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ABSTRACT

Copper oxide thin films with five different deposition times (30 min, 60 min,
90 min, 120 min and 150 min) had been successfully growth by dc sputtering
technique. The thickness of copper oxide thin film was measured by using
ellipsometer. The optical properties of copper oxide thin films were characterized by
UV-Vis-NIR spectrometer and Photoluminescence spectrometer while the
morphology images were determined by Atomic Force Microscopy (AFM). The
copper oxide thin film thicknesses were found around 11.6 nm, 122.1 nm, 129.7 nm,
142.4 nm and 144.2 nm with respect to the five different depositions time at 30 min
time interval. The absorption and transmission spectra obtained from UV-Vis-NIR
spectroscopy revealed five absorption edges of copper oxide thin film in the
ultraviolet region. The optical absorption intensity was increased with increase the
thickness while the transmission intensity was decreased with increase the thickness.
The transmission intensity was increased to 90% for copper oxide with deposition
time 30 min, 60 min, 90 min, and 120 min while the transmission intensity of copper
oxide with deposition time 150 min was increased up to 75%. Based on the
absorption coefficient measurements, the optical band gap energy have been
determined by Tauc plot relation around E,= 4.63 eV to 4.18 eV for 30 min to 150
min of deposition time. The photoluminescence spectra of copper oxide thin film was
found in violet region (400 nm and 402 nm) for copper oxide thin film with
deposition time 30 min and 60 min while the blue region (435 nm) was found for
copper oxide thin film at deposition time 90 min, 120 min and 150 min. The root
mean square roughness (RMS) was confirmed that the surface roughness of copper
oxide thin film was increased with increase the deposition time and compatible with

the images shown by Atomic Force Microscopy (AFM).
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ABSTRAK

Oksida tembaga filem nipis dengan lima masa pemendapan yang berlainan
(30 min , 60 min , 90 min , 120 min dan 150 min) telah berjaya dihasilkan oleh
teknik percikan arus terus. Ketebalan oksida tembaga filem nipis diukur dengan
menggunakan ellipsometer . Ciri-ciri optik oksida tembaga filem nipis telah di uji
oleh UV- Vis -NIR spektrometer dan Photoluminescence spektrometer manakala
imej morfologi ditentukan oleh ‘Atomic Force Microscopy’ (AFM ). Ketebalan filem
nipis oksida tembaga didapati sebanyak 11.6 nm, 122.1 nm, 129.7 nm, 142.4 nm dan
144.2 nm mengikut urutan masa pemendapan pada julat 30 min. Penyerapan dan
penghantaran spektra yang diperolehi daripada UV- Vis -NIR spektroskopi
menunjukan lima puncak penyerapan tembaga oksida filem nipis berada di kawasan
ultraungu. Keamatan penyerapan optik meningkat dengan meningkatnya ketebalan
oksida filem nipis manakala keamatan penghantaran adalah menurunan dengan
menurunnya ketebalan oksida filem nipis. Keamatan penghantaran meningkat kepada
90% untuk oksida tembaga dengan masa pemendapan 30 min , 60 min , 90 min, dan
120 minit sementara intensiti penghantaran oksida tembaga dengan masa
pemendapan 150 min meningkat sehingga 75 %. Berdasarkan ukuran pekali
penyerapan , jalur optik jurang tenaga yang ditentukan oleh hubungan Tauc plot
berada di antara Eg = 4.63 eV sehingga 4.18 eV untuk masa pemendapan selama 30
min hingga 150 min. Jalur photoluminescence oksida tembaga filem nipis didapati
berada di rantau ungu (400 nm dan 402 nm) untuk masa pemendapan 30 min dan 60
min manakala kawasan biru (435 nm) ditemui untuk oksida tembaga filem nipis pada
masa pemendapan 90 min , 120 min dan 150 min. Punca min kekasaran persegi (
RMS ) telah mengesahkan bahawa kekasaran permukaan oksida tembaga filem nipis
meningkat dengan meningkatnya masa pemendapan dan setanding dengan imej-ime;j

yang ditunjukkan oleh ‘Atomic Force Microscopy (AFM ).
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Thin film technologies development is consistently increases with number of
publications in this few decades. These researches have been done due to high
demands to the nanoparticles technology which can be a fundamental basis of the
products. This technology is well established and can be fabricated from organic or
inorganic material which greatly applied in electronics components like capacitors,
diode, transistor, solar cells, pn junction and also in photovoltaic application (Parreta
et al., 1996). They are also widely applied in other scientific applications like optics,
biotechnology and manufacturing industry tools which produce anti-reflection
coatings, printed circuit board interconnection, bio-compatible films for surgical
implants and ultra hard films in machinery parts respectively. Thus, the discovery of
thin films that was started around last three decades is absolutely changed our daily

life.

Many semiconductor materials can be fabricated into thin films but copper
oxide grab the researchers’ interest to fabricate it into thin films and extensively

studied because of its attractive properties and behaviour. It is the first



semiconducting materials to be investigated through work carried out in the 1920s
and 1930s (Drobny et al, 1979). Balamurugan and Mehta also chose this
semiconductor material in their studies because of natural abundance of copper, low
cost production processing, non-toxic to nature also good in electrical and structural
properties (Balamurugan er al, 2001). Beside, the copper oxide nanoparticle has
special interest in nanofluid heat transfer application which studied have been
reported that 4% of additional Copper oxide willimprove 20% of the thermal

conductivity of water (Amrut Lanje et al., 2010).

