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ABSTRACT

In this work p-type TCO was developed using the chemical solution deposition (sol-gel) method,
with CuCl and AICI; taken as the starting materials. The prepared sol was deposited on glass
substrate. Five samples were produced out of which four were annealed at different temperatures
for 2 hours. The SEM measurements of the annealed samples revealed an improved crystallinity
with increasing annealing temperature. The results of the UV-Vis and FT-IR spectrophotometry
indicate that while transmittance and direct band gaps vary directly with annealing temperature,
the absorbance decreased sharply from a common value of about 89% at about 329nm to a range
of values of 56.2%-35.2%. The absorption coefficient decreased with increase in annealing
temperature from 1.58 x 10 cm™, 1.29 x 10° cm™ and 1.08 x 10 cm™ at about 1.14eV in the
infrared region to about 1.93 x 10° cm™!, 1.58 x 10°° cm™!, and 1.29 x10° cm™ at about 3.62e¢ in
the visible region, the extinction coefficient for all the samples decreased from 133.89 x 10 cm’!
111.767 x 10 2cm™,93.45 x10cm™! and 89.44 x 103cm™! in the infrared region to about 81.11 x
103cm™, 82.22 x1073cm™, 83.35 x 10 cm™' and 84.42 x10 cm™ at about 4.05¢V in the visible
region. The deposited films were found to be suitable for optoelectronics applications.
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CHAPTER ONE

1.0 INTRODUCTION

Transparent conducting oxides (TCO) thin films of In2O3, ZnO, SnO> , CuAlO; etc. and their
mixtures have been extensively used in optoelectronic applications such as transparent electrodes
in touch panels, flat panel displays (FPDs), infrared detectors solar cells, gas detectors and many
other applications. This chapter provides an introduction to the basic physics of TCO films and
surveys the various topics and challenges in the field and the technology behind the fabrications.
TCOs are very useful materials to transparent optoelectronics because they have unique features
of optical properties in the visible light region such as the transparency over 85% and optical
band gap greater than 3eV and controllable electrical conductivity such as carrier concentration
of at least 10*%cm™ and resistivity of about 10*Qcm (Kim, et al., 2011).Since the discovery of
p-type conductivity in CuAlO; many Cu (I) based delafossites having transparency and p-type
conductivity have been synthesized. After the report of p-type semiconducting transparent
CuAlOzthin film, a new field in device technology called the ‘transparent electronics’ in which a
combination of the two types of TCOs in the form of a p-n junction has emerged (Thomas,1997).
This lead to a ‘functional” window which would transmit visible potion of solar radiation yet
generates electricity by the absorption of part UV. Also CuAlO; has good thermoelectric field-
emission, ozone sensing, photochemical and photo-catalytic hydrogen evolution properties as
well as ferromagnetic characteristics and capability of refrigeration of electronic devices (Roy ,et
al.,2003). Also keeping an eye in the tremendous progress in Nanotechnology; fabrication and
characterization of Nano-structure p-CuAlO; as well as other p-TCO thin films have become an
important field of work, because of new and interesting properties exhibited by these Nano

materials (Banerjee and Chattopadhyay, 2005).



1.1 TRANSPARENT CONDUCTING OXIDES (TCOS)

Transparent conductive oxides (TCOs) are doped metal oxides used in photovoltaic devices such
as flat panel displays and photovoltaics (including inorganic devices, organic devices, and dye-
sensitized solar cell). Most of these films are fabricated with polycrystalline or amorphous
microstructures (Minami, 2005). Typically these applications use electrode materials that have
greater than 80% transmittance of incident light as well as electrical conductivities higher than

10°S/cm for efficient carrier transport. (Minami, 2005)
1.2 STATEMENT OF THE PROBLEM

Several researches were conducted on the fabrication and characterization of CuAlO; thin films
using different deposition techniques such as pulse laser deposition, wet dip chemical coating, e
beam method, magnetron sputtering and many others out of which the effect of varying
annealing temperature on the morphology and optical properties of the deposited film through
the use of UV-Vis and FT-IR need to be fully analyzed, this problem necessitates the effort to
conduct the research and find out the extent to which the variation of annealing temperature
affects the surface morphology and optical properties of CuAlO> thin film deposited using the

chemical solution deposition (sol gel) process.

1.3 AIM AND OBJECTIVES

1.3.1 AIM

To prepare and investigate the morphology and optical properties of CuAlO> thin film



1.3.2 OBJECTIVES

The objective of this research work is

To point out the depth or extent to which the sol gel or chemical solution method of
thin film deposition is effective in the fabrication of CuAlO; thin film.

To analyse and find out the annealing temperature that will be more suitable in
producing smooth surface morphology with well-defined grain boundaries and good
optical characteristics of CuAlO; thin film.

To measure some of the optical properties such as absorbance, transmittance,
absorption coefficients extinction coefficients and band gaps of the samples of

CuAlO:2 thin film annealed at different temperatures.



CHAPTER TWO

2.0 LITERATURE REVIEW

The semiconducting delafossites-type oxides in the chemical form of M'M™O, where, M'is a
monovalent cation (e.g. Cu!,Ag!) and M™ is a trivalent cation (e.g. AI"l, In"!, Cr', Co™, Fe'"
etc) have attracted renewed interest in the field of transparent conducting thin film technology
after the report of p-type conductivity in the transparent thin film of CuAlO> (Kawazoe,et al.,
1997) Most of the well-known and commonly used transparent conducting oxides such as ZnOr.
x Inix , SnxO03 , SnO; : F/Sb/Mo , Cd2SnOy etc. are n-type materials which are widely used in flat
panel displays, solar cells and in many such applications (Cachet, 2001) . Transparent conducting
oxides are widely applied as transparent electrodes in flat panel displays, solar cells and touch
panels. The main hindrance for the versatile application of TCO devices is the absence of high
conductivity p-type TCOs. However the delafossites structure CuAlO; film was first achieved in

1997 as a candidate to be a highly conductive p-type TCO (Kawazoe, et al., 1997)
2.1 CLASSIFICATION OF TCO MATERIALS

Transparent conducting oxides are very useful materials to transparent optoelectronics because
they have unique features of optical properties in the visible region such as the transparency over
85% and optical band greater than 3eV and controllable electrical conductivity such as carrier
concentrations of at least 102%cm™ and resistivity of about 10* ohm cm (kim, et al.,2011)
Notwithstanding their extraordinary wide controllable conductivity range including that of
semiconductor behavior, their applications are in the transparent electrodes. It seems that the
origin of these limited applications is due to a lack of p-type conducting transparent oxide

materials. TCO materials are usually n-type semiconductors and the lack of a high quality p-type



TCO always has been the main obstacle in holding the fabrication of a fully transparent

complementary metal oxide semiconductor-like devices.

