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Experimental Study of Fracture Damage of Nanometric
Thin Film with Flexible Substrate and Transition Layer
Subjected to Biaxial Tension

CHEN Qian, LI Lin-an, WANG Shi-bin, WANG Zhi-yong, LI Chuan-wei, LI Rong-jian, LI Teng

(Mechanics Department, School of Mechanical Engineering., Tianjin University, Tianjin 300350, China)

Abstract: Mechanical properties of Soft Substrate Interlayer Film (SSIF) are very important to the
wide application of modern electronic components, and the study of its mechanical properties becomes
very urgent. In this paper, fracture damage of SSIF structure subjected to biaxial tensile load is
experimentally studied. Biaxial tensile experiment for different f{ilm structures deposited on 125 pm
polyimide was performed under different loading ratios. Crack evolution process and saturated crack
pattern were observed by means of optical microscope. Crack initiation angle in crack evolution was
analyzed theoretically based on the minimum strain energy density factor theory; the influence of
loading ratio and transition Poisson ratio on biaxial stress transfer ratio of each layer were analyzed by
finite element method; under the condition of different film structures and loading ratios, crack
evolution strain was compared. Experimental results show that under biaxial tensile load action,
cracks of thin film present mesh pattern distribution; crack evolution angle is related to loading ratio
and crack initiation angle. Critical strain of first-level crack initiation decreases with the decrease of
loading ratio; critical strain of the cracks except of first-level crackand saturated strain of each level
crack increase with the decrease of loading ratio. Under equivalent biaxial tension, the critical strain
of the first-level cracks in the SSIF structure with the same film thickness but different film structures
is basically consistent, however, the critical strain of the cracks except of first-level crack presents
significant different.

Keywords: biaxial tension;thin film; flexible substrate; transition layer; crack



