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LA

iR G IR AR S

XPRAWALEE (SiIC) MOSFET {EAFFAIT, BERMEEERI=EHIEA 5kW LLC 1EHR3EE DC/IDC iEssH TN,
#i&k&E SiC MOSFET FrEBR 1200V RIMIERFE, MABERTLUESE] 800V, BAERIFFRINE/I 600V BF, £9/9 200kHz, 800V
Bf, 79 160kHz, BILAKXKIHEELSTERIBMABLEINON, B—HH, ATHEGEE (Si) MOSFET BIEEAXNNMIES
BEBME RosonPEMNSIBIRFE, BT RA=1EBIREHINTRESIERR, MxAmEIIERAIESEl skw, MEXRATEE=E1A
EA S EThREAR RS, BXUEIH T SHEEFFENRAIEERRNER, FIMATEANGHESNFHBERER/IMLITEA, 3
BITXERIAR, MTIAZ] 5kW B 97 6% FHRERRVERFTAY LLC FHRes 2= fiHiTN4E.

BHh, XFhERFHIN T IS IR E SR AKIUSHT https://www.power-assist-tech.co.jp/) HRF A, [29]

LLCiEiREiA IS MEFI = 105 R IR #a

LLCIEHRDC/DCi%R88 (BUFLLC dc/dc) 2FIRTBEAX (FHRZVS) BhEERES (FFHRPWM) AR, A TERFX
RSB Y X R e R A R IR [ 1]-[7]. 32 TZVSHILLC dc/dcH) B TSI BB BEE AN BE &1
IR, BSiSiRERNEsCR AR el ARS LE =SSR R IE, gt 2R, BRZVSHISERAX (ZCS) HILLC dc/dcAEFE
MEONERER, EUEBIUARRZVS PWMESHAZS[ 8 |H{FEREER —RE Mk S BRI EMBERIEE N, BCEIgt.

B2, BATENERISIRES THX&M4-MEEEE. LLC dc/dciRAE, RIBSMNFXREME, BErEmisiRm=, ¥
ROHLEBENTLERSEE, EMae/\EYbshE4F. Rk, #EaSIC MOSFET. GaN2a4#1Si MOSFETE S5 X es 4ol i
SIEALLC dc/dci[10],

Bo, ATABBMEERILLC do/de, BBRETAENTISREIICE, 6 EE SRR R — AR BRI
{REEHEE, Fitt, WHEBIEHBYL, RASHARE, BAEROE, MIH TEERRE. BIEX RN AR T
/5, ERRERHERRA ISR 1/3, Eitk, WAFSHNERERAIIBIT AR, ZVS PWMUEEAEREE R
REILCIEEAR[11].

H—AH, WTFESHMABE, Si MOSFETHGaNFENESSIEAFRES . BRAFXRIFHILIGBTAS, BBEESFTEL
IGBTIK. 27/7{tHISi MOSFETAIGaN&=EBNHZHBE (BV) —iEARZI650V, HEIRBZ650V BVHX L HBEEEEBITHEE
FREYRbsony[12]-[13]. TH, ATHERGNLZE2IME, BENBESTFCEWRANTEARE. Fit, #Bi2600VAIHEARER
WESI MOSFETEXGaNgs {4+ —AYEB EFIFCE, Bk, ATEXUEREPLISHMARE, TRERELSHTEHTEE, 2%
REFREEM, BZMEHRFENHERASRIG[14]-[18].

B2, SiC MOSFETEILiHE SR EEMSBV[19]MER, SiC MOSFETHIXLELARISEMHIFE, T e AXERENSBY
LI SHARENNA, SR2E S ERAE/NIFEESR, TUSLIEERSERIIINZELLC dc/dciy/ 1L,

