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Summary

The basic material is considered NiCl, and the doped material was
Al,Ozusing the thermal chemical spray , where aluminum oxide used with
different doping ratios ( 1,2,3) % . The thin films were deposited on glass

substrates and annelid at a temperature of 350 ° C.

The synthesized NiCl,:Al,O; thin films of thickness (45 — 62 + 6) nm
have been characterized by x-ray diffraction (XRD) , atomic force
microscopy (AFM) , UV-VIS spectroscopy , scanners electron

microscopy (SEM) and |-V characteristics.

The XRD patterns show that all thin films of NiCl,:Al,O; were
polycrystalline nature belonging to orthorhombic phase , with performed
orientation in the direction(111). The grain size (D),lattice constant
(a),width of the middle of the peak (FWHM) have been calculated and
showed that the doping ratio leads to increase the average particles size
(3-5)nm .

The topography and surface morphology of the prepared films were
studied using atomic force microscopy (AFM), where it is found that the
roughness increased with increasing doping and decreased with

annealing.

As for the images of the results of the scanning electron microscope
(SEM), the increase in the size of the nanoparticles by increasing the

doping and the opposite occurs during the annealing process.

The fundamental optical parameters like absorption , transmittance ,
absorption coefficient (a),extinction coefficient (K),refractive index (n) ,
and real and imaginary parts of dielectric constant , and band gap have

been calculated from transmission spectra . It was found that the



absorbance increases with the increase in doping and decreases upon

annealing, and the opposite happens for the transmittance spectra .

The possible optical transition in these films is found to be direct and
allowed where band gap decreased from (3.8 eV) to (3.6 eV) with
increase the grain size . By using the reflectance and transmittance
spectra , the refractive index (n) , real dielectric constant (grq) and
imaginary dielectric constant (eimgg)have been calculated and discussed

graphically .

The electrical properties include I-V characteristic have been studied and

found that resistivity and conductivity (o).
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Chapter One Introduction and Literature Survey

1.1. Introduction

The study of matter in the form of a thin film is one of the
Important topics of solid-state physics, and thin-film technology has made
a great contribution to the study of semiconductors, and many of its
physical and chemical properties have been identified in order to

determine its use in various practical applications [1,2].

The term thin film is used to describe one or more layers of atoms of

matter, the thickness of which does not exceed one micron (1 ) [3].

The study of thin films had a great impact on attracting the interest of
physicists, as Bunsen and Grove prepared thin metal films in 1852 by the
chemical reaction method, and in 1857 Faraday managed to obtaining a
thin film using thermal evaporation technology( Thermal Evaporation ) ,
In 1876, Adams prepared thin films of selenium adjacent to platinum, and
in 1887 the possibility of evaporating metals was reached using the
vacuum evaporation technique, which was followed by the world
(Kenett) in 1888 in preparing thin films for metals, and the study of thin
films was advanced through measurements Both Jamin , Fizeau and
Quink and the theoretical side by Drude. As for the physical properties,
they began to be studied at the beginning of the twentieth century, and

research in this field made a rapid leap [4-6].

The development in the field of preparation of thin films has led to the
diversification of research on the study of the physical properties of these
films, and the preparation of thin films with specifications of a high
degree of purity , accuracy and control of the thickness of the film and its
homogeneity requires complex and precise systems and devices that
require exorbitant costs. All of this led to research methods in which

preparation costs are low and with less complex equipment, note that the

\
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films prepared in this way may be of less quality and efficiency when
balancing them with the films prepared using advanced methods.
However, they are films with good specifications for study and can be
used in important practical applications in various fields [7]. Therefore,

the thermal chemical precipitation method was chosen in this research.
1.2. Thin Films Growth Process

There are three main stages that form a typical thin-film deposition

process which are:
(i) Production of the appropriate atomic, molecular, or ionic species «
(i) Transport of these particles to the substrate through a technic «

(iii) Condensation of the vapor on the substrate, either directly or via a

chemical and/or electrochemical reaction, to form a solid deposit [8,9].

Based on the various experimental and theoretical studies, a general

picture of the step-by-step growth process is as follows [10]:

1. The vaporized species, when impacting the substrate, lose their
velocity to the substrate (provided that the incident energy not to be high)

and are adsorbed on the substrate surface physically .

2. Especially when heated, the adsorbed material is not in thermal
equilibrium with the substrate initially and moves over the substrate

surface. In this process, by interacting among themselves, form clusters .

3. The clusters or the nuclei are unstable thermodynamically and may
have tendency to desorb in time, depending on the deposition parameters.
If the deposition parameters are so that a formed cluster collides with
other adsorbed clusters it will start increasing in size, forming islands.

After getting a certain critical size, the cluster becomes stable

N
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thermodynamically; the nucleation barrier is said to be overcome. This
step is called the nucleation stage which includes the formation of stable,

chemisorbed, critical-sized nuclei.

4. The number and size of critical cluster will increase until it reaches a
saturation nucleation density. Parameters such as the energy of the
Impinging species, the rate of impingement, the activation energies of
adsorption, desorption, thermal diffusion, the temperature, topography,
and chemical nature of the substrate will strongly change nucleation

density and the average nucleus size.

5. The next stage in the process of film formation is the coalescence stage
in which the small islands begin to coalescing with each other in an
attempt to reduce the substrate surface area. This tendency to form bigger
islands is called agglomeration and is increased by increasing the surface
mobility of the adsorbed species, for an example, by enhancing the

substrate temperature .

6. Larger islands growth takes place together by leaving channels and
holes of uncovered substrate. The structure of the films at this step
changes from rough discontinuous island to porous network type.
Formation of a completely continuous film occurred when filling of the

channels and holes [10] .

