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BoicOKOnpou3BOAUTENbHBIN
KOHTPO/UIEP P€30HAHCHOTO peKNUMa CO
BCTPOECHHBIMM BbICOKOBO/IbTHBIMMN
ApaiBepaMu

NCP1397 - 3T0  BbICOKOMPOW3BOAMTENbHBIA  KOHTPONAEp, KOTOPbIM  MOXET
MCTIONb30BATLCS B MOMYMOCTOBbIX ~ PE30OHAHCHbIX  TOMOMOrMSX,  TakuMX  Kak
nocrnesfoBaTeNbHbIE PE30HAHCHbIE, napannenbHble pe3oHaHcHble W LLC-pe3oHaHCHble
npeobpasosatenu. OH 06beanHseT ApaitBepbl 3aTBopa Ha 600 B, ynpoLas KOMMOHOBKY 1
COKpallasi KOMMYeCTBO BHELLHWX KOMMOHEHTOB. bBnaromaps cBoeW  yHMKanbHOM
apxuTeKType, BKMKOYas reHepatop C ynpaensembiM Hanpskehmem 500 kT, pexum
ynpaBnenus kotoporo obecneunsaeT rmbkocTb, koraa Tpebyetcs dyHkums A, NCP1397
npegocTaBnseT Bce HeoOXOAMMOe AN CO3[aHWs HafeXHOr0 M MPOYHOTO WCTOMHMKA
MUTaHUS B PE30HAHCHOM PEXUME.

NCP1397 npegocraBnseT Habop (PyHKUMI 3aLWuTbl C HACTPaUBAEMbIMM NapameTpamm
ans - ontummsaumm  noboro  npunoxeHus. K HAM  OTHOCATCA:  aBTOMaTU4eCKoe
BOCCTaHOBINEHWE UNK (pUKcaLns HEMCPABHOCTY, OTKIKOYEHWE HAMPSKEHNS, pa3oMKHyTas
onTonapa, MnaBHbIA MyCK M 3aluTa OT KOPOTKOrO 3aMblkaHus. MepTBoe Bpems Takke
perynupyeTcs Ans NPeoAoNeHNs CKBO3HOTO Toka.

DPyHKLUUMN

* BricokouacTorHblil pexuM ot 50 k' 1o 500 kI’

* [InmaBaromuii BBICOKOBOJIBTHEIN JpaiiBep 600 B

* Perynupyemas MUHUMaIbHAs YacTOTa NEPEKIIOUEHHS C TOYHOCTBIO + 3%
* Perymupyemoe meptBoe Bpems ot 100 nS go 2 pS.

* [JocegoBaTeIbHOCTD 3aITycKa C MOMOIIBbIO HACTPAaUBAEMOT'O U3BHE
TUIABHOTO ITyCKa

* 3amuTa o1 niepeboeB B padote st Oonee npoctoit accormarun PFC

* Bxox ¢ dukcauueii 1 ycaoBuii cephe3HOi HEUCIIPABHOCTH, HAIIpUMEpP
Ieperpes mmu OVP

* Bxox Ha ocHOBe Taiimepa ¢ hyHKIMeH aBTOMaTHYECKOTO BOCCTaHOBJICHUS
JUISL pEaKIny Ha OTII0KEHHOE COOBITHE

* 3amienKa OT epPerpy3Ku Mo TOKY

* OTKIIIOYEHHE BXO0JIa JUIsl HEMEUICHHOH pPeakIuu Ha COOBITHE WUITH
MPOCTOTO YIPABICHUS BKIIOYEHHEM / BBIKIIIOUCHHEM

* PaGora Vcc 10 20 B

* Huzkwmii myckoBoit Tok 300 pA

* [TMKOBBIN TOK 3aKPBITHS/OTKPBITHS CHIIOBOTO TpaH3ucropa 1 A/ 0,5 A
* [JogxirodyeHre onTonaps! ¢ OOLUIMM KOJUIEKTOPOM TSI yIIPOILCHUS
onepanuu OR

+ JlonomHUTEIBHOE MTOAKIIOYEHHE ONTOMAPHI C OOLINM SMUTTEPOM

* OTKIIIOYEHNE BHYTPEHHEH TeMIepaTypsl

* [Ipeduxc NCV 115t aBTOMOOHMIBHBIX U IPYTHUX TPUIIOKEHUH, TPEOYIOMINX
YHHKAJIBHOTO caifTa u TpeOOBaHMI K M3MEHEHUSIM yTIPaBICHHUS;
Keamugunuposanusiiit AEC-Q100 u Bo3amoxxHOCTH PPAP

* DTH yCTpOICTBa HE COMEpKAT CBUHIIA, TAIOTEHOB / OpPOMCOIEpKAIIETO
AQHTUIMPEHA U COOTBETCTBYIOT TpeboBanusiM RoHS.

Typical Applications
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MARKING DIAGRAMS
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X = P (standard) or V (automotive)
y =AorB
A = Assembly Location
WL = Wafer Lot
Y = Year
wWw = Work Week
G = Pb-Free Package
PIN CONNECTIONS
CSsS(dis) E O E Vboot
Fmax | 2 El Mupper
Ctimer | 3 E HB
Rt| 4
BO 5 El VCC
FB|6 E Mlower
DT[7 10] GND
Skip/Disable [ 8| 9] Fault

(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 26 of this data sheet.

o Flat Panel Display Power Converters ® Industrial and Medical Power Sources
e High Power ac—dc Adapters for Notebooks e Offline Battery Chargers

e Computing Power Supplies
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Figure 1. Typical Application Example

PIN FUNCTION DESCRIPTION

Pin# | Pin Name Function Pin Description
1 CSS(dis) Soft-Start Discharge BbiBoz pa3spsiga koHaeHcaTopa nnaBHOro nycka. MoakmniounTe K KOHAEHCATOPY MABHOTO Mycka,
4To6bl COPOCUTH €10 Nepes 3anyCckoM UMK B YCIIOBUSIX NEPETPY3KN.
Fmax Maximum frequency clamp | Pe3ucTop ycTaHaBn1BaeT MakcymarbHoe OTKITOHEHME YacTOTbl
Ctimer Timer duration YcTaHaBnMBaeT NpoAOMKMTENBHOCTL TakMepa Npu HanuuMu HeucnpaBHOCTU
4 Rt Minimum frequency clamp | MogkntoyeHne pesncTopa K 3STOMy BbIBOAY YCTAHABNMBAET MUHUMAIBHYIO YaCTOTY reHepaTopa,
pocTuraemyto npn Veg = 1 B.
5 BO Brown-Out OGHapyX1BaeT YCrOBIS HU3KOTO BXOLHOTO HANPsiKeHust. [py NOAHATIM HanpsikeHWS BbILIE Vigeh
(06b14HO 4 B) OH MOMHOCTBIO OTKIIOYAET KOHTPONEP.
6 FB Feedback lMogaya Toka Ha 3TOT BbIBO YBENUUMBAET YacToTy konebaHuit 4o Fmax.
DT Deadtime [MpocToil pe3ncTop perynnpyeT WNPUHY MEpTBOTO BPEMEHN.

Skip/Disable Skip or Disable input Mocne BbiMycka BbIMONHSETCS YMCTas NocneAoBaTeNbHOCTL 3anycka, ecnv VFB <0,3 B. Bo Bpems
nponycka B pexume, koraa FB He napaet wuke 0,3 B, VIC nepesanyckaetcs 6e3
nocneaoBaTeNbHOCTY MNABHOTO Nycka.

9 Fault Fault detection input | Mp1 NoATBEPKAEHUM BHELIHWIA TaiiMep HauMHaeT 06paTHbIi OTCYET 1 BLIKNIOYAET KOHTPOMIEP MO UCTEYEHMM
ycTaHoBneHHoro BpemeHu. OAHOBPEMEHHO C 3TUM aKTUBMPYETCS BbiKMioyaTenb pa3psiaa niasHoro nycka, Tak
uyTO paboyas YactoTa NpeobpasoBaTens NoBbILLAETCS ANS 3aLUMUTbI CUMOBOTO Kackaaa NpUNoXeHus. JToT BXOA
TakKe OCHaLLeH BTOPbIM KOMMNapaTopoM HeucnpasHocTel ¢ 6onee BbiCokuM noporom (06bi4Ho 1,5 B),
KOTOpbIN:

A) yckopsieT Tok 3apsifa koHaeHcaTopa TaviMepa B 8 pa3 - NCP1397A
B) dwmkempyet NC noctosiHHo - NCP1397B
B obeux Bepcusix BTOPOiA KOMNapaTop HENCNPaBHOCTEN NOMOraeT 3aluTUTL NPUIOXEHIE B Cryyae

KOPOTKOTO 3aMblKaH1s Ha BbIXOZe Ui BTOPUYHOI 0OMOTKe TpaHcdopmaTopa.

10 GND Analog ground -

11 Mlower Low side output YnpasnseT HkHuM MOSFET

12 Vee Supplies the controller KoHTponnep npuHumaet go 20 B

13 NC Not connected BbiBog OTCYTCTBYET ANS yBENMUYEHUS NPOBUBHOTO HANPSKEHNS

14 HB Half-bridge connection MopknioyaeTcs K BbIxogy nomymocTa

15 Mupper High side output YnpaenseT BepxHum MOSFET

16 Vboot Bootstrap pin lMuTanne nnasatoLero Vog Ans BEPXHEN CTyNeHun

www.onsemi.com
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Figure 2. Internal Circuit Architecture (NCP1397A)
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Fiaure 3. Internal Circuit Architecture (NCP1397B)
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MAXIMUM RATINGS

Rating Symbol Value Unit
High Voltage bridge pin, pin 14 VBRIDGE -1 to 600 \%
Floating supply voltage, ground referenced VBooT — VBRIDGE 0to 20 \%
High side output voltage VDRV(HI) VgRripce—0.3 to \Y,

VBoot+0.3

Low side output voltage VDRV(LO) -0.3t0 Vcct0.3 \%
Allowable output slew rate dVgRripGe/dt 50 V/ns
Power Supply voltage, pin 12 Vee 20 \%
Maximum voltage, all pins (except pin 11 and 10) - -0.3t0 10 \
Thermal Resistance Junction—to—Air, SOIC version Reia 130 °C/W
Storage Temperature Range - —60 to +150 °C
ESD Capability, Human Body Model (HBM) (All pins except HV pins) - 2 kv
ESD Capability, Machine Model (MM) - 200 \

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

1. This device(s) contains ESD protection and exceeds the following tests:
Human Body Model 2000 V per JEDEC Standard JESD22-A114E
Machine Model 200 V per JEDEC Standard JESD22-A115-A

2. This device meets latchup tests defined by JEDEC Standard JESD78.

WWWwW.onsemi.com
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ELECTRICAL CHARACTERISTICS
(For typical values T3 = 25°C, for min/max values T3 = -40°C to +125°C, Max Tj = 150°C, V¢ = 12 V unless otherwise noted)

Symbol Rating Pin | Min | Typ | Max | Unit |
SUPPLY SECTION
Vec(on) Turn—on threshold level, V¢ going up 12 9.7 10.5 11.3 \Y
Veemin Minimum operating voltage after turn—on 12 8.7 9.5 10.3 \Y,
Vihoot(on) Startup voltage on the floating section 16-14 8 9 10 \Y
Vipoot(miny | Cutoff voltage on the floating section 16-14 7.4 8.4 9.4 \Y,
Istartup Startup current, Vcc < Vec(on) 12 - - 300 A
Vecgreset) | Vec level at which the internal logic gets reset 12 - 6.6 - \
lcc Internal IC consumption, no output load on pin 15/14 — 11/10, 12 - 4 - mA
Fsw = 300 kHz
lcco Internal IC consumption, 1 nF output load on pin 15/14 — 11/10, 12 - 11 - mA
Fsw = 300 kHz
lccs Consumption in fault or disable mode (All drivers disabled, 12 - 15 - mA
Rt = 34 kQ, RpT = 10 kQ)
VOLTAGE CONTROL OSCILLATOR (VCO)
Fsw(min) Minimum switching frequency, Rt = 34 kQ on pin 4, Vping = 0.8 V, 4 58.2 60 61.8 kHz
DT =300 ns
Fswmax) | Maximum switching frequency, Rimax) = 1.9 KQ on pin 2, Vping > 2 440 500 560 kHz
5.3V, Rt=34kQ, DT =300 ns
FBsw Feedback pin swing above which Af=0 6 - 5.3 - \%
DC Operating duty—cycle symmetry 11-15 48 50 52 %
Tdel1 Delay before driver restart from fault or disable mode - - 700 - ns
Tgel2 Delay before driver restart after Vcc(on) event (Note 4) - - 11 - us
Vref(RY) Reference voltage for Rt pin 4 2.18 2.3 2.42 \Y
FEEDBACK SECTION
Rrg Internal pulldown resistor 6 - 20 - ke
VEB(min) Voltage on pin 6 below which the FB level has no VCO action 6 - 11 - \%
VEB(off) Voltage on pin 6 below which the controller considers the FB fault 6 240 280 320 mV
VEBofithyste) | Feedback fault comparator hysteresis 6 - 45 - mV
DRIVE OUTPUT
T, Output voltage risetime @ C_ = 1 nF, 10-90% of output signal 15-14/11-10 - 40 - ns
Tt Output voltage falltime @ C; = 1 nF, 10-90% of output signal 15-14/11-10 - 20 - ns
RoH Source resistance 15-14/11-10 - 13 - Q
RoL Sink resistance 15-14/11-10 - 55 - Q
Tgead Deadtime with Rpt = 10 kQ2 from pin 7 to GND 7 250 290 340 ns
Tdead(max) | Maximum deadtime with Rpt = 82 k€2 from pin 7 to GND 7 - 2 - us
Tdead(min) | Minimum deadtime, Rpt = 3 k€2 from pin 7 to GND 7 - 100 - ns
IHv(LEak) | Leakage current on high voltage pins to GND 14, 15,16 - - 5 nA

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

3. The IC does not activate soft—start (unless the feedback pin voltage is below 0.3 V) when the skip/disable input is released, this is for skip
cycle implementation.
4. Guaranteed by design.

WWWwW.onsemi.com
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ELECTRICAL CHARACTERISTICS (continued)
(For typical values T3 = 25°C, for min/max values Tj = —40°C to +125°C, Max T; = 150°C, V¢ = 12 V unless otherwise noted)

Symbol Rating Pin | Min | Typ | Max Unit |
TIMERS
ltimer1 Timer capacitor charge current during feedback fault or when 3 150 175 190 nA
Vref(ault) < Vping < Vref(ocP)
limer2 Timer capacitor charge current when Vping > Viefocp) (Icharge1 + 3 11 1.3 15 mA
Icharge2) — A version only
Ttimer Timer duration with a 1 uF capacitor and a 1 MQ resistor, limer1 3 - 24 - ms
current applied
TiimerR Timer recurrence in permanent fault, same values as above 3 - 14 - s
Viimer(on) | Voltage at which pin 3 stops output pulses 3 3.8 4 4.2 \%
Vimer(offy | Voltage at which pin 3 restarts output pulses 3 0.95 1 1.05 \Y
Rss(dis) Soft-start discharge switch channel resistance 1 - 100 - Q
PROTECTION
Vref(skip) Reference voltage for Skip/Disable input (Note 4) 8 630 660 690 mV
Hyste(skip) | Hysteresis for Skip/Disable (Note 4) 8 - 45 - mV
Vref(Faulty | Reference voltage for Fault comparator 9 0.99 1.04 1.09 \
Hyste(raulry | Hysteresis for fault comparator input 9 - 60 - mV
Vref(ocP) Reference voltage for OCP comparator 9 1.47 1.55 1.63 \%
Hysteiocp) | Hysteresis for OCP comparator input 9 - 90 - mV
Tpisable) | Propagation delay from disable input to the drive shutdown 8 - 60 100 ns
IBO(pias) Brown-Out input bias current 5 - 0.02 - uA
VBO Brown-Out level 5 0.99 1.04 1.09 \
IBO Hysteresis current, Vpins > VBO 5 25 28 31 uA
Vlatch Latching voltage 5 3.7 4 4.3 \Y
Tsp Temperature shutdown - 140 - - °C
Tsp(hyste) | Hysteresis - - 30 - °C

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

3. The IC does not activate soft-start (unless the feedback pin voltage is below 0.3 V) when the skip/disable input is released, this is for skip
cycle implementation.
4. Guaranteed by design.

WWWwW.onsemi.com
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

NCP1397A / B BkntovaeT B cebst Bce HE0bX0anMbIe YHKLMN,
rnomMoraroLLme co3faTh NPOYHBIA 1 6e30nacHbIi UMMYNCHBIA MCTOUYHUK
MUTaHNS C YPE3BbIYANHO HU3KM 3HEPTOMOTPEBNEHNEM B pexume
OXuaaHus. Hwke nepeyncneHsl NPenMyLLECTBa, KOTopble JaeT
peanu3auus koHTponnepa NCP1397A / B:

¢ LLUnpoknin 4aCTOTHbIN Ananas3oH: BbICOKOCKOPOCTHOM OCLIMANATOP
ynpaBneHus HanpskeHWeM NO3BONSET U3MEHSITb BbIXOAHYH YacToTy OT
50 kT Ao 500 Kl Ha BbIxoAaX Migwer 1 Mypper.

+ Perynupyemoe mepTtBOe Bpemsi: bnarogaps ogHoMy pesuctopy,
MOAKIIOYEHHOMY K 3eMITe, NONb30BATENb MMEET BO3MOXHOCTb BKITHOUUTL
HekoTopoe Bpemsi npocTost (DT), nomoras 60poThCs € NepekpecTHom
MPOBOAMMOCTBIO MEXAY BEPXHUM 1 HXKHUM TPaH3UCTOPaMM.

+ Perynupyembiii nnaBHbIv nyck: Kaxablil pas, korga KoHTponmnep
HaumMHaeT paboTaThb (MpK BKIIOYEHUM MTUTAHWA), YAcTOTa NEPEKIIOYEHNS
MOBbILLAETCA 40 3aNPOrpamMMMUPOBaHHOIO Ha4amnbHOTO 3HaYEHNS!
BHELUHUMU KOMMOHEHTaMM (Remin // Restart) M MEANEHHO NOHWKAETCA 40
MUHUMAMNbHON YaCTOTbI, MOKA HE 3aMKHETCS KOHTYP 06paTHOM CBA3M.
Bxog nnaeHoro nycka ans 3apsigkm (SS (dis)) paspsikaeT koHaeHcaTop
NNaBHOro nycka nepeq ntobbim nepesanyckom VC, 3a ncknoyeHnem
nepesanycka nocne cHatus 6nokuposku W Hanpsixerue FB Boiwe 0,3 B.
MepekntoyaTenb pa3psiga NNaBHOTO Mycka Takke aKTUBUPYETCS B Cryyae
HEWCNPaBHOCTY. BXOA ONpeaensieT yCroBus neperpysku.

+ Perynupyemoe oTKnoHeHne MUHUManbHOW n
MaKCMMarbHOW YacTOTbl: B pe30HaHCHBIX MPUIOXEHNSX BAXHO
JepxaTbCs NoparbLue 0T PE3OHUPYHOLLEro Nuka, YTobbI
npeobpa3oBaternb Npogomkan paboTaTe B NpaBUbHOM 06nacTy.
Bnarogaps QMHCTBEHHOMY BHELLHEMY PE3UCTOPY pa3paboTunk MOXET
3anporpaMmMmpoBaTh TOUKY CaMOM HU3KOW 4aCTOTbI, NONYYEHHYIO NPY
OTCYTCTBUW HanpshkeHUst 0BpaTHON CBA3M (BO BpeMS
MoCreaoBaTENbHOCTY 3anycka Uim B YCIIOBUSIX KOPOTKOMO 3aMblkaHws).
KoHpeHcaTopbl ¢ BHYTPEHHEN NOACTPOMKOI 06ecneyumnBaroT TOYHOCTb
BbIBOpa MUHUMaIbHO YacTOTbl KOMMYyTaLK £3%. Perynupyemblit
BEPXHMI Yop MeHee To4eH A0 +12%.

* HM3Kknin NycKOBOW TOK: NpW NPSIMOM NUTaHWUM OT BbICOKOBOMBTHON
LWHBI NOCTOSIHHOTO TOKA YCTPOWCTBY Ans 3anycka Tpebyetcs Bcero 300
MA.

+ OBHapyxeHne nepeboeB B paboTte: Ytobbl n3bexatb paboTsl
MPK HU3KOM BXOAHOM HanpsikeHUM, He0BX0ANMO NpesoTBPaTUTL
MepEeKMKYEHIe KOHTPONMEPa, ECIN LLUMHA BbICOKOTO HaMpshKEHNs
BbIXOAWT 3a JOnyCTUMble npegenbl. Kpome Toro, npn o6beamHeHum co
CxeMoii BHeLHero uHTepderica PFC obHapyxeHune 0bectoumBaHms
MOXET rapaHTMPOBaTb YMCTYIO NOCNEA0BATENbHOCTL 3anycka C NaBHbIM
3anyckom, rapaHTupys, 4to PFC ctabunusupyetcs nepeg nogaven
NMNTaHUsI Ha PE30HaHCHbIA pe3epByap. Bxog BO uMeeT ructepesmncHbIi
TOK 28 PA 4N MUHAMAnNbHOTO NOTpebneHus.

« Perynupyemas npogomkuTenbHOCTb Tanmepa
HencnpaBHOCTW: NpK OBHAPYXEHUM HEUCTIPABHOCTU Ha BXOAE
HeMcnpaBHOCTW UNW Npu pa3pbise Lenu FB BbiBoA TaliMepa HaunHaeT
3apsikaTb BHELUHWUA KOHOeHcaTop. Ecnm HencnpaBHOCTL yCTpaHeHa,
TaliMep OTKPbIBAET NyTb 3apsakK U HUYero He npoucxoaut. Korga Tanmep
JocTuraet BolOpaHHOM ANUTENBHOCTY (Yepes KOHOEHCaTop Ha BbIBOAE 3),
BCe MMMNYNbChl NpeKpaLLatoTes. Tenepb KOHTPONNEP OXMAAET paspsiaKyu
Yepe3s BHELLHWIA Pe3NCTOp Ha BbiBOAe 3, YTOObI BbILaTh HOBYH) YNCTYIO
MoCrneaoBaTeNbHOCTb 3amnycka Yepes MATKWIA 3amyck.

* KymynatueHble cobbitusa HeucnpasHocTu: B NCP1397A /B
KOHEeHcaTop TaliMepa He cOpackiBaeTcs, Koraa HEMCNpaBHOCTb
ncyesaeT. GakTuyecku oH 0ObEANHSAET MHCHOPMALMIO U CyMMUPYET
cobbITusI. Pe3ncTop, ycTaHoBMEHHbIA NapanienbHO KOHLeHcaTopy,
npegnaraeT NpocTon cnocob perynupoBKi CKOPOCTW pa3psiaa u,
CneaoBaTesibHO, CKOPOCTH NOBTOPHbIX NOMbITOK aBTOMATUYECKOrO
BOCCTaHOBMEHWS.

+ OBHapy>xeHne neperpyskun nNo ToKy ¢ MOMOLLbI BXOAa
HENCNpPaBHOCTU: BXOL HEWUCTPABHOCTY CreyuanbHo paspaboTaH
Ans 3awuTbl npunoxerus LLC B cnyyae KOpOTKOro 3amblkaHns unm
neperpysku. Ecnu HanpsikeHne Ha 3TOM BXOLE NPeBbIllaeT nepeoe
MOPOroBOE 3HAYEHME, aKTUBMPYETCS MCTOYHIK TOKa Itimer n
KOHOEHCATOP TaliMepa HeNCnpaBHOCTY HAaYMHAET 3apsKaTbCs.
OnHOBPEMEHHO C 3TUM aKTUBMPYETCS pa3psiaHbIv BbikMtodaTenb
MNaBHOro Nycka Ans yBenuyeHns paboyeil yactoTbl
npeobpasosatens. IC npekpaiyaet paboTy No MCTeYeHUM Tanmepa
HencnpaBHOCTW. Bxop HENCNPABHOCTY BKMKOYAET Takke BTOPOVA
KoMnapaTop HeUcnpaBHOCTEN, KOTOPLIN:

- YckopsieT 3apsif KOHAeHcaTopa TaliMepa HeyCrnpaBHOCTY 3a CHET
yBenuyeHus Toka Itimer1 go Itimer2 - NCP1397A

- Briokupyert yctpoiictso - NCP1397B

Takum 06pa3om, BTOPOIA koMNapaTop HeucnpaBHOCTEN NOMOoraeT
3aLLMTUTb CUITOBON Kackad B CNyyae CUMbHOTO KOPOTKOMO 3aMblKaHUs
(Hanpumep, KOPOTKOro 3aMblkaHKst 0GMOTKM TpaHcdopmaTopa n T. 4.).

