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Table 1  Scratch test parameters  

Scratch test parameters Value 

Scratch crystal plane (100), (110), (111) 

Scratch distance/µm 420 

Scratch velocity/µm·s

-1

 2, 5, 10, 20 

Rate of load change/mN·µm

-1

 0.33 

Load on sample/mN 0~100 
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Fig.1  Schematic diagram scratch process
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Fig.2  Scratch depth-scratch distance curves of different crystal planes: (a) (100), (b) (110), and (c) (111) 
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Fig.3  Scratch topography and local amplification figure of different planes: (a) (100), (b) (110), and (c) (111) 
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Table 2  Load range, critical load and critical depth of different 

scratch planes 

Crystal 

plane 

Stage�/ 

mN 

Stage�/ 

mN 

Critical 

load/mN 

Critical 

depth/nm 

(100) 0~37.6 37.6~100 37.6 594.7 

(110) 0~30.5 30.5~100 30.5 512.5 

(111) 0~32.4 32.4~100 32.4 536.6 
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Fig.4  Scratch depth-scratch distance curves of the (100) crystal plane with different scratch speeds: (a) 5 µm/s, (b) 10 µm/s, and (c) 20 µm/s 
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Fig.5  Scratch depth-scratch distance curves of the (100) crystal plane under different loads (10 µm/s): (a) 10 mN, (b) 30 mN, and (c) 50 mN 
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Fig.6  AFM scanning figures of the (100) crystal plane under different loads: (a) 10 mN, (b) 30 mN and (c) 50 mN 
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Fig.7  Nano-scratch scans under different loads 
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Experimental Research on Brittle-Ductile Transition of Single Crystal Germanium 

Based on Nano-Scratch 

 

Yang Xiaojing, Zhao Biao, Luo liang 

(Kunming University of Science and Technology, Kunming 650500, China) 

 

Abstract: In order to examine the brittle-ductile transition of single crystal germanium, nano-scratch experiments were conducted on 

(100), (110) and (111) crystal planes using nano-indenter, and the scratch morphology was observed by atomic force microscopy and 

scanning electron microscope. The critical load and critical depth of the brittle-ductile transition of each crystal plane were obtained by 

analyzing the scratch depth-scratch distance curve and the scratch morphology. The results show that single crystal germanium has strong 

anisotropy, the critical loads of brittle-ductile transition on the (100), (110) and (111) crystal planes are 37.6, 30.5 and 32.4 mN, and the 

critical depths are 594.7, 512.5 and 536.6 nm, respectively. The largest plastic removal and the latest brittle-ductile transition on the (100) 

crystal plane during the process of nano-scratch are due to its minimum hardness and deepest depth of brittle-ductile transition, and with 

the increase of scratch speed, the critical depth and critical load of brittle-ductile transition increase. The correctness of the critical load 

and the critical depth of the brittle-ductile transition is verified through constant load scratch test. 

Key words: single crystal germanium; anisotropy; scratch test; brittle-ductile transition; critical depth 
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