EARNAEICH, MRk (Figure 1) BEHETFRII=AHHEBIELLC dc/dc, BRXAER1200V BVHISIC
MOSFETHILmR. ARIERABIT200kHZAIFFRITR, —AxSBEIRATENBET FRIIRTHARE/NEML, SBVAILISEI
600V~800VEISHARE, =1RiHAEIRMLURL BBIRMIERART, tiEREIRER, ME, TEmEEmT FE=18
EERREERAIROR, BBV NIRERR. SdX MR ARmL RS B L. NT —EFHa M BRI FRI AR AT 1
ISR,
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Figure 1. A view of the 5-kW LLC dc/dc using SiC MOSFETs.
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Figure 2. Circuit diagram of LLC dc/dc converter
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i ERIE SRS

El2(a)Fi~/9LLC de/dchIE AR, LLCEBIEER EHRAEMMTRQIFIQAIHFFIM., XEFFRBIEIRAERIL,. BEL R
AUBIREFB R L m A B HRFB S BRCEREREERRRY, XL FIRAB I E B RO R RIS E EL FE R A Y,

QIFIQ2LAZI50% M =LA E IR, QLFIQ2IN T AIKKTETHIFEXEIIEIR Y 7 ks QIAIQAVEIRMIRER), HEIXFEXAJHHA
[T R,

fEFigure 3f7RIE TLLC de/dcfIQ1, Q2ARHIEB/FEFIFBIREN . QK (k=1, 2) FHMHRIEERE Vo, RIRIEIREE Vo, I
PREB Ik, LA IR AR E DoBIIEMEER R lbok,

t0 t1 t2 t3 t4 t5 t6 t7 t8 t9 th

Figure 3. Q1,Q2 HIERE - FEIAIRHZ

VAR BREB R B E TS,
Terml (10-t1) : Q2 OFFfEFFARIRAIAL. VQ2REE (Lm+l:) FACIHIEIRIIIEIN, BEEIVoukZI0ALE,

Term2 (t1-12) : ZHVoilXFIORY, ZHAEFFA. WERFRREQLAWA IR EDo. ZVSEEIEX MERB aIRIENAE, Q1
THONKEIAY.  (Lm+Lr) FACHIFIRE N T DRI R FEANFE MLm= B E.

Term3 (t2-13) : IoafELAICZIESIER—IFIFARE. XM HRIEMI, AHERET,

Term4 (t3-t4) : HBIAARIaMNREZHIEERTHE. EHERE, lonBTFL-CHIRMBNELY, —BEiF4ERI00 A0,
Term5 (t4-t5) : TEULHAE], 1EIRTE (Lm+l,) FICZIEFRFEE, BHEIQIZANOFFAILL,

Term6 (t6-t10) : QIFIQ2KEEBIEPIHIER, HIEMIFFHAESSXR,

ATIRENE, KBE2O)FAI=MHELLCE, SRS BILAI20EAMBAEER THR[20]-[22]. Z=HLLC dc/de, Qj. Do Lm
(1=1-6) LARLi Ci (i=1-3) S5E2 (a) HERHE.

RAEGTeEEA A ERRSEhr LR ATREHIE R, A FHERIRERRS RIS MERIRER, SRTERYE, W
BRNBERMENEKX, HEX N FERRRRE, FIaIERIMR2)FERR, ERFEEMEMG. FEit, ATEREMEM, WE
2 (b) B, fELmo SHEGERRIZERRE. LB THIRERS, UTRARRFEEESR, AT, XMERFHEEERSREE
(ERERERISFURIER, ARMANBHEEEECn, CofI/NEULIHTIE. B5b, EERRIPRIRH T ERmHBE SR RS
SURITTE23].
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Figure 4. =tHEBREERFH

BR120EEBETNEAEEBRAE, Bl i~ B REE. EL, Lo RSB0, LdlCanfaHs,

ERATRE IR EDASEmHIIFRIRERAM, MABRFERELEIS TRARIIRIRKIINER, SIHERERERIIERUEREX
[24].

EXRAGRIT SIS, BWHEBEVAERNEEVERER, EVe/ ViEXRIEmLIN1., Ea=1r, TJRIESEE X
FRRGOFRMEALDAILLC do/dciBmysiesl, BEFRIRR (fw) HITRE, LERGHIERYEHINR, EIEZRQIr W HiIRER
HEB/E.