* Bo3amoxHoOCTb nponycka uukna: OTcyTcTBue NNaBHOO nycka
Ha Bxoge nponycka / oTkntovenust (B cnyyae VFB> 0,3 B) npegnaraet
npocToit cnocob peanuaauum Nponycka Lkna, koraa HeobXxoanMb
(yHKUMM aHeprocbepexeruns. MoxeT BbITb peanu3oBaH NpocToi
Pe3nCTUBHbBIN JEenuTENb OT BbIBOAA 0OpaTHOM CBA3N O BXoAa
npornycka / OTKNIYEHUs 1 Nponycka.

+ OBGHapy>xeHne paspbiBa Lienv obpaTHOM CBA3W: Npu
3anycke unu B nobon MOMEHT BO BpeMst paboThbl, ecnu curHan FB
OTCYTCTBYET, TANMEP HAUMHAET 3apsKaTb KOHAEHCATOp Tanmepa.
Ecnv uukn genctenTensHo pasopsat, yposeHb FB He yBennumeaeTtcs
[0 TOrO, Kak TaMep 3aKOHYUT 3apsaKy. 3aTeM KoHTpornnep
OCTaHaBMMBAET BCE MMMYMbChI W XAET, NOKa HaNPsKEHWE Ha BbIBOAE
TaliMepa He ynazet Ao 1 B, kak npasuro, nepes HOBOW NOMbITKOM
nepesarnycka 4yepe3s

Msrkuii ctapT. Ecnv onTonapa NonHOCTbI0 CrIoMaHa, MpouCXoauT
cboi.

* BapmaHTbl nogkntoyeHnst ontonapbl ¢ 06LWmm
KONMMeKTopoM unm obLwmm ammTTepom: ata IC nossonser
pa3paboTunky BbIBUpaTh U3 ABYX BO3MOXHBIX KOHMIypaLui
onTonapel.

OcuumnnsTop, ynpaensieMblil HanpsHKeHeM

Cekuus VCO MmeeT BbICOKOCKOPOCTHYHK) CXEMY, NO3BOMSIOLLYI0
pabotatb 0T 100 k'Y go 1 MI'u. OgHako, NOCKoMbKy AeNeHue Ha ABa
BHYTpM co3gaeT Aga Bbixoaa Q u/ Q, nocnegHni

3hpeKTMBHbIN curHan Ha Bbixoge Mlower u Mupper nepeknoyaroTcs
mexay 50 k'y v 500 k'y. MNYH HacTpoeH Takium 06pasom, YTo npu
MOBbILLIEHMM HANPSKEHWS Ha BbIBOZE 0OpATHOM CBSA3N NOBLILIAETCA U
yacTtoTa KoMmyTauuu. Ha pucyHke 25 nokasaHa apxuTekTypa
reHepatopa VCO.
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Figure 25. The Simplified VCO Architecture
Pa3paboTumky Heobx0guMo 3anporpaMMMpoBaTh MakCUMAaslbHYH0 Vee

4acTOTy NEPEKIYEHNST U MUHUMAbHYHO YacTOTy nepekmoyeHus. B
koHdurypaumsx LLC ans cxem, paboTarowyx Bbilie pe30HaHCHOM
4acToThl, TpebYeTCs BbICOKAs TOYHOCTb NPW MUHUMAIbHOM AN
yacToTa, cregoBaTenbHo, cneuudukaumus 3%. 3Ta MUHAMarbHas

yacToTa NEPEKIIOYEHMS (haKTUYECKM AOCTUrAETCs, koraa obpaTHas

CBSI3b HE 3aMbIKaET KOHTYP. OTO MOXET NPOM3ONTM BO BPEMS
NoCneAoBaTENLHOCTH 3anycka, CUIMbHO NEPEX0AHON Harpy3ki Ha

BbIXOZe UMW B COCTOSIHUW KOPOTKOTO 3aMblKaHusl. YCTaHOBUB

pe3ncTop MeXAay BbIBOAOM 4 1 3a3eMMNEHIEM, YCTaHABNMBAETCS

MWHUManbHas YactoTa. Mcnonbays Ty xe dunocoduio,

Vref
05V Fmax
MOAKMIOYEHNe pesucTopa oT koHTakTa 2 k GND ycTaHoBKT
MaKCUMarnbHOe OTKIOHEHUe YacToTbl. YTobbl yryyWwnTb yHKLMN RFmax
3aLynThI LienK, Mbl CNeLMansHO Co3aany MEPTBYH 30HY, B KOTOPO = =
KOHTYp 0BpaTHoi cBA3u He aencteyeT. OBbl4HO OHO Hinke 1,1 B. Ha —
prcyHke 26 nogpobHO NokasaHo YCTPOICTBO, NP KOTOPOM ) .

BHYTPEHHee HanpskeHue (Kotopoe ynpaenset MYH) usmenHsetcs ot Figure 26. YctpoitctBo OPAMP orpannynsaet

0 no 2,3 B. OgHako 4515 co3ganus aToro konebanus notpebyeTtcs curtan mopynaumu VCO mexay 0,51 2,3 B.

BbIBOZ 0OpaTHOi CBA3M (K KOTOPOMY NOLKIKYAETCS SMUTTED
onTonapel). 0bbI4HO konebnetcs mexay 1,1 Bmn 5,3 B.
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70T METOA NO3BONSAET Ham 06HaAPYXMBATb HEMCMPABHOCTb
npeobpa3oBaTens B Cnyyae, ecnu Ha BbiBoge FB He moxeT FruaLu
NOAHATLCA HanpskeHne Boiwwe 0,3 B (4T0bbl hakTnyeckn 3aMKHyTb
KOHTYp) MEHee YeM 3a Bpemsl, yCTaHOBMEHHOE NPorpaMMUpyembIM
Taitmepom. MoxanyiicTa, obpaTuTECH K pa3aerny HencnpaBHOCTEN e o shove
ANs Nony4yeHns nogpobHoi MHopMaLmm 0 paboTe 3Toro pexuma. L ——— 450 kHz

Kak nokasaHo Ha pucyHke 26, BHYTPEHHSS AMHaMUKa
ynpaenstoLero HanpskeHus I'YH Bynet orpaHnyeHa mexay 0,5 B
1 2,3 B, Toraa kak kKoHTyp obpaTHoil cBsi3n byaeT ynpasnsTh >~ AFsw = 300 kHz
BbIBOAOM 6 (FB) B Ananasone ot 1,1 B go 5,3 B. Ecnu Mbl BO3bMeM
X0Z, Mo ymonyaxuio Ans seisoga FB. uucen, 1,1 B =50 kl'y, 5,3 B =

500 kl'y, To MakcuManbHbIit HaknoH I'YH byger: [ 101 [ S — T 150 kHz
500 k — 50 k / N 5 VFB
—  ~ W07k R Y T
. area ¥ 11 VAVFB =42V 53V

Ha pucyHkax 27 u 28 nokasaHo M3MEHeHWe 4acToTbl B
3@BMCUMOCTI OT YPOBHS HamMpskeHUs Ha BbiBOLEe 0BpaTHON
CBA3M NPU Pa3fNYHbIX KOMBMHALMAX (PMKCATOPOB YacTOThI.

Figure 28. 3pgecb 6bina 3anporpaMmmupoBaHa gpyras

MUHUMaNbHadA 4acCcToTa, a TaKXKe OTKNOHeHue oT

MaKCMMasribHOM 4acToThl.

I:I'\.ﬂu&Lu

Obpatute BHUMaHue, 4TO Npeapiaylias kpytuaHa M'YH ans cnaboro
curHana Tenepb 6bina ymeHblueHa go 300 ky /4,1 =71kly /B Ha

R _”” e 500 kHz BbIxogax Mupper M[ower. OTO JjaeT BO3MOXHOCTb YBENNUUTD
OTKMOHeHMe 00paTHO CBSA3M B CUCTEMAX, B KOTOPbIX AnanasoH

Harpyski He BbI3bIBAeT HObLLOTO OTKIIOHEHWS YaCTOThl

nepeknioyeHns. briarogaps aTow onuuy Mbl YBUAMM, KaK CTAHOBUTCS

BO3MOXHbIM HabroaaTh 3a ypoBHEM 06paTHOM CBA3N 1

pean13oBbIBaTh LMK NPOMycka NPy Manblx Harpyakax. BaxHo

Emi ) OTMETUTb, YTO U3MEHEHIE YaCTOTbl HE UMEET pearibHON NIMHENHON

MIN g1 = 50 kHz 3aBMCMMOCTY OT HanpshkeHnst 00paTHOI CBA3M. JTO CBA3AHO C
VFB Hanuyuem MepTBOro BPEMEHH, KOTOPOe OCTAETCSA NOCTOSHHBLIM NP
Lty M3MEHeHU Neprnoaa NepexiioYeHns.

rautt / 11V = 3.3V [ns Bbibopa Tpex yCTaHOBOUHbIX Pe3UCTOPOB (Frax, Fmin 1 deadtime)

area AVFB =42V max; I"min
HeobxoaMMo ncnonb3oBaTh Tabnnubl BoIGOPa, NOKa3aHHbIE HKE:

~ AFsw = 450 kHz

Figure 27. MakcumarnbHasa 3KCKypCUsi MO YMOJT4YaHUIo,
Rt = 41 kOm Ha BbiBoge 4 u RF (makc.) = 1,9 KOM Ha
BbiBOAE 2

WWWwW.onsemi.com
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Frax (kHz)

Fmin (kH2)
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VCC =15V

550 VEg = 6.5V —
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Figure 29. PeancTop MakCUMasnbHOIA YacTOTbl NEePeKoYeHIs]
Bbi60Op B 3aBUCMMOCTY OT NPUHATON MIUHUMAIIBHO YaCTOT

nepexmoyeHns
500 , :
\ Vee =15V
450 VFB =1V
DT =300 ns
400
350 \
300 \
N
250 \
\\
200 \\
150 .
—~—
\
2 4 6 8 10 12 14 16 18 20
REmin (kQ)
Figure 30. Bbibop peaucTopa ¢ MUHUMANLHOI 4acToTOM
nepekrnoyeHns (Fmin = ot 100 k'y go 500 kIw)
100
90 Vec =15V |
\ Veg =1V
80 DT =300ns |
70 \
\
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\
30
~—_
20 I e
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Figure 31. Pe31CcTop MUHUMATBHOI YacTOTbl NEPEKITHYEHMS
Bbibop (Fmin = o1 20 'y go 100 kI'y)
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Figure 32. Bbibop pe3nctopa MepTBOro BpeMeHM
BoamoxHocTe ORINg 1 KOHChMrypaLmm NOAKIIOYEHNS ONTONapbl.

Ecrm no Kkakoi-nubo  KOHKPETHOM MpUYMHE  CyLLecTByeT
HeoOXOAMMOCTb B M3MEHEHMM  4acTOTbl,  CBSI3AHHOM  C
BO3HWKHOBEHWEM  CODLITMS  (BMECTO  BHE3amHOM  OCTaHOBKM
WMMynbcoB), TO BbiBOog FB O4YeHb Xxopowo noaxogut Ans
nobaBneHns apyrvx UMKIOB kavaHusi. MOXHO Nerko Mcnonb3oBaTb
HECKOMbKO AMOMOB NS BbINOMHEHUs paboTbl B Cryyae peakuun Ha
cobbITWe HEUCNPABHOCTM UMK AN PEryNMPOBaHUS BbIXOAHOMO TOKa
(pexum CC).

Ha pucyHke 33 nokasaHo, Kak 310 caenatb.

Vee
N\
In1 >—>— VCOo
In2 >—|>|— I 20 k

Figure 33. bnarogaps koHgurypauum FB, Loop ORing
Nerko peanuaoBatb

KoHdpurypauwms INYH, ncnonbsyemas B atoi UC, Tarke npegnaraet
NPOCTOM CNocob NOAKMYEHNS onTonapbl (MK MOHWKAKLLETO
BunonsapHoro curHana) HeNoCPEeACTBEHHO K BbiBogy Rt BMeCTo
BbiBoga FB (cm. Pucynkm 34 n 35). 3atem onTonapa HacTpauBaeTcs
kaK «0BLuin aMUTTEp», a paboyas YactoTa perynmpyeTcst TOKOM,
CHUMaeMbIM ¢ BbiBoga Rt - y Hac ecTb reHepaTop KOHTponnepa Toka
(CCO). Ecnm ncnonbayeTcs aTa kKoHGUrypauusi, Heobxoammo
noaaepxuBathb HanpshkeHue Ha BbiBoge FB o1 0,3 B 1o 1 B, nHave
Oynet obHapyxeHa HeucnpasHocTb FB. Beisog FB moxer no-
NpeXHeMy UCMoMnb30BaTbCs AN 06HAPYKEHNUS PA3OMKHYTOrO
koHTypa FB B HEKOTOPbIX MPUIOXEHNSIX - LIS 3TOTO HEOOXOAMMO
NOAAEPXKMBATL HaNPSHKEHNE aMUTTepa onTonape Beiwe 0,3 B ans
YCNOBUI HOMWUHANBHOW Harpy3ku. HyxHo npuHumats POb
MpW MCNONb30BaHNM 3TON KOHAUTypaLm HeobXoaNMO yunTbIBaTL
MOHMXAOLLMIA pe3ncTop. MoXHO peann3oBaThb pexum npomnycka ¢
MOMOLLbI0 PE3NCTOPOB BXOAA W 3MUTTEPA Rgyipt U Rekipz NS
nponycka / OTKIIOYEHMS.

www.onsemi.com
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Fstart(adj) — RFstart/RFmin
Fmin(adj) — RFmin
Fmax(ad]) — Rc + Rskipl + Rskip2
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Figure 34. KoHdurypalyst 06paTHO CBSA3N C UCTONb30BaHEM NPAMOTO MOAKIIOYEHNS K KOHTaKTY Rt

Fstart(adj) — RFstart/RFmin
Fmin(adj) — RFmin
Fmax(ad]) — Rc + Rskipl + Rskip2
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Figure 35. KoHdurypalins obpaTHOIA CBA3N C UCNONb30BaHWEM NPSMOTO MOAKMIOYEHUs K KOHTaKTY Rt - 6e3 obHapyxeHns paspbisa Lenu FB

KoHTponb MepTBOro BpemeHu
Koraa BcTynaet B Urpy KOHUMrypauus nonymocTa, KOHTpOrb
MEpTBOr0 BpEMEHM SBNSETCA abCONMOTHON HEOBXOAUMOCTbH.
MeToa MepTBOro BpEMeHU 3aKni4aeTcs BO BBEAEHUN Nepuoga,
B TEYEHME KOTOPOTO BbIKMOYEHb! Kak BEPXHSIS, TaK U HUKHSIS
CTOPOHbI. KOHEYHOo, BenuunHa MePTBOrO BPEMEHM pasnnyaeTcs
B 3@BMCUMOCTY OT 4acTOThbl NEPEKIIOYEHNS, CNEA0BaATENBHO,
€CTb BO3MOXHOCTb HAaCTPOUTL €€ Ha 3TOM KOHTpOMepe
gnanasoH 3HadeHun ot 100 nS o 2 uS. Meptaoe
BpeMs (hakTU4ECKN CO3AAETCS 3a CYET YNPaBNeHUs paspsaaHbIM
TOKOM reHepatopa. Ha PucyHke 36 n3obpaxeHa ynpoLleHHas
cxema ['YH, ocHoBaHHas Ha PucyHke 25.

Bo Bpemsi paspsiaa CMHXPOHN3aTOp YacoB HAaXOAUTCS B
COCTOSIHUM BbICOKOTO YPOBHSI U aHHYNMPYET Nornyeckue
anemeHTbl U: 06a BbIxoaa UMerT HU3kuid ypoBeHb. Korga
KOMMapaTop BO3BPALLAETCS K HU3KOMY YPOBHIO, BO BpEMS
nepesapsaKku CUHXPOHM3MpYLoLLEero koHaeHcaTopa Ct, Bbixogbl A
1 B nposepsitoTcs.

Moakntoume pesuctop RDT k 3emre, OH co34aeT Tok
1306paxeHNe KOTOPOTO CIYXUT ANs pa3psiga koHaeHcatopa Ct:
MbI KOHTPONMPYEM MEPTBOE BpeMsi. TUNUYHBIN Anana3oH
coctaenseT 100 ns (Rpr = 3,5 k) n 2 us (Rpr = 83,5 k).
Ha pucyHke 39 nokasaHbl TUMINYHbIE DOPMbI CUTHATIOB.

WWWwW.onsemi.com
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Vbp

¢ Icharge:
Fsw(min) + Fsw(max)

ldis ¢
O ¢ + 3V-1V
l‘
1
Vref =
—
I RDT

lMocnenoBaTenbHOCTL NITABHOMO Nycka

B pe3oHaHCHbIX perynatopax TpebyeTcs nnaBHbIit Myck, YTobbI
n3bexaTb BHE3aMHOM NOZ4AYM MOMHOMO TOKa B PE30HAHCHbIN KOHTYP.
C 3TUM KOHTPONNIEPOM L/IUTENBHOCTL NABHOTO Nycka NOSTHOCTHHO
perynupyeTcs ¢ MOMOLLBbH BEYHBIX KOMNOHEHTOB. HasHaueHne
BbIBOJA NMMABHOO NycKa - pa3psaMTb KOHOEHCATOP NIABHOMO Nycka
nepeg nepesanyckom VC 1 B cryyae HencnpaBHOCTU, 0GHapYXeHHOM
BXOZOM HENCMPaBHOCTMU.

Kak Tomnbko KoHTponnep HaunHaeT paboTy, KOHAEHCATOP NNaBHOrO
nycka (cM. Puc. 37) nonHocTbio paspshkaeTcs 1, Takum o0bpasom,
HauMHaeT 3apsxaTbcs 0T BbiBoda Rt. 3apsaaHbIi Tok
yBENWUYMBAET pabouyto YacToTy perynsaTopa Beiwe Fmin. Mo mepe
3apsaKy KOHAEHcaTopa NTaBHOro Mycka YacToTa MiaBHO
ymeHbLuaeTcs 4o Fmin. KoHeuHo, Ha npakTuke npegnonaraercs, 4to
Lienb 0bpaTHOM CBA3M BO3bMET Ha cebs ynpasneHne MYH, kak Tonbko
BbIXOAHOE HanpshXeHue JOCTUIHET LieNeBoro 3HaveHus. Ecnn Het, T0
[OCTUraeTcsl MHUMAasbHas YacToTa NEPEKIIOYEHNS U HA KOHTaKTe
o0bpaTHOM CBA3M 0BHapYXMBAETCS HEVNCTPABHOCTL (0BBIYHO HiKe
300 mB). Ha pucyHke 38 nokasaH TunmyHbIi 3anyck LLC ¢
ucnonb3oeanuem kontponnepa NCP1397A / B.

SS
Fmax

RF(start)
P

Rt

RFmin

RFmax

Fstart(adj) — RFstart/RFmin
Fmin(adj) — RFmin
Fmax(adj) - RFmax

GND

NCP1397
PY

Figure 37. PacnonoxeHune KOMNOHEHTOB MaBHOM nycka

Figure 36. leHepaLys MePTBOrO BPEMEHM

SS

Action\

Target is

§o1| Soomy 10.0masy
fcz| 2w B0.0MSs  20.0na/pt

[ =Rty

Figure 38. TunnyHas nocnefoBaTENbHOCTb 3anycka
npeobpasosatenst LLC ¢ ucnonbaosaHnem NCP1397

Obpatute  BHWMaHWe, 4TO  KOHZEHcaTop
paspsHKaeTCs B CredyoLLmx Cryyasx:

- MocnepoBaTenbHOCTL 3anycka

- B nakeTHOM pexume ¢ aBTOMATUYECKUM BOCCTAHOBNEHNEM

- BoccTaHoBneHWe nocne BbIKMYeH!s NUTaHUS

- BoccTaHOBIEHME OTKIIOYEHNS N0 TEMNEpaType

BBog nponycka / oTknoueHus nogeepraeTcst ocobor obpaboTke.
lMockonbKy Mbl XOTUM Peann3oBaTh LMKI MPOMycka C UCMOMb30BaHNEM
3TOr0 BX0AA, Mbl HE MOXEM aKTMBMPOBATH MNABHbIA NYCK KaablA pas,
korga BbIBOA 0BpaTHOM CBA3M OCTaHABMMBAET onepauun B pexuMe
HU3KOro  SHepronoTpebnenms.  CrnefoeaTenbHO,  Korha  BbIBOA
nponycka / pa3peLLeHnst OTMyCKaeTcs, NMABHOTO Nycka He NPOUCXOAWT,
yTobbl 06ECTeYNTb Hammyylwee NOBEOEHME MPOMycka Lukna. Tem He
MeHee, BroiHe BO3MOXHO KOMBMHMPOBATL LMK NPOMycka 1 UCTUHHOE
OTKMNIOYeHWe, Hanpumep Yepes anoabl UMW, ynpasnsioLyme BbIBOAOM 8.
B otom cnyyae, ecru curHan noadepxuBaeT Bxoh npomycka /
OTKIMIOYEHNST Ha BbICOKOM YPOBHE [OCTAaTOMHO [OMro, YTOBbI CHU3NTBL
ypoBeHb obpaTHolm cBsisu (Hwke 0,3 B), nockombky BbIXOAHOE
HanpsikeHe HauvHaeT nagaTb, TOrAa Mepeknoyatens paspsaga
MMaBHOrO Mycka aKTUBUPOBAH.

NNaBHOIO  nycCka
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Figure 39. TunnyHble hopMbl CUrHANOB ocuunnsaTopa
3awuTta oT neperopaHus Vbulk Vbb
3awuTa ot neperopaHns
A _ ON/OFF
Cxewma Brown-Out (BO) npegnaraet cnocob 3awutbl Rupper IBO ¢
Pe30HaHCHOro Npeobpa3oBaTensi OT HU3KUX BXOAHbIX
HanPSXXEHWI NOCTOSAHHOIO TOKa. Huke 3a4aHHOTo YPOBHS @ h
—>» BO

koHTponnep 6nok1pyeT BbIXOAHbIE UMMYNbLChI, BbILLE -
paspeLlaeT ux. BHyTpeHHss cxema, U30bpaxeHHas Ha pUCyHKe
40, no3BonsieT HabnoaaTh 3a BbICOKOBOMNLTHOM LUMHON.
PeancTuBHbI Aenutenb, caenanHbli u3 Rypper ¥ Rigwer, 10ABOANT
4acTb LUKMHBI BLICOKOO HanpshkeHuUs K BbIBOAY 5. Hinke ypoBHS
BKITOUYEHUSI MCTOYHMK ToKa IBO Ha 28 A BbIKIHOYEH.
CnepnoBaTtenbHO, YpOBEHb BKIIOYEHUS 3aBUCHT UCKITHOYUTENBHO
OT Ko3thdhuLMeHTa aeneHunst pe3UCTMBHOIO JeNnUTens.

I

Rlower [

Figure 40. KoHdurypalns BHYTPEHHErO OTKIOYEHMS C
UCTOYHUKOM TOKA CMELLEHMUS!
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Figure 41. PesynbTathl MogenupoBaHus ans 350/250 ypoBHeit BKMOYEHMS | BbIKMHOYEHUS

HanpoTuB, koraa BHYTpeHHWiA curdan BO Bbicokui (umnynbe Migwer 1

Mupper), “cTo4HMK IBO aKTMBupyeTCa 1 co3aaeT ructepesuc. B

pesynbtaTe CTaHOBUTCA BO3MOXHbIM BbI6VIpaTb YPOBHW BKINKOYEHNA U

BbIKIIOYEHWS C MOMOLLbHO HECKOMBKIX CTPOK anrebpbl:
IBO BBIKJIFOYEH

R
lower
V(+) =V, oo x ——— O (eq. 1)
( ) pulkdt I:zlower + Rupper
IBO BKJIFOUEH
R
lower
V(+) = Ve % R Tt R—
lower upper (eq. 2)

R X R
| upper
+ IBO X ( ower pp )

RIower + Rupper

Tenepb Mbl MOxeM u3BneYb Rlower 13 ypaBHeHus 1 1
BCTaBMTb €0 B ypaBHEHe 2:

Vbulkl - Vbulk2
IBO X (Vpyuq — VBO)

= VBO X

RIowerer

3atem pewmTb Ans Rupper :

Vbulkl - VBO

Rupper = RIower X VBO

Ecnm mbl peLunm BKnkoumnTb Halw npeobpasosartens ans Viyik1, paBHOMO

350 B, 1 BbIKn0umTH ero, ecriv Vpyike paBeH 250 B, To nomnyuumm:

R|0wer = 1064 kg

PaccerBaemast MOLHOCTb MocTa cocTasnseT 4002/ 3,781 M =
45 mBT, Korpga BxoaHow kackan PFC sbigaet 400 B.

