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ABSTRACT

INVESTIGATION OF SOME PROPERTIES OF SPUTTERED ZnO THIN
FILM

Abdulsalam Aji SULEIMAN

Master of Science, Department of Physics
Supervisor: Prof. Dr. Ahmet VARILCI

February 2014, 51 Pages

The aim of this work was the study of sputtered zinc oxide (ZnO) film
deposition, how the optical and structural properties of films based on the heated
substrates during deposition can be altered. In recent years there has been increased
interest in ZnO in terms of its potential applications. The electrical, optoelectronic
and photochemical properties of ZnO thin film have resulted in its use for solar cells

[8], transparent electrodes and blue/UV light emitting devices [9].

In this work, Zinc-Oxide (ZnO) thin films were deposited using reactive
sputtering method. The reactive DC sputtering was performed with a Zinc (Zn) target
and oxygen as a reactive gas, on an amorphous glass slides of few millimeters
thickness. The effects of the increase in substrate temperature during deposition
ranging from RT to 400 °C on the optical and structural properties of ZnO thin films
have been studied. The crystalline structure, surface topology, and optical properties
of the films were determined using X-ray diffraction (XRD), atomic force

microscopy (AFM), and UV-Vis Spectrophotometer, respectively.

X-ray diffraction measure showed that the films with substrate temperatures

from RT — 300°C were single crystalline in nature with (002) c-axis oriented

11



crystallite of hexagonal wurtzite structure. However, as the temperature reached 400
°C the film appears to be polycrystalline with (100), (002), (101), (110) and (103)
oriented crystallites of same hexagonal wurtzite structure. Crystalline property and
grain size of the films were found to increase as the temperature of the substrate
increases. The optical bandgap of the ZnO film were found red shifted in the range of
3.353 — 3.001 eV, as the substrates temperature increased bandgap energy of the
films decreased. And according to the images taken by AFM, its shows that root
mean square (rms) values of surface roughness for the films were in variation which
shows a better smoothness as the temperature increases. And from the UV-Vis
spectrophotometer, almost all the film showed transmittance over 80% in the visible
light range spectrum, the transmittance decreases with the increase in the
temperature. All the results indicate that, as the substrate temperature increases the
films photoactive performance found to be increasing decreases with improve in

roughness and smoothness on their surface.

Keywords: Semiconductors, thin film, ZnO, Band gap
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OZET

ZnO INCE FiLMiN BAZI OZELLIKLERININ ARASTIRMASI

Abdulsalam Aji SULEIMAN
Yiiksek Lisans, Fizik Boliimii

Tez Danismani: Prof. Dr. Ahmet VARILCI

Subat 2015, 51 Sayfa

Bu tezdeki amacimiz film olusturma aninda (insitu) althik sicakligim
degistirerek ZnO ince filmin yapisal ve optik 6zelliklerini ¢calismaktir. Son yilllarda
ZnO izerinde potansiyel uygulamalar arttigindan, ZnO’ya ilgi, dogal olarak,
artmistir.  ZnO ince filmin elektriksel, optoelektronik ve fotokimyasal
ozelliklerindeki gelisme onun giines hiicrelerinde[8], 151k gegirgen elektrotlarda ve
mavi/UV 151k yayan diyotlarda [9] kullaniminin 6niinti agmugtir.

Bu calismada, ZnO ince film DC magnetron sagtirma teknigi kullanilarak
tiretilmistir. DC sactirma yontemi Zn hedef malzeme ve oksijen gazi kullanilarak
amorf ve 1-2 mm kalinligindaki cam iizerinde gergeklestirildi. Film iiretim esnasinda
althik sicaklig1 oda sicakligindan 400°C’a kadar degistirilerek filmin optik ve yapisal
ozelliklerinin degisimi incelendi. Uretilen filmlerin kristal yapisi, yiizey morfolojisi
ve optik ozellikleri X Isim1 Kirmimmetresi (XRD), Atomik Kuvvet Mikroskobu
(AFM) ve UV-Vis Spektrometresi kullanilarak incelendi.

XRD o6l¢timii althik sicakligi oda sicakligindan 300°C’a kadar olan filmlerin
hegzagonal wurtzite yapisinda ve (002) c ekseni yonlenmesine sahip oldugunu
gosterdi. Ancak, film althik sicakligi 400°C’a ulastiginda film polikristal hale
doniisiip ayn1 hegzagonal wurtzite yapisinda (100), (002), (101), (110) ve (103)



yansimalarmm gosterdigi goriildii. Uretilen bu filmlerin tane biiyiikliikleri ve Kristal
ozellikleri altlik sicakligr artis1 ile arttigr gbzlendi. ZnO filmin optic bant araligi,
althik sicakligi arttarken 3.353 — 3.001 eV arasinda azalarak degistigi bulundu. AFM
sonuglari, altlik sicakligr artarken filmin ylizey piiriizliigiiniin rms degerlerinin daha
diizgiin bir priizsiiz yiizeye dogru gittigini gosterdi. UV-Vis spektrometre sonuglari
filmin goriiniir 151k bolgesinde %80 gecirgenlik gosterdigi ve altkik sicaklig
yiikseldikce gecirgenligin arttigi bulundu. Sonug olarak altlik sicakligr arttik¢a film

kalitesi artmakta ve ylizey de onemli Olciide iyilesmektedir.

Anahtar Kelimeler: Yariiletken, ince film, ZnO, Bant aralig
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CHAPTER 1

INTRODUCTION

1.1 Introduction

A semiconductor can be considered a material having a conductivity ranging
between an insulator and a metal. One of the crucial property of semiconductors is
the bandgap; a range of forbidden energies within the electronic structure of the
material. Semiconductors typically have band gaps ranging approximately between 1
and 4 eV, while insulators have larger band gaps, often greater than 5 eV [1]. The
thermal energy available at room temperature, 24 C, is approximately 25 meV and is
thus considerably smaller than the energy required to promote an electron across the
band gap [2]. This means that there are a small number of carriers present at room
temperature, due to the high energy tail of the Boltzmann-like thermal energy
distribution [3]. It is the ability to control the number of charge carriers that makes
semiconductors of great technological importance. Few of the best examples of
semiconductors are Germanium and Silicon; they both have similar proprieties such
as belonging to the same group of the periodic table and being both indirect band gap
semiconductors, but silicon is more stable and preferable than germanium because,
the valence electrons in germanium are in the fourth shell while those in silicon are
in the third shell, closer to the nucleus. This means that the germanium valence
electrons are at higher energy levels than those in silicon and, therefore, require a
smaller amount of additional energy to escape from the atom. This property makes
germanium more unstable at high temperature, and this is basic reason why silicon is

the most widely used semi conductive material [4].