Although n-type TCO such as ZnO, SnO; and ITO are key components in a variety of
technologies, p-type TCO are emerging areas with little work previous to four years ago.(Coppo
et al.,2004) However realization of good TCO could significantly impact a new generation of
transparent electrical contacts for p-type semiconductors and organic optoelectronic materials in

conjunction with n-type TCOs which could lead to a next generation of transparent electronics
2.1.1 P-TYPE TCO

Since the first report of p-type TCO on NiO, in 1997, there was a report of transparent p-type
conducting films of CuAlO; showing considerable improvement over the NiO (Sato,ef al., 2003;
Kawazoe, et al., 1997) Although the conductivity of 1Scm™ was about three orders of magnitude
smaller than that of n-type materials the result was promising, following the discovery of p-type
conductivity in CuAlO> many Cu(l) based delafossites having transparency and p-type
conductivity have been synthesized, such as CuScO, , CuYO,, CulnO,, CuGaO,, and CuCrO,
(Sunyoung, et al.,2011). Conductivity of the CulnO; film deposited under working Oxygen
pressure of 7.5mTorr and 450°C was reported as 2.8x10-S/cm(Roy, et al., 2003) and also, the
dependence of the electrical conductivity of CulnO, films upon the deposition temperature was
investigated. With increasing deposition temperature from room temperature to 600°C resulted in
the conductivity increase which reaches a value of 5.8x102 S/cm for the film deposited at 400°C
temperature (Sunyoung, et al., 2011). Indeed, other structures have been identified that combine
p-type conductivity and optical transparency in Cu (I) based materials, including SrCuO, and
oxychalogenides (LaCuOS), although to date the p-type TCO with the highest conductivity is a
delafossites (Mg doped CuCrO»), (Sunyoung, et al,2011). Among various candidate materials,

5



ZnO is one of the most important members of TCOs. Like the other members (e.g.; SnO2 ,In203,

1ZO and ITO) ZnO have been applied (Sunyoung, et al., 2011).

2.1.2 CuAlO2 AS P-TYPE TCO

Kawazoe, et al, (1997) first reported synthesis of CuAlO: as a p-type TCO material based on the
copper I Oxides such as CuAlO,, CuGaO: and SrCuQ; with chemical modulation of valence

band,in spite of several merits of CuAlOz as a P-type TCO , the main hurdle is its low electrical
conductivity compared to the n-type TCO. Therefore, different methods such as high temperature
solid state reaction, hydrothermal method ion exchanges and sol-gel methods etc. have been
proposed to prepare CuAlO: (Ghosh, et al., 2009).Each copper atom in CuAlO; is linearly
coordinated with two oxygen atoms toform an O-Cu-O dumbbell unit placed parallel to the c-
axis. Oxygen atoms of the O-Cu-O dumbbell link Cu layers with the AlO; layers. For the
synthesis of CuAlO; thin films, the groups of Hosono, Gong and Chattopadhyay used a pulsed
laser deposition, plasma-enhanced metalorganic chemical vapor deposition and dc sputtering,
respectively. (Sheng, et al., 2006) The electronic structures of CuAlO; were experimentally
probed by normal/inverse photoemission spectroscopy. The Fermi energy determined
experimentally was set to zero in the energy scale in the three spectra. A band gap was observed
between the valance band edge in the photoemission spectroscopy and the conduction band edge
in the Inverse photoemission spectroscopy, the band gap estimated was about 3.5¢V. The Fermi
energy lies around the top of the valance band. The origin of theFermi level was determined
using Goldelectrode deposited on sample. These result means that CuAlO» is a transparent p-type
semiconducting material, which has excellent potential for use in optoelectronics device

technology.



Tanooka, and Kikuchi (2002) reported the synthesis of phase impure copper aluminium oxide
films by solution method using metal alkaloids and nitrates as metal sources in the precursor
solutions. Chen, et al,. (2000) used similar solution process to synthesize CuAlO> thin film using
copper acetate and aluminium nitrate as metal sources. Guillenet al.,(2002) used organometallic
compounds to fabricate both phase pure and phase impure copper aluminium oxideusing sol-gel

process at different Cu/Al ratios.

Lam, et al (2009) conducted a research on the annealing effects on the structural, optical and
electrical properties of CuAlO; thin film deposited by magnetron sputtering. He found that the
crystallinity of CuAlO; is improved with increasing annealing temperature in N> ambient and the

film annealed at 900°C presents the excellent preferred (001) orientation in x-ray diffraction.

Kim, et al., (2007) conducted another research on optical and electrical properties of p-type
transparent conducting oxides CuAlO; thin film. In the work p-type transparent conducting
CuAlO:2 thin film were prepared by e-beam evaporation and wet oxidation technique. In the work
transmittance varied from 20- 85% and the resistivity from 5x10” to 4Qcm with wet oxidation
conditions. The nature of the p-type film was confirmed by the positive Hall Effect technique

Optical band gap was estimated to be in the range 3.96-4.20¢eV.

Arghya, ef al., (2010) conducted a research on wet chemical dip coating preparation on highly
oriented copper aluminium oxide thin film and its opto-electrical characterization. In the work
transparent p-type semiconducting copper aluminium oxide thin film was synthesized by wet
chemical route. The films were deposited by dip coating on Si and glass substrates. XRD pattern
confirms the crystalline CuAlO> phase formation with strong (006) orientation while UV-Vis

measurement shows a high transparency of the film in the region with direct band gap of 3.94ev.



Banerjee, et al., (2005) conducted another research on the size dependent optical properties of
sputter-deposited nanocrystalline p-type transparent CuAlO; thin film.He deposited
nanocrystalline p-type semiconducting transparent CuAlO; thin films by direct current sputtering
of a prefabricated polycrystalline CuAlO; target with deposition time as a variable parameter.
Transmission electron micrographs reveal the formation of CuAlO> nanoparticles. X-ray
diffraction shows some diffraction peaks depicting rhombohedral crystal structure. The band gap
values obtained from the optical transmission and reflection data for the films deposited in 3and

9mins are 3.94 and 3.84eV respectively.

2.2 THIN FILM DEPOSITION TECHNIQUES

Most deposition techniques control layer thickness within few tens of nanometers. (Sheshan,
2012) Molecular beam epitaxy allows a single layer of atoms to be deposited at a time. It is
useful in the manufacture of materials in such fields as optics (for reflective, anti-reflective
coatings or self-cleaning glass, for instance) electronics (layers of insulators semi-conductors and
conductors from integrated circuits) packaging (i.e. Aluminium-coated PET film), and in
contemporary art. Similar processes are sometimes used where the thickness is not important for
instance, the purification of copper by electroplating, and the deposition of silicon and enriched
uranium by a CVD-like process after gas phase processing. Deposition techniques fall in to two
categories depending on whether they fall in to chemical or physical (Franscombe and Vossen,

2011)

2.2.1 CHEMICAL DEPOSITION

Here a liquid precursor undergoes a chemical change at a solid layer. Since the fluid surrounds

the solid object, deposition occur on every surface, with little regard to direction; thin film from



chemical deposition tend to be conformal rather than directional (Sheshan, 2011). Chemical

deposition is further categorized by the phase of the precursor.

