1 30 30
Off-Line Switcher, EcoSmart, 66kHz 280mA

28 IC2 1 29.43 29.43
at 230VAC;

29 D4, D5 Diode Ultrafast Rectifier 600V/1A trr 75ns 2 4.5 9

30 C13 Ceramic Disc Cap 0-1uF/50V, -20/+80% 1 0.08 0.08

31 R12 RO R1/4w 5% 2k 1 0.18 0.18

32 R13 RO R1/4w5% 18k 1 0.18 0.18
E-Cap GS Series 10uF /25Volt -40°C to

33 Ccl4a 1 0.51 0.51
+85°C, +20%, 2,000 hrs.

34 L1 Leaded Power Inductors 1500uH, 0.55A 1 10.56 10.56

35 C15 E-Cap WK Series 1000uF / 16Volt 1 2.09 2.09

36 R14 RO R1/4w 5% 3.3k 1 0.18 0.18
PWM Controllers, Pulse Width Modulation

37 IC3 1 7.41 7.41
Control

R19, R20,
38 Trimpot 25 Turns, 10kQ, +10%, 0.5 w 3 19.92 59.76
R21

Ceramic Disc Cap 0.01uF / 50vdc, -20% /

39 C12 1 0.29 0.29
+80%

41 R22 RO R1/4w 5% 1k 1 0.18 0.18

42 R23 RO R1/4w 5% 2k 1 0.18 0.18

43 IC4 PHOTOCOUPLER GAAIAS IRED & PHOTO-IC 1 29.65 29.65

a4q C16 E-Cap KM Series 10uF / 50Volt 1 0.05 0.05

45 R24 R1/4W5% 10E 1 0.18 0.18

46 D8, D9 Zener Diodes 1/2w 18V, Iz= TmA 2 0.85 1.7

a7 R25 RO R1/4W 5% 10k 1 0.18 0.18

48 D12 Ultrafast Rectifier Diode 400V / 8A 1 16.6 16.6
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a6 Fudu UazLdYn U | 5I0V/4U | 51A0
49 T2 TRANSFORMER 2.2mH 1 70 70
Power MOSFET N-Channel 20A / 500 V, 280
50 Q2 1 48.89 48.89
w
E-Cap RS Series 100uF / 100Volt -40°C to
51 C10, C11 2 411 8.22
+105°C
R16, R17,
52 R1IW 5% 0.5E 1 1.45 1.45
R18
53 R15 RO R1/4W5% 100k 1 0.18 0.18
Aluminium Heat Sink No.02239,M3-Screw
54 HEATSINK 1 28.05 28.05
Type, Size 36.5mm x-53mm x 32.2mm
55 CON2 Terminal Block 2 Pins Mini PCB 300V / 10A 1 4.09 4.09
Screw Terminal Block 3Pins, 300V / 20A,
56 CON3 1 7.49 7.49
Pitch 5.00mm
57 SINK TO247 heat sink 2 7.4 14.8
58 PCB 8.7*4 INCH (35 INCH) 1 150 150
IC Socket Machined Pin, 08 Pins, Pitch
59 SOCKET 2 4.01 8.02
2.54mm DIP Solder Type
374 902.30

a o A 1Y) Aoy a & ¢ s
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Judu

a19U S18azPen WU | /MY | 51
1 F1 Fuse 2A/250V, Time Lag 1 10 10
2 R1, R2 Varistor diameter 10mm, 275 Vac, 2,500 A 2 3.18 6.36
Metallized Polypropylene FilmCap 0.33 uF

3 c1,c2 2 5.75 11.5
/ 275 Vac + 20%, X2 Class
Common Mode Suppression Chock 18 mH

4 T1 1 42.84 42.84
/ 0.8A

5 C3,C4 Ceramic Disc Cap 2.2nF / 250Vac, + 20% 2 2.06 412
NTC Power Thermistor 20Q + 20% for

6 NTC 1 1.91 1.91
Inrush Current Limiter

7 B1 Diode Bridge Rectifier 800 V / 2A 1 5.92 592

8 c5 Metallized flimCap 0.1 uF / 630Vdc 1 4.55 4.55
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(%9)
adu | Fudou s18azden W | TIMV/MUE | 5A0