In the last 60 years or so, we have been shaped by the silicon age. The
semiconductor industry is still a main driver of today’s innovations. A life without
semiconductors is unimaginable today: no information highway, no cell phones, no
airbags in cars and no personal computers, etc. Besides silicon, which has been the

semiconductor for the last 60 years, scientists have turned their efforts towards other



materials to fulfill the needs of various niche applications. It is a little known fact
that the semiconducting properties of Zinc Oxide (ZnO) were already discovered in
the 1920’s. Then, ZnO crystals were used as diodes to rectify AM radio signals.
Varistors (voltage dependent resistors) are commonly made by sintering of ZnO
powder with added trace materials. This method was first reported in the 1950’s [4,

S].

In recent years there has been increased interest in ZnO in terms of potential
applications as piezoelectric films (or coatings) for surface acoustic wave devices
(SAW) [6], for IR and visible light emitting devices and UV sensing [7], which was
reported in 1986 . The electrical, optoelectronic and photochemical properties of
undoped ZnO have resulted in its use for solar cells [8], transparent electrodes and
blue/UV light emitting devices [9]. ZnO is a unique material that exhibits both
semiconducting and piezoelectric properties. In the past decade, numerous studies
have been made on both production and application of one-dimensional ZnO. ZnO
nanomaterial is promising candidates for Nano electronic and photonics. Compared
with other semiconductor materials, ZnO has a high exciton binding energy of 60
meV [10], which gives it a high potential for room temperature light emission. It is
more resistant to radiation and is multifunctional as it has piezoelectric, ferroelectric
and ferromagnetic properties [11]. ZnO-based semiconductor and nanowire devices
are also promising for integration on a single chip. So far, the various applications of
7ZnO nanomaterials such as biosensors [12], UV detectors [13] and field emission
displays are being developed.

ZnO can be deposited on a substrate using various methods, such as
sputtering, pulsed laser deposition (PLD), molecular beam epitaxy (MBE), chemical
vapor deposition (CVD), metal organic CVD (MOCVD) and sol-gel. During these
studies, we have been producing ZnO films using sputtering, as this technique offers

relatively fast deposition rates.

1.2 Crystal Structure

Most of the group II-VI binary compound semiconductors crystallize in either

cubic zinc-blende or hexagonal wurtzite structure where each anion is surrounded by
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four cations at the corners of a tetrahedron, and vice versa. This tetrahedral
coordination is typical of sp3 covalent bonding, but these materials also have a
substantial ionic character. ZnO is an II-VI compound semiconductor whose ionicity
resides at the borderline between covalent and ionic semiconductor. The crystal
structures shared by ZnO are wurtzite B4, zinc blende B3, and rock salt B1, as
schematically shown in Fig. 1. At ambient conditions, the thermodynamically stable
phase is wurtzite. The zinc-blende ZnO structure can be stabilized only by growth on
cubic substrates, and the rock salt NaCl structure may be obtained at relatively high

pressures.

Rocksalt (B1) Zinc blende (B3) Wurtzite (B4)

(b} (c)

Figure 1: Stick and ball representation of ZnO crystal structures: (a) cubic rock salt
(B1), (b) cubic zinc blende (B3), and (c) hexagonal wurtzite (B4). Shaded gray and

black spheres denote Zn and O atoms, respectively.

Zinc oxide hexagonal wurtzite-type structure has a polar hexagonal axis, the
c-axis, chosen to be parallel to z. The primitive translation vectors a and b lay in the
x—y plane, are of equal length, and include an angle of 120°, while c is parallel to the
z-axis. The point group is in the various notations 6mm or Cgy, the space group
P6;me or C,. One zinc ion is surrounded tetrahedral by four oxygen ions and vice
versa. The primitive unit cell contains two formula units of ZnO. The values of the
primitive translation vectors are at room temperature a = b =~0.3249 nm and c¢
~0.5206 nm. The ratio c¢/a of the elementary translation vectors deviates with values
around 1.602 slightly from the ideal value ¢/a = 8/3 = 1.633. In contrast to other II-
VI semiconductors, which exist both in the cubic zinc blende and the hexagonal

wurtzite-type structures (like ZnS, which gave the name to both structures) ZnO



crystallizes with great preference in the wurtzite-type structure. The two latter
structures both form a face-centered cubic lattice (FCC), however with different

arrangements of the atoms within the unit cell, i.e. different bases.

1.3 Lattice Parameters

The lattice parameters of a semiconductor usually depend on the following

factors:

» Free electron concentration acting via deformation potential of a conduction
band minimum occupied by these electrons.

» Concentration of foreign atoms and defects and their difference of ionic radii
with respect to the substituted matrix ion.

» External strains (for example, those induced by substrate).

» Temperature.

The lattice parameters of any crystalline material are commonly and most
accurately measured by high resolution x-ray diffraction (HRXRD) by using the

Bond method [14] for a set of symmetrical and asymmetrical reflections.

For the wurtzite ZnO, lattice constants at room temperature determined by
various experimental measurements and theoretical calculations are in good
agreement. The lattice constants mostly range from 3.2475 to 3.2501 A for the a
parameter and from 5.2042 to 5.2075 A for the ¢ parameter. The ¢/a ratio vary in a
slightly wider range, from 1.593 to 1.6035 .The deviation from that of the ideal
wurtzite crystal is probably due to lattice stability and ionicity. It has been reported
that free charge is the dominant factor responsible for expanding the lattice
proportional to the deformation potential of the conduction-band minimum and
inversely proportional to the carrier density and bulk modulus. The point defects
such as zinc antisites, oxygen vacancies, and extended defects, such as threading

dislocations, also increase the lattice constant.

For the zinc-blende 4olytypes of ZnO, the calculated lattice constants based on

a modern ab initio technique are predicted to be 4.60 and 4.619 A. Ashrafi et al. [15]
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characterized the zinc-blende phase of ZnO films grown by plasma assisted metal
organic molecular beam epitaxy using reflection high-energy electron-diffraction
(RHEED), x-ray diffraction (XRD), transmission electron microscope (TEM), and

atomic-force microscope (AFM) measurements.

A high-pressure phase transition from the wurtzite to the rocksalt structure
decreases the lattice constant down to the range of 4.27 — 4.294 A. The experimental
values obtained by x-ray diffraction are in close agreement. The predicted lattice
parameters of 4.058-4.316 A using various calculation techniques, such as the HF,

are about 5% smaller or larger than the experimental values.