Island Structare

Substrate

(&) Volmer-VWWaoabhhar Typo

LM iTtoryyy Filewrs

—

Sueubhmtrato

(D) Framik-van dor WMorswe Ty po

Uniforsy Filerm
Isiand Structure

Sub=mtratce

() Stranski-Krastanov Typeoe

Fig (1.1): Three modes of thin film growth processes [11].
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What is available in almost all practical cases is Island type; the most
common growth process; except for special conditions which are
necessary for the crystallographic orientations and the topographical
details; different islands are randomly distributed. [9]. Films will show a
ring-type diffraction pattern and will be polycrystalline if the grains are
randomly located. Even if the location and orientation of different islands
Is the same during the technique; as obtained under special deposition
conditions on suitable single crystal substrates; a single-crystal film won't
be accessible. These films show diffraction patterns similar to those of

single crystals and are called epitaxial single-crystal films [12].
1.3. Physical Mechanisms of Thin Film Growth

In this section, we will examine the effect of the growth parameters
on the structure and microstructure of thin films. We will discuss the
main physical mechanisms involved in the nucleation and crystallization
of the films on the substrate. Studies have done through x- ray diffraction,
optical diffraction and, mainly through electron diffraction; have allowed
creating three mechanisms of the nucleation and growth of thin films
which is dependent on the thermodynamic parameters of the deposit and
the substrate surface interaction between the atoms and the substrate
material. The three basic modes are: (i) Volmer—-Weber model, (ii)
Frank—Van der Merwe model and (iii) Stranski— Krastanov model.
[13,14].

1.4. Thin Film Applications

Thin films are used in many technical and scientific fields and some
of them are listed below [15,16]. Thin films have great importance and
importance for a large variety of industrial applications. Some of the

significant applications are wear and corrosion resistant depositing which

¢
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are capable of largish the lifetime of a large number of critical products
[17]. In addition optical and electrically active as well as magnetic films
can be usefully used in sensors actuators solar cells thin film

electroacoustic devices porous nanocomposite films etc[18,19].

Thin film technology is available for tailoring depositing materials for
specific applications e.g, properties varying from hard diamond to soft
polymer films. The thin film technology for technological applications
are capable of attaining super hard and tough coatings, and also self-
lubricating coatings are available. Smart windows based on electronic

controlled transparency have already been investigated [20,21],

Thin films have been used in many optical industries, such as making
mirrors, as well as in reflective and non-reflective coatings. They have
also been used in the manufacture of optical filters, photographic

processes, and photocopying devices[21].

Thin films have been used in recent years in many electronic devices
due to their small size and light weight, as they are used in digital

computers, rectifiers, and transistors, as well as in integrated circuits[20].
1.5. Annealing of Thin Film

Annealing is widely used in industry as a primary process and as a
heat treatment to give the product the required properties, as annealing is

widely used in the production of non-ferrous metals and alloys [22].

Annealing means heating the sample to a certain temperature below its
melting point and stabilizing the temperature for a specific time in order
to achieve thermal homogeneity for all the sample slowly inside the
furnace. Annealing generally aims to remove stresses and remove the

inhomogeneity that arises from casting. The second goal of annealing is
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to recrystallize the metal granules. Or any sample where new granules
are formed with almost equal axes, because these granules differ from
the previous ones in terms of shape, angle, and atomic composition, as
well as what they contain of low concentrations of dislocations. And the
driving force for recrystallization is the energy of distortions of the
crystalline arrangement of the granules, which are stored in dislocations,
and which are liberated when the concentrations of dislocations decrease,
during the annealing process, where the granules swell after the end of
recrystallization and grow one at the expense of the other due to the
movement of some atoms or a group of atoms across the separating
boundaries from the diminishing granule to the next. the developing

granule [23].

The heat treatment may take place in a vacuum or in the presence of
gas or air and it is done using an oven and it is called traditional thermal
annealing or using laser technology and it is called rapid thermal
annealing and its effect varies according to the type of material and
heating conditions of temperature and type of gas, that the thermal
treatment rearranges the crystal for itself and reduces crystal defects in

some Sometimes it is used to obtain the crystallized state.

Sometimes the resistance decreases as a result of the formation of
objective levels within the energy gap [24]. A study appeared on the
effect of annealing on the physical properties, where the researchers
(Hsiuang & Wang) [25] found that the effect of heat treatment for
random semiconductors is to reduce the voids and regularity of the atoms
(at low temperature) and reduce the dangling bonds and structural
relaxation (at high temperatures) as well. Increasing the annealing time
and the number of annealing times lead to the stability of the membrane

properties.
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1.6. Nickel (Ni)

Nickel is a chemical element with symbol Ni and atomic number 28.
It is a silvery-white lustrous metal with a slight golden tinge . Nickel is a
hard and ductile transition metal. Pure nickel is chemically reactive but
large pieces are slow to react with air under standard conditions because
a passivation layer of nickel oxide forms on the surface that prevents
further corrosion. Even so, pure native nickel is found in Earth's crust
only in tiny amounts, usually in ultramafic rocks [26] and in the interiors
of larger nickel—iron meteorites that were not exposed to oxygen when

outside Earth's atmosphere.

Nickel has the following properties:

Table (1.1): the physical properties of nickel [26].

~ T Properties ]
[ coor T Grajishwhie |
[ SieofPartide T 75%00microns |

Boiling Temperature 2732 °C
8.9 g/ cm’

Electrical Conductivity at T=20°C 0.146x10° (Q.cm)™
Crystal Structure Cube with a concentric face (a=0,352mm)

Nickel chloride is one of the nickel salts used in this research is the
chemical compound (NiCl,). The anhydrous salt is yellow, but the more
familiar hydrate NiCl,-6H,0 is green. Nickel chloride, in various forms,
Is the most important source of nickel for chemical synthesis. The nickel
chlorides are deliquescent, absorbing moisture from the air to form a

solution[2V].
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Fig: (1.2) : structure of hexahydrate[27].

Table(1.2): Some Physical Properties of Nickel Chloride [28] .

| Color | Green
Density 1.92 g/ cm®

Melting point 140 °C
Solubilit 123.89/100ml water
Molecular Weight 129.20 g/mol

1.7. Aluminum Oxide (Al,O5)

Aluminum is the third element in the earth's crust, after oxygen and
silicon . Aluminum turns into an intermediate or catalyst to spontaneously
combine with oxygen, forming that thin film of oxide aluminum, which
protects aluminum or allows it to be colored after anode oxidation, or
forming aluminum metals such as (Bauxite), which gives, through the
famous Bayer method , aluminum oxide (Al,O3) < which ends either in
aluminum metal and its alloys or in aluminum oxide ceramics, which

appears in the form of a crystal single in a (ruby) gemstone, the first
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polycrystalline ceramic material in which unique properties combine to

attract diverse engineering applications[29-31].

