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Abstract

In this research, the Zinc Oxide (ZnO) thin film has been prepared and
studied the optical and structural properties which prepared by thermal
evaporation under vacuum. The pure Zinc metal (Zn) was deposited on a glass
substrate at room temperature (300)K. The thin films prepared at thickness
about (200) nm, also, Oxidation process applied to Zinc Films at a temperature
(673K) at one hour with exhaust air flow (2.5) lit/s, then we studied the effect
of doping by Tin metal (Sn) at different ratios on the structural and optical
properties (3 to 9 step 2)wt%. Furthermore, we study the influence of
annealing process, at a temperature (473K), on the structural and optical
properties. X-Ray diffraction pattern revealed that all the prepared films
(undoped and Sn-doped) are polycrystalline and have a hexagonal structure.
The crystallite size increases from (29.9 nm) for pure ZnO to (30.4 nm) for
doped films at (5%) then it will decrease at percentages (7 & 9)wt%.
annealing process at (473K) affects, the average grain size for the thin film
continuously decreasing with increasing the doping percentages. This research
involved also the study of optical properties for all films Prepared (pure and
Sn-doped). UV-Vis spectroscopy shows that the (300-1100) nm were used to
calculate the value of optical energy gap (direct transition, transmittance, and

absorbance).

Image processing techniques were applied to (AFM) images. The images
have been enhanced, transformed, and applied edge detection to the images.
These techniques used to observe the nature of the thin films surface. Many
images processing methods had been used to achieve a reference and
determine the quality of the prepared thin films. The other procedure that been
used is the effects of doping and annealing on the surface image parameters.
Histogram techniques show good results in classifying the quality of thin

films.
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Chapter One General Introduction

1.1 Introduction
The material science and engineering have the ability to comprehend the

novel material with a combination of chemical, physical and mechanical
properties have changed the society. There is an increasing technological
progress. Modern technology requires thin films for multiple applications [1].

One of the modern physical terms in which how is the lack of material
thickness and its effects on material properties described. Thin film technique is
used for making a material with one or several layers, therefore the thin films
thickness range can be from several nanometers to less than one microns[2].

Thin film technology is the basis of development in solid-state electronics.
The usefulness of the optical properties of metal films, and scientific about the
behavior of two-dimensional solids has been responsible for great interest in the
study science and technology of the thin films. Thin film studies have directly or
indirectly advanced many new areas of research in solid state physics and
chemistry which are based on phenomena uniquely characteristic of the
thickness, geometry, and structure of the film [3].

Thin film’s physical properties will be different from the original bulk
material because the thickness is very small. Thin film’s work mainly depends
on the surface formation and how the crystal nucleation [4,5].

Thin films the first appearance were on the practical side in (1838), where
they manufactured by using electrolysis technique, thus working on thin-film
manufacturing has become more modern and more different techniques, so they
have been developing since that time till now, and due to their importance, good
efficiency, low cost, and small size, they are used in filters industry, coatings,
detectors, sensors and solar cells....etc [6].

One of the beauties of thin film physics is that it is a very multidisciplinary
subject. Through thin films, we can explore areas in solid state physics, surface
science, chemistry, vacuum science, crystal growth, and still more [7]. The
process of preparation of thin film back to the late of the eighteenth century. So

techniques evaporation developed over the years, in order to get the best
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specifications thin films in terms of thickness homogeneous and area. So thin
films become emerged in the research of applied physics sold state[8]. There are
several techniques available for thin films deposited on a substrate such as
thermal evaporation, chemical decomposition and evaporation of source
material by the irradiation of energetic species or photons [9].

Image processing and digital image acquisition became over the last decades,
the most valuable tools in the characterization of materials. The strong
development of Micro and Nanosciences and technologies in recent years
brought special demands to the non-invasive inspection and characterization of
thin films and nanostructures. Digital image processing can be successfully
applied to different types of microscopy images [10].

1.2 Thin films deposition methods
The deposition of the thin films has been studied for almost a century. Some

of the techniques developed during the past five decades and widely used in the
industries. The film deposition involves heterogeneous processes such as
heterogeneous chemical reactions, evaporation, adsorption, and desorption on
growth surfaces. The growth of films of Nano scale thickness involves
nucleation and growth on the surface of the substrate. The nucleation step is
very important because it governs the crystallinty and microstructure of the film
[11,12]. The deposition processing and fabrication techniques classify in
following methods:
1-physical deposition process [13,14].
a- Sputtering
e Glow discharge DC sputtering.
e Radio Frequency sputtering.
e Magnetron and lon beam sputtering.
e A.C sputtering.
b- Evaporation
e Vacuum evaporation.

e Laser evaporation.
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e Electron beam evaporation.
¢ Resistive heating evaporation.
2-chemical deposition process[15].

a- Gas Phase

e Chemical vapor deposition.

e Laser chemical vapor deposition.

e Plasma enhanced vapour deposition

e Photo-chemical vapour deposition.
b- Liquid Phase.

e Electro-deposition.

e Chemical bath deposition.

e Electroless deposition.

e Molecular beam epitaxy.

e Sol-gel / Spin Coating / Spray —pyrolysis technique.

1.3  Semiconductor doping methods
The properties of the semiconductor are strongly affected by the addition of

some impurities or cause some defects in it, these impurities are increase the
conductivity of the semiconductor and become one type of charge carriers are
the majority and the others type are a minority. These mechanisms are desirable
in most practical applications. There are several methods of doping
semiconductor by (thermal diffusion, ion implantation, laser and dissolution by
the solution). [16]

1.4  Diffusion in solid
Many reaction processes that are important in the treatment of material rely

on the transfer of mass either within solid, liquid, gas, or another solid phase
will necessarily accomplish by diffusion. The phenomena of material transport
by atomic motion or stepwise migration of atoms from lattice site to another.
There must be a vacancy and the atom must have sufficient energy to break
bonds with its neighbor atoms and then cause some lattice distortion during the

displacement, this energy is vibration in nature [17].

3
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1.4.1 Interchange diffusion

This process also called "ring diffusion”, the exchange of two atomic sites or
more inside the structure of the crystal [18]. This process illustrated in figure (1-
1).
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Figure ( 1-1) : interchange (ring) diffusion[19].

1.4.2 Vacancies diffusion

Vacancies play an important role in the diffusion of atoms in solids. the
interchange of an atom from normal lattice sites to an adjacent vacant lattice site
or vacancy as shown in figure (1-2). This could be occurred at a temperature

higher than absolute zero, due to atoms vibrations. [18].
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Figure (1-2) : vacancies diffusion[19].
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1.4.3 Interstitials vacancies diffusion

The third type of diffusion involves interstitial atoms moves from one place to
another without occupying a lattice site, as shown in figure (1-3). the mechanism
Is interstitial diffusion. The diffusion flux along direction x is proportional to

the concentration gradient according to the Fick's first law [19]:
— _p(% -
F=-D(Z) ....... (1-1)

Where :
F: a flex as the number of dopants (atoms /cm?s).

D: diffusion constant (cm*s™).

a . .
d—; : concentration gradient.

The concentration of atoms was also determined by distance (x) and is a

function of time according to the Fick's second law [20]:

dc d2c

E = D(@) ...... (1-2)
Where:
dc

== rate of concentration.

d2c

= second derivative of the concentration's gradiant for host’s atoms [19].
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Figure (1-3) :Interstitials diffusion[19].
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The diffusion of impurities affected by several variables [20,21]:

1- Diffusion's temperature, the diffusion rate will increase with rising of
temperature.

2- The gradient of impurities concentration refers to the diffusion force.

3- The degree of distortion through crystal growth.

4- The difference between the radius of impurities and the original atoms.

1.5 Chemical and physical properties of Zinc Oxide (ZnO):

1- Zinc Oxide is an 11-VI compound semiconductor [22], Pure Zinc Oxide is
a white solid compound, change in color to yellows when heated due to
the lattice distortions, it is Non-toxic material, not soluble in a water and
alcohol, it dissolved in acetic acid, mineral acids, ammonia.

2- The preparation of Zinc Oxide chemically by burn Zinc element in the air
or by thermal.

3- Zinc Oxide is one of the transparent conducting Oxides semiconductors
(TCOs) it exhibit a high transmission in the visible range and reflection
in the infrared wavelength range, in addition, it has a good electrical
conductivity of (n-type).[23,24]

4- Zinc Oxide has a wide band gap of (3.37 eV), so it has huge
technological importance and application in an optoelectric device such
as solar cell, a light emitting diode (LED), heating mirrors, gas sensing
devices [22].

5- Zinc Oxide has a binding energy gap (60 meV) due to a wide direct band
gap energy, large exciton binding, excellent optical properties.[25]

6- Zinc Oxide is composed of large Oxygen atoms and small Zinc atoms, it
crystallizes in three forms i.e hexagonal wurtzite, cubic Zinc blende, and
cubic rock salt. The wurtzite structure is most stable at ambient
conditions [26] and thus most common are shown in figure (1-4), and
Table (1-1) illustrated some properties of Zinc Oxide [27].
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zinc (II) oxide

Figure (1-4): Hexagonal structure of ZnO.[26]

Table (1-1) some of the physical properties of Zinc Oxide.[27]

Zinc Oxide symbol ZnO
phase solids
color White

Crystal structure Hexagonal
Melting point 2243 (K)

Atomic radius Zn, O Zn=0.153 nm, O=6.5nm
Energy gap 3.37 (eV) (direct)
Molar mass 81.38 (g/mol)

Density 5.6706 (g/cm®)
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1.6 Tin (Sn)

Tin is a chemical element with symbol Sn and atomic number 50. It has a
crystalline tetragonal in the group (4) of the periodic table. It is obtained chiefly
from the mineral cassiterite, which contains tin dioxide SnO, [28]. Tin metal has
good properties that it can be used in the manufacture of a wide range of
products because of its ability to be in the form required [29].

Due to its nature of its electronic distribution especially in the secondary
shells of the external orbits of its atoms, enable it to be present in two main
oxidation states, +2 and the slightly more stable +4. It tends to be present
slightly more stable +4. This term of energy levels for external orbital electrons,
therefore tin classified as donor impurities which donate its electrons that are
lies in the external orbits and make the semiconductor (n-type) [30]. Table (1-2)
show some of the physical properties of Tin Users often include in coating
systems as an external coating material to produce the coated material from
corrosion oxidation or chemical reaction. as in the canned food as well as other
uses [31] Also, it used to produce the metal alloys and to manufacture of solder
alloys. it has a low melting point used in soldering metal surface or electrodes in

electrical circuits [32].

Table (1-2) physical properties of Tin.[29, 31]

Tin symbol Sn
phase solid
Color Silver-white (beta,) or gray (a.,f3)
Crystal structure White (B) ,tetragonal
Melting point 504.93 (K)
Atomic radius 0.172 nm
Molar mass 118.71(g/mol)
Density 7.265 (g/lcm?)
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1.7
1)

2)

3)

4)

Literature Survey:

Reem .S et.al (2008) [33] a number of digital image processing techniques
have been applied to digital images of (CdO: Sh, CdO) thin film which
could obtain using optical microscopy and a digital camera connected to
the computer. It has been found that there is a clear chromatic
differentiation between thin films before and after doping and annealing
and the average of grain size equal (48.86,50.53) pixel before and after
annealing respectively.

S. Aksoy, et al (2010) [34], Tin doped ZnO thin films with a different
doping were deposited by a spray pyrolysis method and thickness is (600)
nm. The transmission was about 76% in the visible range. The value of
optical energy gap decrease with increasing of Sn content from (3.37) eV
for pure ZnO thin films and for doped with Sn (3.26 -3.25 and 3.18) eV.
N. Chahmat, et al (2012) [35], Tin doped Zinc Oxide thin films with
percentage (2, 4, 6, 8 and 10) wt% prepared by chemical reactive liquid
phase (spray). The results of XRD are polycrystalline with hexagonal
wurtzite structure and preferential grains orientation along the direction
(002). The peak intensity increases with increasing Sn, and the value of
crystalline size increase from (31 to 41.37) nm for Sn and 29 nm for ZnO.
The transmission decrease slightly when percentage up to 8%. The energy
gap increases with Sn content from 3.2 eV for ZnO to 3.3 eV for ZnO
doped by Sn. The energy gap decrease above of 8%.