Table 1: Properties of Zinc Oxide (ZnO)

Physical Parameters Values
Crystal structure Hexagonal, wurtzite
Molecular weight 7Zn:65.38, 0:16 and Zn0O:81.38
Lattice constant a = 3.246 A, c=5207 A
Density 5.67 g/cm’
Cohesive energy Ec.on = 1.89eV
Melting point Tm = 2250 °K under pressure
Heat fusion 4,470 cal/mole
Thermal conductivity 25 W/mK at 20 °C
Thermal expansion coefficient 43x10°/°K at 20 °C
Band gap energy at RT 3.37eV
Reflective Index 2.008
Debye temperature 370 °K
Electron and Hole effective mass m, * =0.28, m,* = 0.59
Lattice energy 964 kcal/mole
Dielectric constant £ ,=875¢% ,=3.75
Exciton Binding energy Ep = 60 meV
Pyroelectric constant 6.8 Amp./sec./cm’/’K x 10"
Piezoelectric coefficient D;; =12 pC/N

14 Electronic band Structure

The band structure of a given semiconductor is pivotal in determining its
potential utility. Consequently, an accurate knowledge of the band structure is critical
if the semiconductor in question is to be incorporated in the family of materials
considered for device application. Several theoretical approaches of varying degrees

of complexity have been employed to calculate the band structure of ZnO for its




wurzite, zinc-blende, and rocksalt polytypes. Besides, a number of experimental data
have been published regarding the band structure of the electronic band structure of
the electronic states of wurtzite ZnO. X-ray or UV reflection/absorption or emission
techniques have conventionally been used to measure the electronic core levels in
solids. These methods basically measure the energy difference by inducing
transitions between electronic levels (for example, transitions from the upper
valence-band states to the upper conduction-band states, and from the lower valence-
band states) or by exciting collective modes (for example, the upper core states to the
lower edge of the conduction band and to excitations of plasmons). Another
important method for the investigation of the energy region is based on the
photoelectric effect extended to the x-ray region, namely, photoelectron spectroscopy
(PES). The peaks in emission spectrum correspond to electron emission from a core
level without inelastic scattering, which is usually accompanied by a far-less-intense
tail region in the spectrum. More recently, angle-resolved photoelectron spectroscopy
(ARPES) technique has started to be used. This technique together with synchrotron
radiation excitation has been recognized as a powerful tool that enables experimental
bulk and surface electronic band structure determinations under the assumptions of k

conservation and single nearly-free-electron-like final band.

Since ZnO is a direct gap semiconductor with the global extrema of the
uppermost valence and the lowest conduction bands (VB and CB, respectively) at the
same point in the Brillouin zone, namely at k = 0, i.e. at the I"-point, we are mainly
interested in this region. The lowest CB is formed from the empty 4s states of Zn**or
the anti-bonding sp® hybrid states. A typical representation of the band structure
looks as follows [16]:
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N
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Figure 2: Band diagram of ZnO

1.5  Piezoelectricity and Ferro electricity

All materials undergo a change in dimension when they are exposed to an
electric field. This phenomenon is called electrostriction; the induced strain is
proportional to the square of the electric field. While generally considered to be an
exclusive property of crystalline dielectrics, the phenomenon is also observed in
amorphous solids and liquids. However, the reverse effect does not occur in all
materials, i.e. most do not develop an electric polarization when they are strained by
an external stress. The materials that do not exhibit the reverse effect belong to the
11 crystal classes that possess a center of symmetry. The materials belonging to the
remaining 21 point groups have a non-Centro-symmetric structure and exhibit the
reverse effect, except the materials from the cubic class (432) which possesses
symmetry characteristics which combine to give no reverse effect. The materials that
show the reverse effect are piezoelectric. To a first approximation the polarization is
proportional to the stress and the effect is direct. Piezoelectric materials also show
the so-called converse effect, as the development of a strain is proportional to the
applied field. The converse effect is superimposed to the electrostrictive effect.
Among the 20 piezoelectric crystal classes, a subdivision can be made between the

10 classes which contain a unique polar axis in the unstrained conditions and the 10



classes that have no such polar axis. Quartz is an example of a piezoelectric material
without a polar axis in the unstrained state. In that case the dipolar arrangement
occurs in several compensating directions so that there is no net crystal dipole. When
stress is applied, the symmetry is disturbed and a direction is favored, giving rise to a
net polarization and to the piezoelectric effect. The piezoelectric materials which
possess a polar axis in the unstrained conditions are called pyro electric. When pyro
electric materials are heated, they expand and the magnitude of the net dipole
changes with the temperature, so that compensating charges appear on the two
opposite faces of the crystal. ZnO is a pyro electric material. Pyro electric materials
can be subdivided again in two classes. The ferroelectric materials are defined as
those pyro electric materials for which the polar axis can be realigned in another
direction by an external electric field.

ZnO clearly has piezoelectric properties and is subject to electrostriction. It
appears that electrostriction in ZnO has not been investigated in detail as a literature

search showed no related publications.



CHAPTER 2
THIN FILM GROWTH TECHNIQUES

2.1 Introduction

The vast varieties of thin film materials, their deposition processing and
fabrication techniques, spectroscopic characterization, and optical characterization,
probes that are used to produce the devices. It is possible to classify these techniques

in two ways [17, 18].

e Physical Process
e Chemical Process.

Physical method covers the deposition techniques which depend on the
evaporation or ejection of the material from a source, i.e. evaporation or sputtering,
whereas chemical methods depend on physical properties. Structure-property
relationships are the key features of such devices and basis of thin film technologies.
Underlying the performance and economics of thin film components are the
manufacturing techniques on a specific chemical reaction [19]. Thus chemical
reactions may depend on thermal effects, as in vapor phase deposition and thermal
growth. However, in all these cases a definite chemical reaction is required to obtain
the final film.

When one seeks to classify deposition of films by chemical methods, one finds
that they can be classified into two classes. The first of these classes is concerned
with the chemical formation of the film from medium, and typical methods
involved are electroplating, chemical reduction plating and vapor phase deposition.
A second class is that of formation of this film from the precursor ingredients e.g.
iodization, gaseous iodization, thermal growth, sputtering ion beam implantation,

CVD, MOCVD and vacuum evaporation.



The methods summarized in table 2.1 are often capable of producing films

defined as thin films, i.e. 1 um or less and films defined as thick films, i.e. 1 pm or

more. However, there are certain techniques which are only capable of producing

thick films and these include screen printing, glazing, electrophoretic deposition,

flame spraying and painting.

