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L6561, ENHANCED TRANSITION MODE
POWER FACTOR CORRECTOR

by Claudio Adragna

The TM (Transition Mode) technique is widely used for Power Factor Correction in low power appli
cations, such as lamp ballasts or low-end monitors. The L6561 is the latest ST’s proposal for this
market and the emerging ones that are supposed to require a low-cost Power Factor Correction.
Based on a well-established architecture, the L6561 offers excellent performance that enlarges itg
field of application considerably.

Introduction

OcHoBHasi YacTb 00bl4HbIX aBTOHOMHbIX Mpeobpa3oBaTeneit, kak NpaBnio, COCTOAT U3 NOJTHOBO/IHOBOIO
BbINPSIMATENBHOrO MOCTA C KOHAEHCATOPHbIM cprnbTpoM. KoHaeHcaTop chunbTpa fonXeH 6blTb 4OCTATOYHO
601blWKM, 4TOObI UMETb OTHOCMTENBbHO HU3KYHO MYy NbCaLMio BbIXOAHOMO HaMNpPsXXeHus. 9T0 03HaYaeT, YTO MrHOBEHHOE
BXOZHOE HarpsiXeHne B 60MbLIMHCTBE Cy4YaeB HUXE HaMPSXEHUs HA KOHAEHcaTope, MO3TOMY BbiNPSIMUTENN
paboTatoT TONbKO B HEBONBILON YacTU KaX4oro noayumkia HanpsixxeHus. Tok, noTpebnsiemblii N3 cetu, npes-
cTaBnsieT coboii ceputo y3KMX UMMYNbCOB, aMNIMTyAa KOTopblx B 5-10 pa3 npeBbiwaeT pe3ynbTupytolee 3Ha-
YeHue NOCTOSIHHOro TOoKa.

13-3a 3TOro BO3HMKAET MHOXECTBO HEAOCTATKOB: BbICOKUIA NMNKOBBIM U CpefHeKBaapaTUYHbIA TOKU NoTpebneHuns,
NCKaXXeHNe HanpsXeHns CeTh NepeMEHHOro ToKa, CBEPXTOKU B HEMTPANbHOR NMHUN

TpexasHbIX CUCTEM U1, B KOHLLE KOHLOB, HEraTBHOE BO3AENCTBMNE HA SHEPTrOCUCTEMY ,

C TOuYKM 3peHuns cogepxaHus rapMoHKK B cooTBeTcTBMM ¢ HopMamu EN61000-3-2 unn Power Factor (PF).

Figure 1. Internal Block Diagram of the L6561.
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AN966 APPLICATION NOTE

Vcnonb3oBaHne koppekTopa koadhuumeHTa mowHocTn (PFC), pacnonoXxeHHOro Mexay BbinpsaMUTENbHbIM MOCTOM
1 PUNbTPYIOLWMM KOHAEHCATOPOM, NO3BONSIET BLIBECTU U3 CETU KBa3MCUHYcomanbHblii Tok. PF cTaHoBUTCS o4eHb
61u13kmM K 1 (Bo3MOXHO 60/blwe 0,99), 1 BbEYNOMSHY Thie HELOCTATKN YCTPAHSIOTCS.

TeopeTtuyecku, nobas TONONOrMs KOMMYTaLUMU MOXET BblTb NCMONb30BaHA 4151 LOCTMXEHUS BbICOKOro PF, Ho Ha
npakTuke Boost-Tononorns nosbiweHns ctana camon NonynspHOR U3-3a NPeMMyLLECTB, KOTOPble OHa nNpeanaraer:

1) B OCHOBHOM, cxema TpebyeT HaMMEHbLNX BHELWHNX YacTell, N03TOMy OHa camas feweas. [JononHUTENbHO:

2) Opoccenb, pacnonoXeHHbI MeX 4y MOCTOM U AN0LO0M, CHuxaeT di / dt BXxogHOro curHana, 4to CBOAUT K MUHMUMYMY
WyM, CO30aBaeMbIi Ha BXOAE, U, CNeAoBaTeNbHO, TPEOOBaHNS K BXOAHOMY OUNbTPY 371EKTPOMArHATHBIX MOMEX;

3) MOSFET 3a3emneH, N03TOMy UM Nerko ynpaensaTb.

OpnHako ans Takoi Tononoruu TpebyeTcs, 4ToObl BEIXOAHOE HANPSiXXeHWe ObINo Bbile MakCUManbHOro 0XXUAaeMoro
NMKOBOro HanpsxeHns cetn (400 B nocTosHHOro Toka sBnseTcs TunuyHbiM ans cetn 220 B). Kpome Toro, otcyTcTByeT
ranbBaHM4yeckasansondaunsa mexay BXxogom U BblXOOO0M.

B HacToswee BpeMs WMPOKO MCMoNb3yTCa ABa METOAA ynpasieHus npeasapurtensHbiM npoueccopom PFC: dukcu-
POBaHHbIV YacTOTHbIN pexunM PWM ¢ noctosHHbIM TokoM 1 PWM ¢ nepexogHbiM pexunmom (TM) (dmkcuposaHHoe
BPEMSI BKIIIOYEHNS, NepeMeHHas YacToTa). MNepBolii MeTon TpebyeT CNoXHOro ynpasieHus, Ans Kotoporo Tpebyetcs
cnoxHas VC koHTponnepa (ST L4981A, ¢ BapnaHTOM 4aCTOTHOW MOAynaumm, npegnaraemoiM L4981B) 1 3HaumMTeNbHbIM
KONIMYECTBOM KOMMOHEHTOB. BTopoii BapmaHT TpebyeT 6onee npocToro ynpaeneHus (peanuayemoro ST L6561),
ropasno MEeHbLEro KOMYecTBa BHEWHNX YacTen 1, CnegosartesibHo, HAMHOMO AelleBne.

C nomolwbo NepBOro MetToaa Apoccesb paboTaeT B peXuMe HenpepbIBHOM NPoBOANMOCTH, B pexume TM gpoccenb
PaboTaeT Ha rpaHuLe MeXay HenpepbIBHbIM 1 NMPEPbIBUCTLIM pexxumamu. Mpu 3anaHHOR NpPonycKHON cnocobHOCTH
pabota TM cosnaeTt 60nee BbiCOKME NMKOBLIE TOKW. DTO NpeAanonaraeTt ero Ucnosb3osaHune B 6onee HA3KOM
manasoHe MolHoCTY (06bl4HO Hxe 150 BT), Toraa kak nepsblii pekomeHayeTcst ans 6onee BbICOKNX MOLWHOCTEN.

L6561 PFC koHTponnep. CoctaB cXeMbl

L6561, BHYTpeHHsIst 610K-CxemMa KOTOPOro nokasaHa Ha puc. 1, npenctasnset coboit VC, npegHasHaYeHHyo onsi
ynpasneHns PFC B nepexogHOM pexunmMe Toka. YCTponcTBo AoCcTynHO B naketax DIP-8 n SO8.

Hanbonee BaxHble ocobeHHocTn L6561 kacaioTcs cneayowmx MOMEHTOB!

