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Abstract
The history of the development of the power device, can be traced back to just after the transistor was invented.

Silicon power devices, which have many different device structures, has been put to practical use for a variety of
applications. In recent years, there arises a movement of wide bandgap semiconductor to renovate power electronics,
which can realize high voltage blocking capability with relatively thin epitaxial layers that eventually reduce the
conduction loss. Although the first implementation of those the trial is using SiC material, gallium nitride (GaN)
one also become a candidate of those power switching device owing to the material maturity by the rapid progress
of blue LEDs. In this seminar, general background of GaN device starting from the material properties to the device
applications of GaN-based ones.
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Parameters Symbol Unit Si GaAs
crystal structure diamond  zincblend
density g/ai 2.328 5.32
mole g/mol 28.086 144.64
atomic density atom/ai 5.00E+22  4.42E+22
lattice constant A 543095  5.6533
melting point © 1,415 1,238
specific heat J(g - °C) 0.7 0.35
linear thermal
expansion °c™ 2.6E-06 6.9E-06
coefficient
thermal conductivity W/(cm-°C) 15 0.46
transition indirect direct
bandgap energy Eg eV 1.12 1.42
energy separation M eV indirect [P0,
&7Esy r-X r-X0.48
. . 12.9,
dielectric constant er 11.7 10.89@RF
electron-affinity X eV 4.05 4.07
ntrinsic carrier ni cm™ 1.45E+10  1.79E+06
density
effective density Nc cm’ 2.80E+19  4.70E+17
of states
effective density Ny cm®  104E+19 7.00E+18
of states
. mxel/mo 0.9163/I,
effective mass mxe mee t /mo  0.1905/t 0.067
. mxlh/mo 0.16/, 0.082/I,
ff h
effective mass m mshh/mo  049/h  0.45/h
mobility ue a/(V-s) 1,500 8,500
mobility ph ai/(V-s) 450 400
. . . AlAs,
lattice matching SiGe InGaP
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wurtzite wurtzite Hexag?nal, Hexagonal, cubic diamond
cubic
3.26 6.81 6.1 3.21 3.515
40.9882 128.83 83.73 40.097 12.011
4.79E+22 3.18E+22 4.37E+22 4.80E+22 1.76E+23
o om0
i';gﬁ' 3.544/a, iiigﬁ (4H)3.073/a, 3.567
’ ! 5.718/c, -Cubic ! 10.053/c, ’
A (3€)4.3596/a,
: 3.073/c
2,573, 4,373,
2200 Ly @60kbar 2ESC @125kbar
0.748 0.296 0.431 0.2 0.52
5.27E-6/a 3.8E-6/a 5.6E-6/a
4.15E-6/c 2.9E-6/c 3.2E-6/c SEC =
2.85 2.1 2.3~4.9 6~20
direct direct direct indirect indirect
3.02/6H
6.2 0.65 3.39(H) 3.26/4H 5.46~5.6
2.403/3C
r-A >0.7
r-mML 0.7 r-r1.9 - AT
K 1.0 r-r-1.1 r-K -M 2.1 indirect indirect
>2.7
10.0(6H)
8.5 15.3 12 9.7(aH) 5.7
1.9 5.8 3.4 4 (NEA)
1.16E-8 (6H)
9.40E-34 9.20E+02 1.67E-10 6.54E.7 (4H) 1.00E-26
4.55E+19 (6H)
4.10E+18 1.30E+18 2.24E+18 1.35E+19 (4H) 1.00E+20
1.53E+19 (3C)
2.84E+20 5.30E+19 1.16E+19 1.79E+19 1.00E+19
1.5/1. 1.4/,
0.4 0.1-0.05 0.2 0.25/t 0.36/t
0.7/1,
0.6 1.65 0.6/h 0.8 2.1/h
300 3,200 1,800 460~980 2,200
14 220 ~5 20 1,800
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