Table 2: Classification of Thin Film Deposition Techniques

Thin Film Deposition Techniques

(

Physical

\

\

Chemical

Sputtering Evaporation Gas Phase Liquid Phase
Glow Discharge Vacuum Chemical Vapor Electro-deposition
DC Sputtering Evaporation Deposition p
Triode Resistive heating Laser Chemical Chemical Bath
Sputtering Evaporation Vapor deposition Deposition (CBD)
Getter Flash Photo-chemical Electro less
Sputtering Evaporation Vapor deposition Deposition

Anodisation
Radio frequency Electron beam Plasma enhanced
Sputtering Evaporation Vapor deposition Liquid phase
Epitaxy
Sol-gel
Magnetron Metal-organic
Sputtering Laser Chemical vapor Spi .
Evaporation Deposition pu coating
Ion Beam (MOCVD) Spray-pyrolysis
Sputtering Technique (SPT)
Arc Ultrasonic SPT
A.C
Sputtering :
RF Heating Polymer assisted

Deposition (PAD)
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2.2 Physical Processes

2.2.1 Sputtering

Target (Cathode)

Plasma

Target atom

—‘ f u u Deposited layer
Gas inlet —1 (Anode)

Figure 3: Schematic diagram of sputtering chamber.

As shown in figure 2 the sputter target of the material to be sputtered is the cathode
of the system and the substrate/substrate holder is the anode, which is in the lower

part of the chamber.

Once the vacuum chamber is evacuated to the desired level, a sputtering gas
(usually Argon) is introduce. The background pressure is nomally in Torr range. The
reactive sputtering is achieved by adding O, to form oxides, H, to form hydrogenated
material, or N, to form nitrides. The stoichiometry of the sputtered film can be set by
varying the ratio of the introduced gases. A large negative potential between target
and ground initiates the process and electrons will be emitted from the target surface.
Typical voltage ranges from 100 Volts to 1 kV. The ejected electrons are accelerated
through the potential and get a very high kinetic energy. They collide with the gas

molecules and ionise them. The positive ions are accelerated towards the cathode. On
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hitting the target surface, part of the energy is transformed into heat and part is
transferred to other particles. These particles can eventually get enough energy to
leave the target surface. Various particles are eventually emitted: neutral atoms
which will eventually reach the substrate and build the film, negative ions, photons
and secondary electrons. The secondary electrons will again be accelerated from the
target and ionise more gas atoms that will sputter the target and so on. The secondary
electron yield needs to be high enough in order to maintain the plasma. When the
substrate is immersed into the plasma (shutter removed), the electrons cover the
surface much faster than the ions. A negative potential develops which attracts the
ions and repels the electrons. Around the substrate an electron depleted sheet forms
up to a steady state when the ionic current equals to the electron current. The target

has always the strongest negative potential.

The bombardment is a key parameter in the sputtering deposition. It has at
least three major effects. Firstly, it heats the substrate. The temperature of a substrate
immersed in plasma will rise up to 150 °C [23, 24]. This thermal energy enhances the
surface mobility of the atoms and has an influence on the growth of the film.
Secondly, the energy of a bombarding particle can be directly transferred to an atom
of the surface through momentum transfer in a collision. It will also increase its
mobility, which can lead to resputtering of the atom from the surface [20]. Thirdly, if
the energy of the bombarding particle is too high, it can damage the film by the
creation of defects during its implantation in the film. The bombardment is also
influenced by the nature and pressure of the sputtering gas, the sputtering distance

and the sputtering angle.

Futhermore, this happen to be one of the most fastest way of depositing a thin

films among the other techniques. And is the method we used throughout this study.
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2.2.2 Pulsed Laser Deposition (PLD)

Laser beam

Port with
~ quartz window

Target

carrousel Heatable

sample stage

Substrate

i

Laser plume

Rotating target Vacuum chamber

Figure 4: Schematic representation of PLD.

Pulsed Laser Deposition (PLD) is a thin film deposition technique where a
pulsed laser beam is focused onto a pellet of material of which a thin film is desired.
This pellet of source material, called the target, is heated locally by the high energy
density of the laser light. The energy density on the target surface causes extreme
heating of a small volume. The amount of heating depends on the absorption depth of
the light, which is a function of the laser wavelength and the used target material.
This local heating, results in the creation of a plasma without any melt phase which
is called ablation. The amount of heat transported into the target is minimized due to
the instantaneous character of the pulsed laser. The thermal diffusion length is

defined as [21,22]:

Lin

with k being the thermal diffusion coefficient, p the density of the target, c, the

specific heat and 1) the convection time. This time for convection is often shorter
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than the laser pulse, resulting in hardly any heating of the target. This holds

particularly for oxides which often have a low thermal diffusion coefficient.

The evaporation process takes place in ~1 nanosecond. During this
evaporation time a small volume of target material with a depth of the laser
wavelength is evaporated. Typically this is only a fraction of the pulse duration of the
lasers often used in PLD. This small evaporated volume is then heated by the
remainder of the laser pulse resulting in a plasma of high temperature and pressure.
During the evaporation and heating process, hardly any expansion takes place.
Expansion is driven by the high pressure in this small volume of the initial plasma.
The evaporated material is collected on the substrate material opposite to the target
where a thin film is formed. This substrate material is mounted onto a heater for the

depositions of thin films at elevated temperatures.

2.3 Chemical Processes

2.3.1 Molecular Beam Epitaxy (MBE)

Sample heating
and rotation

-gun
Chamber cooled
T (RHEED) by liq N2
Beam flow gauge ¢ el 7
i3
Load door\ ’ Jls W /
| N
Transport rod—:[ %E_ P Effusion cells
. N Shutter
Window ~
Sample holder MI S Fluorescent screen
(RHEED)

Figure 5: Schematic diagram of MBE.

Molecular beam epitaxy is a technique for epitaxial growth via the interaction
of one or several molecular or atomic beams that occurs on a surface of a heated

crystalline substrate. In Fig. 4 a scheme of a typical MBE system is shown. The solid
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sources materials are placed in evaporation cells to provide an angular distribution of
atoms or molecules in a beam. The substrate is heated to the necessary temperature
and, when needed, continuously rotated to improve the growth homogeneity [23, 24].
The molecular beams are typically from thermally evaporated elemental sources. For
example, in solid-source MBE, elements such as gallium and arsenic, in there pure
form, are heated in separate quasi-Knudsen effusion cells until they begin to
slowly sublime. The gaseous elements then condense on a substrate where they may

react with each other, which result a single-crystal gallium arsenide thin film [24].
2.3.2 Chemical Vapour Deposition (CVD)

A reaction chamber is used for this process too, into which the
reactant gases are introduced to decompose and react with the substrate to form the
film [25]. Is the predefined mix of reactant gases and diluent inert gases introduced
at a specified flow rate into the reaction chamber, the gas species move to the
substrate and the reactants get adsorbed on the surface of the substrate, the reactants
undergo chemical reactions with the substrate to form the film then the gaseous by-

products of the reactions are desorbed and evacuated from the reaction chamber
[26]

Reaction Heating Watss
charrtber y coils cooled
|| A
&) |‘| ) Q) ) co!\lector
Outlet +

CnHm

=

| b
Quaftitz () (\/j/ () \ Q

tube

Carrier Gas

Substrate C deposits

Figure 6: Simple illustration of Chemical Vapor Deposition (CVD) technique.
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CHAPTER 3
CHARACTERIZATION TECHNIQUES

3.1 Introduction

Characterization is an important step in the development of exotic
materials. The complete characterization of any material consists of phase
analysis, compositional characterization, structural elucidation, micro-structural
analysis and surface characterization, which have strong bearing on the properties
of materials. This has led to the emergence of variety of advanced techniques in the
field of materials science. In this section different analytical instrumental
techniques used to characterize our thin films are described with relevant

principles of their operation and working.