S. Palimar et al (2013) [36], Zinc Oxide thin films doped with indium and
indium Oxide by thermal evaporation, ZnO thin film has excellent
transmission up to 90% in the visible range and does not affect by doping.
The optical energy gap of the ZnO thin film that doped (In & In,03) is
widened from 3.26 to 3.3 eV when doped with indium oxide and with
metallic indium it decreases to 3.2 eV. thickness of thin film is 200 nm,
all pure and doped films were annealing at 300K for 2 hours, thin films

are amorphous in nature as well as after annealing.

9
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5)

6)

7)

8)

S. J. Mohammed (2013) [37], prepared pure ZnO thin film doped with Ni
by chemical deposition with percentage doping (1 to 7 step 2) wt%. The
transmission of pure ZnO is around between (82 to 90)%. Then decrease
with doping from (0.8 to 0.79)% while the absorption increase with
doping from (0.08 to 0.10) %. absorption coefficient increases rapidly
with increasing photon energy through the range (3.2 to 3.3)eV. The
energy gap is direct transition increase with doping (3.24, 3.16, 3.14, 3.18
and 3.10) eV.

N. S. Kamar et al (2013) [38], ZnO nanofiber thin films have been
deposited by spray pyrolysis technique. The result of XRD shows that
films have a polycrystalline with the hexagonal structure, the preferred
orientation is (002) after annealing changes the preferred orientation (100)
direction. The dislocation density with annealing at one hour increase then
decrease with (4 to 6) hours and found the energy gap 3.29 eV which
increases to 3.2 eV as the annealing time increases. It was found from
AFM images that RMS and Roughness increase with annealing time.

K. chongsri et al (2013) [39] , Sn-doped ZnO thin films prepared by a sol-
gel spin coating method, Sn-doped with ZnO with various content (2,4,6,8
and 10) wt%, then annealing at 773 K. the structure properties show a
polycrystalline structure, all films have a high transmission in visible
region (80-95)% as doping increased. Sn-doped increases the crystalline
decreases accompanying grain size. The energy gap increase with various
doped from (3.22-3.25) eV.

M. Fakhar-E-Alam et al (2014) [40], ZnO thin films with thickness (180)
nm that have been deposition by thermal evaporation Then annealing
from 350-450 C. the result of XRD show the preferred orientation is (101)
and the crystalline size increase with doping. The transmission increase
with annealing from 87% to 90%. The result of SEM that the grain size is

increased with doping
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9)

10)

11)

12)

N. chahmat et al (2014) [41], Zinc Oxide doped with Tin by spray
pyrolysis, all thin films is a crystalline hexagonal wurtzite. Crystalline
size increase from (20)nm to (200)nm. At doping of (10)%, the crystalline
properties are slightly degraded. The optical energy increase with
increasing Sn up to (6)% from (3.22 to 3.28) eV then decrease at higher
Sn concentration from (8 t010)% thin films have the highest transmission
above 85% for ZnO and 4% doped thin films

S. I. Saleh (2014) [42], ZnO thin films and Mg-doped ZnO prepared by
chemical spray pyrolysis. Thickness was around 0.3um. The preferred
orientation is (002) when doped with the percentage (2 & 4)% the
preferred orientation become (101). The FWHM decreases as Mg
increases. The average grain size increases with Mg content. The
transmission of pure and doped ZnO increase with doping up to 90% the
energy gap increases by Mg doping from (3.23 to 3.54) eV.

F.Z. Bedia et al (2015) [43], ZnO Oxide thin film doped with Sn prepared
spray pyrolysis. The result of XRD shows that all films have
polycrystalline with (002) plane. The percentage doping of Sn is (1, 2)%
the maximum intensity at 1% Sn concentration. At 2% the peaks position
has slightly shifted, the FWHM decreases with increasing Sn content
means that the average crystallite size increasing reaches a maximum
value of 1% then decreases.the high transmission of ZnO: Sn increase
with Sn content from (84 to 86)%. The energy gap of thin films doping
increase from (3.27 to 3.29) eV to reach 1% then decrease at 2% (3.28)
ev.

Mugwanga Fk, et al (2015) [44], Al doped Zinc Oxide thin films with
percentage (2, 3, 4, 5 and 6) wt% prepared by thermal evaporation. ZnO
thin films have a transmission higher than 70% and have a direct band gap
3.3eV. The transmission decrease as an Aluminum concentration
increases. The energy gap decrease between (3.34-3.18) eV from (0 to
3)% the energy gap widening between (4-6)%.

11
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13)

14)

15)

16)

1.8

Sheeba.N.H et al (2015) [45], ZnO and ZnO: Sn thin films deposited by
multisource vacuum evaporation. The result of XRD show a
polycrystalline ZnO and ZnO: Sn films with preferred orientation are
(002), the crystalline size increased 16-20 nm. The optical properties
show enhancement of transmission (80-90)% in visible range. Thin films
show a wide of band gap films (3.21-3.24) eV.
A. Zaier et al (2015) [46], ZnO thin films deposited by thermal
evaporation technique using ZnO powder, then annealing at a different
temperature. The results of XRD that thin films have a good crystalline
hexagonal wurtzite. The optical properties show high transmission about
90% within the visible range. the optical energy gap increased from 3.13-
3.25¢eV.
Musaab Khudhr M et al (2016) [47], Al doped ZnO thin films with
doping percentage (0, 0.002, 0.004 and 0.006) wt%. were deposited by
thermal evaporation method and thickness is (125) nm. The transmission
was increased with increasing doping content for all wavelength, The
absorption decreased with increasing doping content and the value
bandgap increase with doping. Optical constants decrease with increasing
doping content.
Al-Jamal (2016) [48], ZnO and SnO2 thin film have been prepared with
different molar using (Matlab R2010a), initial treatment was done for the
samples that have been obtained from the AFM and SEM with different
concentrations (0.05, 0.1, 0.15) M, the grain size and surface roughness
were calculated.
Aim of thesis

1- Preparation and characterization of Zinc Oxide (ZnO) thin films by

thermal evaporation.
2- study the effect of adding Tin (Sn) as impurities by Study the
structural and optical properties of different preparation conditions

and annealing temperature.

12
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3- Applying digital image processing techniques to the images of thin
films surface that been produced from (AFM) techniques. These

procedures maintain the characteristic of thin films with respect to the
structure observed visually.
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Chapter Two Theoretical Part

Part one

Structural and Optical properties

2.1 Introduction

This chapter includes the theoretical principles for structural and optical
properties for thin films studies.
2.2 Semiconductor

Solid state material can be divided into three types (insulator,
semiconductor, and conductor). The material in nature is classified in term of
electrical conductivity and resistivity value. Conductor material conductivity
is usually between (10°- 10%) (Q cm)™?, While the insulator has conductivity
(10" (Q.cm)™ and some materials have conductivity between (10*-107%)
Q.cm™ are called as semiconductor [49]. The major characteristic of the
semiconductor is the duel types of charge carrier which consisting of
electrons and holes. According to the theory of energy bands, the
semiconductor at low temperature has a valence band occupied by electrons
while the conduction band is usually empty of electrons because there is not
enough energy to across the electrons to the conduction band. The
temperature has a clear effect on semiconductor characteristics as the degree
of electrical conductivity of the semiconductor increases as the temperature
increases [50].

The semiconductors are characterized by being insulation at absolute zero
and have an electrical conductivity at high temperature. The other
characteristic of this materials is the ability to add impurities or defects in
their crystalline structure. Semiconductors are affected by heat, light and the
magnetic field makes it a very important material in electrical applications,

detector, solar cells and resistors [51].
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2.3 The crystal of semiconductor

The solids classified into three types according to the nature of crystalline
structure:
2.3.1 single crystal

Characterized by the atoms or molecular have a periodicity or regular
geometric arrangement. the single crystal structure has a high degree of
ordering and thus have (long range order ) (L.R.O) in three dimensions as
shown in figure (2-1a)[52].
2.3.2 polycrystalline

The structure of polycrystalline characterized by a high degree of order
over many small regions called (grains) each grain is collected from
thousands of unit cells and separated from one another by grain boundaries as
shown in figure (2-1b)[52].
2.3.3 amorphous

The structure of amorphous characterize by (short-range order) (S.R.0) .the
arrangement atoms or molecular will be random and the periodicity is absent
in three dimensions and the order within a few atomic or molecular dimension

as shown in figure (2-1c) [53].

Figure (2-1) The types of materials structure a: single crystal

b: polycrystalline c: amorphous[54].
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2.4 Doping of semiconductor

The most suitable methods for controlling the conductivity of the
semiconductor are adding a small and limited percentage of impurities to the
semiconductor crystal, which is called doping. The process of doping is more
desirable than heat to control the conduction of semiconductor.
2.5 Extrinsic semiconductor

when some suitable impurities or doping has been added in small amounts
to a pure semiconductor are called "extrinsic or doped semiconductors”. It
increases the conductivity of these materials depending on the type of
impurities used for doping and can be divided into two types (N-type
semiconductor and p-type semiconductor)[55]. The impurities are merged
into the material in these two ways (Substitution impurities or Interstitial
impurities).
2.6 Structure properties

Structural characterization is carried out using X-ray diffraction analysis
(XRD), atomic force microscope (AFM) and thickness measurement.
2.6.1 X-ray diffraction

X-rays are defined as electromagnetic radiation between ultraviolet waves
and gamma waves and have relatively high energy and specific wavelengths
within range (0.1-100) A. This range of wavelength lies within the lattice
spacing [56]. The most effective methods are X-ray diffraction is a basic tool
used to study the crystal structure and give information about lattice
parameters, crystalline phase, defect, and crystallite size. X-ray diffraction
consists of constructive interference of reflected monochromatic rays from
any position of lattice space at certain angles as shown in figure (2-2). The
spacing between diffraction planes and incident angles is determined by
Bragg's law given by following equation [57]:
nA = 2dsin®b...... (2-1)
Where ; (n): reflection order 1.2.3,...

16



Chapter Two Theoretical Part

Aave: Wavelength of incident X-ray diffraction (0.1541838 nm).
d: lattice plane.

0: Bragg angle.

x-ray

beanr 2d sin Op

...............................................................

Figure (2-2) X-ray diffraction [58].

X-ray diffraction is used to determine many parameters such as :
o Lattice constant

The domain pattern for ZnO thin films is hexagonal (hcp) structure. (a, b, c)
Is a lattice dimension as shown in figure (2-3) if (a=b) can determine this

parameter by measuring different values for (d) and through using equation

[59]:
1 4h%+Kk%+12 12
E - E 72 + C_Z ...... (2-2)

Where (hkl) represents miller indices.
o Full width at half maximum (FWHM)

The FWHM is equal to the width of the curve at the half of maximum
intensity (unit degree) [60] and converted into (Radian Units) when applying

crystalline size law.
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%o

Figure (2-3) Hexagonal structure [59].

o Crystallite size (C.S)
The average crystallite size (C.S) can be calculated by using Scherrer's

equation [46]:

092

o Dislocation density (6)
The dislocation density that lies in a unit area in the crystal. It can be a

calculated by following equation (Williamson and Smallmans)[61] :

2.6.2 Atomic Force Microscopy (AFM)

Atomic force microscopy (AFM) is one of the scanning probe microscopy
(SPM) developer depending on the technique of the scanning tunnel provide a
very high-resolution of (0.1-1.0 nm) type with fractions of a nanometer and
the magnification is (5x10°-10%) um. (AFM) is suitable to use with the surface

of insulators, conductor, and semiconductor. (AFM) provide extremely
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accurate information of surface roughness and average grain size. (AFM)
analysis the surface features of the sample and the instrument produces two
and three-dimensional images of the surface [63]. Figure (2-4) shows the

diagram of atomic force microscope.

Photodetector

Laser Beam

__ Cantilever

25 h
?— Tip Atoms
4 Force
@SeD
..O...Q..
\_ Surface Atoms

Figure(2-4) cross section of atomic force microscope [63].

