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ABSTRACT

Two sets of indium tin oxide thin film were prepared at different thicknesses onto the
corning glass substrates using radio frequency magnetron sputtering method. Set one
is for single configuration sample and set two is for sensor array sample. All
samples were annealed at temperature of 600°C for 4 hours inside a furnace. A
surface profiler was used to measure the thickness of the samples while a UV-VIS
spectrophotometer was used to measure their optical properties. The gas sensing
characterization system was used to determine the gas sensing properties in 200 ppm
of nitrogen dioxide, NO,. The thickness of the sample was found to be in the range
of 132 nm to 424 nm. The transmittance and the optical band gap decrease as
thickness increases. The resistance decreased to several kilo ohms when the
operating temperature increased for all samples. The highest sensitivity for single
configuration was found in sample C with thickness 227 nm (45 minutes deposition
time). Sample H has the highest sensitivity (combination of 15 minutes + 90 minutes
deposition times) for array configuration. Thus, the response time and the
corresponding recovery time for sample C were 66.6 seconds and 133.2 seconds
respectively; while for sample H, the response time was 60 seconds and recovery

time was 333.6 seconds.
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ABSTRAK

Dua set saput tipis indium timah oksida telah berjaya dihasilkan di atas kaca korning
dengan menggunakan kaedah percikan magnetron frekuensi radio. Set pertama untuk
sampel konfigurasi tunggal dan set kedua untuk konfigurasi pelbagai. Kesemua
sampel tersebut disepuh lindap pada suhu 600°C selama 4 jam di dalam relau. Alat
profil permukaan telah digunakan untuk mengukur ketebalan sampel manakala
spektrofotometer UV-VIS digunakan untuk mengukur sifat optik. Sistem penderia
gas telah digunakan untuk menentukan sifat penderia gas pada 200 ppm nitrogen
dioksida, NO,. Ketebalan sampel adalah dalam julat 132 nm ke 424 nm. Kehantaran
dan jurang tenaga optik berkurang dengan pertambahan ketebalan. Rintangan
berkurang kepada beberapa kilo ohms apabila suhu operasi untuk kesemua sampel
bertambah. Sensitiviti tertinggi untuk konfigurasi tunggal didapati pada sampel C
dengan ketebalan 227 nm (45 minit masa pemendapan). Sampel H mempunyai
sensitiviti tertinggi (gabungan antara 15 minit + 90 minit masa pemendapan) untuk
konfigurasi pelbagai. Oleh itu, masa gerak balas dan masa pemulihan untuk sampel
C masing-masing adalah 66.6 saat dan 133.2 saat; manakala untuk sampel H, masa
gerak balas adalah 60 saat dan masa pemulihan adalah 333.6 saat.
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CHAPTER 1

INTRODUCTION

1.1  Background of Research

Indium tin oxide, ITO or the other synonym tin-doped indium oxide is a
mixture of 90% indium oxide, In,O; and 10% tin dioxide, SnO, by weight
percentage. It has slightly yellow to grey colour in powder form and almost
colourless when already being deposited onto the substrate as a thin film. Nowadays,
many companies and industries used indium tin oxide in the form of thin film as a
gas sensing monitoring system in order to maintain the exposure of the toxic gasses
in the surrounding environment. Indium tin oxide has already being adapted in
almost many industries in the world because it is cost effective. Furthermore, indium
tin oxide is a very stable element and has good stability after long term usage. It also

has fast response time and very sensitive towards toxic gasses.

Indium tin oxide thin film has high optical transmittance in the visible region
that gives high conductivity. Because of the almost transparent properties of indium
tin oxide, it yield low resistivity and give good conductivity due to its addition and
increment of carrier concentration. Tin-doped indium oxide has many other
applications in industry for examples, liquid crystal display (Pankove et al., 1980),
development in television and computer screen. Besides, it also has been used in
anti-static coating, solar cell, heat mirror (Chopra et al., 1983; Hamburg et al., 1986),
light emitting diode (Kim et al., 1998), flat panel display (Lee et al., 1977) and

electroluminescent devices (Meng et al., 1987).