PucyHok 41 pesynbTaT MOEnupoBaHMs MOLTBEPXAAET HaLlu
pacuyeTbl.

3awmTa oT 3aLLenkuBaHus

B HekoTOpbIX cuTyauusix npeobpasoBatenb JOMKeH ObiTb
MOMHOCTBIO  BLIKMIOYEH M OCTaBaTbCsl B (DUKCMPOBAHHOM
nomnoXeHnn. 3TO MOXET NPOU3ONTH MPU NEPEHaNpsKEHNM (Lenb
obpaTHom cBA3M apendiyeT) unv Npu 0BHapyXeHUM NpeBbILLEeHs
Temnepatypbl. brarogaps gobaBnennio komnapartopa Ha BblBOS,
BO npocTas BHELHSAA CXeMa MOXET MOAHSATb 3TOT BbIBOZ, Bbille
Vlatch (TunnyHoe 3HaveHwe 4 B) u HaBcerga OTKIHOYMTb
umnynbebl. OBblMHO Ans cbpoca KoHTponnepa HanpskeHne Veg
HeobXxoaMMOo NOHWXKATb [0 3HaYeHWs Huxe 6,5 B.

www.onsemi.com
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Vce Vbulk =
" 20 usI
RC To permanent
Q1 latch
Vout +
Viatch
[] Rupper IBO
— <
—QO oo Vbp
7, & I
BO %\ ! > BO

f@J NTC [J Rlower
R

Figure 42. [lobaBneHe koMmnapaTtopa Ha BbiBog BO npeanaraet cnocob oTcoeanHeHst KOHTponnepa

Ha pucyHke 42 Q1 3a6nokmpoBaH 1 He mewaet namepeHuio BO,
noka NTC 1 onTonapa He akT1eMpoBaHbl. Kak TOrbko BTOPUYHBINA
onTtonapa obHapyxusaeT coctosHue OVP unn NTC pearupyeT Ha
BbICOKY0 TEMMepaTypy OKpyxatoLien cpeabl, 6asa Q1
3asemnsetcs, a koHTakT BO nogHumaeTcs BBEpX, MOCTOSHHO
Brokupys KoHTponnep.

Cxema 3aluThbl

OTOT pe30HaHCHBIA KOHTPOMNEP UMEET CrieLuanbHbIi BXOL, (BX0g
HeMcnpaBHOCTY) 45151 06HapYXeHs YCrOBMIA NEPErpy3Ki No TOKY B
MEePBUYHON LIENMW 1 3aLLWTbI CUIIOBOTO Kackaga OT MOBPEXAEHWIA.
Koraa HanpsibkeHue Ha BXoge HeMCnpaBHOCTW NpeBbIwaeT
noporosoe 3HaveHue 1,04 B, koHaeHcaTop BHELIHErO TailMepa
Ha4MHAET 3apsKaTbCs TOKOM limer1. OBHOBPEMEHHO C 3TUM
aKTVBMPYETCS Pa3psAaHbIA NepekmnoyaTenb NaBHoOro nycka, YTobb
MOBbICUTb Pabouyto YacToTy, YTObbI NOAAEPKNBaTb NEPBUYHBIN TOK
Ha npueMnemoM ypoBHe. B criyyae, ecriv neperpyska ncyesaet
[0CTaTO4HO ObICTPO, BbIKMIOYATENb Pa3psaa NaBHOro nycka
Pa30MKHYT, TOK ltimer1 OTKIKOYAETCS, M KOHAEHCATOP Tanmepa
paspsxaeTcs Yepe3 BHELUHMIA NapannenbHbIi pesucTop. B criyyae,
€CInu neperpyska AnuTcs Aonblue, YeM Bpems Tanmepa (3agaHHoe
ltimers Vtimer» Ctimer ¥ Rtimer), IC ocTaHaBnuBaet onepauuio u xaeT,
noka Ctimer He paspsigutcs go 1 B. 3atem npunoxenve
rnepe3anyckaeTcsi C MOMOLLbIO MSITKOTO 3anycka.

B cnyyae cunbHOM neperpysku, Takow Kak KopoTKoe 3amblkaHue
TpaHcgopmaTopa, NEPBUYHBIN TOK PACTET 04eHb BLICTPO U, TaKM
00pasom, MOXET JOCTWYb OMACcHOM0 YPOBHS! 10 MCTEYEHNS BPEMEHN
Talimepa noepexaeHus. Takum obpasom, NCP1397B umeet
[ONONHUTENbHbIN kKomnapaTtop (1,55 B) Ha Bxoae HeMcnpaBHOCTY
A0S NOCTOSIHHOW ChUKCALIMM NPUNOXEHUS U 3aLLMTbI OT
paspyLueHus. Ha pucyHke 44 n3obpaxeHa apxuTekTypa CXxembl
HewucnpaBHocT Ans koHTponnepa NCP1397B.

NCP1397A Takke UMeeT BTOPO KOMMapaTop HEWUCTPaBHOCTEN,
HO B 3TOM cry4ae oH He 6nokupyet UC, a yckopseT 3apsaky
KOHAEeHcaTopa TaMepa HeMCpPaBHOCTY 3a CYET BKITIOYEHUS
LOMNONHUTENBHOTO UCTOYHIKA TOKA ltimera - CM. PucyHok 43. Takum
obpazom, NCP1397A MOXET UCMOMb30BaTLCS B NPUOXEHUSIX,
KOTOPbIE AOITKHbI aBTOMATUYECKN BOCCTAHABNMBATLCS MOCHe
niobbix cboes.
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VDD discharge at VCC(on)/
N restart if VFB < 0.3V ss(dis)
~ is
VDD T
g LI 11 |
Itimer2 ¢©<—
Itimerl¢©:
— Ctimer  Ctimer
I|—o7o DH—{ I
UVLO
Reset . Average
Rtimer |nput
Current
,||_07 1 * —F+—>»
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Figure 43. Jloruka Bxoaa HeucnpasHocTh ans NCP1397A
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discharge at VCC(on)/
restart if VFB < 0.3V
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0 = fault 1
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Figure 44. Jloruka BBoAa HeucnpasHocTv anst NCP1397B

B npumepax Ha pucyHkax 43 1 44 HanpsxeHWe, NponopL1oHansHoe
NepPBUYHOMY TOKY, NOCTEe YCPeAHEHS AAET NPEeACTaBEHe O BXOAHON
MOLLIHOCTM B Cny4ae, ecnn Vin nogaepkvBaeTcst NOCTOSIHHBIM C
nomoLwbto cxembl PFC. Ecnin BbixogHas Harpyska yBenuyneaeTcs
BbILLIE ONPeSeneHHOro YPOBHS, HaNpsKeHNe Ha 3TOM BbIBOAE
npe.bicuT nopor B 1 B 1 3anycTuT Taimep.

Ecnu neperpyska coxpaHseTcs:, Yepes HECKOMbKO AECATKOB
MWAACEKYHA KOMMYTaLMOHHbBIE UMMYMbChI UCYE3HYT, U NPOU3ONLET
3aLLMTHBIIA LMK CaMOBOCCTaHOBNEHMS. Perynnposka peauctopa R
napannenbHO KOHAEHcaTopy Tanmepa AaeT rOKOCTb B PErynvpoBKe
MMMYNbCHOO PeXuMa 0Tkasa (CM. PucyHok 45).
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A SMPS Stops

Fault is Gone

Reset at Re—start ————————»

SMPS Re-starts

Figure 45. PeaucTop MOXeT Nerko nporpaMmM1poBaTh BpeMs paspsiaa koHgeHcaTtopa

Vee

A\

FB

Skip/Disable

Figure 46. Liukn nponycka MoXeT ObITb peanu3oBaH ¢ MOMOLLbI
[BYX pe3uncTopos Ha BbiBoge FB k Bxogy Fast Fault.

Mponyctntb / OTKNOUYUTD

Ha Bxog Skip / Disable He BnusieT otnoxeHHoe peiicTane. Kak
TOMbKO €ro HanpskeHue npesblwaer obbuHO 0,66 B, BCe
MMMYNbCbl OTKMKYAIOTCA U OCTAKTCA OTKMIOYEHHBIMW A0 Tex nop,
noka MpUCYTCTBYET HeucrpaBHOCTb. Korga wrudT oTmyckaeTcs,
MMMYNbChl BO3BPALLAKOTCS, W NNABHbINA NYCK aKTUBMPOBaH (B Cyyae
VFB <0,3 B).

Bnarogaps HW3KOMy YPOBHIO aKTMBaLMW 3TOT BbIBOL MOXET
Habntogatb 3a BbIBOAOM 00paTHOM CBSI3W 4Yepe3 Pes3nCTMBHOE
pasgeneHve W, TakuMm 06pasoMm, peanu3oBbiBaTb  Onepawuio
nponycka Lukna. Pe3oHaHCHbI npeobpasoBaTenb MOXET ObiTb
CMPOEKTUPOBaH Tak, 4ToObl TEpsATb PErynupoBKy B YCIOBUSIX
HebOrbLLOW Harpy3ku, YTO MPUBOOMT K YBENuYeHuo yposHs FB.
Koraa oH focTuraeT 3anporpamMMuUpOBaHHOrO YPOBHS, OH 3anyckaeTt
BBOZ MpOMycka W OCTaHaBnuBaeT ummynbcbl. 3atem  Vout
MEOneHHO nagjaeT, UMK pearupyeT YMEHbLIEHVEM YPOBHS
obpaTtHon CBSA3W, KOTOpbIA, B CBOKW O4Yepedb, pasbrokupyet
umnynbcsl, Vout CHOBa YyBenuuuMBaeTca W Tak ganee: Mol
HaxoguMCs B pEXMME nponycka Lukna. [ockombKy HampshkeHue
obpaTHom cBsisu He onyckaetcst Hke 0,3 B, BbikntovaTtenb paspsiga
NNaBHOTO Mycka B 3TOM cryyae He aktusupyetcs. Cm. Takke
PucyHok 35 aonsg peanusauuu yHKUMM pexuma nponycka, korga
onTonapa NogkmnoyYeHa HENOCPEACTBEHHO K BbIBOAY Rt.

[MoBeneHue npu 3anycke

Korga HanpsxeHne VCC  yBenuuuBaetcs,  BHYTpeHHee
notpebneHne Toka ocTaetcs Huxe Istrup. Korga VCC pgocturaet
ypoBHst VCC (on), cHayana ycTaHaBnMBaeTCS BbICOKWN YPOBEHb
Ha Bbixoge Miower, a 3atem Ha Bbixoge Mupper. 3Ta
nocnegosaTenbHOCTb Beeraa OyaeT oanHakoBOW, YTO Obl HY
3anyckano nogady umnyrneca: HeucnpasHocTb, BbIKIT Ha BKIT n
T.0. 3aTEM CNeayIoT OcTarnbHbIE UMMYILCHI,

[OCTaBMSIETCA MPYU  HaMBbICLIEM 3HAYEHUM MEPEKITIOYEHMS,
3anaBaeMom pesuctopom RFstart napannencHo ¢ pesucTopom
RFmin Ha BbiBoge 4. KoHpeHcatop nnaBHOrO mnycka
obecneymBaeT MNaBHOE CHWXEHWE YacToTbl JmMbo [0
3anporpaMMMPOBaHHOTO MUHUMAIBHOMO 3HaveHust (B Cnyyae
HeucnpaBHOCTK), OO [0 3HAYeHMs, COOTBETCTBYIOLLErO
paboyas TOUKA, €CNM KOHTYp 0OpaTHOM CBSI3M 3aMblKaeTcs
nepsbiM. Ha pucyHke 47 nokasaHO W3MEHEHWe TUMNYHBIX
CUTHasoB NPy BKITIOYEHMU.
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Figure 47. anI BKIMOYEHUU NNTaHKA CHa4Yana akTMBUPYETCA BbIXO4 A, N yacToTa MeaneHHo YMEHbLUAEeTCA B 3aBUCUMOCTK OT
HanpsXeHnsa KOHAeHCaTopa NnaBHOro nycka.

Ha pucyHke 47 nsobpaxeHa cuTyauns C aBTOMaTU4ECKAM BOCCTaHOBIEHWEM,
korga TaiMep MHWLMMPOBAN OKOHYaHWE BbIXOAHbLIX MMMYMbCOB. B aTOM Cryyae
ypoBeHb VCC 6bin 3aaH BCnoMoraTenbsHbIM UCTOYHUKOM NUTaHMS,
CnefoBaTenbHO, ero CTabunbHOCTL BO BpeMst ¢6os1. AHanornyHas cutyaums
MOXET BO3HUKHYTb, €CIN NMOMb30BaTeNb BbibepeT 6onee TpaguLUMOHHbIN METOS,
3anycka co BCnoMoraTensHoi 0GMOTKOM.

B atom cnyyae komnapatop VCC (min) octaHaBn1BaeT BbIXOAHbIE MMMYILCH
BCAKMIA pas3, korga OH akTuBmpyeTcs, To ecTb korga VCC nagaet Huke 9,5 B. B
3710 Bpems Ha BbiBog VCC no-npexHemy NocTynaeT TOK CMELLEHNS OT MyCKOBOrO
pesucTopa, U OH yeennuusaetcs B ctopoHy VCC (BknioyeHo). Korga HanpsixeHue
pocturaet VCC (Bkr.), BeinonHseTcs craHgapTHas nocnegoBaTenbHOCTb
[ENCTBUIA, BKIHOYAKOLLAs NiaBHbIN nyck. PrcyHok 48 nsobpaxaeT 310 NoBeAeHMe.
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Figure 48. Korga Vg HaxoouTcs Ha HU3KOM YpOBHe, BCe UMMYIbChbl OCTaHaBNUBAKOTCA, NMoka Vo He BEPHETCA K HAYanbHOMY HanpsKeHMHO.

[parBep BbICOKOro HanpsiKeHus
[paiiBep UMeeT TpaANLMOHHYI0 CXEMY HaYanbHOI 3arpy3ku, TpebyHoLL Y0 BHELIHETO BbICOKOBOMLTHOTO AMOLA ANS NYTH 3anpaBky
KoHgeHcaTopa. Ha pucyHke 49 nokadaHa BHyTPEHHSIS apXMTEKTYpa BbICOKOBOMLTHOW CEKLN.
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Vboot ™
B >—] ) Pulse - Level N _T_
~l>o_ Trigger > Shifter | — S —
Cboot ——
L Q | Mupper | .
6 —e
R | HB
UVLO Dboot A
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Figure 49. BHyTpeHHAs cekums Bbicokoro HanpsikeHus NCP1397
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YcTpoicTBO BKMoYaeT BepxHioto cxemy UVLO, kotopas rapaHTupyeT, uto ans BepxHero MOSFET umeeTcs gocratoyHo
HanpsxeHus Vgs. Boixogsl B 1 A BblgaloTcs BHYTPEHHEN NOMMKOM, Kak NoKasaHo Ha PUCYHKE 43. B HUKHIOI HanpaBnstoLLyto
BCTaBIeHa 3aepxka, YTobbl 00ecneqnTb XopoLLee CornacoBaHne MeXay STUMM pacipoCTPaHSIIOLMMUCS CUrHanamm.

Kak ykasaHo B pasgerne 0 MakcumarbHbIX HOMUHAMBHbBIX 3HAYEHUSIX, HAMPSKEHNE NTaBatoLLE YacT MoxeT gocTurats 600 B
MOCTOSIHHOTO TOKa, YTo AenaeT C naeanbHo noaxoasiien Ans aBTOHOMHbIX NPUNOXEHWUI ¢ BXoAHbIM kackagom PFC Ha 400 B.

ORDERING INFORMATION

Device Package Shippingt
NCP1397ADR2G
NCV1397ADR2G* SOIC-16, Less Pin 13
' 2 T Reel
NCP1397BDR2G (Pb—Free) 500/Tape & Ree
NCV1397BDR2G*

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specification Brochure, BRD8011/D.

*NCV Prefix for Automotive and Other Applications Requiring Unique Site and Control Change Requirements; AEC-Q100 Qualified and PPAP
Capable.
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NCP1397A/B, NCV1397A/B

PACKAGE DIMENSIONS

SOIC-16 NB, LESS PIN 13

CASE 751AM
ISSUE O
-< D A NOTES:
16 9 B 1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994.
H 2. CONTROLLING DIMENSION: MILLIMETERS.

T 3. DIMENSION b DOES NOT INCLUDE DAMBAR
! PROTRUSION. ALLOWABLE PROTRUSION SHALL BE
‘» 0.13 TOTAL IN EXCESS OF THE b DIMENSION AT

MAXIMUM MATERIAL CONDITION.
4. DIMENSIONS D AND E DO NOT INCLUDE MOLD
PROTRUSIONS.
. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
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SOLDERING FOOTPRINT*
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QET

DIMENSIONS: MILLIMETERS

1.27
PITCH

-
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*For additional information on our Pb—Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.

ON Semiconductor and the J are registered trademarks of Semiconductor Components Industries, LLC (SCILLC) or its subsidiaries in the United States and/or other countries.
SCILLC owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of SCILLC’s product/patent coverage may be accessed
at www.onsemi.com/site/pdf/Patent-Marking.pdf. SCILLC reserves the right to make changes without further notice to any products herein. SCILLC makes no warranty, representation
or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets
and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each
customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others. SCILLC products are not designed, intended,
or authorized for use as components in systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which
the failure of the SCILLC product could create a situation where personal injury or death may occur. Should Buyer purchase or use SCILLC products for any such unintended or
unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all applicable
copyright laws and is not for resale in any manner.
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AND8460/D

Implementing a 12V /
240 W Power Supply with ON Semiconductor®
the NCP4303B, NCP1605

and NCP1397B B creayiomen zokyveiTe omican asxoaof

UMITYJIbCHBIN MCTOUHMK nutanus (SMPS) 12 B /20 A,
MpeJHa3HaYeHHbIH AJI UCIOJIb30BAHUS B KAUeCTBE
OCHOBHOTO NpeoOpa3oBares nCTouHrKa rmutaHust ATX
win uctoynnka nurtanus All-In-One ms [TK. Cxema
3TaJIOHHOTO JU3aiiHa COCTOUT U3 ABYCTOPOHHEN NeYaTHON
miatel 135 x 200 MM 1 BeicoTO# Beero 35 MM. O630p Beeit
apxutekTypsl SMPS npencrasnen Ha pucyHke 1.
TuiarensHOE BHUMaHKE OBUIO YAEIEHO ONTHMH3ALUH
MIPOM3BOANTEIBHOCTH P MUHUMH3ALNH 001Ieit
CTOUMOCTH PEIICHHUS.

Prepared by: Roman Stuler, Jaromir Uherek and Ivan Seifert
ON Semiconductor

1 [ ]

NCP4303B
EMI YA N SR controller
Fitter | [ ﬁ% < S¥nchronouste';:t\ﬁcahon
T ] —
90V —265Vac NCP1605 F gl
PFC ! = NCP1397B
Controller \}A Resonant Controller * TZVEM
with builtin
/ J_ Half Bridge Driver v
. L= T 1 sl K2
Resonant Technology - =
Frequency Clamped = Eiflcle':::y‘nacr::al.s:vc\'lev EMI NCP4303B T
Power Factor Contoller Bias SR controller
circuitry
Figure 1. Demoboard Block Diagram
0630p apxuUTEKTYpbI Cneuudhvkaums gemo-nnatbl
B cxeme ucnonsayetcs NCP1605 ans npegsaputensHoit BOMbLUMHCTBO COBPEMEHHbIX BEIYUCIIUTENBHBIX MPUNOXEHUIA, TaKIX
KoppeKLun koadhduLmeHTa MoLLHOCTU. ITOT Kackaa obecneumsaeT kak MK ATX, urpoBble KOHCONM 1 MOHOGNOKM, UconbaytoT 12 B B

XOpOLLO perynupyemoe BbixogHoe HanpsbkeHue PFC, uto no3sonset Ka4yecTBe OCHOBHO LUMHBI UTaHWS. 3aTeM 3TO HamnpsKeHne
onTUMK3MPOBaThL paboTy NpeobpasoBaTens, PacroNOXEHHOrO HIKE AONONHUTENBHO CHINKAETCA A0 5 B 1 3,3 B C MOMOLLbH0 MOHMKAIOWMX

no notoky. Kontponnep NCP1605 paboTaeT ¢ ncnonb3oBaH1eM npeobpasoBatener NOCTOSHHOIO / NOCTOSIHHOIO TOKa. [OCKOMbKY MoYTH
MeToAa ynpaBneHus PEeXMMOM KpUTUYECKON NPOBOAMMOCTM C BCS MOLLHOCTb NPOXOAMT Yepes Bbixog 12 B, 04eHb BaxHO
orpaHuyeHnem YactoTbl. B kackage SMPS ucnonb3yetcs Tononorus ONTUMM3NPOBATHL 3CH(EKTUBHOCTL OCHOBHOIO CUTMOBOTO Kackaaa.
nonyMocToBOro pe3oHaHca LLC, nockomnbky oHa noBbilLaeT CerogHst B 60MbLUMHCTBE NPOEKTOB Mcnonb3yeTcs Tononorust LLC ans
3(PEKTUBHOCTb, CHUXAET CUTHATYPY 3NEKTPOMArHUTHbIX MOMeX n CMMOBOrO Kackaza, 4Tobbl 0becneumnTb Bbicokui KIN[ no pasymHO LieHe.
oBecneynBaeT NyuLLee Ucronb3oBaHue TpaHchopmaropa no Cunosoit kackag LLC obecneunsaer sbicokuit KIL 6narogaps
CPaBHEHMIO C TPaAULMOHHBIMK Tononoruamu. KoHTponnep MEPEKIIOYEHMIO MPY HYNEBOM HanpsikeHun (ZVS) Ha nepBrYHON
NCP1397B ucnonb3yeTcs anst yrpasneHisi IonyMOCTOBLIM CTOPOHE U NEPEeKIToYeHn npu HyneBoM Toke (ZCS) Ha BTOpPUYHOI
pe3oHaHcHbIM LLC npeobpasosatenem. Ytobbl MakcMMM3MpoOBaTh cTopoHe. OfiHaKo ApeKTUBHOCTb CHIKAETCS ANs Bonee BbICOKUX
3(hheKTMBHOCTbL CNOBOrO Kackaaa LLC, Ha BTOPMYHOII CTOPOHE BbIXO/HbIX TOKOB, NOCKOMbKY BTOPUYHbII CPEAHEKBaAPATUYHbIN TOK
peann3oBaHo CUHXPOHHOE Bbinpsammerue (SR). KoHTpornep [OCTUraeT BbICOKOTO YPOBHS!. PeLlieHnem 3Tix NoTepb Ha BTOPUYHON
NCP4303B SR ucnonb3ayeTtcs 11 TO4HOTO BKITHOHEHUS 1 CTOPOHe SIBNSIETCS UCMOMNb30BaHKNe CUHXPOHHOIO BbINPSAMEHUS! BMECTO
BbIkNoYeHns nonesbix MOM-TpaHaucTopos SR. 00bIuHbIX BbINpAMUTENen (anog LLotTku). Takke Bbino yaeneHo

Takum 0b6pa3om, apxuTekTypa, BbIopaHHas 15 3TOr0 3TanoHHOTO BH/MaHWe ONTUMM3aLN SHEKTUBHOCTU OCBELLIEHNS 11 OTCYTCTBUSE
MpoeKTa, No3BONAET ONTUMU3NPOBATL CUCTEMY TaK, YTOBbI Harpy3ku, 4to ocobeHHo BaxHo ans SMPS 1K «Bce B 0gHOMY, KOTOpbIe
AocTUranach MakcumanbHas apdekTMBHOCTb 6e3 3HaYUTENBHOTO 06bI4HO He MCMONb3YIOT AONOMHUTENbHBIA PE3EPBHBIA UCTOUHUK
YBENWYEHUA CTOMMOCTU KOMIMOHEHTOB U CIOXHOCTU CXEMbI. nUTaHKA.

