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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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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.4 Summary of information on increasing converter power density through improving chip structure
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Tab.6 The maximum temperature of each chip before and
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6 133.5 93.1

3.2.3  #HAHKAF X

TG AT A A SRR EHUR 5 6 RS K%
GBI R . A AR B AR WA W55 45
Jr R SEEUE m AR, Shu PV U B
P XS R I R AT B, $A007 T 26 2% 3 ] 58
367 W/em’, 3 3% P O 1Y 5 b — Kt 3,
Alizadeh %% 15 Ty B He A0 B 8% 2 )40 A HA
I PR B ES  BERE AR A 9. 6 mm, 4/
T AR AT

AR E TS AR TE s , DA B T
W53 55 wpo A I vk AR SR AN ERFE L
%10 4EG TR ATIE . — BT SiC SR
TR S vp o 12 H T B BT kL A A I
WSV HI S B, HO T R S v B 4R
THE 300% P o SRTT, H T 57wl v 205 4 19



$216- e PN 547

AR K, X6 A 480 245 T 30 28 4R TH ) s R T
HARG T
3.3 {REFEEHEA

AR B AT LA N REAIL A BRI S A
e

WAV 1 T L2 3 0 /N B8 37 [ % ) v A S
I, Yang ZE42 H T —F 3L T P-cells #1 N-cells #f
BT B A4 I 1] B e A SR
BiRE QWb - e Ly B . N T e s
], — 25 /D B O E B, A A R R R =
1.63 nH"" | P52 5850 K2R FH XUZ B 6 e JE A
ZZHZAL T GaN FEHL A Ja) , 0] 75 £ H Rk
2 0. 94 nH R HZEHI &1 3.3 kW HFH5E
b PR AR g T R I IR S0 kW/LEY

et A 2 R 37 AR S R 2 T R L SR s
FELHETH XAl R AR ARG AT . H =2 R
il TXUZ DBC SiC TR B, 7 )2 ] 35146 37t =]
HESCBLRE A , LA E 8 (a) TR, FFAEH
JRFEZE 5 nH R TIZIHAE HE A = A SiC AE i
i hR % B ik 5 73.5 kW/LP' . R A1 Z 2 DBC
SE 2 I RIABH, i ek — [l L, A p B
W T —FA AL Fic AR5 #, an &l 8 (b) fir
T, TEJICHB DBC 25 44 JE Al 19 Ti B ik A SiC ootk |,
HH LG H FOBUZ DBC 4514 #ABH A 40% |, 73 A= A Je%
2 1.8 nH™ | PR KPR T —Fh B
[ 650 V/150 A GaN ZfjZA5idfe, [ml &l 8 (¢) fir
N R BT 2 B AU B AT RS AR | [l 27
A HURIAR 22 0. 71 nHL, F1) FF3%00 B 4 2 Y % I
AR R B I D R A ] 132 kWL

IRt 2 R 0 M o T2 A T 2 A A
B 7 FER IR L S BRI R e P PR . B

=y
G T3 A % i

l/ iy

FaEEATIR
Cu
[ BRI
Cu

==

(a) H™3U)2 DBC 4544
(a) Nissan double DBC structure

AT gy e
g
S
L.

s A BN SEEEEEE |};§)%DBC
| 2]

(b) BHHARIUZ DBC 4544
(b) Chip-embedded double-layer DBC structure™

CaN
/
/ TEZER IR

(c) GaN REGHIT L5
(¢) GaN magnetic field cancellation structure
B8 WA, B Ay

Fig.8 Mutual-inductance cancellation packaging structure
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