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Abstract of Thesis

In recent years, the application of THz technology in biotechnology has garnered significant attention due to
its unique ability to probe biological systems in a non-destructive, label-free, and highly sensitive manner. One of
the most important attributes of THz waves is their sensitivity to water, a key component in all biological
systems. THz waves can be used to detect hydrogen dynamics and structural changes in biomolecules, such as
proteins, DNA, and lipids. These interactions provide valuable insights into biological processes at the molecular
level. THz spectroscopy has proven to be a powerful tool for identifying and characterizing biomolecules based on
their unique vibrational and rotational signatures. This capability has been applied in areas such as the detection
of DNA hybridization, monitoring protein conformational changes, and studying lipid bilayers. Additionally, THz
imaging techniques have opened new possibilities for non-invasive and high-resolution biomedical imaging. By
exploring the differential absorption of THz radiation by water and other biomolecules, THz imaging can be used
to visualize tissues, detect tumors, and monitor wound healing processes. One of the most promising aspects of
THz technology in biotechnology is its potential for real-time, in vivo analysis. Unlike traditional techniques that
require extensive sample preparation, THz technology can analyze biological tissues in their natural state,
reducing sample handling and preserving their integrity. Moreover, it offers the advantages of non-ionizing
radiation, ensuring safety during repeated measurements, which is particularly important in clinical and
diagnostic applications. In addition, the development of metamaterial-based THz biosensors has further
expanded the scope of THz applications in biotechnology. These sensors enhance sensitivity and enable trace
detection of biological molecules, even in complex environments. For example, metamaterial-based sensors have
been demonstrated to detect DNA concentrations, protein markers, and other biomolecules through resonance
frequency shifts. In conclusion, the integration of THz technology into the field of biotechnology is transforming
the way biological systems are studied and analyzed.

This study focuses on developing compact meta-atom-based THz sensor chips for liquid biological solutions
and achieving high-resolution two-dimensional (2D) and three-dimensional (3D) THz imaging for biological
tissues utilizing a near-field point THz source. This thesis conducted a series of related works, which are divided
into five chapters, and the main points of each chapter are briefly explained below.

Chapter 1 gave a brief introduction of THz bioscience and biotechnology, including the remarkable
advancements and the remaining problems and challenges.

Chapter 2 described the THz generation and detection techniques and the near-field point THz source
measurement system, which were used in this study.

Chapter 3 illustrated reflective THz meta-sensors with a few arrays of symmetric and asymmetric
meta-structures operating in the reflection mode to achieve easy, rapid, and trace-amount measurement for liquid
biological samples.

Chapter 4 exhibited the high spatial resolution 2D imaging and 3D reconstruction for a mouse cochlea by
using an unsupervised k-means clustering algorithm.

Chapter 5 offered a comprehensive summary of the study's results presented throughout the thesis.
Additionally, it provided valuable perspectives and insights for future research endeavors in the field of THz

bio-applications.
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