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Uncertainty analysis of optical parameters extraction based on terahertz
time-domain reflection spectroscopy
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Abstract: In recent years, calculating the optical parameters of materials by using terahertz
technology has become the key research in various fields. However, due to the disadvantages of the
terahertz system and parameter extraction process, the accuracy of the optical parameters is far from ideal.
To improve the accuracy, an overall uncertainty analysis for the Terahertz Time-Domain Reflection
Spectroscopy(THz-TDS) is performed. Firstly, seven error sources of optical parameters(the refractive
index and extinction coefficient) based on terahertz time-domain reflection spectroscopy are analyzed and
then the models of uncertainty of refractive index and extinction coefficient are established, respectively.
Secondly, the various error factors of refractive index and extinction coefficient of the polycrystalline
glucose sample are analyzed. Their proportions in the combined uncertainty are estimated from 0.2 THz to
2.0 THz in order to assess their contributions to the uncertainty. The results show that the largest
influence on the refractive index is the random error of sample thickness measurement with a proportion of
80%. The largest influence on the extinction coefficient is the transfer function approximation with a
proportion of 99%. Finally, some suggestions for reducing the uncertainty of the refractive index and
extinction coefficient are proposed such as using the self-reference method for extracting the optical
parameters, using intelligent algorithm for optimizing sample thickness and optical parameters, and
correcting the Fabry—Perot effect.
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Fig.1 Intrinsic phase-shift variance of the refractive index (a) and the extinction coefficient (b)
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Fig.3 Combined uncertainty of the refractive index (a) and the extinction coefficient (b) of the polycrystalline glucose sample
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Fig.4 Each error of the refractive index (a) and the extinction coefficient (b)
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Fig.5 Proportion of each error in total error: (a) the refractive index; (b) the extinction coefficient
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