© Semiconductor Components Industries, LLC, 2010 1 Publication Order Number:

August, 2010 - Rev. 2 AND8460/D
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Vcxons u3 BRIIEU3I0KEHHBIX COOOPaXCHUH, CIEIYIOMTIE
Tpebyembie crierupuKaluy 3TATIOHHOTO poekTa SMPS:

Table 1. DEMOBOARD SPECIFICATION

Requirement Min Max Unit
Input voltage (ac) 90 265 \Y
Output voltage (dc) - 12 \Y
Output current 0 20 A
Total output power 0 240 W
Consumption for a 500 mW - 1.7 w
output load in STBY mode
Consumption for a 100 mW - 1.2 w
output load in STBY mode
No load consumption SR - 870 mwW
operating
No load consumption SR - 1 W
turned off, no bypass Shottky
used
Load regulation 20 mV

NCP4303A / B obecneunBaet cnegytoLyne nonesHole hyHKLmmn
Ans peanusauum SR Ha cunosoi ctynenm LLC:

ToyHoe oGHapyxeHUe HyNeBOro ToKa C perynmpyemMbim
noporom

KonTponnep NCP4303 SR obecneunBaeT nopor obHapyxeHusi HyneBoro
Toka (ZCD) no ymonyanuto, paeHbii 0 MB. Victounnk Toka 100 A Ha Bxoge
CS nosBonsieT 3aka3uuky CHWU3MTbL 3TOT 6GasoBbi nopor ZCD, wcnonb3ys
peancTop, NOAKMIoYEHHbI nocnefosatensHo k Bxogy CS. Takum oBpasom,
MOPOroBOE 3HAYEHME TOKa OTKMIOYEHUS MOXHO TOYHO OTperynupoBath Ao 0
A, uTo6bI MakcuMn3anpoBaTh Bpemsi npoeoanmoctn SR MOSFET. PesynbTat
- ONTUMM3NPOBAHHASA 3PPEKTUBHOCTb CUCTEMBI.

OO6bIYHO 3aAepKKa BbIKITFOYEHUSA OT BXOo4a AaT4yMKa ToKa
[0 Bbixoaa ApanBepa coctaBnseT 40 Hc.

Kak Tonbko Bxog CS 0BHapyXMBaeT, YTo BTOPWUYHBIA TOK JOCTWr HynS,
HeobxoaMmMo Kak MoxHO bbicTpee BbiktouMTb SR MOSFET. YpesBbiuaitHo
HU3kas 3agepxka pacnpoctpaHenns curHana B NCP4303, pasHas 40 Hc,
rapaHTupyet bbicTpoe oTkntoueHne SR MOSFET, uto nossonseT usbexatb
obpaTHoro npoTekaHus Toka obpaTHo B 0BMOTKYy TpaHccopmartopa OT
BTOPWYHOTO (OUNLTPYIOLLEro KOHAEHCaTOopa.

Bxopn aBTOMaTuyeckon KomneHcauum napasmTHoOm
MHAYKTUBHOCTU

Bbicokuin cpegHekBagpaTUYHbIA BTOPUYHBIA TOK B cTyneHn LLC umeet
Bbicokoe npousseseHne di (f) / dt, koTopoe MOXeT BbI3BaTb BbICOKOE
HanpsbkeHue oLWMBKM Ha NapasuTHLIX MHAYKTUBHOCTSX kopryca SR MOSFET
(Hanpumep, TO220). HanpspkeHust napasvTHOM OWMGKM CABUrakT CTOK K
HaMNpSHKEHWNK0 UCTOKA W BIINSIIOT Ha TOYHOCTb cucTembl ZCD. B pesynbrate
SR MOSFET npexaeBpemMeHHO BblkmioyaeTcs, M athdeKTUBHOCTb
cHukaetcs. NCP4303 npegnaraet cnocob komneHcauun atoro addekta
yepes crewnanbHeli BX0o4, KOTOpbIA cMelyaeT nopor komnapartopa ZCD ¢
KOMMEHCALMOHHbIM HanpskeHeM. bnarogaps atol dyHKLMM KomnapaTtop
ZCD MOXeT BbIMOMHATb TOYHOE  OMpefeneHue  He3aBucuMo  OT
npousBefeHns BTopuyHoro Toka di (t) / dt. 3ToT Metog noseonset
MCMONb30BaTh CTaHgapTHble nonesble MOMM-TpaH3MCTOpbI C BbIBOAAMMU, YTO
MOXET CHWU3MTb 3aTpaThl Ha cbopky (ans nonesbix MOM-TpaH3ucTopos SMT
06bluHO TpebyeTcs Honee goporas neyaTHast nnata 1 nanka).

HdonycTumas Harpy3ka Ha TOKOBbIN WTbIpb 200 B
BosmoxHocTb  Bblcokoro  HanpsbkeHust BbiBoja CS  nossonser
Hanpsamyl nogknioyatees k ctoky SR MOSFET. 310 nossonset
n3bexaTb MCMONb30BaHNS NOCNEAOBATENBHOMO PE3NCTOPA C BbICOKMM
COMPOTUBMEHMEM, KOTOPbIN 3agepxmBan Obl curdan CS.

OTKNIOYUTL BXOA ANA Nepexoaa B XAYLNA PeXnuMm unum
PeX1UM HM3KOro noTpebneHus

Bxop tpurrepa / 3anpeTa 06beanHSET 4Be (DyHKLMKU: BO-NEPBbIX, OH
MOXeT UCMonb30BaThCA AN BblkmtoyeHns SR MOSFET B
MPUINOXEHUAX PEXMUMA HENPepbIBHOMO Toka (Hanpumep, 0bpaTHbIi X0
CCM).

Bo-BTOpbIX, C €ro NMOMOLLbK MOXHO NEPEKNOYNTb KOHTPOMnep B
pexum oxnaanusi. Pexxium oxuaaHus SR cHkaeT aHepronotpebnexue
SMPS, korpa Bbixof He 3arpyxeH. B atom pexume ans obecneyeHus
NPOBOAMMOCTY MOTYT UCMOMb30BaTLCS NapannensHble anogbl LoTTku,
a He nonesble MOTT-TpaHaucTopbl SR.

Perynupyemoe MWHUMaNbHoOEe BpeMsA BKINOYeHUsa n
BbIKINOYEeHUA He3aBUCUMO OT ypoBHA VCC

M3-3a pasnuuHblX MMNELAHCOB B MPUMOXKEHWM (MapasuTHbIE
WHOYKTUBHOCTM M EMKOCTM) TMOCMe BKIKOYEHUS| WNM  BbIKITIOYEHMS
noneeoro MOI-TpaH3ncTopa SR MOXeT BO3HMKATb JTOXHBIA CUrHan.
Uto6bl NpeogoneTb NOXHOE NEPEKIIOYEHNE KOHTPOIepa M3-3a 3T0ro
napasutHoro  3BoHka, NCP4303  wcnonb3yeT  perynupyemoe
MUHAMaNbHOE BpEMS  BKMIOYEHUS U BbikMioyeHns.  CoctosHue
JpaiiBepa He MOXET ObiTb M3MEHEHO B TEYEHME 3TWUX MUHUMAmNbHbIX
nepuoaoB. NpoaomKUTENBHOCT MUHUMATBHOTO BPEMEHU BKMIOYEHUS
M  MWHUMArbHOTO BPEMEHU OTKMIOYEHUS MOXHO — perynmposaTb
He3aBMCMMO ApYT OT Apyra U He3aBncumo oT ypoBHS IC Vec.

MukoBbIN TOK NOTPe6neHna / nctoyHuka nutaHusa 5 A /2,5 A

Monesble MOT-TpaH3ancTopbl SR ANst CUIBHOTOUHBIX MPUTIOXEHWI
00bIYHO MMEIOT BbLICOKYK) BXOAHYK €MKOCTb. MOLUHbIE BO3MOXHOCTY
Apaiieepa npuemuuka NCP4303 cokpallaloT Bpems BbIKIOYEHUS U,
TakuMm 06pa3om, NO3BOMNSIOT ONTUMWU3UPOBATbL BPEMS MPOBOAUMOCTH
SR MOSFET.

OunanasoH pa6ouero HanpshxeHus go 30 B

Bxog VCC NCP4303 moxeT ObiTb MOAKMKOYEH Hanpamylw K
BbIXOLHOMY  HamnpsbkeHuto  mpunoxexuss  6e3  kakoro-nubo
JOMNONHUTENLHOMO NpeBapUTENbHOTO perynupoBaHus. 3ta yHKLuMs
yNpoLlaeT peanu3aumio apaisepa u CHXaeT CTOUMOCTb NPUMOKEHNS.

3axum gpanBepa 3atBopa: 12 B (NCP4303A) nnu 6 B
(NCP4303B)

HekoTopble 13 coBpemeHnHbix SR MOSFET obecneumnsarot Hu3koe
COMPOTUBIIEHNE KaHarna Ans Gonee HU3KWX HanpskeHuiA 3aTeopa (<6 B).
Takum 06pa3om, NONe3Ho orpaHNuMBaTL HaNpshKeHWE apanBepa Ha
Bonee HM3KOM YPOBHE U YMEHbLLATH NOTepU NpY BO3BYxaeHun. 3ToT
MEeTO/, NoMOoraeT noaaepuBath Bbicokii KM, 0cobeHHO npu cpenHnx
¥ nerkux Harpyakax. C 4pyroi CTopoHbl, HekoTopble nonesbie MOT-
TPaH3WUCTOPbI MO-MpEXHEMY TPeDYOT Gonee BbICOKOTO HAMPSHKEHUS Ha
3arBope. NCP4303A obecneunBaeT apaiisep 3ateopa 12 B

3aXuM s 3TuX cnyyaes. [NoxanylicTa, obpatuTecs k Tabnuue gaHHbIX
ANs NONyYeHNs AONOMHUTENBHON MHAOPMALIK 1 NOAPOBHOrO ONUCaHUs
koHTponnepa NCP4303A /B SR.

http://onsemi.com
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Moapo6Hoe onucaHue gemo-nnartbl

lMonHas cxema AEMOHCTPALMOHHON MraThl MOKa3aHa Ha PUCYHKe
58. Kak ynomuHanocb Bbiwe, SMPS coctout u3 Tpex 6rokos.
MepenHnin kackag PFC npuHumaeT BxogHoe HanpsbkeHue ot 90 B
nepemeHHoro Toka / 60 My go 265 B nepemenHoro Toka / 50 'y u
npeobpasyeT ero B HOMWHANbHOe HanpsikeHue 395 B nocTosHHOro
Toka. BTopoi 6ok - 310 cunoson kackag LLC, koTopeiin npeobpasyeT
00beMHOe HanmpsikeHue B BbIXOAHOE HanpsikeHne 12 B / 20 A.
TpeTuit BOK - 3TO CMHXPOHHOE BbIMPSMMEHNE, KOTOPOE 3aMeHsieT
00bl4HbIe BoinpsMuTenn LLoTTku.

MepegHasa ctyneHs PFC

BxogHoe HanpspkeHue npoxoauT yepes urbTp SMEeKTPOMarHUTHbIX
nomex (puc. 2), KOTOPbIN 3aliMLLIaeT pacrpefenuTenbHy ceTb OT
wyma, cosgasaemoro SMPS. ®unbTp 3neKkTpOMarHWTHbIX NOMex
coctouT K3 KoHpeHcatopoB CY1, CY2, C33, C47, gpoccens c
komneHcaumen Toka L15 n gpoccenen anddepeHumansHoro pexuma
L12, L13. BapucTop R48 sawwmwwaet WA oT ckaukoB HanpspkeHus B
ceTu.

OThunbTpOBaHHOE  MEPEMEHHOE  HaMpsKeHue  BbINpAMNSETCs
MOCTOBbIM BbinpsiMuTeNeM B1 u nogknioyaeTcs Kk CUNoBoMy kackagy
PFC.

Utobbl CBECTU K MUHUMYMY PUCK MOPaKEHUS AMEKTPUYECKAM TOKOM
nocne OTKIKYEHNs UCTOYHMKA MUTaHus, Tpebyetca cxema paspspa
koHgeHcaTopa X2. OBbIMHO NS BbIMOMHEHUS 3TOM  CDYHKLMM
UCMONb3YITCS 3alLuTHbIe peaucTopbl. OQHAKO Takoe peLleHne UMeeT
HekoTopble HejocTaTkM. Bpems paspsga  yeenuuuBaeTcss [0
HENpMeMNIeMoro  ypoBHs Ansi  Oonmee  BbICOKMX — HOMWHANOB
koHgeHcaTopa X2. [MoTepu MOWHOCTM B paspsigHbIX pesncTopax
HeoDXoOMMO  yBenuuMTb, 4TOObI YMEHbLUMTL Bpems pa3pspa
KoHaeHcaTopa X2. B pesynbTarte CTpajaeTt OTCYTCTBME Harpysks Ha
npunoxeHue. Ytobbl n3bexatb 3TOro, B 3TOM KOHCTPYKUMW Obina
peanu3oBaHa crneuuansHas cxema paspsiga, YTobbl MUHUMWU3MPOBATL
Bpems pa3pspa koHaeHcatopa X2, He Bnuss Ha noTpebnenne 6e3
Harpysku. 3Ta cxema COCTOWT W3 nofkadku 3apsaa R19, R43, R53, D8,
D10, D11, C14, C30, C31, TpaHauctopos Q6, Q8, paspsaoHbix
pesuctopoB R16, R22 n BcnomoratensHon cxembl cmellerns R1, R21,
C1, D1. Korpa

NpurioXeHue MOAKMIYEHO K CeTW, 3apsfHblii  Hacoc nojaet
HanpsikeHne Ha 3atBop Q8 MOSFET u noppepxusaeT ero BO
BKITtO4eHHOM cocTosiHuu. Ctok MOTT-TpaHauctopa Q8 onyckaet 6asy
TpaHaucTopa QB, KOTOpbIA OTKMOYaeT paspsaHble peauctopsl R16,
R22 oT BXOAa BbICOKOTO  HanmpshkeHus  Ans  MOBbILIEHNS
ahdhekTmBHOCTM XxomnocToro xoga. Korga WM otknioveH ot cetw,
3apsaHbIA Hacoc

Bonblue He nogaeT Tok,  nonesot MOM-TpaH3ucTop Q8 BbIKMHOYEH.
BcnomoratenbHoe HanpshkeHne ocTaeTcsi Ha koHgeHcatope CH,
nostomy TpaHauctop Q6 Bknoyaertcs, a peauctopsl R16 n R22
paspsKaroT KOHAEHCaTopbl X2 Yepe3 MOCTOBOW BbinpsiMUTESb. Bpems
paspsiia MeHblle OfHOW CekyHabl. oTpebnsiemas MOLHOCTb 3TOW
CxeMbl cocTaenset okono 6,5 MBT gns Bxoga 230 B nepemenHoro
TOKa, UYTO [aeT 9KOHOMMIO okono 86 MBT no cpaBHEHMto co
CTAHOApPTHbIM PELUEHNEM C 3KBMBANEHTHbIM BPEMEHEM pa3psfa.
Peanusaups npeanoXeHHON Cxembl pa3psida KoHgeHcaTopa X2 Takke
MOMOraeT CHU3WTb KOHOYKTUBHOE W3MyYeHWe SNEKTPOMAarHUTHbIX
nomex, Mockombky — paspabotumk  WWIM  meHee  orpaHnyeH
COOTHOLLEHEM pa3Mepa KoHgeHcaTopa X2 K COOTHOLLEHUIO BPEMEHM
paspsiza.

NN BLINPSIMNEHHOrO MEPEMEHHOTO  TOKAa  MOAKMIYEHa K
nepepHemy kackagy PFC (PucyHok 3). Kackag PFC mopynupyet
BXOZHOW TOK ANt JOCTVXEHMWS BbICOKOrO KO3(h(ULIMEHTA MOLLHOCTH, a
Takke Ans NOAroTOBKM NpeaBapUTENbHO PEryNMPYEMOro HanpshKeHMs
Ans cunosoro kackaga LLC.

Mpu BkmoveHun nonesoro MOIM-TpaHauctopa Q4 3Heprus
HakannuBaeTcs B kaTyluke L7. SHeprus, 3anaceHHas B kaTyLuke L7 Bo
Bpemsi paboTbl, [OOABNAETCA K BbIMPAMIEHHOMY HAMPSHXKEHWO Ha
koHaeHcaTtope C15, korga nonesoit MOMM-TpaHaucTop Q4 BLIKMHOYEH.
Takum obpasom, KoHgeHcaTopbl Oonblon emkoct C16 m C17
3apskarorcs yepes auwog D5. CymmapHoe HampshkeHue Oenutes
peanctopamm R17, R28, R34, R46 1 R63. SMUTTEepHbIN NOBTOPUTEND
Q10 nosBonsieT UCNonb30BaTh AeNuUTenb C BbICOKAM WMMEAAHCOM,
KOTOPbI CHWKaeT noTpebneHne B pexume oxupanns SMPS.
BbixogHOoe HanmpsikeHMe OT  3TOr0  IMUTTEPHOrO  MOBTOPMTENS
ucmonb3yetcs Ana AByx Lenew: 1-e AnNA MOATOTOBKM (DyHKLMM
pexuma nponycka kackaga PFC u 2-ro gna npegoctaBrneHus
koHTponnepy LLC wuHcbopmaumm o6 obbemHOM HanpsbkeHun (T.e.
[0CTaTo4HO NI 3T0r0 Anst pabotbl ctagum LLC). .
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Figure 2. PunbTp aNEKTPOMarHUTHbIX MOMEX CO
cXeMol pa3psiaa KoHaeHcaTopa X2
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Figure 3. The PFC Stage Connection

KoHTponnep NCP1605 PFC nmeeT dhyHKUMIO pexuMa npomycka ¢ MoporoBbIMM
3HAYEHUAMM, KOTOpPbIE (DUKCUPYIOTCA Ha YPOBHE perynupoBaHus obpaTHOW
ca3n (FB). OgHako nynbcaumun 06LEMHOTO HanpsKeHUs B pexume nponycka
OyoyT cnuwkom Bbicokumu ans Ttononoruu LLC. Takum obpasom, B 3TON
KOHCTpykuMu pexum npomycka PFC  peanusoeaH uepes Bxog OVP
koHTpornepa PFC ¢ ucnonb3oBaHnem BHELHEro BUNonsipHOro TpaHaucTopa
Q1.

Paboyas yactota ctynenun LLC yBennumBaeTcs mMpu yMeHbLUEHWUM BbIXOBHOM
Harpysku. 3tan LLC nepexogut B pexum nponycka 1 OTKMKYaeT Apaieepbl
npy [JanbHeilem nageHWn Harpysku. Takum obpasom, TpaHsuctop Q11
BblKNtoveH, a pesuctop R76 oTkmoyeH. Takum 06pas3om, HanpskeHue Ha
koHTakte PFC OVP yBenuumBaetcs Bbiwe nopora OVP, u paboTa kackaga
PFC npepbiBaeTcs. 3aTem BbIXOQHOE HampshKeHWe ecTecTBEeHHbIM 0Bpa3om
napaert, u ctyneHb LLC Bo3o6HoBnseT paboty - Q11 cHoBa Bkmtoyaercs, u
ctyneHb PFC paboTaeT HopManbHO CHOBA BKMKYAETCS, MOTOMY YTO Pe3ncTop
R76 onyckaet BbiBog OVP. lMpu ncnonb3oBaHuM 3Toro Metoga Koppekuus
Ko3(hpuLMEHTA  MOLLHOCTM  BbIHyXJeHa MepUoaMyeckM nepesapsikatb
KoHfeHcaTop 6OMbLUOI EMKOCTY MU HEBOMbLLIO Harpyske U Npu OTCYTCTBUN
Harpyskn - Takum 00pasoM peanuayeTcsl pPexuM Mpomycka KOppeKLW
Koa(puLMeHTa  MOWHOCTM € perynupyemMoit nynbCaupen  HanpsxeHus
OonbLuoit emkocTu. ToCKOMbKY peXMM Mpomnycka peanuayeTcsl W3BHE Yepes
BbiBog OVP, a He yepes pe3epBHbIN BXo, He06X0AMMO cMeLLaTh BbiBog STBY
Bbilwe 0,3 B ¢ nomoLwbto peauctopHoro fenutens R69, R74.

HanpshxeHue ot amutTepa TpaHauctopa Q10 Takke fenutes genutenem R87,
R92, R93 u ncnonbayetcs ans ynpaenenus pabotoi ctynenm LLC yepes Bxog
noHWkeHHoro HanpsbkeHnst NCP1397. Bo Bpems 3anycka kackaga PFC Ha BbiBoge
PFC_OK IC3 otcytcTByeT HanpsbkeHue, noatomy kackag LLC He moxeT Hauatb
paborty. Brisog PFC_OK yeennumeaetcs go 5 B nocne Toro, kak kackag PFC
[OCTUraeT YPOBHSI PETYNIMPOBaHMS.

Tok, KoTopbll co3paeTcs HanpsbkeHmem Ha Bbieoge PFC_OK u
pesuctopoM R83, nobaBnseTcs K TOKy, BbITEKAlOLWEMy W3 pesuctopa
R87, n BMeCTe OHM CO30al0T NageHne HanpsikeHns Ha pesuctopax R92,
R93. Kontponnep cragum LLC wcnomb3yeT 3Ty ceTb ANS 3aluThbl
NPUNoOXeHUs,  Korda OObEMHOE — HanpsikeHWe  NajaeT  Huke
YCTaHOBMEHHOrO Nopora.

BbixogHoe HanpsikeHue PFC  perynupyetcs B COOTBETCTBUM C
MHGopMaLmen, noctynatowein Ha Bbisog FB. BbixogHoe HampsikeHue
Jenutcs pesuctuBHbIM genutenem R18, R27, R35, R47, R56, R57 u
noaknioyaetcs Kk BbiBogy FB. ®unbTpylowmit  koHgeHcatop C26
UCMONb3YEeTCS, NOTOMY YTO 3TO JENUTENb C BbICOKUM COMPOTUBIEHNEM.
CeTb  KOMMeHcauwm  OBBEMHOrO  HanPsKEHWS  COCTOMT U3
koHgeHcaTopoB C36, C40 wu pesnuctopa R75. Ota ceTb Takke
BbIMONMHSAET  MMaBHbIA  MycK Npu  BKMoyeHun  kackaga PFC.
NCP1605 wucnonb3yeT u3MepeHue OTpuLATenbHOTO Toka NS
OrpaHNYeHNs MaKCUManbHOTO TOka KaTylku u obHapyxeHus cbpoca
cepaeyHuka. Tok, npoTekawowmin uvepe3 katywky L7 PFC, cospaer
OTpULaTENbHOE HanpsbkeHue Ha pesuctope R38 cuuTbiBaHMS TOKa.
Kontponnep PFC nopaet Tok Ha BbiBog CS, utobbl nopaepxusatb
Hynesoe HanpsikeHue Ha BbiBoge CS. B pesynbrtate Tok BbiBOAa CS
npsiMO  MPOMOpLMOHaneH Toky kaTywku. Pesuctopel R44, R45
BCTaBNeHbl NS perynupoBku Toka BbiBoga CS. Korga  Tok,
NpoTeKatoLLMiA Yepes KaTyLuKy UHAYKTUBHOCTM L7 v nepekniovatens Q4,
NPeBbILIAET MakCUMarbHbIA YPOBEHb OrPaHUYeHUst Toka, TOK BblBOAA
CS yBennumBaetcs Bobilwe noporoBoro 3HayeHus OPC (250 mkA), w
ApaiiBep BbIKIOYaeTCs.
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Y06kl 3awwmtnTh PFC OT BHE3amnHbIX NafeHni CETEBOMO HaNPsHKEHUS, KOHTpomnnep
KOHTPONMPYET BhINPSIMIEHHOE NIMHEHOE HANPSKEHNE YEPE3 NOHVKALOLLIA
penutenb R15, R23, R31, R50, R71 1 C39.

Bbixog apaiieepa noakntoueH k MOSFET Q4 yepes peanctopbl R25, R26 n anog,
D7 pns perynupoBaHus CKOpoCTy Bilouerms. Tpanauctop Q7 nenonb3yetcs Ans
YCKOpEHWs BpeMeHM BbikntoueHus nonesoro MOM-TpaHancTopa u, Takum 06pasom,
YMEHBLLEHWS! NOTEPb MPU BbIKMIOYEHUM.

Moxanyiicta, o6patutecs k HeTpyKLmm no npumerennio AND8281 /D pnst
nonyyeHust noapoBbHoN MHGOpMaLK O KOHCTPYKLMK 1 paboTe cTynenn PFC.

