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Table 1  Parameters of nano-scratch test 

Parameter Value 

Scratch crystal plane (100) 

Scratch distance/µm 360 

Scratch speed/µm·s

-1

 5 

Load rate/mN·µm

-1

 0.33 

Normal load/mN 0~100 

 

 

 

 

 

 

 

 

· 1  ?@ABC±E¸¹· 

Fig.1  Diagram of varied load nano-scratch experiment 
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· 2  45BCMNOP�¼½¾�· 

Fig.2  Scratch morphology and local amplification figure 
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Fig.3  Scratch depth-lateral displacement curves of the (100) 

crystal plane for monocrystalline germanium 
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· 4  45BC±EBCk.BCÀÁ�� 

Fig.4  Relationship between scratch force and lateral 

displacement in nano scrstch test 

 

 

 

 

 

 

 

 

· 5  a]^sµ.\]^sµÃÄÅÆÇV8È 

Fig.5  Comparison of broken atomic bonds of ductile mode 

cutting (a) and brittle mode cutting (b) 

 

 

 

 

 

 

 

 

 

· 6  45BC±EJp�VZÉ 

Fig.6  Distribution of cracks in nanometer scratch test 
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Fig.7  Relationship between scratch force and scratch depth:   

(a) tangential force and (b) normal force 

¿�R

2

îì¥ï 1�ð'<åßØÐ)âã�{ñ�

�����ÃA��·6�ª?���]ã��ò6¼

ï��·6é�g¨©ª·6�|NI�Óg¨©ª

R�F R

2

�ÍÏy¹�'G¿<åßØ�Ðâã�-

Û��ÃA��·6�ª?ÐÑ�ª�Fj|N"8

9¥¦�R®�g�uvP���ÃèéXY�`9

�Z[��*�R�����>? 9�xi½=

Ã"�=Ã�%áa9>?@Ø��j*�R�>?

@ØI {ñ�y¹0�A6B23` 

4 0.9681

v v

=3.888 10 ,   561]hhµ

−

× ∈���

              

A6B

 

���������	
�����

Arif �

[6]

G��#I éóôõ{|�®«�

{|���!�ö��GÔ��°Ô���>?�I

W��|N���÷ø"ê6`9�÷(kløMN

�j�eê6��ù��Ý�ú[��!¨©ªµ

¶·6��jI�}~éêë½§�����JK` 

GJK��}���
��Fj Berkovich 8

9"ÚN�¥¦� ()'�ÑÒÓ89^_���

`l8989ûÕ"|N¥¦�G¥¦�R���!

�ªÕ`89"|N�¥¦Üe0v 8 23�s� P

98�+:�h

v

98�·6�R989^_���`�

G7}�9 50 nm�a9!�¥¦�R�`�h

t

9!

�¥¦·6` 

CD Berkovich 89"����ab ��x

i1�A7BÍÏ89"|N!�¥¦�R��=ü�

�  A` 

2 2 2

t

π π[ ( ) ]A a R R h= = − −                  A7B 

Ej Hertz ¥¦¢à

[12]

�89�8�·6 h

v

��

å!�Üø E"�=+: P�h@01�A8B23`

G89"|N¥¦��R�Fj|N�!��$�8

9"|N�}~¥¦·6÷( h

t

=h

v

/2 

[12]

` 

1 2

3 3

v

9

( ) ( )

16

P

h

R E

= ⋅                         A8B 

 

 

 

 

 

 

 

 

 

� 8  Berkovich�����	������ 

Fig.8  Contact of Berkovich diamond indenter and 

workpiece surface 
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Fig.9  Berkovich indenter and its projection area in contact 

with the workpiece 
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Abstract: A varied load nano-scratching experiment was conducted for monocrystalline germanium using nano indentation apparatus with 

Berkovich indenter. The surface morphology of the groove was observed by SEM. It is found that there are three regimes in nano 

scratching process, i.e. the ductile regime, the brittle-ductile transition regime and the brittle regime, and the mechanical characteristics at 

each regime were analyzed. According to the theory of fracture mechanics, the first drop of tangential force was taken as the occurrence 

point of brittle-ductile transition, thus the critical load and critical depth for monocrystalline germanium were obtained, and the crack 

generation and propagation process were also analyzed. Non-linear fitting method was used to figure out relationship between normal 

force, tangential force, friction factor and scratch depth during nano-scratching process, and the calculation results of the correlation 

coefficient show that there is a strong correlation between scratch force and scratch depth. Based on the Hertzian contact theory, the critical 

elastic-plastic transition depth during the scratch process for monocrystalline germanium was calculated, and the value is 1.2 nm. Based on the 

critical load of brittle-ductile transition, an equation for characterizing the phenomenon was established, the results show that the transition 

depth is 561 nm. Therefore, a quantitative method for distinguishing different regimes of monocrystalline germanium is established. 

Key words: monocrystalline germanium; nano-scratching experiment; surface morphology; elastic-plastic transition; brittle-ductile transition 
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