2.7 Optical properties of semiconductor

The study of the optical properties of semiconductor provides information
on the quality of electronic transitions occurring in the material and the
structure of energy band as well as the properties that determine the
interaction of light with the material [64]. The optical properties of
semiconductor thin film generally depend on the method and conditions such
as temperature, annealing temperature, pressure, deposition rate if any change
in one of the factors leads to the deviation of the absorption edge to higher or
lower energies [65].
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2.8 Fundamental absorption edge

Is the rapid increase in absorption when the photon energy of incident
radiation (hv) equal to the forbidden energy gap (Eq represents the smallest
difference in energy between the highest point in the valence band and the
lowest point in the conduction band), it gets a quick and sudden absorption of
the incident light .this characteristically is common to all semiconductor
materials. This absorption is rapid and sharp in single crystal material while
being less sharp in polycrystalline material. The cutoff wavelength (Acuwf) at

the edge is calculated by following equation :

hc

(BW)photon = Eg = 5 ovvvvecncin (2-5)
1240

Acut off(nm) = Eglev) i (2'6)

Where; h: is plank's constant = 6.626x10°* J.s.

¢ is the speed of light = 3x10° m/s.

(Aeutofr) 1S the wavelength that relates to energy gap for the semiconductor
where at that point, the optical absorption will start to illustrate the

fundamental absorption edge [66].

2.9 Absorption Regions
2.9.1 High Absorption Region (A)

The high absorption region has a high absorption coefficient has value
(0>10") cm™, the relation with photon energy in this region is calculated as
the value of the Tauc's equation [68]:

o hv =B: (hv - E™) v (2-7)
where :

B- : transition constant.

hv : photon energy (e.V).

E,™ : optical energy gap (e.V).
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r: exponential constant (2,3,1/2,3/2) depending on the type of material and the
type of transition.
From figure (2-5A), this region is due to the transition between the extended

states of the valence and condition bands.

2.9.2 Exponential Absorption Region(B)

This region has an absorption coefficient ranges from (1< a< 10%) cm™ and
the absorption coefficient is described by the Urbach equation:
o= 0exp (hv /E) ......... (2-8)
where :

Eu is Urbach energy.

From figure (2-5B), this region is due to the transition between the tail states
of the valence band and extended states of the condition band or extended
state of the valence band to tail states of the conduction band.

2.9.3 Weak Absorption Region (c)

From figure (2-5C), in this region, the absorption coefficient has the value
(o < 1) cm™ below the exponential part of the absorption edge, i.e. a tail
absorption .this region depends on the nature of the material in terms of
(purity), the conditions, and method of preparation. The transition for A, B, C

part is illustrated in figure (2-5).
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Eg hv(eV)

Figure (2-5) absorption regions (A) High Absorption Region. (B)
Exponential Absorption Region. (C) Weak Absorption Region[69].

2.10 Optical constants
2.10.1 Absorption (A):

The definition of (absorption) is the ratio between the intensity of absorbed
radiation by a thin film (I,) to the intensity of incident radiation (l,), and its

given by following equation :

A= ’I—A ......... (2-9)

o

This relation represents the decrease in the energy of the electromagnetic
radiation when passing through a medium. [70].
2.10.2Transmittance (T):

The definition of transmittance is the ratio between the intensity of
transmitted radiation through thin films (I) to the intensity of incident
radiation (lo) and the transmittance is a quantity free of units, given by

following equation :

The transmission and absorption are related to the following equation [71] :
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A = Log,, (%) = Log,, (%) ....... (2-11)

W T=e 23034 = 107A . (2-12)

2.10.3 Absorption coefficient (a):

The change in energy as the wave passes through a layer is a constant of
the material for a given wavelength. Absorption coefficient depends on the
incident of photon energy (hv) and semiconductor properties. It is given

Lambert's equation for absorption after it's derivation [72] :

l=l,e “..... (2-13)
0=2.303% ... (2-14)
Where:

I, : the intensity of incident radiance.
I: the intensity of transmittance radiance.
a . absorption coefficient.

t : thickness of thin film.

2.10.4 Optical Energy Gap (EQ):

The optical energy gap is the least energy needed for electrons to move
from the top of the valence band to the bottom of the conduction band. The
value of the energy gap changes due to the change in temperature, impurity
and the preparation method. This effect is either increased, or decreased

depending on the type of semiconductor material. The ( Eg°™

) for pure
semiconductor is not completely free because it has structure defects [73].
The energy gap of the prepared thin films can be calculated in a standard
manner using Taus equation (2-7).

To drawing the value of (ahv)® plotted against photon energy (hv). Stretch
the straight line of the curve until the energy axis is cut at (a=0) which

represented the optical energy gap.
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Part two
Image Processing Technique
2.11 Introduction

This part is interested in studying the theoretical side aspect of the science
of image processing. Its included some basic concepts of important image
processing terms and display the image processing techniques used in the
current study.

At present using different methods in order to enhance image information
for interpreting and analysis due to wide spread for these images in multi-field
of daily life, for example, in the field of medicine using technique to enhance
X-ray image, and within military field to improve the thermal image and in
space image. This techniques used also to inhance finger print images, and
images that use in the operations of mineral exploration by using the seismic
waves .

2.12 Digital image

Digital images are electronic snapshots taken of a scene or scanned from
documents, such as photographs, manuscripts, printed texts, and artwork. The
digital image is sampled and mapped as a grid of dots or picture elements
pixels. Each pixel is assigned a tonal value (black, white, shades of gray or
color), which is represented in binary code zeros and ones. The binary digits
(bits) for each pixel are stored in a sequence by a computer and often reduced
to a mathematical representation compressed. The bits are then interpreted
and read by the computer to produce an analog version for display or printing
[74].

2.12.1 Binary image

Binary images are the simplest type of images and can take on two values,
typically black and white or 0 and 1. a binary image is referred to as (1
bit/pixel) image, because it takes only 1 binary digit to represent each pixel.

this type of images is the most commonly used in applications that require
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only information form in general form or outline for example application of
computer vision [75]. Pixel Values: As shown in this bitonal image, Figure
(2-7) each pixel is assigned a tonal value, in this example O for black and 1 for

white.

RN T U R Ry RN RN N [T T Ty N [N [ T O
BN —, [N NI N PETR I Y, R
Bl = O OO O O OO O
=L [ R S T R N . M A Y —L
L =l | | k| | k|-t -t i
| ke | ke | | e | e | e | [ e | e |

Figure (2-7) binary image [76].

2.12.2 Gray level image

a grayscale image is an image in which the value of each pixel is a single
value, that carries only intensity information, and also known as black-and-
white, are composed exclusively of shades of gray, varying from black at the
weakest intensity to white at the strongest.

Grayscale images are often the result of measuring the intensity of light at
each pixel in a single band of the electromagnetic spectrum e.g. infrared,
visible light, ultraviolet, etc.

They number of different brightness level (bits) used for each pixel
determines the number of different gray levels available. The typical gray-
scale images contain 8 bit/pixel data [75], which allows us to have (0-255) or

(256) different brightness gray levels, as shown in figure (2-8) [77].
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e g0 ¥
Figure (2-8) Gray level image [78].

2.12.3 Color image

A digital color image is a digital image that includes color information for
each pixel. For visually acceptable results, it is necessary and almost
sufficient to provide three samples color channels for each pixel, which are
interpreted as coordinates in some color space. The (RGB) color space is
commonly used in computer displays. Using the (8-bit) monochrome standard
as a model, the corresponding color image would have (24 bit/pixel -8 bit) for

each color bands red, green and blue as shown in figure (2-9).[79].

Figure ( 2-9) Colored image [80] .
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2.12.4Multispectral image

A multispectral image is one that captures image data within specific
wavelength ranges across the electromagnetic spectrum. The wavelengths
may be separated by filters or by the use of instruments that are sensitive to
particular wavelengths, including light from frequencies beyond the visible
light range, i.e. infrared and ultra-violet, X-ray, acoustic or radar data. source
of these types of the image includes satellite systems, underwater sensor
systems, and medical diagnostics imaging systems [81]. Spectral imaging can
allow extraction of additional information the human eye fails to capture with
its receptors for red, green and blue. Multispectral image shown in figure (2-
10).

Figure (2-10) Finding Vegetation in a Multispectral image [82].

https://www.mathworks.com/help/images/examples/finding-vegetation-in-a-multispectral-image. html

2.13 Image Histogram

An image histogram is a graphical representation of the number of pixels in
an image as a function of their intensity. Histograms are a way of visualizing
the predominant intensities of an image. As a definition, image histograms are
a count of the number of pixels that are at certain intensity. When represented
as a plot, the x-axis is the intensity value, and the y-axis is the number of
pixels with that intensity value. Histograms have many uses in image

processing. We can predict about an image by just looking at its histogram.
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The second use of histogram is for brightness purposes. The histograms have
wide application in image brightness like adjusting the contrast of an image.
Another important use of histogram is to equalize an image and thresholding.

This is mostly used in computer vision [83].

2.14 Histogram Specification

Histogram Specification is a generalized version of histogram equalization,
a standard image processing operation. An equalized image has an equal
number of pixels at all brightness levels, resulting in a straight horizontal line
on the histogram graph. When you specify a histogram, you actually define
the desired shape of the histogram, and a nonlinear stretch operation is
applied to force the image histogram to have that shape. Histogram
specification is useful for compressing the dynamic range of an image in
order to remove pixel values that contain very little information. This makes
an image easier to view on a video monitor. It also allows you to emphasize
information that appears at certain brightness levels. You can specify the
curve by drawing it manually or select from the pre-defined list of curves.
Predefined curves include Uniform, Exponential, Lognormal, Gaussian,
Rayleigh, and Straight-Line [83].
2.15 Contrast

Contrast generally refers to the difference in luminance or gray level values
in an image and is an important characteristic. It can be defined as the ratio of
the maximum intensity to the minimum intensity over an image. Contrast
ratio has a strong bearing on the resolving power and detectability of an
image. The histogram of this image is shown in figure (2-11). Contrast
enhancement techniques expand the range of brightness values in an image so
that the image can be efficiently displayed in a manner desired by the analyst.
The density values in a scene are literally pulled farther apart, that is,

expanded over a greater range. The effect is to increase the visual contrast
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between two areas of different uniform densities. This enables the analyst to
discriminate easily between areas initially having a small difference in density
[84][85].

30000

20000

1nnnn

0 728571 162,143

Figure (2-11) Histogram of an image.

https://www.google.ig/search?g=histogram+stretch+images&source=Inms&tbm=isch&sa=X&ved=0ahUKEwikuObsvtPZAh

VHKuwKHegKCo4Q AUICigB&biw=1366&bih=662#imgrc=f00ADMIiS8ilE M

The formula for stretching the histogram of the image to increase the

contrast is

g (xy) = ED min y o0 (2-16)

fmax_fmin

The formula requires finding the minimum and maximum pixel intensity
multiply by levels of gray. In our case, the image is 8bpp, so levels of gray are
256.

The minimum value is 0 and the maximum value is 225. So the formula in

our case is

g(xy)= %XZSS ........... (2-17)

where f(Xx,y) denotes the value of each pixel intensity. For each f(x,y) in an
image, we will calculate this formula. After doing this, we will be able to
enhance our contrast. The following image appears after applying histogram

stretching.
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Figure (2-12) image after histogram stretch.

https://www.google.ig/search?g=histogram+stretch+images&source=Inms&tbm=isch&sa=X&ved=0ahUKEwikuObsvtPZAh

VHKuwKHegKCo4Q AUICigB&biw=1366&bih=662#imgrc=fO0ADMIS8ilE M

The stretched histogram of this image has been shown in figure (2-12).
Note the shape and symmetry of histogram. The histogram is now stretched or
in other means expand. Have a look at it. In this case, the contrast of the
image can be calculated as Contrast = 240. Hence we can say that the contrast
of the image is increased.
2.15.1 Linear Contrast Stretch

This is the simplest contrast stretch algorithm. The gray values in the
original image and the modified image follow a linear relation in this
algorithm. A density number in the low range of the original histogram is
assigned to extremely black and a value at the high end is assigned to
extremely white. The remaining pixel values are distributed linearly between
these extremes, as shown in figure (2-13). To provide optimal contrast and
color variation in color composites the small range of gray values in each

band is stretched to the full brightness range of the output or display unit [86].
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Figure (2-13) Linear Contrast Stretch [86].

2.15.2Non-Linear Contrast Enhancement
The general form of the nonlinear contrast enhancement is defined by

y=f(x), where (x) is the input data value and (y) is the output data value. The
nonlinear contrast enhancement techniques have been found to be useful for
enhancing the color contrast between the near classes and subclasses of the
main class.
A type of non linear contrast stretch involves scaling the input data
logarithmically. This enhancement has the greatest impact on the brightness
values found in the darker part of the histogram. It could be reversed to
enhance values in brighter part of the histogram by scaling the input data
using an inverse log function.

