gooo

0000 Val. 21, No. 12, pp. 764-770, 2000

scOodggooooooog
goboood

g o0 o o

go000o00 8388570 OOUOOOOODOOO 255

gz20000 60 160000

Aspects and Prospects of the Resear ches

on the Development of SIC Devices
Sadafumi Y OSHIDA

Faculty of Engineering, Saitama University
255 Shimo-Ohkubo, Urawa, Saitama 338-8570

(Received June 16, 2000)

Recently, wide bandgap semiconductors, like silicon carbide (SiC), nitrides and diamond have been intensively stud-
ied for high power, high frequency devices andl or devices operating at high temperatures. SiC has 200 3 times larger
bandgap energy, about 10 times larger breakdown voltage, about 2 times larger saturated electron drift velocity and
about 3 times larger thermal conductivity than those of Si. These excellent physical and electrical properties make it
possible to fabricate electronic devices with superior specifications compared with Si devices. However, there till re-
main alot of problemsin their device processes to be solved for realizing SiC devices, most of which are closely related
to surface sciences of SiC. In this paper, the characteristics of SIC semiconductor and its application fields are briefly

described, and then the issues in the SiC device processes are pointed out.
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Tablel Material parametersand figure of merits of SIC, aswell as those of Si, GaAs and GaN(300 K). The values of figure of

merits are normalized by the valuesfor Si.

Semiconductor Si GaAs SiC GaN
3C 6H 4H
Bandgap energy  E; (eV) 1.1135 1.428 2.20 2.86 3.02 3.39
(transition type) (ID) (D) (ID) (ID) (ID) (D)
Crystal structure D ZB ZB Hex Hex wz
Thermal conductivity k(WO cmK) 151 0.54 49 4.9 4.9 13
Mobility u electron (cm?V s) 1500 8500 800 460 700 900
hole 450 420 70 10 120 400
Dielectric const. &5 11.9 1291 9.72 9.66% 10.03°  9.66% 10.03° 9.5% 10.4°
& 11.6 11.10 6.52 6.52% 6.70° 6.52%, 6.70° 5.35% 5.35°
Saturated drift velocity vs (cmDs) 1x 10’ 2x 10 2.7x 10 2.0x 10 2.7x 107 2.7x 10’
Breakdown field Es (VIcm) 3x 10° 6.5x 10° 3.0x 10° 3.0x 10° 3.5x 10° 2.0x 10°
Figure of merit M, 1 18.8 729 400 992 324
Mk 1 0.49 59 51 59 1.05
10Ron 1 63 436 249 602 149
fimax 1 139 75 49 9.0 7.0

(ID): indirect, (D): direct, D: diamond structure, ZB: zincblend type, WZ: wurtzite type, Hex: hexagonal.
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Fig. 1 Atomic structures of SiC polytypes.
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Fig. 2 Breskdown voltage dependences of specific on-
resistance of Si and SiC devices with the theoretical
values (solid lines) and the data points reported.
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Fig. 3 Wavelength dependence of the apparent refractive indices of oxide films on SiC, oxi-
dized at 11000 in dry oxygen flow for 4, 8 and 12h. The dotted line shows the values

of the oxidefilmson Si.
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Fig. 4 Expected specification region for SIC power devices, as well as those for Si devices fabri-
cated.
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Fig. 5 Expected specification region for SiC and GaN high-frequency devices, as well as those for Si, GaAs and
InGaAs devices fabricated.
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