- HNOKMPOBKA MUHVUMASIBHOFO HANPSIXXEHUS C FTUCTEPEIUCOM;

- HU3KWIA NyCcKoBOW TOK (rapaHTupyetcs 50 MkA, 90 MKA) TpebyeTcst BCEro 04MH ManoMOLLHbIA pe3ncTop;

- BCTPOEHHbIA UCTOYHWNK OMOPHOro HanpsxeHus ¢ 1% Tto4yHocTbio (@ Tj =25 ° C);

- (OYHKLMS OTK/IIOHEHUS YCTPOMCTBA U MEPEXOL B PEXMM HU3KOrO NoTpebneHns;

- AByXYpOBHEBas 3awmTa OT nepeHanpsaXeHus;

- CXeMma BHYTPEHHEro 3anycka 1 KOHTPONS HyNneBoro Toka ans pabotol B pexume TM;

- MHOXWTENb C PaCIWUMPEHHON AMHAMUKON ANS WMPOKOMNONOCHbIX CETEBBIX MPUIOXEHUIA C OTAMYHLIM THD;

- BCTPOoeHHbIn RC-connbTp Ha Bxoae KOHTpons Toka BHewHero MOSFET - CS;

- BbIXO4 Ans HenocpeacTeeHHoro ynpasneHns MOSFET wnn IGBT-kntouamu.

WNC onTumnampoBaHa AN MCNONb30BaHWS B 3MEKTPOHHBIX NaMroBbix bannactax, agantepax nepemMeHHoro Toka
CpepnHeit n manon mowHoctn (MeHee 150 BT). TemM He MeHee, ero oTnnM4yHas NPoON3BOANTENBHOCTb Hapaay C
ypesBblYaHO COKPALEHHbIM KOIMYECTBOM BHELWHMX YacTel NO3BONSET TakXe NCM0Nb30BaTh B HETPAANLMOHHbBIX
Tononorusx / npunoxeHunsx. Hambonee 3aMeTHbIMM NPUMEPaMK SBASIOTCS HA3KOBO/bTHbIE aBTOHOMHbIE Npeobpa-
3oBaTenu nepemeHHoro Toka (FlayBack) ¢ koppekumeit KoadppuLmeHTa MOWHOCTY nnn 6e3 Hero.

Device Blocks Description

SUPPLY BLOCK

Ha pwuc. 1, Ha 6110Kk-CxeMa, CoLepXnUT MOy b reHePUpPYIoLWMiA 13 VCC BHYTPEHHIOW WiHY 7V, NCnonb3yemyto 4ns
NUTaHUS BCEN MHTErpanbHOM CXeMbI, 3a UCKIIOYEHMEM BbIXOAHOrO kKackana, oH nutaetcs ot Vcc. Kpome Toro,

cxema conepxunt NOH (2,5 B £ 1% npwn 25 ° C), ucnonb3yembii KOHTYPOM yrpasneHus Ans TOYHOro perynmpoBaHms.
Ha pwvc.2 nokasaH koMnapatop KOHTPONS MUHUManbHoro Hanpsxernus (UVLO) ¢ ructepesncom, ncnonb3yemblii ons
PaspeweHns paboTbl MUKPOCXEMbI TOMBKO Noka HanpsixeHve Vcc BoCTaTouHO BbICOKOE, YTOObl 0becneumnTb
HaZeXHyto paboTy.
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Figure 2. Internal Supply Block.
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YCUNNTEJTb OWNBKW N KOHTPO/JIb MEPEHAMNPAXEHUA (cMm. Puc. 3 n 4):

WHBepTupytowwmin Bxon yeunutens owmnbkmn (E/A) yepes BHEWHWIA fennTenb, NOAKNIOYEHHBIN K BbIXOOHO WWHE, cpa-
BHUBAET 3HAYEHME BbIXOAHOIO NMOCTOSHHOrO HaNpsXeHus VO ¢ BHYTPEHHMM OMOPHbLIM CUrHANOM, ANns NoAAepXaHus
MOCTOSHHOIO HaMPS>XeHWS Ha BbIXO4E CXEMbI.

Bbixon E/A ucnonbayeTcs AN KOMAeHcaumn 4actoTbl, 06bI4HO peann3yeMoii ¢ NoMOoLLbI0 KOHAeHcaTopa 0bpaTHOiA
CBSI3Y, MOAKJ/IIOYEHHOr 0 K HBEPTUpYoweMy Bxoay. LvprHa nonockl perynvpoBanns E/A ponxHa 6biTb 04€Hb HU3KO
MOCKONbKY Ha Bbixone E/A LonXHo 6bITb MOCTOSAHHOE HaNPSXXEHWE B TEYEHNE NONYNePUoOaa BXOAHOMO CurHana ons
DocTnxeHns sbicokoro PF.

JunanasoH BbIXOOHbIX HAMPSXeHW E/A BHYTpeHHe 3aXMMaeTcs Tak, YT0 OHo konebnetcsa mexay 2 B n 5,8 B, 4tobbi
YCKOPUTb €ro BOCCTAHOBJ/IEHNE MOC/IE HACLIWEHNS BbIXOOHbIX Kackanos E/A.

YcTpoiicTBO CHAaBXEHO ABYXYPOBHEBOW 3alLMTOl OT nepeHanpsixexus (OVP), peanuayemoii ¢ moOMOLLbiO BbIBOAA,
noakntoyeHHoro K Boixogy E / A. B cnyyae nepeHanpsixeHus Bbixon E / A 6yneT CTPeMUTbCS K HACbIWEHNIO, HO peak:
unsa E / A oueHb MeafieHHas!, 1 9T0 3aliMeT MHOro BpemeHu. C Opyroi CTOPOHbI, MepeHanpsixXeHne AONXHO ObiTb He-
MenneHHo ncnpasneHo. CnegosatensHo, Heobxoamm bbicTpblil neTekTop OBI1, OCHOBaHHbIA HA APYrol KOHLENUMN.
B ycTaHoBumBWweEMCS cocTosHUM TOK Yepe3 R1 paseH Toky B R2, NOTOMY 4TO KOMNEHCALMOHHbI KOHAEHCATOP He
nponyckaeT NOCTOSHHbIA TOK (BxoAbl E / A MMeIOT BbICOKUA UMMedaHC):

Vo-25 25
RR2= TR T Re

Korgaa Bbix04HOE HanpsXeHne Bo3pacTaeT U3-3a N3MEeHeHUs CTyneHyarton Rarpysku, Tok B R1 Takxe HapacTaer,
HO TOK Yepe3 R2, 3ahuKCPOBaH BHYTPEHHUM OMOPHBLIM curHanom 2,5 B 1 06ycnosneH MenanTenbHocTbio E / A.
M36bITOYHBIN TOK ByneT npoTekaTb Yepes KoHAeHcaTop 06paTHOl CBA3UN U HN3KOOMHbI Bbixod E / A.

B aToM cnyyae npoucxoauT AsyxaTanHas npouegypa.

