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IGBT Device Model Facilitating Highly Accurate Model-Based Development
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With the progressive introduction of model-based development (MBD) processes utilizing simulation technologies into a broad range of system
design work in the fields of power electronics and in-vehicle electronics, there is a need for circuit simulations to predict power efficiency and elec-
tromagnetic interference (EMI) noise with a high degree of accuracy. In particular, a device model to precisely represent switching characteristics
is essential for high-voltage and high-current insulated gate bipolar transistors (IGBTs), which are widely used in high-power applications including
power control circuits.

Toshiba Electronic Devices & Storage Corporation is promoting the development of device models of its discrete semiconductor devices for MBD.
We have now developed an IGBT device model taking into consideration the dynamic flow of both electrons and holes in switching operations as a
replacement for conventional models, in which the tradeoff between power efficiency and EMI noise prediction is a serious issue. We have confirmed

that the new model achieves highly accurate reproduction of switching characteristics measured by an actual circuit with high convergence.
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Differences in turn-off waveforms of unipolar and bipolar devices
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Conventional IGBT device model and sub-circuit for calculation of
tail current considering carrier lifetime
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Newly developed IGBT device model
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Comparison of gate-emitter capacitance (Cg) characteristics of
conventional and newly developed IGBT device models
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Comparison of measured turn-on switching waveforms and those
simulated using conventional IGBT device model
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Comparison of measured turn-on switching waveforms and those
simulated using newly developed IGBT device model
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Improvement of error rates of collector current change rate and
turn-on loss simulated by newly developed IGBT device model
compared with those simulated by conventional model
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Comparison of measured turn-off switching waveforms and those
simulated using newly developed IGBT device model
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