Table (1.3): Some of Physical Properties of Al,O3 [30].

I Al,O3 I Properties
[ oo
| Young coefficient (GPa) | 300-400 |

| Specific heat (J/kg.K) | 900 ‘

[ Vetngumperawreco)

| Molecular Weight | 101.96 g/mol

1.7.1. Aluminum Oxide Applications

The importance of alumina stems from its use as a raw material for
the extraction of aluminum metal, as a raw material for the manufacture
of a wide range of advanced and traditional ceramic products, and as an
active agent in various chemical industries. used more than 90% of the
alumina produced globally is in aluminum production. However, this
number does not detract from the uses and applications of this material
itself in the industry, as the global consumption of alumina is estimated at
more than 4 million tons in material applications, and its many
applications are related to its abundance, its relatively low production
cost, and its outstanding characteristics mentioned above. These
applications include the following[32-35]:

A- Insulating Material (Electrical Insulator) :

1. Very high frequency applications (UHV), such as television,
transmission tubes, or transmitters in collectors.

2. Microwave generators for heating .
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B- Electronics :

1. Passive elements such as internal or interstitial links , resistors and
capacitors .
2. Manufacture of hybrid circuit substrates and substrates or computer

chips .
C- Military Applications :

1. Armor manufacturing and plating .

2. Bulletproof vests .
D - Medical and Biological Applications :

1. Orthopedic surgery artificial joint replacements.
2. Dental implants and dental restoration .

3. Manufacture of tubes or medical tools and equipment .
E — Enameling :

1. Coating of sheet metal in home appliances structures .
2. Painting ceramic tiles for floors and walls .

3. Oxidation and wear resistant coating on metal sheets .
F - Refractory Uses :

1. Manufacture of refractory bricks for lining furnaces .
2. high-temperature cements .

3. Metal casting moulds .
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1.8. Literature Survey

1-

Khudheir A. Mishjil, (2003) [36], has prepared a thin films of
Al203 by chemical spray pyrolysis method and studied the optical
properties and dc conductivity, the results showed that the film
have a direct electronic transition allowed and forbidden of energy
gap and have two activation energy for dc conductivity (0.00255
eV and 0.527 eV).

Abeer K. J. Al-Azawee (2006) [37] , The effect of annealing (450)
was studied on the optical and structural properties of Al,O; films
prepared by thermal chemical spray method. The X-ray diffraction
results showed that the films are polycrystalline and that the
annealing increases the prohibited energy gap values.

SA. Mahmoud et al. (2011) [38], where the effect of varying
substrate temperatures on the optical structural properties of NiO
films was studied, and nickel acetate was deposited from a 0.05 M
solution in ethanol. sedimentation time was 15 seconds and spray
time was 3 minutes. The spray nozzle height is fixed at 35 cm.
Moreover to obtain a homogeneous film, the spraying rate was kept
at 15 cm*/min. For temperature measurements, a thermocouple was
used. At a low substratum temperature of 225 °C, the XRD model
presented amorphous films. .

Caglar and Yakuphanoglu, (2009) [39] pure and doped cadmium
oxide films with aluminum in proportions (1.3%) on glass bases.
The examination by X-ray diffraction revealed that all the prepared
films were pure and doped with aluminum it has a polycrystalline
crystalline structure, with a preference for growth in the direction
(111) for all as for the optical properties, they were studied by both
percentage transmittance and reflectance spectroscopy. Percentage
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8-

as a function of wavelength within the range (300-700 nm), and the
results of visual examinations showed that the optical energy gap
value of pure cadmium oxide films increases with increasing
percentages

Y. Zhao et al. (2014)[40], showed the effect of partial oxygen
pressure on the properties of NiO films was investigated, the XRD
patterns show that when the partial oxygen pressure drops from
80% to 0%, the strength of the (200) peak decreases.

M. Jlassi et al. (2014) [41], NiO film was prepared at different
annealing temperatures using the sol gel method. The XRD study
shows that there were polycrystalline structures in all annealed
films. Meanwhile a single large unstructured XRD line is shown in
as-deposited films. It was possible to find a prevailing peak
corresponding to (200). As the annealing temperature decreased
from 600 to 300 °C, the intensity of this peak decreased. On the
other hand, as the annealing temperature rises, it is clear that all the
films display high clarity in the visible and near infrared sections.
This results in films with strong transmission for that purpose.

M. Vigneshkumar et al. (2016)[42], Focus on the antireflection
coating for NiO thin films in solar cells. NiO films were deposited
on glass substrate using a 0.5 M aqueous solution from nickel
chloride of a temperature at 350 °C, A reflectance of 7% was
obtained of 550 nm. This low value gives an indication that it can
be used as an antireflection coating material in solar cells. The
refractive index was recorded at 550 nm to be 1.871. Calculated
optical direct band gap energy from the prepared NiO thin film was
found to be 3.25 eV.

AA. Yadav, and U. Chavan. (2016)[43], studied effect of

substrate temperature on various physical and electrochemical

'Y



Chapter One Introduction and Literature Survey

properties of NiO thin films. This was done by using nickel
chloride precursor spray deposition of NiO thin films. The thin
films were deposited at 425 °C, 450 °C, 475 °C and 500 °C
temperatures. Cubic polycrystalline nickel oxide confirmed the
structural analysis. The surface morphology showed a porous
surface with randomly formed heaps that were inhomogeneous. It
was found that optical band gap energy was in the range of 3.04-
3.28 eV. The electrical resistivity confirms NiO semiconducting
behavior with energies of activation at room temperature of 0.30 to
0.38eV.

