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Switching Strategy for Si/SiC Hybrid Switch Based on Dynamic Configuration of
Driving Mode in Full Working Domain
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ABSTRACT: The Si/SiC hybrid switch (Si/SiC HyS) is
composed of a low-current SiC metal oxide semiconductor
field effect transistor (MOSFET) and a high-current Si
insulated gate bipolar transistor (IGBT) in parallel. It has
attracted much attention because of its excellent performance
of low switching loss and high switching speed of MOSFET
and the low cost advantage of IGBT. However, the switching
rates of MOSFET and IGBT are quite different. During the
switching transient process under heavy load, MOSFET and
IGBT are prone to the problem of peak current exceeding the
limit, which threatens the reliable operation during the full
working domain of the HyS. This paper proposes a switching
strategy for Si/SiC HyS based on dynamic configuration of
gate mode in full working domain. Firstly, the influence
mechanism of the gate voltage on the switching transient
current distribution of Si/SiC HyS is analyzed in detail, and the
mathematical model of the peak current with respect to the gate
voltage is established. Considering the current stress constraint,
the whole working domain is divided into three load intervals.
Guided by the principle that the turn-on and turn-off
overcurrent ratios are capped at 1, this study takes the
minimum loss of HyS as the optimization objective to
dynamically optimize the driving sequence and gate voltage
across different load intervals. Finally, the experimental results
show that compared with the traditional strategies, the
proposed switching strategy can achieve lower loss while
ensuring that MOSFET and IGBT are free from overcurrent
vulnerabilities in the whole working domain.
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Fig. 3 The turn-on waveforms of Si/SiC HyS
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Table 1 The relevant parameters of the Si/SiC HyS
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MOSFET &3 7 FE/V -1~-8

IGBT BR3)IEE/NV 12~20
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HUE WU IEAE/A 82
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Fig. 7 The results of positive gate voltage configuration in
interval 1

MOSFET: +17V/-8V, IGBT: +20V/-1V.
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Fig. 8 The results of positive gate voltage configuration in
interval 2
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Fig. 9 The results of negative gate voltage configuration in

interval 3
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Fig. 10 The results of positive gate voltage configuration
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Fig. 11 The driving mode configuration diagram of
Si/SiC HysS in the full working domain

1) 3£ Frik SiC MOSFET 5 Si IGBT 5 5,
fifi5€ SiC MOSFET 5 Si IGBT UKz 1E & 5 UK 5) 61 &
SO R ENE S

2) ARAEEAF LA TAEHR Si/SIC HyS #47
TR X RISy, FFRECE S X N R 7 .

3) FREUEAT T % X 8] P e K U IR R I
ANFBREN U R (AR PE T R AE, i i A2
i B 2 A SR B fU, T e 45 S LS Mk
Vot M AEL F 85 KAE Vo B AR HE D B 9K 50 7%

4) TP B s IR S 41Uk S IR I AT
VYO, i i R R I8 I U L 4% 1R 9 3R B IE TR i
B, 751230 B N O I8 6 5 S @ P FE 2 R AR AR
BN IR IE %

5) LA RET 5IKSHE, 35 SiSiC ik
GRS AR ] PRI, ST RGE
HLIY) SIISIC IR G 2 1F T TR .

3  SCIGLGIE

ASCHEE T HEE BL Bros Sk bl 5 56
UE T3 G SRS 1A 25k, S bR BL s

KRICFTHRFT R s ] 12 . £
TR AR &, K B3 SR mE 5 SCR[14] 7 A%
GG 1 FISCHR[22] 1 AL Si SR EE 2 £ IR /)
FARFERE TR REXT L. Hodr, fRGTRmS 1 /R4 TAE
A5 % MOSFET 5 IGBT jitiin +15V ~-5V [
UXEhHL R, fERR# I MOSFET #2511 IGBT JFill
FEuE T H e, S2H SifSIC HyS BARFFEITLAL,
7E EE N M{E IGBT T MOSFET Jf: 8 T H < 7 LA
WS MOSFET fEE AR AR S . £55%
W& 2 FRER 3 T N MOSFET $2 /038 I 4E 5 S5 b,
B MOSFET 5 IGBT 3Kl H 4428 +20V ~ -5V,
FEORIFEHE— D PR BEE FAIE KX, MOSFET 3K

1/Ad X[ 1T R A)
[X 8] 2(FF 5 5 B)

[X 8] 3(FF 5RHF /7 B)

} MOS: +12V/-1V
IGBT: 420 V/-11V

82
-] B

50f A= ————2

0

MOS: +17 V-8V
IGBT: +20V/-1V

B 12 FriR SiSIC IR A BT X oRus
Fig. 12 The switching strategy of Si/SiC HyS proposed in
this paper
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Fig. 13 Comparison of overcurrent ratio of
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Fig. 14 The gate voltage and current waveforms of
MOSFET and Si IGBT when load current is 80 A
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Fig. 15 The reduction ratio in turn-on loss for
the proposed strategy over the traditional strategies
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Fig. 16 The reduction ratio in turn-off loss for
the proposed strategy over the traditional strategies
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Table 2 The cost comparison between Si/SiC HyS and

SiC MOSFET considering device and drive circuit
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Table B1 Relevant parameters of
the experimental platform

ZH HE
JERRE AN TAY) 400
B AL /pH 200
EREE B2/ mEF 1.88
b ZE R /us 1
MOSFET #t ¥ FBH/Q 20

IGBT #iHk HiBH/Q 20
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