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Abstract of Thesis

As communication technologies advance rapidly, the demand for higher frequencies becomes more critical.
The anticipated arrival of 6G technology marks a significant milestone, as it integrates terahertz (THz)
frequencies into its framework, setting a new standard for high-frequency applications. This shift to THz
ranges necessitates the development of specialized devices, which in turn rely on substrates possessing
optimal properties for effective functionality. At the forefront of scientific exploration in this THz-domain is
Terahertz Time-Domain Spectroscopy (THz-TDS). This technique, bridging the conventional microwave
methods and far-infrared optical approaches, plays a pivotal role in the study of materials suited for THz
technology. Unlike traditional methods, THz-TDS excels in non-destructively probing the electrical and
optical properties of various materials, including semiconductors, dielectrics, and notably insulators—where
conventional electrical measurements often fall short. This dissertation investigates the application of
Terahertz Time-Domain Spectroscopy (THz-TDS) to assess the properties of oxide substrates crucial for
advancing 6G technologies. It focuses on the temperature-dependent optical constants, phonon dynamics, and
carrier behaviors of materials such as magnesium oxide (MgO), titanium dioxide (TiO2), garnet dielectrics
(GdsGas012, Y3Al5012, and substituted GGG), and gallium oxide (B-Ga20s3). By employing both THz-TDS and
Fourier-transform infrared spectroscopy (FT-IR) under various thermal conditions, the study provides
significant insights into material behaviors at high frequencies, confirming the efficacy of THz-TDS for non-
destructive material evaluation and its superiority over traditional methods like FT-IR, which require
cryogenic cooling. The results enhance our understanding of substrate properties affecting high-frequency
device performance, contributing to the development of technologies integral to 6G communications. The
construction of this dissertation is illustrated as below: Chapter 1 gives a general introduction of Terahertz
science and the importance of oxide substrates especially in high-frequency devices. Chapter 2 outlines THz
generation and detection principles, introducing the data analysis techniques and theoretical models
employed, such as the Drude and Lorentz oscillator models. A case study on magnesium oxide (MgO)
concludes this chapter. Chapter 3 presents findings on titanium oxide (TiO2), focusing on its temperature-
dependent refractive indices derived from THz-TDS and FT-IR measurements. The limitations of FT-IR in
stability underline the significance of developing a transmissive THz-TDS setup for broadband applications.
Chapter 4 discusses the evaluation of garnet dielectrics including GdsGas012 (GGG), Y3Al5012 (YAG), and
substituted GGG (SGGG), from 80 to 500 K. This chapter details the use of THz-TDS and FT-IR
measurements alongside theoretical calculations to explore temperature-dependent phonon behaviors and
the effects of substitution on optical constants and electronic properties. Chapter 5 examines Gallium oxide
(B-Ga20s3), focusing on its anisotropic properties assessed via THz-TDS. Both unintentionally doped and iron-
doped samples are analyzed for their temperature-dependent conductivity and carrier behaviors using Drude
and Drude-Smith models, complemented by Lorentz oscillator modeling to explore phonon behaviors. Chapter
6 concludes the thesis by summarizing the key findings and underscoring the contributions of this research
to the field of materials evaluation using THz-TDS.
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