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Technologies for Low-Loss, High-Reliability 1 200 V-Class SiC Trench MOSFETs
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Concerted efforts are being made to develop low-loss silicon carbide (SiC) power devices to help achieve a carbon-neutral society.

Toshiba Electronic Devices & Storage Corporation has fabricated a prototype 1 200 V-class SiC trench metal-oxide-semiconductor field-effect
transistor (MOSFET) to reduce on-resistance through cell-pitch scaling. Experiments have confirmed the prototype’s performance including (1)
specific on-resistance (RonA) of 1.50 mQ-cm? at a temperature of 25°C, which is 30% lower than that of conventional planar SiC MOSFETs, (2) breakdown
voltage of more than 1 500V, (3) short-circuit withstand time of 2.5 us, (4) application of the trench shape rounding process to reduce the gate leakage
current (/) to less than 1/100 that of samples without the process, reduction of the cell pitch by 29% by suppressing increases in the trench opening

width, and (5) suppression of threshold voltage (Vi) shifts and improving reliability via an optimized manufacturing process to control gate switching

instability (GSI) phenomena.
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Cross-sectional structure of prototype SiC trench MOSFET
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Drain current density (Ja)-drain-source voltage (Vss) characteristics
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Blocking voltage characteristics
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Short-circuit current density waveform before device failure
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Relationship between short-circuit withstand time (t.) and Ro,A of
devices with different bottom p-well spacing
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Avalanche current density (Ja) dependence on resistance between
bottom p-well and grounded source (Ropg)
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Gate leakage current (/;)-gate-to-source voltage (V) characteristics
with and without rounding
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Vin shift (A Vi) dependence on number of gate switching cycles during
GSl tests
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AVy, temperature dependence during GSI tests
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