2.2.2 PLATING

Plating relies on liquid precursors often a solution of water with salt of the metal to be deposited

2.2.3 SPIN COATING

Spin coating or spin casting uses a liquid precursor or sol-gel precursor deposited on to a smooth,
flat substrate which is subsequently spun at a high velocity to centrifugally spread the solution
over the substrate. The speed at which the solution is spun and the viscosity determines the
ultimate thickness of the deposited film Repeated depositions can be carried out to increase the
thickness of films as desired. Thermal treatment is often carried out in order to crystallize the
amorphous spin coated films. Such crystalline films can exhibit certain prepared orientations

after crystallization on single crystal substrate (Hanoar, ef al.,2011)

2.2.4 CHEMICAL VAPOR DEPOSITION (CVD)

Chemical vapor deposition generally uses a gas phase precursor, often a halide or hydride of the

element to be deposited.

2.2.5 PLASMA ENHANCED (PED)

Uses an ionized vapor or plasma as a precursor. It relies on electromagnetic means (electric

current microwave excitation), rather than a chemical reaction to produce plasma.



2.2.6 ATOMIC LAYER DEPOSITION (ALD)

Uses gaseous precursor to deposit conformal thin films one layer at a time The process is split up
in two half reactions, run in sequence and repeated for each layer, in order to ensure total layer
saturation before beginning the next layer. Therefore one reactant is deposited first and the
second reactant, during which a chemical reaction occurs on the substrate forming the desired

composition (Hanoar, et al., 2011)

2.2.7 CHEMICAL SOLUTION DEPOSITION

A technique for depositing thin film by dipping or spraying a substrate with solution, uses a
liquid precursor, usually a solution of organometallic powders dissolved in an organic solvent
able of producing stoichiometrically accurate crystalline phases. This technique is also known as
sol-gel method because the sol (solution) gradually evolves towards the formation of a gel-like

diphasic (Hanoar, et al., 2011).

In this work the chemical solution deposition or sol-gel method is employed to deposit a CuAlO»

thin film on glass substrate because of its cost effectiveness

2.3 OPTICAL PROPERTIES OF THIN FILM

The optical properties of a thin film is the response of the film sample used on the basis of
reflectivity, transmissivity and polarization of an incident light which are determined by the
distribution index of refraction (n) and extinction coefficient (k). The optical properties are
determined from the electromagnetic theory of light as a function of complex refractive index in

the case of an absorbing film (Hartnagel, 1995).

10



UV-Vis refers to absorption spectroscopy in the ultraviolet visiblespectral region, this means it
uses light in the visible and adjacent (near-UV andnear-infrared (NIR)) ranges. A sample in a
cuvette is exposed to light energy between 190nm and 1000nm. Spectrophotometry investigates
the absorption of the lightbetween the wavelength limits 190 nm and 780 nm (visible
spectroscopy is restricted to thewavelength range of electromagnetic radiation detectable by the
human eye, that is above ~360 nm; ultraviolet spectroscopy is used for shorter wavelengths). In
this wavelength rangethe absorption of the electromagnetic radiation is caused by the excitation
(i.e. transition to ahigher energy level) of the bonding and non-bonding electrons of the ions or
molecules. A micrograph of absorbance against wavelength gives the sample’s absorption
spectrum. Modernspectrophotometers draw this automatically. The measured spectrum is
continuous, due tothe fact that the different vibration and rotation states of the molecules make
the absorption band wider. Certain parts of an organic molecule will absorb some of this energy
to createpeaks on a spectrum for quantitative (primarily) and qualitative Analysis.(Mardare, et

al., 2000)

The measurement of reflectance of light can be analyzed via the Forouhi Bloomer dispersion
equation to determine the index of refraction (n) and the extinction coefficient (k) of a given film
across the measured spectral range (Horie, ef al., 1994).The method is most often in a qualitative

way to determine the concentration of an absorbed specimen using Beer Lambert law.
Io
A=log7= ecl 2.1
A is the measured absorbance
I, is the intensity of the incident light at a given wavelength

I is a transmitted intensity

L the path length through the sample and

11



¢ the concentration of absorbing specie
€ 1s a constant known as the molar absorptivity or extinction coefficient with unitl/M cm
The optical band is related to the absorption coefficient using Tauc’s relation by,
(ahv) = A (hv-Ep)" 2.2
Where, a is the absorption coefficient
A is a constant (independent from v) and
n the exponent that depend on the kind of optical transmission (n=1/2, 2 when the transition is
direct allowed, indirect allowed respectively)

and the photon energy can be calculated using
E=hv=— 2.3

this method was depicted by (Lan, ef al., 2009).
2.4 ABSORBANCE

The ratio of radiant power (P) transmitted by a sample to the radiant power incident (po) on the

sample is called the transmittance

T:pﬁ 2.4

Absorbance (A) then, is defined as the logarithm (base 10) of the reciprocal of the transmittance
A=log () 2.5

In a spectrophotometer, monochromatic plane parallel light enters a sample at right angle to the

plane surface of the sample. In this condition the transmittance and absorbance of a sample

depends on the molar concentration (c), light path length in centimeters (L) and molar absorption

(¢) for the dissolved substances

T=10Cor Aj=¢ecL 2.6
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Beer’s law states that molar absorptivity is constant and absorbance is proportional to
concentration for a given substance dissolved in a given solute and measured at a given
wavelength (Weast, 1975). Since transmittance and absorbance are unit less, the units for molar
absorptivity must cancel with units of measure in concentration and light path. Accordingly
molar absorptivity have unit of M'cm™!. Standard laboratory spectrophotometer are fitted for use
with 1cm width sample cuvettes, hence the path length (L) is generally assumed to be equal to

one and the term is dropped altogether in most calculations so that
Ar=eclL=¢c 2.7
where, L=1cm

2.5 THE ABSORPTION COEFFICIENT

The absorption coefficient determines how far into a material light of a particular wavelength can
penetrate before it is absorbed. In a material with low absorption coefficient, light is only poorly
absorbed, and if the material is thin enough, it will appear transparent at allwavelengths. The
absorption coefficient depends on the material and also on the wavelength of light which is being
absorbed. Semiconductor materials have a sharp edge in the absorption coefficient, since light
which has energy below the band gap does not have sufficient energy to excite an electron in to
the conduction band from the balance band, consequently this light is not absorbed. (Christiana,
et al., 2006).The absorption coefficient for several semiconductor materials is shown in fig.2.1

below
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Fig. 2.1 Absorption coefficient vs wavelength for semiconductor materials (Christiana and Staurt, 2003)

