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Integrated Simulation Technology Maximizing Performance of All-SiC Modules
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Silicon carbide (SiC) power devices with superior performance compared with currently available Si power devices are a focus of high expectations
for application to power conversion equipment such as inverters. However, their intrinsic fast switching speed causes serious problems including
increases in surge voltages and electromagnetic noise as well as non-uniform operation among parallelized chips, due to undesirable parasitic inductances
in the power module.

Toshiba has developed a novel integrated simulation technology for all-SiC modules, allowing these issues related to electrical circuits and electro-
magnetic and thermal effects to be comprehensively handled. This technology makes it possible to implement more detailed verification and design
early in the development phase, thereby contributing to the development of all-SiC modules with optimized performance and shortening of the overall
development period.
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Prototype all-SiC module
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Equivalent circuit of SiC-junction field-effect transistor (JFET)
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Equivalent circuit of all-SiC module
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Workflow of integrated simulation system
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Comparison of results of analysis and measurement of switching charac-
teristics at turn-off and turn-on
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Result of simulation of temperature distribution in all-SiC module at output
power of 90 kW
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Results of simulation of power losses of HSIDE chips (see Fig. 1) at output
power of 90 kW
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Drain and source voltage distribution along chip array due to voltage drop
across parasitic inductance elements during turn-on switching
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Results of simulation of voltage distributions during turn-on switching
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(1) Takao, K. et al. "Demonstration of 25W/cm® class all-SiC three phase
inverter”. Proc. EPE2011. Birmingham, UK, 2011-08, EPE. 2011, p.1 - 10.
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