Nowadays, many techniques and methods have been used to deposit metal
oxide thin film onto the substrate such as thermal heat evaporation, pulse laser beam
exposure, chemical vapor deposition, electron beam thermal evaporation, spray
pyrolysis and radio frequency magnetron sputtering. This research work has focused
on the uses of radio frequency magnetron sputtering method to deposit indium thin
oxide, 1TO thin film.

To improve the electrical properties of indium tin oxide thin film to be
functional, interdigitated aluminum electrode was deposited onto the sensing layer by
using electron beam evaporation machine. Interdigitated electrode was used in order
to enhance the sensitivity of the electrical properties and it will amplified the signal
because of the small separation between the comb-like design of a few micrometer

and less.

1.2 Statement of Problem

In the 21st century, many industries have developed rapidly, especially that
result in poor ventilation in humans such as factories that produced electronic
devices, medical devices and also universities that runned the experiments using
hazardous gases. It is very important to detect those hazardous gases precisely and
rapidly. By alerting and monitoring the presence toxic gases, it can prevent or
minimize accidents to almost 90% involving poisoning or explosions. Toxic gases,
including carbon monoxide, hydrogen sulfide, chlorine, bromine, hydrogen chloride,
hydrogen fluoride, nitric oxide, nitrogen dioxide, sulfur dioxide, ammonia, hydrogen
cyanide, phosgene, benzene, formaldehyde and methyl bromide are found in a wide
range of industries including chemical, petroleum, electronic and also coal, gas,
mines, vehicles, sewerage, waste disposal, atmosphere, houses and even battle fields.
In the past, certain color changing reagents were adopted to detect these gases by
tedious and time-consuming colorimetric or more complicated chromatographic

methods. However, in the last ten to twenty years, many techniques have progressed



rapidly and more sensors have been developed for the fast precise detection of

various toxic gases.

In this research, nitrogen dioxide, NO, gas was chosen because it is one of
the most dangerous gases. Thus, to overcome this problem, indium tin oxide, ITO
thin film was fabricated to study the sensitivity of the film towards nitrogen dioxide
gas at different operating temperature in the laboratory. However, some of the
studies have high operating temperature for undoped material and also high response
times. (Steffes et al., 2000; Jaswinder Kaur et al., 2007; and Forleo et al., 2005).

1.3 Objectives of the Study

The main objective of this research is to detect the nitrogen dioxide, NO, gas
by using indium tin oxide, ITO thin film that carried out by radio frequency

magnetron sputtering method. Therefore, the research objectives are to:

a) To deposit the indium tin oxide, ITO onto the corning glass substrate to form
thin film layer.

b) To characterize the optical properties indium tin oxide, ITO thin film.

c) To detect nitrogen dioxide, NO, gas by using Gas Sensor Characterization

System (GSCS) for single and sensor array sample.

1.4  Significant of Research

Research towards thin film as a gas sensor will give a lot of benefits to all the
heavy industry in Malaysia especially the one that handle or contribute to producing
hazardous gasses such as nitrogen oxide, NO, carbon monoxide, CO, nitrogen
dioxide, NO, and methane. This hazardous gas is very harmful and fatal to human

being and will caused chronic diseases such as asthma, brain cancer, chemical



poisoning and genetic damage. Thus, this research is to prevent these accidents from

occuring.

1.5  Scope of the Study

The scope of this research can be divided into five major aspects. The first
aspect was to prepare the indium tin oxide thin film by using radio frequency
magnetron sputtering at different thickness that was varied by the deposition times
which were 15, 30, 45, 60, 75 and 90 minutes.

The second aspect was to apply the heat treatment to indium tin oxide thin
film by setting the temperature to 600°C for 4 hours. The purpose of the heat
treatment was to produce the fine thin film structure to enhance the electrical
properties due to its decrements in resistivity and increase the conductivity by
increasing of carrier concentration. This is because the thin film structure already

transform from amorphous to crystal (Bhatti et.al., 2002).

The third aspect was to deposit the pair of aluminium interdigitated comb-like
electrodes onto the thin film in order to amplify the electrical signal to be detected.
The fourth aspect was to characterize the prepared thin film by using UV-Vis
spectroscopy and surface profiler to determine the exact thickness. The last aspect
was to detect nitrogen dioxide, NO, gas by using indium thin oxide, ITO thin film
using the Gas Sensor Characterization System (GSCS). The samples were divided

into two categories, single configuration samples and sensor array combination.
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