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In this research, self-powered ultraviolet (UV) photosensor has been 
successfully fabricated using titanium dioxide nanorod arrays (TNAs). Our 
study has introduced a novel one-step sol-gel immersion method to synthesize 
and deposit thin film TNAs on a substrate at low deposition time (< 5 hours) 
and growth temperature (< 150 °C) in a facile glass container. Particularly in 
this work, TNAs were grown in a Schott bottle to replace the use of stainless 
steel-based autoclave, which has been commonly employed for the growth 
of Ti02 nanoparticles, even at low temperature. The utilization of glass 
container has expedited and opened up opportunities for extensive research 
and development on facile and rapid growth of TNAs in various applications. 
The main purpose of this thesis is to effectively tune the TNAs for its specific 
application in PEC-based UV photosensor by several processing parameters 
such as deposition time, growth temperature, and molar concentration 
of titanium precursor. Effect of aluminium (Al) dopant on the TNAs was 
also investigated to further enhance the performance of the fabricated UV 
photosensor. The synthesized and deposited TNAs were characterized for its 
structural, optical and electrical properties in detail via field emission scanning 
electron microscopy X-ray diffraction, atomic force microscopy, energy 
dispersive X-ray spectroscopy, Raman spectroscopy, ultraviolet-visible-
infrared spectrophotometry and two-probe current-voltage measurement 
system. The fabricated PEC-based UV photosensor was analysed via two-
terminal probe photocurrent measurement unit under UV lamp (365 nm, 

750 |iW/cm2) and electrochemical impedance spectroscopy for impedance 
analysis. The self-powered UV photosensor with TNAs immersed for 3 
hours, 150 °C and 0.07 M concentration of titanium precursor (tetrabutyl 
titanate) showed the best performance of photocurrent at 0 V bias of 26.31 
uA, and responsivity of 0.035 A/W, with extremely small and negligible 
response and recovery times. The optimum performance was due to high 
surface over volume ratio, high photocurrent gain and low recombination 
of the excitonic charge carriers. The minimum temperature required for 
the growth of TNAs through our introduced method was 115°C, with the 
smaller ever recorded diameter size and length of the nanorod at 33 nm 
and 0.27 urn, respectively. In addition, the performance of the fabricated 
UV sensor could be further enhanced through the doping of 2 at. % of 
aluminium content, with the measured photocurrent and responsivity at 
108.87 and 0.145 A/W, respectively. Another alternative structure besides 
PEC has been conducted using n-type TNAs and p-type nickel oxide (NiO) 
nanosheets (NNS) heterojunction-based self-powered UV photosensor. 
A maximum photocurrent of 0.510 uA was achieved under the same UV 
irradiation. This optimization process not only delivers the effective way 
to fabricate the self-powered UV photosensor device in particular, but also 
offers some expedient results with respect to its properties, which leads 
to the basis of theoretical and experimental for better understanding of 
fundamental physics and extensive applications of Ti02 related structures. 
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The visible light communication (VLC) is a promising wireless 
communication technology and solution for the growing global demand 
for mobile bandwidth. The VLC is an optical wireless communication 
(OWC) technology that uses the transmission of information carried over 
the optical radiation through a free-space channel. The distinct feature of 
the VLC is it uses the visible light as a transmission medium allowing it 
to concurrently provide both the indoor lighting and the wireless data 
communication. The restricted mobility always associated with any OWC 
solution is the main hindrance for the VLC from becoming a popular 
indoor wireless solution like the wireless fidelity (Wi-fi), the Bluetooth and 
the cellular 4G solutions that have provided the wireless communication 
convenience for the modern living. This thesis presents an investigation into 
the design and the development of a free mobility operation for the indoor 
VLC system. The first novel contribution of this thesis is the development 
of an experimental VLC system with a free mobility operation based on 
a few reference designs from other works. The system has a data rate of 
above 2 Mbit/s that is widely accepted for a personal area network (PAN) 
coverage. Likewise, the commercial VLC systems with similar data rate 
from PureLifl and Oledcomm are purely stationary systems. Many of the 
research works and the commercial VLC systems have been focusing on 
the improvements of the data rate and to optimize the optical property and 
quality of the VLC. The experimental VLC system presented in the thesis 
has a smaller receiver fixture that provides the free mobility operation that 
is comparable with the radio wireless solutions. The thesis also proposes 
a significant physical change to the VLC receiver by using the avalanche 

photodiode (APD) array device as the photodetector which is uncommonly 
used in the VLC systems. The array APD devices that are suitable for the 
VLC are difficult to obtain from the open market. Most commercial APDs 
are expensive and are usually restricted for use in the high-end optical and 
military applications. They are also mainly used for the remote optical 
sensing and long range fiber optics applications. The optical application 
market for the APD devices is also relatively small. Many of the current 
optical applications are configured for stationary. It only requires a low-
cost integration of the silicon-based photodiodes and the optical lens that 
magnifies the optical signal. In fact, the simple integration has almost an 
equal performance with the APD. On the contrary, a VLC system with an 
array APD device can achieve a full and free mobility operation as opposed 
to the stationary VLC use. This thesis presents the second contribution 
through the development of a novel low-cost silicon-based array APD 
device using a low complexity reach-through common cathode structural 
array APD. The low complexity structure allows the array APD device 
is fabricated using the conventional complementary metal-oxide-silicon 
(CMOS) technology. In short, the thesis investigates the VLC system 
to understand the strengths and weaknesses to present a novel design, 
approach, and method to develop a VLC receiver with enhanced indoor 
mobility with an acceptable data rate performance associated with a PAN 
application. The solution is achieved through the integration of an optical 
concentrator-less receiver with the experimental array APD device. The 
work and the results of the thesis offer much potential future enhancement 
works for the VLC as a popular wireless solution. 

' (MS) = Main Supervisor (CS) = Co Supervisor U N I V E R S I T I T E K N 0 L 0 6 I M A R A ( U i T M ) 
39 