3.2 X-ray Diffraction

X-ray diffraction (XRD) is a versatile, non-destructive analytical technique
for identification and quantitative determination of the various crystalline
compounds, known as ‘phases’, present in solid materials and powders. Diffraction is
due essentially to the existence of certain phase relations. It is well known that two
rays are completely in phase whenever their path lengths differ by either zero of a
whole number of wavelengths. Differences in the path length of various rays arise
quite naturally considering how a crystal diffracts X-rays. Figure 14 shows the
diffraction of a beam of parallel and monochromatic X-rays of wavelength A is
incident on a crystal at an angle &, also known as Bragg angle, which is measured

between the direction of the incident beam and the crystal plane under consideration.
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Figure 7: Diffraction of X-rays by a crystal.

The interaction with the first of these planes produces a reflected component
at the specular reflection angle @, which is rather weak if the X-rays are deeply
penetrating. For the second and all subsequent planes, there are similar components
of reflected energy at the specular angle . It can be seen from Figure 14 that the

0 Consequently

additional path of the lower ray compared to the upper ray is 2d sin
all reflected components can interfere constructively in phase if this distance is a
multiple of the wavelength. This condition for efficient specular reflection is known

as Bragg’s law
2d sin‘9 = An,

Where n is an integer. Since the atomic arrangement is identical in all the
planes under consideration, the Bragg diffraction condition depends on the spacing
of the planes but is independent of the atomic arrangement within each plane. Since
sin 0 cannot exceed unity, the basic condition n A< 2d must be satisfied to obtain
any diffraction. For a spacing between planes in the order of 3 A, cannot exceed 6 A.
On the other hand if is much smaller than d, the diffraction angles are too small to be

conveniently measured. Experimentally, by using X-rays of known wavelength and
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measuring the spacing d of the planes in a crystal can be determined through Bragg’s
law [27].

For thin films, the powder technique in conjunction with diffractometer
is most commonly used. In this technique the diffracted radiation is detected
by the counter tube, which moves along the angular range of reflections. The
intensities are recorded on a computer system. The‘d’ values are calculated using
relation (2.8) for@ known values of 4, and n. The X- ray diffraction data thus
obtained is printed in tabular form on paper and is compared with Joint Committee
Power Diffraction Standards (JCPDS) data to identify the unknown material. The
sample used may be powder, single crystal or thin film. The crystallite size of the
deposits is estimated from the full width at half maximum (FWHM) of the most

intense diffraction line by Scherrer’s formula as follows [28]

Figure 8: Schematics of X-ray diffractometer.
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3.3 Atomic Force Microscopy imaging

The atomic force microscopy (AFM) probes the surface of a sample with a
sharp tip, a couple of microns long often less than 100 A in diameter. The tip is
located at the free end of a cantilever, which is 100 to 200 um long. The forces
between the tip and sample surface cause the cantilever to bend or deflect. A detector
measures the cantilever deflection as tip is scanned over the sample or the sample is
scanned under the tip. The measured cantilever deflection allows a computer to

generate a map or surface topography.

Several forces typically contribute to the deflection of an AFM cantilever.
AFM operates by measuring the attractive or repulsive forces between a tip and the
sample. The forces most commonly associated with atomic force microscopy
are interatomic force called the Van der Waals force. The dependence of the Van der
Waals force upon the distance between the tip and the sample is shown in figure 16.
The two distance regimes are labeled in the figure are (a) the contact regime and (b)
non-contact regime. In the contact regime, the cantilever is held at a distance
less than few angstroms from the sample surface, and the inter-atomic force
between the cantilever and the sample is repulsive. In the non-contact regime,
the cantilever is held at a distance of the order of tens to hundreds of angstroms
from the sample surface, and the inter-atomic force between the cantilever and

sample is attractive. Figure 17 shows schematic diagram of AFM [29, 30].

In principle, AFM resembles the record player as well as the surface
profilometer. However, AFM incorporates a number of refinements that enable it to
achieve atomic—scale resolution: Sensitive detection, flexible cantilever, sharp tips,

high-resolution tip sample positioning and Force feedback
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Figure 9: Inter-atomic forces versus distance curve for the operation of AFM
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Figure 10: Schematic diagram of Atomic Force Microscope (AFM)
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3.4  Optical Absorption

The equilibrium situation in semiconductor can be disturbed by generation of
carriers due to optical photon absorption. Optical photon incident on any material
may either be, reflected, transmitted or absorbed. The phenomena of radiation
absorption in a material is all together considered to be due to 1) inner shell
electrons, 2) valence band electrons, 3) free carriers including electrons and 4)
electrons bound to localized impurity centers or defects of some type. In the study of
fundamental properties of the semiconductors, the absorption by the second type of
electrons is of great importance. In an ideal semiconductor, at absolute zero
temperature the valence band would be completely full of electrons, so that
electron could not be excited to higher energy state from the valence band.
Absorption of quanta of sufficient energy tends to transfer of electrons from
valence band to conduction band. The optical absorption spectra of
semiconductors generally exhibits a sharp rise at a certain value of the incident
photon energy which can be attributed to the excitation of electrons from the valence
band to conduction band (may also involve acceptor or donor impurity levels,
traps, excitons etc.) The conservation of energy and momentum must be satisfied in

optical absorption process.

Basically there are two types of optical transitions that can occur at
the fundamental edge of the crystalline semiconductor, direct and indirect. Both
involve the interaction of an electromagnetic wave with an electron in the valence
band, which is rose across the fundamental gap to the conduction band. However,
indirect transition involves simultaneous interaction with lattice vibration. Thus the
wave vector of the electron can change in the optical transition. The
momentum change being taken or given up by phonon. Direct interband optical
transition involves a vertical transition of electrons from the valence band to the
conduction band such that there is no change in the momentum of the electrons and
energy is conserved. The forms of the absorption coefficient ‘a’ as a function of
photon energy hv depend on energy of NI for the bands containing the initial and

final states. For simple parabolic bands and for direct transitions [31].

A=A (hv-Eg)"/hv
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Where A is a constant depending upon the transition probability for direct
transition, n = %2 or 3/2 depending on whether the transition is allowed or forbidden

in the quantum mechanical sense. Eg is the optical gap.

