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Table 1 Physical parameters of wide-gap semiconductors and

silicon.
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Fig. 1 Two synchrotron X-ray topography configurations; (a) Transmission Laue configuration and (b) Reflection

Bragg configuration.
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Table 2 Comparison of X-ray topography over cross-sectional
transmission electron microscopy as crystal-defect observa-
tion technique.
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Fig. 2 X-ray topography projection image of the HPHT-single
crystal (001) diamond viewed from the seed side for (a) g=
220 and (b) g=220. The sample size is 5.4 X 5.3 0.7 mm3.
The image surface is misoriented by 14.0° from the sample
surface.
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Fig. 3 Sketches of X-ray topography projection image (Fig. 2) of

the HPHT single crystal diamond (001) with (a) g=220 and
(b) g=220.
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Table 3 Summary of properties and types of dislocations in diamond.

g is the diffraction vector, b is the Burgers vector, and t is the disloca-

tion vector.
Image Growth Dislocation
Group g contrast b cector t e

220 visible
220 invisible a

A 5 - L110 111 111]~[331 d
320 visible 5 L110] (1 [111]~[331] edge
220 invisible
220 visible
220 invisible a .
5 = [i10 001 001 d
320 visible 5 [110] (001) [001] edge
220 invisible
220 invisible
220 visible a

B 5 —[110 001 001 d
320 invisible 5 [110] (001) [0o01] edge
220 visible
220 isibl )

i 211017 or 2 [101] or

220 visible 2 2 .
2 isi (001) [001] mixed
220 visible a fo11] a fo11]
230 visible 2 T
220 visible
220 invisible a . - B

C 5 = [110 111 1111~[331 d
220 visible 2 [110] (a1 [111]~[331] edge
220 invisible
220 invisible
220 visible a -

b 5 - L110 111 111]~[331 d
320 invisible 5 110l (1D [111]~[331] edge
220 visible
220 invisible
220 visible a ~ . )

E 5 =[110 111 111]~[331 d
320 invisible 5 [110] (11 [111]~[331] edge
220 visible
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Table 4 The Burgers vectors of dislocations in the (001) and (201)
EFG -Ga,0; single crystal.

. . Diffraction Image Burgers
Dislocation vector g contrast vector, b
625 Visible
B 605 Invisible
(201) surface <010
1200 Invisible
117 Visible

@ Gallium
‘ Oxygen
o(1)
Ga(1) 4 bonds a=1223nm
Ga(2) 6 bonds o(1) b =0.304 nm
0O(1) 3 bonds _
0(2) 3 bonds 2 ¢=0.580 nm
0(3) 4 bonds 0(2) o= Y= 90°
|‘—>|0_3 o B=103.7

Fig. 4 (color online) Atomic structure of the (010) f-Ga,O; sur-
face: (a) unit cell, (b) atomic arrangement in a crystal. The
(010) surface is bilaterally symmetric to the (010) surface.
In (b), the unit cell is surrounded by dotted lines.

) 100um e 100pm

Fig. 5 X-ray topography image of f-Ga,0; (201) with (a) g=625,
(b) g=603, (c) g=1200, and (d) g=117.
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Synchrotron X-ray topography observation of
diamonds and gallium oxides:

Towards power semiconductor device applica-
tions

Makoto KASU Department of Electrical and Electronic Engineering, Saga University, Honjo-machi,
Saga 840-8502

Satoshi MASUYA Department of Electrical and Electronic Engineering, Saga University, Honjo-machi,
Saga 840-8502

Abstract Recently, diamond and gallium oxide semiconductors, which possess much wider bandgap than
silicon carbide and gallium nitrides, are developing rapidly. To improve device performance,
characterization of defect properties are very important. We have observed and analyzed crystal
defects in these semiconductor materials by Synchrotron X-ray topography technique. Here, we
describe the defect observation and analysis techniques by Synchrotron X —ray topography tech-
nique.
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