R. O. ljeh et al. (2019 ) [ 44], prepared nickel oxide (NiO) thin
films with p-type Cu doped (5 a%) using a sol—gel solution process
and investigated their structural, optical, and electrical
characteristics by X-ray diffraction (XRD), optical transmittance
and current-voltage (I-V) characteristics. The crystallinity of the
NiO films improved with the addition of Cu dopants, and the grain
size increased from 38 nm (non-doped) to 50 nm (Cu-doped). The
transmission of the Cu-doped NiO film decreased slightly in the
visible wavelength region, and the absorption edge of the film red-
shifted with the addition of the Cu dopant. Therefore, the width of
the optical band gap of the Cu-doped NiO film decreased as
compared to that of the nondoped NiO film.

10- Zaid M. J. Zwaid (2021) [45], Studied Preparation and

Characterization of (NiO:Cu/Si) Solar Cell by Aerosol Assisted
Chemical Vapor Deposition. This was done by using the spray
deposition of a nickel chloride precursor of NiO thin films. Thin
films were deposited and doped with copper. Cubic nickel oxide
polycrystalline confirmed the structural analysis. The surface
morphology showed a porous surface with randomly formed
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heterogeneous piles. It was found that the optical bandgap energy
was in the range of 3.5-2.8 eV. The electrical resistivity confirms

the semiconducting behavior of NiO.
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1.9. Aims of the Work
The aims of this work can be summarized in the following points :

1- Study of structural , optical and electrical properties of
NiCl,:Al,O3 thin film on glass substrate by chemical thermal spray
technique .

2- Study the effect of temperature (350 °C) on the thin film in terms
of structural , optical and electrical propertie.

3- Crystallization processes improved the properties by adding
aluminum oxide with nickel chloride and cohesion and its

applications in the medical field ( dental filling ).
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2.1. Introduction

This chapter includes a general description of the side of the
theoretical to the subject of current study the concept of nanotechnology
and its importance , fundamental difference between the material in general
bulk material and nanoscale material . It also includes a theoretical
description of structure , morphological ,optical and electrical properties

and their scientific explanation , mathematical relation and laws .
2.2. Nanomaterials

Nanomaterials are defined as materials with size in the range of ( 1 to
100 ) nm at least in one of the three dimensions. Because of this very small
size scale, they possess a massive surface area per unit volume, ahigh
proportion of atoms in the surface and near surface layers, and the ability to
exhibit quantum effects. The resulting unique properties of nanomaterials
cannot be anticipated from a simple extrapolation of the properties of bulk
materials [46] . The nanomaterials have the following two features;

activation of particle surface and increasing the surface area [47].

Figure (2.1) shows the two approaches. Attrition or milling is a typical top-
down method in making nanomaterials, whereas chemical thermal spray

technology method is a good example of bottom-up [48,49].
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Top-down approach | Bottom-up approach

Fig (2.1) : Schematic representation of the ‘bottom up’ and ‘top down’ synthesis

represents processes of nanomaterials [5+]
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2.2.1. Classification of Nanostructures

There are different classifications of nanostructures in nanotechnology.
Nanostructures usually categorized by their geometrical properties.
Nanostructures usually consist of nanocages, nanobelts, nanocrystallites,
nanoneedles, nanoflowers, nanofabrics, nanofibers, nanoflakes,
nanocomposites, nanofoams, nanomeshes, nanopin films, nanopillars,
nanoparticles, nanorings, nanorods, nanoclusters, nanopowders, nanoshells,
nanowires, nanotubes, quantum hetero structures, quantum dots and
sculptured thin films [51]. Classifying nanostructures according to their

dimensions is the most favorite mode of their classification.

The shape (dimensionality) of their microstructural constituents (boundary
regions and crystallites, Depending on the chemical composition of the
crystallites, the three categories of (Nano Structure Material ) NSM may be
grouped into four families; Figure (2.2) [52]. Nanostructures can be
described as zero- (0D), one- (1D), two- (2D), and three-dimensional (3D)

nanomaterials as shown in Figure (2.3) [53].
0D- all dimensions (X,y,z) at nanomatric scale. Example : Nanoparticles

1D- tow dimensions (x,y) at nanomatric scale one other dimension (L) is

not. Example : Nanorods, Nanotubes

2D- one dimension (t) at nanomatric scale tow other dimensions (Lx,Ly)

are not. Example : Thin nanofilms

3D- all of three dimensions (Lx, Ly, Lz) are not at nanomatric scale.

Example : Nanocrystalline and nanocomposite material [52-54].
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Fig: (2.2) Classification schemas for nanostructured material according to their chemical
composition and the dimensionality (shape) of the crystallites (structural elements)
forming the NsM. [46].
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Fig: (2.3) Classification of nanostructures according to 0-D, 1-D, 2-D, and 3-D [51].

Dimensions of 0D nanostructures are in the nanometric size range (such as

nanoparticles or well-separated nanopowders). 1D nanostructures have a

dimension that is outside the nanometric size range.
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These 1D nanostructures have a rod shape, and form of nanotubes,
nanorods, nanowires and nanoneedles. The 2D nanostructures have two
dimensions outside of the nanometric size range. Hence, these 2D
nanostructures indicate plane-like structures, and consist of thin films,
nanolayers and nanocoatings. The 3D nanostructures have three dimensions
big side of the nanometric size range. These bulk 3D nanostructures form of
many various kinds themselves, and usually include nanocrystalline units

that show the influenced properties of nanoscale due to the size effect.

A 3D nanostructure can include different distributions of nanoparticles or
nanocrystallites, groups of nanowiresand nanotubes, and also different
nanolayers. 0D, 1D, 2D and 3D nanostructures can be amorphous or
nanocrystalline. The 2D and 3D nanostructures may also be categorized in
more details. The simplest shape of a 2D nanostructure is a plane with a
depth below 100 nm and other dimensions are bigger than nanometric
dimensions. In spite of its external dimensions, this plan can show interior
nanostructural dimensions, for example, nanocrystals (or nano grains) with
nanoscale dimension. This 2D nano-crystalline layer can show some new
size-related properties different from those of a microcrystalline layer. If the
external thickness leaved in the nanometric size range, the inside grains
(crystallites) can be outside of the nanoscale and yet still classified as a
nanostructured matter. So the insider structural dimensions (for crystallites
or grains) and outsider surface dimensions (exclusively its depth) can be in
the nanometricsize range, and this difference will divide the 2D
nanostructures as interior nanostructured and non-internal nanostructured

layers [55].

