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Fig.1 Typical Raman spectroscopy of single crystal Si and Raman shift caused by stress
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Fig.4 Schematic of Raman mapping experiment (with a laser spot size of 2um and scanning interval of 1pm)
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Fig. 5 The raw data (black solid box) and fitting result (red line) of Raman frequency distribution in
the cross section of SiO; film-Si substrate (Sample A) along x axis (the error bars represent

the upper and lower limits deviated from the average Raman shift)
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Tab. 1 Zero-Stress Raman frequency of Si and residual stress of SiO, film
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Fig. 6 The raw data (black solid box) and fitting result (red line) of Raman frequency distribution in
the cross section of Au/SiO; film-Si substrate (Sample B) along x axis (the error bars represent

the upper and lower limits deviated from the average Raman shift)
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Fig. 7 Schematic of the stratification structure model in thermal-oxidation Si substrate
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Fig. 8 Distribution of FWHM of Raman spectroscopy at the edge of cross section in thermal-oxidation Si substrate
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Residual Stress Measurement and Analysis in Multilayer Film
Si- Substrate Structure by Micro-Raman Spectroscopy Technique

DENG Wei-lin', QIU Wei', JIAO Yong-zhe', ZHANG Qing-chuan®, KANG Yi-lan'
(1. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin University, Tianjin 300072, China; 2. Key Laboratory of
Mechanical Behavior and Design of Material of Chinese Academy of Sciences, University of Science and Technology of China, Hefei

230027, China)

Abstract: Aiming at residual stress in two typical multilayer film Si-substrate structures, micro-
Raman spectroscopy technique is proposed in this paper to measure the residual stress and analyse its
distribution in multilayer film Si-substrate structure. Experimental results show that significant
residual stress formed in processing exists in both Si-substrate and film. In Si-substrate, nonlinear
variation of residual stress appears at both sides near the film, whereas there is a linear variation of
residual stress in the internal region, which leads to a significantly overall warp of substrate. Based on
experimental analysis, a stratification structure model for multilayer film Si-substrate structure is
proposed. All above results show that micro-Raman spectroscopy technique is a powerful method to
investigate the residual stress of multilayer film Si-substrate structure.

Keywords: multilayer film; Si-substrate; residual stress; stratification structure model; micro-raman

spectroscopy