4
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Figure 3. Error Amplifier and Overvoltage Detector Block.
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Korpa nabbiTok Toka HOCTUraet okono 37 MKA, BbIXOHOE HanpsixXeHne YMHOXUTENS HAYHe TYMeHbLIAaTbCS,

N aHeprus, noTpebnsiemMasi oT ceTu, yMeHbluaeTcs. DTO 3aMensieT CKOPOCTb HAPacTaHWs BbIXOOHOMO HaMNpsXXeHus.
OO6bIYHO 3TO «MSArKOE TOPMOXEHME» CNPaBNSETCS C NPEBbIWEHNEM BBIXOLHOMO HAMPSIXXEHUSI.

Ecnu BbixogHoe HanpsxxeHue elle 60nblue yBEeNMYMBaAETCS, HECMOTPS Ha MATKOE TOPMOXEHME, TaK YTo TOK,
Bxonawmi B E/ A, pocturaet 40 MKA, NponcxXoaouT «pe3koe TOPMOXEHUe». BbIxoa yMHOXUNTENS BbITArMBaeTCs

Ha 3eMto, Takum 06pa3oM OTKIOYas BbIXOAHOM Kackan v BHewHmin MOIM-TpaHsuncTop. Takxe BbIKioYaeTcs u
BHYTPEHHWIA cTapTep. BHyTpeHHWI koMnapaTop Toka MMEeT rmcTepesnc, NO3TOMY BbIXOA N3 peXrMa TOPMOXEHMS
/1 BKNHOYEHME BBIXOLHOMO Kackaia NpoucxoanT, koraa Tok, Bxoaswmi B E / A, nagaet npumepHo oo 10 mMkA.

Figure 4. Dynamic and Static OVP operation.

OVER VOLTAGE

Ty

VOUT nominal

400A ------m e
100VA -

Isc

E/A OUTPUT
225V -

DYNAMIC OVP

STATIC OVP D97IN592A

4

4/21
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OuHamuuecknin OVP B codeTaHum MArkoro v peskoro TopMoXeHns agodhekTnBeH anst 06pabotky 60MbWMHCTBA
N3MEHEHWI Harpysku, Ho He obecneynBaeT NONHON 3awnTel. Ha camMom aene oH YyBCTBUMTENEH K UBMEHEHUSIM Bbl-
XOJHOr0 HanpsiXeHuns (0TKyAa N OTHOCUTCS «AMHAMUYECKWIA») U HE MOXET BbISIBUTb YCTONYMBOE NepeHanpsXeHue,
KOTOpOE, BEPOSATHO, MPON30MAET B ClyYyae OTKOHEHUS HarpysKku.

BbiweynomsaHyTas koHuenums HacblweHus E / A ncnonb3yetcs ans «cratmyeckoro» OVP. Ecnv nepeHanpsxeHve
ONNTCS Tak JOnro, 4To Bbixod E / A ctaHeT Huxe 2,25 B (E / A HaxoanTcsa B NIMHERHOM AnHamuke 0o 2,5 B),

3awmTa akTmsmpyetcs. NoMMMO OTKNIOYEHNS BbIXOAHOrO Kackaaa u BHewHero MOI-TpaHaucTopa, oH

OTK/IIOYaeT HEKOTOPbIE BHYTPEHHME B10KK, yMEHbLIAs TOK nokos yuna no 1,4 MA (Tun). PaboTa ycTpoiicTea cHoBa
aKkTuBMpyeTcs, koraa Bbixon E / A Bo3BpallaeTtcs B CBOK NMHENHY0 obnacTb.

Ha pucyHke 4 nokazaHo KOMBUHMPOBAHHOE OECTBUE OUHAMMYecKoro n ctatudeckoro OVP.

ZERO CURRENT DETECTION VU TPUMEPHBIN BNOK (cM. Puc.5)

Bnok Zero Current Detection (ZCD) skntoyaet BHewHuin MOTMT-TpaH3ncTop, Korga Hanps>XeHne Ha gpoccene
noBbllWaeTcs, cpaay nocne Toro, Kak TOK Yepes APOCCenb AOCTUM HYNEBOro YPOBHSA. 3Ta hyHKLMS NO3BONSET
paboTtaTb B NOrpaHnyHoM pexume TM.

Figure 5. Zero Current Detection, Triggering and Disable Block.
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Mpwn paboTe cxembl curHan ans ZCD cHumaeTcs co BcnoMmoraTenbHon ob6MOTkM Apoccens.

KoHeuHo, TpebyeTcsa cxema, KoTopas BknoyaeT BHelwHuin MOM-TpaH3nucTop npu 3anycke, nockonbky ot ZCD
N3HayanbHO CUrHan He NocTynaet. 9TO peann3yeTcs C NOMOLbIO BHYTPEHHENO CTapTepa, KOTOPbIA 3acTaBnseT
hparisep nogasatb umnynbc Ha 3ateop MOSFET, nponssons takxe aktusaumio koHtponsa uenun ZCD.

YactoTta noBTopeHus ctaptepa npesbiwaet 70 MKC (14 kML), 1 aTa MakcMManbHas yactoTa AOMXHa Y4MTbiBaTbCS
BO BpeMsi paspaboTku.

DISABLE BLOCK (cm. Puc.5)

BbiBog ZCD Takxe ncnonb3yetca ans aktneaumu Disable Mode. Ecnn HanpsixxeHne Ha BbiBoge ZCD cTtaHoBMTCS
Huxe 150 MB, ycTpoiicTBO ByaneT OTKIIOYEHO 1 ero Tekyllee noTpebneHune 6yaeT cokpaleHo. YTobbl cHoBa
BK/IOYMTb paboTy yCTPOCTBA, MPUTArMBAHNE K «3EMJIE» AONKHO ObiTb OTMYLEHO.

B/TOK MULTIPLIER (cm. Puc.6)

YMHOXUTENb MEET [1Ba BXOAA: NEpPBbIf MPUHMMAET C AENNTENS MTHOBEHHOE BbINPSIMIIEHHOE BXOLHOE HanpsiXeHue,
a BTOpOM - BbIxon E / A. MockonbKy 3T0 HanpsiXeHrne NOCTOSIHHO (B TeYeHne 3afaHHOro Nonyneprnoaa NMHUM), BbIXO/
MynbTUMNAVKaTopa 6yAeT TakXe UMeTb POopMy BbIMPSIMIIEHHON CMHYCOMAbI. DTO OMOPHbIV CUrHAaN AN TEeKyLero
KomnapaTopa, KOTopblii ycTaHaBNMBaeT nNukoBbii Tok MOSFET B TeuyeHun umkna.

173 521
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Figure 6. Multiplier Block.
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KOMMAPATOP TOKA U WNM-MNEPEKTKOYATE/b (cm. Puc. 7):

ToKOBbI KOMNApaTop N3MEPSET HANPSAXEHUe Ha pesncTtope Toka (Rs) u, cpaBHMBas ero ¢ ynpasnasiowmuM CUrHanom,
nofaBaeMbiM MHOXWTENEM, ONpeaenseT TOYHOe BpeMs OTKNoYeHNs BHewHero MOI-TpaHaucTopa.

