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Fig.1 Schematic diagram of Cu film bridging domain model
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Fig.3 Evolution of friction force on scratch distance
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Fig.4 Evolution of deformation energy on scratch distance
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Fig. 7 Atomic configurations of scratching to 3.2 nm (a) and

3.8 nm (b)
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Fig. 8 Atomic configurations of scratching to 4.8 nm
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Fig. 9 Generation and emission of V shape dislocation during scratch stage C—E characterized by centrosymmetry parameter
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Multiscale simulation analysis of
nano-Cu scratch process with bridging domain method

GUI Jun-min, NI Yu-shan

(Department of Aeronautics and Astronautics, Fudan University, Shanghai 200433, China)

Abstract: The scratch process of nano-Cu film has been investigated by using Bridging domain method. The friction
force and system deformation energy vary with scratch distance in a similar trend, and there is a static-dynamic transition
point in the scratch process. The microstructural analysis shows that the restorable strain occurs locally in Cu film at
elastic stage, and then with the pile-up atoms in the front of indenter, the deformation of Cu film turns into plastic stage.
The stable multilayer slip and a slanting slip zone along [1,0,1] are captured under the indenter.The generation and
evolution of V shape dislocation in the slanting slip zone are analyzed via the centrosymmetry parameter, and the motion
of V shape dislocation plays a leading role in the deformation release at plastic stage. In addition, statistical analysis for
different dislocation atoms reveals that the development from partial dislocation to perfect dislocation leads to multiple
jumps in friction force. The strain contribution analysis shows that the proportion of dislocation slip is finally about 10%,
while twinning migration contributes less to the total strain, the proportion is finally about 2.5%.
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