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Design Method to Improve Clamping Capability of Parasitic pn Diodes Utilizing Newly Developed Equivalent
Circuit Model of SBD-Embedded SiC MOSFETs
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Silicon carbide (SiC) metal-oxide-semiconductor field-effect transistors (MOSFETs) are attracting attention as a new generation of power devices
due to their superior characteristics. Schottky barrier diode (SBD)-embedded MOSFETs have also been expanding into the mainstream due to their
ability to reduce performance degradation caused by the operation of parasitic pn diodes in devices. However, the maximum current density at
which the operation of parasitic pn diodes does not occur (hereafter abbreviated as Jymax) decreases with rising temperature, creating a problem for
the high-temperature application of SBD-embedded SiC MOSFETs.

In order to prevent Jymax from decreasing at high temperatures, the Toshiba Group has developed a novel design method for SBD-embedded SiC
MOSFETSs that makes it possible to simulate Jumax Using a simple structure model and design devices with an enhanced value of Jumax. Experiments
on prototype 3.3 kV SBD-embedded SiC MOSFETs with structures designed by this method have confirmed that these structures achieve 4.7 times
higher Jumax compared with the conventional structure.
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Conventional equivalent circuit model of SBD-embedded SiC MOSFET
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Issues involved in conventional equivalent circuit
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Ladder circuit model of SBD-embedded SiC MOSFET
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Dependence of Jumax prediction accuracy on number of steps of ladder
circuit
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Ladder circuit model for Jymax When number of steps is 2
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Results of calculations of Jumax and maximum voltage to clamp operation
of parasitic pn diodes (Vumax) using ladder circuit model
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Improvement of Jymax Of 3.3 kV prototype SBD-embedded SiC MOSFETs
with newly designed structures
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Temperature dependence of Jymax Of prototype 3.3 kV SBD-embedded
SiC MOSFET with newly designed structure
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