2.6 FOURIER TRANSFORM INFRARED (FT-IR) SPECTROSCOPY

Fourier transform infrared spectroscopy is an analytical technique used to identify
organic (and in some cases inorganic) materials. The technique measures the absorption
of radiation by the sample material versus wavelength. The infrared absorption bands
identify molecular components and structures. (Griffiths and Hasseth, 2007). The FT-IR
measures the range of wavelengths in the infrared region that are absorbed by a
material. This is accomplished through the application of infrared radiation (IR) to
samples of a material. When this IR radiation is passed through the sample, some of the
infrared radiation is absorbed by the sample and some is passed through (transmitted).
The resulting spectrum represents the molecular absorption and transmission creating a
molecular finger print of the sample (Brault, 1996).This makes infrared spectroscopy
useful and more advanced than several types of analysis because the following
advantages:

i-It can identify unknown materials
1i-It can determine the quality or consistency of the sample

iii-It can determine the amount of components in the mixture
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iv-It is a non-destructive technique

v- It provides precise measurement method which requires no external calibration
vi- It has greater optical thorough put

vii- It is mechanically simple with only one moving part

vii- It has greater speed because all of the frequencies are measured simultaneously.

viii- FT-IR detectors are much more sensitive, because the optical throughput is much
higher which results in much lower noise level, and the fast scans enable the co-
addition of several scans in order to reduce the random measurement noise to any

desired level (Brault, 1996)
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CHAPTER THREE
3.0 MATERIALS AND METHOD

3.1 MATERIALS

SALTS:

Cuprous chloride (CuCl 99.9% purity Loba India)

Aluminium Chloride (AICl3 99.9% purity Mark)

Sodium hydroxide pellets (NaOH Loba)

LIQUIDS:

Concentrated hydrochloric acid HCI

Distilled water

Deionized water

Acetone

Soap solution

SUBSTRATE: Five ordinary microscopic glass slides as Substrate

3.2 METHOD

3.2.1 SOL-PREPARATION

A sol was prepared by adding concentrated hydrochloric acid, to cuprous chloride (CuCl)
powder and the solution was stirred using a magnetic stirrer. During this stirring process further

addition of hydrochloric acid to the solution was done until all the salts were dissolved in it.
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Another solution was also prepared by adding distilled water drop by drop to Aluminium

chloride (AICI3) salts to dissolve it completely.

The two solutions were mixed together and some excess distilled water added to the mixture.
The solution was further stirred at an elevated temperature of 80°c for 2hours. Now during this
stirring process, some amount of sodium hydroxide pellets was added to the solution to control
the pH value to around 2 (acidic medium) this makes the mixed solution appeared darker and gel
like. The solution was then aged for 3 hours so as to get the required sol which was used for the

dipping process in the second stage.

3.2.2 SUBSTRATE PREPARATION

Five ordinary microscopic slides were used as substrates, the choice of which is because it is
transparent, flat, thin enough and also able to adequately adhere the Cu-Al films to it; not only at
normal temperature but also during relatively large temperature changes during the annealing

process.

Before the dipping process these glass substrates were cleaned with mild soap solution, then
washed thoroughly in deionized water and also in boiling water. Finally they were ultrasonically

cleaned in acetone for 20 minutes

3.3 COATING PROCESS

During this process, the substrates were completely dipped one by one in to the jelly sol and
withdrawn vertically slowly at a rate of 10cm /min for 8 times. Between two successive dipping,
the substrate along with the carried sol were dried at a temperature 100-120°C so as to have a
quick gelation. After the dipping and withdrawing procedure, the resulting five CuAlOthin film

samples were now ready for annealing.
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3.4 ANNEALING PROCESS

Four of the five samples of CuAlO; thin films deposited using the sol-gel technique were
annealed at temperatures of 400°C, 500°C, 600°C and 700°C for 2hrs each and the annealed thin

films are kept ready for structural and optical analysis.

3.5 STUDY OF THE SURFACE MORPHOLOGY

This study was carried out on all the five samples (as-synthesized and annealed)
samples of thin films of CuAlO; using the SEM Hitachi S-1100Model scanning electron
microscope.

3.5.1 THE SEM MEASUREMENTS

The scanning electron microscope (SEM) produces images of a sample by scanning the sample
surface with a focused beam of electrons; the electrons interact with atoms in the sample,
producing various signals that can be detected and contain information about the samples’
surface topography and composition. The electron beam generally scanned in a raster scan
pattern and the beams position combined with the detected signal to produce an image to achieve
resolution better than Inm. The process was conducted in high vacuum and at a wide range
cryogenic or elevated temperatures. The most common SEM mode is the detection of secondary
electrons emitted by atoms excited by the electron beams. The number of secondary electrons
that can be detected defends on the energy at which the beam meets the surface of specimen
(McMullan, 2006). By scanning the sample and collecting the secondary electrons with a special

detector an image displaying the topography of the surface is created
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Plate 3.1. Hitachi S-4100 Scanning Electron Microscope(SEM) (at UMYU, Katsina)

3.5.2 SEM COMPONENTS AND OPERATION

The scanning electron microscope (SEM) consists of an energetically well-defined
highly focused beam of electrons scanned across a sample. The microscope uses a LaB6
source and is pumped using turbo and ion pumps to maintain the highest possible
vacuum. (Klein,2012) A finely focused electron beam scanned across the surface of the
sample generates secondary electrons backscattered electrons, and characteristic x-rays.
These signals are collected by detectors to form images of the sample displayed on a
cathode ray tube screen. Secondary electron imaging (SEI) works on the principle that
this electron beam generates a ‘splash’ of electrons with kinetic energy much lower
than the primary incident electrons called secondary electrons. Because of their low
energies and low penetration depth, the detection of secondary electrons as a function
of primary beam position makes it possible to attain high magnifications (as much as

x100, 000 in some cases) and high resolutions (up to~40A solution). For imaging the
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areas of interest, backscattered imaging (BEI) detects high energy electrons which

backscatter quasi-elastically of the sample.
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Fig. 3.1 Schematic diagram of SEM

This imaging detector operates in two modes: Topographical, which yields a
topographic image of the sample surface; and compositional, which distinguishes
between areas of relative low and high average atomic weights. This techniqueis
extremely useful for locating areas with concentrations of heavy elements not

necessarily visible to the naked eye or to the secondary electron detector.

3.5.3 MAGNIFICATION AND IMAGE FORMATION

SEM can be controlled over a range of up to 6 orders of magnitude from 10 to 500,000
times. Unlike optical transmission electron microscope, image magnification in SEM is
not a function of the objective lens. SEMs may have condenser and objective lenses, but
their function is to focus the beam to spot, and not to image the specimen.

