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Tab.2  Thickness of layers and physical properties of

materials of IGBT module

e B, B, SRR HehA/
orIE s
mm  (kg/m’) (W/(m-K)) (J/(kg-K))

=N 0.5 2328 148 700
WHERE 0.1 7300 54 230
DCB F4d/Z 0.25 8960 401 385
DCB FgiZ)Z  0.38 3600 30 840
DCB T#1)Z 0.25 8960 401 385
WARERZ 0.1 7300 54 230

AR AR 3.0 8960 401 385
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Tab.3 Heat spreading angle of each layer

of IGBT module

) MR Y HAIE YA
DCB 42 Cu 1.3518
DCB W% )Z Al O, 0. 0855
DCB F4i)2 Cu 0. 9892
PR RLZ Sn3. 5Ag 0. 1364
AR 8 Cu 1.3305
AR Cu 2. 0766
Hi JICAR T &8 Cu 6. 3969
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Tab.4 Thermal resistance and thermal

capacitance of each layer

) PBHE/ (K/W) P/ (1K)

IGBT s 0. 0417 0. 0660
IR Y 0. 0229 0.0136
DCB 42 0. 0068 0. 0794
DCB % )2 0. 1286 0.1132
DCB T2 0. 0060 0. 0893
R RLZ 0.0171 0.0182
AR 0. 0361 2.9314

X i A AR BE 0. 2486 -

S 0.5078 -
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Tab.5 Thermal resistance calculated

by different heat spreading angles

g SPAHE XA A
LA /(K/W) - BAF/(KW) - /(K/W)
a 0. 2592 0. 2486 0. 5078
B 0. 1487 0. 2687 0.4174
45° 0.2701 0. 7760 1. 0461

SRIG AR 5 ) SARBEME TR SR, R 5 A IR
T EAESEA T He A, o, 25 5 T R B AR R
DLEIARH A0 b PR BE IR 158 22 55 T BROT i BLAH
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Tab.6  Junction temperature calculated by

different heat spreading angles
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Tab.7 Comparisons between calculated and simulated values

Y2 i C PTEME/C RE(%)
1 113.28 113. 04 -0.2123
2 97.24 96.79 -0. 4649
3 97.24 96.77 -0. 4859
4 113.28 113.03 -0.2212
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Thermal impedance model for IGBT modules considering
heat spreading and thermal coupling

HE Yi-gang, ZHANG Zhong-tao, LIU Jia-cheng, ZHAO Ming, LI Chen-chen
(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei 230009, China)

Abstract: Aiming at the problem that the traditional thermal equivalent circuit model has large error in calculating
the junction temperature of IGBT module, an equivalent thermal impedance model of IGBT module based on heat
transfer research is proposed. By studying the heat transfer inside IGBT module, the heat spreading angle is deter-
mined according to the law of heat flux variation. Thermal network parameters are calculated and an improved e-
quivalent circuit model of single chip Cauer network is established. Then, considering the thermal coupling effect
between multi-chips, the self-heating thermal impedance and coupling thermal impedance are calculated and the
thermal impedance matrix of IGBT module is established. The junction temperature of each chip can be predicted by
using the linear superposition principle. Finally, the junction temperature calculated by the equivalent thermal im-
pedance model is compared with the finite element simulation value, which verifies the effectiveness and accuracy
of the model.

Key words: IGBT module; heat spreading angle; thermal coupling effect; thermal impedance model