3awenka PWM noseonsietT nsbexartb NoXHbIX nepekntodeHnin MOSFET, koTopble MOryT BO3HVKHYTh B pe3ynbTaTe
reHeprpyemoro wyma.

Bbixog yMHOXUTENS BHYTPEHHE orpaHuyeH 1,7 B (Tun), n0aToMy orpaHmyeHne Toka npoucxoanT, eCnu HanpsxeHne
Ha Rs mocTuraeTt 3Ha4YeHWs HaNPsXeHUst ¢ YMHOXUTeNs, Ho He Bonee 1,7 B.

Figure 7. Current Comparator and PWM latch
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IPABEP (cM. Puc. 8)

BbixogHol kackan nparisepa ¢ MowHocTbio 400 MA nossonseT ynpasnatb BHewHUM MOI-TpaH3ncTopom.
BHyTpeHHSS BbITArMBatowWwas Lenb yaepXmnsaeT BbIXOAHOW CMrHaN Ha HU3KOM YPOBHE, KOraa yCTPOWCTBO HaX04MTCA
B ycnosusix UVLO, ytobbl rapaHTUpoBath, 4To BHewHuin MOSFET He MoxeT BbiTb BKIIOYEH CNyYaliHo.)

621 <73
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Figure 8. Output Driver.
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TM PFC Operation (Boost Topology)
PaboTa ynpasnsiemoro npeobpasoBaTenieM oopcrpoBaHHoro npeobpasosartenst pexuma ynpaeneHns PFC MoxHo

pe3toMnpoBaTh B CAeayIOWEM ONUCaHNN.
CeTeBoe HanpsixXeHue nepemMeHHoro Toka BeiNPsSIMASieTCs ANOAHBIM MOCTOM U nofaBaeTcs B Boost npeobpasosatens,
KoTopbli UICNOMb3ysa TEXHONOMNIO KOMMYTaLMK, NOBbIWAET BbINPSMAEHHOE BXOLHOE HaMnpsXeHve 4o perynmpyemoro
BbIXOLHOIO HaNpPsXeHns NocTosiHHOro Toka (Vo).

Boost npeobpazoBaTtens COCTOUT U3 MHOYKTUBHOCTM (L), ynpaBnsemoro Boiknoyatens nutaduns (Q), omona (D),
BbIXOOHOr0 KoHAeHcatopa (Co) 1, 04eBNOHO, CXeMbl yripasneHus (cMm. Puc.9).

Lenbto siBnsieTCs oopMUpPOBaHNE BXOLHOMO TOKA CUHYCOMAANbHbIM 06pa3oM, CUHGA3HOE C BXOLHbIM CMHYCOUAAbHbBIM
Hanps>xexuem. ns atoro L6561 ncnonb3yeT Tak Ha3biBaeMbI NePEXOLHbIN pexum paboTbl gpoccens (TM).

Figure 9. Boost Converter Circuit.
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Ycnnntenb ownbok CpaBHUBAET BEIXOOHOE HANPsiXeHusl NpeobpasoBaTtens ¢ BHYTPEHHNM OMOPHBIM CUTHAJIOM,
reHepupys owunbky, NPonopumnoHanbHyto pasHuue Mmexay Humu. Ecnmn nonoca nponyckaHus ycunmtens ownbkm
[OCTaTO4HO y3Kas (ckaxeM, Huxe 20 [u), curHan ownbku ABNSeTCs 3Ha4eHNEM MOCTOSIHHOMO TOKA B TEYEHNE
nonynepuoga.

CurHan ownbku nonaetcs B 650K YMHOXUTENS U YMHOXAETCS HA BbINPSIM/IEHHOE CETEBOE HaMpsixXeHue.
PesynbTtatom 6yneT BoiNpsIMAEHHAs CUHYCOMAA, aMnNiMTyaa nnka KOTOPOi 3aBUCKT OT NMKOBOI0 HANPSXeEHNs CETU

N 3HAYeHMsl curHana owmbku. Beixol yMHOXWTENS, B CBOKO O4epeb, NoAaeTCsl Ha BXOL, (+) Tekyluero komnaparopa

1 NpeacTtaBnseT cuHyconpanbHyto cebinky ans PWM. B MoMeHT, Korga HanpsixeHue Ha wyHTe (CS) paBHO 3Ha4YeHuo
Ha (+) koMnaparopa Toka, BHewHuin MOT-TpaH3ncTop oTknoyaeTcsa. Kak cneactene, 3Ha4yeHne Toka nNmMkoBoW

WHOYKTUBHOCTY ByeT NOBTOPSTb CUHYCOWIY BXOLHOMO HANPsSiXXEHUs.

‘7_’ 7/21
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MoXHO TakXxe gokasaTtb, 4TO 3Ta onepauns co3aa-

eT Bpema ON-time gns kaxnoro nonynepuoga nu-

HuM (cM. «Boost Inductor»).

Mocne otkntoyeHns MOSFET npoccenb paspsxaet
CBOIO SHEPruio B HAarpysKky [0 Tex nop, noka ee 1ok

He JDoCTUrHeT Hyns. lpoccenb HauYMHaeT pe3oHNPOBaTh
C CYMMapHol eMKoCTblo. HanpsixxeHue Ha apoccene
6bICTPO NAfaET HNXE MITHOBEHHOIO NIMHENHOrO HaNpPS-
XeHus, a curHan Ha ZCD cHosa BkntodaeT MOSFET, n
HayMHaeTCs LUKN npeobpasoBaHuns.

Hu3koe HanpsixxeHne Bo BHewHeM MOSFET npu Bkto-
YEeHUN YMEeHbLAET Kak NOTepun NepeKoYeHns, Tak n
SKBUBANEHTHYIO SHEPrui0 eMKOCTU CTOKa, KoTopas pac-
cemBaeTcs BHyTpM BHewHero MOIM-TpaHsncTopa.
Pe3ynbTupyrowmin ToK 4poccens U BpeMeHHbIe
nHtepeansl MOSFET nokasaHbl Ha puc. 10, roe

Tak>Xe nokasaHo, YTO No reoOMeTpNYeCKUM COOTHO-
WEeHUsIM cpeaHuiA BXOAHOM TOK (TOT, KOTOpbIi Bynet
notpebneH oT ceTn) CoCTaBNsIET BCEro NLb MNONOBUHY
amnaMTyoHON KPMBOW TOKa Opoccens.

CucTtema paboTtaeT (He COBCEM TOYHO, HO O4eHb 6/IM3KO)

K FpaHnLe MeXay HenpepbiBHbIM U MPEPLIBUCTLIM TOKOBBIM PEXMMOM, M MIMEHHO NO3TOMY 3Ta CUCTEMA Ha3blBAETCS Nepe-
X0AHbIM pexrMoM PFC. MNMoM1MMo NpocToThl U TPEBYEMbIX HECKONIbKMX BHEWHMX AeTaneil, aTa cuctemMa MUHUMU3npyeT
pasmep MHOYKTOpa 13-3a HU3Kol TpebyeMol BENMUUHBI MHAYKTUBHOCTW. C OpYroi CTOPOHbI, CU/bHAsA Nynbcauus Toka
Ha MHAYKTOpEe CBA3aHa C BbIcCOKMM RMS-TOKOM 1 BLICOKMM YPOBHEM LiyMa Ha BbINPSMIEHHOV OCHOBHOW WWHE, ANS Yero
TpebyeTcs 6onee rabapuTHbIN PUIBTP 3NEKTPOMArHUTHBIX NOMeX. TV HeAOCTaTKU OFPaHNYMBAOT UCMONIb30BaHME

Figure 10. Inductor Current waveform and
MOSFET timing
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TM PFC nns npvnoXeHuin BbICOKOro AnanasoHa MOLWHOCTH.