Magnification results from the ratio of the dimensions of the raster on the specimen and
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the raster on the display device. Magnification is therefore controlled by current
supplied to the x,y scanning coils or the voltage supplied to the x,y deflection plates

and not by objective lens power.

3.5.4 SAMPLES PREPARATION FOR SEM MEASUREMENTS

Fourout of the five annealed samples were cut and made appropriate sizes of one
square centimeter each to fit in to the specimen chamber and were generally mounted
rigidly on a specimen holder called a specimen stub. To prevent scanning faults the
specimens were completely dried since the specimen chamber is at high vacuum the

images were then displayed on a screen for observations

3.6 STUDY OF THE OPTICAL CHARACTERISTICS

This study was carried out in two stages
i-By UV-Visible spectrophotometry and
11-By Fourier Transform Infrared FT-IR

The purpose of which is to determine the properties exhibited by the CuAlOzthin film in
the presence of light and annealed at a temperature range of 400-700°C in the intervals
of 100°C each. The optical and solid state properties studied include Transmittance

(T),Absorbance (A) Absorption coefficient (a), extinction coefficient (k) and the band

gap
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3.7 UV-VISIBLE SPECTROPHOTOMETER

The UV-visible spectrophotometer used for this work is Varian Cary 50Bio

UV-Vis spectrophotometer fig.3.3 below

Plate. 3.2 Varian Cary 50Bio model uv 0906MO012 uv-visible spectrophotometer (at
Dept. Of Biochemistry B.U.K)

3.7.1 THE WORKING PRINCIPLE OF UV-VIS SPECTROPHOTOMETER

It uses light in the visible range and adjacent (near UV-and near infrared (NIR) ranges).
The absorption or reflectance in the visible range directly affects the perceived color of
the chemicals involved. In this region of the electromagnetic spectrum, molecules
undergo electronic transition. This technique is complementary to fluorescence
spectroscopy. Molecules containing m-electrons or non-bonding electrons (n-electrons)
can absorb the energy in the form of ultraviolet or visible light to excite these electrons
to higher anti-bonding molecular orbitals, (Misra and Dubinskii, 2002). UV-Vis
spectroscopy in this semiconductor measures the thickness and optical properties of the

thin film on glass, fig. 3.3
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fig.3.3 Scheme diagram of a UV- Vis spectrophotometer

3.7.2 SAMPLE PREPARATION FOR UV-MEASUREMENTS

Samples for UV-Vis spectrophotometry using the Varian Cary 50 Bio mode are most
often liquids, and typically placed in a transparent cell, known as cuvette. The cuvette
is typically rectangular in shape commonly with an internal width of l1cm, this width
become the path length L in the Beer Lambert law. It allows radiation to pass over the
spectral region of interest. The most widely applicable cuvette is made of high quality
fused silica or quartz glass because they are transparent throughout the UV-visible and

near infrared regions (Skoog et al., 2007)

In this work small portions of all the six samples of the prepared CuAlO> thin films
were scrapped and the powder diluted with distilled water and placed in to separate

cuvettes for UV-Vis spectrophotometry
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3.8 FOURIER TRANSFORM INFRARED (FT-IR) SPECTROSCOPY

Fourier transform infrared spectroscopy is an analytical technique used to identify
organic (and in some cases inorganic) materials. The technique measures the absorption
of radiation by the sample material versuswavelength. The infrared absorption bands

identify molecular components and structures.

3.8.1 COMPONENTS PRINCIPLES AND MEASUREMENT OF FT-IR

SPECTROMETER

The material or specimen placed is irradiated with infrared radiation. Absorbed IR
radiation usually excites molecules into a higher vibrational state. The wavelength of
light absorbed by a particle molecule is a function of the energy difference between its
rest and excited vibrational states. The wavelengths that are absorbed by the sample are
characteristics of molecular structure (Nishikida, etal.,1995) The FT-IR spectrometer
uses an interferometer fig.3.5 to modulate the wavelength from broadband infrared
source. A detector measures the intensity of transmitted or reflected light as a

functionof its wavelength.
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fig 3.4 schematic diagram of FT-IR
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The signal obtained from the detection is an interferogram, which must be analyzed
with a computer using Fourier transform to obtain a single-beam infrared spectrum. The
FT-IR spectra are presented as plots of intensity versus wave number (cm™'). Wave
number is the reciprocal of wavelength. The intensity is plotted as a percentage of light

transmittance or absorbance or reflectance at each wave number as in fig.3.6
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Fig.3.5 FT-IR spectra for (a) CuAlO;, (b) Cu20 and (d)
a-Al>Os (Prakash, et al., 2008)

3.8.2 SAMPLE PREPARATION FOR FT-IR SPECTROMETER MEASUREMENT

Small portion of all the four coated and annealed samples of CuAlO> thin film were
scrapped using a sterile blade to obtain the powdered samples, these were placed on FT-

IR spectrometer stage for FT-IR analysis

25



CHAPTER FOUR

4.0 RESULT AND DISCUSSION

Plates 4.1 to 4.5 show the SEM micrographs of the as synthesized and annealed samples
of the deposited CuAlO: thin film on glass substrate using the chemical solution (sol
gel) method of deposition. From the micrograph of Plate 4.1 (as deposited CuAlO;
sample) it will be observed that the film had loose structure with small particle size and
a fine and well define grain boundaries and size, the grain size appears smaller
compared with those annealed at different temperatures, also the film color is black and

uniformly covering the substrate with good adherence.

720nm CuAIo2 A o

Plate 4.1 SEM micrograph of as Plate 4.2 SEM micrograph of
synthesized CuAlO; CuAlO; annealed at 400°C

720nm CuAiOz === =
Plate 4.3 SEM micrograph of CuAlO; thin Plate 4.4 SEM micrograph of CuAlO; thin
film annealed at 500°C film annealed at 600°C
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720nm CT02

Plate 4.5 SEM micrograph of CuAlO;
thin film annealed at 700°C

The micrographs of Plates 4.2 to 4.5 showed a similar structure with larger particles
size and at these temperatures the film look more compact there is the existence of a
smooth surface with finer grain. Again some bigger clusters are also shown to be
dispersed on the surface which resulted due to agglomeration of finer grains. It is
apparent that the grain size of the films increases as the annealing temperature increases
which can be understood by high mobility of atoms at high annealing temperatures.
This result agrees with the work of (Wang, 2003) who found a similar results of the
structure of Cu-Al-O film deposited at a temperature of 750°C with lager particle size
of about 40-50nm. Dense granular structures are also observed in the images with some
voids visible at the middle of the structure this agrees with the work of (Lan, et al.,
2009). It is also worth to notice that the micrographs of Plate 4a, and 4b are having
similar type of crystallinity due to the annealing temperature range of 400°C and 500°C,
it now appears that due to the annealing temperatures of the micrographs of Plates 4.1
and 4.2, the densification of the films has not fully taken place. However a further
elevated thermal treatment as in micrographs of Plates 4.4 and 4.5 reduces the voids in
the micrographs. It is also to be observed that the overall surface of the micrograph of
Plate 4.5 is seen to have finer grain boundaries covering the substrate which is

attributed to the elevated thermal treatment of 700°C.
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4.1 STUDY OF THE OPTICAL PROPERTIES

