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HE: fALF/BAAELRIX GaN/SiC Cascode(gallium nitride/silicon carbide Cascode) %44 1 # 4] JA & /E GaN
BRI T £, BB R BRI B T AR A TR X AS M, S5 RN G TFEMHFERHIK
% GaN HEMT(gallium nitride high electron mobility transistor)FF- & ik B b | MHALIR 3 4] S Fesf ALk 25 A% 20 5
#k % SiC JFET(silicon carbide junction field-effect transistor) 2y @ /& 69 4% & , #| KRG 52 A GaN HEMT #= 3 248
RALSiCIFET M T F XA AR EM, #8457 GaN/SiC Cascode FE#H64 TAER B Ao X242, MK T GaN/
SiC Cascode B a9#p 5450, HBET MRAMKTF &, T GaN/SiC Cascode E#. Si/SiC Cascode %54 F=
SiC JFET 3 #F B4 A R Fl 0 F A T 047 X 4L, 2R AW, GaN/SiC Cascode B4 BA AR X B4R 4E, F 3
AP pE AR ARG EITE N LLC R T4 %, MXT THEBGERAE, BREM, KT GaN/SiC Cascode %
M LLC Sk T B LA £ SehsHac k.

KR : GaN/SiC Cascode H4F; JFRH#E; MBRPMRK; LLC R LHE; #Hikzf

Performance of GaN/SIC Cascode Device and ItsApplication in
L L C Resonant Converter

ZHOU Yuming, Member, CPSS ZHOU Jiahui, LIU Hangzhi, Member, CPSS

(Anhui University Key Laboratory of Power Electronics and Motion control, Anhui University of Technology,
Ma’anshan 243002, China)

Abstract: The gallium nitride/silicon carbide (GaN/SiC) Cascode device is a composite structure, which employs a
low-voltage GaN device as an assistant switch to change the high-voltage depletion-mode SiC device into an
enhancement-mode device. A normally-off GaN/SiC Cascode device was constructed by low-voltage enhancement-
mode gallium nitride high electron mobility transistor (GaN HEMT) and high-voltage depletion-mode silicon carbide
junction field-effect transistor (SiC JFET). The Cascode device combined the advantages of GaN HEMT such as high
switching speed and simple gate-driving circuit and the high blocking voltage of SiC JFET. Both the operating principle
and the switching process of GaN/SiC Cascode device were analyzed in detail, and its static characteristics were also
tested. A double-pulse test platform was constructed, and the switching loss of the GaN/SiC Cascode device was
compared with those of the Si/SiC Cascode device and SiC JFET at varying load current. Results show that the turn-off
loss of GaN/SiC Cascode device was the lowest. In addition, the three devices were applied in an LLC resonant
converter respectively, and the conversion efficiency of the converter was tested, indicating that the LLC resonant
converter based on GaN/SiC Cascode device exhibited the highest conversion efficiency.
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SBD(Schottky barrier diode). 45375500 & A
JFET(junction field-effect transistor) . 4@~ LY
2 S K I 53800 i AR 45 MOSFET (metal-oxide-semi-
conductor field-effect transistor), 4% F* SiC MOSFET,
SiC JFET i TIJohil A2 , il T 25 3 A fif 50
HEATE SRR SRR A s B/
gzl SR, T PERE LAY % &, SiC
JFET W W0 THFER B, X4 TR
B SR AL Y F BT S R AN, SEBR
Frf, #BRAY SiC JFET A LU AR IE 1 IR
S LER R S B i T AR, X — AR A
¢ (Cascode) 2§ F™ . H AT _EAEEE Y SiC Cascode
P FEZ L E Si MOSFET 5 SiC JFET #4hY, %
FPgs oG UK S, X755l Si MOSFET i n]
IXZHEA™ Cascode 2. HAK Si MOSFET (a4
BAK, Hii T Si ARHYART SR Hol 5%
RN, X ATRERCT R Si/SIC Cascode #% 141
REAI