Design Criteria

Here below some design criteria are described. The basic design specification concerns the following

data:

* Mains Voltage Range: Mrms(min) - Virms(max)
Regulated DC Output Voltage: \b

Rated Output Power: Po

Minimum Switching Frequency:fsw
Maximum Output Voltage ripple:AVo
Maximum Overvoltage admitted:AVovp

O I

For reference, it is useful to define also the following quantities:

+ Expected efficiency:n
Input Power: Pi (= Po/m)

+
+ Maximum Mains RMS current: ms (= Pi/Virms(min))
¥

Rated Output Current: lo (= Po/Vo)

POWER SECTION DESIGN
Input Bridge

The input diodes bridge can use standard slow recovery, low-cost devices. The quantities to consider
will be just the input current (lms), the maximum peak mains voltage and the thermal data of the diodes.

Input Capacitor

The input high frequency filter capacitor (C in) has to attenuate the switching noise due to the high fre-

8/21
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quency inductor current ripple (twice the average line current, see fig. 9). The worst conditions will occur
on the peak of the minimum rated input voltage.

The maximum high frequency voltage ripple is usually imposed between 1% and 10% of the minimum
rated input voltage. This is expressed by a coefficient r (typically, r = 0.01 to 0.1):

| rms
Cin =
27 - fow - I - Virms (min)

High values of Cin alleviate the burden to the EMI filter but cause the power factor and the harmonic con-
tents of the mains current to worsen, especially at high line and light load. On the other hand, low values of
Cin improve power factor and reduce mains current distortion but require heavier EMI filtering and increase
power dissipation in the input bridge. It is up to the designer to find the right trade-off in their application.

Qutput Capacitor

The output bulk capacitor (C o) selection depends on the DC output voltage, the admitted overvoltage,
the output power and the desired voltage ripple.

The 100 to 120Hz (twice the mains frequency) voltage ripple ( AVo= 1/2 ripple peak-to-peak value) is a
function of the capacitor impedance and the peak capacitor current @fpk = lo):

AVo=lo - \/1—2 +ESR®
(2n- 2f- Co)

With a low ESR capacitor the capacitive reactance is dominant, therefore:

Coz lo _ Po
4 -f-AVo 4mn-f-Vo-AVgp

AVo is usually selected in the range of 1 to 5% of the output voltage.

Although ESR usually does not affect the output ripple, it has to be taken into account for power losses
calculation. The total RMS capacitor ripple current, including mains frequency and switching frequency
components, is:

322

ICrms = lrms

Virms _ 2
Vo °

If the application has to guarantee a specified hold-up time, the selection criterion of the capacitance will
change: Co has to deliver the output power for a certain timedi) with a specified maximum dropout voltage:

2.Po-t
CO: O " Hold

2 2
Vv o_min — \'% op_min

where Vo_min is the minimum output voltage value (which takes load regulation and output ripple into
account) and Vop_min is the minimum output operating voltage before the ‘power fail’ detection from the
downstream system supplied by the PFC.

Boost Inductor

MpoekTUpoBaHMe KaTywWwKn NHAYKTUBHOCTW BKJIIOYAET B cebs HECKO/bKO NapaMeTpoB, 1 MOXHO MCNOb30BaTb
pasnnyHble noaxonbl. CHayana Hy>XHO onpeaennTb NHAYKTUBHOCTb. VIHOYKTMBHOCTD (L) 06bIYHO onpeaensieTcs Tak,
4yT06bl MUHUMaNbHAsA YacToTa NepeknyeHns boina 6onblue MakCUManbHON YacTOTbl BHYTPEHHErO cTapTepa,
npsamoi TM. MNpeanonaras eanHcTeo PF, MOXHO Hanmcatb

L- Ika - sin(6) B L- |ka

_ L - I pk - sin(0)

~ V0o -2 - Vims - sin(0)

173 921
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Ton u Toff - Bpems BknoyeHms n spems sbikntoveHns MOSFET cootBeTCTBEHHO, | Lpk - MakCnManbHbIid TOK MHAYK-
TUBHOCTM KaTyWKW B NMHeNHOM Lmkne u 8 - mrloseHHas cpasa nuHum (BE€ (0, m)). O6paTtute BHUMaHMe, 4To ON-time
SABNSIETCS NOCTOSIHHBIM MO NMHERHOMY LMk y. Kak 6bio ckaszaHo paHee, | Lpk npencraensiet coboit ABOMHOM NUKOBHI
TOK NIMHWU, KOTOPbI/ CBSA3@H C BXOLHOW MOLWHOCTBIO U IMHENHbIM HANPSXeHNeM:

— P
Lok =2 -2 v
MoacTaBnsst aT0 COOTHOWEHKeE B BbipaxxeHus Ton n Toff, nocne HekoTopoit anredpbl MOXHO HANTN MTHOBEHHYO
4acToTy KOMMyTauUUn NO TMHEAHOMY LMK AY:
fow (6) = 1 _ 1 ) V2irms (Vo — \/2_'Virms : Sin(e)).
Ton+Toff 2-L-P; Vo

YacTtoTa nepeknoyeHns 6yaet MUHUManbHOM B BEpXHel YacTu cuHycomabl (6 = 1 2 = sin (6) = 1), MmakcumyM npu
HYNEeBOM NepeceyeHnn nHeinHoro Hahpaxedus®(8 =@ vnn it = sin (8) = 0) rae Toff = 0. A6conoTHAsS MUHUMANbHAS
yacTtoTa f sw (min) MOXeT BO3HUKATb NPV MakCUManbHOM UM MAHMMAbHOM HaNPsSiXXEeHUN ceTu, NO3TOMY 3HayYeHne
WHOYKTMBHOCTM ONpeaensieTcs:

L= V2irms : (VO - \/2—' Virms)
2 fFsw(min)- Pi- Vo

roe Virms moxet 6biTb nnbo V irms (min), ninbo V irms (max), B 3aBUCUMOCTM OT TOr0, Kakoe 3HavyeHne Huxe ans L.
MuHMManbHoe pekoMeHayeMoe 3HaueHve ons f sw (min) coctaBnsiet 15 k'L, 4T0ObI HE MewWwaTb BHYTPEHHEMY
cTaptepy (cM. Onucanne ZCD v oricanue Tpurrepa).flocne onpeneneHnst 3HayeHns L MoXeT HayaTbes peanbHas
KOHCTPYKLMS uHOyKTOopa. YT0o KacaeTcsl MarHMTHOro Matepuana v reoMeTpum, To NoTpebHOCTb B M30NsALUM U3-3a
BbICOKOrO HaMpsiXXeHUst 1 ananasoH paboynx 4acToT AenarT CTaHAapTHbI BLICOKOYACTOTHLI dhepput
(kopobyaThlii cepreyHrk ¢ 606MHOM) 06bIYHbIM BEIGOPOM B NpunoxeHunsx PFC. Cpeaun pa3nuyHbix TUMNOB, Npeana-
raembix MPOV3BOAUNTENAMU, Hanbonee NOaxoaAWMiA U3 HIUX ByneT BolBpaH C TEXHUYECKUMMN Y1 SKOHOMUYECKUMY
coobpaxeHnsamu.

