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Abstract of Thesis

Development of techniques for characterization of extremely thin films is an important challenge in terahertz
(THz) science and applications. Spectroscopic measurements of materials on the nanometer scale or of atomic
layer thickness (2D materials) require a sufficient terahertz wave-matter interaction length, which is challenging
to achieve in conventional transmission geometry. Waveguide-based THz spectroscopy offers an alternative
method to overcome this problem. In this work, we investigate a new parallel-plate waveguide (PPWG) technique
for measuring dielectric properties of ultrathin conductive films, in which we mount the thin-film sample at the
center of the waveguide.

First, we describe in details the theory of THz wave propagation in parallel plate waveguide with conductive layer
located halfway between the plates. We have derived the dispersion equations for transverse magnetic (TM) and
transverse electric (TE) modes which are utilized for dielectric parameters extraction. The derivation of these
dispersion equations is the main theoretical contribution in PPWG approach in THz time domain spectroscopy
(TDS). We also extended the parameters extraction in case of single mode propagation to multimode propagation.
Second, we present the THz-TDS experimental system used during the realization of this work. The experimental
setup is a homemade system based on transmission type THz-TDS. The PPWG is incorporated into the
experimental system in a straightforward manner.

The THz-PPWG-TDS technique is first applied to a series of gold films exhibiting a thickness dependence
electromagnetic properties. This application aims to demonstrate the possibilities as well as the limitations of the
technique. In contrast to other waveguide methods, our approach enables comparison of the material response
with different electromagnetic field distribution without significantly changing the experimental setup. In
particular, we show that the TE mode offers a better sensitivity than TM mode for characterization of 2D
conductive materials.

The second application focus on probing low density carriers in a single atomic layer. Here, the sample used is
graphene which is a real 2D material. I demonstrate that a carrier density of ~2 x 10!! cm™2, which induces less
than 1% absorption in conventional THz transmission spectroscopy, exhibits ~30% absorption in this waveguide
geometry. The amount of absorption exponentially increases with both the sheet conductivity and the waveguide
length. Therefore, the minimum detectable conductivity of this method sensitively increases by simply increasing
the length of the waveguide along which the THz wave propagates, enabling us to detect low-conductivity carriers
in a straightforward, macroscopic configuration that is compatible with any standard time-domain THz
spectroscopy setup. These results are promising for further studies of charge carriers in a diverse range of

emerging 2D materials.
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