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Abstract ; Integration and miniaturization are the development characteristics of the electronic information industry.
Among them,junction temperature and thermal stress of electronic components are important factors affecting their
reliability. The hybrid module composed of silicon-based IGBT and SiC-based fly-wheel diode is widely used in
urban rail transit and other fields. In this paper,a simulation model of the IGBT hybrid module is established. With
the changes of each layer material thickness,solder void size and positions, the temperature and thermal stress varia-
tions of the IGBT hybrid module are calculated and analyzed,and the module package structure is optimized. High
thermal conductivity graphene is applied to the IGBT hybrid module,and the influence of different application loca-
tions on module reliability is analyzed by simulation, so as to further optimize the package structure of the IGBT
hybrid module. Through simulation, the optimized IGBT hybrid module can reduce the maximum junction tempera-
ture by nearly 3 °C ,and the maximum thermal stress can be decreased by more than 30 MPa.
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Name LengthxWidth Thickness Name LengthxWidth Thickness
IGBT chip 10x10 0.1 Cu plate under DBC 25%35 0.3
JBS chip 8x8 0.1 Solder(on the base) 25%35 0.1
Solder( under IGBT) 10x10 0.1 Substrate 35x40 4
Solder (under JBS) 8x8 0.1 Thermal interface materials 35%40 0.06
Cu plate on DBC 15%25 0.3 Radiator cold plate 50x50 4
DBC ceramic layer 27%37 0.68
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Corresponding parameter Silicon Silicon Carbide Solder Copper Ceramic  Aluminum
Coefficient of thermal expansion/( 1/K) 2.60E-06 2.60E-06 2.10E-05 1.70E-05 8.00E-06 2.30E-05
Constant pressure heat capacity/ (J/(kg-K) ) 700 670 150 385 900 900
Density (kg/m") 2329 3210 9000 8960 3900 2700
Thermal conductivity/ (W/(m-K) ) 130 283 50 400 27 238
Young’s modulus/Pa 1.70E+11 1.70E+11 1.00E+08 1.10E+11 3.00E+11 7.00E+10
Poisson’s ratio 0.28 0.28 0.4 0.35 0.222 0.33
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