TERANRT

- IR B E R ELA T E
- AT RIRFEP core EHITER/\RE, REMENERINRAHIEERE
- ATEFERFRRETTNUY, BRUBHEN A R MSEENFIERUZ OEFRAE /)

BTFET B ERE B REERI IR EPore, ECATHITEENZERIRIT, YIGNIEE. GT50%0RKHIE
EREB—RAAR (1) FR[25].

V.
B.. = —mn_ 1)
m 8fszpAe

MiZz( (1) TR0, ATE—ENVin FEDBn, BRELBA sw. No. AeFEI—1, BZ, BNEAeKRE, SSHEREHR
RRTEX, FLUREREN T4/ ERINEZIEE, thaiEik, BTty BESHIRIFASEKR, BnaZ/)\, SiC MOSFET
AILIREXNERK,

XK, 18Si IGBTHRALLINAIZI200kHZAfwig TEN600VET, M800VAEHEEN160kHz, FHH, {EATESRBRIZOARL, BT
EEBEERS. RARE/NERGWAITIEREEIMAPCA0 (TDKH), iZPCA0Z AR BRI, E = E B /9100°CH,A380mT, 7
200kHZTNERSPE(EPcore, AT AZENABs, BBmIRENAL150MT, £, HEFAYZOEMEPCA0EER28L-Z (TDKH) AIBEBUKRFAV,
$96.15cm?3,

B{KiHBA600VA IR ERSIRIT. RITFRsEunT.
1) Vi, = 600V
2) V=600V
3) &KB.=150mT
4) £, = 200 kHz
5) Ae = 0.814 cm’
REXLSH—E A (1) B, N3KkE30.71E1E. ATOECHIUAR, BT ESREHEERE, BB INIgH16ME
A. Ns/NeETFVo/Vin (=1), NsFINe—1 216N EIE. CHAE/NF100nFLURIFBERSENR Y. Blt, NRELWRENLI200kHZ,
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ML AFS6UHLA LB T, TESEERE, WEL(EL12uH, B, CATERIEHITERLI60nF, LIEIEE200kHZA SR w.
EM AL/ LSIREN0.1[26], Alth, SEGEEANF/NLEIRE~120uH,

FSi IGBTERZLAS0kHZEME, 7E50kHZ[27]8fsweh, WNSRERZ ARSIl (PCA0EEES7/47-2), ZEJEE8A9Ae
FOVeDBIF93.44cm?F035.1cm?, E200kHZEFF R Fal LB Ve4a/:82 %,

F1R457600VAIB00VATAILLC dc/dchiRiTH g —1E.

BESIRE

Table 1. LLC dc/dc i iHHE—18

Item Condition
Input Voltage 600 V 800 V
(Vin)
Input capacitances
C.1Co) 2200 uF 150 pF
Switching transistors |SiC MOSFET (SCT2080KE) -
(Q; i=1~6) (BV=1200 V, Ron=80 mQ)
Magnetic
inductances 55.6 uH, 55.1 uH, 64.3 uH 94.6 pH, 93.3 pH, 94.0 uH,
. 51.8 uH, 56.2 uH, 57.5 uH 94.0 pH, 93.1 pH, 95.4 uH
(Lmi |:1~6)
Resonant
inductances 12.0 yH, 11.6 uH, 11.6 pH 19.4 pH, 21.2 uH, 20.2 pH
(Li i=1~-3)
Resonant
capacitances 60 nF 30 nF
(Cy i=1~3)
Secondary diodes  |SiC SBD (SCS210KG) -
(Do 1=1~6) (BV=1200 V)
Output capacitances
C.. i=12) 270 uF 150 pF
Output Voltage
600 V 800 V
(Vo)

E157/9600ViRiATHILLC de/dciISimHINERAIINZRIGIRNER, IREHIRERIEMA RO P HArIsEERIERIER%

HER, ERXXRERBEAAESHHHIIRERDRANBE (ZHE2FIIRED), FLAVET Vi, EAERT

BILAMRALLC do/dehyThERIREE,

BB RN R K ERIAEISKWRT97.6%., FFRSZR W TFSIiC MOSFETRIEEFT R4S,
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Figure 5. 600Vig I HATAORERFIFT RS0
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E6(a)F0(b)2800VAIERIRIZITHEVINTLAY, HIHINERSTHERIIEE (Pioss)EUNEREMR RN HIX R, WE6(a)FTR, & VillTPoss
FOIEINERESETE, Poss|BIE Vin=600VITABERIT3KWLEL E, Vin=700VESARBERBIT4kWLL E, BNTEMRINER,