PTC Thermistor 220Q + 30%, 500 VAC 400

9 PTC 1 3.79 3.79
mA

10 R3 R1/ dww 5% 1.8M 1 0.18 0.18

11 c7 E-Cap 100uF/50Volt 40°C to + 85°C 1 1.29 1.29

12 R4 R1/ 4w 5% 18k 1 0.18 0.18
Metallized Polyester Film Cap 1.0 uF / 63

13 C6 1 3.66 3.66
Vdc, +5%

14 R5 Riw 5% 150k 1 1.45 1.45
HIGH-SPEED SWITCHING DIODES 100V / 200

15 D2, D3 2 0.029 0.058
mA

16 R11 R1/4w 5% 22k 1 0.18 0.18

17 T1 PFC TRANSFORMER 0.8mH 1 200 200

18 R10 R1/4w 5% 10E 1 0.18 0.18

19 IC1 Power Factor Controller 1 12.61 12.61

20 Q1 Power MOSFET N-Channel 600V-/ 9A, 40w 1 18.16 18.16

21 9 Ceramic Multilayer Capacitor, TuF /50vVdc 1 6.43 6.43

22 R6 Riw 5% 0.5E 1. 1.45 1.45
Switchmode Power Rectifiers, Ultrafast

23 D1 1 5.62 5.62
600V/4A

24 R7 R1/4w 5% 1M 1 0.18 0.18

25 R8 R1/4w 5% 5.6K 1 0.18 0.18

26 R9 Trimpot 25 Turns,1kQ,+10%, 0.5 w 1 19.92 19.92

27 C8 E-Cap HP Series 100ufF/450Volt 1 30 30
Off-Line Switcher, EcoSmart, 66kHz 280mA

28 IC2 1 29.43 29.43
at 230VAG;

29 D4, D5 Diode Ultrafast Rectifier 600V/1A trr 75ns 2 4.5 9

30 C13 Ceramic Disc Cap 0.1uF/50V, -20/+80% 1 0.08 0.08

31 R12 RO R1/4w 5% 2k 1 0.18 0.18

32 R13 RO R1/4w 5% 18k 1 0.18 0.18
E-Cap GS Series 10uF/25Volt -40°C to

33 Cl4 1 0.51 0.51

+85°C, £20%, 2,000 hrs.
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(20))
dwu | Budu | waziBen U | /mdle | 51en
34 L1 Leaded Power Inductors 1500uH, 0.55A 1 10.56 10.56
35 C15 E-Cap wK Series 1000 UF /16Volt 1 2.09 2.09
36 R14 RO R1/4w 5% 3.3k 1 0.18 0.18
PWM Controllers,Pulse width Modulation
37 IC3 1 7.41 7.41
Control
R19, R20,
38 Trimpot 25 Turns,10kQ,+£10%, 0.5w 3 19.92 59.76
R21
Ceramic Disc Cap 0.01uF/50vdc, -20% / +
39 C12 1 0.29 0.29
80%
40 R22 RO R1/4w 5% 1k 1 0.18 0.18
41 R23 RO R1/4w 5% 2k 1 0.18 0.18
a2 IC4 PHOTOCOUPLER GAAIAS IRED & PHOTO-IC 1 29.65 29.65
43 C16 E-Cap KM Series 10uF/50Volt 1 0.05 0.05
a4 R24 R1/4w 5% 10E 1 0.18 0.18
45 D8, D9 Zener Diodes 1/2w 18V, lz= TmA 2 0.85 1.7
a6 R25 RO R1/4w 5% 10k 1 0.18 0.18
a7 D12 Ultrafast Rectifier Diode 400V/8A 1 16.6 16.6
48 T2 TRANSFORMER' L= 0.5mH 1 70 70
49 Q2 Power MOSFET N-Channel 20A/500V,280w 1 48.89 48.89
E-Cap RS Series 100ufF./ 100Volt -40°C to
50 C10, C11 2 4.11 8.22
+105°C
R16, R17,
51 Riw 5% 0.5E 1 1.45 1.45
R18
52 R15 RO R1/4w 5% 100k 1 0.18 0.18
Aluminium Heat Sink No.02239, Size
53 HEATSINK 1 28.05 28.05
36.5mm x 53mm x 32.2mm
54 R32 RO R1w 5% 5k 1 1.45 1.45
55 R33, R31 |RO R2w 5% 75k 2 2 4
56 C21 Capacitor 3.3nF/1000VDC 1 4.23 4.23
57 D10 TVS Diode 600w, BreakDown Voltage 180V 1 2.68 2.68
58 R26 RO R1w 5% 560E 1 1.45 1.45
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(%9)
ddu | Fudw | wanden U | /mdle | 51en
59 c17 Ceramic Cap 100pF/50Vdc +5% 1 0.99 0.99
60 D11 Fast Recovery Rectifier Diodes 1000V/2A 1 1.78 1.78
61 CON2 Terminal Block 2 Pins Mini PCB 300V/10A 1 4.09 4.09
Screw Terminal Block 3Pins, 300V/20A,
62 CON3 1 7.49 7.49
Pitch 5.00mm
63 SINK TO247 heat sink 2 7.4 14.8
64 PCB 8.7*4 INCH (35 INCH2) 1 150 150
IC Socket Machined Pin, 08 Pins,Pitch
65 SOCKET 2 4.01 8.02
2.54mm DIP Solder Type
39U 918.87

dl L2 d‘ g aa v a s 6V
M13199 0.3 $1en15iagildlurastunasaliikeadiniginaiaiasussendnalendn