Bxog CS Takke wucnonbayetcs Ans obHapyXeHus pasmarHMyMBaHus
kaTywwku ans obHapyxeHus Hynesoro Toka. OBHapyxeHue Hynesoro Toka
npegoTepaLyaeT BkmtoyeHne nonesoro MOI-TpaH3ncTopa npu npoTekaHuu
TOKa 4epe3 kaTylwky. [Moka HeT Toka KaTywku, NCP1605 pabotaer Ha
yacToTe, OMPefensiemMoii  BHYTPEHHUM  TEHepaTopoM W BHELUHUM
koHaeHcaTopom C38. YyBCTBUTENBHOCTH CXeMbl OBHApYXEHUS HyneBoro
TOKa perynupyetcs pesuctopamm R70 1 R81.
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Figure 4. The LLC Stage Primary Side Connection

LLC CunoBow kackag MNepBuyHasa ctopoHa MepBu4Has
cTopoHa MogknoyeHne CUNOBOro KOHTypa

Kackag PFC noarotaBnusaeT ctabunuanpoBaHHOe HanpsikeHue Ha
koHaeHcaTopax 6onbLuoi emkocT C16 1 C17 ans HKHEro kackaaa
LLC (cm. PucyHok 3). Cunosoit koHTyp LLC-kackapa 3amblkaeTcs yepes
Q3 1 Q5, TpaHcopmatop TR1 1 pesoHaHcHbIe koHaeHcaTopel C7, C18
(pucyHok 4). Kontponnep NCP1397 LLC ocHalueH apaisepom
BbICOKOr0 HanpshxeHust Ha 600 B 1 mMoxeT ynpaBnsiTb cunosbiM
kackagom HB Hanpsmyto 6e3 Mcnonb3oBaHus ynpaBnstoLLero
TpaHchopmaTopa.

Pesuctopbl R54 1 R55 ncnonbaytoTes Ans nogaBneHnst 3B0HKa 1
yNpaBneHns LLyMOM 3MEKTPOMarHUTHbIX MOMEX Ha 3aTBOpaXx CUMOBOMO
nonesoro MOI-TpaHaucTopa. KoHaeHcaTop HavansHom 3arpysku C53
obecneynBaeT aHepruo, HeobXoaUMYH ANs YNPaBNEHUS NOMNEBLIM
MONM-TpaHaucTopom BepxHero nneva. Koraa Q5 BknkoyeH, HanpsikeHue
Ha BbiBoge HB napaer, u koHgeHcaTop C53 HavanbHoi 3arpy3ku
3apshxaetcs Yepes pesuctop R96 n BbicokoBOMbLTHBINA Anog D23. Mpu
BKIKOYEHWM W nocne ntoboro nepesanycka koHTponnep LLC cHavana
BkrtoyaeT nonesoit MOM-tpaHanctop Q5, 4tobbl 3apsanTb
KOHAEHCATOp Ha4anbHOM 3arpy3ku.

KoHTponnepsl PFC u LLC nonyyatot nutaHue oT BCoMoraTensHomn
obmotkn W4 TpaHcopmatopa TR1. Kowtponnep PFC cHavana
3apsbkaeT koHgeHcatopel VCC C3, C42, koraa AeMOHCTpaUMOHHas
nnata nogknoyeHa k cetu. Kak Tonbko ctyneHs PFC HaumHaeT paboty
M 0OBLEMHOE HanpsKeHWe HaxOAuTCs B npegenax HOMWHAMBHOMO
paboyero ananasoHa, Bkmtouaetcst ctyneHb LLC. BcrnomoratenbHas
obmoTka Taicke obecrneynBaeT HanpsXeHue CMELLEHWs 4N CXEMbl
paspsga koHgeHcatopa X2 uyepes awog D1, pesuctop R1 w
koHoeHcatop C1. Cxema paspsga KoHaeHcaTtopa X2 onucaHa B
pasgene «3JTan KoppekLun koapduumeHTa mowHocTuy (cMm. CTp. 3).

Unkn FB 1 pexxum nponycka:

MuhnmanbHas ~ paboyas  vactota  LLC-npeobpasosatens
ycTaHaBnuBaetcs pesuctopom R104 (cm. PucyHok 5). MakcumanbHas
paboyas yactota ycTaHaBnmeaetcs pesuctopom R102. Otan LLC
JOCTUMHET MakcuMasbHOW paboyel YacToTbl B YCIOBUSIX XONOCTOTO
xoga.
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Figure 5. MopkntoyeHune nepBuyHoro kKoHtypa FB n
cXembl nponycka

ObpatHas cBs3b obecneunBaetcs ontonapon OK1. Tok
onTonapbl perynupyet HanpsxkeHue FB, nogaBaemoe Ha
koHntponnep LLC. Takum obpasom, paboyass yactota CTyneHu
LLC paBHa

MOAYNWPOBaHHbIM  Ans  obecneveHnss  perynupoBaHus
BbIXOLHOTO HanpsbkeHus. Pesuctop R84 wcnonbayetcsa Ans
OrpaHUYeHNst MaKCUMarnbHOTO CKayka HanpshkeHus Ha BbIBOAE
FB B cnyyae, ecrm koHTponnep LLC BbixoguT 3a npegens
JvanasoHa perynupoBaHust (Hampumep, BO BPeEMS pexuMa
Mpomnycka UMK NepeXoHON Harpy3akm).

OyHKUMS mpomycka pexyuMa MoBbIWAeT  3HEKTUBHOCTb
MCTOYHMKA MUTAHMS 33 CHET UCKITIOYEHIS! LIMKMOB NEPEKITIOYEHMS
npu HeBOMbLLOW Harpy3ke UK B YCIIOBUSIX OTCYTCTBUS Harpy3Kku.
Pexxum nponycka peanusyetca C nomoLiblo koHTakta Skip /
Disable kontpornepa LLC. HanpsxeHne Ha BbiBoge FB
YBENNYMBAETCA NMPW YMEHbLUeHUM Harpysku. Ecnn Harpyska
CTaQHOBMTCS  CMWILKOM  HW3KOW, CTyneHs LLC He MoxeT
noanepXvBaTh perynupoBaHue, NoToMy 4to paboyas vacrora
He MOXET YyBEnMuMBaTbCA fanblie (UKCUPYHOWMA pesncTop
Fmax R102). Hanpsikenue FB Torga npesbllwaeT npegen
Vfb_max, paBHblit 5,3 B. PeauctopHbiin genutens R101 n R105
nogaeT HanpsbkeHne Ha BbiBoae FB Ha Bxog Skip / Fault. Takum
06pasom, BbIxoaHble JpariBepbl aBTOMATUYECKM OTKITHOHAKTCS, U
YCTPOWCTBO HauWHaeT MpomyckaTb LMKMbl nepekmnioyeHns. [ns
addekTmBHOrO pexuma nponycka HanpsbkeHue FB  pgomkHO
npeBbILLAaTh HOMUHAMBHBIA YPOBEHb perynuposaHus ot 50% Ao
70% (3aBucMT OT BpeMeHW oTknuka koHTypa FB). denutenb
Hanpskenuss FB R101 = 56 «kOm u R105 = 820 Owm
ucnonb3aoBarncs, 4tobbl no3sonuts Vib konebatbcs B npepenax
5-7,5 B. Ota ycraHoBka obecneynBaeT nynbCcaLlui BbIXOAHOTO
HanpshxeHus Muk-nik 20 MB B yCnoBUsiX XONoCToro xoga.

3awmTa oT Nneperpy3ku U KOPOTKOro 3aMbliKaHWA, NNIaBHbIN MYCK:
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Figure 6. Cxema 3awimTbl OT Neperpy3ku u / nnm KOpoTkoro
3aMbIKaHUA Ha Bbixoge

B aTOM KOHCTPYKLUMM peanu3oBaHa 3awuTa ot neperpysku no Toky (OCP) ans
3aLLMTBI NPUOKEHUS OT YCIOBUA NEPErpy3ku. MepBrUYHbINA TOK M3MepseTCs
KOCBEHHO NMYTEM MOHUTOPUHTA PE30HAHCHOO HANPSHKEHNS KOHAEHcaTopa
yepes 3apsaaHyH Hakauky, 0bpasoBaHHyto pesuctopammn R42, R52, R64,
koHgeHcaTopom C29 u guogamm D14, D15 (cm. PucyHok 6). Bbixoa Hakauku
3apsaa Harpyxaetcs pesuctopoM R60 1 unbTpyeTcs koHgeHcaTtopom C28.
Mepekntoyatens pa3psifa KoHLeHcaTopa NNaBHOro nycka Ha BbiBoge 1
BKITIOYAETCS, KOrAa HanpshkeHWE Ha BbIBOAE HEWNCTIPABHOCTM AOCTUraeT
noporoBoro 3HauyeHus VRef_fault (1,04 B). Takum obpasom, paboyas yacTota
ctynenu LLC aBToMaTnyecku yBeNnIMBaETCS No Mepe NafeHUs HanpsikeHus
KOHAEHcaTopa NNaBHOrO Mycka M Bbixoga bonee BbICOKOTO Toka 13 BbiBoAa Rt.
CaBur 4acToTbl eCTECTBEHHBIM 06PA30M CHUXAET NEPBUYHBINA TOK U 3aLiuLiaeT
nepeuyHble MOTT-TpaH3WUCTOpbI OT NOBPEXAEHNA. Takke B 9TO BPEMS UCTOUHMK
TOKa Itimer1 akTUBMpPYeTCS Ha KOHTaKTe 3, M OH HaUMHaET 3apsikaTh BHELLHUNA
CUHXPOHU3MPYtoLLMiA koHaeHcaTop C56. Ecnv cocTosiHWe neperpysku anutcs
J0rbLUE, YEM NOCTOSHHAs BPEMEHM, YCTaHOBNEHHas TokoM Itimer1 n
KOMMOHeHTaMu BbiBoAa Taiimepa (C56, R103), koHTponnep nepexoaunT B
PEXUM 3aLUMUTBI W BbIXOAHbIE ApanBepbl OTKOYaTCs. Kak Tonbko
koHaeHcaTop Tanmepa C56 paspskaetcs go 1 B pesuctopom R103,
NPUNOXEHME NbITAETCS NEPe3anyCTUTLCS C NEPUOAOM MMABHOMO nycka.
MpunoxeHue Takke MOXeT Bo3o6HoBUTL paboTy ¢ copocom VCC, ecnm VCC
koHTpornepa LLC ynapet o Toro, kak C56 paspsautcs go 1 B.

Bpems TaiiMepa HeMCNpaBHOCTY CIMLLKOM BENWKO, YTODbI 3aLMTUTb
MPUINOXeHNe OT NOBPEXAEHNS 13-3a KOPOTKOTO 3aMbIKaHWs HA BTOPUYHOM
CTOPOHE (KOPOTKOE 3aMbIKaHWE BbIXOAHBIX KIIEMM WUITK KOPOTKOE 3aMblkaHue
BTOPUYHOI 0BMOTKM TPaHC(opmaTopa).
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[ns 3awWuTbl OT Tako BO3MOXHOCTY MMEETCS BTOPOM KoMnapaTop
OCP, KOHTPONMPYIOWWIA HaNpsHKeHWe Ha BbIBOLE HEeMCnpPaBHOCTY.
Korga caBura vactotbl (Yepe3 BbiBog Soft Stat u pesnctopbl R97,
R100) craHOBMTCS HEAOCTATOMHO O OrpaHWYeHUs MepBUYHOrO
TOKa, HanpsiKEeHWE PE30HAHCHOrO KOHAEHcaTopa yBenuuuBaeTcs Ao
TaKOro YPOBHS, YTO BXOZHOE HanpsikeHWe HEMCPaBHOCTM JOCTUraeT
nopora Vref OCP (1,55 B). 3atem npunoxeHue Onokupyetcs u
3alluLiaeT KOMMOHEHTbI CUMOBOrO kackaga OT noBpexaeHuit. Cxema
ocTaeTcs 3abnokupoBaHHoO Ao Tex nop, noka VCC He ynaget Huxe
VCC_reset, a 3atemM cHOBa He MPEBBLICUT MOPOrOBOE 3HAYeHue
VCC_on.

YpoBeHb MEPBUYHOTO TOKA, KOTOPbIA aKTUBMPYET 3aliuTy OT
neperpysku, ONMPefensieTcs MakCMMarbHbIM - BTOPUYHBIM - TOKOM,
nepefaBaeMbiM Ha MEPBUYHYI0 CTOPOHY, @ Takke TOKOM
HamarH141BaHus TpaHcopmatopa. CpepnHekBagpaTiHoe
3HaYeHNe NEepBMYHOTO TOKA MOXHO MPUOMM3UTENBHO paccuuTaThb C
MOMOLLBIO YpaBHEHMS 1.

IPrimary_rms =

2
Vbulk_nom

24.|_m2.

1

g | ‘out max

72 - Gom 2 + 2
f op_ovld

(eq. 1)

Where:
Tout max — - MAKCUMarbHbIN BbIXOAHON TOK CTyneHn LLC (23 A)
Grom — - HOMUHaMBHbIN KOADMLMEHT younenms cTynenm LLC.
(Gpom = 0.062 - refer to Page 13)
Vbulk nom — 3TO HOMUHaNbHOE 06BEMHOE HaNpsKEHNe
Ly, — 370 NepBuYHas HaMarHM4MBaroLLas MHAYKTUBHOCTb (715 uH)
fop_ovid — paboyas uactora B ycnosusix neperpyski (78 kHz)
lMpuBedeHHoe  Bble  YpaBHEHWE  ABMSETCH  TOYHbIM
NPUONVKEHNEM NS MPUNOXEHWA, PabOoTaloWMX HA PEe30HAHCHOM
yactote. TOYHOCTb CHWXAeTCs And MPUNoXeHun, paboTarowmx
HaMHOMO HWXE WKW Bble MOCNEAOBATENbHON  PE30HAHCHON
yactoTbl. Camblil TOYHbIA MOAXOA - 9TO M3MEPEHWE NEPBUYHOrO
CpefHeKBagpaTU4YHOro Toka NMbo MyTeM MOZenupoBaHus, nnbo
HEenocpeACTBEHHO B MPUNOXeHUM. [na  JaHHOro  npunoxeHns
YPOBEHb NEPBUYHOTO CPeaHEKBaApaTUYHOrO Toka coctaenseT 1,68
A npu BbixogHon molHocT 276 BT (1. E. 115% 0T HOMMHansHom
BbIXOZHOW MOLHOCTH). OCHOBHOM

IIepBu4HBII TOK IPOTEKAET YEPE3 PE3OHAHCHBIN
KOHJIEHCATOP U co3JaeT nepeMennoe Hanpsokenue VCs q,
KOTOpPOE 3a/1a€TCs ypaBHEHUEM 2.

! Primary_rms

V ==

Cs ac . .

- 2-x fop_ovld Cs
1.68

 2.314-78-103-30- 109

(eq. 2)

= 114 Vac

e:

Cs - pe3oHaHCHas eMKoCTb koHaeHcaTopa, T.e. C7 + C18

CMelLeHe NOCTOSHHOTO TOKA, KOTOPOE MPUCYTCTBYET Ha PE30HAHCHOM
KOHZLeHcaTope, He NepeaaeTcs Ha BbIBOL HEMCTPABHOCTM, NOCKONBKY 3apsiaHbIA
Hacoc He MOXET 06pabaTbiBaTb MOCTOSIHHOE HaNPSKEHe.

Kputnueckmii cboii (Hanpumep, KOPOTKOE 3aMblKaHe) MOXET MPUBECTY K TOMY,
UTO PE30HAHCHOE HamMpsKEHWE KOHAEHCATopa MPEeBbICUT  HOMMHarbHOe
obbeMHoe HampskeHue. B 9TOM cnyyae uyepes 3apsaHblil HAcOC MOXeT
npoTEKaTb BbICOKWN MUKOBbIN TOK.
anogbl D14, D15. Pesuctopbl cepun R42, R52 orpaHnumBaloT TOK Auoga
Hakaukm 3apspa  po  6GesomacHoro ypoeHs. Oblee nocnegoBaTensHoe
COMPOTYBIEHNE MOXHO NPUONN3NTENBHO paccuMTaTh C MOMOLLBI YpaBHeHWs 3.

VCs_peak

1-103
Rg = 0

20 - 10-3

= 50 kQ

| (eq.3)
'f_limit
lpe:
Rs~ Vcnonb3yemoe obLee nocneposatensHoe conpotusnenne (R42 + R52).
VCs peak - MMKOBOE PE3OHAHCHOE HaNPSKEHWE KOHAeHcaTopa
It jimit - MakcumanbHei npsimon Tok D14, D15
B nocnegHem npunoxeHuy MCnonbayeTcs NocnefoBaTeNbHoe CoNpoTUBREHNE
Rs = R42 + R52 = 48 kOm. Bbino pean13oBaHo conpoTueneHue Harpysku 1 kOm
(R60), yTobbl rapaHTMpOBaTb XOPOLUYK MOMEXO3ALUMLLEHHOCTb Ha BXode
HeucnpaBHocTW. Korga BXOAHOE HampsikeHue HewcnpaBHOCTU AOCTUraeT
noporoeoro 3HauyeHust 1,04 B, Bkntouaetcs komnapatop 1-A HeMcnpaBHOCTY.
OunbTpylowmit - koHpeHcatop C28 pomkeH ObiTb  Manoit  emkocTn  fns
obecneyenus BbicTporo oTknmka cuctembl OCP. OpHako 3T0 03HavaeT, YTo BO
BXO[HOM HanpsiKeHUW HEUCnpaBHOCTM OyaeT npucyTCTBOBATb MymnbCaLys.
Ytobbl n3bexartb kakux-nbo npobrem, cpegHee BbIXOAHOE HaMpsKeHWe Lenu
cuntbiBaHus OCP 6bino BbibpaHo kak MuHUMym Ha 10% Huxe nopora
komnapatopa 1-it HencnpaBHOCTH (VOCP _gense out = 0,9 * VRef fautt)-
JononHutenbHbIi pesuctop R64 no3BonsieT npu HEOOXOAMMOCTU TOYHO
perynupoeaTb Mopor neperpysk. EMKOCTb KoHeHcaTopa Hakauku 3apspa
MOXeT 6bITb paccunTaHa ¢ MOMOLLbH YpaBHeHus 4.

Cpg =

= 214.6 pF

Ves_ac P60

2

(Rso + R64) (eq. 4)

2-n 'fop_ovld ’

lpe:

VRef_fault - noporoBoe HanpsxeHue komnapaTopa 1-i
HEeMCNpPaBHOCTM!.

KoHpeHcaTop Hakauku 3apsifa CTaHaapTHoro 3HaueHus (C29 = 220
n®) UCNonb3yeTcs B KOHEYHOM MPUIOXEHUM.

Kak ynomuHanocs Bbilwe, ounbTpytowmin koHgeHcatop C28 Bnmset
Ha Bpems oTknvka cuctembl OCP v ee ToyHOCTb. EMKOCT
cunbTpaumm cneayeT BbibMpaTh Takum 0bpasom, 4Tobbl NOCTOSIHHAS
BpemeHu R60 - C28 bbina kak MuHUMYM B 5 pas Bbilue nepuoga
paboTbl NnpeobpasoBatens (ypaBHeHue 5).

T Veef faul *°

2
I ~ (Rgz + Rgp)

_ 5 B 5
fop_ovid “Reo 78 - 103 - 1000

Cog ~ 68 1F (gq. 5)

CymmapHble NOTEPW MOLLHOCTH, BO3HMKAKLLME B
nocnegoeaTenbHoON komOuHaLmm peanctopoB R42, R52, LOmKHbI
BbITb NPOBepeHbI (YpaBHeHHE 6).

2

w-V - 0.9
- Rg = 0.208 W (eq. 6)

ref_fault

V2 - Rgg
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Kak yxe ynomuHanoch, nepeblii MOPOr HEMCNPaBHOCTK KoMnapaTopa
[OCTMraeTcs  NpU  BO3HMKHOBEHWM  YCMOBMIA  Meperpyski.
Mepeknioyatens paspsga koHgeHcatopa Soft-Stat aktusupyetcs, u
paboyas yactoTa npeobpa3oBaTens aBTOMATU4ECKU YBENUYMBAETCS,
orpaHu4MBas NepBuYHbIN TOK. MocnefoBaTenbHbln pesuctop R97 =
5,6 kKOM ucnonb3yeTcs Ha BXOAE MMABHOrO Mycka AN1s NpeoaoneHus
BecnopsmoyHbix  konebaHuii Npu nepexode Mexgy HopManbHbIM
pexumomM paboTbl 1 pexuMoM paboTbl C Neperpy3kon. IToT pesncTop
TakKe CHWXAeT MakcumanbHyl paboyylo 4acToTy B YCHOBMAX
neperpy3ku 8o 150 kI

[ns atoit KoHCTpyKUMK Bbina BbibpaHa nyckoeas yactota 200 klu,
4T0Obl OrpaHN4YMTb MEPBUYHBIA TOK BO BpeMs (hasbl MNaBHOMO Mycka.
Yactota 3amycka onpepensieTcs o6LWMM TOKOM, NOCTYnaiowmuMm C
BbiBoga Rt Bo Bpems 3anycka. Korga npunoxeHue 3amyckaetcs,
koHTpornepsl PFC n LLC pocturaiot paboyero HanpskeHus VCC.
Kontponnep LLC oTknioyaeTcs Yepes BXOA NOHMKEHHOMO HaNpsKeHNs
[0 Tex nop, noka Bbixog kackaga PFC He JOCTUTHET YpOBHS
perynupoBaHus. B 3T0 Bpems akTMBeH nepekmtovaTenb paspsaa
KOHLeHcaTopa MaBHOrO Mycka, a TakkKe WCTOYHMK OMOPHOro
HanpsbkeHns Ha BbiBoge Rt. Takvum 0Bpa3om, KOHAEHCATOP MaBHOrO
nycka 3apskaeTcs [0 HanpsKeHWs, KOTOpOe 3afaeTcs OMOPHbIM
HanpshkeHnem Ha BbiBoge Rt (2,3 B) n pesuctuBHbIM genutenem,
coctoswmm u3 peauctopoB R97, R100. HavanbHoe HanpspkeHue
KOHLeHcaTopa MNaBHOTO Mycka MOXHO paccyuTaTb C MOMOLLbIO
ypaBHeHNs 7.

Ro7 5.6

= =11V
56 + 6.2

VSS_start =23 R

(eq.7)
97 T Rioo

BHYTpEHHUM COMPOTMBNEHWEM NEpekmioyaTens NNaBHoOMo nycka
MOXHO npeHebpeyb, Tak Kak ero 3HaueHue Hesenuko - 100.
Korga koHtponnep LLC pocturaet paboyero VCC fgo curHana

BO_OK, nyckoBasi uactota MoxeT ObiTb paccuMTaHa C
UCMONMb30BAHMEM  MOCMEAOBATeNbHOA W naparnnenbHom
kombuHaumm pesuctopos  R97, R100 u R104. Obwee

COMpOTUBNEHWe BbiIBoda Rt BO Bpems nnaBHOTO nycka
paccynNTbIBAETCS C UCMONb30BaHUEM YpaBHEHUS 8.

Ryos * (Rg7 + Rygp)

= (eq. 8)
Rt_start R

R

104 T Rg7 + Rygg

[ns HavanbHoit yacToTsl 200 k'Y Tpebyetcs 3HayeHune RRY_star,
pasHoe 8,47 kl'y (cm. Tabnnuy aaHHeix NCP1397A /B -
puarpamma fop vs. RRt).

Bennuuny pesuctopa R100 MoxHO paccumtath, npeobpasosas
ypaBHeHue 8 B ypaBHeHue 9.

RRt_start - R104 T RRe_start - Ro7 ~ Ro7 - Ryoa

R =
100
R104 - RFit_stalrt

= 6.2 kQ (eq.9)

BennunHa koHaeHcaTOpa nnaBHOro nycka ompegensietcs Tpebyembim
BPEMEHEM HapacTaHWs BbIXOAHOTO HanpsikeHus. KoHaeHcaTop nnaBHOMo
nycka, C55 = 1 yF, B covetanum ¢ peauctopom R100 obecneunBaet Bpewms
HapacTaHuWs BbIXOAHOTO HanpskeHns 18 mc.

B cocTosHuM neperpysku akTUBMPYETCS TailMep HeucnpaBHOCTY, 4TOObI
BbIKMIOYNTL MPUNOXEHME MO WUCTEYEHWM 3anporpamMMUpOBAHHOMO nepuosda
BpemMeHW. JTOT MeTod NpeaoTBpaLlaeT Tennosoe nospexaerne WUAM. Ecnn
COCTOSIHWE Meperpysk ucyesaeT [0 WCTEYEHWs TaiiMepa, KOHTpONnep He
npepbiBaeT  paboty. [pOJOMKMTENBHOCTL — TalMepa  HEMCNPaBHOCTY
onpegenseTca koHaeHcatopom C56, pesuctopom R103 u TokOM 3apsgku
BbiBogoB  Ctimer Itimer1. Bpems 3apsgku koHgeHcaTopa TaiMepa
HEMCMPABHOCTU MOXHO paccuuTaTh C momolbto ypasHeust 10. TMepuog
3apsifku JomkeH ObiTh BbIbpaH TakuM, YTobbl Obin AOCTATOMHBINA 3anac ans
nepuofa NNaBHOTO Mycka M NEpPexXOfHON neperpyski. B aToit KoHCTpyKLmMW
1CMonb3oBaH nepuog ownbku 100 mc.

