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Construction of Hybrid Thermal Network Model and
Estimation Method for Its Junction Temperature
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(1. Tianjin Key Laboratory of New Energy Power Conversion, Transmission and Intelligent Control, Tianjin 300384,
China; 2. Chengdong Power Supply Branch, State Grid Tianjin Electric Power Company, Tianjin 300250, China)

Abstract: With the widespread applications of insulated gate bipolar transistors (IGBTs) in power electronic systems,
the accurate acquisition of junction temperature which affects their reliability has become crucial. However, one of the
main forms of module failure is the aging of the solder layer, which can have a significant impact on the junction tem-
perature. To accurately estimate the junction temperature, the advantages of two traditional thermal network models (i.e.,
Cauer and Foster) are combined in this paper, and an interface method for the two models is studied, so that the combi-
nation is completed. The aging of the chip solder layer is taken into account, and a hybrid thermal network model is
proposed. Finally, through the comparison of finite element simulation and experimental test with the calculation results
of the hybrid thermal network model, it is verified that the hybrid thermal network model can achieve an accurate junc-
tion temperature estimation, providing a basis for monitoring the operating status of the module.

Keywords: Insulated gate bipolar transistor(IGBT) module; hybrid thermal network model; junction temperature esti-
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Fig. 6 Grid-based finite element model for IGBT module
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Tab. 1 Materials and properties of each layer in IGBT finite element module

JZLER R JE B /mm B (kgem™)  FREFUW-(m-C)" HIHET- (kg-C)]
s Si 0.20 2 330 148.3 700
i Rz Sn-Ag-Cu 0.15 7 300 54.0 230
RO Cu 0.30 8 900 390.0 390
M= ALO; 0.38 3 600 30.0 850
T2 Cu 0.30 8 900 390.0 390
HAEEZ Sn-Ag-Cu 0.12 7 300 54.0 230
]I AR Cu 3.00 8 900 390.0 390
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Tab. 2 Comparison of calculated junction temperature among three models at different convective coefficients
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