ADULIDILADS
fdu | Fudau Fazdun U | 1e/mdE | 51A0

1 F1 Fuse 2A / 250V, Time Lag 1 10 10

2 R1, R2 Varistor diameter 10mm, 275 Vac, 2,500A 2 3.18 6.36
Metallized Polypropylene Film Cap

3 cL,c2 2 5.75 11.5
0.33uf /- 275Vac +£20%, X2 Class
Common Mode Suppression Chock 18mH

a4 T1 1 42.84 42.84
/ 0.8A
Ceramic Disc Cap-2.2nF./-250Vac, +20%

5 C3,C4 2 2.06 4.12
Safety Standard Recognized
NTC Power Thermistor 20Q +20% for

6 NTC 1 1.91 1.91
Inrush Current Limiter
Diode Single Phase Bridge Rectifier 800V /

7 B1 1 5.92 5.92
2A
Metallized polypropylene flim Cap 0.1uF

8 C5 1 4.55 4.55
/ 630Vdc
PTC Thermistor 220Q + 30%, 500 VAC

9 PTC 1 3.79 3.79
400 mA

10 R3 R1/dw 5% 1.8M 1 0.18 0.18
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ABULIDSLADS (D)

Judu

10U s19az198n W | V%W | 51

E-Cap GS Series 100uF / 50Volt 40°C to

11 cr 1 1.29 1.29
+85°C

12 R4 R1/4w 5% 18k 1 0.18 0.18
Metallized Polyester Film Cap 1.0uF /

13 (@ 1 3.66 3.66
63Vdc, +5%

14 R5 R1w 5% 150k 1 1.45 1.45
HIGH-SPEED SwITCHING DIODES 100V /

15 D2, D3 2 0.029 0.058
200 mA

16 R11 R1/4w 5% 22k 1 0.18 0.18

17 T1 PFC TRANSFORMER 0.8mH 1 200 200

18 R10 R1/4w 5% 10E 1 0.18 0.18

19 IC1 Power Factor Controller 1 12.61 12.61
Power MOSFET N-Channel 600V /- 9A,

20 Q1 1 18.16 18.16
40w
Ceramic Multilayer Capacitor, 1uF /50

21 C9 1 6.43 6.43
Vdc

22 R6 R1w5% 0.5E 1 1.45 1.45
Switchmode Power Rectifiers, Ultrafast

23 D1 1 5.62 5.62
600V / 4A

24 R7 R1/4w 5% 1M 1 0.18 0.18

25 R8 R1/4w5% 5.6K 1 0.18 0.18

26 R9 Trimpot 25 Turns, 1kQ, £10%, 0.5 w 1 19.92 19.92

27 C8 E-Cap HP Series 100uF / 450Volt 1 30 30
Off-Line Switcher, EcoSmart, 66kHz 280

28 IC2 1 29.43 29.43
mA at 230VAC;

29 D4, D5 Diode Ultrafast Rectifier 600V / 1A trr75ns 2 4.5 9

30 C13 Ceramic Disc Cap 0.1uF / 50V, -20/+80% 1 0.08 0.08

31 R12 RO R1/4w 5% 2k 1 0.18 0.18

32 R13 RO R1/4w5% 18k 1 0.18 0.18
E-Cap GS Series 10uF / 25Volt -40°C to

33 Cl4 1 0.51 0.51

+85°C, £20%, 2,000hrs.
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a10v Neazdun U | 599V/%U2e | 510
34 L1 Leaded Power Inductors 1500 uH, 0.55A 1 10.56 10.56
35 C15 E-Cap wK Series 1000 uF / 16Volt 1 2.09 2.09
36 R14 RO R1/4w 5% 3.3k 1 0.18 0.18