Vtimer(on)
Ttaut = “R103 - Cs6 - IN{ 1 - |

103 timer1) (eq. 10)

=—15O-103-4.7-1O‘6~|n(1 - 4 ):
150 - 103 - 175 - 106

=117 ms

Where:
Viimer(on) — is the fault timer upper threshold
Itimer1 — is the timer pin charging current

The off-time period of the fault timer is given by
Equation 11 when the LLC controller Vc stays at sufficient
level (i.e. above Ve off)-

Vtimer(on)
Toft = R1os " Co "N\ —— | =
timer(off) (eq. 11)
- 150 - 103 - 4.7 - 1076 - In(?) = 977 ms
Where:

Viimer(otf) — is the fault timer lower threshold

The recovery time should be selected with respect to the
thermal stress of the power stage components. The timer
duration is determined by the V¢ capacitor discharge time
in this design. This is because the primary controller supply
voltage naturally drops when the LLC stage is turned—-off. In
this application, the SMPS recovery time is 1.8 s.

The PCB design features options for over current
protection diodes Dg, Dg. Protection diodes, when
implemented, limit the maximum resonant capacitor
voltage excursion to Vyyk level. The primary current is thus
naturally limited to a safe level. The use of protection diodes
when making changes to the demoboard circuitry is
recommended. The OCP diodes can be removed again after
the modified system is verified to be working correctly.

http://onsemi.com
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LLC Power Stage Secondary Side
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Figure 7. Cxema BTOPUYHOW CTOPOHbI LLC

The secondary side uses synchronous rectification with a
center tapped transformer configuration in order to provide
high efficiency full wave rectification (Figure 7). The SR
MOSFETs Q3, Qg are connected in series with secondary
windings W», W3, inductors Ly, Lg, filtering capacitor bank
Cg—C1, Co1—Cy4. Standard TO-220 package SR MOSFETs
have been selected for the application because they reduce
manufacturing costs. However, the parasitic inductances of
the SR MOSFET package create an error voltage that
increases the turn off current threshold. The shift in turn off
threshold results in a less than optimal conduction period,
reducing the efficiency. In order to avoid this unwanted shift,
the NCP4303 features a package parasitic inductance
compensation technique. The technique requires the use of
a small compensation inductance (Lj, Lg). The secondary
current creates a voltage on the compensation inductance
and dynamically offsets the ZCD comparator threshold via
the COMP input. This method assures maximum
conduction time of the SR MOSFET and therefore increases
efficiency. The compensation inductor is formed by a square
loop of copper wire with diameter of ¢ = 1.2 mm (refer to
Figure 66). The compensation inductance value is
approximately 4 nH.

SR controllers ICy, IC; are powered from the application
output. Resistors Rjg, Rszp together with decoupling
capacitors Cs, Cg, C19 and Cy( form RC filters to smooth
current spikes created during SR driver turn—on. The current

sense input monitors the SR MOSFET drain voltage to
determine when to turn on and off the SR MOSFET. The
NCP4303 driver is connected directly to the SR MOSFET
without any external gate resistor in order to minimize
turn—off delay. No ringing or EMI issues related to driver
current occur assuming a proper layout is used i.e. driver
circuitry loop area is minimized.

The power losses related to the SR MOSFET gate driving
can be calculated using Equation 12.

Porv = Veo Vclamp ’ Cg_ZVS “fsw_max  (eq. 12)

Where:
Vcc - is the NCP4303 supply voltage (Voy in this case)
Vclamp — is the driver clamp voltage
Cq zvs — is the gate to source capacitance of the SR
MOSFET in ZVS mode
fsw max — IS the maximum switching frequency of the
application

The SR MOSFET conduction losses can be calculated
from the secondary RMS current and channel resistance for
a given gate voltage (Equation 13).

2

P (eq. 13)

[ R
COND out 4 DS(on)@Vgs_clamp

Where:
Iout — is the output current

http://onsemi.com
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RpS(on) @ Vgs_clamp - is the SR MOSFET channel resistance
for the given driver voltage clamp level

The body diode conduction time and related losses can be
significantly reduced due to the NCP4303 compensation
capability. If the body diode losses are neglected, the total
losses of the SR system can be approximated by summing
the driving and conduction losses and then multiplying by
the number of SR MOSFETs (Equation 14).

P + P (eq. 14)

sr =2 (Pconp * Porv)

The SR MOSFET selection has been made with both cost
and efficiency considerations. Another important step is
selecting which NCP4303 driver clamp version to use (6 V
or 12 V). The choice can be made using the above equations.
The theoretical power losses calculated for a SR system
using IRFB3206 MOSFETs and two different gate driver
clamp voltages can be seen in Figure 8.

1.8 ——r—r—T—T—T—T—"T1—
[— Vclamp= 6 V —Vclamp= 12 V]
1.6
?
%gm
8512
a5 | A
23 i
508 A
osg | A
2206
%8 | 1A
T 04 //
(s}
= |
0.2 |—+——"—
0
0 5 10 15 20

Output current [A]

Figure 8. Theoretical Losses of the IRFB3206 SR
MOSFET as a Function of Output Current

Figure 8 shows that theoretically calculated losses
increase for output current lower than 14 A when 12 V gate
driver clamp is used. The maximum efficiency requirement
is specified at 50% of full load by the 80 PLUS® program.
Therefore the NCP4303B (6 V gate drive clamp) has been
selected due to it’s improved efficiency at light to medium
load.

The power dissipation within the IC package needs to be
considered in order to avoid overheating issues. Losses
related to the driving of the SR MOSFET gate can be
calculated using Equation 15.

1

P =—-.C .V 2. faw -
DRV_IC ™~ 5 g_2ZVSs clamp SW (eq. 15)

( Rdrv_low_eq ) c v f

. + . . .

ZVS clam SW
Rdrv_low_eq + Rg_int 9 P

% % '.¢ Vv 2

’ ( cc~ clamp) + 5 “g_zvs ' Vclamp

Rdrv_high_eq
“faw - A = =76 mW
drv_high_eq + g_int
Where:

Rarv_low eq — 1s the SR driver low side switch equivalent

resistance (1.55 Q)

Rarv_high_eq — is the SR driver high side switch equivalent

resistance (7 €2)

Rg int — is the internal gate resistance of the SR MOSFET
Power losses related to the SR controller internal

consumption are given by Equation 16.

Picc = Vee “ lec = 35 mW (eq. 16)

Where:

Icc — is the NCP4303 driver supply current for Cjpag = 0 nF
and maximum operating frequency (refer to the NCP4303
datasheet for the Icc versus fop chart)

The DIE temperature is given by the thermal resistance
from junction to ambient, total power dissipation of the SR
controller, and ambient temperature (Equation 17).

Toe = (PDRV_IC + PICC) "Roja + Ta = (eq. 17)
= (0.076 + 0.035) - 180 + 60 = 80°C

Where:

Rgja - is the IC thermal resistance from junction to ambient
Ta — is the ambient temperature (worst case when the board
is fully loaded)

High DIE temperature could appear in applications with
high operating frequencies. Additional copper heat sinking
in the PCB or a thermal conductor between the SR controller
and SMPS package should be used to maintain DIE
temperature below the maximum ratings.

The snubber networks Rg, Rog, R40, Rq1, C4 and Cps
dampen the voltage ringing that occurs on the SR MOSFET
drain when the secondary winding voltage reverses. The
ringing frequency is given by the secondary leakage
inductance Lgec jcak and output capacitance Cygs of the SR
MOSFET. The snubber resistance should be equal to the
characteristic impedance of the ringing circuitry in order to

effectively dampen the oscillations Reference 9,
(Equation 18).
L
sec,leak
Rsnubber = c (eq. 18)
0oss

Where:
Rgnubber — is the snubber resistance
Lgec,leak — is the secondary leakage inductance
Coss—is the SR MOSFET output capacitance

The snubber capacitance Cgpypber must be larger than the
SR MOSFET output capacitance, but small enough to
minimize dissipation in the snubber resistor. The snubber
capacitance is generally chosen to be at least 3 to 4 times
higher than the value of the parasitic resonant capacitor.

c =3—-4-Cqgg (eq. 19)

snubber

The NCP4303 minimum on time and off time generators
protect against unwanted switching that could be triggered
by ringing on the ZCD comparator. Resistors R11, R39 set the
minimum on time period. The minimum on time period is
selected based on the maximum operating frequency of the
LLC stage as well as the secondary current waveform.

http://onsemi.com
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During light load conditions, the secondary -current
oscillation can cause unwanted SR MOSFET switching. A
minimum on time of 1.1 us is needed to prevent this
behavior. The required value of min Ton adjust resistors can
be calculated using Equation 20.

Ton_min — 466 - 108

R . =
T_on_min 9.82 - 10-11

(eq. 20)

. -6 _ . -8
_11-10 466-108 . o
9.82 - 10-11

Where:
RT on min —is the minimum on time adjust resistor

The minimum off time period is given by resistors R7,
R37. To prevent issues when the application operates at
minimum frequency, the minimum off time should be set to
as long as possible. However, the minimum off time value
is limited by the maximum operating frequency clamp. In
our case, the minimum switching period of the LLC stage is
9.1 us. Thus the minimum off time period is selected to be
3.9 us in order to provide a long minimum off time with
some margin for the minimum switching period. The
minimum off time adjust resistor value can by calculated
using Equation 21.

_ . -8
Toft_min ~ 54+ 108

R o= =
T_off_min 9.56 - 10-11

(eq. 21)
_39-106-54-108
9.56 - 10-11

=~ 39 kQ

Where:
Rt off min —is the minimum off time adjust resistor

If the LLC converter uses a very wide operating frequency
range, it is beneficial to modulate the minimum off time
period. The modulation is possible using a resistor
connected from the SR MOSFET drain to the opposite SR
controller min Toff pin. When the drain voltage is at a high
level, current is injected into the min Ty pin. The internal
capacitance charging current is thus decreased and the
minimum off time period increases. Please refer to the
NCP4303 datasheet for more information on how to
modulate the minimum off time period.

The NCP4303 features a trigger input that can be used to
implement synchronous rectification systems in CCM
applications. Additionally, the trigger input can be used to
disable the IC and activate a low consumption standby
mode. The demoboard layout features optional circuitry
(refer to complete schematic — page 31) that allows the
customer to implement a primary triggering signal.
Normally this is not need in LLC applications as the
NCP4303 features a low propagation delay from the CS
input to the DRV output. The trigger circuitry option is
implemented to allow the customer to test the trigger input
functionality.

The no load consumption of the application can be
reduced by implementing parallel Schottky diodes across

the SR MOSFETs and turning the SR system into sleep
mode during light load. The demoboard provides a control
input that can be used for this purpose. The external SR
standby on/off circuitry can be implemented by monitoring
output current.

It is critical to assure correct layout of the SR system to
avoid issues with the zero current detection circuitry. Please
refer to the NCP4303 datasheet for layout considerations
and more information on how the ZCD and the
compensation systems work.

The secondary filtering capacitor bank RMS current
during full load series resonant frequency operation can be
calculated using Equation 22.

2
I =1 - /2= _1=20-0.483 =9.7A (eq. 22)
Cf_RMS out_nom 8

Where:
Iout nom — is the nominal output current

Filtering capacitors must be used in parallel to handle the
total RMS current. Low impedance type capacitors have
been used in this design. The total equivalent series
resistance (ESR) of the capacitor bank is 2.25 mQ. The
output voltage ripple related to the filtering capacitor bank
is composed from two components:

15t the ESR related ripple (Equation 23) and
2nd the ripple related to the capacitor bank capacitance
(Equation 24).

— . - . 103 .
VCf_ripple_pk—pk = ESR Irect_peak =22-10
. (eq. 23)
- —=-20 = 69 mV
2
Where:
Ltect_peak — 1S the peak current through the secondary
v Ic>ut_nom
out_ripple_cap_pk—pk — = ’
- — 2./3.q- .C
v fop_nom i (eq. 24)
P P S(m—2) = 10mV
2-/3-80-10%-8-103
Where:

fop_nom — is the nominal operating frequency
Cr — is the total capacitance of the capacitor bank

The capacitive component of the output ripple is
negligible in this case because of the total filtering
capacitance value.

The power losses that are created by the filtering capacitor
bank ESR can be calculated using Equation 25.

2

P | 2 _1) - Eesm
Cf_ESR ~ | 'out_nom 8 =

(eq. 25)
2

2
=<20~ /%—1) 2251073 = 0.21 mW

The PCB secondary side layout can significantly affect
current distribution among the filtering capacitors. Ideally,
the secondary layout should result in an equal distribution of
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filtering capacitor connection series parasitic impedances
(refer to Figure 9). If mismatched, capacitors with lower
series impedance within the bank handle a higher current,
which results in decreased life time.

Isec

R e R . * /L P
1/
RS RS2 RS3 RSX
LS1 Ls2 LS3 LSX
+ 4+ 4+ +
CT CT CT CT
- /L e
4 <B’ 5 : I :
Isec Rs1=Rs2=Rs3=Rsx lout

Ls1=Ls2=Ls3=Lsx
Figure 9. Ideal Configuration of the Capacitor Bank

The capacitor bank provides the bulk of filtering for the
secondary currents, but it does not fully filter out narrow
glitches produced when the secondary winding reverses.
Thus an additional LC filter (Lp, Cjip) has been
implemented. The resonant frequency of this filter should be
as low as possible but on the other hand it can affect system
loop gain if selected too close to the crossover frequency. A
resonant frequency of 24 kHz has been selected for this
design. The filter inductor of 200 nH features a low DC
resistance, which helps keep efficiency high at medium and
full load conditions. A filtering capacitor Cy; of 220 uF (low
impedance type) has been implemented. The filter provides
higher peaking around the resonant frequency when a low
ESR capacitor is used. On the other hand, if a capacitor with
too high of ESR is used, the output voltage drop during fast
transient loading increases. The additional LC filter also
reduces output voltage ripple at nominal operating
frequency and full load conditions by —10 dB.

The output voltage regulation is assured by ICy4. Divider
Rgg, Rog and Rgg provides the regulator IC with output
voltage information. Resistor Rgs limits the maximum
current that can pass through optocoupler OKj. Resistor Rgq
bypasses the optocoupler and provides a bias path for ICy.
The compensation network is composed of resistor Rgs and
capacitors Cy9, Cs1. Please refer to application note
ANDS8327/D to learn how to calculate the compensation
network. The Bode plot of the full loaded LLC stage is
shown in Figure 10.
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[T =N Py e
~ . 80
® \
z 40
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) ~ § c
o ™~ N @
e O 0 o
= ~ «
8 ~ : &
-10 N
\ ~ -40
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Frequency [Hz]

I Gain (dB) — Phase (Degree) |

Figure 10. Closed Loop Gain and Phase of the LLC
Power Stage for Nominal Output Current

As previously mentioned, the secondary RMS currents
are quite high in this application. Parasitic layout resistances
can thus affect the LLC stage efficiency. A PCB with 70 um
copper plating has been used for this demo board to
minimize power losses related to the secondary side layout.

Resonant tank and transformer design:

An LLC transformer from Pulse engineering has been
selected for this design. This transformer offers extra high
leakage inductance thanks to a special bobbin arrangement
(see demo board photo in Figure 63). The transformer
leakage inductance is used as a resonant inductance. This
solution eliminates the need for an additional resonant
inductor, reducing the overall application cost. On the other
hand, a transformer with high leakage inductance causes a
stronger proximity effect in the windings, resulting in
increased requirements for the winding construction.
Another disadvantage of the leaky transformer is high stray
flux that negatively impacts the radiated EMI emission.
Significant eddy currents can be induced by stray flux in the
surrounding metal parts. Therefore it is important to not
place these parts too close to the transformer.

The transformer is designed in such a way that the LLC
stage is operated in, or very close to, the series resonant
frequency (f;) for full load conditions and nominal bulk
voltage. Efficiency is optimized for these operating
conditions. The LLC stage operating frequency is increased
up to 110 kHz to maintain output voltage regulation when
the load diminishes. When the output load drops further
down below 1.4 A, the maximum operating frequency
clamp is reached and the application enters skip mode
operation to reduce the LLC stage power losses. On the other
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hand, when the bulk voltage drops, the secondary regulator
decreases the LLC stage operating frequency down to
65 kHz to achieve the necessary gain for output voltage
regulation.

First harmonic approximation (FHA, refer to
References 7 or 11) is a common method for resonant
converter analysis. In the actual application, the resonant
tank is driven by a square wave voltage. However, FHA
modeling does not use a square wave drive. Instead, an
equivalent load resistance is used for FHA analysis to
compensate for the difference (Equation 26):

out

Rac = —- = 0.51 (eq. 26)

72 lout nom M
Where:
Ryc — is the equivalent load resistance for the FHA model
1 - is expected efficiency of the LLC stage (94.5%)

The FHA equivalent schematic of an LLC stage with
external resonant inductor Lg and standard transformer with
magnetizing inductance L, and negligible leakage
inductance can be seen in Figure 11.

Vfund

Figure 11. Equivalent Schematic for FHA Analysis

The LLC converter behaves like a frequency dependent
divider i.e. the power stage gain can be modified by
changing the operating frequency. The LLC stage gain
needed for output voltage regulation under full load
conditions and selected bulk voltage range (350 Vdc —
425 Vdc) can be calculated based on Equations 27 — 29.

2 (Vout + Vf_SR) 2-(12 +0.2)

G = = = 0.057 (€9 27)
Vbqu_malx 425
2 (Vout + Vf_SR) 2. (12 +0.2)
Gom = = = 0.0618
Vbqu_nom 395 (eq. 28)
2 (Vout + Vf_SR) 2-(12 + 0.2)
Gmax = = = 0.0697
Viulk_min 350 (eq. 29)
Where:

V¢ sRr —is the expected average drop of the SR rectifier
including the secondary layout drop

Viulk max — i the maximum operating bulk voltage
Vbulk nom — is the nominal operating bulk voltage
Vbulk min — is the minimum operating bulk voltage

The resonant tank characteristic impedance (Equation 30)
and quality factor (Equation 31) affect the operating
frequency range requirement for output voltage regulation.

L
Zn= [= (eq. 30)
Where:
L — is the resonant inductor value
C, — is the resonant capacitor value
n2-R
Q-—2= (eq. 31)
2y

The lower the resonant capacitor value, the higher the
resonant inductance needs to be in order to assure nominal
operating frequency. A higher resonant inductance value
generally results in a more narrow operating frequency
range throughout the line and load conditions. It is always
beneficial to keep a narrow operating frequency range to
optimize efficiency and EMI performance

Based on the above considerations, it is evident that the
resonant tank with minimized resonant capacitance
provides optimum performance. However, the resonant
capacitor voltage can reach unacceptable levels if the
resonant capacitance value is too low. It is beneficial to limit
the resonant capacitor voltage excursion to a level that is
below nominal bulk voltage level. There are three main
reasons for this consideration:

15t the lower voltage ratings for the resonant capacitor

2nd Jess voltage stress for the PCB

31 simple OCP circuitry can be implemented using

clamping diodes (D6 and D9 options in demoboard PCB).
The nominal resonant capacitor RMS current can be

approximated using Equation 32.

Cs_RMS_nom ~ Isec_RMS_nom * Ginom
7

~—— -G ~
5. \/E out_nom nom (eq. 32)
T
~ -20-0.062 = 1.38 A
22

Where:
Iout nom — is the nominal output current

The above calculation does not include magnetizing
current because it has only a minor impact. The resonant
capacitor capacitance can now be calculated based on the
selected capacitor peak voltage (Equation 33).

ICs_FlMS_nom V2
Cs = =
Vbulk_nom
27 fop nom * VCs_peak_nom - 2 (eq. 33)
1.38 - /2
= : = 31.6nF

2-x-80-108- (320 — £2)
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Where:
Vs peak_nom — I8 the resonant capacitor peak voltage under
nominal load and bulk voltage conditions

Practically there are two possible choices
implementing the resonant capacitor:

for

a) one resonant capacitor of 33 nF
b) two resonant capacitors of 15 nF

Variant b) has been selected for this design i.e. two 15 nF
capacitors (C7 and Cyg in Figure 6). The advantage of this
solution is that the primary current divides equally between
two capacitors and the bulk capacitor ripple current is
reduced by 30%.

The resonant inductance value can be calculated from the
selected nominal operating frequency using rearranged
Thompson law (Equation 34). A nominal operating
frequency of 80 kHz was selected for this application.

S R

2
Cs (27 fs)
(eq. 34)
= 1 = 131.9 uH ~ 130 uH
30109 - (27 -80- 109

Where:
fs — is the series resonant frequency (fs = fop_nom in our case)
The magnetizing inductance of the future transformer
should be selected with respect to the LLC stage operating
frequency range. The operating frequency range is reduced
when a high magnetizing inductance value is used. On the
other hand, the maximum gain of the LLC stage is reduced
and the magnetizing current is not sufficient to overcharge
the total bridge capacitance and maintain a ZVS condition
when the magnetizing inductance value is too high. The
maximum magnetizing inductance value that will still
assure ZVS during no load conditions can be calculated
based on the selected deadtime period, maximum operating
frequency and total bridge capacitance (Equation 35). The
bridge capacitance is composed of the primary MOSFETs
output capacitances and the primary layout parasitic
capacitance.

L B DT B
m_max — -
- 8 - fop max - C
p_| HB_total (eq. 35)
. -9
_ 350 - 10 4mH
8-110- 103 - 360 - 10-12

Where:

DT —is the selected deadtime period (350 ns for this design)
Fop_max —is the maximum operating frequency
CHB total_—is the total bridge parasitic capacitance (2 * Cygg
+ Clayout)

The primary RMS current increases if too low of
magnetizing inductance value is used. Increased RMS

current results in higher losses generated in the transformer
and primary MOSFETs. The magnetizing to resonant
inductance ratio of k = L, / Lg = 5.5 has been chosen for this
design as a compromise between losses generation and LLC
stage operating frequency range. Magnetizing inductance
can be calculated using Equation 36.

Lm=k-Lg=55-130-10%=715uH (eq.36)

Where:
k —is the ratio between magnetizing and resonant inductance
All of the above calculations have been performed with
the expectation that the application will operate at the series
resonant frequency for nominal load (20 A) and bulk voltage
(395 Vdc). The nominal gain of an LLC converter, that
features external resonant inductance Lg, a transformer with
negligible leakage inductance (Ljx — 0), and primary
inductance Lyrimary = Lm, is equal to the inverse of the
transformer turns ratio when operated at series resonant
frequency (Equation 37).

1 Lsecondary 2 (VOUt + Vf)
Gnom = 11— N L Y -
discrete primary bulk_nom
(eq. 37)
2-(12+0.2)
= —— = 0.0618
395
Where:

Lprimary — is the primary inductance measured with
secondary winding opened
Lsecondary — is the secondary inductance measured with
primary winding opened
Ndiscrete — 1 the transformer turns ratio for the LLC design
with external resonant coil

Required secondary inductance can then be calculated
using Equation 38.

L =L  Gpom 2 = 715 - 1078 - 0.0618 2 =

secondary (eq. 38)

primary
2.73 uH

A simulation model can be built to verify the full load gain
characteristic of the proposed LLC design with external

resonant inductor (Figure 12). A transformer with high
coupling coefficient is expected => coupling — 1.

in Cs2
30n

Ls Out_Lext+ideal_Tr
-
130uH T®

Vac +
p LT AN, Lprim=Lm=715uH

Rac

Lsec=715uH"Gnom * 0.51

0 Coupling=1 0

Figure 12. Simulation Model for the LLC Stage with
External Resonant Inductance
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80mV
— Gmax=69.767m @ fop=56.1kHz
Gnon=61.826m @ fop=80.3kHz
v Gmin=57.081m @ fop=99.2kHz
60m / \
4omv / \.\
20mV / \\\\
oV
10KHz 30KHz 100KHz 300KHz 1.0MHz
0 V(Out_Lext+ideal_Tr) Frequency

Figure 13. Simulated Gain Characteristic for the LLC Stage Design with External Resonant Inductance, Full Load
Conditions

The simulated full load gain characteristic in Figure 13
shows that the proposed design will work in series resonant
frequency for full load and nominal bulk voltage conditions.