Histogram equalization is another nonlinear contrast enhancement
technique. In this technique, ahistogram of the original image is redistributed

to produce a uniform population density. This is obtained by grouping certain
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adjacent gray values. Thus the number of gray levels in the enhanced image is
less than the number of gray levels in the original image [87].
2.16 Image Enhancement

Image enhancement aims to process an image, so that the output image is
more suitable than the original. It is used to solve some computer imaging
problems, or to improve image quality visually and brings out detail that is
obscured, or simply highlights certain features of interest in an image.
Enhancement methods tend to be problem specific [77]. For example, a
method that is to enhance satellite images may not suitable for enhancing
medical images. Image enhancement techniques include smoothing,
sharpening, highlighting features, or normalizing illumination for display or
analysis.
Image enhancement approaches are classified into categories :
o Spatial domain methods: are based on direct manipulation of pixels in
an image.
o Frequency domain methods: are based on modifying the Fourier

transform of an image [88].

2.16.11mage enhancement in the spatial domain

The term spatial domain refers to the image plane itself and approaches in
this categories are based on direct manipulation of a pixel in an image i.e the
total number of pixels composing an image. To enhance an image in the
spatial domain we transform an image by changing pixel value or moving

them around[89] . A spatial process is denoted by the expression:

g, y) =TIV i (2-18)

where f (X,y) is input image, T is operater on f, defined over the neighborhood

of f (x,y), g (x,y) is aproccssed image .
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2.16.21mage enhancement in the frequency domain
e The Discrete Cosine Transform (DCT) [90,91]

The discrete cosine transform (DCT) helps separate the image into parts (or
spectral sub-bands) of differing importance (with respect to the image's visual
quality). The (DCT) is similar to the discrete Fourier transform: it transforms
a signal or image from the spatial domain to the frequency domain as shown
Figure (2-14).

)| Fu.v)

A DCT} i

Figure (2-14) transform image from spatial domain to the frequency

domain.

e DCT Encoding
The general equation for a 1D (N data items) DCT is defined by the following

equation:

Flu) = (%)% NZ: (i).cos 2 M {2: + 1}] f(i) (2-19)

and the corresponding inverse 1D DCT transform is simple F*(u), i.e.:
where
Afi) = { s fore =0
1 otherwise (2-20)
The general equation for a 2D (N by M image) DCT is defined by the
following equation:

F{-?:..-EJ}:(‘ET)I( )%E‘qfq: A(j).cos MT{2:+1}]M};,[2 {23+1}]-f{-='-.j}

=0 j=0
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and the corresponding inverse 2D DCT transform is simple F'(u,v), i.e.:

where

L foré =0
={ V2
A) { 12 otherwise (2-22)

The basic operation of the DCT is as follows:

« The input image is N by M;

« f(i,)) is the intensity of the pixel in row i and column j;

« F(u,v) is the DCT coefficient in row k1 and column k2 of the DCT
matrix.

« For most images, much of the signal energy lies at low frequencies;
these appear in the upper left corner of the DCT.

« Compression is achieved since the lower right values represent higher
frequencies, and are often small - small enough to be neglected with
little visible distortion.

« The DCT input is an 8 by 8 array of integers. This array contains each
pixel's grayscale level;

« 8-bit pixels have levels from 0 to 255.

« Therefore an 8 point DCT would be:

A(E) = { :1,3 ﬁ}rE=ll.:I
1 otherwise (2_23)

ooooooooooooooooooooooo

e Wavelet transform

Wavelets can be used to extract information from many different kinds of
data, including audio signals and images. A wavelet is a wave-like oscillation
with an amplitude that begins at zero, increases, and then decreases back to
zero. Wavelets allow complex information such as music, speech, images, and
patterns to be decomposed into elementary forms at different positions and

subsequently reconstructed with high precision. The wavelet method is the
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one which least distorts the spectral characteristics of the data. The distortions
are minima the wavelet-based method is the most efficient in preserving the
spectral information contained in the original multispectral images. Wavelets
have the great advantage of being able to separate the fine details in a signal.
Very small wavelets can be used to isolate very fine details in a signal, while
very large wavelets can identify coarse details. A wavelet transform can be

used to decompose a signal into component wavelets [92].

2.17 Image segmentation

image segmentation is the process of partitioning a digital image into
multiple segments (sets of pixels, also known as superpixels). The goal of
segmentation is to simplify and/or change the representation of an image into
something that is more meaningful and easier to analyze[93]. Image
segmentation is typically used to locate objects and boundaries (lines, curves,
etc.) in images. More precisely, image segmentation is the process of
assigning a label to every pixel in an image such that pixels with the same
label share certain characteristics.

The result of image segmentation is a set of segments that collectively
cover the entire image or a set of contours extracted from the image (see edge
detection). Each of the pixels in a region is similar with respect to some
characteristic or computed property, such as color, intensity, or texture.
Adjacent regions are significantly different with respect to the same
characteristics[94]. When applied to a stack of images, typical in medical
imaging, the resulting contours after image segmentation can be used to create
3D reconstructions with the help of interpolation algorithms like Marching

cubes.

35



Chapter Two Theoretical Part

Figure (2-15) Model of a segmentation by morphology watersheds.

https://www.imageprocessingbook.com

2.18 Edge Detection Techniques

Edge detection is one of the most commonly used operations in image
analysis, and there are probably more algorithms in the literature for
enhancing and detecting edges than any other single subject. The reason for
this is that edges form the outline of an object. An edge is the boundary
between an object and the background and indicates the boundary between

overlapping objects [95].

2.18.1Sobel Operator
The operator consists of a pair of 3x3 convolution kernels as shown in
Figure (2-16). One kernel is simply the other rotated by 90°.

GXx Gy
-11 0 | +1 +1 | +2 | +1
21 0 | +2 0] 0 0
11 0 | +1 1] -2 -1

Figure (2-16) Sobel 3x3 convolution kernels

These kernels are designed to respond maximally to edges running
vertically and horizontally relative to the pixel grid, one kernel for each of the

two perpendicular orientations. The kernels can be applied separately to the
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input image, to produce separate measurements of the gradient component in

each orientation (call these Gx and Gy) [96]. The gradient magnitude is given

by:

Typically, an approximate magnitude is computed using [97]:

|G| = 1Gx| + |Gy

which is much faster to compute. The angle of orientation of the edge
(relative to the pixel grid) giving rise to the spatial gradient is given by:

0 =arctanZ..........ccocii... (2-25)
Gx

2.18.2Robert’s cross operator:

The Roberts Cross operator performs a simple, quick to compute, 2-D
spatial gradient measurement on an image. The operator consists of a pair of
2x2 convolution kernels as shown in Figure (2-17). One kernel is simply the
other rotated by 90°. This is very similar to the Sobel operator.

GX Gy
+1 0 0 +1
0 -1 -1 0
Figure (2-17) Robert’s 2x2 convolution kernels

These kernels are designed to respond maximally to edges running at 45° to
the pixel grid, one kernel for each of the two perpendicular orientations. The
kernels can be applied separately to the input image, to produce separate
measurements of the gradient component in each orientation (call these Gx

and Gy). The gradient magnitude is given by:

1G] = JGXZ+ GY2.oveeeeea . (2-26)

although typically, an approximate magnitude is computed using:
|G| = |Gx| +|Gy|...c.onvenn.. (2-27)

which is much faster to compute.
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The angle of orientation of the edge giving rise to the spatial gradient

(relative to the pixel grid orientation) is given by[98]:

O =arctanX -2 (2-28)
Gx 4

2.18.3Prewitt’s operator:
Prewitt operator is similar to the Sobel operator and is used for detecting

vertical and horizontal edges in images [99].

1 1 1 -1 0 1
h=lo 0 0 h1=[—1 0 1] ..................... (2-29)
1 -1 -1 -1 0 1

2.18.4Laplacian of Gaussian:

The Laplacian is a 2-D isotropic measure of the (2nd) spatial derivative of
an image. The Laplacian is often applied to an image that has been first
smoothed with something approximating a Gaussian Smoothing filter in order
to reduce its sensitivity to noise. The operator normally takes a single gray
level image as input and produces another gray level image as output.

The laplacian(x,y) of an image with pixel intensity values I(x,y) is given
by:
921 | 92
L(x,y) =25+ # .............................. (2-30)

Three commonly used small kernels are shown a figure (2-18).

0 1 0 1 1 1 -1 2 -1
1 -4 1 1 -8 1 2 -4 2
0 1 0 1 1 1 -1 2 -1

Figure (2-18) Laplacian small kernels.

2.18.5Canny’s Edge Detection Algorithm

Canny edge detector is the optimal and most widely used algorithm for
edge detection. Compared to other edge detection methods like Sobel, etc
canny edge detector provides robust edge detection, localization and linking.

Comparison of Edge detection Algorithm
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Original Sobel

Figure (4-19) Performance of Edge Detection Algorithms.
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Part one

Experimental work
3.1 Introduction
This chapter included an explanation of how to prepare Zinc Oxide (ZnO)
thin film and doping by Tin (Sn). The evaporation mechanism is used to
deposit the thin films. The process for examining ZnO thin films will be
explained for structural, optical properties and image processing with a clear
of function steps. Figure (3-1) illustrated the diagram of the first part

including thin films preparations and measurements.

[ Clean glass substrate ]

A 4

[ Zn preposition by using thermal evaporation method ]

A\ 4

4[ Oxidation Zn thin films to get ZnO ]

v Optical method ]
[ Thin films measurement

Gravimetric method ]

A 4

{ Sn impurities deposition ]

A 4
A 4

e .
Structure Optical
properties properties

XRD & T.A 0,
AFM Eg
U, . /

Figure (3-1) diagram the practical side for preparing ZnO

thin films and measurements.
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3.2 Thermal Evaporation Techniques
This method is one of the most common methods and adopted in the
evaporation of material to prepare thin film under very low pressure
sometimes reaches to (10°mbar) pressure varies depending on the materials
used [102].
To get the thin films by this method we can follow sequential processes
which are represented:
1- The material to be deposited is turned (convert)into steam.
2- Adhesion of the vapor of the material from the source of evaporation to the
substrate with help of vacuum.
3- Deposition of the material on the substrate in the form of thin films.
The material will be placed in a boat and its melting point will be higher than
the melting point of the material and will not react with it. The boat is heated
by the flow of an electric current to the degree of melting of the material that
evaporates and then deposited on the substrate. This method is suitable for
evaporation of more metals and semiconductors but seems inappropriate to

evaporate some alloys. thermal evaporation shown in figure (3-2).

m = SUbstrate

ooy +—4_ Deposition of thin film

+——+— Vaporized material
POF Reducer Demo

_§—Target material

it «— 4 _Evaporator
Ay Heator
-ﬁ '; r- 3 —

To Vacuum Pump

Figure (3-2) demonstration diagram of the thermal evaporation system.
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the advantage of thermal evaporation method is highly efficient in
obtaining excellent purity thin film with the least number of stress or internal
tension, Easy preparation, absence of ionizing radiation and can the
possibility of completing multiple samples with uniform conditions at the
same time, on other hand the possibility of pollution from the heater or so-
called (boat) and limited method of evaporation of low melting element or
compounds such as Al<Cd,Sn«Pb«In<Zn«Cu [103,104].

The vacuum system model (Edward A) is used to evaporation (ZnO) thin
films. Two parts consist of the vacuum system unit, the first stage is the
chamber, and the pumping system represents the second part. The pumping
system included two evaporation pumping (rotary pump and diffusion pump).
The material will vaporize or sublimed into a gaseous state, then it will
modify on the surface of the substrate. The Parameters that Influence on the
Prepared Films Homogeneity [103].

1- Air pressure in evaporation chamber

2- The vertical distance between the evaporation bowl and the substrate.
3- Substrate temperature & deposition rate.

4- The shape of a boat and the type of material manufactured.

