Abstract

The electromagnetic waves at terahertz (THz) frequencies exhibit unique properties due to
peculiar radiation-matter interaction in this frequency range. These properties of THz waves
have enabled a large number of important applications both in fundamental research and
industry, such as spectroscopy, the study of ultrafast phenomenon, terabit communication, non-
destructive testing, biomedical diagnosis, quality control in the agri-food industry, and many

more.

The applicability of THz waves has been demonstrated mostly in laboratory environments
where an active control of temperature, humidity, and acoustic vibration isolation is
implemented. The material to be studied is brought to the lab for analysis, which restricts the
usability of THz-based studies outside such a controlled environment. Furthermore, many of
the applications of THz waves involve imaging modalities for analysis. The imaging resolution,
however, is inferior owing to the large wavelengths of THz range of frequencies (A=300 um at
1 THz). This thesis attempts to address these challenges by rigorously studying THz free-space
optics and developing various optomechanical designs for THz optical devices and imaging

techniques.

The thesis reports the design and development of different portable devices for THz
measurements that are capable of being used for handheld operation. The presented devices
have been shown to exhibit a long working distance (50 cm) for standoff sensing, wide
bandwidth (up to 3.5 THz) for proximal spectroscopic sensing, along with a low weight profile
and smaller footprints. Crucial applications of these devices are demonstrated in exemplary
studies of hydration sensing, surface roughness measurement, interface detection in

multilayered materials, and spectroscopic identification of hidden materials.



Further, the thesis also presents a THz-based imaging setup. The setup aims to utilize field
confinement from a waveguide structure to construct a THz imaging system. The imaging
configuration employs the near field at the output end of a hollow-core metal waveguide
(HCMWG) for imaging purposes. The configuration demonstrates the ability to attain sub-
wavelength resolution (0.8)) in a transmission imaging scheme. Moreover, the high-resolution

capability attained by waveguide-based configuration is integrated with handheld functionality.