PWM Controllers, Pulse width Modulation
37 IC3 1 7.41 7.41
Control
R19, R20,
38 Trimpot 25 Turns, 10kQ, £10%, 0.5 w 3 19.92 59.76
R21
Ceramic Disc Cap 0.01uF/50Vvdc, -
39 C12 1 0.29 0.29
20%/+80%
40 R22 RO R1/4w 5% 1k 1 0.18 0.18
41 R23, R19 | RO R1/4w5% 2k 2 0.18 0.36
42 IC4 PHOTOCOUPLER GAAIAS IRED & PHOTO-IC 2 29.65 59.3
43 C16 E-Cap KM Series 10uF/50Volt 1 0.05 0.05
a4 R24 R1/4w 5% 10E 2 0.18 0.36
45 D8, D9 Zener Diodes 1/2w 18V, lz= TmA 2 0.85 1.7
a6 R25, R23 | RO R1/4w- 5% 10k 2 0.18 0.36
47 D12 Ultrafast Rectifier Diode 400V/8A 2 16.6 33.2
48 T2 TRANSFORMER L= 0.5mH 2 30 60
Power MOSFET N-Channel 20A / 500V,
49 Q2 2 48.89 97.78
280w
C10, C11, |E-Cap RS Series 100uF/100Volt -40°C to
50 3 4.11 12.33
C12 +105°C
R16, R17,
51 Riw 5% 2.2E 2 1.45 29
R18
52 R15 RO R1/4w 5% 100k 1 0.18 0.18
53 R32 RO Riw 5% 5k 1 0.9 0.9
54 R33 RO R2w5% 47k 2 1.45 29
55 c21 Capacitor 3.3nF / 1000VDC 2 4.23 8.46
TVS Diode 600w,Break Down Voltage
56 D10 2 2.68 5.36
180V
57 R26 RO R1w 5% 560E 2 1.45 29
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58 c17 Ceramic Cap 100pF / 50Vdc +5% 2 0.99 1.98
Switchmode Power Rectifiers, Ultrafast

59 D11 2 5.62 11.24
600V / 4A
Terminal Block 2 Pins Mini PCB 300V /

60 CON2 1 4.09 4.09
10A
Screw Terminal Block 3Pins, 300V / 20A,

61 CON3 1 7.49 7.49
Pitch 5.00mm

62 SINK TO247 heat sink 3 7.4 22.2

63 PCB 8.7*4 INCH (35 INCH2) 1 150 150
IC Socket Machined Pin, 08 Pins,Pitch

64 SOCKET 2 4.01 8.02

2.54mm DIP Solder Type

37U

1,006.63
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P399 A1 Admunseaanilufinvenasuiluiiusenaumasiwiuuuyadneuesines

a19U ANszuagnsluin ANIATZIU KaReTAnTY NaN19M3IVEHBVY
1 100 - - -
2 - - - -
3 8.77 29.61 20.84 MU
q - - - -
5 1.29 10 8.71 At
6 - - - -
7 1.02 7 5.98 MU
8 - \ - -
9 1.05 5 3.95 MU
10 - = - -
11 1.51 3 1.49 HU
12 - \ - -
13 1.58 3 1.42 HU
14 - / - -
15 0.95 3 2.05 MU
16 - ¥ c -
17 1.14 3 1.86 HU
18 - - - -
19 0.35 3 2.65 MU
20 3 - . -
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UAUITUNABULIBSLADS

a1 ANszuaasladn ANNIATFIY wadeiiindy | wan1smsIadeU
1 100 - - -
2 - - - -
3 14.35 29.61 15.26 At
q - - - -
5 1.47 10 8.53 HU
6 - - - -
7 1.316 7 5.68 MU
8 - - - -
9 0.77 5 4.23 HIU
10 - Z = -
11 2.58 3 0.43 MU
12 - s - -
13 1.93 3 1.07 HIU
14 - - - -
15 1.36 3 1.64 MY
16 - : - -
17 0.24 3 2.76 HU
18 > - - -
19 0.71 3 2.29 At
20 \ - - -
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P399 A.3 AdunsEaanslutinveasuiluiusenaumalniuuuyadneuiesines

SUAUIATNANULUNABULIDIHHIDS

a1 ANszuaasladn ANNIATFIY wadeiiindy | wan1smsIadeU
1 100 - - -
2 - - - -
3 11.36 29.61 18.25 At
q - - - -
5 1.11 10 8.89 HU
6 - - - -
7 0.90 7 6.10 MU
8 - - - -
9 1.36 5 3.64 HIU
10 - Z = -
11 2.61 3 0.39 MU
12 - s - -
13 1.64 3 1.36 HIU
14 - - - -
15 0.99 3 2.01 MY
16 - : - -
17 1.24 3 1.76 HU
18 > - - -
19 0.41 3 2.59 MU
20 \ - - -
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P39 A.4 AdRUNTELaanslutinveasuiluiusenaumadlniuuuyadneuiesines

JufuasUszgndareudnpauiesines

a1 ANszuaasladn ANNIATFIY wadeiiindy | wan1smsIadeU
1 100 - - -
2 - - - -
3 10.33 29.61 19.28 At
q - - - -
5 1.03 10 8.97 HU
6 - - - -
7 0.85 7 6.15 MU
8 - - - -
9 1.25 5 3.75 HIU
10 - Z = -
11 2.53 3 0.47 At
12 - s - -
13 1.53 3 1.47 HIU
14 - - - -
15 0.94 3 2.06 MU
16 - : - -
17 1.48 3 1.52 HU
18 > - - -
19 0.70 3 2.30 MU
20 . - - -
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