Let’s visualize a situation given in Figure 18 (b) where interband transition
takes place between different k-states. Since these must satisfy the momentum
conservation laws, the only way such transition can take place is through the

emission or absorption of a phonon with wave vector q i.e.
k’+q=k+K
Also for indirect transitions [37]
A=A (hv—Eg)"/hv

For allowed transition n = 2 and for forbidden transitions n = 3. The band gap
energy ‘Eg’ is determined by extrapolating the linear portion of the plot of (ahv)"

against hv to the energy axis at a = 0.

A .
E Conduction / Conduction
Band Band

Valance Band Valance Band

7

(a) (b)

Figure 11: “Direct interband optical transitions” for a) direct band and b) indirect

band semiconductors. The transitions are represented by vertical arrow.
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3.5 Scanning electron microscope imaging

Scanning electron microscopy (SEM) is a widelyused surface analytical
technique. SEM, accompanied by X-ray analysis, is considered a relatively rapid,
inexpensive and basically non-destructive approach to surface analysis. High
resolution images of surface topography, with excellent depth of field are produced
using a highly-focused, scanning (primary) electron beam. The primary electrons
enter a surface with high energy and generate many low energy secondary electrons.
The intensity of these secondary electrons is largely governed by the
surfacetopography of the sample. An image of the sample surface can thus be
constructed by measuring secondary electron intensity as a function of the position of
the scanning primary electron beam. High spatial resolution is possible because the
primary electron beam can be focused to a very small spot (diameter < 10 nm). High
sensitivity to topographic features on the outermost surface (< 5 nm) is achieved
when using a primary electron beam with an energy of < 1 keV. In addition to low
energy secondary electrons, backscattered electrons and X-rays are also generated by

primary electron bombardment.

We used mainly the Raith 150 in our department, which has both SEM and
EBL capabilities. Samples sputtered with ZnO were directly placed on a sample
holder. Charging problems became more or less apparent, depending on the thickness
of the (insulating) ZnO coating or whether the substrate was insulating. Toalleviate
charging, a conductive layer was sometimes deposited over the sample, such as 10

nm of AuPd, or 5 nm of Ag.

3.6 Photoluminescence spectra measurements

The photoluminescence measuring technique is used for measuring the

distribution of defects in a crystal.

Photoluminescence is the opticalemission obtained by photon excitation
(usually a laser) and is commonly observed with semiconductor materials. This type
of analysis allows non-destructive characterisation of the electronic structure of the

band gap in semiconductor materials and can provide an indication of the nature of
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structural and compositional defects within the material, such as the presence of

unintentional dopants and surface related defects.

In this system, as shown in Figure 12, a helium-cadmium (HeCd) laser with
an output power of 25 mW and a wavelength of 325 nm (UV light) acts as the
excitation source. The light is focused onto the sample which is located in a cold
finger liquid helium cryostat. For our measurements, the samples were cooled down
to 4 K. The emitted photoluminescence (PL) is collected by a collimating lens before
being focused into a spex1700 spectrometer for dispersion. A photomultiplier tube is

used to measure the intensity of the PL over the range of wavelengths.

HeCd laser
.-u..m.-.m...m...-..u..:-:@.m.m...-.&
Photon -é;’
multiplier tube :
=§=,.F0(:using lens
Monochromator Sgimple

R i [
Light collection s

5
K
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and collimation : ,° He-cryostat
e

X

Figure 12: Schematic setup of PL measuring system.

Electrons in the sample are excited from the valence band to the conduction
band, provided the photon energy from the laser is greater than the band gap of the
material. In direct band gap semiconductors, such as zinc oxide, the electrons in the
conduction band rapidly relax by emitting photons, corresponding to the band gap of
the semiconductor. The electrons might also recombine with defects and

perturbations within the lattice structure of the material, such as valence band holes.
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These additional energy states may be investigated by examining the energy of the

emitted photons.
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CHAPTER 4
EXPERIMENTAL PRECEDURE

4.1 Substrates Preparetion

Amorphous glass slides with a thinkness of 3mm and size 15x15mm” were
used as our subtrates during the experiment. The glass subtrates undergo a standard
cleaning procedure to avoid dirt comtamination, which can effect the deposition rate

directly.

e Detergent bath
e Stirred in Acetone for 10-15min
e Stirred in Ethanol for 10-15min

¢ Drying

4.2 Film deposition: Sputtering

ZnO thin films were deposited using NSC-3000 sputter coater (figure 12) also
known as RF and DC magnetron sputtering machine. 99.99% zinc target of 50.8mm
diameter and 3.18mm thinkness was used, figure 4.1 shows before and after used of
the target, we experience there were small hole on the surface of the target. The zinc
target and substrate were placed into the chamber seperated by 6cm above each
other, the target was attached to the cathode and 4 glass subtrates were put on the
lower part of the chamber (anode). The chamber was initially evacuated to 10” to 10°
® torr, because of the system pumped with a turbomolecular pump its only took 15-

20min to obtained that very high vacuum.
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Figure 13: Veiw of NSC-3000 Sputter Coater.

Then argon and oxygen gases were released into the chamber by flow rate of
20sccm for both, suddenly the pressure increased to 107 torr where the plasma came
into visual contact. The process took 30min depositing the ZnO on our glass

subtrates under high DC power of 200W.
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At first we deposited the film without heating the substrates (i.e at room
temperture) thereafter, we carried out exact several deposition by heating the

subtrates to 100 °C, 200 °C, 300 °C and 400 °C.

Table 3: ZnO thin film deposition variables

DC Power Pressure Temperature Duration
(W) (Torr) C0) (Minute)
200 22x 107 RT 30
200 5x 107 100 30
200 5.4x 107 200 30
200 55x 107 300 30
200 4.8 x 107 400 30

4.3 X-Ray Diffraction

The deposited ZnO crystalline phases were examined with a Rigaku x-ray
diffractometer. The sample was placed in middle of the x-ray source and the detector.
Cu-Kao radiation with a wavelength of 1.5406A was used for diffraction, in the range
of 20 = 30-70" at a scan speed of 3%min and a step increment of 0.02° at room
temperature. The x-ray voltage and current were held at 38KV and 28mA,

respectively.
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Figure 14: (a) Rigaku X-ray diffractometer. (b) Inside chamber of the XRD

29



From X-ray diffraction pattern we can obtain the following information:-

To judge formation of a particular material system.
Unit cell structure, lattice parameters, and miller indices.
Types of phases present in the material

Estimation of crystalline/amorphous content in the sample.

YV V. V V V

Evaluation of the average crystalline size from the width of the peak in a
particular phase pattern. Large crystal size gives rise to sharp peaks, while the
peak width increases with decreasing crystal size.

