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Development of Method to Determine Complex Refractive Index of Anisotropic Material Using

Polarization-sensitive Dual-comb Spectroscopy

Thesis Summary

Dual-comb spectroscopy (DCS) is an emerging technique which works by combining two optical
frequency combs (OFCs) with slightly different repetition rates. Using DCS, amplitude and phase of light
in the optical frequency region (~100 THz) are down-converted to the radio frequency region (~10 MHz),
which are easier to observe. As DCS has many of the remarkable features of OFCs such as extremely
high frequency accuracy and high frequency resolution, DCS is often used for precise molecular
spectroscopy. In addition, the ability to measure both amplitude and phase of light makes it possible to
determine complex refractive index and dielectric constant of material from transmittance and phase
shift induced by the sample. Indeed, there have been a few attempts to apply DCS for solid-state
spectroscopy such as the determination of group refractive index and thickness of thin film.

Most materials have anisotropic optical property. Therefore, precise information about the anisotropy in
the complex refractive index is indispensable for our better understanding of their optical responses. As
the polarization measurement is a powerful solution in that regard, method to measure polarization using
DCS is necessary for the application of DCS to precise material estimation. However, there have been
few reports on simultaneous and precise measurement of amplitude, phase, and polarization of light and
the determination of anisotropy using DCS.

In my doctorate dissertation, in order to make a bridge between DCS and precise material
investigation, firstly | developed a method to measure amplitude, phase, and polarization of light using
DCS. Secondly, | derived transmittance, phase shift, and change in polarization state with and without
the sample from the experimental data. Finally, | developed an analytical method to determine
anisotropic complex refractive index. In Chapter 3, | combined conventional rotating compensator
polarimetry and DCS, and developed a method to measure amplitude, phase, and polarization of light.
However, the experimental configuration do not allow to measure phase shift induced by the sample. In
Chapter 4, | used the electro-optic modulator and changed the experimental configuration. Using this
method, | successfully determined the phase shift in addition to the transmittance and change in
polarization state with and without the sample. As a result, | successfully determined the anisotropic
complex refractive index under the assumption that the sample does not have dispersion.

In Chapter 5 for a future perspective, | determined the complex refractive index of dispersive media
using DCS. The range of phase obtained by DCS is [0,27), but the phase shift induced by the sample is
generally larger than 2 =. Thus, the value of phase obtained from DCS contains the ambiguity of the
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integer multiple of 2 = . This ambiguity is a critical problem for one to determine the complex refractive
index. In this chapter, | solved this problem and successfully determined the complex refractive index of
dispersive media.

This research is a bridge between dual-comb spectroscopy and precise material investigation. This
research will serve as the basic technology for the precise determination of complex refractive index and

dielectric function of materials.
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