3.3 Substrate preparation

ZnO thin films have been prepared in several sequential stages and all
stages have been carefully working to get pure ZnO thin films and doped.
Thin film has been prepared on a glass substrate with thickness (1 mm) and
dimensions (25.4 x 76.2 mm?) were used. The glass substrate is cleaned using
soap and then leave under running water for (15) min.To remove surface
contaminants glass substrate was cleaned with distilled water by ultrasonic for
(15) min. The last stage using ethanol by ultrasonic for (15) min and allowed
to dry completely. The purpose of using all these stages to ensure the

accuracy of cleaning, this important because it affects the quality of the films.
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3.4  Preparation of Zinc Oxide (ZnO/Sn) thin films

Zinc oxide has a high melting point of about (2243K), this point is great
compared to the melting point of pure Zinc element (Zn), therefore Zinc was
chosen for deposition on glass substrate, because it has a low melting point
(680K), it evaporates easily and does not require a catalyst to produce ZnO
thin film, therefore we get Zn thin film by thermal evaporation method.
The process of preparation of thin films consist of the following steps:
1-  Prepare the appropriate mass of Zinc material to be evaporated under
vacuum to have the desired thickness. This mass is placed in the molybdenum
boat that made in size (1 cm®).
2-  special masks were made for deposition of Zinc metal on a glass
substrate that has been cleaned than prove well on the sample holder. Masks
are also used to determine the geometry shape of the thin film, the appropriate
dimension was selected between boat and sample holder for the deposition of
thin films with greater adhesion to the substrate.
3-  The evacuation of chamber from the air and reduction the pressure
inside the chamber until stabilized into (4x10™ Torr). The process of heating
the boat begins by raising the electric current gradually and slowly. The
material will evaporate from the boat and during this process, the material is
monitored through the chamber.
4-  After the evaporation process had been completed, the samples were
left in the chamber until reaches room temperature in order to ensure the
deposition of Zinc metal on the substrate with good adhesion without creaks
or defects. The samples are removed accurately and carefully to avoid scratch
the films.The samples are placed in special dried cans to keep them from
external conditions that exposed until the next step.
5-  Zinc thin films are oxidized by placing the thin film in an electric oven

(vectoreen) at (680K) for two hours, during thermal oxidation air is pumped
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out and after (24) hours the sample are removed from the oven to ensure
gradual cooling of the samples.
6-  Finally, Sn thin film was a deposit on ZnO thin films by evaporating Sn
under vacuum. The ratio of Sn to ZnO was precise to weight (3 to 9 step
2)Wt%.
3.5 Film Thickness Measurement
3.5.1 Gravimetric method

In this method is used a sensitive electronic balance is used (Precisa-Swiss)
which is sensitive (10 g), By the equation, the thin film thickness can be

calculated:

t: The thickness (nm).
m: is the mass evaporated (mass difference in the pellet) (g).
p: is the material density (Zn= 5.67g/cm®) and (h) is the height from the
source (boat) to the substrate (slides) (h= 18 cm) [105]. The resulting errors in
calculating the thickness of the materials in this method are due to the
following reasons:
a-  Consider the density of the thin film equal to the density of the material
in size.
b-  Loss part of the material during deposition by volatilization or recoil
from the surface of the substrate, therefore, it is preferable to calculate an
error ratio (2%) of the weight of the material to ensure the required thickness.
3.5.2 Optical Interference Method

This method is standard and very accurate in measuring the thickness of
thin films. (Tolansky, 1948; Wiener, 1887) were the first to use this method
though the interference system in figure (3-3) .the thickness of the thin film

can be calculated according to the following equation:-
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A Ax
T=o X — (3-2)
Where:

XA: Fringe of width.
X: the distance between the two consecutive directions.

L. wavelength of light used (sodium 589.3nm).

\
o J—— ,z_t:. [ . |ﬁl--- I'I-Iol
o8 — v »—*_ ! r

\‘_ ," \ » P h - :: »
\ S — +\ ey
{ Na Light E . "rb. ";'FI
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Figure (3-3) Optical interference fringes method.

3.6 Characterization of ZnO films

The Characteristic measurements of this technique is used to investigate
the thickness, the structural features of the films were X-ray diffraction
(XRD) and atomic force microscope (AFM). The optical features of the films
were investigated by transmission through UV-Vis absorption spectroscopy.
3.7 Investigation the Structural of Prepared Films by (XRD)
Technique

The structure of the prepared thin films is defined through studying X-ray
diffraction output. The other variables of the thin films which they are

examined through X-ray are:
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1-  The type of structure (crystalline or amorphous).

2-  The appearance of doping with Sn.

3-  The annealing effects.

4-  Calculating the lattice constant and the average volume of the crystal.
(X-rat instrument)

(XRD 600 SHIMADZU JAPAN)

(X-ray) diffraction technique type (Shimadzu XRD-6000) that had been
used to investigation (ZnO ) thin film crystal structure and crystallite size as
well as knowledge of the addition of Tin impurities (3 to 9 step2)wt% with
thickness (200 nm) under the following conditions:-

X-Ray Tube: (CuKa) radiation of wavelength (1.541A°), Current (20 mA),
Voltage (40kV), Range (20000) counts/s, 10-80 (deg); Scan Mode:
continuous scan, scanning speed: (5 deg /min).

3.8  Atomic Force Microscope Measurements (AFM)

(AFM) technique is used to study the topography of the sample (SPM-
AA3000 contact mode spectrometer, Angstrom) to obtain two-dimensional
and three-dimensional images that describe the surface in terms of roughness
and grain size that have high resolution values.

3.9 Optical Measurements

The measurement of the transmission (T) and absorption (A) spectrum of
the thin films on the glass substrate using a spectrometer (UV-Visible) (1800
Spectra Photometer), the transmission and absorption values are measured as
a function of incident wavelength (A) within the wavelength range (300-
1100)nm, as well as finding optical constants (Absorption coefficient, optical
energy gap) calculated from equations (2-10), (2-13), (2-15) and (2-16).
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Part two
Image Processing Procedure

3.10 Introduction

The second section included an explanation of how to prepared, acquisition
and analysis images and a procedure of many enhancements on an image.
there are many packages (software) that deal with image process and
(CVIPtools) is one of them. This software has been used because of its
maximal applications which include everything we desire to complete this
work. Digital images of thin films are studied in several stages as shown in

this section and could be summarized in the following diagram.

AFM imaaes

Crop

Pre-Process images

resize

Enhancement Treansformation Edge detection

N

[sharpenmg ][ Local ] wavelete 4 1- Roberts N

equalization

2- Sobel
v segmentation 3- Prewitt
DCT Histogram 4- Laplacien
sharpening stretch Multi resolution \ 5- Canny

Histogram specification

convert
color to

gray

Figure (3-4) Diagram for image processing procedure.
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After collecting the (AFM) images, the following steps and methods were

used to manipulate the digital images:

3.11 Pre — process:
The pre-process steps which were applied to the images could be

summarized in these steps:

1- Crop the digital images of prepared thin films from upper left corner to
(10x100) pixels with a width and height according to pixels of images.
2- Resize the resulting images from the crop with width and height

(400x400) pixels using zero order hold.

3.12 Enhancement
The following steps explain the procedure that had been applied in this
research. The first step was using histogram contrast then local equalization.
After that the listed application applied to get the enhanced images.
1- Histogram contrast application followed by histogram stretch.
2- Starting again with the original image and using histogram contrast
then histogram specification.
3- Applying sharpening techniques then DCT sharpening.
4- Cropped and resized digital images.
5- Applying histogram contrast then local equalization.
6- Applying histogram contrast then histogram stretch.

7- Using digital images (step 5) to convert from color to gray.
3.13 Transformation

1- Using the orginal digital images to transform by wavelet.

2- Analyzed the output images by using multiresolution segmentation.
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3- Cropped the digital images with a width and height (400x400) to
exclude the undesired parts of the gained images.

4- Using histogram contrast then histogram specification.

3.14 Edge detection

The images are analyzed with edge/line detection by using the
following parameters sequentially:
e Roberts
e Sobel
e Prewitt
e Laplacian
e Canny
1- Enhancement digital images that resulting from the step using
histogram contrast after applying the Laplacian detection then
histogram stretch.

2- Using histogram contrast then histogram specification.
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Results and discussions

4.1 Introduction

This chapter includes presentation and discussion of the results achieved
through pure and doped (ZnO) thin films prepared by thermal evaporation
with thickness (200£10) nm. The study of the structure and optical properties
for ZnO thin films was determined. The results will be discussed widely in
this chapter.

4.2  Pure ZnO thin films

The first step of preparing the thin films,is deposit the (Zn) on glass substrate
by thermal evaporation. The next step is oxidation the thin films to have
(ZnO) thin films.

4.2.1 Structural Properties

o X-Ray Diffraction(XRD)

Figure (4-1) shows the X-ray diffraction for pure ZnO thin film at
thicknesses (200+10)nm prepared by simple evaporation technique. The
structure appears to be polycrystalline of (hexagonal Wurtzite). This figure
illustrated the structural growth with crystal directions (100), (002) and (101)
at the angles (26) (31.69), (34.36) and (36.23) respectively [106,107]. The
preferred orientation is (100) with respect to the deposition method.

The results gained from (XRD) matches the (JCPDS) cards (joint
committee on powder diffraction standards) for dy, and diffractions angles as
shown in table (4-1). (JCPDS) cards was (00-036-145).

The crystal growth of this thin films in that direction refers to (van der
drift) model (Survival of the fastest). This model called survival of the fastest,
whereas the nucleation takes many directions at first steps of growth, then
they will compete between these direction of grows. The fastest in growth
will domain the process and let the other directions of growth to eliminate,

and that results matches with [108]. The main domain of crystal direction is
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(100). The increase in the values of the intensity indicates the increasing of

crystallization at that direction.

180 T
160 4+ (100) (101)
140 +
120 + 002
100 +

Intensity (a.u)

40 50 60 70 80
2 6 (deg)

Figure (4-1) X-ray diffraction for ZnO thin film.

The X-ray diffraction charts will gives many variables that presents in
table (4-1). The values of the distance between the atomic levels (dq) and
the diffraction angles (28), which corresponding to the peaks of the X-ray
diagram. The displacement of the sits of peaks is due to the preparation

conditions.

Table (4-1): XRD and JCPDS for ZnO thin films.[00-036-145]

20(deg) 20(deg) d(A®) d(A®) hkl planes
(JCPDS) observed (JCPDS) observed (JCPDS)
36.2521 36.23 2.4759 2.47 101
34.4211 34.36 2.6033 2.60 002
31.7694 31.69 2.8143 2.82 100

The other parameters that been studied through X-ray diffraction are, full
width at half maximum (FWHM), crystallite size (D) and dislocation density
(6), and that agree with equations (2-3) and (2-4). These results were listed in
table (4-2).
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Table (4-2): X-ray diffraction parameters for prepared ZnO thin films.
FWHM (deg) C.S (nm) & x10" lines .m™
0.27 29.9 11.3

o The Atomic Force Microscope (AFM)

The atomic force microscopy is used to determine the morphology of the
prepared thin films. The other reason for using (AFM) are to shows the effect
of doping, average grain size, distribution, and surface roughness on the
properties of thin films and to obtain high-resolution images, as shown in
figure (4-2).

The most common observations on the ZnO thin films surface are the
homogeneity and well distribution on the substrate. The very low peaks that
move upwards in spherical or hemispherical shape separated by Nano scale
distances indicate that particle walls are very small. The image shows the
good surface uniformity and without cracks or gaps. These results of the good
uniformity makes this thin films a good choice to be used in solar cells and
semiconductors devices applications.

Figure (4-2) illustrates AFM images, the survey of the surface of ZnO thin
films prepared at thickness (200) nm in (3D).

Granularity Cumulation Distribution Chart

10.00+

Percentage(%)

Diameter(nm)

Figure (4-2) AFM images of ZnO thin film.
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Table (4-3) shows the average grain size, distribution and the surface

roughness based on the root mean square (RMS).

Table (4-3): average grain size, root mean square and roughness density.

Average grain size (nm) | (RMS) (nm) Roughness density (nm)
94.82 7.38 6.04

4.3 Doping ZnO thin films with Sn

Thin films was doped (3 to 9 step 2) wt% with Tin, after Measurements
were done for pure thin films. Doping was done by thermal evaporation
followed by thermal diffusion at (413k) for (one hour). We will show the

results that obtained from the measurements:

4.3.1 Structural Properties
o X-Ray Diffraction(XRD)

Figures (4-3) illustrate X-ray diffraction of doping Zinc Oxide thin films
with Tin at different percentages. This figure shows the peaks in the pattern of
(100), (002) and (101). The XRD results indicated all films are
(polycrystalline) structure of (hexagonal Wourtzite) agree with [34, 40]
comparing with (JCPDS) cards.

