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Study on optical thin film parameters measurement method

Li Kaipeng, Wang Duoshu, Li Chen, Wang Jizhou, Dong Maojin, Zhang Ling

(Science and Technology on Surface Engineering Laboratory, Lanzhou Institute of Space Technology and Physics,
Lanzhou 730000, China)

Abstract: Studying more precise and efficient measuring-method for determining optical parameters of
thin films plays a guiding role in improving design and optimizing preparation process of optical thin
films. Several traditional measuring-methods were introduced briefly in this paper, and a new measuring-
method was deduced combined envelope with the full spectrum inversion method fitting. In this method,
optical parameters of a single layer were calculated approximately with envelope method, and according
to the results, the upper and lower limits of the optical parameters were estimated for the full spectrum
inversion method fitting firstly. Then, the physical model of the new method was established. After that,
the optical parameters of thin films were solved by choosing a comprehensive optimization algorithm.
Finally, the validity of the new method was validated through measuring of TiO,. SiO, single-layer and
G |0.5HLHLO.5H |A (H -TiO,, L -SiO,) multilayer. Besides, the measurement accuracy, efficiency and
stability of the new method were also analyzed.
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Tab.1 Measuring thin film optical parameters of the 500 nm TiO, and SiO, sample in different ways

TiO;,

SiO;,

Envelope-full spectral fitting

Envelope-full spectral fitting

Number Envelope method inversion method Envelope method inversion method

t/s d/mm 510 §x10% Us d/mm 510 §x10° t/s  d/mm n kx10® t/s  d/mm n kx107

1 20 507.38 0.32 0.38 42 500.84 0.15 0.12 20 508.73 1.50 0.02 35 499.33 1.46 0

2 15 506.62 0.29 0.30 38 500.68 0.12 0.20 15 508.87 1.48 0 60 502.18 1.47 0

3 16 506.80 0.31 0.42 39 501.39 0.09 0.23 16 506.65 1.46 0 30 498.76 1.45 0

4 13  507.69 0.40 0.37 45 498.89 0.20 0.10 13 508.408 1.50 0.01 55 500.84 1.46 0

5 10 508.33 0.55 0.22 60 499.01 0.18 0.21 10 510.25 1.51 0.05 48 501.25 1.44 0
d=507.36 5,=7.36 d=500.16 5,=0.16 d=508.60 5;=8.60 d=500.47 5;=0.47
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Fig.2 Extinction coefficient changing depend wavelength
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Tab.2 Measuring thin film optical parameters of G|0.5HLHLO.5H|A sample with full spectral fitting

inversion method used

Wavelength/nm 450 550 700 900
Optical thin film parameters n kx10® d/mm n kx10® d/mm n kx10® d/mm n kx10® d/mm
Layerl TiO, 2.48 1.50 24.55 2.40 0.66 24.25 2.25 0.21 24.74 2.20 0.08 27.88
Layer2 SiO, 1.47 0 80.97 1.42 0 85.86 1.49 0 84.58 1.48 0 80.65
Layer3 TiO, 2.46 1.22 57.28 2.35 0.23 56.55 2.22 0.25 54.70 2.20 0.1 54.42
Layer4 SiO, 1.48 0 86.01 1.46 0 83.10 1.47 0 82.70 1.46 0 83.38
Layer5 TiO, 2.45 1.37 24.76 2.38 0.35 25.07 2.23 0.38 24.15 2.21 0.06 22.07

R3 BRE-2XEMERREAEFEMNE G|0.5HLHLO.SH|A R RHISEFHIRSH
Tab.3 Measuring thin film optical parameters of G|0.5HLHLO.5H|A sample with envelope-full spectral

fitting inversion method used

Wavelength/nm 450 550 700 900
Optical thin film parameters n kx10® d/mm n kx10® d/mm n kx10® d/mm n kx10® d/mm
Layerl TiO, 2.43 1.21 27.01 2.37 0.45 26.65 2.26 0.22 26.66 2.22 0 26.64
Layer2 SiO, 1.46 0 86.39 1.45 0 88.19 1.45 0 87.94 1.46 0 87.38
Layer3 TiO, 2.45 1.25 54.55 2.35 0.55 54.79 2.25 0.18 54.80 2.24 0 53.78
Layer4 SiO, 1.44 0 86.28 1.46 0 87.13 1.47 0 87.39 1.46 0 86.44
Layer5 TiO, 2.42 1.17 26.76 2.34 0.36 26.63 2.27 0.13 27.58 2.25 0 26.63
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Fig.3 Measuring spectra of films in different methods
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