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Abstract: Due to the influence of interface lattice mismatch, nano metal multilayers with different interface structures

can be prepared in the alternate deposition process. However, the difference of interface structure often has an extremely
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important influence on the mechanical properties of nano indentation. Therefore, in this paper, the significant difference
of mechanical properties between Cu based Ni film and Ni based Cu film semi-coherent interface structure was
analyzed, and the interaction law of interface structure and dislocation induced by indentation was revealed. It was found
that the different interface structures in the Cu/Ni bilayer film significantly affected the mechanical properties of the
material. Among them, the existence of the semi-coherent interface of the Cu/Ni bilayer film can repel the movable
dislocations produced in the indentation by the mismatched dislocation network on the semi-coherent interface of the Cu
based Ni film, and so it was advantageous for the dislocation to penetrate the semi-coherent region into the copper film,
which can be turned into strengthening effect externally.The mismatch dislocation network on the semi-coherent
interface of Ni based Cu film had an attractive effect on the movable dislocations produced in the indentation, so that the
dislocation was prevented from penetrating the semi-coherent region into the nickel film, which was shown as softening
effect externally and can enhance the toughness of the material. In addition, the theoretical formula of mirror force
between different moduli proposed by Koehler can be used to describe the significant difference. The research results

will play a very practical guiding significance and theoretical reference value for the application of nano multilayers as

341 %

coatings in MEMS, surface protection and wear resistance of marine equipment, acrospace and other fields.
Key words: Cu/Ni multilayers; semi-interface; nano-indentation; molecular dynamics; dislocation loop
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Fig. 1 Nano-indentation model of Cu-Ni bilayer film: (a) Cu based Ni film, (b) Ni based Cu film
(c) single crystal Cu, (d) single crystal Ni
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Interface D/eV A/(m’") ro/nm
C-Ni 1.009 4 19.875 0.256
C-Cu 0.087 17.0 0.22
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Fig. 2 Semi-coherent interface structure of Cu-Ni bilayer film: (a) semi-coherent interface of Cu based Ni film; (b) semi-coherent
interface of Ni based Cu film
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Fig. 5 Micro-structure evolution for single crystal Cu and single crystal Ni substrate during nano-indentation: (a,c,e) evolution

process of single crystal Cu; (b,d,f) evolution process of single crystal Ni
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Fig. 6 Structure evolution of prismatic dislocation ring during nano-indentation for (a) single crystal
copper and (b) single crystal nickel
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(a) Cu based Ni film semi-coherent interface
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Fig. 7 Semi-coherent interface morphology on X-Y plane: (a) Cu based Ni film semi-coherent interface;
(b) Ni based Cu film semi coherent interface
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Fig. 8 Micro-structure evolution for semi-coherent interface for Cu-Ni bilayer film (4=1.25, 2, 3 nm): (a,c,e) semi-coherent
interface of Cu based Ni film; (b,d,f) semi-coherent interface of Ni based Cu film
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