The dimensions of 3-D nanostructures will not be located in any
nanometric size range but they still show such size-influenced properties.

For example, 3D nanocomposites can be gained with two or more phases
14
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with various properties and their total synergistic properties cannot be
obtained by each phase alone. The matrix of the nanocomposite has
dimensions bigger than nanometric scale and the amplifying material is
generally at the nanometric size range. These 3D nanostructures can be
categorized by the type of amplifying phases, for example, nanoparticles,

nanoflakes, nanotubes or nanorods.

The 3D nanostructure may be microcrystalline or nanocrystalline in its
inside structure, such as mentioned for 2D nanostructures. Table (2.1)
which shows the general figures and different classes of nanostructures with
their dimensionality [55].The position of nanostructures in engineering
materials can also be seen in Figure (2.4) [52]. The overlapping regions in
this figure are related to binary and tertiary nanomaterials. The areas of
zones covered by the triangle of nanostructures cannot be compared with
each other but the overall coverage of the different circles and the triangle

show the position of nanostructures among engineering materials [52-56].

Table (2.1): General features and different classes of nanostructures [55].

| Dimensionality m Surface Bulk
I

Well — dispersed Nano crystalllne

Nano crystalline
Materials

Nano powders thin layer

Nano tube reinforced

Nano rods and nanotubes Nano connections
T
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Fig: (2.4) Position of nanostructures in engineering materials (areas of covered surfaces
are not Related to actual contributions) [52].

2.3. Thin Film Deposition Principle

For the purpose of depositing a thin film on the surface of a solid
substrate, particles of the material forming the slide must pass through a
carrier so that this medium is in direct contact with the substrate once the
particles reach a surface . The substrate is a part of it that adheres to the
surface by (van der waals) forces or reacts chemically with it [59] . These
particles can be atoms, molecules or ions, and they may be the means of
transporting materials to the substrate, either through materials (liquid,

gaseous or in a vacuum) [57].
2.4. Methods for Preparing Thin Films

Membranes are prepared by physical and chemical methods, among

which we briefly mention:
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Thin Film Deposition
|
| |
Physical deposition Chemical deposition
techniques technique

| |
[ 1 | T | | |
Evaporation Sputtering Chemical Vapour  Plating ~ Atomic Layer Solution-  Sol-Gel

Deposition(CVD) Deposition ~ Based
— Physical Vapour = Radio
Deposition (PVD) F;EQIIEHE\' _ Chemical spray
‘ ~ Metal-Oragnic |- Electroplating bvrolysis
— Laser Ablation ~D( (MOCVD) C
— Molecular Beam Maonet Pl Euh , Electroless o "
itaxy —Magnetron - Plasma-Enhancec Spin coating
Epitaxy (MBE) (PECVD)
— Electron Beam — Atmospheric Pressure
(APCVD)
— Thermal — Low -Pressure
(LPCVD)
— lon Plating L Electron Cyclotron
Resonance (ECRCVD)

Fig (2.5): The classifications of thin film deposition methods [58].

2.4.1. Chemical Methods

There are several chemical methods for the deposition of thin films will
address here two methods chemical vapor deposition (CVD) and thermal

chemical spraying .
2.4.1.1. Chemical VVapor Deposition (CVD)

This method is used to obtain pure thin films of metals,
semiconductors and insulators from during the vaporization of a substance
from a volatile compound (Volatile Compound ) [59] . The vapor of the
substance is reacted with gases or liquids or with other vapors on the base
on which the film is to be deposited, and this reaction results in non-
products volatile deposits gradually (atom by atom) on the base, forming a

thin film [60] .
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Fig (2.6 ) :Diagram showing thin-film vapor deposition[61].
2.4.1.2. Thermal Chemical Spraying (CSP)

This is the method used in our research, this technique is one of the
chemical methods, and it was developed during the sixties of the last
century due to the urgent need for a less expensive technology to prepare
large area devices in the photovoltaic industries. Thin films of inorganic
sulfides and cyanides have been prepared by hydrolysis on a hot base. The
first to use this method were the two researchers (Auger & Hotle) in the
year 1959, where they intended to do by preparing a black copper film on

an aluminum base using a selective surface [62]

Only chemical solutions are used, i.e. the powder of the substance cannot be
precipitated directly or using alloys. This technique depends on spraying
the material to be deposited in the form of a film on hot bases under a
temperature (temperature certain) depending on the type of material used, a
thermochemical reaction takes place between the atoms of the hot base

material« as a result of this reaction, a thin film is formed .
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Fig (2.7 ) : Diagram showing the deposition process by spray pyrolysis [63]
2.5. Physical Properties of Thin Films

The physical properties of thin films vary with the diversity of the
purpose for which the film was prepared and the diversity of research
conducted . It is concerned with this field, so will focus studying the

structural and optical properties of thin films.
2.5.1. Structural Properties

The structural properties of films are studied by several techniques,
and X-ray diffraction (XRD) is one of the most reliable methods that were

adopted in this research, so will explain it in some details [64].
2.5.1.1. X-Ray Diffraction(XRD)

X-ray is electromagnetic waves that result from the collision of high-
energy accelerated electrons with the target material with a large atomic
weight. They are radiation of relatively high energy. Its wavelength range
ranges between (0. 1 - 10) nm, and this wavelength range means that it
fulfills the condition that must be met for the transmittance of radiation
from the material (A < 2d« ) . Therefore it can be used in crystal diffraction

technology [65].
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The use of X-Ray diffraction is one of the effective and common techniques
for studying the crystal structure of thin films that provides us with a lot of
information about the unit cell. X-ray spectrometer is used to draw the
diffraction spectrum of the subject materials - which records the intensity as

a function of the angle change shown in Figure (2.8).

Fig (2.8) : Schematic diagram XRD [66].

In the above figure it shows , Detector ( C ) , sample ( S ), X-ray source

(T), Rotation axis of sample and detector (O ) .

