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Low Angle Grain Boundaries in p-Ga,0; Crystal Grown by EFG Method
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Jinan 250100, China; 2. Shandong Research Institute of Industrial Technology, Jinan 250100, China)

Abstract: -Ga,O; is one of the most promising ultrawide band-gap semiconductor materials, but its crystal defects are not
investigated comprehensively. The low angle grain boundaries of $-Ga,0; crystal mainly exists in (100) plane. The existence of low
angle boundary can destroy the integrity of the crystal structure and reduce the quality of crystal. The macroscopic analysis and
microstructure characterization of the low angle grain boundaries in the B-Ga,O; crystal grown by edge-defined film-fed growth
method were carried out by chemical etching analysis and transmission electron microscopy. The results show that the shape and
orientation of the etch pits on both sides of the low angle grain boundary are consistent, and the misorientation angle of the low angle
grain boundary is 3°. In addition, the low angle grain boundary can cause the double peaks and broadening in the X-ray rocking curve.
The gap in the study of low angle grain boundary is filled based on the characterization of the microstructure of low angle grain
boundary in B-Ga,0Oj; crystals.
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Fig. 1 Naturally cleaved (100) plane B-Ga,O; crystals with
low angle grain boundaries
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(a) Topography around the boundary after chemical etching (b) Enlarged image of the boundary

(c) Upper region of the boundary (d) Lower region of the boundary
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Fig. 2 Optical microscope image of the sample surface after chemical etching

Viewing from approximate [100]" direction. Viewing from [010] direction.

(a) Position of cross-sectional TEM sample in crystal (b) SEM image of cross-sectional TEM sample

K3 FIB fill & BA#LH TEM A i
Fig. 3 FIB preparation of cross-sectional TEM sample
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(a) Low-resolution TEM

(b) High-resolution TEM

(c) One-dimensional fringe image

(d) SAED pattern
4 /NSRRI TEM IR T

Fig. 4 Cross-sectional TEM images of a low angle grain
boundary
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(a) Peak position difference between the upper and lower sides

(b) Fine scanning X-ray rocking curve of upper region

(c) Fine scanning X-ray rocking curve of lower region
K5 A /ANAE I B-GayOs 5 RI(400) [H X 5T LR FE% ih 25
Fig. 5 X-ray rocking curve of (400) plane of B-Ga,0; single
crystal with low angle grain boundaries
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(a) Upper region of the low angle grain boundary

(b) Lower region of the low angle grain boundary
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Fig. 6 Chemical etching topography of upper and lower
regions near low angle grain boundary
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Table 1 Comparison of etch pit density on (100) surface of
B-Ga,0; single crystal

Etch pit Crystal growth Etching Suggested in
densityx10%/cm > method solution reference
0.90,4.00 EFG KOH [23]
0.09,0.30 EFG H;PO4 [24]
About 0.02 VB KOH [25]
About 0.01 VB H;PO4 [26]
0.70-1.00 EFG KOH This work

EFG is edge-difined film-fed growth method; VB is vertical Bridgman
method.
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