The difference between the LLC design with external
resonant inductance and the design that uses a transformer
with high leakage inductance can be determined with
simulations. The integrated resonant tank gain differs from
the inversed transformer turns ratio when operated in series
resonant frequency. This phenomenon is related to the fact
that the leakage inductance is physically not located in series
with the primary winding like in the external resonant coil

solution. The gain of the LLC design with integrated
resonant tank, that uses transformer with primary
inductance Lprimay = Lm, leakage inductance Lik_primary
= Lg and secondary to primary turns ratio ngjsc, is thus higher
than the inversed turns ratio for the discrete solution when
operated at series resonant frequency (Equation 39).

1

Pa— (eq. 39)
Ndiscrete

Gnom_integrated >

Figure 14 shows the simulated gain characteristics
comparison for both solutions.

80mV
Gb=68.4m @ fop=80.3kHz
— Ga=61.8m @ fop= 80.3kHz
60mV- 7 \\
o / \
20mV- \
Ga - gain when external Ls solution is used \
Gb - gain when transformer with leakage is udes
oV
10KHz 30KHz 100KHz 300KHz 1.0MHz
0 V(Out_Lext+ideal_T¢)V(Out_Tr_with_leakage) Frequency

Figure 14. Simulated Gain Characteristics - Comparison Between Resonant Tanks with External Resonant
Inductance and with Leakage Resonant Inductance. Both Designs Feature the Same Secondary to Primary
Transformer Ratio ngjscrete-

The primary to secondary turns ratio has to be increased
by coupling coefficient to assure the same nominal gains at
series resonant frequency for both LLC resonant tank
solutions. The new turns ratio of the design with integrated
leakage inductance is defined by Equation 40.

n,.
discrete 16.18
Nintegrated — . = = 17.88 (eq. 40)
s =
™ 715
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Where:
Ls = Lik_primary — is the primary inductance measured with
secondary winding shorted
L = Lprimary — is the primary inductance measured with
secondary winding opened

A SPICE model of the modified integrated resonant tank
can be seen in Figure 15.

Cs
in2 Out_Tr_with_leakage

TX2
30n

Ve Lprim=Lm=715uH Lsec=T15uH / n’

ol Rac
v erated

0.51

Figure 15. Simulation Model of the LLC Stage with
Integrated Resonant Tank and Modified Turns Ratio

Nintegrated

80mvV
Gnom=61.8m @ fop=80.3kHz

60mvV / \
40mv / \
20mV / \.\\\-\

ov

10KHz 30KHz 100KHz 300KHz 1.0MHz
o V(Out_Tr_with_leakage)* V(Out_Lext+ideal_Tr) Frequency

Figure 16. Simulated Characteristics - Comparison Between Resonant Tanks with External Resonant Inductance
and with Leakage Resonant Inductance and Modified Turns Ratio.

Simulation results from Figure 16 show that the nominal
gains for both solutions are the same when the operating
frequency is equal to the resonant frequency. The modified
integrated resonant tank solution also provides higher gain
below series resonant frequency. This is beneficial as the
operating frequency range will be reduced compared to the
LLC design with external resonant coil.

The calculated resonant tank components are as follows:
Resonant capacitor: Cg = 2 x 15 nF
Transformer with divided bobbin:

Lprimary = 715 uH

Lsecondary = Lprimary/ nintegrated2 =223 uH

Lik_primary = 130 uH when secondary winding is shorted
The transient simulation results for the proposed LLC

resonant tank design are shown in Figure 17. Bulk voltage

of 395 Vdc and output load of 20 A have been applied

during this simulation. The results show that the output

voltage is regulated to the target level i.e. 12 Vdc when the

application works at a frequency of 80.3 kHz, which meets

the target resonant frequency (80 kHz).

http://onsemi.com

16



AND8460/D

00 N o~ | Iprimary_pk=2.16 A P
\ / \ Vout= 12V /
\ )
0 /
Vbulk=395 Vdc
lload=20 A
-2.0 N
1.7965ms 1.8000ms 1.8040ms 1.8080ms 1.8120ms 1.8160ms 1.8200ms 1.8226ms

o I(R64)° V(out_int)/10

Time

Figure 17. Transient Simulation for Proposed Resonant Tank Design

KonnyectBo BMTKOB NepBMYHON 06MOTKW HEOBXOAMMO paccuuTaTh C
YYETOM  OTKMOHEHUS  MarHWUTHOM  MHAYKUMM  TpaHcdopmaropa.
MakcumanbHast — nnoTHocTb — moToka  OydeT  gocTUrHyta  mpu
MWHUMarbHOA  pabodyeln 4yacToTe UM MakcumanbHOM — O6BEMHOM
HanpsbkeHuw (ypaBHeHue 41).

Vbulk—max

Np =
8 - ABmax 'fSWmin “Ae

420
= = 38 turns
8-0.125-67 - 103 - 167 - 106 (eq. 41)

T'me:

Bmax — Bbl6paHHaH NUKOBas IVIOTHOCTD IIOTOKA
Fgw min — MMHMManbHast pabodast 4acToTa

Ae - a¢ekTHBHAS IIOAAb IOIEPEIHOTO CEIEHIs
LIeHTPa/IbHOII BeTBU (PeppUTOBOTIO CepfieYHMKA

Ferrite core Air gap

< \

@A\
&

000
000
o

000
000
000
000
000
000
000
000
000
000
000
600
000
090
8o

Winding

[ns perynupoBku WHAYKTUBHOCTU NEPBUYHOA OBMOTKM HEOOXOAMMO
MCMOMNb30BaTh (PEppUTOBbLIN CEpAeYHMK C BO3AYLUHBbIM 3330pOM Ha
LleHTpanbHoON Hoxke. B BO3ayLIHOM 3a30pe xpaHuTcs Bonbluas YacTb
SHEPrN HaMarHW4MBaHWs, CBSA3AHHOM C NEpPBUYHOA OBMOTKOW. Takum
obpa3om, LenecoobpasHo pasMecTUTb BO3AYLWHbIA 3a30p HWXe
nepBUYHOM  OOMOTKM, 4TOObI  MUHUMM3NPOBATL  AOMOMHUTEMbHBINA
napasuTHbIN NOTOK M YMEHbLUUTL dekT Brin3ocTy.

MonoxeHne BO3AYLIHOrO 3a3opa BHYTPW 60OMHbI BNUSET Ha 3HAYEHUS
NEepBUYHONM W BTOPUYHONA MHOYKTMBHOCTW. Kak npaBuno, MHOYKTMBHOCTb
KaTyLUK/ MHAYKTUBHOCTY C (DEPPUTOBBLIM CEPAEYHMKOM C 3a30POM HIKE,
Korga 3asop pacnonoxeH noA OBMOTKOM KaTyllku, a He 3a ee
npegenamu. PasHuua mexgy oboumn cryyasiMu CBsi3aHa C BbIXOLOM
MarHMTHOrO MOTOKa M3 3a30pa W KaTywku. Koraa Bo3gyLHbIA 3a30p He
pacnonoxeH nog obmoTkoh kaTywkw, 6yaer 6onee  BbICOKMN
napasuTHbIN NOTOK - M. PucyHok 18.

Ferrite core i
Alr\gap

\

Winding

Figure 18. 3aBucumocTb WHOYKTUBHOCTM MHAYKTOPA M Napa3mMTHOrO NOTOKa OT NOMOXEHMA BO3AYLUHOIO 3a3opa

AHanorn4Has CUTyalMs MMeeT MeCTO B TpaHchOpMAaTope C pasfe/leHHON KaTyIIKO 1 BO3AYIIHBIM 3a30POM,

PAacIIONOXKeHHbIM IIOf] TEPBUYHOI 0OMOTKOII - PUCYHOK 19.

QeppnUTOBBIIT CEPHOEYHMK TONBKO ORMH, HO OH He O0O0/MagaeT OLMHAKOBON MAarHUTHOI IIPOBOAMMOCTBIO
(TOCTOSAHCTBOM) [JIA NIEPBUYHOI U BTOPMYHON 0OMOTOK! DTO CBA3aHO C TeM, YTO BO3[YLIHBIA 3a30p SKpaHUPOBaH
TOJIPKO TEPBUYHOI 0OMOTKOM. Takum 06pasoM, MarHUTHas HPOBOJVMOCTb IMEPBUYHON OOMOTKM HIDKe, YeM
MarHuTHas NPOBOAMMOCTb BTOPMYHOI 00MOTKM (ypaBHeHuU: 42-44).
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Primary
windi\ng

Secondary
winlding

000 //
\

[
OO0¢
000
000
000
000
000
000
000
000
000
000
=
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|
Ferrite core Air gap

Figure 19. Transformer with Divided Bobbin and
Air Gap Below Primary Winding

L.
primary
Aprimary = N. 2 (eq. 42)
p
L
secondary
Asecondary = N 2 (eq. 43)
s
Aprimary= Asecondary (eq. 44)

113-3a 3TOI HEOAHOPOAHOCTU CEPAEYHMKA KOADDULIMEHT (HN3MHECKOTO
BuTKa (N) He paBeH KO3thMLIMEHTY ANEKTPUYECKUX BUTKOB (N), KOTOPbIN
3373eTCs MHAYKTUBHOCTSIMM NEPBUYHOI 11 BTOPUYHOI 0OMOTOK
(ypaBHeHue 45).

Lprimary

(eq. 45)
secondary

Where:

N}, — 4nCII0 BUTKOB NIEPBUYHON OOMOTKH

Ny — 9YHCII0 BUTKOB BTOPUYHOM 0OMOTKHA

Urcno BUTKOB BTOPHYHONH OOMOTKH MOXKHO PacCUUTaTh Ha

OCHOBE MarHUTHOW MPOBOJUMOCTH BTOPUIHON OOMOTKH U
TpeGyeMoil BTOpUYHON UHIYKTUBHOCTH (YpaBHEHHUE 46).

Iprimary_RMS_nom =

I‘secondary

(eq. 46)
AL_secondary

MonoxeHne BO3AYWHOMO 3a30pa Takke BRMSET Ha 06y
WHOYKTMBHOCTb paccesiHns TpaHcdopmaTopa, KoTopylo Heobxogyumo
OTPErynmpoBatb 40 HeOOX0AMMOrO 3HaUEHMS.

PacyeT nepBUYHOM W BTOPUYHOW MArHWUTHOW MPOBOAUMOCTA W
pacyeT MOSHOrO MapasuTHOrO MOTOKA TpaHcdopmaTopa - HempocTas
3afja4a Ona  TpaHcdopmatopa € pasgeneHHOW  KaTyLUKOW.
Heobxogumo  MCMOMb30BaTb  YWCIEHHbIE  METOAbl  KOHEYHbBIX
anemeHToB (MK3) ¢ TOWHO MOArOTOBREHHOW Modenbk. Yacto npw
NMPOEKTUPOBAHWMM NMPOTOTUMA TPaHCopMaTopa MCnonb3yeTcs MeToq
«npoboBatb 1 NpoboBaTby.

HakoHeu, BTopyHas 0bMoTka, coctosias 13 asyx BuTkoB (Ns = 2)

MegHOW neHTbl, Obima MCMOnMb3oBaHa B 3TOW  KOHCTPYKLMM
TpaHcdopmatopa LLC pans  poctmkeHus Tpebyemoit BTOPUYHON
WHAYKTUBHOCTU.

BcnomoratensbHas 06MOTka MCMONb3YeTCs AN1S MUTaHNS NEPBUYHBIX
koHTponnepos SMPS B HOpMarbHbIX YCNoBMAX 3KCnryaTauum u bes
Harpysks. BcnomoratenbHoe HanpsbkeHne 18 B Heobxogumo
UCMOMb30BaTh B HOMMHAINbHBIX YCAOBWSX 3KCTnyaTauun, 4Tobbl
obecneunTb goctaTouHbI yposeHb VCC, korga nnarta He HarpyxeHa.
KoathpuumeHT C€BA3M  Mexay BCMOMOraTenbHOM U BTOPUYHOM
obMoTKamu pomkeH OblTb Kak MOXHO 6onee BbICOKAM, YTOObI
obecneunTb  Hagnexallee — perynupoBaHue  BCMOMOraTernbHOro
HanpsbkeHus.  Takum  obpasom,  MOMesHo  pacnonaratb
BCMIOMOraTenbHy) 0BMOTKY HEMoCpeACTBEHHO HaL BTOPUYHBIMM
obmotkamu. Tpebosanus 6esonacHocT TpebyloT WCMOMb30BaHMS
NpoBoAa C TPOWHOM u3onsumen. Tpebyemoe KONMMYECTBO BWTKOB

BCTIOMOraTernbHOM  OOMOTKM  MOXHO — paccuutatb € MOMOLLbH
ypaBHeHus 47.
Vaux + Vf daux 18 + 0.7
Nguyx = —————— " Ng = —— -2 = 3turns
Vout + Vf_SR 12 + 0.2 (eq. 47)
Where:

Vaux — LIeJIEBOE BCIIOMOTaTelbHOE HANPSKEHUE
V¢ daux — IPSIMOE MAJICHUE HAPSKEHUS Ha JUOAE,
HCTIOJTE3yEMOM BO BCIIOMOTATENbHOM TpakTe Vc.
V¢ SR — - IpsAMOe Ta/IeHNe HAPSDKEHUS CHCTEMBI SR,
BKJTIOUAs! IPOTIA/IAHHS B CXEME.

JeiicTByroniee 3HaYeHNE TOKA IIEPBUYHON OOMOTKHU
MO>KHO pacCYUTaTh C TOMOIIbIO YpaBHEHUS 48.

vV 2
1 | 2..2. 6 2, bulk_nom
= 2 | 'out_nom = " T Ynom =
8 - 24 - Ly 2 'fop_nom 2 (eq. 48)
3952
= % | 202 - =2 - 0.06182 + = 1.46A

CpenHexBagpaTU4HbIA TOK BTOPUYHOM 0BMOTKM anist paboTbl
Ha Pe30HaHCHOW YacToTe W NpK NOMHOW Harpy3ke Takom xe, Kak

BTOPWYHbIN TOK BBINPSMUTENS (ypaBHeHue 49).

| =20- % =157A (eq. 49)

T
sec RMS ~ Iout_nom 2

24 - (715 - 10-6)2 - (80 - 103)

Heobxoanmo yunTbiBaTh CKUH-3addekT TpaHctopmartopa LLC.
npy NPOEKTUPOBaHWUM 0BMOTOK Ha HOMUHarbHYI0 paboyyio
yacToTy. [MyBuHY CKMH-CNOS AN1S MEHOM MPOBONIOKA MOXHO
paccuuTaTh Ha OCHOBE ypaBHeHus 50.

65 65 = 0.23 mm

) B .50
\/fOp_nom \/80 . 103 (eg. 50)
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MakcumanbHbI anameTp 06MOTOYHOTO MPOBOAA, KOTOpbIA OyaeT
3(hheKTMBHO MCMONb30BATLCS MEPEMEHHBIM TOKOM, B 3TOM Clyyae B
[Ba pa3a NpeBbILAET PacyeTHY0 rMybuHy ckuH-cros, T.e. = 0,46 Mm.
HeT cmbicna ucnonb3oBaTh NpoBofa 6onbLuero auameTpa B nepBUYHON
UMW BTOPUYHOA OOMOTKE, MOTOMY YTO TOK HE MOXET NpOHUKaTb B
NPOBOAHMK rny6ixe, 4em 10 PacYETHON FyBUHbI CKUH-CIIOS.

Kak ynommHamocb Bbiwe, addekT 6nM30CTW,  BbI3BAHHBIA
PacnonoXeHeM MEPBUYHOM W BTOPUYHOA OOMOTOK, SIBMSIeTCS ele
OOHUM  OrpaHWyYeHMeM B  TpaHcopmatopax C  KOHCTpyKuuen
pasgeneHHbixX kaTtylwek. Ha BuTku o6MOTKW, pacnonoxeHHble brivxe k
NpOTUBONONOXHON 06MOTKe Ha B06VHE, AENCTBYET none Apyrix BUTKOB
0OMOTKM, U OHWM UMET CaMblil CUMbHbIA addekT 6nmsocTn. AHanua
athdpekta BNNU30CTM BLIXOOUT 3a PaMKM [AHHOMO MPUMEYaHUst No
NPUMEHEHMIO - MOXHO 06paTUTbCs K CCbinke 12 Ang nomyveHust
[ONOJTHUTENBHO MHChOPMALMK MO 3TOMY BOMPOCY.

Mocne paccmoTpeHust ckuH-apdpekta u  apekta  6nmsocTn
CTaHOBMTCS OYEBMOHbIM, YTO IyYLUMM PELUEHWEM AN KOHCTPYKLMU
0OMOTKM SBNSETCS UCMOMNb30BaHME NULIEBOTO NPOBOAA, COCTOSILLENO 13
HECKOMbKUX W30MMPOBAHHbLIX MPOBOJOB AMaMeTpoM MeHee 0,46 mm.
BropuyHas obmoTka npoBoaMT Gonee BbICOKMIA CPpeaHeKBaapaTUYHbIA
TOK NO CPaBHEHWIO C MEpBUYHON, MO3TOMY  LenecoobpasHo
MCMONb30BaTh MONOCKOBbIE MEAHbIE MPOBOAA BMECTO HECKOMbKMX
rnbkux npoeogoB. NepBuyHas 0OMOTKa BbIMOMHEHA TOHKMM NPOBOAOM
22x0,16. BropwuuHble 0OMOTKM COCTOAT M3 MERHbIX MOMOCOBLIX
npoBoAoB LumpuHOM 8 MM u TonwmHoi 0,2 Mm. BcnomoratenbHas
00MOTKa COCTOMT M3 Tpex BMTKOB MPOBOAA C TPOWHOW M3onsumeit
anametpom @ = 025 wmm. Ota obMmoTka  pacnonoxeHa
HenocpeaCTBEHHO Hah BTOPUYHbIMK 0BMOTKamMm, 4TOObI 06ecneunTb
XOpOLLEe COeanHEHNE, KaK YNOMSHYTO BbILLE.

HekoTopble NPOW3BOANTENM YKa3blBAIOT WHAYKTUBHOCTb PaccesHus
Mpu yCrioBMM, YTO BCE BTOPUYHbIE OBMOTKM 3aKOPOUEHbl. JTOT NoAxoq
He MOXeT OblTb MPUMEHEH ONS KOHCTPYKLUWM BTOPUYHOWM CTOPOHbI C
LieHTparbHbIM OTBOAOM, MOTOMY YTO TONMbKO oAHa o6MOTKa M3 mapbl
BHOCWT pe30HaHC B Kaxablii Nonynepuos nepuoga nepeknioyenns. Ha
Pucynke 20 u Tabnuue 2 nokasaHo, kak M3MEpWUTb WHAYKTMBHOCTM
paccesHus TpaHcgopmatopa C OTBOLOM MO LEHTPY BTOPUYHOI
0OMOTKM.

C
ﬁ
Ns1i
L-meter Np D
B
Ns2
E

Figure 20. U3mepeHMe NHAYKTUBHOCTU YTEYKMN
nepBUYHON O6GMOTKM TpaHcchopmaTopa

Table 2. WINDINGS CONFIGURATIONS DURING
MEASUREMENTS OF LEAKAGE INDUCTANCE

Measured

Parameter | Between Pins [Secondary Pins Configuration
Lik(p-s1) A-B C-D KopoTkoe 3amblk

D-E o6pbiB

I—Ik(p—sZ) A-B C-D 06prB
D-E kopoTkoe 3ambik
Lik total) A-B C-D kopoTkoe 3aMblK
D-E kopoTkoe 3amblk

Lorimary A-B C-D o6pebiB

D-E o6pbiB

Heobxoamnmo o6ecneunTtb Xxopoluee cornacoBaHue
MeXxay MHAYKTUBHOcTAMMU paccesHus LIk (p-s1) n Lik (p-
$2), nHade nocrnegoBaTenbHasa pe3oHaHCcHas YyacTtota
OyoeT oTnmnyaThCsa B KaXKaoM nonynepuoae
nepeknioyeHnsi. B pesynbtaTte BTOPUYHLIA TOK Yepes
Kakayto BTOPUYHYIO BETBb OyaeT otTnuyatbes. PasHuua
BTOPUYHOIO TOKa NpuBedeT K yBENNYEHUIO NOTEPb U
TemnepaTtypbl B O4HON U3 BTOPUYHbLIX BETBEWN.

Ha pucyHke 21 nokasaHbl pe3ynbTaTbl MOAENMpoBaHUS
anga cny4as, korga aucbanaHc MHOYKTUBHOCTEN paccesiHusA
BTOPUYHbIX TOKOB cocTaBnseT 5%.

Figure 21. CmoaenupoBaHHble BTOPUYHbIE TOKU ANs
NPUNOXeHUN ¢ aucbanaHcom UHAYKTUBHOCTEN
nepBUYHON yTeUYKU 5%

JpyrumMu  BO3MOXKHBIMH ~HCTOYHHKAMU JricOaliaHCca
cunoBoro  kackaza LLC  dBnsoTcs — mapa3uTHBIE
WHAYKTUBHOCTH  BTOPWYHOK  cxembl. Koadoumment

TpaHcoOpMalMd TMEPBHYHOW ¥ BTOPHYHOH OOMOTOK
TpaHcdopmaropa IOCTaTOYHO BBICOK JISI ITPUIIOKEHHUS C
BBIXOJHBIM HampsbkeHueM 12 B. Ilpu orpaxkenun B
PE30HAHCHYIO CXEMY pe3epByapa BTOPUYHBIE Mapa3HTHHIC
WHIYKTUBHOCTH YMHOXKAIOTCS Ha KBaJpaT OTHOIICHUS
BUTKOB TpaHc(hopMaTopa. ITO O3HAYAET, YTO JaXKe OUCHBb
HeOoJIbIIass acUMMETpUs Napa3sUTHOH WHIYKTUBHOCTH
BTOpHYHOW cxembl (Hampumep, 50 HI'H) BbI3BIBaET
OOJIBIIYIO Pa3HHUILY B PE30HAHCHBIX YaCTOTAX JUISl KaXKAOTO
MOJIYTIEPHOJIa TTEPEKITIOYCHUSL.

Takum obOpa3om, BTOpPMYHAA KOMMOHOBKa
AOMKHaA ObITb KaKk MOXHO Honee cMMMeTPUYHOMN
ANA  OOCTUMXKEeHust cbGanaHCUMpoBaHHOM paboThbl
ctynenm LLC.
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The final transformer specification is summarized in PRIMARY
below figures and tables.

SE CONDARY

W3(12,13-15,16)
W2(9,10-12,13)

’ FERRITE CORE H FERRITE CORE ‘

I

AIRGAP

W1 (3-5)

Figure 22. The Transformer Windings Arrangement
Within the Bobbin

3 5 7 8 WINDING DIRECTION
. M w4 CCW CW
[ b
CODE
LU WYY R
CUSTOME R
- . L " -
w2 W3 U€HEHHHH‘€U
9,10 12,13 15, 16 1
Figure 23. Transformer Windings Pinout Figure 24. Transformer Winding Directions

Table 3. TRANSFORMER PRIMARY INDUCTANCE SPECIFICATION

Primary Inductance Lp (uH) Tolerance R (mQ) Tolerance

Between Pins 3 5 715 +10% 101 +15%

Table 4. TRANSFORMER LEAKAGE INDUCTANCES SPECIFICATION

Primary Inductance Lk (uH) Tolerance Shorted Pins
Between Pins 3 5 130.5 9-10-12-13
Between Pins 3 5 131.8 +7% 12-13-15-16
Between Pins 3 5 126.8 9-10-12-13-15-16

http://onsemi.com
20



AND8460/D

Table 5. TRANSFORMER WINDINGS SPECIFICATION

Pin # Turns and Gauge Insulation Tape
Winding Thickness
Winding # Start | Finish | Turns Wire Gauge Layers (Turns) Method Turns Width
UEW+NY
LIT Z 0.160x22#
W1 3 5 38 Grade 2 59+9+9+9+2) | CWClosed
(NEMA MWB8O0C/IEC 317-21)
Thermal Class 155°C
Cu Foil W =8 mm
w2 9,10 | 12,13 | 2 T205mm _—
Cu Foil W = 8 2 cow 2 9 mm
u Foil W = 8 mm
W3 12,13 | 15,16 2 T=0.2mm
TIW 0.250
W4 8 7 3 Thermal Class B 1 CW Closed
PCB Design rectification controller and is not intended as a final design

The PCB layout of the LLC stage primary side is not very
critical because switching of the main MOSFETs happens
only under ZVS conditions and the influence of the PCB
parasitic inductances on the operating frequency is
negligible. The LLC stage secondary side layout is very
critical especially in applications with low output voltages.

