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Finite element analysis and experimental verification of surface instability
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Abstract: In this work, finite element analysis on the surface instability process of a film-substrate system
with the sinusoidal surface structures is systematically carried out by using ABAQUS finite element
software. The effects of the elements on surface instability morphology., including ratio of amplitude to
wavelength of the sinusoidal structure, the modulus ratio of film to substrate, the film thickness and the
pre-stretched deformation, are discussed. The results show that the modulus ratio and the film thickness
have considerable influence on the wavelength of the film surface instability. The ratio of amplitude to

wavelength of the sinusoidal structure plays a significant role in differentiating the instability wavelength at
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the peak and trough of the sinusoidal structure. Means to control the instability morphology of the film-
substrate systems by various combinations of the above parameters are proposed. Compared with the
experimental results, the reliability of the numerical simulation method is qualitatively verified. The
research work is of reference value for exploring the instability of thin films with complex surface
structures.

Keywords: instability morphology; film-substrate system; sinusoidal surface structure; finite

element analysis
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Fig. 1 Schematic diagram of a film-soft substrate system with a sinusoidal structure
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Fig. 2 When A =0.25 mm, h=0.05 mm, §=0.2, the instability of the sinusoidal film changes with the

film-substrate modulus ratio
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Fig. 3 When A=0.25 mm, £=0.05 mm, =280, the instability of the sinusoidal film

changes with the pre-stretch deformation
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Fig. 4 When A=0.25 mm, n=80, £=0.2, the instability of the sinusoidal film

changes with the thickness of the film
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Fig. 5 When h=0.25 mm, =80, £=0.2, the instability of the sinusoidal film changes with the

amplitude of the sinusoidal surface structure
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Fig. 6 When #=0.05 mm, £=0.2, the instability morphology of the planar film-based system
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Fig. 7 Variation of the instability wavelength of film-substrate system of flat

surface with the film thickness when £ =0.2, =80
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Fig. 11 Preparation method of differential instability at the peak and trough positions of a sinusoidal structure
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Fig. 12 SEM images of the instability of the peak and trough positions of long sinusoidal samples at different irradiation times
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