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Multi-physical Domain Coupling Analysis of Multi-chip
Parallel Controller

WANG Zhaoran, SHI Wei, LIAO Aihua, HU Dingyu
(School of Urban Rail Transit, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: Silicon carbide devices with multi-chip parallel structure are widely used in motor controllers for new
energy vehicles in high frequency and high power density applications. The motor controller is a highly coupled
electromagnetic-thermal system. The imbalance of chip temperature and stray inductance in the multi-chip parallel
structure aggravates the complexity of the coupling system. In order to reveal the deep coupling mechanism of
electromagnetic-thermal and the variation law of electromagnetic-thermal domain in the motor controller, multi-
physical field coupling analysis under multi-parallel structure is needed. A multi-physical field coupling analysis
method based on parameter transfer is proposed. First, the stray inductance model of chip parallel branch at different
temperatures is established by magnetic-thermal coupling analysis. Then, through the electro-thermal coupling
analysis, the simulation model of silicon carbide chip losses under different temperatures and stray inductance is
established. Finally, loss parameter transfer is used to simulate the temperature of the controller under fluid-solid
coupling, and the stray inductance model and loss model at this temperature are updated in real time. The
electromagnetic-thermal coupling parameters of the chips under the multi-chip parallel structure during the
temperature rise of the controller are studied. The accuracy of the multi-physics coupling analysis method is verified
by the temperature rise experiment.
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Fig. 1 Permanent magnet motor control system
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Tab. 1 Permanent magnet motor control system
parameter table

28 HifE
Up/V 750
ESL/nH 3.5
ESR/mQ 0.6
Cp/uF 450
L, /nH 31
R,/mQ 0.39
L, /nH 31
R /mQ 0.39
P /kW 80
P /KW 220
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Fig. 2 Branch self-inductance and mutual
inductance model
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Fig. 4 Equivalent inductance variation with temperature
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Fig. 5 Lossvariation curve of parallel chips
with temperature
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physical parameters
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MOSFET  fikfbhit 340.00 678.0 3210
SR &8 65.00 2280 7400
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FRIEAR  ALSII2 120.00 7000 2650
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HEHE AERBE 0.80 12 1200
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Tab. 3 Comparison of equivalent inductance test values
and calculated values of each branch of the upper arm
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