Iy — R LT SE AR 2 A MR A AL GaN
(gallium nitride) M) 3 RS, T HAHRT
R | FPOCH BRI, & RN T
NIRRT R R R A
GaN HEMT(gallium nitride high electron mobility
transistor) 1 FEHL &%, B DIRERER | FE s BETR
S 112 GaN HEMT Sl 5 h RS 2 pE, d9eh
FEBAR, (ER T HESE AR RN, DL
NIRRT, 3 fdi75 GaN HEMT R a] s 25/,
(Rl GaN HEMT () TAEAARE & . 7E Cascode i
PEEEf R, F GaN HEMT B Si MOSFET, #44%
GaN/SiC Cascode w4, 7] LLUAHE 2 Fhvetkir 25
PR BRI, 3175 Cascode #ei1 TAEAR I & |
BRFEHAL

I 1) GaN/SiC Cascode a4 i AR K200
Xu T 2020 4EHEHBTT, IZAE R 100 V358 R
BAB RN % GaN FET(gallium nitride field-
effect transistor)F1 1 200 V [#E/2 7 SiC JFET #4 5%,

ooy K¥E T GaN FET AR RIS . 5 THKsh &
SiC JFET ik 38 25 fa B Ay 08 £, 76 FF QMR 2R
13 MHz , FE RN 700 W i E 28725 28 i 1,
AR EHI TAESCRIREN T 91.1%., FHsRHE KA
Zhong %5 FI ] 40 V 1y3G5R A GaN FET H1 650 V 1Y
FE/LA SIC JFET I T GaN/SiC Cascode g8,
XA A TR AR ) Z 2L U Cascode %
e B R AR e 1 L B A H IR L g
AE IS5 T RIS R s Wang S5R] FHDBUSK
e T G T AH ] HE R 25 4 19S1/SIC Cascodesifd: .
TG SiC MOSFET At} SiC MOSFET HYJF
FAEE, GERKW, T GaN 2R EAHARAY
W L 7, PRt GaN/SiC Cascode g4 BR Bl T
#2 Si MOSFET il SiC MOSFET (1) 40%~60% , J1 &
PIFEWIEX 4 PR AR

GaN Al SiC /& 2 A FEPEBT AR, HRTF
SREARIEATE GaN #34F1 SiC #44E iAE ]
— AR EFR =, ETA R GaN/SiC
Cascode #5342 H 437 2419 GaN HEMT A1 SiC
JFET 1, ACHIFHR MG GaN HEMT Fl
TO-247 £4%1Y SiC JFET #4 GaN/SiC Cascode #f
1, FEA 58T T GaN/SiC Cascode #5409 TAEJRIE,
AT GaN/SiC Cascode i 7 1 A R R AN Ay
P, 7K GaN/SiC Cascode # {40 FH 2! LLC JRAS
o L %, T AR R 2R B AR, IESE T
GaN/SiC Cascode #4857 B9 FF e

1 GaN/SiC Cascode 4T EHIE
58S

1.1 Cascode 24544

GaN/SiC Cascode #i {424 i FEFE/R A SiC
JFET S5{RJEH 37 GaN HEMT 156, Bl JFET 1
Uit 5 GaN HEMT Wik AHI%E . JFET MM 5
GaN HEMT (UM AT, 2H % — i i 2 U A 25
o BRI (G) R GaN HEMT FMH . s
W (D)H SiC JFET Bylmth . JEH(S)s GaN HEMT
FOWERE , ELRSEINGE 1 Fis. K1 ATRIE T,
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SiC JFET MBI H (Vs )9 GaN HEMT (i
VIR LT (Vs ) X HEARSS , OB GUE, AT SiC
JFET fyFF3 AT i GaN HEMT o 5 AR i 45
i, FERLEE PN S, AUFE4E ] GaN HEMT Hyil
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Fig. 1 Structure of GaN/SiC Cascode device
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34 GaN HEMT #il i )52 0, GaN HEMT 4b
TR GRS, LK Y B R 3E S AR R A SiC
JFET fin#%#| GaN HEMT 4 JRIEM Wisii, R SiC
JFET R Z AN Y L, SiC JFET Wi AC
WRRAS, X GaN HEMT 5% Wi i 7K 32 (14 i, s
— HJ2 SiC JFET B HLE (Vo )R FUE, HARIHE
TiHL K SiC JFET 7R5Z .

