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This dissertation describes a high-reliable power converter design by combining a physics-based
power device model and an electro-thermal simulation model. The author constructs a physics-based
power device model based on the ambipolar diffusion equation, and applies it to the following three
topics: 1) design guide of power converters which consist of power devices connected in parallel, 2)
design and verification of a high-speed protection circuit for IGBTs subjected to short-circuit faults,
and 3) real-time estimation of a junction temperature of a power device under actual operating
conditions.

1) The author simulates a junction temperature of each IGBT connected in parallel under various
wiring inductance mismatches and shows the dependence of temperature differences on wiring
inductance differences. Besides, the author estimates a junction temperature of each IGBT under
short-circuit conditions. Since experimental estimation of the junction temperature is hardly possible,
the electro-thermal simulation with the physics-based IGBT model is useful for developing a
short-circuit protection circuit.

2) A high-speed protection circuit against short-circuit faults is developed. The circuit design is based
on a gate charge characteristic. Simulation and experiment confirm that the proposed method is fast
enough to detect short-circuit faults from a practical point of view. Experimental results show that it
detected a hard-switching fault within about 1 us after the collector current started flowing through the
IGBT, and detected a fault-under-load when the collector current reached its peak value.

3) A real-time electro-thermal simulation system has been developed. It can estimate a junction
temperature of each IGBT and free-wheeling diodes under the actual operating conditions. Simulated
results are in excellent agreement with experimental results by using an infra-red camera within a
tolerance of 4%.

This dissertation verifies the effectiveness of the physics-based power device model and
electro-thermal simulation for high-reliable power converter design.
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