The single-wavelength X-ray fall from the source (T) on the sample to be
examined (S) at an angle of (0), which represents the angle of incidence of
the X-rays measured in degrees, and it is reflected at an angle of twice the
angle of incidence time after time to record the readings starting from the
value of the angle is zero down to the angle (160) degree, according to the

need for this range.

This technology provides us with information about the locations of the
characteristic peaks that represent the dominant crystal growth direction
within the crystal lattice and the width of the middle of the greatest intensity
level through which it is possible to obtain information about the grain
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boundaries and thus know the growth in the grain size of the test sample
[67].

2.5.1.2. The Distance Between the Surfaces ( dny )

The device that was explained represents the mechanism through
which the scientist ( W. Bragg ) was able to put his well-known law
represented by the following equation ( 2-1) , and it is the same law that
enables us to calculate the value of the interfacial surfaces shown in the

figure of the equation [68] .
nA = 2dpy Sin0 ( 2-1 )

Where (n) is an integer that indicates the order of the reflection, (6)
represents the angle of incidence of the X-ray at the wavelength ( A ), (hkl)

Miller's coefficients ( Miller index ).

r-7ay

beam

Fig (2.9) : represents the diffraction pattern , distance between the surfaces ( dny )and

lattice constant [69] .
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2.5.1.3. Grain Size (G.S)

The information provided by the obtained diffraction pattern, we can
find from it the rate at which the crystals grew inside the crystal lattice, we
find the average grain size by adopting (Scherer’s equation), then we can
find the exposure amount of the characteristic peaks ( ) depending on the
width of the middle of the peak (FWHM ) measured in radial units( rad ),
the granular size is measured in units (nm) according to the equation ( 2-2)
[69, 70].

G.S= ( 0.94 )\,) / B EWHM .cos0 (2-2)

So (Brwhm ) 1S the width of the curve at the midpoint of the vertex (FWHM)
and ( 0) is the Bragg angle.

2.5.1.4. Dislocation Density (6 )

This term is given to the number of lines in which the dislocation
appears within the crystal structure of the substance within the unit area,
measured by the unit (m?), which is an indicator of the quality of the crystal

structure and can be found from the relation (2-3)[71] .
8=1/(G.S) (2-3)
2.5.1.5. Crystals Films Number (N, )

It is the number of grains within a unit volume measured in units (m®)
and can be directed from the relation (2-4): [72].

No=t/(G.S)?3 (2-4)

Where ( t ) represents the thickness of the membrane measured in units

(cmd).
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2.5.1.2 Scanning Electron Microscopy (SEM)

The scanning electron microscope (SEM) uses a focused beam of
high-energy electrons to generate a variety of signals at the surface of solid
specimens. The signals that derive from electron reveal information about
the sample including external morphology (texture), chemical composition,
and crystalline structure and orientation of materials making up the sample.
In most applications, data are collected over a selected area of the surface of
the sample, and a 2-dimensional image is generated that displays spatial
variations in these properties. Areas ranging from approximately (1) cm to
(5) microns in width can be imaged in a scanning mode using conventional
SEM techniques (magnification ranging from (20) X to approximately
(30,000) X, spatial resolution of (50 to 100) nm). The SEM is also capable
of performing analyses of selected point locations on the sample; this
approach is especially useful in qualitatively or semi-quantitatively
determining chemical compositions (using EDS), crystalline structure, and

crystal orientations (using EBSD).

Accelerated electrons in an SEM carry significant amounts of Kinetic
energy, and this energy is dissipated as a variety of signals produced by
electron-sample interactions when the incident electrons are decelerated in
the solid sample. These signals include secondary electrons (that produce
SEM images), backscattered electrons (BSE), diffracted backscattered
electrons (EBSD that are used to determine crystal structures and
orientations of minerals), photons (characteristic X-rays that are used for
elemental analysis and  continuum  X-rays), visible light

(cathodoluminescence--CL), and heat.

Secondary electrons and backscattered electrons figure (2.10) are

commonly used for imaging samples: secondary electrons are most valuable
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for showing morphology and topography on samples and backscattered
electrons are most valuable for illustrating contrasts in composition in
multiphase samples (i.e. for rapid phase discrimination SEM analysis is
considered to be "non-destructive"; that is, X-rays generated by electron
interactions do not lead to volume loss of the sample, so it is possible to

analyze the same materials repeatedly [V3].

o . Electron ® Backscattered
ec P Man H

) . Electron ' beam 4 Electron
electrons ]

Electrons —» Electrons

Fig (2.10): Secondary and backscattered electrons [74].

2.5.1.3. Atomic Force Microscopy (AFM)

The atomic force microscopy AFM is a mechanical imaging
instrument that measures the three dimensional topography as well as
physical properties of a surface with a sharpened probe. The sharpened
probe is positioned close enough to the surface such that it can interact with
the force fields associated with the surface. Then the probe is scanned
across the surface such that the forces between the probe remain constant
[75]. An image of the surface is then reconstructed by monitoring the
precise motion of the probe as it is scanned over the surface. Typically, the
probe is scanned in a raster-like pattern. AFM analyses in order to find the
average grain size and surface topography at atomic scale of the samples
[76].

2.5.2. Optical Properties
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To study the optical properties of thin films is of great importance in
finding the optical constants through which it is possible to identify the
amount of the optical energy gap according to the specific preparation
conditions (pressure, temperature, thickness of the film, etc.), as well as can
know the other constants of absorbance and transmittance and their
coefficients and the inertia coefficient and the real and imaginary dielectric
coefficients [77].

In our research, used this optical spectrometer (UV-VIS Spectrophotometer
/ 2700 ,UK ) which records the absorbance as a function of the wavelength
within the range (290- 1100 nm).

