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Abstract

Future demand of advanced optoelectronic device for applications i.e. augmented
reality, bio-robots, photonic neural networks, automotive lighting and etc. have
aroused the researchers to work on ultra-wide band semiconductors materials that
also known as 4" gencration of semiconductor materials c.g. diamond, gallium ox-
ide, hexagonal boron nitride, arsenic oxide, and etc. Unique properties of ultra-wide
bandgap materials like high thermal stability, high breakdown clectric ficld, high
frequency tolerance, high chemical resistant capability facilitates the fabrication of
higher operating speed under harsh environment. Recently, attention has been paid
on deep ultraviolet to visible photodetection applications due to uses in different
fields i.e. chemical/ biological analysis, medical equipment sterilization, water pu-
rification, monitoring of combustion, missile tracking, secure short-range communi-
cation, space communication, solar irradiance measurement, ultraviolet astronomy
and etc. Photodetectors are optoelectronic devices which includes the transform an
optical signal into an electrical signal by involving the complex process of generation,

transportation, and recombination of electron-hole pairs.

This thesis delves the fabrication of ultra-wide band gap semiconductor het-
erostructures for optoelectronic device applications specially focused on photode-
tection applications. Synthesis techniques focused on flexible and cost-effective way
of gallium oxide and arsenic oxide for heterostructures. In recent years, gallium
oxide is the most focused ultra-wide band gap semiconductor for optoelectronic de-
vices/power devices whereas beta phase of gallium oxide is preferable due to its high
breakdown electric field, thermal and chemical stability, holds tremendous promise
for next-generation optoelectronic devices. Arsenic oxide is also a stable ultra-wide

band gap materials and have stability under high compression.

Firstly, discusses the synthesis of arsenic oxide microstrcutures as optical mate-
rials useful in ultraviolet and visible range. For synthesis electroless arsenic oxide
microstrcutures, chemical etching of GaAs (100) substrate by nitric acid has been ex-
plored as cost-effective approach. Number of polycrystalline octahedron microstruc-
ture on the surface increased with etching time with confirmed with structural and
morphological analyses. Chemical composition on surface reveals the different oxi-

dation state of arsenic present into microstructures. Static and dynamic nature of



electronic transitions studied using photoluminescence and time-resolved photolu-
minescence demonstrated the ultraviolet and blue emission with fluorescent nature

of arsenic oxide microstrcutures.

Gallium oxide is preferable choice to work in deep ultraviolet range or solar blind
photodetection. Heterostructure/heterointerface of beta-gallium oxide with differ-
ent semiconductors of appropriate band gap are valuable for broadband photode-
tection applications from deep ultraviolet to visible wavelength. In this direction,
gallium oxide nanostructures fabricated on gallium nitride using combination of
cost-effective way of chemical etching and thermal oxidation. Gallium oxide nanos-
tructures exhibits the polycrystalline nature with beta phase. Valance band spectra
disclosed the formation of an additional Ga(4s)-O(2p) hybridization energy state.
The time-resolved photoluminescence spectra of the samples demonstrated fluores-
cent transitions of charge carriers from excited state to ground state less than 1

nano-second average career lifetime.

Fabricated p — n junction configuration devices used to detect the deep ultravio-
let wavelength application. The beta-gallium oxide on silicon nanowires fabricated
using pulse laser deposition and chemical etching methods. Fabricated p — n junc-
tion configuration shows good photoresponsivity (~ 42 mA /W) for deep ultraviolet

wavelength with external voltage biasing.

For multi-wavelength detection within a single device, beta-gallium oxide — zinc
oxide nanowires heterostructures fabricated on silicon using pulse laser deposition
and chemical bath deposition. Heterostructures showed the multiple emission peaks
from deep ultraviolet to red wavelength that makes it a potential candidate for multi-
wavelength detection. The multi-wavelength response (222.85, 133.71 and 44.57
mA /W) of the heterostructure fabricated device is evaluated under three different

illuminations (266 nm, 355 nm and 532 nm) using ultraviolet and visible ranges.

The findings reported in this thesis provide the fabrication of ultra-wide band gap
semiconductor micro/nano nanodimensional heterostructures have great potential

for optoelectronic device applications.
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