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Review of power semiconductor modules for high power density
power converters

LUO Yifei, LI Zicong™ , SHI Zenan, MA Xiao, XIAO Fei
(National Key Laboratory of Electromagnetic Energy, Naval University of Engineering, Wuhan 430030, China)

Abstract; Power semiconductor modules are the core energy conversion units in power converters. By optimizing their design, the power
density can be significantly enhanced. However, current design methods lack systematic summaries. To address this, a systematic summary across
four levels( material, chip, packaging and drive) was presented. This included utilizing wide bandgap materials, enhancing chip structure,
adopting advanced packaging and improving gate drive design. The underlying principles behind these methods for increasing power density were
summarized, and classified and compared the existing research on improving the power density of converters based on power semiconductor module
design. The primary challenges in current research were combed, and the future development trend was forecasted.
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3~ Tesla Model 3 75438 47 kW/L ﬁ
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6—SiC P HL - U SR 70 kWL
7—SiC X Jf] DC - DC ZAEHe 4 31.5 kw/L7)
8—H %A GaN Buck Z5a%s 132 kW/L!™ ;
9—R VAR 1 2RI A SIC AS 2R 100 kW/LY!
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Fig.1 Upward trend in power density for both commercial and

laboratorial power converters over the past 20 years
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Tab.2 Summary of information on the use of wide band gap materials to improve the power density of converters
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Tab.3 Comparison of FOMs of different materials
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Fig.2  Cross section of typical trench gate sturcture
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(a) Cell structure of RC-IGBT
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Fig.3 Typical cell structure of embedded freewheeling diode
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Fig.4 High-temperature chip sturcture
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Tab.4 Summary of information on increasing converter power density through improving chip structure
BRHA FE T Ih AR EE AL wAE SRR 275 3CHk
MPT IGBT P KE S EIC IGBT [29]
AL S HLVL 2 T
SiC TMOSFET Bl K SiC TMOSFET 2544 [33-34]
RC-IGBT RC-IGBT [35]
D N
o . SRR SiC MOSFET
IRATAR N it A SBD ffy SiC MOSFET [38-39]
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— o BN BCRRMAHRLATR B [40-41]
N ik AE ST 1 X
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Tab.5 Packaging options available at 200 °C
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Fig.6 Heat dissipation path optimization by
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Tab.6 The maximum temperature of each chip before and

after multi-chip decoupling optimization

%' fitkni/ < fitt)s/C
1 98.6 73.4
2 92.6 72.4
3 137.6 94.5
4 137.7 93.9
5 138.5 93.4
6 133.5 93.1
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Fig.8 Mutual-inductance cancellation packaging structure
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Tab.7 Summary of information on increasing converter power density through advanced packaging
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