Cnepnyrownii war - oueHUTb pasmep sagpa. Yrobbl nonyuntb NpnbAM3nTenbHOE 3HaYEHNE MUHUMANbHOIO pa3Mepa
AApa, MOXHO UCMONb30BaTh CNeayoLyo NPakTUYeckyo opmyny:

Volume > 4K - L - I,

where Volume is expressed in cm?, L in mH and the specific energy constant K depends on the ratio of
the gap length (Lap) and the effective magnetic length (£) of the ferrite core:

K=14-10°. 2 .
lgap
The ratio le/lgap is fixed by the designer.
Then the winding must be specified. The turn number and the wire cross-section are the quantities to be
defined.

The (maximum) instantaneous energy inside the boost inductor (1/2L - |ka2) can be expressed in
terms of energy stored in the magnetic field, given by the maximum energy density times the effective
core volume Ve:

1 2 1 1

where: Ae¢ is the effective area of the core cross-section, AH is the swing of the magnetic field strength
and AB is the swing of the magnetic flux density.

To prevent the core from saturating because of its high permeability and allow an adequate\H, it is nec-
essary to introduce an air gap.

Despite the gap length Igap is few per cent of | ¢, the permeability of ferrite is so high (for power ferrites,
typically ur = 2500) that it is possible to assume all the magnetic field concentrated in the air gap with good
approximation AH = AHgap). For instance, with 1% ofdap/le (Which is the minimum suggested value) the er-
ror caused by this assumption is about 4%. The error will be smaller if #g/le ratio is larger.

10/21 ‘7_’
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As a result, neglecting fringing flux in the air gap region, the energy balance can be re-written as:
2

The flux density AB is the same throughout the core and the air gap and is related to the field strength
inside the air gap by the well-known relationship:

Then, considering Ampere’s law (applied to the air gap region only):

Igap . AHgap = N . Il_pk ,

from the energy balance equation it is possible to obtain:

2
LleO'N A = N= VM,

lgap Ho - Ae

where N is the turn number of the winding.

As N is defined, it is recommended to check for the saturation of the core (see Pin 4 description). If the
check shows a result too close to the rated limit, an increase of §ap and a new calculation will be neces-
sary.

The wire gauge selection is based on limiting the copper losses at an acceptable value:
4 2
Pcu= 3 lrms - Reu;

due to the high frequency ripple the effective wire resistance Rcu is increased by skin and proximity ef-
fects. For this reason Litz wire or multi-wire solutions are recommended.

Finally, the space occupied by the winding will be evaluated and, if it does not fit the winding area of the
bobbin, a bigger core set will be considered and the winding calculation repeated.

It is now necessary to add an auxiliary winding to the inductor, in order for the ZCD pin to recognize
when the current through the inductor has gone to zero. It is anyway a low cost thin wire winding and the
turns number is the only parameter to be defined (see Pin 5 description).

POWER MOSFET

The choice of the MOSFET concerns mainly its R pson, which depends on the output power, since the
breakdown voltage is fixed just by the output voltage, plus the overvoltage admitted and a safety margin.

The MOSFET’s power dissipation depends on conduction and switching losses.
The conduction losses are given by:
2
PoN = larms - Rpson
where:

lams =2 - V2 - Ims - \/1 _ 42 ) Virms
6 9n Vo

The switching losses due to current-voltage cross occur only at turn-off because of the TM operation:
Pcross = Vo - Irms - trall - fsw,
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where ttal is the crossover time at turn-off. At turn-on the loss is due to the discharge of the total drain
capacitance inside the MOSFET itself. In general, these losses are given by:

) 1
Pcap = (3-3 - Coss - V1D|§{AIN 5 Cq- V%RAIN]' fsw

where Coss is the internal drain capacitance of the MOSFET (@ V ps = 25V), Cd is the total external
drain parasitic capacitance and Vprain is the drain voltage at MOSFET turn-on. In practice it is possible
to give only a rough estimate of the total switching losses because both fsw and Vprain change along a
given line half-cycle. Vpbrain, in particular, is affected not only by the sinusoidal change of the input volt-
age but also by the drop due to the resonance of the boost inductor with the total drain capacitance (see
fig. 12). This causes, at low mains voltage, V DRaIN to be zero during a significant portion of each line
half-cycle. It is possible to show that "Zero-Voltage-Switching" occurs as long as the instantaneous line
voltage is less than half the output voltage.

BOOST DIODE

The boost freewheeling diode will be a fast recovery one. The value of its DC and RMS current, useful
for losses computation, are respectively:

|Do = Io
Ibms =2 - \/2_"rms ' \/ —4 \/2_ _Virms
9t Vo

The conduction losses can be estimated as follows:
2
PpoN = Vio - Ipo + Rd - Ibrms

where Vio (threshold voltage) and Ry (differential resistance) are parameters of the diode.
The breakdown voltage is fixed with the same criterion as the MOSFET.

L6561 Biasing Circuitry (pin by pin)
Please, refer to the schematic circuit shown in fig. 13.

Pin 1 (INV) leads both to the inverting input of the E/A and to the OVP circuit. A resistive divider will be
connected between the regulated output voltage of the boost and the pin.

The internal reference on the non-inverting input of the E/A is 2.5V and the OVP alarm level current is
40uA. R11+ R12 and R13 will be then selected as follow:

R11+R12 Vo _AVow
Ri3  ~2sv | RIT+RIZ=Z0

Pin 2 (COMP) is the output of the E/A and also one of the two inputs of the multiplier. A feedback com-
pensation network, placed between this pin and INV (1), reduces the bandwidth so to avoid the attempt

of the system to control the output voltage ripple (100-120Hz).

In the simplest case, this compensation is just a capacitor, which provides a low frequency pole as well as a
high DC gain. A simple criterion to define the capacitance value, is to to provide ~60dB attenuation at
100Hz:

10
27n-R7

C23=

Please refer to [1] for more information on how to compensate the E/A.

4
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Pin 3 (MULT) is the second multiplier input. It will Figure 11. Multiplier characteristics family
be connected, through a resistive divider, to the rec-
tified mains to get a sinusoidal voltage reference.