GaN/SiC Cascode #fF I XA FERT LA 4
BB, BARSRATLL B 2 Fos BEE LA E 3
JIT 7R T OGS AR A 2 i FE OB R U
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B 2 GaN/SiC Cascode g2 FF KT 2K 2
Fig. 2 Waveforms of GaN/SiC Cascode devicein
switching process
12.1  Fr@m-E(t~t,)
(D) ty~ty: ty B2, GaN/SiC Cascode #iff- il

I, GaN HEMT RIS SRS fL I Vg o 3R, T
%4 GaN HEMT MFRRIEAR Z [B] L2 Cog g FEHE,
£ t, %035 %) GaN HEMT WY BI{E LK Vi . GaN
HEMT (IR L Vg o PR FRE, GaN HEMT
RO . IR Z B S Cop g I Cpg g IT
UG AR E AT, it GaN HEMT [
T N ps g THHRIER, FLRESARANIE 3(a) 7R .

Cos. Cpsy
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R 1 [ l D i 1 [ D
—F;:FAEDSG:: 4Cas) To _G:|_ Cps.gE 2Cas)  2Ceny
C, : GD.J
by 2 H
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3 GaN/SIC Cascode SR F KT R EHE AN
TR EE

Fig. 3 Charging and dischar ging of equivalent capacitor of
GaN/SiC Cascode device in switching process

(2) ty~t,: t, %), GaN FET FR IR LK Vg g
&R SiC JFET BRI Vo, BI5E, SiC JFET
WA Z B Cp . IR Z [A] L 25
Cps, IR, SiC JFET Il L Vi, TFUA T
W&, Wiiid SiC JFET RYHLIR | g, BHHE R, HE ¢,
B2, GaN/SiC Cascode #¥{4F5E 4 Fil, HLFLIKE
WA 3R
122 RETH-BL(t~ty)

(1) to~t,: tBFZ], GaN/SiC Cascode g4 C T
THiR, A Cug g ITIRTHL, GaN HEMT 4k i
JE Vgs g THUR T RE, t I Z135%] GaN HEMT {8
HUE Vi g I, Cpg o Ml Cop g HHARTEHL, Vg o IF
I EFt, GaN HEMT B oCHr, g an &l
3N

(2) tty: t %], GaN HEMT AU IEAR B &
Vpsg L FHE] SiC JFET BI{EHUE Vi BIGUE, B
Cepy Ml Cpg HIRTEHL, Vipg, IR ETF; tg W2,
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GaN HEMT 524 XWr, {HItA SiC JFET if R 5E4
KWy, FHL g B ARG s B3 ¢ I 221,
SiC JFET W7, #4> GaN/SiC Cascode #4158 4256
Wr, MR 3(d)FTR,
1.3 [EIHSEME

AR SCHY GaN/SiC Cascode #i1 2 Hrr 2k
F R, A T AR Cascode 2344, 433728 Cascode
A R L E N R, T DRI R
PR FH A7 ZEE B R A g A BC 4L AL Cascode 4%
¥y, {E T8 Cascode g A PNFRHLIE, {H
SLA5F Y Cascode # - BYFB 73 #R A RRME TGI8 3 4
PEF M E A2, ¥4535 8 GaN HEMT A1 SiC JFET
TR 1 B py4its), FEElf s b Am st , 5
tH Cascode #4114 3 ™ FEAR A B A RS S ERY
A, RIATIREE A Cascode s IUERASZSEL, H
T TO-247 B4 ks [ IS =2 ] 422k L RHL
SHEIAR A S FE R , SO SORNIAG 5
AT R . IaCE- & aniE 4 Bs .