Therefore, many researchers agreed that the materials in thin film geometry
present the physical properties that can be more effective than in bulk geometry
(Maissel et al., 1970). By means, metal presents good characteristic inoptical
properties whichgive highest response for the smallest grain size of film. This was
confirmed that the enhancement in inner grain reaction was provided by the presence
of smaller grain size as reported in journal of alloy and compound by Mani G.K et
al.,(2014). Usha Rajalaksmi and his friend also were asserted that the copper oxide
thin film has interesting optical behaviour. They have found that these films
exhibited high absorption in the visible region and optical transition was found to be
direct and allowed with optical band gap varies in range 2.4 — 1.8eV (Usha
Rajalaksmi et al., 2013).

Further discovery of optical properties of copper oxide is done by Mugwang
and friends in their journal wrote that the copper oxide can be promising candidate as
solar cell fabrication because of their suitable optical properties (Mugwang et
al.,2012). Their studies have been convinced by Ogwu reported that copper oxide
thin film has band gap energy values was suitable for absorber application for solar
energy conversion (Ogwu et al.,2005). Theyalso highlighted that the optical property
of copper oxide such a range of direct optical band gap energies is varying due to

stoichiometric deviation arising from deposition technique and parameter.



Many literatures were reported and reviewed for deposition technique of
copper oxide thin film. The best selected preparation method must be considered
while producing the thin films and several preparation methods such as thermal
oxidation, electro-deposition, chemical conversion, spraying, chemical vapor
deposition, plasma-evaporation, molecular beam epitaxy and reactive sputtering have
been used to fabricate the copper oxide thin film and were reported in literature to

gain best result in application.

The great researchers Uthman Isah K. and friend were synthesized the copper
oxide thin film by using thermal evaporation method to study the effect of oxidation
temperature on copper oxide thin film and published their papers in 2013 (Uthman
Isah et al, 2013). Then followed by Mugwang et al were studied optical
characterization of copper oxide thin film which prepared by reactive magnetron
sputtering for solar cell application (Mugwang’a et al., 2012). A year back then,
Rafie Johan and Amrut Lanje also carried out their experiment on copper oxide thin
film by using chemical vapor deposition and aqueous precipitation method
respectively (Rafie .ef al, 2011) (Amrut Lanje ef al., 2010). Their aims were almost

the same which to find the best optical properties of copper oxide thin film.

From the review, we can see that many researchers were studied on copper
oxide by various preparation methods. However, their research had just restricted
only on deposition techniques, characterization methods and parameters applied.
Since the reactive dc sputtering technique is not familiar as reactive magnetron
technique and the journals also not much published for this technique thus the
research on this technique is very crucial and also relevant in order to get better

optical properties and morphological of copper oxide as well.



1.2 Problem Statement

The morphological and optical properties of copper oxide thin film have been
widely studied due to its efficiency in various behaviour and applications as
mentioned before. The copper oxide thin film become a promising semiconductor
material for solar cell fabrication due to its suitable optical properties and an
attractive material as a selective solar absorber since it has a high solar absorbency
and low thermal emittance. There are also some advantages of using copper oxide
thin film in device application such it is non-toxic and its constituents are available in
abundance. Therefore, many researches have been done in attempt to discover their
excellent properties for technological application. However, it is not well reported on
the growing of copper oxide thin film by using dc sputtering method with
dependence of the deposition time. Therefore, this present work aims to study the
time dependence evolution of morphological and optical properties of dc sputtering

grown copper oxide thin film.

1.3 Objectives of the Study

The objectives of this study are:

1. To grow the copper oxide thin film for five different deposition time at 30
min time interval ( 30 min, 60 min, 90 min, 120 min and 150 min) by using

dc sputtering.

2. To determine the morphological properties of copper oxide thin film by
Atomic Force Microscopy (AFM).

3. To characterize the optical properties of the samples by means of UV-Vis-
NIR and PL spectroscopy respectively.



1.4  Scope of the Study

In order to achieve the objectives, the studies have been focused on the given
scope. First is preparation of the grown copper oxide thin film samples using dc
sputtering technique at five different deposition times of 30 min, 60 min, 90 min, 120
min and 150 min. Second is determination of the thickness and refractive index of
grown copper oxide thin film using an ellipsometer. Third is evaluation of
morphological properties of grown copper oxide thin film by getting the root mean
square roughness value from the Atomic Force Microscopy (AFM). Fourth is
characterization of absorption spectra by using UV-Vis-NIR spectrophotometer and
determination of optical band gap energy, transmission and absorption coefficient
and lastly is characterization of photoluminescence spectra by using

photoluminescence spectrometer.

1.5  Significance of the Study

Recently, the grown copper oxide thin film are chosen because their well
known as an efficient material used in every device application especially in solar
cell and p-n junction based devices likes light emitting diode (LED), photodiode,
photo detector and so forth. The results of this study may provide a basis of
employing the copper oxide thin film system in more effective behavior and
properties in many applications. Thus, the study on the optical properties in this work
might be significant in providing a baseline data that can be used for the further

research and development of copper oxide thin film based optical devices.
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