» An analysis of structural distortion arising as a result of variation in d-spacing

caused by the strain, thermal distortion.

Determination of crystal size:

The X-ray diffraction analysis has been the most popular method for the
estimation of crystallite size in nanomaterials and therefore, has been extensively
used in the present work. The evaluation of crystallite sizes in the nanometer range
warrants careful analytical skills. The broadening of the Bragg peaks is ascribed to
the development of the crystallite refinement and internal stain. To size broadening
and stain broadening, the full width at half maximum (FWHM) of the Bragg peaks as
a function of the diffraction angle is analyzed. Crystallite size of the deposits is
calculated by the X-ray diffraction (XRD) peak broadening. The diffraction patterns
are obtained using Cu-K, radiation at a scan rate of 2%min. The full width half
maxima (FWHM) of the diffraction peaks were estimated by pseudo-Voigt curve
fitting. After subtracting the instrumental line broadening, which was estimated using

quartz and silicon standards, the grain size can be estimated the Scherrer equation;

D 0.94
" PBcosé

Where A is the wave length of X-ray, B is the FWHM in radian, and 0 is the
peak angle
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4.4 Atomic Force Microscopy (AFM)

Figure 15: Veiw of Nanomagnetics Atomic Force Microscope

The Nanomagnetics Atomic Force Microscope (AFM) system uses a laser
beam to measure forces between micro-fabricated cantilevers and sample. A single
piezo tube is used for scanning the sample in XYZ directions under computer control
through the AFM Control Electronics and Software.

A red diode laser beam is focused at the back of the cantilever and the
reflected beam hits a quadrant photodiode to measure the cantilever deflections as
shown in Figure 23 the forces between tip and the sample deflect the cantilever and
this change the position of laser beam on photo-detector. The use of quadrant photo-
detector enables to measure formal as well as lateral forces action on the cantilever
beam. The resultant photocurrents at the detector quadrants are amplified with a
sensitive preamplifier and processed to give Normal Force (FNORMAL), Lateral
Force (FLATERAL) and Total Force (FTOTAL) from the cantilever. The normal

force is kept constant by adjusting the sample-tip separation using a piezo-ceramic
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element (PZT) driven by a feedback circuit and high voltage amplifiers. As the
sample is scanned in X and Y directions using the AFM Control Electronics, the
feedback circuit moves the sample up and down keeping the force constant. Then the
Z (x, y) position of the specimen, measured from the piezo voltage gives the

topography of the surface.

Laser Diode

L
Position Sensitive
Photedetector

7 Cantilever

Sample Holder

Piezo Scanner

Figure 16: Principles of Atomic Force Microscopy.

4.5 UV-Visible Spectrophotometers

Figure 17: Veiw of Jasko V-530 Spectroscopy
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A spectrophotometer is an instrument that measures the amount of optical
absorption in a material, as a function of wavelength. In our case, the uv-vis
spectroscopy wavelength range between 300-800nm. There are four components of
a spectrophotometer; a light source, a monochromator, a sample chamber and a
detector. We examined our samples using Jasko V-530 UV-Vis Spectrophotometer,
our sample and a reference were put inside the chamber and we observe the
absorption, transmission and reflectance of the light coming from the source after

passing through the sample as shown schematically below.

reference
= \
S \\’
source
monochromator

mII‘TOFS

detector
sample

Figure 18: Schematic of UV-Vis spectroscopy.

And When light passes through or is reflected from the sample, the amount of
light absorbed is the difference between the incident radiation (I,) and the transmitted
radiation (I). The amount of light absorbed is expressed as either transmittance or
absorbance. Transmittance usually is given in terms of a fraction of 1 or as a

percentage and is defined as

2.3034
a= t and I=1Le™"

T=1/1, or %T=1/1,x% 100

Where a is the absorption coefficient and t is the thickness of the sample

(i.e the ZnO thin film).
And Absorbance is a dimentionless quantity defined as
A= —log ]OT
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CHAPTER 5
RESULT AND DISCUSSION

5.1 Introduction

In this chapter the results of the experimental work on the deposition and
characterization of the sputtered ZnO thin film are presented. The results of the
surface topography using Atomic Force Microscopy (AFM), crystallography of all
the samples using X-Ray Diffractometer (XRD), optical absorption and transmission

using Ultraviolet-Visible spectrophotometer.

5.2 Surface Topology

The surface topography and the roughness of our sputtered ZnO films
based on the heated subtrates during deposition, were studied using Atomic Force
Microscopy (AFM). According to what we observed from the images, the films
smothness changes as the temperature increases during the deposition, indicating
better smothness in the films. However, it can be also be observed that changing the
substrate temperature has some effect on the surface roughness of the ZnO thin film.

The images are shown in figure 1.
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Figure 19: AFM images of ZnO thin films (a) at room temperature deposition, (b) at
100°C, (c) at 200°C, (d) at 300°, and (e) at 400°C.
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Figure 19 (continue): AFM images of ZnO thin films (a) at room temperature

deposition, (b) at 100°C, (c) at 200°C, (d) at 300°, and (e) at 400°C.
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Figure 19 (continue): AFM images of ZnO thin films (a) at room temperature
deposition, (b) at 100°C, (c) at 200°C, (d) at 300°, and (e) at 400°C.
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Figure 19 (continue): AFM images of ZnO thin films (a) at room temperature

deposition, (b) at 100°C, (c) at 200°C, (d) at 300°, and (e) at 400°C.
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Figure 19: AFM images of ZnO thin films (a) at room temperature deposition, (b) at
100°C, (c) at 200°C, (d) at 300°, and (e) at 400°C.

5.3 Structural Characterization

The X-Ray diffraction spectra of our pure ZnO films are presented in figure
2. The films were produced based on the subtrate temperature (where the remaining

variables held constant for all the films) from room temperature to 100 °C, 200 °C,

300 °C, and 400 °C. The diffraction angle 2¢ was scanned in the range of 30°-70°
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The intensity in arbitrary units is plotted against 29. It is seen from the figure the
peaks appear mostly at ~34.2° which correspond to the lattice plain (002)-preffered
orientation, which suggest that the film is aliged with c-axis oriented perpendicular to
the substrate surface. The (002) plane happened to be strongest detection (hkl) peak.
However, as the temperature of substrate reached 400 °C some peaks of much lower
intensity were detected at 31.85°, 36.35°, 47.60°, 56.55°, and 62.29° corresponding
to the following lattice plane (100), (101), (102), (110) and (103) respectively.
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Figure 20: X-Ray diffraction pattern of ZnO for various deposition temperatures.