B4 HEEMENLTES
Fig. 4 Test platform for static characteristics
GaN/SiC Cascode #11 GaN HEMT S4BT
5%, EEERE SiC JFET Y&, 8 T 1FAh SiC JFET
FRIBE GaN HEMT J& PERE , A< SCER T GaN/SiC
Cascode /4, WA[RIIHER T Si/SiC Cascode %t .
F i GaN/SiC Cascode w1 SiC JFET, il i
PHALS | FRIEMSEOLER 1, SHESHT
PYRIE L Vg BUE LT 1y BIERLE Vi, D
Ftela i zs C . C M C o MFE1HATLIFH,

*x1 #/EBH
Tab. 1 Parameters of devices

EyIi| GaN/SiC Cascode Si/SiC Cascode SiC JFET

VRS2 EPC2055/UJ3N065080K3S UJ3C065080K3S UJ3N065080K3S
FEE Die/TO-247 TO-247 TO-247
V!V 40/650 650 650
Ips/A 29/32 31 32
VoV 1.5 52 -11.5
C../pF 841 1500 650
C,./PF 82 104 80
C./pF 3.0 2.6 53.0

5 SiC JFET #lt, Cascode #rffHA HARAYEIE
FEFEFHZS, oM, Cascode 544 SiC JFET
o G ITEEN R NN A N K N AR B S
FEMRZIR, 3Kt GaN/SiC Cascode #FAHHH 4K
AR R, HFOCH TR, [FEF, 5 SiSiC
Cascode 7% 14 5.2V Y B {H & H 40 b , GaN/SiC
Cascode AN BB B A 1.5V, FFRATE
INEY C 1 C . Tt A BR 2 H R AT .

3 FPES AR S IR T SRR E 5 PR, H
HiE] 5(a). (b). (c) 3 FRERIEROH AR, 18] 5(d).

(). (DM 3 FhaSIFRY RS, IIEI AT LI
2 FhAS [R50 X B GaN/SiC Cascode #i
5 TO-247 £%51) Si/SiC Cascode ##ff:. SiC JFET
BRI RS R, o RR M AT A e IX
FMERE s [FIEE, FTRAA H, AEA A A e AR
T, 2 Fh Cascode #¥FAE TR AYTRUFT R T /)N
THUE SiC JFET. 4 7R GaN/SiC Cascode
AER B A 1.5 V, 4T SiC JFET fJ-11.5V
MBI HLE, & FFTEfE Cascode JFET 1Y
[ I FEL R 28 Sk TE A
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(¢) SiC JFETHjy i 1tk Fig. 6 Break-down characteristic of three devices

2 EhESFHEIL
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RSh AR, BRI 7 B, A04E B H IR

0 0.I5 lI,O IAIS 210 2f5 3.0
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() Si/SiC CascodeS% 4k otk Fig. 7 Schematic of circuit in double-pulse test
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JFET W sh A%k
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Fig. 9 Comparison of turn-on and tur n-off losses among

three devices
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UL 400 V, TR TSI 5. 10 A 1S A,
TR 25 A1 100 CAMF R T CHFEXS e,
& 9(a)Fl(b)s3 51K 25 “CHI 100 CHfAY I BIFE,
Bl 9(c)FI(d)F 3ok 25 “CHI 100 “CH R WrbiFE
MEL 9 H T LI, 3 Fh a0 38 e A SE Wi
FESZIREE RIS X LA/ IN , (H 232 g3 i FL T Y
AR K . A THEFE S, 3 Rl
GaN/SiC Cascode #1419 I Wb FE 52 H U 10 52 ) i
JN, RS GaN/SiC Cascode #vf4idi & T4k
TR B, YA S % L JT 3 (zero voltage
switching)i, #PFHTHEBFEN 0, SAHFE(RE
THWHRFE, XBF GaN/SiC Cascode #4- AR &
W HBRE (45 Hh % BT RE A R A A1 o

