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SiC Power Devices
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Silicon carbide (SiC) has a 10 times higher electric breakdown field than silicon, and is expected to be an excellent material for next-
generation high-voltage, low-loss power devices. Already, 600 V Schottky barrier diodes (SBDs) have been used for switching mode
power supplies, and switching devices are being competitively developed in many research organizations and companies.

Toshiba has performed basic research on the anisotropy of carrier mobility and breakdown voltage as well as physical models of
Schottky leakage current.  We have developed a new junction termination structure for the guard ring assisted-reduced surface field
(GRA-RESUREF) especially suitable for SiC devices, as well as a fine gate layer structure for the static induction transistor (SIT).  Specific
on-resistances of 1/100 and 1/10 compared with the theoretical minimum on-resistances attainable in silicon unipolar devices have been
attained for the SBD and SIT, respectively. These SiC power devices will help to reduce power loss and permit downsizing of various
power supply units and power conversion equipment.
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Physical properties of wide band gap semiconductor materials
ooo gooooo GaN 4H-SiC 6H-SiC 3C-SiC GaAs Si
gooooooo (eV) 5.47 3.39 3.26 2.93 2.23 1.43 1.12
00000 pe (cm2/Vs) 2,200 900 1,000/850 80/400 800 8,500 1,400
ooooo u, (cm2/Vs) 1,600 150 115 90 40 400 600
00000000 E (Viem) 1x 107 3.3x 108 2.5x 108 2.8x 108 1.2x 108 4.0x 105 3.0x 10°
gooo A (W/emK) 20 2.0 4.9 4.9 4.9 0.5 15
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BHFMI O SiO 1,746 78 50 25 9 11 1
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Anisotropy of carrier mobility and breakdown voltage
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Physical models of Schottky leakage current
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New junction termination structure (GRA-RESURF)
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Specific on-resistance of SiC Schottky barrier diodes
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Excellent temperature dependences (1): forward |-V
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Excellent temperature dependences (2): reverse recovery
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Cross-sectional view of SiC-SIT
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Specific on-resistance of SiC switching devices
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