The multiplier can be described by the relationship: VCS((Vp)iM) D97IN555A Vcov\g\F;gpin2)
upper voltage

Ves =k (Vcomp —2.5V) - V muLt 16 TN A— -
where Vcs (Multiplier output) is the reference for the 14 / 715-0/ ,/
current sense, k is the multiplier gain, V cowmp is the [/ |/
voltage on pin 2 (E/A output) and V muLt is the volt- 1.2 /
age on pin 3. 10 / / o2
A complete description is given by the diagram of // /
fig. 11, which shows the typical multiplier charac- 0.8 V
teristics family. The linear operation of the multiplier 06 / 30
is guaranteed inside the range 0 to 3V of uuLT and /’ //
the range 0 to 1.6V of Vcs, while the minimum 0.4 7T
guaranteed value of the maximum slope of the 02 /) 28
characteristics family (AVcs/AVmuLT) is 1.65. Taking ' | — uo
this into account, the following is the suggested pro- '
cedure to set properly the operating point of the 0 0510 ‘-%ﬁﬁ(pﬁg(f)-o 3.5 4.0 45

multiplier.

First, the maximum peak value for VmuLT, VMULTpkx, is selected. This value, which will occur at maximum
mains voltage, should be 3V or nearly so in wide range mains and less in case of single mains. The
minimum peak value, occurring at minimum mains voltage will be:

Virms(min)
VMULTpkmin = VMULTpkx - Voo
irms(max)
. . - AVes . . .
This value, multiplied by the minimum guaranteed will give the maximum peak output voltage of
the multiplier: AVmuLT

Vxcspk = 1.65 - VMULTpkmin

If the resulting Vxcspk exceeds the linearity limit of the current sense (1.6V), the calculation should be re-
peated beginning with a lower MuuLTpkx value.

In this way, the divider will be such that:

R3 ___ VmuLTpk«
R1+R2+R3 V2 - Vimsmax

the individual values can be chosen by setting the current through R3, in the hundreds.A or less to min-
imise power dissipation.

Pin 4 (CS) is the inverting input of the current sense comparator. Through this pin, the L6561 reads the in-
stantaneous inductor current, converted to a proportional voltage by an external sense resistor (Rs). As this
signal crosses the threshold set by the multiplier output, the PWM latch is reset and the power MOSFET is
turned off. The MOSFET will stay in OFF-state until the PWM latch is set again by the ZCD signal. An inter-
nal circuit ensures that the PWM latch cannot be set until the signal on pin 4 has disappeared.

The sense resistor value is calculated as follows:

Vxcspk
Rs < VY XCSpk
|Rspk

where Vxcspk has been calculated as per described earlier and:
|Rspk = 2\/2_' Irms=
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The power dissipated in Rs, is given by:

2
PRs = Rs : IOrm:s .

The internal 1.8V (max.) zener clamp on the non-inverting input of the PWM comparator sets a current
limitation threshold, so that the maximum current through Rs can be as high as:

1.8
IRspkmax = R_s

This will be the maximum inductor current as well, therefore one must make sure that the boost inductor
does not saturate at this current level, which is very likely to be reached when the boost converter is
powered on (especially at low line) or powered off.

Pin 5 Pin 5 (ZCD) is the input to the Zero Current Detector circuit. The ZCD pin will be connected to the
auxiliary winding of the boost inductor through a limiting resistor.

The ZCD circuit is negative-going edge-triggered: when the voltage on the pin falls below 1.6 V the
PWM latch is set and the MOSFET is turned on. To do so, however, the circuit must be armed first: prior

to falling below 1.6V the voltage on pin 5 must experience a positive-going edge exceeding 2.1 V (due to
MOSFET'’s turn-off).

The maximum main-to-auxiliary winding turn ratio, m, has to ensure that the voltage delivered to the pin
during MOSFET's OFF-time is sufficient to arm the ZCD circuit. Then:

Vo - \/2_ Virms (max.)
2.1

m <

If the winding is used also for supplying the IC, the above criterion may not be compatible with the Vcc
voltage range. To solve this incompatibility the self-supply network shown in the schematic of fig. 13 can
be used. The minimum value of the limiting resistor can be found assuming 3 mA current through the pin
and considering the maximum voltage (the absolute value) across the auxiliary winding.

The actual value can be then fine-tuned trying to make the turn-on of the MOSFET occur exactly on the
valley of the drain voltage oscillation (the boost inductor, completely discharged, is ringing with the drain

. . i capacitance, see fig. 12). This will minimize the
Figure 12. Optimum MOSFET Turn-on power dissipation at turn-on.

A If the pin is driven by an external signal, the
VDRAIN L6561 will be synchronized to (the negative-go-
ing edges of) that signal. If left floating, the
e L6561 will work at the frequency of its internal
. starter. Obviously, neither TM operation will take
H 3 place nor high PF will be achieved in this case,
21 3 but these characteristics can be exploited in ap-

Vo

\ plications other than PFC.

This pin incorporates also a disable function.
The device will be shut down if the voltage on
the pin is forced externally below 150mV. To do
s0, up to 10mA must be sunk from the pin. The

| Qquiescent current of the IC will be reduced at
about 1.4 mA. The device will restart as the ex-
ternal pull-down is removed since an internal
150uA generator pulls up the pin.

Vipk [~~~ -—~"""---

1
Vzep :
1

Pin 6 (GND). This pin acts as the current return
both for the signal internal circuitry and for the
gate drive current. When layouting the printed
circuit board, these two paths should run sepa-

ot
D97IN678A t rately'
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Pin 7 (GD) is the output of the driver. The pin is able to drive an external MOSFET with 400mA source
and sink capability.

To avoid undesired switch-on of the external MOSFET because of some leakage current when the sup-
ply of the chip is below the UVLO threshold, an internal pull-down circuit holds the pin low. The circuit
guarantees 0.3V maximum on the pin (@ kink = 10mA), with Vcc > 3V. This allows omitting the "bleeder”
resistor connected between the gate and the source of the external MOSFET used to this purpose.

Pin 8 (V) is the supply of the device. This pin will be externally connected to the start-up circuit (usu-
ally, one resistor connected to the rectified mains) and to the self-supply circuit.

Whatever the configuration of the self-supply system, a capacitor will be connected between this pin and
ground.

To start the L6561, the voltage must exceed the start-up threshold (13V max.). Below this value the de-
vice does not work and consumes less than 9QA from V. This allows the use of high value start-up re-
sistors (in the hundreds kQ), which reduces power consumption and optimises system efficiency at low
load, especially in wide range mains applications.

When operating, the current consumption (of the device only, not considering the gate drive current)
rises to a value depending on the operating conditions but never exceeding 4.5mA.

The device keeps on working as long as the supply voltage is over the UVLO threshold (10.3V max).

If the Vcc voltage exceeds 18V an internal zener diode, 30 mA rated, will be activated that clamps the
voltage. In that case the power consumption of the device will increase considerably, but there is no
harm as long as the current is below the maximum rating.

PRACTICAL DESIGN EXAMPLE

To fix the main concepts, here below the wide range demonstration board design is described and the
results of the board evaluation are presented.

The target specifications are summarised in table1. To meet them an appropriate selection, especially
as to critical components, is an important step.

Table 1. Wide Range PFC Target Specification.