Optical properties of CuAlO: thin film are extremely important because of its possible applications
in the field of optoelectronics technology. High transparency is one of the main features of TCOs.
Therefore detailed optical characterization and determination of related parameters are the most
significant part of the analysis of TCOs. Following this point of view, the optical properties of
CuAlO; thin films in terms of absorbance, transmittance, absorption coefficient, extinction
coefficient and band gaps have been studied in detail. The four samples S1, S2, S3 and S4 of the
deposited CuAlO; film with different annealing temperatures of 400°C, 500°C, 600°C and 700°C

respectively with 2hrs annealing time each were studied and analyzed.

Table 4.1 Showing wavelength, absorbance and transmittance for samplel (S1) annealed at 400°C

S/N Wavelength (nm) Absorbance % Transmittance
1 325 0.525 18.70
2 350 0.456 35.00
3 370 0.460 36.00
4 390 0.430 38.70
5 400 0.456 39.20
6 450 0.460 40.00
7 500 0.470 42.00
8 550 0.475 42.20
9 570 0.476 42.25
10 600 0.480 42.10
11 650 0.488 4291
12 660 0.490 4291
13 700 0.493 42.90
14 725 0.494 42.95
15 750 0.500 42.96
16 800 0.500 43.60
17 850 0.498 43.90
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Table 4.2 Showing wavelength, absorbance and Transmittance for sample 2 (S2) annealed at 500°C

S/N Wavelength (nm) Absorbance % Transmittance
1 325 0.655 18.7
2 350 0.575 54.2
3 370 0.564 56.0
4 390 0.570 56.6
5 400 0.565 57.6
6 450 0.565 58.9
7 500 0.550 59.5
8 550 0.540 60.0
9 570 0.530 60.0
10 600 0.525 60.1
11 650 0.526 60.1
12 660 0.532 60.0
13 700 0.524 60.1
14 725 0.525 60.0
15 750 0.515 60.0
16 800 0.530 59.6
17 850 0.510 59.4

TABLE 4.3 Showing wavelength, absorbance and reflectance for sample 3 (S3) annealed at 600°c

S/N Wavelength (nm) Absorbance % Transmittance
1 325 0.855 18.7
2 350 0.650 62.5
3 370 0.640 62.9
4 390 0.630 63.0
5 400 0.625 64.0
6 450 0.620 64.1
7 500 0.610 67.0
8 550 0.600 70.0
9 570 0.600 70.5
10 600 0.600 71.1
11 650 0.610 72.0
12 660 0.618 72.0
13 700 0.610 71.3
14 725 0.609 71.9
15 750 0.610 72.1
16 800 0.616 72.5
17 850 0.610 72.9
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Table 4.4 Showing wavelength, absorbance and transmittance for sample 4 (S4) annealed at 700°C

S/N Wavelength (nm) Absorbance % Transmittance
1 325 0.855 18.7
2 350 0.650 62.5
3 370 0.640 62.9
4 390 0.630 63.0
5 400 0.625 64.0
6 450 0.620 64.1
7 500 0.610 67.0
8 550 0.600 70.0
9 570 0.600 70.5
10 600 0.600 71.1
11 650 0.610 72.0
12 660 0.618 72.0
13 700 0.610 71.3
14 725 0.609 71.9
15 750 0.610 72.1
16 800 0.616 72.5
17 850 0.610 72.9

Table 4.5 showing wavelength, absorbance, absorption coefficient extinction coefficient and energy for

samples S1 and S2

S/N | Waveleng | % Absorbance (A) Absorption coefficient | Extinction =he | (aE)?X 10%3
th (nm) (ax 10°m™) coefficient A | (evm)?
(k x 107) )
S1 S2 S1 S2 Sl S2 S1 S2

1 300 1.400 1.400 4.478 4.478 106.9 106.9 | 4.13 34.20 | 34.20
2 325 0.525 0.655 1.679 2.095 43.40 54.10 | 3.81 4.10 6.39
3 350 0.456 0.575 1.459 1.839 40.60 51.20 | 3.54 2.67 4.24
4 370 0.460 0.574 1.471 1.836 43.30 54.10 | 3.35 2.43 3.78
5 390 0.430 0.570 1.375 1.823 42.60 56.60 | 3.18 191 3.36
6 400 0.456 0.565 1.459 1.807 46.70 57.50 | 3.10 2.04 3.14
7 450 0.460 0.565 1.471 1.807 52.70 64.70 | 2.76 1.64 2.48
8 500 0.470 0.550 1.503 1.759 59.80 69.90 | 2.48 1.39 1.90
9 550 0.475 0.540 1.519 1.727 66.50 75.60 | 2.25 1.29 1.52
10 570 0.476 0.530 1.523 1.695 69.10 76.90 | 2.18 1.17 1.36
11 600 0.480 0.525 1.535 1.679 73.30 80.20 | 2.07 1.10 1.20
12 650 0.488 0.526 1.561 1.682 80.70 87.10 | 1.91 1.01 1.03
13 660 0.490 0.532 1.567 1.673 82.30 87.90 | 1.88 0.82 0.94
14 700 0.493 0.524 1.577 1.676 87.90 93.40 | 1.77 0.78 0.88
15 725 0.494 0.525 1.580 1.679 91.20 96.90 | 1.71 0.73 0.82
16 750 0.500 0.515 1.599 1.647 95.40 98.30 | 1.65 0.61 0.74
17 800 0.500 0.530 1.599 1.695 101.8 107.9 | 1.55 0.61 0.69
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0.81au, 0.63au, 0.52au and 0.45au for samples S1, S2, S3and S4 respectively in the wavelength

region of about 400nm.
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Fig.4.6a Absorbance vs wavelength spectra for CUAIO; thin film at different annealing temperatures

31



Within the visible range the absorbance value of some of the samples decrease from about
0.81au to 0.75au, 0.63au to 0.62au and 0.59au t00.52au for samples S1, S2 and S3 respectively.
However the absorbance of sample S4 increases slowly from about 0.45au to about 0.48au
within the visible range. Between 700nm and 900nm, the absorbance values of the samples are
fairly constant. While the absorbance values of samples S1 and S2 are about 0.75au and 0.62
within this range the value for samples S3 and S4are about 0.52au and 0.45au respectively.