It is recommended that both paths from the secondary
windings to the filtering capacitor bank should be made with
the same length. A difference in parasitic inductance
between paths results in a different resonant frequency for
each half of the switching period. As the secondary RMS
current is high, the parasitic resistance of the secondary
layout should be minimized. This SMPS is designed on a
two layer PCB with 70 um copper plating.

Results

Please follow the steps detailed in the test procedure for
the NCP4303 demo/evaluation board if testing the
demoboard performance. Below measurements are shown
for further information on how this design operates in
practice.

Thanks
I would like to thank the below companies for providing
the samples used in this demoboard.

Epcos — http://www.epcos.com
Koshin — http://www.koshin.com.hk
Pulse - http://www.pulseeng.com
Waurth — http://www.we—online.com
Coilcraft — http://www.coilcraft.com

Conclusion
This demoboard shows only one of many possible
implementations of the NCP4303A/B synchronous

for end customers. The main goal of this document is to
introduce a typical application and illustrate how the various
features help to decrease total cost and increase SMPS
efficiency. Optional features are included in the PCB layout,
thus it is easy to update the application according to specific
requests.
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1. NCP4303 data sheet
. NCP1605 data sheet
. NCP1397 data sheet
. Application note AND8257/D
. Application note AND8327/D
. Application note AND8281/D
. Bo Yang - Topology Investigation for Front—End
DC-DC Power Conversion for Distributed Power
System

8. M. B. Borage, S. R. Tiwari and S. Kotaiah —

Design Optimization for an LCL — Type Series

Resonant Converter
9. Dr. Ray Ridley -
http://www.ridleyengineering.com/snubber.htm
ON Semiconductor documentation TND399/D —
216 W All in One SMPS Reference Design
M. Jovanovic, “Principle of Resonant Power
Conversion”, in—house seminar, Toulouse 2004.
Xi Nan, C. R. Sullivan — An Improved Calculation
of Proximity—Effect Loss in High—Frequency
Windings of Round Conductor

NN W

10.

11.
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Icn 100¥ 4. Opsidiv

jCa| 1.0A 4] 1.25GS/s  B00pa/pt
Ncs| 20 0 :mg.: S WCi|- 2tV
W4l s 0.0A
NCi|Froq®  B328k.
Figure 25. Application Input Current Measured for Figure 28. LLC Primary Current and Bridge
110 Vac / 60 Hz Input and Full Load Conditions Voltage for ljgoq = 10 A

9 W e ot g—
§C4 10A o :;n:g:' — icoc [l mcils 2oy
WCis00A
NCHFreq®  BEGH.,
Figure 26. Application Input Current Measured for Figure 29. LLC Primary Current and Bridge Voltage
230 Vac /50 Hz Input and Full Load Conditions forligag=5A

g.:l ;ouu.\r o :%E‘é‘; BOOps/pt C1| 100V 4 Dusidiv
v Wi - 212V cal 10A @ Lascss wopaps
1c1iFrg S fciinmE" 14684 NC1Freqt 9502k
Figure 27. LLC Primary Current and Bridge Figure 30. LLC Primary Current and Bridge Voltage
Voltage for ljgaq = 20 A forligag=25A
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Bridge
Primary Current

o1 ooV 20.Omaidiv
Ncs| 104 0 250kS/s  4.0psipt
WCi| s 210V

Figure 31. LLC Primary Current and Bridge Voltage for
lioag = 0 A, SR is Operating

Bridge

Primary Current

B ooV 20,0madiv
Bca| t0A 0 250KS/ 4.0us/pt
WCi| - 210V

Figure 32. LLC Primary Current and Bridge
Voltage for ljoaq = 0 A, SR is Not Operating

o PN

“ ‘ I

W 1
Vout 1

200usdiv

C2| 200mV A Bw- | (1R
ca| 204 0 y2: 2
c4| 10.0A 0 Ay: 20

125MS/s  8.0ns/pt
WCs s 1244

Figure 33. SMPS Response to Transient Loading 0 A
to 20 A, 1.6 A/us

Bc2| 200mV A Bwe
§c3| 204 0
Nca| 100A 0

Rosyt:  0.0A 200us/div
y2: 2004 125M5/5  6.Onspt
Ay: 20.04 WA 1244

Figure 34. SMPS Response to Transient Loading 20 A
to0A, 1.6 Alus

Iprimary

Vaut

C2| 100mV % Bwe BCa|yt: 204
ca| 204 0 y2: 20 .04
C4| 1004 O Ay: 18.04

200usidiv
125MS/s  8.0nsipt
WCs s 1244

Figure 35. SMPS response to Transient Loading 2 A to
20A,1.6 A/us

A00ysidi
50.0MS/s_ 20.0ns/pt
W 1244

§C2| 100MV A Bwe BC4lyi: 2.0A
ca| 204 q y2: 2004
§ca| 100A 0 Ay: 18.0A

Figure 36. SMPS Response to Transient Loading 20 A
to2A, 1.6 Alus
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ez |oem\; .‘\. Bw icqvl: B .04 A00psidhe Hcz| 200mY % B 4 Dmaddiv
§ca] 2oa a y2: 20.0A S0.0MS's  20.0nsipt S50MSs  200nsipt
Hcs| oA 0 Ay: 12.08 WCa| - 1244 WC3| ™ 520mA
Figure 37. SMPS Response to Transient Loading Figure 40. Bulk Voltage Ripple Image in the Output
8Ato20A,1.6 Alus Voltage Under Full Load Conditions, 110 Vac/60 Hz

2| 100mV A By Hcajyr: 8.0A 400usidiv C2| S0.0mY A Bw §c2|Vi: -5 .0mV 20.0maddiv
1 2004

288

=c 204 el 50.0MS's  20.0ns/pt cal 20v VZ2: 16 .0mv 2 5MSis
[ 1008 10 Ay 1204 W4 1244 AV 21 .0mv W Ca| " 200mA
Figure 38. SMPS Response to Transient Loading Figure 41. Output Voltage Ripple During No Load
20Ato8A, 1.6 Alus Conditions — SR is Turned Off

Iprimary

Bc2| 200mV A §ca|Vi: -BamV 4 Dusddiy c2| SOV |c:u:;- ;:: 40.Ops/ciy

‘\‘3 é; m: ;@?ﬁm -k ° Ay: 15.9A -cz|\|0‘0'u'ﬁm.nt
Figure 39. Output Voltage Ripple Under Full Load Figure 42. Transition From Full Load to Output
Conditions Short-Circuit
http://onsemi.com
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Figure 43. Transition From No Load Operation to Figure 46. Secondary Side Currents, SR Gate and
Output Short-Circuit Vs signals for Iy, = 20 A, IRFB3206

Figure 44. SMPS Operation Under Overload Figure 47. Secondary SR Gate Signals
Conditions, Restart Time Given by V¢ Restart Comparison for Compensated and
Uncompensated SR System I,;; = 20 A, IRFB3206

Figure 45. Secondary Side Currents and SR Gate Figure 48. Secondary Side Currents, SR Gate and
Drive Signals for Iy, = 2.5 A, IRFB3206 V4s Signals for lg, = 20 A, IPPO15N04N —
Uncompensated

http://onsemi.com
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Figure 49. Secondary Side Currents, SR Gate and V4g Signals for lo, = 20 A, IPPO015N04N — Compensated

Efficiency [%]

95.0
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90.0

87.5

85.0

82.5

80.0 1

77.5

75.0

10
lout [A]

15

- = Vin=110 Vac/60 Hz = Vin = 230 Vac/ 50Hz |

20

Figure 50. Demoboard Efficiency versus Output Current for Compensated SR System and IRFB3206 SR
MOSFETs
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Figure 51. Demoboard Full Load Efficiency versus Input Voltage for Compensated SR System and IRFB3206 SR
MOSFETs
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Input Power [W]
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Figure 52. Demoboard No Load Consumption for SR System Working and Turned Off
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Figure 53. Demoboard Consumption for 100 mW and 500 mW Loads (SR System Working)
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Figure 54. LLC Stage Efficiency versus Output Current for Compensated and Uncompensated SR Systems
Featuring IRFB3206 MOSFETs and Nominal Bulk Voltage of 400 Vdc
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Figure 55. LLC Stage Efficiency versus Output Current for Compensated and Uncompensated SR Systems
Featuring IPPO15N04N MOSFETs and Nominal Bulk Voltage of 400 Vdc
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Figure 56. Conducted EMI Signature of the Board at Full Load and 110 V¢ Input
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Conducted Emission Quasi—-peak dBmV (Domestic)
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Figure 57. Conducted EMI Signature of the Board at Full Load and 230 V¢ Input
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Including PCB Options

Figure 58. Demoboard Schematic
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Figure 60. Bottom Side of the PCB
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Figure 61. Top Labels
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Figure 62. Bottom Labels
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Figure 64. Demoboard Photo — Bottom Side
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87.1°C
(87.9°C) §

230 Vac/ 50 Hz
(110 Vac/ 60 Hz)

Figure 65. ®oTorpacus AeMOHCTPaLMOHHON NNaThbl, BEPXHSS CTOPOHA
C U3MEPEHHbIMU TemnepaTypamMu Ha NONTHOCTLIO 3arpyXeHHOW nnare

Figure 66. JletanbHoe ¢poTO MHAYKTUBHOCTEN KoMmneHcauun SR
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Table 6. BILL OF MATERIALS FOR THE NCP4303 DEMO BOARD

Toler- Manufacturer Substitution
Designator Qty Description Value ance Footprint Manufacturer Part Number Allowed Pb-Free
B1 1 Bridge Rectifier KBUSM - KBUSM Fairchild KBUSM Yes Yes
C1 1 Electrolytic Capacitor 22mF/25V 20% Through Hole Koshin KZH-025V220MC110 Yes Yes
C3,C12, C42 3 Electrolytic capacitor 220mF/25V 20% Through Hole Koshin KZH-025V221MF115 Yes Yes
C2, C13, C27 3 MKP Capacitor NU - 805 - - Yes Yes
C6, C14, 4 Ceramic Capacitor 1mF 10% 1206 Kemet C1206F105K5RACTU Yes Yes
C20, C55
C15, C33, 3 MKP Capacitor 1.0 uF/ 20% Through Hole Epcos B32923C3105M Yes Yes
C47 275 Vac
C16,C17 1 Electrolytic Bulk 100 uF /450 V 20% Through Hole Koshin KPH-450V100UF Yes Yes
Capacitor
C50 1 Ceramic Capacitor NU - 805 - - Yes Yes
C26 1 Ceramic Capacitor 1.2nF 10% 805 Kemet C0805C124K1RACTU Yes Yes
C38 1 Ceramic Capacitor 560 pF 10% 805 Kemet C0805C561K5RACTU Yes Yes
Cc28 1 Ceramic Capacitor 68 nF 10% 805 Kemet C0805C683K5RACTU Yes Yes
Cc29 1 Ceramic Capacitor 220 pF 10% Through Hole Kemet C0805C221K5RACTU Yes Yes
C30, C31 2 Ceramic Capacitor 22nF/1kV 10% 1812 Kemet C1812C223KDRACTU Yes Yes
C32, C37 2 Ceramic Capacitor NU - 1206 - - Yes Yes
C34 1 Ceramic Capacitor 6.8 nF 10% 805 Kemet C0805C682K5RACTU Yes Yes
C35 1 Ceramic Capacitor 100 pF 10% 805 Kemet C0805C101K5GACTU Yes Yes
C36, C39 2 Ceramic Capacitor 470 nF 10% 1206 Kemet C1206C474K5RACTU Yes Yes
C4, C25 2 Ceramic Capacitor 3.9nF 10% 1206 Kemet C1206C392K5RACTU Yes Yes
Cs, C19,C40, 6 Ceramic Capacitor 100 nF 10% 1206 Kemet C1206C104K5RACTU Yes Yes
C41, C58,
C54
C43, C51 2 Ceramic Capacitor 10 nF 10% 805 Kemet C0805C103K5RACTU Yes Yes
C44 1 Capacitor NU - Through Hole - - Yes Yes
C45 1 Ceramic Capacitor NU - 1206 - - Yes Yes
C46 1 Ceramic Capacitor 47 nF 10% 805 Kemet C0805C473K5RACTU Yes Yes
C48 1 Ceramic Capacitor NU - 805 - - Yes Yes
C49 1 Ceramic Capacitor 1nF 10% 805 Kemet C0805C102K5RACTU Yes Yes
C52, C57 2 Ceramic Capacitor 2.2nF 10% 805 Kemet C0805C222K5RACTU Yes Yes
C56 1 Electrolytic Capacitor 4.7mF/50V 20% Through Hole Koshin KLH-050V4R7MC110 Yes Yes
C7,C18 2 Metal Film Capacitor | 15 nF /1600 V 5% Through Hole Epcos B32652A1153J No Yes
C8, C9, C10, 8 Electrolytic Capacitor | 1000 mF /35 V 20% Through Hole Koshin KZH-035V102MH250 Yes Yes
C11, C21,
C22, C23,
C24
CY1,CY2, 3 Ceramic Capacitor 2.2nF/Y1/X1 20% Through Hole Murata DE1E3KX222MA5B Yes Yes
CY3
D1, D3, D7, 9 Switching Diode MMSD4148 - SOD-123 ON Semiconductor MMSD4148T3G No Yes
D14, D15,
D21, D22,
D23, R6
D10, D11 2 Surface Mount MURA160 - SMA ON Semiconductor MURA160T3G No Yes
Ultrafast Power
Rectifier
D12, D13 2 Diode NU - SOD-123 - - Yes Yes
D16, D17, 4 Diode NU - SOD-123 - - Yes Yes
D18, D19
D2 1 Diode NU - SOD-123 - - Yes Yes
D20 1 Diode NU - SOD-123 - - Yes Yes
D4 1 Standard Recovery 1N5408 - Axial Lead ON Semiconductor 1N5408RLG No Yes
Rectifier
D5 1 Soft Recovery MSRF860 - TO220 (2 ON Semiconductor MSRF860G No Yes
Rectifier LEAD)
Dé6, D9 2 Diode NU - SMA - - Yes Yes
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Table 6. BILL OF MATERIALS FOR THE NCP4303 DEMO BOARD

Toler- Manufacturer Substitution
Designator Qty Description Value ance Footprint Manufacturer Part Number Allowed Pb-Free
D8 1 Zener Diode 75V 5% SOD-123 ON Semiconductor MMSZ7V5T1G No Yes
HEATSINK_1 1 Heat Sink SK 454 150 SA - SK 454 150 Fischer Elektronik SK 454 150 SA Yes Yes
SA
HEATSINK_2 1 Heat Sink SK 454 135 SA - SK 454 135 Fischer Elektronik SK 454 135 SA Yes Yes
SA
IC1,1C2 2 Secondary Side NCP4303B - SOIC-8 ON Semiconductor NCP4303BDR2G No Yes
Synchronous
Rectifier
IC3 1 Power Factor NCP1605 - SOIC-16 ON Semiconductor NCP1605ADR2G No Yes
Controller
IC4 1 Programmable TL431 0.4% TO-92 ON Semiconductor TL431BCLPG No Yes
Precision Reference
IC5 1 Resonant Mode NCP1397B - SOIC-16 ON Semiconductor NCP1397BDR2G No Yes
Controller
J1 1 Input Terminal Block Pitch 7.5 mm - CTB0110/2 Camden EL. CTB0110/2 Yes Yes
JP2 1 Jumper 1x2 - - 2x2.54 mm Various - Yes Yes
JP3 1 Jumper 1x3 - - 3x2.54 mm Various - Yes Yes
L1,L8 2 Inductor - Wire Strap - - Wire Strap - - Yes Yes
L12,L13 2 Inductor 100 uH 20% DO5040H Coilcraft DO5040H-104MLB Yes Yes
L14 1 Inductor NU - - - - Yes Yes
L15 1 EMI filter 7 mH 15% TLBI Pulse 6001.0069 Yes Yes
L2 1 Inductor 200 nH 20% L-US20A Bohemia Electric TC-05001510-00 Yes Yes
L3 1 Inductor NU - - - - Yes Yes
L4, L5, L6, 6 Inductor NU - - - - Yes Yes
L9, L10, L11
L7 1 Inductor 120 uH 10% 2722.0005C Pulse 2722.0005C Yes Yes
OK1 1 Opto Coupler HCPL-817 - DIP-4 Avago Technologies HCPL-817-000E Yes Yes
Q1 1 General Purpose NU - SOT-123 - Yes Yes
Transistor
Q10, Q11 2 General Purpose BC846 - SOT-123 ON Semiconductor BC846ALT1G No Yes
Transistor NPN
Q2,Q9 2 MOSFET transistor IRFB3206 - TO-220 International Rectifier IRFB3206GPBF Yes Yes
Q3, Q5 2 MOSFET transistor | STP12NM50FP - TO-220 ST Microelectronics STP12NM50FP Yes Yes
Q4 1 MOSFET transistor STP20NM60FP - TO-220 ST Microelectronics STP20NM60FP Yes Yes
Q6 1 High Voltage MPSA44 - TO-92 ON Semiconductor MPSA44RL1G No Yes
Transistor NPN
Q7 1 PNP General BC807-16L - SOT-22 ON Semiconductor BC807-16LT1G No Yes
Purpose Transistor
Q8 1 Small Signal 2N7002E - SOT-23 ON Semiconductor 2N7002ET1G No Yes
MOSFET N-Channel
R1, R10, R32 3 Resistor SMD 22R 1% 805 Rohm Semiconductor MCR10EZPF22R0 Yes Yes
R100, R101 2 Resistor SMD 6.2k 1% 805 Rohm Semiconductor MCR10EZHF6201 Yes Yes
R104 1 Resistor SMD 30 k 1% 805 Rohm Semiconductor MCR10EZHF3002 Yes Yes
R105 1 Resistor SMD 820 R 1% 805 Rohm Semiconductor MCR10EZPF8200 Yes Yes
R107 1 Resistor trough hole, 4.7 M 5% 414 Vishay VR37000004704JA100 Yes Yes
high voltage
R11, R39 2 Resistor SMD 11k 1% 805 Rohm Semiconductor MCR10EZPF1102 Yes Yes
R12, R20, 8 Resistor SMD 10k 1% 805 Rohm Semiconductor MCR10EZPF1002 Yes Yes
R33, R36,
R51, R64,
R73, R74
R13, R49, 6 Resistor SMD 1k 1% 805 Rohm Semiconductor MCR10EZPF1001 Yes Yes
R60, R84,
R85, R90
R14, R58, 7 Resistor SMD NU - 805 - - Yes Yes
R59, R61,
R62, R86,
R88
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R15, R17, 12 Resistor SMD 1.8M 1% 805 Rohm Semiconductor MCR10EZHF1804 Yes Yes
R18, R23,
R27, R28,
R31, R34,
R35, R46,
R47, R50
R16, R22 2 Resistor SMD 47 k 5% 2010 Vishay CRCW201047K0JNEF Yes Yes
R19, R66 2 Resistor SMD 56 k 1% 805 Rohm Semiconductor MCR10EZHF5602 Yes Yes
R2, R3, R24, 5 Resistor SMD OR - 805 Rohm Semiconductor MCR10EZPJ000 Yes Yes
R30, R78
R21 1 Resistor SMD 220 k 1% 805 Rohm Semiconductor MCR10EZPF2203 Yes Yes
R25 1 Resistor SMD 47R 1% 805 Rohm Semiconductor MCR10EZPF47R0 Yes Yes
R29 1 Resistor SMD 1k 1% 1206 Rohm Semiconductor MCR18EZPF1001 Yes Yes
R38 1 Resistilr 'Il'hrough 0.1R/3W 1% Axial Lead Vishay PAC300001007FAC000 Yes Yes
ole
R4, R68, 3 Resistor SMD NU - 805 - - Yes Yes
R108
R42, R52 2 Resistor SMD 24 k 1% 1206 Rohm Semiconductor MCR18EZPF2402 Yes Yes
R43, R53 2 Resistor SMD 220 R 5% 2010 Vishay CRCW2010220RJNEF Yes Yes
R44, R98 2 Resistor SMD 8.2k 1% 805 Rohm Semiconductor MCR10EZHF8201 Yes Yes
R45 1 Resistor SMD 6.2k 1% 805 Rohm Semiconductor MCR10EZHF6201 Yes Yes
R48 1 Varistor S10K275 - Disc - 10 mm Epcos B72210S0271K101 Yes Yes
R54, R55 2 Resistor SMD 10R 1% 805 Rohm Semiconductor MCR10EZPF10R0 Yes Yes
R56 1 Resistor SMD 430 k 1% 805 Rohm Semiconductor MCR10EZPF4303 Yes Yes
R57 1 Resistor SMD 51k 1% 805 Rohm Semiconductor MCR10EZHF5102 Yes Yes
R5, R26 2 Resistor SMD 22R 1% 805 Rohm Semiconductor MCR10EZHJ2R2 Yes Yes
R63, R103 2 Resistor SMD 150 k 1% 805 Rohm Semiconductor MCR10EZPF1503 Yes Yes
R65 1 Resistor SMD 22k 1% 805 Rohm Semiconductor MCR10EZHF2202 Yes Yes
R67, R106 2 Resistor SMD 13k 1% 805 Rohm Semiconductor MCR10EZHF1302 Yes Yes
R69 1 Resistor SMD 100k 1% 805 Rohm Semiconductor MCR10EZPF1003 Yes Yes
R7, R37 2 Resistor SMD 39k 1% 805 Rohm Semiconductor MCR10EZHF3902 Yes Yes
R70 1 Resistor SMD 24k 1% 805 Rohm Semiconductor MCR10EZHF2402 Yes Yes
R71 1 Resistor SMD 62 k 1% 805 Rohm Semiconductor MCR10EZHF6202 Yes Yes
R72 1 Resistor SMD 220 R 1% 805 Rohm Semiconductor MCR10EZPJ221 Yes Yes
R75, R87 2 Resistor SMD 43 k 1% 805 Rohm Semiconductor MCR10EZHF4302 Yes Yes
R76 1 Resistor SMD 560 k 1% 805 Rohm Semiconductor MCR10EZPF5603 Yes Yes
R77R,9F7182, 3 Resistor SMD 5.6k 1% 805 Rohm Semiconductor MCR10EZHF5601 Yes Yes
R79 1 Resistor SMD 2.7k 1% 805 Rohm Semiconductor MCR10EZHF2701 Yes Yes
R8, 22,1R40, 4 Resistor SMD 27R 1% 1206 Rohm Semiconductor MCR18EZPF27R0 Yes Yes
R80, R102 2 Resistor SMD 27k 1% 805 Rohm Semiconductor MCR10EZHF2702 Yes Yes
R81 1 Resistor SMD 47 k 1% 805 Rohm Semiconductor MCR10EZHF4702 Yes Yes
R83 1 Resistor SMD 15k 1% 805 Rohm Semiconductor MCR10EZHF1502 Yes Yes
R89 1 Resistor SMD 12k 1% 805 Rohm Semiconductor MCR10EZHF1202 Yes Yes
R91 1 NTC Thermistor B57235S509M 20% Disc - Radial Epcos B57235S509M Yes Yes
R92 1 Resistor SMD 75k 1% 805 Rohm Semiconductor MCR10EZHF2701 Yes Yes
R93 1 Resistor SMD 200 k 1% 805 Rohm Semiconductor MCR10EZPF2003 Yes Yes
R94 1 Resistor SMD 2.2k 1% 805 Rohm Semiconductor MCR10EZHF2201 Yes Yes
R95 1 Resistor SMD 9.1k 1% 805 Rohm Semiconductor MCR10EZHF9101 Yes Yes
R96 1 Resistor SMD 18R 1% 805 Rohm Semiconductor MCR10EZPF18R0 Yes Yes
R99 1 Resistor SMD 5.1k 1% 805 Rohm Semiconductor MCR10EZHF5101 Yes Yes
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SJ1 1 SMD Jumper OR 5% 805 Rohm Semiconductor MCR10EZPJ000 Yes Yes

SJ2 1 SMD Jumper NU - - - - Yes Yes

TR1 1 Transformer - - - Pulse See AN for spec Yes Yes

X1 2 Output Terminal Pitch 5 mm - 20.700M/2 IMO 20.700M/2 Yes Yes
Block

F1 - Cover 1 Cover, PCB Fuse - - - Multicomp MCHTC-150M Yes Yes
Holder

F1 - Fuse 1 Fuse, Medium Delay 4 A - - Bussmann TDC 210-4A Yes Yes

F1 - Holder 1 Fuse Holder - - SH22.5A Multicomp MCHTC-15M Yes Yes
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