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ABSTRACT

The understanding and application of photodetectors and photoelectrochemical water splitting promote
the growth and evolution of society. Despite being a century old, standard silicon-based photovoltaic
detection technology has reached a limit in its operational wavelength, responsivity, and speed. The
manufacturing of silicon-based semiconductors is almost at the limit of Moore's Law. There is a critical
need for commercially viable, environmentally friendly, sustainable, and renewable energy sources with
photoresponse over a wider UV-Visible wavelength range because of the world's alarmingly rising energy
demands and the fast depletion of traditional fossil fuels. Broadband photodetectors are essential for
electronic devices, photonic communication, environmental sensing, and other applications. Most 2D
TMCs offer various eras for performance across the visible spectrum of wavelength regions. Materials
with broad bandgaps perform well in the Ultraviolet region. Although this offers improved charge
separation, extended absorbance in the visible range and type-Il band alignment heterojunction is an
appealing and feasible method to improve their efficiency. To improve the UV-Visible wavelength
absorption of 2D materials and fabrication of their heterojunctions with sustained intermediate band gap
materials and explore the structural, optical, electronic, morphological, and PEC characteristics of type-

Il band-aligned heterojunction, a significant portion of this dissertation is concentrated on this method.

The present study showed the photoresponse over the visible range by synthesizing different B-1n,Ss
geometries, including triangles, nanoflakes, and hexagons, on selected substrates, including SiO», F-Mica,
Zn0O, and TiOy, in a single-zone micro reactor CVD system, followed by RF magnetron sputtering at
temperatures ranging from 550-850 °C and growth time 5-15 minutes. In Raman spectroscopy
investigations, the layer thickness affected the Ay, By, and Eq Raman mode intensities. The study
concluded that the tetragonal phase of B-1n2Sz deposited on all the substrates with optimized synthesized
conditions that affect the growth in terms of morphology and phase composition. Tetragonal 3-1n2Sz on a
SiOz and F-Mica substrate displays ohmic current-voltage and temporal characteristics, which indicate a

fast photoresponse with a response time of 2 ms. The growth of In.Ss onto the ZnO layer enhances the
Vil



photoelectrochemical properties of ZnO by enhancing In,Ss's absorption, as indicated by optical band gap
measurements. Measurements of transient photocurrent density at wavelengths of 350 nm and 514 nm,
the enhanced current density in the heterojunction was primarily brought about by increased absorption
at lower wavelengths and charge-carrier separation at the interface at large wavelength values. Enhanced
IPCE efficiency (43%) and excellent electrolyte stability in ZnO/In,S3 heterojunction demonstrate the
importance of using a 2D layer with tunable properties for PEC applications. However, the same
heterojunction was also studied for photodetection over the UV-Visible wavelength region. Compared to
ZnO, the study's outcomes show a higher photocurrent density of 0.3 mAcm™2 in the UV region and a
photoresponse of 0.32 x 10 mAcm. In contrast to In,Ss and ZnO layers, establishing type-11 band
alignment at the interface leads to efficient separation of photoinduced charge carriers, enhancing
photodetector response parameters like responsivity, specific detectivity, and external quantum
efficiency. The present method of synthesizing heterojunctions with well-known oxide materials and 2D

materials with tunable semiconducting properties is an essential strategy.

Further, to achieve the photoresponse over a wider UV-Visible region, a thin layer of intermediate
bandgap material WOz n-type semiconductor has been introduced in the In.S3-ZnO heterojunction, and
In2S3-WO3-ZnO multilayers system was formed using a chemical vapor deposition method, followed by
an RF sputtering technique. The 2D-1D In,S3-WO3 heterojunction was also studied to enhance the

photoelectrochemical water splitting with a photocurrent value of 5.7 mAcm=2 at 0.6 V.
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D Work function of the spectrophotometer

Voc/Vmea/Vapp Open circuit potential/potential measured/potential applied

Ret Charge transfer resistance
Rs Solution resistance

VrB Flat band potential

Nb Carrier concentration

A Exposed area of electrode
VO Oxygen vacancy

Hi Interstitial hydrogen

Ks Boltzmann constant

T Temperature

Ecs & Evs Conduction & valence band edge positions

AErs Fermi level energy offset
Er Fermi level energy
Evac Vacuum energy level

ABBREVIATIONS

CB Conduction band

VB Valence band
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PEC

Ag/AgCI

NR

NT

NW

NP

STH

uv

JCPDS

ALD

PVD

DC

RF

mT

MFC

PID

ITO

XRD

CCD

2D

Photoelectrochemical cell

Silver/silver chloride reference electrode

Nanorod

Nanotube

Nanowire

Nanoparticle

Solar to hydrogen

Ultraviolet

Joint Committee on Powder Diffraction Pattern

Atomic layer deposition

Physical vapor deposition

Direct current

Radio frequency

milli Torr

Mass flow controllers

Proportional integral differential

Indium doped tin oxide

X-ray diffraction

Charge coupled device

Two Dimensional
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T™MC

CVvD

AFM

PL

KPFM

®dtip

®sample

EQE

Transition metal chalcogenides

Chemical vapor deposition

Atomic force microscopy

Current-voltage

Photoluminescence

Kelvin probe force microscopy

Tip work function

Sample work function

External quantum efficiency
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