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Abstract

The terahertz (THz) technology has been experienced rapid advancement in numerous potential
applications in the last few years. This includes imaging, communication, material
spectroscopy, security, and the bio-medical field. The THz devices and other components
operating in the related frequency range are a prerequisite to harness the full potential of THz
waves. The current state-of-the-art detectors such as Schottky diodes, field-effect transistors,
photoconductive antennas show limited performance in terms of responsivity, bandwidth, and
sensitivity. On the other side, the requirement of high modulation depth under low pumping
power, broad-band frequency response, high speed, and small insertion losses is driving
research to achieve effective modulation in optically controlled THz modulators. To address
these aforementioned limitations, the thesis focuses on developing room temperature-operated
detectors and modulators working in the THz frequency band. The THz modulators and
detectors based on low-dimensional silicon (silicon nanowire) and layered transition metal
dichalcogenides (TMDs) are addressed.

In the first part of the thesis, the single silicon nanowire (NW) based junctionless field-
effect transistor (FET) has been demonstrated as a THz detector. The maximum responsivity
is observed around 0.425 THz, with a peak value of 468 V/W. The complementary metal-
oxide-semiconductor compatibility, ease of integration on chips, possibility to realize multiple
pixel arrays, and scalability to higher frequencies make these devices promising for THz
electronics. Further, another class of THz detector employing type-Il topological Dirac
semimetal Platinum telluride (PtTe2) has been manifested in the 0.1-1.5 THz frequency range.
The maximum responsivity of 23.6 A/W is obtained at 0.2 THz on account of the photo-
galvanic effect. These detectors have promising properties, i.e., broadband response, zero-
biased operation, high and linear responsivity compared to existing devices.

In the next part of this thesis, the broadband optical THz modulators based on the new
class of TMDs such as Platinum diselenide (PtSe;), Tantalum disulfide (TaS:), and
Molybdenum disulfide (MoS.) have been demonstrated. The TMDs materials are grown on the
silicon substrate by direct sulfurization/selenization of the different sputtered metal films. The
TMDs have been incorporated in the optical-controlled semiconductor-based THz modulators
to improve modulation efficiency in modulation depth (~ 80%) and speed (response time in
microseconds). The high modulation depth (at low pumping power) and speed, inexpensive
and straightforward fabrication process, broad frequency response (0.1-1 THz), and small
insertion losses are the key attributes of these presented optical THz modulators. This work
unfolds possibilities for utilizing different layered TMDs in THz imaging, wireless
communication, spectroscopy, and security systems.
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