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Fig. 1 Schematic diagram of experimental setup: (a) Nano-

indenter; (b) Schematic diagram of nano-scratching
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Table 1 Material parameters of single crystal germanium

Hardness,  Poisson’s Elastic modulus, Density,
H/GPa ratio, v E/GPa pl(g-em™)
7.644 0.3 155.14 5.765
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Fig.3 Overall morphologies of scratches under different scratching times: (a) Single scratch; (b) Double scratches
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Fig. 4 Local morphologies of scratches under different scratching times: (a), (b), (c) Single scratch; (d), (e), (f) Double scratches
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Fig. 5 Surface indentation depth curves of double scratches:

(a) First scratch; (b) Second scratch
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double scratches: (a) First scratch; (b) Second scratch
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Fig. 10 Normalized maximum principal stress at different scratch spacing: (a) Single scratch; (b) 1 um; (c) 2.5 um; (d) 5 um
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Removal mechanism and damage behavior of
single crystal germanium in double scratch test

YU Zheng, YANG Xiao-jing, ZHAO Lei, LIU Ning

(Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology,

Kunming 650500, China)

Abstract: The nano-indenter was used to conduct the double scratch experiment of single crystal germanium under
variable and constant load. Scanning electron microscope (SEM) was used to observe the scratch morphology of single
crystal germanium, and the scratch depth, residual depth, elastic recovery rate and friction coefficient were analyzed. Also,
the removal mechanism and damage behavior of single crystal germanium materials were revealed combined with the
double scratches stress field model. The results show that the material undergoes plastic deformation, ductile-brittle
transition and brittle fracture under the variable load scratching, the critical depth of the ductile-brittle transition of the
material under the double scratching reduces, and brittle removal is more likely to occur. The reduction of the scratch
interval in constant load scratching will lead to an increase of brittle fracture of the material, which results in the increase
of the fluctuation of scratch depth and residual depth curves during the second scratching, but the elastic recovery rate
does not change. The reason for these phenomena is that double scratching will promote the maximum principal stress of
the material near the scratch, and it increases as the scratch interval decreases, which will lead to the propagate and
interaction of cracks, and eventually severe brittle fracture occurs.

Key words: single crystal germanium; double scratching; stress analysis; removal mechanism; damage behavior
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