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Extended application of wide spectrum Mueller matrix ellipsometry

FANG Huiwen, YANG Jinhong™ , ZHANG Meijuan, HE Shengnan, WANG Weihua
(Institute of Material Science and Information Technology, Anhui University, Hefei 230601, China)

Abstract: In order to overcome the deficiency that the measurement function of the existing spectral Mueller matrix
ellipsometer had been fixed and could not measure more physical quantities according to the experimental requirements, a new
scheme was proposed to measure more physical parameters by combining multi-physical field optical simulation and wide-spectrum
Mueller matrix ellipsometry measurement data. Taking film thickness measurement as an example, by comparing the matching
degree of Mueller matrix obtained by the measured values of an ellipsometer and the simulated values of silicon dioxide films with
different thicknesses and at different incident angles on a silicon substrate, the thickness value of the silica film with the smallest
relative mean square error was obtained. The results show that the thickness of the film is in good agreement with the measured

values. This study validates the feasibility and effectiveness of the combined method of spectral Muller matrix ellipsometry

measurement and simulation.
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film system
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Fig. 6 Comparison of M, , M;; and M5, experimental and simulation data

at 75° incident angle
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Table 1 eygp of experimental and simulation data of M,, My; and My, at

different incident angles

incident angle My, M3 M,
55° 1.61x107* 4.45x107° 9.32x107°
65° 8.91x10™* 1.47x107* 1.79%x107°
75° 1.11x107™* 7.54x107* 4.14x107°
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Fig.7 M,,, My; and M5, experimental data of 121. 8 nm SiO, film at dif-
ferent incident angles
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Table 2 Experimental measurements of eyg;; values of 15.0 nm SiO, films on

Si substrate with different thickness simulations of My, My; My,

thickness M, M3 My,
15.0 nm Si0, 2.62x107° 2.11x107* 4.25%107
16.4 nm Si0, 3.26x107° 7.29%x107° 3.79%x107°
16.5 nm Si0, 3.31x107° 7.07%x107° 4.26%x107°
16. 6 nm SiO, 3.41x107° 6.46x107° 5.16x107°

F3  Si LT 100. 0 nm Si0, H LM I 5 AN R R BT B M, |
My My 1 ey 8
Table 3 Experimental measurements of ey, values of 100.0 nm SiO, films on

Si substrate with different thickness simulations of My, , M3, My,

thickness M, M, M,
100. 0 nm Si0, 1.16x1072 2.12x107? 1.81x1072
105. 1 nm Si0, 2.89x107* 1.10x10™ 3.96x107°
105.2 nm Si0, 2.83x107* 9.87x107° 4.59%107°
105. 3 nm Si0, 2.85x107° 8.80x107° 6.62x107°

F 4 Si LT L 340.0 nm Si0, HMEIZIM I 5 AN R R BT B M, |
My3 My, B eMSE fH
Table 4 Experimental measurements of ey, values of 340. 0 nm SiO, films

on Si substrate with different thickness simulations of M,, M;;,

My,
thickness M, M, M,
340.1 nm SiO, 3.23x107* 5.62x107* 1.40x107?
340. 0 nm Si0, 3.13x107* 5.60x107™ 1.40x107°
339.9 nm Si0, 3.20x107* 5.66x107* 1.40x1073
340. 6 nm Si0, 3.67x107* 5.59x107* 1.46x107°
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Fig.9 Comparison between M,,, M; and M5, of 15.0 nm SiO, on Si sub-
strate and the simulated 16. 5 nm SiO,
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