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Study on GaAs scratching damage process based on SPH-FEM
conversion algorithm

HUANG Penghui, JIANG Chen, GAO Rui, JIANG Jinxin
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In order to further improve the manufacturing quality of semiconductor laser bars and
improve the scratching damage during cleavage processing, the SPH-FEM conversion algorithm was
used to study the effects of scratching speed and load on the scratching damage of single crystal gallium
arsenide (gallium arsenide, GaAs). The anisotropic mechanical characteristic parameters of GaAs {100}
crystal plane<110>crystal orientation was calculated based on the generalized Hooke's law. The SPH-
FEM conversion algorithm was used to simulate the diamond cutting experiment. The finite element
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damaged in the scratching process was converted into particles, and the motion trajectory of the

damaged particles under the action of the cutter head was studied to determine the damage process of

the scratching. The results showed that this method can effectively solve the calculation error problem

caused by grid distortion in the large deformation area of traditional finite element methods, revealing

the influence of different processing parameters on the scratching damage of gallium arsenide materials,

and it had been experimentally verified. This provided a new viewpoint and approach for the scratching

damage process of brittle materials.

Keywords: GaAs; anisotropic; Hooke’ s law; scratching damage; SPH-FEM conversion algorithm
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Fig.3 Simulation model of scratching
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Tab.1 Scratching depth under the applied load of the cutter
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Fig.4 Mechanical characteristic parameters of GaAs



% 3 1

WM, 4. FTF SPH-FEM 380k i mh Ak a5 ) #4051 R 9T 305

[ I b, AR R R P B 2 B S A AR
R, HAEBUXTFRME . <110 i 72 A9 # s
HHVAM LA 98 141.2 GPa F1 0.19, 3545 36
B {100} ST Y 35 VIAR 5 59.4 GPa.

T3 3k 5 AL BB R B4 4 B 2 i L 7 21
Jee 38

x2 £RIATNLEITGHRYENFERE
Tab.2 Physical and mechanical properties of diamond cutter

head and workpiece materials

#Fk WEAgmm©)  PEEE/GPa  IAKAH  BTUIER/GPa
T3k 3.50x10"° 9.64x10° 0.07 —
T 5.32x10° 141.26 0.19 59.4

F3 IR HIC AERSH
HJC constitutive model parameters of workpiece
materials
BfE ARSI I bRfERRIE Wil e
A WRRE KR BRERE HUEE BUGE
0.93 0.088 0.77 0.003 0.35 0.04 1

Tab.3

BiAE%

1.3 hREH

U7 HJE A WA T0 3k 9 5 B AL B TR A R
<H10>Fh a4l o, PR 2R R 1Sk i A
CBR T3 7 7 10 ) T 2 5, XA A B50pT R &1 42
AR BT f B 5 5 T 2B 80N 4 Pk .

F4 MUBREIRFHTENMIETIZSH
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Tab.5 Simulation scratching parameters for the effect of load
on damage morphology
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Tab.6 Simulation scratching parameters for the effect of
speed on damage morphology
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