3 GaN/SiC Cascode &7 LLC
FE % B bz A3

7E LLC IERAZ e 7 HYRIIE T GaN/SiC Cascode
A IF SRR . LLC I HRAS e 25 1% FL B 45 14 a0
K10 Fs, EEHRITRMZS | IEIRMSE . 2
BRI L, HrPiE R s C . PRI L,
UG HER L SRR IR 4, RN
2K PR T A1 £ 720 T 88— YU S 4 ) 79 i L, s A
WEhE T RRZ AT AN E, SCE AL R s 72
s U S L 7 B Sl -5 Bk 2 Hif e
F 0, SEIEHL W ZCS(zero current switching)
AEXS TAEGERIRETT AR, TFCEHFAL T ZVS IF
N ZCS KB X M FCAHOT I, BEARI%
RAS AR HIAE

—————————

WO

_______________________________

B 10 LLC RS RIE

Fig. 10 Schematic of LL C resonant converter

2 45t T 10 s i) LLC iR AR i 1) ¢
BB, Hob fL CL L. L, WRAESCER[16]09 7k
THEARR], T, MR FF AT SRR W] FL 25
AATE], IRMEEAE R T 250 C3D10060A
i) SiC Schottky Diode, AiEHEHR 600V, HiE T
FYIE M AUE L 30 Ao LLC EHRAR AR SL 50
S 11 Fn, MERAEE. RIS, HRET
T, SRR . DR AR

2 LLCiERTHSEFSHEE
Tab. 2 Parameters and values of LL C resonant converter

ZH HfH
HABIEV, /V 380
i HE VvV 24

FEHF R ,/Q 2.4
Wi E P /W 240
IR f/kHz 100
IR AR L /uH 75.4
WERALA C/nF 33
JhRG AR L /uH 300
FEIXIIE] T, /s 300

11 LLCiERTMB[LEFE

Fig. 11 Experimental platform of LL C resonant converter

12 #3ET GaN/SiC Cascode w1 IEPRAE
B AETF AT ST 52 80 kHz 1 100 kHz (15545
BB . MK 12 Wl LUR Y8R I Sy
80 kHz I, IR LU | ISR B T 1 B X3,
TR, IR FL DR RN R F AU AR S o B AT
FFOAR TN 100 kHz, P65 RKIBEEHHN K, #
PR A AT RIE LI . AEIARTEE N, —I)
A DG 10 265 1 3 23 g A e 0 P i L. Vg TR
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Fig. 12 Experimental waveformsof LL C resonant

converter at different switching frequencies
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fEF, IEIRABA C. I IRAEE L 58S — kil
JAl G LR L IR TR R s BT B /)N,
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GaN/SiC Cascode i {4 i A8 $8 i 1) R R AU IR 2%
fe T T A 2 Fh 8 AR g8 Y F R ROR , e
KE|T 96.7%,
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—+—SiC JFET o
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96 —=—GaN/SiC Cascode /./A\A
—A—8i/SiC Cascode ot

o4t //
_ 92k /
<
# g0l
£ oo

88

>

861

*,

40 80 120 160 200 240
LR E A
B 13 FEHHINETH LLC IERTHREBHRAEITLL
Fig. 13 Comparison of conversion efficiency among LLC
resonant convertersat different values of output power

4 L5k

FIH 40 V ) GaN HEMT F1 650 V EI’J SiC JFET
P g T 582547 1Y) Cascode #uff, Zanib4EA T
GaN #8145 SiC #RFRAE 5, A Hﬂ: Si/SiC Cascode
#rF A1 SiC JFET, A4 S S Ak Bk 5y . BEAIR
T OCEFE . TEANSIHT T GaN/SiC Cascode i
I 5 O Wk A, T A A R S R A
Fh P, 5K, GaN/SiC Cascode #ffhHA
BN A 8] F 2 R SRR A TR SCHAE , BT GaN/SiC
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