AC mains RMS voltage Virms = 85 to 265V
DC output regulated voltage Vo = 400V

Rated output power P, = 80W
Minimum switching frequency fsw(min) = 35kHz
Expected efficiency 1 > 90%

Full load output voltage ripple AVo <+ 10V
Maximum output overvoltage AVovp = 60V

POWER MOSFET:

Two parameters are useful to select the suitable device: the minimum blocking voltage \(Br)pss and the
Rbson because of power dissipation.

The device selected is the STP8NM50 (MDMESH) (V (8r)pss = 500V, Rpson = 0.8Q @ 25°C, 1.6Q @
125°C). The estimated power dissipation is 1.6W total. A 40°C/W heat sink is provided to keep die tem-
perature at a safe value.

BOOST DIODE (D1):

The plastic axial diode STTH1L06 (Turbo2, 1A 600V) has been selected. The power dissipation is esti-
mated about 0.24W.

BOOST INDUCTOR (T):
The inductance value (L) is as high as 0.7 mH, which leads to a minimum switching frequency of 35kHz.
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Assuming an lgap/le ratio of 2.5% the minimum core size estimate gives a minimum volume of 2.6 cm 8,
Considering the E series, the E25 (2.99 cn effective volume) has been selected.

To reduce copper losses, a multiple wire (20 x 0.1mm) has been adopted. The resistance of the winding
is about 0.75Q at 35 kHz , so the maximum copper losses are about 1W.

OUTPUT FILTER CAPACITOR (C6):
The specification on the output voltage ripple determines the capacitance value.

Assuming 50 Hz minimum line frequency, a 47uF/450V capacitor has been selected. This gives an out-
put ripple AVo =17 V.

MULTIPLIER SETTING (R1, R2, R3) AND SENSE RESISTOR (R9, R10):

The multiplier divider is selected so to exploit about 80% of its linear dynamics (VmuLTpkx = 2.5V) as per
the procedure described in pin 3 description. The sense resistor is then determined.

As to R9 and R10, metal film resistors are suitable because of the high peak current flowing in it.

OUTPUT DIVIDER (R11, R12, R13):

R11 + R12 is selected so to achieve the desired overvoltage trip level (AVovp = 60V), while R13 is cho-
sen so to get the specified output regulated voltage.

ERROR AMPLIFIER COMPENSATION

The error amplifier has been compensated so as to get a type 2 amplifier that provides a pole at the ori-
gin and a zero-pole pair. As compared to a type1 amplifier (compensated with a single capacitor) this
compensation offers a higher phase margin under all operating conditions and is therefore recom-
mended when the PFC pre-regulator powers a DC-DC converter. However, the twice-mains-frequency
gain will be higher because of the zero, which causes a higher ripple at the output of the E/A and, as a
result, a higher 3rd harmonic (and a higher THD) of the current drawn from the mains.

THD REDUCER

In the PCB there is provision for a network (see schematic of figure 13, in the dotted box) able to reduce
the crossover distortion of the PFC input current, that is the small flat region appearing at the zero cross-
ings of the mains voltage. The effect of this circuit is to force the ON-time of the power switch to increase
nearby the zero-crossings. As a result, the energy inside the boost inductor will be greater and the dead-
time during which there is no energy transfer is reduced. The circuit fine-tuning has to be made experi-
mentally.

NTC

The NTC has been moved from the input to the output, in series with the boost diode. In this way,
though still doing its job of inrush current limiter, it will undergo the output current instead of the input

current, as in the typical position, with a considerable power dissipation reduction. The extra voltage on
mosfet’s drain while the boost diode is conducting is negligible.

The schematic circuit of fig. 13 shows the values of all the parts used. In fig. 14 the printed circuit board
and the component layout of the demonstration board are shown.

4
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Figure 13. 80W, Wide Range Demonstration Board(EVAL6561-80): Electrical Circuit

D 25a
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Boost Inductor Spec (ITACOIL E2543/E) . _ _ _ THDREDUCER (optional),

* E25x13x7 core, 3C85 ferrite

* 1.5 mm gap for 0.7 mH primary inductance
* Primary: 105 turns 20x0.1 mm

* Secondary: 11 turns 0.1mm

Table 2. EVAL6561-80 Evaluation Results

Vin (Vac) | Pin(W) | Vo(Vdc) |AVo (Vde)| Po (W) 1 (%) w/o THD reducer with THD reducer

PF THD (%) PF THD (%)
85 87.2 400.1 14 80.7 92.8 0.999 3.7 0.999 2.9
110 85.2 400.1 14 80.7 94.7 0.996 5.0 0.996 3.2
135 84.2 400.1 14 80.7 95.8 0.989 6.2 0.989 3.7
175 83.5 400.1 14 80.7 96.6 0.976 8.3 0.976 4.3
220 83.1 400.1 14 80.7 971 0.940 10.7 0.941 5.6
265 82.9 400.1 14 80.7 97.3 0.890 13.7 0.893 8.1

Figure 14. EVAL6561-80: PCB and Component Layout (Top view, real size 57x108mm)
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AN966 APPLICATION NOTE

DEMO BOARD EVALUATION RESULTS

To evaluate the performance of the PFC demonstration board, the following parameters have been

measured: PF(Power Factor), THD%(Current Total Harmonic Distortion)AVo (Peak-to-Peak Output
Voltage Ripple), Vo (Output Voltage)n (Efficiency).

The test equipment set-up is shown in fig. 15 and the results are shown in table 2.

The harmonic content measurement has been done with an EMI/RFI filter interposed between the AC
source and the demo board under test, while the efficiency has been calculated without the filter contri-

bution. The filter is configured as shown in fig. 16, where:
T1=2x15mH, T2 =2 x 47mH, Cx = 0.47uF / 630V, Cx2 = 0.68uF/630V

Figure 15. Test Equipment Set-up

AC POWER L6561 RESISTIVE
SOURCE/ANALYZER EMI FILTER PFC DEMO LOAD
HP6813A
D97IN679
Figure 16. EMI Filter Configuration
_>(
T1 T2
LINE Cxi Cx2 PFC

D97IN680
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APPLICATION IDEAS

The L6561 is a versatile device. Besides the typical application as a PFC preregulator based on boost
topology, it fits also other applications and/or topologies. Some application hints are given in the follow-
ing.

Figure 17. Wide Range 50W PFC, Flyback Topology.
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Core: ETD29, 3C85 grade

Pri: 2 paralleled windings, 71 T/AWG27 each
Sec: 17 T, 5xAWG27 sandwiched

Aux: 10T, AWG32 evenly spaced

Igap: 1mm for 620 pH primary inductance

I—F

STP7NA60
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Figure 18. Power Factor Corrected Lamp Ballast using the L6569 driver.
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Figure 19. Vmains=277 Vac, Vo=320V, Po=140W buck-boost topology
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TRANSFORMER
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T: core THOMSON-CSF B1ET2910A
primary 150T of Litz wire 10 x 0.2mm
secondary 7T of #32 AWG (0.15mm)
primary inductance: 3mH

REFERENCE:
[1] "Control loop modelling of L6561-based TM PFC" (AN1089).
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