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Prospect and Aspect of the Research on Wide Bandgap Semiconductor Devices

goooboon
S. YOSHIDA

Recently, crystal growth and device fabrication techniques of wide bandgap semiconductors,
like SiC, nitrides and diamond have been developed for realizing high power, high frequency, and

high temperature devices. And some advantages of high power devices using these wide bandgap
materials have been demonstrated. However, there still exist a lot of issues to be solved to realize
these devices. Here, the characteristics of wide bandgap semiconductors, SiC, nitride semicon-

ductors and diamond, as well as GaAs, are shown, and the situation of the research on the crystal
growth and device processes of these semiconductors is briefly reviewed. Finally, the remained

issues to be solved are pointed out.
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Table 1 Materials parameters of semiconductors, Si, GaAs, SiC, GaN and diamond.

Semiconductor 8i (GaAs Sic GaN diamond
3C 6H
band gap E, (eV) 1.1135 1.428 220 2.86 3.39 5.470
{transition type) * (1) (D) (1D} (1D} (D) ()
thermal conductivity 1.51 0.54 4.9 4.9 1.3 20.9
Kk (WiemK)
mobility p  electron 1500 8500 800 460 900 1800
(em*V 8) hole 450 420 70 10 400 1600
dielectric const. & 11.8 1291 g.72 9,66+, 10,03 9.5% 10.4¢ 5.3
E. 116 11.10 6.52 6.524 6,70 5.35% 5.35" 5.76
saturated drift velocity 1X1 2X 1 2.7X107 2.0X107 27107 2.5x107
Vi {cm/s)
breakdown field 3X 108 4X 10% B3X 108 3 X108 2.0 108 42X 108
Er (Viem)

* D direct transition type, 103 indirect transition type
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Table 2 The present states and problems to be solved for realizing SiC devices

Process Present State Ploblems to be solved challenge
SO0N = » hard
Substrate diameter: 2inch 3inch «—— large diameter ——— 6inch new growth tech.
(largest 3inch)
micropipe: 100cm? 0cm?
(best 0.8cm?)
other defects: 10°cm? <10*cm?
insulating sub.:10*Qcm
Epi-Growth growth rate(] 2um/h higt speed epi] several 10um/h new epi tech.
residual carrier conc.0) 10%cm® <10“cm?
thickness uniformity[] 5% thickness and doping uniformity
doping n*:10%cm®
p:10%°cm?
doping uniformityd] 10%
MOS Interface D,, D0 10%cm? 0 10*cm? new MIS structure
Heenl] 100cm?/V's Ml SEVeral 100cm?/V's new channel structure
Ohmic/Schottoky n: 10°0 10°Qcm? stability
p: 10°0 10“Qcm? 10°0 10°Qcm?
lon Implantation  hot impla.:8000 1000°C mask material?

annealingd 1600°C

<1000°C, p-type
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Fig.l X-ray topograph image of a 6H-SiC wafer.
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'_ SIZE CRYSTAL DEFECT
Diameter:
naw: 2 inch
{hest 3 ineh)
request: 4 ~6 inch

Micropipe:
now ~ WHhsno “{best (h8em 7))
regquest: ~—Uem®

Stacking Fault, Dislecation
now - [{Fem-?
reyuest ~ UFem 2

IMPURITY

Residual cattier:
new ~— gy
request: ~10tcm seratlch [ree

Doping: surface roughness
naw: 10 [{H5em? bowing
request: 107-10%nr?

CUTTING & POLISHING |

Cutting speed
Polishing/Lapping

Fig.2 Issues for the growth of SiC bulk crystals and the prepara-

tion of wafers.
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| DEVELOPMENT

—— Epitaxial Growth
/]

Conductivity Control

Etching
- Metal/SiC Contact
- §i0,/SiC Interface

J‘\

+ Bulk Crystal Growth
» Wafer Polishing/Lapping

Issues for realizing high power SiC devices

IMPROVEMENT | REQUEST

Brezkdown Voltageg[ thick epilayer (high speed epi)
better edge termination

Current waler diameter
lower contact resistance

Power Loss lower substrate resistance ///

IEIdrgcr channel mobility £ ‘

lower contact resistance

Switching Speed ——[ lower interface state density
larger channcl mobility

[ntegration ——[ larger wafer diameter
better isolation
Fig.3

IMPROVEMENT REQUEST

DEVELOPMENT

High Frequency

Power Density —E

Intcgration
betler isolation

Fig.4
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+ Epitaxial Growth
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- Etching
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Issues for realizing high frequency SiC devices.
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Fig 5. Equilibrium N, pressure over GaN. The hatched area shows

the growth conditions for bulk GaN reported.
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Table 3 Classification of natural diamond

1

II

Type ia la ITb
Impurity Nitrogen high {~2 X 10’ppm) low (~ppim)
segregated lattice site lattice site
Qthers - |  Boren {(~100ppm)

Optical Props.

UV region transparent < 340 om transparcnt < 225 nm

IR region strong abs. at 7.8um no abs. at 7.8um

Color yellow~brown no blue

no~yellow ‘

Eleetrical Props.,

insulating (~10"cm )

p-lype semicond.

9 WiemK

Thermal Props.

26 W/iemK
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