Table (4-5) shows the variation of intensity is depend on the rate of the Sn
impurities. The preferred orientation direction is depend on Sn content, the
value of pure ZnO films 1(100) is a high intensity compared to both 1(002)
and 1(101). At doping (3%) the value of 1(100) is reducing until we reach
(7%) compared to pure ZnO. the value of 1(101) for doping (5%) continues to
increase and the domain orientation become (101). At doping (7%) the value
of 1(002) is increased compared to (5%) and the value of 1(101) decrease,
therefore, the preferred orientation is (002) agree with researcher[34]. At
doping (9%) the value of (002) decrease compared to (7%) while 1(100)
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increased then the value of 1(002), 1(101), therefore again a preferred
orientation along 1(100) similar to pure ZnO. It is clearly noticed that was a
peak appeared for Sn at (7%) and this peak increased at (9%). These results
match the (JCPDS) cards (00-019-1365) for Sn. The prepared thin films have
the same hexagonal structure for all samples without any other patterns.

Table (4-4) illustrated the (dn«) and (26) for the measured samples and the
corresponding data from (JCPDS) cards. The results were matched with a
little displacement for the doped thin films than the undoped . This result may
be explained that Sn can easily substitute for Zn due to their similar ionic radii
(0.074 nm for Zn*? and 0.069 nm for Sn™) resulting in a small latticE

distortion and great more electron vacancies[44].

Zn0:Sn (0%) Zn0:Sn (3%)
Zn0 Zn0 Zn0 ——12Zn0:5Sn (5%) Zn0:Sn (7%)
(100){002)(101 ZnO:Sn (9%)

Sn
(101)

Intensity(a.u)
3
4
]
}P

20 30 40 50 60 70 80
20 (deg)

Figure (4-3) X-ray diffraction for pure and doped ZnO:Sn thin films with
different doping (3 to 9 step 2)wt%.

Table (4-4) indicates the comparison of X-ray diffraction results. The values

of the distance between the atomic levels (dy) of the diffraction angles and
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their surfaces 20 corresponding to the sites of the peaks of the thin films

prepared for the distinctive models correspond to the values in [JCPDS]

numbered [00-036-145].

Table (4-4): XRD and JCDPS for pure and doped ZnO:Sn [00-036-145].

_ _ 20(deg) | 20(deg) | d(A°) d(A®) hkl
Doping Ratio
(JCPDS) | observed | (JCPDS) | observed | (JCPDS)
36.2521 | 36.2373 | 2.4759 | 2.4769 101
Zn0:Sn (0%) 34.4211 | 34.4309 | 2.6033 | 2.6026 002
31.7694 | 31.8029 | 2.8143 | 2.8114 100
36.2521 | 36.1414 | 2.4759 | 2.48331 101
ZnO:Sn (3%) 34.4211 | 34.3494 | 2.6033 | 2.60866 002
31.7694 | 31.7009 | 2.8143 | 2.82030 100
36.2521 | 36.1248 | 2.4759 | 2.47845 101
Zn0:Sn (5%) 34.4211 | 34.4026 | 2.6033 | 2.60474 002
31.7694 | 31.7524 | 2.8143 | 2.81584 100
36.2521 | 36.2711 | 2.4759 | 2.47473 101
ZnO:Sn (7%) 34.4211 | 34.4464 | 2.6033 | 2.60153 002
31.7694 | 31.7945 | 2.8143 | 2.81221 100
36.2521 | 36.1703 | 2.4759 | 2.48140 101
ZnO:Sn (9%) 34.4211 | 34.3761 | 2.6033 | 2.60669 002
31.7694 | 31.7454 | 2.8143 | 2.81644 100

Table (4-5) illustrate the variation of integrated intensity of (100), (002) and

(101) different peaks

Table (4-6) indicates the diffraction angle (20), full width at half maximum

(FWHM) and crystalline size (C.S) was obtained by x-ray diffraction for all

peaks.
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Table (4-5) The variation of intensity of XRD doping thin films.

Sn content % I (100) I 002) I o) Domain | Sn | (o
Zn0:Sn (0%) 166 110 156 100 _
Zn0:Sn (3%) 164 154 194 101 _
Zn0:Sn (5%) 140 150 202 101 _
Zn0:Sn (7%) 140 188 162 002 114
Zn0:Sn (9%) 176 152 174 100 144

Table (4-6) X-ray diffraction of the peaks of ZnO thin films.

FWHM o )
Sample C.S (nm) 6 * 10" (line.m™)
(deg)

Zn0:Sn (0%) 0.27 29.91 11.3
Zn0:Sn (3%) 0.27 31.2 11.09
Zn0:Sn (5%) 0.27 30.4 11.5
Zn0:Sn(7%) 0.28 29.3 11.7
Zn0:Sn(9%) 0.44 19.1 30.1

The crystal size was decreased with increasing impurities and increasing of
dislocation (8) [109, 110] disagree with [34, 40, 42, 46]. When the Sn is insert
in to lattice ZnO it impedes growth of grains causing a decrease in a
crystalline size for thin films. Increase in dislocation due to saturation of
substitution sites, forcing the ions (Sn) to occupy the interstitial sites [44].
Crystallization in the direction (101) increase with doping (3&5)% indicate
improvement thin films at (5%) have good Crystallization compared with
other percentage, this result was reflected in other properties. Degradation of
other thin films (7&9)% because there is a great value for percent doping with
Sn beyond it cause deterioration of the properties of thin films [34]. The

dislocation is an indication on the crystals quality and Crystallization Level.
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The relation between dislocations and square volume is (8 o C.S?). and

through table (4-6) appears an increasing of layers with increasing impurities.

o The Atomic Force Microscope (AFM)

Table (4-7) indicate the possibility of the effect doping (5%) on the
properties of ZnO thin films.it was measured one sample doping (5%) figure
(4-4) show the (3D) AFM image and the result of measuring shown in the
table (4-7).

Table (4-7) average grain size, (RMS) and roughness with doping (5%b).

Average grain size |Root mean square (RMS)| Roughness density
(nm) (nm) (nm)
51.27 5.21 4.4

Figure (4-4) illustrate AFM image, the survey of the surface of thin films
prepared at doping (5%) in (3D).

Granutarity Cumulation Distribution Chart
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Figure (4-4) AFM image of thin film with doping ZnO:Sn (5%).
4.3.2 Optical properties
Figure (4-5) illustrated the transmittance spectra with respect to wavelength

for ZnO:Sn thin films. The figure shows the transmittance appear at cut off
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wave length that separate it with absorption spectra, then the transmittance
increase with increasing wavelength for the electromagnetic wave.The
transmittance of ZnO thin films change with increasing doping percentages.
This behavior happened because of the creation of local states, gained from
the impurities, at energy gap between valance and conduction bands, Another
reason is the creation of crystal defects tends to increase photon scattering,
which agrees with [38, 40, 46] but disagree with [ 37, 43, 44]. Another reason
for the change in the transmittance is due to increase in dislocation (6) with
increase doping. The transmittance increase at (5%) due to reduction of the
voids in the sample and improvement of the homogeneous structure with
uniformly distribution particles (good incorporation of the dopant in the ZnO
lattice structure), this corresponds to the structure properties observed
decrease the dislocation density at (5%).

It is also shown from the figure that the highest transmittance was for Zinc
Oxide thin films, reaching Its transmittance is about (90%) of the wavelengths
within the infrared region (800-900) nm and this is the least absorption, which
matches [37].the change in the transmittance is due to increase in dislocation
(6) with increase doping. The previous behavior makes the ability to use the
properties of ZnO thin film as transparent material for vehicles and airplanes
windows, also as IR detector shields.

The transmittion and absorption spectrum was measured as a function of
wavelength in the range (350-950) nm. Figure (4-5) illustrated transmittance

spectra for doping Zinc Oxide thin films with different doping percentages.
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Figure (4-5) transmittance spectra for pure and doped ZnO thin films as

a function of wavelength.

Figure (4-6) illustrated the increasing of absorption curve with increasing
doping percentages. The reason for this behavior is the increasing of local
states at forbidden region. This local states play as a step to transmit the
absorbed electrons that have less energy than energy gap.

Doping thin films were recorded with a precipitation rate of (9)% in the
study that showed higher absorption compared to the absorption of the thin

films prepared from pure and doping.
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Figure (4-6) absorbance spectrum for pure and doped ZnO thin films as

a function of wavelength.
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Figure (4-7) illustrates the changes in the absorption coefficient as a
function of the photon energy.

Figure (4-7) illustrated the absorption coefficient behaves in a similar to the
absorbance spectrum. The absorption coefficient generally begins a gradual
increase as photon energy increases at ranges (2.2-2.9) eV for doping thin
films. By increasing doping rate the absorption coefficient increases at low
photonic energy. The higher value of absorption coefficient is greater than
(10* cm™, indicate to direct electronic transitions between the valence and
conduction bands at these energies. The absorption coefficient has a
maximum value at (11x10*)cm™. These results obey the equation (2-15).

At the energy range (2.85-3.3) eV, the absorption coefficient remains
almost constant. The stability of absorption values at that range of energies,
because they are the most effective range to transmit the free direct electrons,

then it will appear as almost constant absorption coefficients.

12
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o 4
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1 1.5 2 2.5 3 3.5
photon energy (e.V)

Figure (4-7) absorption coefficient for ZnO:Sn thin films with different

percentages.
The optical energy gap of the thin films material is the standard path to use
these materials in industries, such as solar cells, photovoltaic cells, optical

diodes, electromagnetic radiation detectors:
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Figure (4-7) shows that the absorption coefficient values for all doped thin
films are (o> 10*) cm™ indicate that the electronic transition is a direct type.
figures (4-8) illustrated the relation between (hv) and (chv)® and the
modification process to achieve the intercept with X-axis. The achieved
opinion is at the visible electromagnetic waves the relation is linear. The
optical energy gap for doped ZnO thin films decrease with increase impurities
and reach its lowest value at (7%). The energy gap at this rate is (2.72) eV
mean decrease about (0.53) eV as shown in table (4-8). The appropriate
reason for this contradiction is the donor density of state which made by Sn
impurities, it raised the Fermi level. The raise of Fermi level makes the
absorption decrease to (2.72 eV) for (7%) dopant, which agrees with [33, 40,
42]. The doping at (3, 5, 7)% makes an increase in absorption region for
visible and the absorption edge tends to low energy region.The doping with
9% shows an increasing for energy gap, the widened of optical energy gap
attributed to (Burstein-moss shift) , and that matches with [34, 38, 37, 39, 43,
46,38]. The other reason is the creation of crystal defects inside the crystal
structure. Table (4-8) illustrates the values of energy gap. Figure (4-8) shows

changes of energy gap with different doping.

Table (4-8) illustrate the change of energy gap with different doping.

sample Energy gap (e.V)
ZnO:Sn (0%) 3.24
Zn0:Sn (3%) 3.21
Zn0:Sn (5%) 3.2
Zn0:Sn (7%) 2.72
Zn0:Sn (9%) 2.88
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Figure (4-8) energy gap for pure and doped ZnO thin films.

4.4  Annealing (ZnO:Sn) thin films

The annealing process was applied to ZnO:Sn thin films at (473K) for one
hour. The results at this stage will be illustrated consequently.
4.4.1 Structural Properties
o X-Ray Diffraction(XRD)

Figures (4-9) illustrate X-ray diffraction of doping Zinc Oxide thin films
after annealing. Comparing the results between (XRD) and (JCDPS). Table
(4-9) shows the comparing values. This behavior gained from annealing
process which makes the atoms with bigger energies and reorders the

structure.
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The reason behind reduce the peaks, except the domain one, is the reorder

process done with the domain direction. So the peak of Sn disappeared after

annealing.
70 pure
(002) Zn0:Sn (3%)
Zn0O
(100) 7h0 Zn0:Sn (5%)
(101) ——12Zn0:Sn (7%)
——2Zn0:Sn (9%)
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Figure( 4-9) X-ray diffraction for ZnO thin films after annealing.