WE6(b)F7, FEHRERIEGO0VATHELUARI7%, ENRAREBEAZEI3KW,; T800VATaIAZISkWESH , LEATAEHaEIAE]
98.1%, IXIIEMLHAITHERIREE,

RAAHXE F7RAI600 VBT AR R AT SE YR IR 1T B E800VAYER RS, WIRZIRITEEE600VAIIEERS, ThERISIRMERATIA
F5kW 97.6%.
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Figure 6. i%itEEE800VATRER IS
SEBPBFKiERS

E7F7~ZSIC MOSFET QiRJR-IRIAIERE VostlimtREBIRIcASUERZ. El(a)iRitHEEC00V, (b)iRitFHEES00V, FFRIM
RJ5HE, (a)E2£J200kHz, (b)Z2L160kHz, L5, VostELRMFRENRIAFEERIBIAINZ T, AERBNRZET LRSS
B2V SIIFIEIR.
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Figure 7. Vbs, Ib j&F
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EsFIE9FT IR B AR M AR IRRAMER Tt —IRERRAVES, E8RIRITHEEC00VET, (a). (b)RBHE XM _RE
B, Hep(a) TRIMFERE, (b)ERRFERE, E(c),()ESHRESIRISERIR, BIEHBEECo. CoFitidHISIRAIT.
E9RIRITHEES00VAIRY, RESESER.

NEEWIER, RERERERTFERR, S—ERREVNEK, BREENIEMNAY, B—70E, M EBRFHEBRRGE,
BHEERERBIRIYE. SUKERIIpeak-to-peakfBEA kALY EHIEIR /IEIS(c)AIERA6.45Ap-p, FIEI(c)AIERAE.46Ap-p,
IR B RN/ E8(d)AY4.31Ap-p, FIEI9(d)EI3.75Ap-p, IRHERI3 D Z2LLT.

WP, CoZISRAFFRESEC EE RS ECHIR/IME, Iz, Alppelli/)y, CoBiCoRIRET/IN, NER K
&, X5 m/NBUEREX,

C. = AlyrippleXTon o
m - 2
AVripple

R(2)HAVippe R B S Epeak-to-peakERIRAIE, TonmQRIEEIEHE, A VipplIEEIRE N S@EENINEER—ELL
R, LYiN0.1%, BMRiTERE600VATLIKEEBAEO.6V, BiRiteaES00VATLLKEEAE0.8V, BARIERIEAYIA ppeERITECn, TI{EEETR
ERIIE R T600VATA29.5uF . 800VATA25.5uF, EBFRISEHARIIER T600VAETA19.7uF, 800VATA14.8uF, FZEEER FER
RS HE SRR ERE.
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Figure 8. HtHSURFEEFRRAZ (600VAT)
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12 12
—_ /Phase u Phasev —
<10 <10
= / = Phase u Phase v
g 8 & 8 v
= 5
O 6 O 6
) )
3 4 3 4
o &)
g 2 g 2
g 0 £0 4
) Phase w Phase w
- | 1 _2 | |
0 2 4 6 8 10 0 2 4 6 8 10
Time [us] Time [us]
(a) BEIXMZIRERR (F9E) (b) BHEIRM-RERR (5%)
20 20
<18 - 6.46Ap-p <18
c 16 | 16 3.75Ap-p
% 14 %14 L
3 12 512 N et A
g 10 210
2 8 r S gt
[a) )
y— 6 r — 6 -
o (=]
E 4 + g 4
@ 2 n 2r
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Time [us] Time [us]
(c) TIRMZTIREREBR (F1591) (d) XM HRESER (5%
Figure 9. itHSURFEERAZ (800VET)
© 2022 ROHM Co., Ltd. No. 64AN0133C Rev.001

8/14 2022.3



800V =iHiSY LLC DC/DC iSRS TS Application Note

IRFES T

E10FRAIE5kWER HH IR T SiIC MOSFETHILLC de/dciIEIElS. E(a)2600V. E(b)2800VATHIISHT.