Beyond 900nm, absorbance value of all samples decreases slowly with increase in wavelength.

4.1.2 TRANSMITTANCE FOR THE SAMPLES

The transmittance of the samples increases with increasing annealing temperature. It rises from a
common value of about 18.3% at about 306nm to peak values of about 38.6%, 54.3%, 62.3%,
and 86.1% in the infrared region and a small decrease occurs around 400nm in all the samples.
Between 400nm and 700nm the transmittances of the samples S1, S2, S3 and S4 rise from
37.53% to 42.5%, 53.2% to 54.00% and 85.32% to 87.61% respectively and this agrees with the

work of (Mammah, et al., 2005).
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Transmittance vs wavelength
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Fig.4.6b Transmittance vs wavelength spectra for CuAlO; thin film at different annealing temperatures
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4.1.3 ABSORPTION COEFFICIENT

The absorption coefficients () are calculated from the absorbance data using the Beer Lambert

equation given as (Lambert, 2006)

2.2034
a =
a

4.1

Where,

A is the absorbance and

d is the thickness of the film

The absorption coefficient a decreases with increasing annealing temperature. The absorption
coefficient of three samples S1, S2 and S3 increases according to figd.1d from 1.58x10°,
1.29x10° and 1.08x107 at about 1.14ev in the infrared region to about 1.93x10° , 1.58x10° and
1.29x10° at about 3.62eV in the visible region and this agrees with the work of (Kim et al.,

2007). And between 3.62eV and 4.00eV, the absorption coefficient of the samples rises sharply

and attained different peak values which decreases with increasing annealing temperature.
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Fig. 4.6 c absorption coefficient vs photon energy for CuAlL,O thin film at different annealing temps.

4.1.4 ENERGY BAND GAP
The energy in electron volt (eV) is obtained using
E=hv = 4.2

Where, h is a Planck’s constant given as 6.62 x 104Js
c is the speed of light

and A is the wavelength
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4.1.5 DIRECT BAND GAP

The direct band gap for all the samples is calculated using Tauc’s relation from the values

obtained for absorption coefficient (&) and energy gap (E). The direct band gap according to the
plot in fig 4.2f for sample S1 is about 3.55e¢V while that of S2 and S3 is about 3.80eV and that of
sample S4 has a direct band gap of about 3.85e¢V. This values agrees with the values of the band
gaps estimated by (Lan, et al., 2009) as 3.0, 3.15, 3.50 and 3.75 and the work of (Arghya, 2010)

who extrapolate the linear portions of the graphs of (ohv)'™ =A(hv-E) to the hv axes and

obtained a obtained a direct band gap of CuAlO;
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Fig 4.6d Direct band gap vs photon energy for CuAlO; thin film
at different annealing temperatures
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4.1.6 THE EXTINCTION COEFFICIENT

The extinction coefficient (k) of all the samples are calculated from the values of absorption

coefficient (a) calculated from the equation (Bryce, 2003)
k=— 4.3

From the plot of fig.4.1e, the extinction coefficient of the samples S1, S2, S3, and S4 decreases
parabolically from 133.89 x 1073, 111.76 x 103, 93.45 x 10~ and 89.44 x 107 respectively in the
infrared region to about 81.11 x1073, 82.22 x107, 83.35x10"* and 84.42x10 at about 4.05eV in
the visible region respectively. The minimum values of the extinction coefficientare 57.78x107,
29.44x107 for samples S2 and S1 respectively and it occurs at about 3.54ev. Now the extinction
coefficient values of the samples at 2ev are approximately 94.32x107, 72.58x10, and
64.44x107 and 59.46x107 for samples S1, S2, S3, and S4 respectively and these values are
comparable with those in the work of (Arghya, 2010) whose values of the extinction coefficients

vary from 22.00x107 to 65.32x107 in the wavelength region of 300-800nm
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Fig. 4.2e Extinction coefficient vs photon energy of CuAlO; thin film at
different annealing temperatures
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4.2 FOURIER TRANSFORM ANALYSIS OF THE CUALO: THIN FILM

Fourier transform infrared spectroscopy (FT-IR) performed on the CuAlO> thin film deposited
on microscope slide (glass slide) as substrate was only carried out on sample S4 annealed at
temperature 700°C, this is because in the uv-visible spectrophotometry all the samples of the
deposited CuAlO; thin film annealed at 400°C, 500°C, 600°C and 700°C were analyzed for all
parameters and the results were discussed.

4.2.1 ABSORBANCE IN FT-IR SPECTROSCOPY

The absorbance for all the samples annealed at different temperatures decreases with increasing
annealing temperature as found in the UV- Visspectrophotometry
of fig.4.2afor this sample S4 annealed at 700°C, the FT-IR spectra of absorbance vs wavenumber

cm’! is given in fig. 4.3a.
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Fig. 4.3a FT-IR Spectra for absorption vs wavenumber cm-! for sample S4 (CuAlO; thin film)
annealed at 700°C
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The wave number varied from 700 to 400cm'in the spectra, the absorbance decreases with an
increase in temperature, the absorbance is at its lowest value of about 0.031au at a wave number
of at 2106cm™ and a peak value of 0.14au at a wave number of 1443cm™. Between the
wavenumber of 3600cm™'4000cm™ there is almost no change in the absorbance value of the
given sample. However there appears a sudden rise in the absorbance values from 0.031au to
0.055au at a region between 3450cm™ to 3570cm'm wavenumber. The two highest peaks at
0.140au (1443cm™) and 0.130au 855cm™ may be attributed to the Al-O and CuO stretching and
bending vibration change in surface structure taking place after calcination. And between the
wavenumbers of about 1480nm (0.140au) to 1547nm (0.055au) there appears a very sharp
decrease in the absorbance of the sample. (Smith, 1999) in his infrared spectral interpretation

observes the decrease in his spectra of CuAl,O4 Nanopowder
4.2.2 TRANSMITTANCE IN FT-IR SPECTROSCOPY

Transmittance generally increases with an increase in the annealing temperature (Mammabh, et
al., 2003) this was also previously reached in the UV-Vis transmittance spectra of all the samples
of CuAlO> produced at different annealing temperatures of fig.2.1 above. For the FT-IR
transmittance of the sample annealed at 700°C temperature the spectra of the film is produced in

fig.4.3a
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Fig.4.7b FT-IR spectra for transmittance vs wavenumber cm™! for sample S4 (CuAlO; thin film)
annealed at 700°C