2.5.2.1. Optical Absorption (A)

It is one of the important and highly effective studies in the field of
semiconductor and membrane physics. The fall of electromagnetic ray with
an energy (hv ) greater than the value of the energy gap and intensity (I, )
on the material whose thickness (t ) will absorb part of it to run out of the
intensity of (l; ), this we can find the relationship by which we calculate the

absorption coefficient (o ) according to the equation [72,78].
l,= 1, e(-%0 (2-5)

Since (o ) is the optical absorption coefficient measured in the unit ( cm™ ),
which is the percentage of the decrease in the incident radiant energy and it
changes according to the change in the wavelength of the incident rays and
the nature of the material on which it falls, this process excites an electron
in the valence band, moving it to the conduction band, releasing energy
(hv — Eg) as in Figure (2.11 a ). But if the value of this energy is equal to
the value of the prepared energy gap (Eg), then this energy will be absorbed
by the material that fell on it, generating a pair (electron-hall ) as in the
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figure (2.11 b) and these two transitions represent the class of self-transfer

(Intrinsic) from the valence beam to the conduction beam (Band to Band)

But in the case of the energy of these rays is less than the value of the
prepared energy gap, the local levels within the prepared gap that can be
found by crystalline physical defects will be the local levels to which the
electron can move in this case and this is represented by the self-transfer
(Extrinsic ) which is shown in the figure (2.11 ¢ ) [79] .

Fig (2.11) : Transfers Intrinsic and Extrinsic in semiconductors [79] .
2.5.2.2. Transmittance (T )

The transmittance represents the amount of radiant energy falling on
the thin film after the radiation falls on it, and it can be found from the
equation(2-6): [79] .

T=10" (2-6)

2.5.2.3. Reflectance (R)
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Reflectance represents the amount of radiant energy falling on the
thin film to the medium from which it was provided, and its amount can be
found from the equation (2-7): [80] .

R=1-T-A (2-7)
2.5.2.4. Absorption Edge

The amount of radiant energy that the photons fall on the material
varies. In the case that this amount reaches a value equal to the width of the
forbidden energy gap of the semiconductor material, the amount that the
material will absorb will increase significantly, and this characteristic is

shared by almost all semiconducting materials[81].

This magnitude, which starts with a rapid increase in absorption, is called
the optical absorption edge, and the wavelength at which the absorption

edge is formed is called cutoff wavelength .

Figure (2.12) shows that the amount of absorption at the wavelength less
and more than the cut-off wavelength is little. As the absorption edge is
distinguished when drawing the spectrum of the absorption coefficient as a
function of the energy of the incident rays or the wavelength of these rays
in the form of a distinctive linear cut-off edge that appears relatively wide
in the case of polycrystalline semiconductors and sharp in monocrystalline

semiconductors[A1].

‘/hU = Eg
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Fig (2.12) : The amount of the absorption coefficient before, after and then the absorption
edge[82].

2.5.2.5. Optical Constants Values

Optical constants are one of the important functions, which by
knowing their values can determine the applications of semiconducting

materials or the optimal use of the thin film. These constants are:
2.5.2.5.A. Optical Absorption Coefficient (a )

It is defined as the percentage that decreases from the radiation
energy falling on the material relative to the distance it traveled in the
direction of propagation of this wave inside the semiconducting material.
The calculation of this ratio depends on the energy of the incident rays (hv)
and on the optical properties of the semiconducting material such as the
amount of energy gap width of the semiconducting material and the type of
electronic transition that occurs between the valence band and the
conduction band [73].

To calculate the absorption coefficient, we start by calculating the photon

energy of the incident rays from the equation (2-8) [77].
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E=ho (2-8)

And the amount of this energy permeated (T ) through the semiconductor
material will reflect some of it (R), so the permeable part is given according
to the equation (2-9) [77]

T=(1-R)e™ (2:9)

In order to calculate how much material absorbs (A ) of these rays, the

equation is based [77]
T = 23034 (2-10)

Now we substitute the value of ( T ) from equation (2-9 ) into equation

(2-10) and we get the equation :
e 23034 = (1.R)? =t (2-11)

In the event that the amount of what is absorbed by the substance and the
amount of what is permeated from it is approximately one, that is, the
amount of what is reflected by the substance is close to zero, then the

equation (2-11) will become in the form:
e~23034 — p—at (2-12)

From it we can find the value of the absorption negligible (a) from the

equation:

a= 2303 (A/t) (2-13)

2.5.2.5.B. Optical Energy Gap
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The energy gap of semiconducting materials is the amount of energy
needed to move an electron from the valence band to the bottom of the
conduction band or the local plane closest to the transition. The width of
this gap is affected by the percentage of impurities added to the

semiconductor material[83].

The energy gap value of the permissible and forbidden direct transmission
and the permissible and forbidden indirect transmission is calculated from

the experimental Tauss equation as follows [77] :
ohv = B (hv-E;*)" (2-14)

Where ( B ) represents the transfer constant , if the transfer is of a direct or
indirect type, then its value is one. As for the value of the constant ( r), it
takes the values (1/2 ) in the case of permissible direct transmission, and
takes the value (3/2) in the case of prohibited direct transmission, and takes
the values (2 ) and (3 ) in the case of permissible and prohibited indirect

transmission, respectively , as shown in the figure (2.13).

Condition Band

(a) (b)

Energy

() Eg(Direct) Eg(indirect)

Id)

Valence Band

Wave vector (K)

Fig (2.13) : Electronic transfers [84].

A graphic relation is drawn between the energy of the incident photons

(hv ) for the x-axis and the amount (ohv ) *" for the y-axis, and the amount
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of the energy gap is determined by dropping a tangent line of the resulting
curve in the direction of the x-axis and interrupts it at the point (ohv ) ¥ = 0

and this point represents the value of the energy gap[84].
2.5.2.5.C. Refractive Index (n)

A term given to designating the ratio between the speed of light in a
vacuum to its speed in any other material medium, and it can be found
depending on the value of the inertia constant ( K ) and the value of the
reflectivity of the film ( R ). Its value will be according to the equation
(2-15): [85]

1+R +R

n=[(1 )0 - (K] + 5 (2-15)

~R
2.5.2.5.D. Extinction Coefficient ( K)

That is, the amount of electron energy put out from the incident rays
or the attenuation in the energy of the incident rays, and it depends on the
value of wavelength of the incident wave and on the value of the absorption
coefficient (o ) for each material and is calculated from the relation (2-16) :
[85]