Figure (4-9) illustrated the annealing effects on the domain peak which
make it decrease the intensity of peaks due to increase the defects and
irregularity of thin films . Table (4-9) indicate the comparison the result of X-
ray diffraction, that the values of the distance between the atomic levels (dq«)
of the diffraction angles and their surfaces (260) corresponding to the sites of
the peaks of the thin films prepared for the distinctive models correspond to
the values in [JCDPS] numbered [00-036-145].
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Table (4-9) XRD & for JCDPS pure & doped ZnO with Tin [00-036-145]

Doping of ZnO | 20(deg) | 20(deg) | d(°A) d(°A) hkl
thin films (JCDPS) | observed | (JCDPS) | observed | (JCDPS)
36.2521 36.25 2.4759 2.476 101
ZnO:Sn (0%) | 34.4211 34.40 2.6033 2.604 002
31.7694 31.75 2.8143 2.815 100
36.2521 36.10 2.4759 2.485 101
ZnO:Sn (3%0) | 34.4211 34.29 2.6033 2.612 002
31.7694 31.66 2.8143 2.823 100
36.2521 36.18 2.4759 2.480 101
Zn0:Sn (5%0) | 34.4211 34.39 2.6033 2.605 002
31.7694 31.71 2.8143 2.819 100
36.2521 36.12 2.4759 2.484 101
ZnO:Sn (7%) | 34.4211 34.60 2.6033 2.609 002
31.7694 31.68 2.8143 2.821 100
36.2521 36.28 2.4759 2.474 101
Zn0:Sn (9%) | 34.4211 34.39 2.6033 2.605 002
31.7694 31.71 2.8143 2.819 100

Table (4-10) shows the diffraction angle (20), full width at half maximum
(FWHM) and crystalline size (C.S) was obtained by x-ray diffraction for for

all peaks.
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Table (4-10) X-ray diffraction for doped ZnO:Sn thin films after

annealing.
Samples FWHM (deg) | C.S(nm) | & * 10" (line.m™)
ZnO (pure) 0.33 24.9 16.1
Zn0O:Sn (3%) 0.27 30.6 10.8
Zn0:Sn (5%) 0.31 26.3 15
Zn0O:Sn (7%) 0.27 30.7 10.8
ZnO:Sn (9%) 0.45 18.02 30.8

Table (4-10) illustrated decrease in crystalline size this is due to the annealing
did not improve the properties of thin films but reduced it which reduced the
crystallization and increase irregularity. The (FWHM) curve is wider at the
middle based on Scherer equation, dislocation increase, agrees with [39].

o The Atomic Force Microscope (AFM)

Figure (4-10) illustrated the (AFM) images for ZnO pure and doped thin
films. The influence of doping with Sn and annealing on the surface structure
had been studied through analyzing (AFM) images. The results gained are
increasing of the average grain size with (3%) then decreasing gradually to
(9%). The (RMS) was decreased from (18.4) for pure thin films to (3.9) for
doped thin films at (5%). The roughness also decreases from (15.7) for pure
thin films to (4.6) for (5%) the behavior of RMS and roughness disagree with
[39].
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Zn0:Sn (7%) Granularity Cumulafion Distribufion Chart
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Figure (4-10) AFM images of ZnO:Sn films after annealing.
Table (4-11) indicates the possibility of the effect annealing of thin films on

the properties of ZnO thinfilms. Figure (4-11) illustrate changes of roughness

as a function of percentage doping.
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Figure (4-11) roughness density as a function of doping.

Table (4-11) Average grain size, (RMS), and roughness after annealing.

Average grain | Root mean square Roughness
Sample _ )
size (nm) (RMS) (nm) density (nm)
Zn0:Sn (0%o) 59.16 18.4 15.7
Zn0:Sn (3%) 71.13 13.6 11.6
Zn0:Sn (5%) 66.48 3.97 4.61
Zn0O:Sn (7%) 64.34 27.7 24
Zn0:Sn (9%) 51.26 9.2 7.9

4.4.2 Optical properties

Optical measurements of doped thin films after annealing were performed.
Figure (4-12) illustrated the transmittance spectra for ZnO thin films (pure
and doped with Sn) and annealed with (473K). This figure shows the
transmittance change with increasing wave length. The transmittance values
decrease with increasing impurities. The annealing effects on the
transmittance and makes ZnO thin films decrease than before annealing.
therefore increase the dislocation mean increase irregular. While doped thin
films increase in transmittance because the annealing makes the atoms with

bigger energies and reorders slightly the structure.
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Figure (4-12) transmission spectra forZn0O:Sn films after annealing.

Figure (4-13) illustrated the absorption spectra for ZnO pure and doped
thin films after annealing with respect to wavelength. This figure shows the
increase of absorption with annealing and displacement of optical absorption
edge to the region of higher wave length. The absorption spectra for ZnO thin

films gradually change with increasing impurities.
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Figure (4-13) absorbance spectra for pure and doped ZnO films after

annealing.
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The absorption coefficient of doping thin films prepared after annealing
from the absorbance spectrum. Figure (4-14) illustrates the changes in the
absorption coefficient as a function of the photon energy.

The absorption coefficients appear to be increase gradually with increasing
photon energy. The absorption coefficients reduce with increasing impurities.
This figure shows that the absorbance coefficient values for pure and doped
thin films after annealing is (a>10" cm™) indicate that the electronic transition

is of the direct type.
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Figure (4-14) Absorption coefficient forZnO:Sn films after annealing.

Figure (4-15) illustrate the changes of energy gap for pure and doped thin
films after annealing. That relation for (ahv)® as a function of incident photon
energy on ZnO thin films with different doping percentages after annealing,
as shown in figure (4-15). The figure shows the decrease of energy gap
directly with increasing impurities, agrees with [40] because of the
replacement of (Zn*%) by (Sn**). This process tends to increase of additional

density of states which will reduce the energy gap.
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Table (4-12) The change of energy gap after annealing.

sample Energy gap (e.V)
pure 3.21
3% 3.19
5% 3.16
7% 2.7
9% 2.86
- pure ZnO (200) nm Zn0:Sn (3%)
T 20 e
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Figure (4-15) Energy gap for ZnO:Sn films after annealing.
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Part Two

Image Processing

4.5 Introduction

The current section includes the presentation and discussion of the results of
image processing techniques. This technique was applied to AFM images
which were taken for pure and doped Zinc Oxide thin films. The diagram of
this work consists of, doping, and annealing and their impact on the qualities
surfaces of these films. The results that been obtained from structural and
optical properties was compared with the results gained from image
processing technology that been obtained from AFM.

4.6 Enhancement images for Pure thin films
After the pure thin films were obtained with thickness (200) nm, Figure (4-
16) shows the number of digital images captured for the study samples
obtained from the (AFM) measurement after the image were cropped then
resized to (400x400) pixels.

Figure (4-16) AFM image.
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From the visual observation of the images shown in Figure (4-16), we
notice that there is a clear heterogeneity in the color and nature of the granular

distribution of the prepared (pure thin films with Different volume ratios).

4.6.1 Local equalization
This technique has been applied to the images representing thin films under
study. It's an intermediate stage where the image is processed. Figure (4-17)

shows the result of applying this technique to the image in Figure (4-16).

PDF Reducer Demo

Figure (4-17) local equalization.

e Histogram stretch
Figure (4-18) shows applied the (histogram stretch then histogram) technique
to the images in Figure (4-17). The result obtained from this application that
the sites of peaks and the grain size in white color. The ruggedness is clearly
visible for the visual image. From histogram we notice a shift in blue color
towards the right, while the distribution seems constant in green color within
the same context, and the concentration of the red color and its shift towards

the right.
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Al

Figure (4-18 ) histogram stretch.

e Histogram specification
Figure (4-19) illustrated the step of applied (histogram specification)
technique to the image in Figure (4-16).This application was done to obtain
one band within the gray level to reflective observation of peaks and

distinguish them from the gaps.

Figure (4-19) histogram specification.
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4.6.2 DCT sharpening

Figure (4-20) shows the (DCT sharpening) technique when applied to the
images in Figure (4-16) then cropped image (400x400) pixels. The result

obtained from this application is to clarify the grain boundary and the
differences are clear.

e Local equalization for DCT sharpening images

Figure (4-21) shows applied the (local equalization) technique to the image in
Figure (4-20).

Figure (4-21) (local equalization) technique.
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e Histogram stretch for DCT sharpening images
Figure (4-22) shows the (histogram stretch then histogram) technique when
applied to the image in Figure (4-21). The result of this application is a high
clarity to the variation of elevations. From histogram we observe the increase

of the green color concentrations at the minimum with the stability of

i

“’ DF Reducer Demo

distribution in red and blue.

Figure (4-22) ( histogram stretch) technique
4.6.3 Convert color to gray
Figure (4-23) shows applied the (convert color to gray then histogram)

technique to the image in Figure (4-20).

Figure (4-23) convert color to gray.
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4.6.4 Transformation

Figure (4-24) shows the (transformation then histogram) technique by using
wavelet to the image in Figure (4-16). The next step is segmentation
technique by using multi-resolution to the image in above step. Finally
cropped (400x400) pixels the result image from segmentation image. From

histogram. It was observed that histogram has shifted to leftward to all bands.

Figure (4-24) segmentation.

This method is used to work in the frequency domaine and is processed by
segmentation and getting the figure listed in order to observe the change in

histogram.

e Histogram specification
Figure (4-25) shows applied the (histogram specification then histogram)
technique to the image in Figure (4-24). Another method to determine the
roughness and topography of the surface of thin films and the extent of
regularity of this surface, where these results gave a distinct form of the
following figure note that the elevation are opposite directions as they seen.

From histogram notes Shift towards right.
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Figure (4-25) histogram specification.

4.6.5 Edge-detection
Figure (4-26) shows applied the (Roberts) operator to the image in Figure (4-

16). This operater gives output in a three-dimensional between the roughness
of the high and low surface of the thin films.

Figure (4-26) 'Roberts' edge detection.

Figure (4-27) shows the results from applying (sobel) operator to the image in
Figure (4-16).
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Figure (4-28) show applied the (Prewitt) operator to the image in figure (4-

16). This operater give a nagative direction of image.

Figure (4-28) 'Prewitt' edge detection.

Figure (4-29) show applied the (Laplacian) operator to the image in figure (4-
16).
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Figure (4-29) 'Laplacian’ edge detection.

Figure (4-30) show applied the (histogram stretch) operator to the image in
Figure (4-29). This operator gives the boundary of the topography to the

surface of the thin film as shown in the image.

Figure (4-30) histogram stretch.

Figure (4-31) show applied the (Canny and historam specification) operator to
the image in figure (4-16). This operater gives a boundaries in three bands.

From historam specification the variation of the parameter is unclear.
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POF Reducer Demo
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Figure (4-31) ‘Canny’ edge detection.

4.7 Comparing Images before and after annealing :

Thin films with percentage (5%) will be compared with thin film after
annealing. Figure (4-32) shows digital images captured for the study samples
obtained from the (AFM) measurement after the images were cropped then
resized to (400x400) pixels.

Zn0:Sn (5%) Zn0:Sn (5%) after annealing
Figure (4-32) AFM images for doping thin films.

81



Chapter Four Results and discussions

4.7.1 Local equalization & Histogram stretch

This technique has been applied to the images representing thin films under

study. Figure (4-33) shows the result of applying these two techniques then
applied histogram to the images in Figure (4-32). The sites of peaks and the
grain size in white color was observed before and after annealing. From

histogram It is a clear from this figure the shift to right for all bands for thin
films after annealing.

£ | | |
e IS i

n.O:S after annealing
Figure (4-33) local equalization and histogram stretch.

T,
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e Histogram specification
Figure (4-34) shows applied the (histogram specification) technique to the
images in figure (4-32). The figure shows the high differences appeared

visually to be distinguished the surface variability.

Zn0:Sn (5%)
Figure (4-34) histogram specification for doping thin films.
4.7.2 DCT sharpening

Figure (4-35) shows applied the ( DCT sharpening ) technique to the images
in Figure (4-34) then cropped images (400x400) pixels. The variation of
shape of the grain boundaries and the different are clear according to the

before and after annealing.

Zn0:Sn (5%) Zn0:Sn (5%) after énnealing
Figure (4-35) (DCT sharpening) technique for doping thin films.
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e Local equalization for DCT sharpening images

Figure (4-36) shows applied the (local equalization) technique to the images
in figure (4-35).