The wave number varies from about 700cm™ to 400cm™ in the above spectra, there appears
almost constant transmittances of about 85% and 95% at the wave number regions of about
2980cm™ to 3900cm™ and 3645cm™ to 4000cm™. The two lowest peaks at the wavenumber
region of 700cm™ to 1443cm™ with transmittances of 73.425% and 74.801% may be attributed to
Cu-O stretching vibration fig.4.7b. And the other peak at 1185cm™ wavenumber equivalent to
82.873% transmittance may be due short Al-O stretching vibration in distorted AlO¢ octahedra.
The peak at 1689cm™ equivalent to 86.51% transmittance may be due to OH stretching vibration
which may be incorporated from the atmospheric contaminations, other similar peaks in 2084cm’
! equivalent to 92.681% and 1983cm™ equivalent to 93.218% may be attributed to O-Al
vibration which occurs due to the nature of the CuAlO; film in the sample lastly a peak at
3461cm’'(87.495% transmittance) may be a CO» peak. This is comparable with the work of
(Prakash,et al.,2008) who found similar results in optical properties of mechanochemical
synthesis of nanocrystalline delafossites CuAlOz.Hence the assignment of the peaks for different
modes of CuAlO: is a simplification of the vibrational treatment of different inorganic

aluminates as well as copper complexes in organic solvents.
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CHAPTER FIVE

5.0 SUMMARY, CONCLUSION AND RECOMMENDATION
5.1 SUMMARY

Thin film is a layer of material ranging from fractions of nanometer to several micrometers in
thickness. It has several applications in construction such as in household mirrors and they also
serve as chemical sensors that can be fabricated through the use of several types of
organometallic powders dissolved in organic solvents deposited on substrate to form a

heterojunction

Temperature plays a vital role in annealing for a deposited thin film. It affects the surface

morphology and optical properties of the thin film.

Transparent conducting oxides are classified in to p and n-types TCOs. The p-types have unique
features of optical properties in the visible light region with transparency of over 85% and

optical band gap greater than 3eV and controllable electric conductivity (Kim. et al., 2011)

Lam, et al., (2009). Conducted a research on the annealing effects on the structural optical and
electrical properties of CuAlO; thin film deposited on glass substrate using magnetron sputtering
and found that the crystallinity of CuAlO; is improved with increasing annealing temperature in

N, ambient.

Kim,et al., (2007),conducted another research on optical and electrical properties of p-type
transparent conducting oxide CuAlO: thin film deposited on Si substrate using e-beam
evaporation and found the transmittance varies from 20-85% and resistivity from 5x102 to
4Qcm with wet oxidation condition and an estimated optical band gap in the range of 3.96-

4.20eV.
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Arghya, et al., (2010) conducted another research on wet chemical dip coating preparation on
CuAlO2 Si and glass substrate. XRD pattern confirms the crystalline phase formation with strong
(006) orientation while uv-vis shows high transparency of the film in the region with direct band

gap of 3.85¢eV.

Banerjee, et al., (2005) conducted a similar research on the size dependent optical properties of
sputter deposited nanocrystalline p-type transparent CuAlO; thin film, the transmission electron
micrographs reveal the formation of CuAlOz nanoparticle and x-ray diffraction shows diffraction
peaks depicting rhombohedral crystal structure with band gap values of transmission and

reflection as 3.94 and 3.84eV respectively.

In this work CuAlO; thin film wasdeposited on a glass substrate using chemical solution
deposition technique out of which four samples S1, S2, S3 and S4 were produced and then
annealed at temperatures 400°C, 500°C, 600°C and 700°C respectively. A study of the surface
morphology was conducted on all the annealed samples, and four micrographs were produced,
they all have a smooth surface with finer grains; well define grain boundaries, with dense
granular structure and some voids visible in the micrographs of samples 4.3 and 4.4 It was also
observed that densification of the micrographs of samples 4.1 and 4.2 has not fully taken place
and that there is an improved crystallinity in samples 4.3 and 4.4, so annealing at higher

temperature improves film crystallinity.

In the UV-Vis spectrophotometry the absorbance of all the four samples decreases with an
increasing annealing temperature while the transmittance and absorbance absorbances of the
samples increases with an increasing annealing temperature and the photons energy become

sufficient to excite electrons to move from valance to conduction band.
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The absorption coefficient (a) are calculated from the transmittance data using the method of
(Manifacier et al, 1976).The absorption coefficient decreases with increasing annealing

temperature and a band gaps of 3.55eV for S1 and S2 each and 3.80eV and 3.85eVfor samples
S3 and S4 respectively. And lastly the extinction coefficient is calculated from the relation k = i—z

and it decreases at about 4.05¢V. In the Fourier transform infrared FT-IR, the analysis was
carried out on sample annealed at 700°C, because the UV-Visible covers all the samples and the

parameters such as transmittance, reflectance and absorbance were fully discussed
5.2 CONCLUSION

Chemical solution deposition of transparent CuAlO> thin film on clean glass microscope slide
CuAlO> substrate was successfully carried out; Five samples of the CuAlO; thin films were
produced out of which four samples were annealed at temperatures of 400°C, 500°C, 600°C and
700°C respectively. The surface morphology of the annealed samples was studied with the aid of
a scanning electron microscope (SEM Hitachi S-1100). The micrographs also revealedthe
portion of the samples studied as 720nm each. A smooth surface with finer grains and well
defined grain boundaries was observed in all the four samples, some bigger clusters was also
observed on the micrographs of samples S3 and S4 which resulted due to the agglomeration of
finer grains and some voids are visible on the surface of micrographs of figs. 4.1 and 4.2, it was
also observed that the crystallinity of samples S3 and S4 has been improved it will now be

concluded that annealing at higher temperature improves crystallinity of CuAlO; thin film.

For the uv-vis and FT-IR Spectroscopy the findings indicate that while absorbance and
absorption coefficient/extinction coefficients of the deposited films decreases with increasing

annealing temperature, transmittance spectra exhibits that CuAlO; are transparent (37%-87%) in
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the visible range, reflectance and direct band gaps of the films increases with increasing
annealing temperature. And also there is an improvement in crystallinity of the deposited films
as annealing temperature increases. The high direct band gap for samples S1, and S2, is about
3.55 each, while that of S3, and S4 are approximately 3.80eV and 3.85eV respectively. It can
therefore be concluded that while the absorbance, absorption/extinction coefficients of CuAlO;
thin film is inversely proportional to annealing temperature the transmittance, reflectance and
direct band gaps are directly proportional to the annealing temperature, this therefore indicates

the suitability of CuAlO; in optoelectronic technology.

5.3 RECOMMENDATIONS FOR FURTHER RESEARCH

1. Use of other substrates like conducting glass and silicon is recommended and surface

morphology optical and electrical characterization should be included and comparison be made.

2. It is also recommended that the annealing temperature range for a similar research should
exceed the range used in this work and the result obtained be compared with the result of this
work, this will help to indicate and find out a more suitable annealing temperature for

CuAlOzthin film fabrication.

3.1t is also recommended that XRD be conducted in a similar research to this work and the UV-
Vis spectrometry should also include real and imaginary dielectric constants and the refractive

index.
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