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Fig. 1 Schematic diagram of circularly polarized optical path dark field
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Tab.1 Mechanical parameters of polyimide film used in the experiment

THA L PR/ GPa HIEIES JE & /mm

0. 37 2.914 1. 695 0.125
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Tab. 2 Mechanical parameters of Cu film used in the experiment
HEL /N WYL/ GPa Pr i JEEBE /nm
0. 37 80 0. 80 100
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Fig. 3 Sketch map of specimen: (a)polyimide substrate; (b) film-substrate structure
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Fig. 4 Image of substrate under different loads
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Fig.5 Image of film-substrate structures under different loads
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Fig. 6 The fitting curve of stress and grayscale of substrate
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Fig. 7 The fitting curve of stress and grayscale of film-substrate structures
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Study on stress optic coefficient measurement
of flexible membrane based structures

XING Wenhui', WU Zhipeng?, SUN Xin', WANG Zhiyong'

(1. Department of Mechanical, Tianjin University, Tianjin 300350, China;

2. Institute of Optoelectronic Technology, Chinese Academy of Sciences, Chengdu 610041, Sichuan, China)

Abstract: Flexible membrane-based structures have the advantages of lightness, foldability,
portability, etc. , and have broad application prospects in many f{rontier fields. In comparison to
traditional rigid structures, flexible membrane-based structures are more likely to generate internal
stress and reduce the stability of components during fabrication and subsequent use, thus making
stress measurement of membrane-based structures is of great significance. This paper designs and
constructs a photoelastic experimental optical path under circularly polarized light field, and records
the photoelastic images of substrate and membrane base structures under various stresses, based on
the principle of photoelasticity. The periodic brightening and dimming of a photoelastic image with
stress can be fitted using a trigonometric function. This established model of image brightness and
principal stress was then used to calculate the stress optical coefficients of the polyimide substrate and
copper film, thus confirming that copper films possess a stress optical effect and that the stress optical
coefficient of nanoscale metal films can be measured using a transmission method.

Keywords: film-substrate structure; photo-elasticity; stress optical effect; internal stress



