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An Overview of Large-capacity Converters With High-performance Based on
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ABSTRACT: Medium & low-voltage large-capacity converters
(MLCs) are the core equipment of modern energy systems.
However, on the one hand, the MLC using traditional silicon
(Si)-based switches is difficult to break through its physical
limits. Balancing the large capacity and high-performance
output is difficult. On the other hand, new wide bandgap (WBG)
switches are expensive, and the current level is difficult to meet
the needs of MW-class engineering applications. Applying
Si/WBG hybrid technology can complement the performance
of different types of power switches. A new paradigm can be
provided to crack the bottleneck of balancing MLC
performance and cost. This paper reviews two representatives
Si/WBG hybrid application technologies, i.e., the hybrid switch
and the hybrid system. The basic principles, construction
methods, and applications of hybrid switches/ hybrid systems
are introduced. A brief comparison between the hybrid switch
and the hybrid system is illustrated. The key issues and
challenges in the research and engineering applications of
Si/WBG hybrid application technologies are summarized.

KEY WORDS: medium & low-voltage large-capacity
converter; wide bandgap power switch; Si switch; hybrid switch;

hybrid system
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Table 1 Three forms of hybrid Si/WBG

Eadii VRS TRA BT RE RS
Buck At [16-19]
Boost ZZii 4% [12-13,20]
X DC-DC A5t a5 [21-23]
El 5 M PFC [24-26]
Boost PFC [27-28]
A AR AR [14,29-31] [32]
HAH MRS [33-37] [38]
ZAHAMR/ DL AR i A [39] [40-42] [43-46]
T BB A [47-48] [49-50]
ANPC [10,15,51-55] [56] [57-59]
MMC [60-63]
DAB [64-66] [67-68]
HoAth [69-71]

7:: PFC: Power Factor Correction, ZHZRKIZIE#E; Cascaded
H-bridge, Wt H 7% Hi-FA2%i%%; DAB: Dual Active Bridge, XUf &
HRAR LA -
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TIRG SR S5RE KRG TR ZE R LA R 7
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Fig. 1 Evolution of power hybrid switches
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H RGN, MU RIFRIMZFBATHRIFCE, 1 SU
2 WBG s R TT R RE, ARG HIFE
RKFEAR, /N T BEASHAR S IR RT .

3 RERGHE
Fig. 3 Concept of hybrid system
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Fig. 4 Comparison of hybrid system and
conventional system
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Fig. 5 Path of the power flow
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Table 2 Characteristics of MU and SU
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Thet ﬁ%ﬁf}ﬁ‘ﬁ‘m$+ ?%ﬁﬂ%ﬁﬁl}h%ﬁ%&
g Rtid (B A RS MU H[F)
PN 5e Use %1

IR /LR
R/ BB AR U RGBS MU AR

LS FFRARACMHAFRCR T WBG 2 118 B (3 808 5
FFRAA 1~20kHz 100kHz~1MHz

EE(LS  EHRGRIIIHI R TR
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H, E AR R S5 A 2 VR B R G AT Aoy A O
BANR A RGN R EBRNRS R4t

1) AH [R5 K AR IR T A OB & R G-
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SRR T BRI R I, Wi 6(a)fiR. X
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WIRA RG-S, HAGH5 R~ o il &
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PR 38 S B R R DA 2R R0 T F K E I
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F(Spi~ Su)F—/N/INELE Ly. SU TERAI R TAE,
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ot LF 800, HktE S5 MU A 8ol Af sk 47 #h
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Bl 7 Fose

FE= AR AR T T, SCHR[43,88]42 H 1 8 i
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Fig. 6 Hybrid system topology and current waveforms
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Fig. 7 Converters of hybrid Si/WBG
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B8 HEHEAHEA RS
Fig. 8 Hybrid system in parallel form

[43,88]
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Fig. 9 Solutions for DC-side power supply in hybrid

system[44-46, 90]
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AF LA LERE, Hodh MU Al SU ik T ARAR 55 £ Bk
HRE, WK 10@) s . 57 O F H E IR
HbFCS AN, iz H bR 2 i . MU
ARBE I DY ZE IS T L, SU ARFEES 73 Tl
RIFHATRE B AR, AR 28 AT RIS SU 1)
REG , T, ¥ MU F SU BB N3RS i
IESZHE. BEE, SCHRIO1TKE b &5k e 2 = A
24, WE 10b)Fis.

3) ANFEZEM AR TR T R & RS

FH AN [F] 45 44 A2 it B T A R TR B R G HIR &
Z H AR s (hybrid multilevel converters, HMC) & f&
Mo AT BEARRA . $ETHARRER R, SCHR[58-59]
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