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Nanomechanical Properties of f-Ga,O3 with Different Crystal Planes

ZHOU Hai, SONG Fang, WEI Jiahui, LI Yongkang
(School of Mechanical Engineering, Yancheng Institute of Technology, Yancheng 224051, Jiangsu, China)

Abstract: In order to analyze the material removal mechanism in the precision machining process of the cleavable brittle gallium
oxide crystal, a diamond indenter was used in a model G200 nanoindenter to determine the nanomechanical properties of two main
crystal faces (100) and (010) of B-Ga,0s3, respectively. Based on the nanoindentation test, the crystal faces both have a "pop-in"
phenomenon. The first pop-in loads are 4.31 mN and 5.42 mN, respectively. Based on the variable load nanoscratch test and atomic
force microscopy, the crystal faces both have a “pile-up” phenomenon, and the plastic domain processing features appear in the

middle of the scratching process. The scratching depths of the crystal faces are 96.5-576.8 nm and 84.6—421.6 nm, respectively
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P —Indentation load; a —Contact radius of tip; # —Indentation depth of tip;
hs —Depth of indentation in the untouched tip portion of the material surface;
hy—Residual depth after unloading; 4. —Contact depth of material and tip;

@ —Semi-cone angle of tip.
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Fig. 1 Schematic diagram of the indentation unloading process
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Fig. 2 Indentation load—displacement curves of (100) and
(010) crystal planes
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Fig. 3

Partially enlarged view of the load—displacement

curves when the pop-in phenomenon first appears

=20

|
[
==

z axis/nm

-80
-100
-120

0

0.5 1.0 1.5 2.0 2.5
X axis/um

(b) Indentation section contour at 10 mN

15,0 um12.5 100 7:5 30 25

(c) 3D appearance of indentation at 100 mN

X axis/um

(d) Indentation section contour at 100 mN

K4 (100) R i) R 5 71 B AROE 3
Fig. 4 AFM images of the indentation of (100) plane
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Fig. 5 Curves of variable load scratch test and in situ images
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