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Development of 3 300 V High-performance Hybrid SiC Module

LIU Yanhong YANG Xiaofei WANG Xiaoli JING Haiyan LIU Shuang
(CRRC Yongji Electric Co., Lid., Xi'an, 710016, CHN)

Abstract: A 3 300 V hybrid SiC module was developed based on the arrangement of Si insulated
gate bipolar transistor chip and SiC junction barrier Schottky chip according to dual switch circuit struc-
ture. The design method, packaging process, simulation and test results were analyzed. The hybrid
SiC module was compared to IGBT module of the same specification. The low soldering voids of the
hybrid SiC module meet the requirements of high temperature cycling capacity in the traction field.
The redundant skip bonding structure can effectively enhance the power cycling ability. The dynamic
performance was tested by double pulse circuit. The test results show that the recovery time, the re-
covery current, the recovery energy and the power loss of one primary switch in hybrid SiC module
were reduced by 84%, 89.5%, 99% and 43.3%, respectively. The voltage and current overshoots
during switching operation are eliminated. It has obvious advantages under the application conditions
of high voltage, high current and high frequency.
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Fig.1 The interface of hybrid SiC module
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Fig.2 The internal soldering structure of hybrid SiC module
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Fig.3 The electric schematic of hybrid SiC module
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Fig.4 The layer structure of hybrid SiC module
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Fig.6 (a) The total soldering voids under IGBT chip:0.1%;
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Tab.1 The thermal conductivity and electrical conductivity of materials in hybrid SiC module
Name Material Thermal conductivity/(Wem ™ '*K™') Electrical conductivity/(Sem™")
IGBT chip Si 151.0 37.67
JBS chip SiC 180.0 132.58
DBC conducting layer Cu 398.0 5.5X 10
DBC insulating layer AIN 170.0 -
Base-plate AlSIC 180.0 —
Bonding wire Al 217.7 3.8X 10"
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Fig.8 The thermal distributions in hybrid SiC module
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Tab.2 Static test results of hybrid SiC module and IGBT module

Parameter Testing conduction Hybrid SiC IGBT
Collector-emitter voltage V. s/ V T,=25C 3330 3330
Gate leakage current T,=25C 12 11
V=120V
I..s/nA T,=125C 96 94
. . 1.=500 A T,=25C 2.557 2.507
Collector-emitter saturation voltage Vi../V
V=15V T,=125C 3.117 3.093
T,=25C 0.022 0.022
Collector cut-off current I.zs/mA V=3 300V
T,=125C 1.910 1.710
Forward voltage T,=25C 2.389 1.257
=500 A
Ve/V T,=125C 3.991 2.359
*3 RBASICESMSIEIGBTERFEN XL R
Tab.3 Dynamic test results of hybrid SiC module and IGBT module
Parameter Testing conduction Hybrid SiC IGBT
Turn-on delay time /s 0.38 0.77
Rise time 7,/ps 0.52 0.63
Vee=1800V
Turn-off delay time Z,,,/ 118 o 1.45 1.43
. I.=500 A
Fall time ¢,/ ps 1.71 1.73
R,,=5Q
Turn-on switching energy E,,/mJ . 442 473
Turn-off switching energy E, ;/mJ 881.94 1034
B R Va==+15V
Reverse recovery time 7,/ps 0.16 1
) L=280 nH
Revers tI/A 99 940
everse recovery current I, T,=125¢
Recovered charge Q,/pC 9.19 520
Reverse recovery energy E,../mJ 0.38 830
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