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Abstract: B-Ga,0, is one of the ultra-wide band gap semiconductors and has broad prospects in electronic devices and

deep ultraviolet electronic devices. Mechanical properties of 8-Ga, 0, play an important role in the crystal growth, substrate

machining and device fabrication. In this paper, the deformation mechanism of B-Ga,0; at low and high temperatures are

reviewed, including the slip systems of dislocations with dominance of plastic deformation and cleavage fracture mechanism.

This review may help fully understanding the deformation behavior and mechanical mechanism of 8-Ga,0,, and providing

guidance for overcoming the problems related to deformation during B-Ga,O; growing, machining and application. The

removal mechanism and process exploration of 8-Ga, O, substrate machining, including the cutting, grinding and polishing,

are introduced in detail. The main problems in the machining process and the solving direction are discussed.
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Fig. 1  The conventional unit cell of monoclinic B-Ga, 05 ( the two in-

equivalent Ga sites (large spheres) and the three inequivalent O

sites ( smaller spheres) are indicated by different colors) (o]
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Table 1 A summary of slip systems and dislocation types of B-

Ga, O, reported in the literatures

Slip Burgers Dislocation Vector

plane vector type length/nm References
<010> Screw 0. 304 [32, 33]
(201} 1/2<112> Mixed 0.750  [32, 34, 35]
1/2<112> 0.750 [34, 35]
| <010> Edge 0. 304 [32]
ot <101> 1.473  [32, 34, 35]
<001> 0.580 [32, 35]
1310} 1/2<130> 0.762  [32, 34, 35]
1/2<132> 0.864  [32, 34, 35]
<001> 0.580 [32, 35]
(310)  1/2<130> 0.762  [32, 34, 35]
1/2<132> 0.864  [32, 34, 35]
{001} <100> 1.221 [34, 35]
{001} <010>  Screw or mixed  0.304  [33, 34, 36]
1102} <201> Edge 2.372 [34]
{100} <001> Edge 0. 580 [34]
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Fig.2 Cross-sectional TEM images of B8-Ga,0 deformed subsurface
under nanoscratch load of 0.2 mN (a) and indentation loads of

1 mN (b), 8 mN (¢) and 10 mN (d) !
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Fig. 3  Unit cell of monoclinic B-Ga,05(a) , the inequivalent Ga sites
are labeled ; tetrahedrally coordinated Ga(l) in green and octa-
hedrally coordinated Ga(1l) in purple, the (100) and (001)
surface cuts are depicted by black and blue dashed lines, re-
spectively; the (010) (b) and (501) (¢) surface cut( black
dashed line)
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Table 2 Bond-stretching force constants ( @y ) of different cation-anion bonds inB3-Ga, O, , the number of bonds needed to be broken and

the dangling-bond density ( py,) for different surfaces are also listed ™)

@, /(eVN/A%) (100)B (100) A (010) (201) (001)B (001) A
Ga( 1)-0(1) 13.4 0 0 0 0 0 4
Ga( 1)-0(1) 13.1 0 0 4 0 0 0
Ga( 1)-0() 10.5 0 0 0 2 0 0
Ga(l1)-0(1) 6.0 0 0 4 0 0 0
Ga( 11)-0( 1) 5.9 0 2 0 0 0 0
Ga( I1)-0( ) 3.5 2 0 4 0 8 0
pa/ (A7) 0.11 0.11 0.17 0. 09 0.22 0.11
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Fig. 4 Schematic diagram of slicing groove and the subsurface crack damage caused by diamond particles |
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Fig.5 Schematic diagram of cleavage plane distribution and cutting

direction of 8-Ga, 05(010) planemﬂ

[~ (010) plane
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