Zn0:Sn (5%) Zn0:Sn (5%) after annealing
Figure (4-36) (local equalization) technique for doping thin films.

e Histogram stretch for DCT sharpening images
Figure (4-37) shows the (histogram stretch then histogram) technique when
applied to the images in Figure (4-26). The roughness is clearly visible to the
human eyes for doped thin films before and after annealing. From histogram
The three bands behave as shrink histogram where the red band shrink and
contrast to middle. The green and blue bands was concentrated at the peaks of

each band and increase the intensity.
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ZnO:Sn 5%) after annealing
Figure (4-37) (histogram stretch) technique for doping thin films.

4.7.3 Convert color to gray

Figure (4-38) illustrated the (color to gray conversion then histogram)
technique when applied to the images in figure (4-36). This conversion
depends on the reflectivity of the electromagnetic spectrum on each pixel. The
output images show a good contrast between the two images where the
annealing effects is the difference between these two images. From histogram

the annealing affects the histogram to be concentrated and uniformed at a
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narrow range of the frequency. This changes to histogram happed because the

Zn0:Sn (5%) after annealing
Figure (4-38) (convert color to gray) for doping thin films.

4.7.4 transformation

Figure (4-39) shows the (transformation then histogram) technique by using
wavelet to the images in Figure (4-34). Then segmentation technique by using
multi-resolution to the image in above step. Finally cropped (400x400) pixels

the result images from segmentation image.
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Zn0:Sn (5%)

Zn0:Sn (5%) after annealing
Figure (4-39) (segmentation) for doping thin films.

e Histogram specification
Figure (4-40) shows applied the (histogram specification) technique to the
images in Figure (4-39). The roughness and topography of the surface of thin
films is clear before and after annealing. From histogram after cropped to
eliminate the echo images. The results are not exclusive to distinguish the

differences between the surfaces for thin films, before and after annealing.
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Zn0:Sn (5%) after annealing
Figure (4-39) (histogram specification) for doping thin films.

4.7.5 Edge-detection

Figure (4-41) shows applied the (Roberts) operator to the images in Figure
(4-34).
Figure (4-42) shows applied the (sobel) operator to the images in Figure (4-
34). This operater gives the output in three dimantion to explore the
roughness and that application shows the diffrences for ZnO:Sn thin films

before and after annealing.
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&

nO:Sn (5) after annealing
g thin films.

Zn0O:Sn (5)

Figure (4-41) 'Roberts’ edge detection for dopin

E -

i : \»@

" Zn0:Sn (5%) after annealing
Figure (4-42) 'Sobel' edge detection for doping thin films.
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Figure (4-43) shows the output images when applied (Prewitt) operator to the
images in Figure (4-34). This operator gives the nagative for images and the

variation is clear before and after annealing.

Zn0:Sn (5%) Zn0:Sn (5%) after annealing
Figure (4-43) "Prewitt' edge detection for doping thin films.

Figure (4-44) shows applied the (Laplacian) operator to the images in figure
(4-34).

Zn0:Sn (5%) Zn0:Sn (5%) after annealing
Figure (4-44) 'Laplacian’ edge detection for doping thin films.
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Figure (4-45) shows applied the (histogram stretch) operator to the images in
figure (4-44). The bounaries is clear before and after annealing.

Figure (4-45) histogram stretch for doping thin films.

Figure (4-46) shows the (Canny) operator when applied to the images in
Figure (4-34) then applied histogram specifaction. The bounadies is clear in
three bands bafore and after annealing. The three bands edge detection output

refer to different elevation in the surface of the thin films.
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™

PDF Reducer Demo
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Zn0:Sn (5%) after annealing.
Figure (4-46) 'Canny' edge detection for doping thin films.

4.8 Images Enhancement for Doped and annealed thin films :

Thin films were doping with different percentage, the percentage doping will
be compared with pure thin film. Figure (4-47) shows the number of digital
images captured for the study samples obtained from the (AFM) measurement

after the images were cropped then resized to (400x400) pixels.
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Zn0O: Sn (7%) after annealing Zno: Sn (9%) after annealing

Figure (4-47) AFM images for pure and doping thin films.

4.8.1 Local equalization & Histogram stretch

This technique has been applied to the images representing thin films under
study. Local equalization techniques was used and mentioned as median stage
to be processed. Figure (4-48) shows applied the (histogram stretch)
technique to the images gained from local equalization techniques. The
variation of peaks sites and the grain size after annealing for thin films doping

and the roughness is clear for visual viewer.
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ZnO: Sn (7%) after annealing

94



Chapter Four Results and discussions

i  Na . pUV CE Rl
i VT
s B e “N*f ot "

- : w-.;r_ ;. o
y . 5 f = i
S T o - = kﬂ‘
v Xol MAF kT

I % e O F .
L OV koo S
- o ﬂ : 1 * ""I- . - -
,_F lm e . ; _' I . . ' 1 | I 1

1 ‘?3 e
" A 4= 'y _ 'b’l\-*_ : @ ‘
e, T8 TR Sy ’-‘5. 3 R |
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Figure (4-48) histogram stretch for pure and doping thin films.

e Histogram specification
Figure (4-49) shows applied the (histogram specification) technique to the
images in Figure (4-47). The reflective of peaks sites is clear and

Differentiation from the gapes sites.

Zn0O: Sn (0%) after annealing Zn0O: Sn (3%) after annealing
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Zn0: Sn (7%) after annealing Zno: Sn (9%) after annealing

Figure (4-49) histogram specification for pure and doping thin films.

4.8.2 DCT sharpening

Figure (4-50) shows applied the ( DCT sharpening ) technique to the images

in Figure (4-47) then cropped images (400x400) pixels. The variation of grain
boundaries is clear for thin films doping after annealing.

Zn0O: Sn (0%) after annealing Zno: Sn (3%) after annealing

96



Results and discussions

Chapter Four

Zno: Sn (9%) after annealing

Zn0O: Sn (7%) after annealing
Figure (4-50) DCT sharpening technique for pure and doping thin films.

Local equalization for DCT sharpening images

Figure (4-51) shows applied the (local equalization ) technique to the images

in Figure (4-50).

Zno: Sn (3%) after annealing

Zn0O: Sn (0%) after annealing
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Zn0O: Sn (7%) after annealing Zno: Sn (9%) after annealing

Figure (4-51) local equalization technique for pure and doping thin films.

e Histogram stretch for DCT sharpening images
Figure (4-52) shows applied the (histogram stretch ) technique to the images
in Figure (4-51). The Clarity is extinguished between high and low area for all
thin films after annealing. applied the histogram to the images. The variation

in frequency is clear for red band and stable for green and blue color.

-—4=:=ﬂ_’f"'(;t/“;‘{ ||II||||||‘ h“l“”lllul
Zn0O: Sn (0%) after annealing
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.

Zno: Sn (9%) after annealing.
Figure (4-52) histogram stretch technique for pure and doping thin films.
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4.8.3 Convert color to gray
Figure (4-53) shows applied the (convert color to gray then histogram)

technique to the images in Figure (4-50).

Zno: Sn (3%) after annealing
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Zno: Sn (9%) after annealing

Figure (4-53) convert color to gray for pure and doping thin films.

4.8.4 Transformation

Figure (4-54) shows the (transformation) technique by using wavelet to the
images in figure (4-47). Then segmentation technique by using multi-
resolution to the image in above step. Finally cropped (400x400)pixels the
result images from segmentation image. This method is used to work in the
frequency domaine and is processed by segmentation and getting the figures
listed in order to observe the change in histogram.
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Zn0O: Sn (0%) after annealing Zno: Sn (3%) after annealing

Zn0O: Sn (7%) after annealing Zno: Sn (9%) after annealing

Figure (4-54) (segmentation) for pure and doping thin films.

e Histogram specification
Figure (4-55) shows the (histogram specification) technique when applied to
the images in Figure (4-54). This method used to determine the roughness and
topography of the surface of thin films and the extent of regularity of this
surface, where these results gave a distinct form of the following figures note

that the values of high and low are negative direction.
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Figure (4-55) histogram specification for pure and doping thin films.

Zn0O: Sn (7%) after annealing
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4.8.5 Edge-detection
Figure (4-56) shows the (Roberts) operator when applied to the images in

Figure (4-47).

Zn0O: Sn (0%) after annealing Zno: Sn (3%) after annealing

Zn0: Sn (7%) after annealing Zno: Sn (9%) after annealing
Figure (4-56) 'Roberts' edge detection for pure and doping thin films.

Figure (4-57) shows the (sobel) operator when applied to the images in Figure
(4-47). This operater gives the output in two and three dimantion. The both
output images can be a good choice to give a true reference to examine the

roughness of the surfaces.
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Zno: Sn (3%) after annealing
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e i N .
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Zno: Sn ('éfter annealing
Figure (4-57) 'Sobel’ edge detection for pure and doping thin films.
Figure (4-58) shows applied the (Prewitt) operator to the images in Figure (4-

47). This operator gives a clear edge of the high and dips boundareas.

Zn0: Sn (0%) after annealing Zno: Sn (3%) after annealing
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Zn0: Sn (7%) after annealing Zno: Sn (9%) after annealing
Figure (4-58) "Prewitt’ edge detection for pure and doping thin films.

Figure (4-59) shows the (Laplacian) operator when applied to the images in
figure (4-47).

Zn0O: Sn (0%) after annealing Zno: Sn (3%) after annealing
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Zn0: Sn (7%) after annealing Zno: Sn (9%) after annealing
Figure (4-59) "Laplacian’ edge detection for pure and doping thin films.

Figure (4-60) shows the (histogram stretch) operator when applied to the
images in Figure (4-47). We can notice the quality of the output images
specialy after anealing where the variation of the bounaries is clear and

distinguishable for the listed images.
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Zno: Sn (9%) after annealing

Figure (4-60) histogram stretch for pure and doping thin films.

Figure (4-61) shows the (Canny) operator when applied to the images in

figure (4-47) then histogram specification.

POF Reducer Dema
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Figure (4-61) 'Canny' edge detection for pure and doping thin films.
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Chapter Five Conclusion and Suggestion for Future Works

Conclusions and Suggestion for Future works

5.1 conclusions
The pattern of (XRD) for pure (ZnO) thin films with thickness (200) nm

are a polycrystalline hexagonal wurtzite structure, the orientation along (100),
(002) and (101) planes are shifted toward the larger (20). This behavior of the
relation between crystalline size and the grain size are compatible for XRD
and AFM techniques.

The pattern of (XRD) for doped (ZnO) thin films have a polycrystalline
hexagonal wurtzite structure, and the planes are shifted toward the smaller
(28). The (FWHM) are stable for percentage (3, 5%) while for percentage (7,
9%) increase slightly with doping. The crystalline size decrease with doping
from (31.2 nm) to (19.1 nm). The UV-VIS measurement of doped thin films
have higher transmission around (95%) at percentage (5%) and the lower
transmission around (23%) at percentage (9%). The previous result mean that
the transmission decrease with doping. The absorption coefficient for all
doped thin films have direct electronic transition. The energy gap decrease
with doping except for percentage (7, 9%) increase slightly with doping.

The pattern of (XRD) for doped (ZnO) thin films after annealing have a
polycrystalline hexagonal wurtzite structure. The crystalline size increase
with annealing for doped thin films. This results matches the results gained
from (AFM) images. The transmission curves are increasing after annealing
for doped thin films (ZnO:Sn), while the pure thin film decrease to reach
(74%). The absorption coefficient after annealing is a direct electronic
transmission. The energy gap decrease after annealing for doped thin films
through (3 & 5)% percentages while it increasing for percentage (7 & 9%).
The results gained from image processing techniques are the variation of

the images variables. The histogram stretch Note that the particle size and
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roughness are matches the previous results and clear observation for these
changes. The changes in thickness, doping rate and annealing process are
verified with the output images. Histogram specification Observe the clear
reflectivity of the grains. The DCT sharpening give clear gain boundaries for

the grains.

5.2 Suggestion for Future works

1-  Apply these techniques to (SEM) images.

2-  Calculating grain size and roughness utilizing image processing
techniques from surfaces images.

3- Use of sputtering methods for doping thin films and comparing the

obtained results between the different doping methods.
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