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This doctoral thesis describes a compact circuit model for a Silicon-Carbide MOSFET, and its
application to accurate circuit simulation.

The equivalent circuit model for a Silicon-Carbide MOSFET consists of the models of output
characteristics, internal stray capacitors, stray inductors inside of the discrete package, inner
gate resistor, and the gate-drive circuit that operates the DUT (Device Under Test). The
physics-based model of the output characteristics is constructed on the basis of the
cross-sectional structure of the DUT and principles of semiconductor physics. The
semi-physics model is also constructed that is expected to enhance adaptability of this
modeling method to other SIC-MOSFETs. The other components of the model such as the
internal stray capacitors, the stray inductors, and the gate-drive circuit are experimentally
evaluated and modeled according to the newly-considered modeling flow. The stray capacitors
are evaluated by analyzing the transient behavior. This evaluation reveals the new voltage
dependencies of the internal stray capacitors, and brings the new capacitor models. The stray
inductors inside of the discrete package are evaluated by LC'resonant phenomena.

The accuracy of the developed model is verified by comparison in the transient waveforms
between measurement and simulation. The developed model shows accurate simulation of the
transient waveforms both the gate circuit and main power circuit behavior simultaneously,
which is not realized in previous simulation. The model also features accurate simulation
result of the transient waveforms for a whole region of the rated drain current.

Subsequently, this thesis describes the accurate circuit simulation results of the
high-frequency leakage current from a heat sink, which indicates the feasibility for further
analysis of high-frequency EMI characteristics. The electro-thermal co-simulation of
two-parallel connected SiC-MOSFETs also shows accurate simulation of the junction
temperature distribution. These results claim that the developed compact model is expect to
be a promising circuit-simulation tool for designing the whole power conversion system with
SiC-MOSFETs.
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