BARRAENSEIRFE (Ib*Roson), FTARISIC MOSFETHISIEFEBERosonFELEIR T, BORITFNHMOSFETRE T
B R FHERS AN RIS REEHR, T ERRS0CEGHELEERT. T2, T=50 CHfRosonZI90mQ[28], Vin=600V{ER FSIiC
MOSFETHIJRIREERI094.5A, Vin=800VATHYIn/3.75A, BRABRAEHISIBIREE (Ib2*Roson)) TRLMEREEGE), MaIRERT
FESIC MOSFET/RURAE, £55RA600VAT10.9W, 800VAT7.59W, AER XM _RENSIEIRGE, FIIEFRIE600VATH2.94A, IR
FEEBEA1.1V. T800VATEER/92.62A, BBJE/91.05V , BRLAEFIEIE (6/E) AT KISREIRAE, Z55 79600 V BT 19.4W 800VAT16.5W,

® Conduction Loss of transistors
m Conduction Loss of secondary diodes
m Copper Loss of transformers
Core Loss of transformers
H Others

(a) 600VAT (b) 800V

Figure 10. RAEDHT (THF(E)

ETREMATESNSERE (iR), SEENCBEEEMRSME, 600VEHXIZ183kHzATEEEH1.66Q, 800VE
160kHZATERE/91.21Q., 2 ESS T R A B E600VAT6.08Arms, 800VAT4.83Arms, 2N FELHFRIRFI600VAT61.4W, 800V
HY28.2W, SOOVETHRIR AR, XERMEFEHHIIENER T, WHBEIREHIS00VET, MHBERESZT/INE.

b, TESEAEEE R —NEARIRGE, BlcorefERIZIR FTEMNANEITER. B, 600VAT, T(1)Ae=0.814cm3, Np=16
R, few=182.9kHz, LR EREEAYAS FEeMI R BMINEEE300V, TJEEB157mT, HiX/MBniE, FITDKEIPC40EER28L-ZHVEE
RAMCEAIBn-CoretFEfF IR KISIRAE[E922.2W,  [FfF, EB00VEMHTItE, BnfE/9181mT, Corefi#E/929.5W,

Pl HREE ST SRR AR EER, Z(E9600VAT3.2W, 800VAT12.2W, 1XLEFEFERSSIC MOSFETFXEIREE, LUK
R & T E8coretdE, MINMIHEBAHESRIGES.

RaE0600VATS800VATHIRFELEMILL, WEM1FiR. HTFFEATSIC MOSFET, SiEIRFENSERN10%EA, TERNRR
£ (4R + CoretisE) 7E600VAT H2RAI£958%., 800VATHZI83%, FRIUNMAIMMEEZEESAIREHMAA T SEHIER,

600V
=ns 30%
el H Conduction Loss of transistors

B Conduction Loss of secondary diodes
H Copper Loss of transformers
Core Loss of transformers

800V B Others
=n= 22%
i%Et

Figure 11. DT (ELR)
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BE

AT SIC MOSFETRY=#85kW LLC dc/dcitifse, EFFESMERE600VATAAZI200kHz, F 2] LASCHI4E:5 35 R SR (FRHI KIS
HliRi, 1IXE2Si IGBTERFSASCIIRY. MESIC MOSFETHIBVIRE, B RIXT800VHIEEREVin,

B—HHE, =HEEERE LENERESEHEL, LLC do/de a4 RERITIERIGRNER, BREIM M RIFEEM. mE, #
TAT RS RARERRFEMEIN T BRFEEERS, XUATLUMHEBERIEERT, NilHEIERRaiK. XEEFEHCntlC,
R/IMERIEBEE =,

ISEREIRIThRIESH X LEBIEEM.
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(c) Control (CC) PCB
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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