It is seen that the intensity as well as the Full-width-half-maximum (FWHM)
of (002) peak is dependent on the deposition temperature and the film remain highly
oriented with c-axis normal to the substrate. The position of (002) peak is shifted to a
higher 28 values from initial 34.05° (RT) to 34.42°. This could be due to the release

of intrinsic strain through heating the substrate during the deposition.

As ZnO crystallizes in the Wurtzite structure in which the oxygen atoms are

arranged in a hexagonal closed-packed type (hcp) with zinc atoms occupying half the
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tetrahedral sites. Zn and O atoms are tetrahedrally coordinated to each other and
have, therefore, an equivalent position. The zinc structure is open with all the
octahedral and half the tetrahedral sites empty. The lattice constants a and c¢ of

Waurtzite structure ZnO were calculated, according to Bragg’s law

2d sin@ = /n,

Where n is the order of diffraction (usually n= 1), 4 is the X-ray wavelength
and d is the spacing between planes of given Miller indices %, k and /. In the ZnO
hexagonal structure, the plane spacing is related to the lattice constants a, ¢ and the

Miller indices by the following relation.

With the first order approximation, n = 1

r{i

sinif =
4a

E{.ﬁ + P+ hk)+ (%): Fl
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Table 4: Grain size, FWHM, lattice constant and plane distance of ZnO thin film at

different deposition substrate temperature.

Substrate tempeture RT 100 °C 200 °C 300 °C 400 °C
during deposition

FWHM (002) peak 0.89555 1.55903 0.7379 0.95103 0.7258
Peak angle (deg.) 34.04877 34.23482 34.12497 34.112 34.41852
Grain size (nm) 16.94 9.737 20.57 15.96 20.93
Lattice a(A) (002) 3.18 3.16 3.17 3.17 3.15
constants | ¢(A) (002) 5.26 5.23 5.25 5.25 5.21

5.4 Optical Properties

The optical transmittance of the film was measured using UV-Vis

spectrophotometer in range of 350 to 800 nm. The transparency properties of all the

films are more than 80% at visible light region. Moreover, it is observed that the

transmittance has a tendency to decrease with the increase in substrate temperature.

The reduction in the transmittance percentage is due to the increment of the

temperature which slightly enlarges the particle size, as shown in AFM images. One

of the vital parameter for the application of ZnO thin film is to have higher optical

transmittance.
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Figure 21: Optical transmittance spectra of ZnO thin film based on the various

deposition temperatures

Also the absorption coefficient was calculated using the transmittance data,
which has been presented previously. Lambert’s law has been applied to obtain the

value of absorption coefficient at a respective wavelength.

o= %ln (%)

Where, t is the film thickness and T is the transmittance spectra of the films.
The result indicates that all films exhibit high absorption in the ultra violet (UV)
region and low absorption in the visible light region. The coefficients in the UV
region significantly decreased with the increase in deposition substrate temperature.
The results suggested a better optical absorption at low temperature of the substrates
which can provide useful information especially in the optoelectronic devices and

device fabrication.
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Figure 22: Absorption coefficient of ZnO thin at various deposition substrates

temperature

Figure 22 represent energy band gap of the ZnO films, which show a
presence of a single slope to all substrate temperature dependent ZnO films. The plot
shows that the films have direct and allowed transition and it is well known that ZnO
is a direct band-gap semiconductor and the energy gap can thus be estimated by

assuming direct transition between conduction band and valence bands.

44



8.00E+013

6.00E+013

4.00E+013

(ahv)*(eV/icm)®

2.00E+013

0.00E+000

1.8'.'. .'2'.6'2.8'."'.'.'3.6
Photon energy (eV)

Figure 23: Optical energy band gap of ZnO thin film at different deposition substrate

temperation.

The optical band gap shows an increase when the substrate temperature two
decreases as shown in table 1. This implies that when substrate temperature increases
energy gap between conduction and valence band narrowed which makes carrier
electron to jump easier from valence to conduction band which means, as the

substrate temperature increases our ZnO films become more unstable.

Table 5: Optical energy band gaps at a specific deposition substrate temperatures.

Substrate temperature ( C) Optical energy band gap (eV)
RT 3.353
100 3.257
200 3.209
300 3.137
400 3.003

Figure 5 shows the measured optical band gap energies versus substrate
temperatures. For room temperature ZnO thin film, the optical band gap energy is
3.353eV which is slightly higher compared to other reports [1,2] with an increment
in substrate temperature the band gap decreases to 3.257, 3.209, 3.137, and 3.003 eV
for 100, 200, 300, and 400 °C respectively. A decrement of about 0.34eV in the
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optical band gap was obtained. This evidently shows that the band gap of ZnO thin

film can altered.
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Figure 24: Variation of energy band gap against substrates temperature.

The best optical performance of all samples was observed at RT deposition
temperature due to its higher transmittance and the photoactive performance was
obtained at the highest deposition temperature i.e. 400 °C due to the excess thermal

energy generated by heating the substrates during the film deposition.
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CHAPTER 6
CONCLUSION

ZnO thin films were grown on soda lime glass substrate by reactive
sputtering method at different deposition temperature, from RT to 400 °C. According
to XRD results, ZnO film a (002)-preferred orientation was observed, which suggests
that the film is aligned with the c-axis oriented perpendicularly to the glass substrate
surface. The effect of the substrate temperature during deposition on the crystallinity,
optical properties, and surface topology of sputtered ZnO were analyzed. According
to XRD analysis, decrease in (002) diffraction intensity of XRD pattern was
observed as the substrate temperature increases. Also, the position of the (002) peaks
shifted to a higher 26 values, which could be due to the release of intrinsic strain
through heating the substrate. The reasonably changes in FWHM values in XRD
pattern demonstrate higher crystal quality of the ZnO thin film at some specific
temperature of the substrates. The lattice constant a and ¢ were determined and
observed to be decreasing as the substrate temperature increase. Slightly smaller

values for both a and ¢ parameter compared to RT samples.

AFM studies help us to analyze the surface topology of ZnO thin films, the
films were formed from nanocrystals, with preferential c-axis perpendicular to the
substrate surface, AFM demonstrate that the film roughness changes as the
temperature increases, indicating better smoothness in the films. The rms values

decreases.

According to optical characterization, all the films exhibit a high transparency
in the visible region. From the transmission spectra curves corresponding to the
increase in the deposition temperature of the samples, one can conclude that as the
temperature increases: a decrease of the optical transmittance intensity in the visible
region was obtained as compared with RT samples. And also some slightly little

changes of the energy bandgap of the ZnO thin films were observed, which decreases

47



as temperature increase compared with the RT samples. Finally, the properties of the
sputtered ZnO thin film due to the increase in substrate temperature during
deposition can technically affect the optoelectronic application such as LED,

photodetector and laser diodes [36], but also suitable for solar cell application.
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