K = ak /4n (2-16)
2.5.2.5.E. Dielectric Constant (€)

The fall of electromagnetic rays on the material leads to the
interaction of these rays with the charges of the falling material, which

polarizes and absorbs a certain amount of the incident energy, which is
usually called the dielectric constant of the material (€ ), which is given by

the relation (2-17) : [85].
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e=g ¢ (2-17)

Where (g ) the real part of the dielectric constant and (&; ) the imaginary

part of the dielectric constant

The real part of the dielectric constant (g, ), which expresses the
polarization of the medium regardless of the value of the energy lost as a
result of light falling on it, is related to the value of the refractive index (n)

and the damping coefficient (K ) according to the equation (2-18):[85].
& = n*-K? (2-18)

The imaginary part of the dielectric constant represents a measure of
the absorption of the energy of the incident radiation from the atoms of the
material and it is also related to the refractive index and the damping factor
from us in the equation (2-19 ):[85].

g =2nK (2-19)
2.5.3. Electrical Properties

The semiconductor materials are insulator material at (OK)
temperature, but they can be conductor materials when the temperature
increases to the limit values that converted to increase in conducted electron
density. Therefore, the material can be classified according to the values of
its electrical conductivity into three types : conductor (¢ =10°-10°%) S/m,
Semiconductor (6 =10° - 10®) S/m, and Insulator (c =10"-10"°) S/m [86].

The electrical properties measurement of semiconductor thin films allows
the determination of the impurity levels present in the materials these
parameters are critical to their utilization in various electronic and

optoelectronic applications. The electrical properties depend upon the
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nature of semiconductor, if they are pure , doped and crystalline or
amorphous [87] . According to Ohm's law the current (I) (in amperes) in a
sample is proportional directly to the potential difference (V) (in Volts)

across two points on this sample [88].
R=VII (2-20)
Where (R) is the sample resistance measured in Ohms.

Electrical resistivity (also known as resistivity, specific electrical resistance,
or volume resistivity) is an intrinsic property that quantifies how strongly a
given material opposes the flow of electric current. A low resistivity
indicates a material that readily allows the movement of electric charge.
Resistivity is commonly represented by the Greek letter pel. (tho). The (SI)
unit system of the electrical resistivity is the Ohm multiplies by meter

(Q-m) although other units like (€2-cm) are also in use [86].

Consider that the current passes through a peace of material with length (1)
(m) and a cross section area (A) (m?). The electrical resistivity (p) can be
defined as [88].

p=R M (2-21)

Electrical conductivity or specific conductance is the reciprocal of electrical
resistivity and measures a material's ability to conduct an electric current.
Electrical conductivity or specific conductance is the reciprocal of electrical
resistivity and measures a material's ability to conduct an electric current.It
1s commonly represented by the Greek letter () (sigma), but (k) (kappa)
(especially in electrical engineering) or (y) (gamma) are also occasionally

used. Its (SI) unit is Siemens per meter (S/m)[86].
Where conductivity (o), is the inverse of the resistivity (p) [88].
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2.5.3.1. Current-Voltage (I-V) Characteristics

The current-voltage (I-V) characteristics in heterojunction are
influenced by various mechanisms depending on the band discontinuities at
the interface and the density of interface states. For e.g. if the barrier to
holes is much higher than that for electrons, then the current will consist
almost entirely of electrons; or if the density of interface states is very high
then the dominant current will be generation-recombination current from
the interface. The dominant current can also be due to tunneling if the
barrier width is very thin, or to thermionic emission if the interface acts as a

metal-semiconductor contact [87, 89].

2.5.3.1.1 Electrical Conductivity

It is a criterion for the extent to which the medium is able to move the
electric charge through it, and it is symbolized by the symbol (o), and it is
measured in unit s of (Q.cm)™, it is the inverse of the resistivity(p) and it

can be calculated through the following equation [90] :

Slope=1/V

R= 1/slope

p =R x 0.000035

o =1/p (2-22)

where : R :Resistance
p : resistivity

o : Conductivity
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Chapter Three The Experimental Work

3.1. Introduction

This chapter includes a description of the deposition system by
thermal chemical spray method, the process of preparing membranes, and
the practical steps that were conducted in this research, starting with the
process of preparing samples and conducting the sedimentation process,
and then conducting structural, optical and electrical measurements, as

shown in the following diagram(3.1).

Using the solution of
both N|C|2A|203

[ Using thermal chemical ]

spraying of prepare thin film

v

( Annealing for 1 h at ]

L 350 °C J

Absorption

-V
characteristic

-~
| Electrical |
I Conductivit /I
| S —
(= '\I =" If't‘l I'y"\ t'*"’l Iry-\
EgfloliKil & ! & dfin!
Nemmmd Vo VY N

Fig(3.1) : Schematic diagram of the experimental .
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3.2. Preparing the Solution

Prepared of the films (NiCl,) hexahydrate nickel chloride was used,
which is a substance in the form of green salts with an equivalent weight
58.693 g / mol and a purity of 99% supplied by College of Chemistry
Sciences, also, doping aluminum oxide with an equivalent weight 101.96
g / mol was used, which is a white powder with purity 99% supplied by
the Euphrates Spring Company also was to deposited the thin films of
thickness (45-62 + 6) nm. To find the weight of the material used in the

reaction, we use the following equation:

M =W,/ M, x 1000/ v (3-1)
Where M : The molar concentration is 0.1

W, : Material weight

M. : Molecular weight

V : Volume of distilled water ( 100ml )

Where used 2.9 g of nickel chloride was dissolved in 100 ml of distilled
water using a hotplate stirrer for 14 min at a temperature of 50 °C

Celsius, and the dissolution was good .

Fig (3.2) : Nickel Chloride before

)
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It is also melted 5 g of aluminum oxide (Al,O5) in (100 g ) of distilled
water using a hotplate stirrer for 30 min minutes at a temperature of 50
degree Celsius but the dissolution was not complete as there was plankton
present in the solution, and for the purpose of dissolving completely and
quickly, drops of dilute hydrochloric acid (HCI) were added for the
purpose of dissolving the bonds of chlorides present in the solution the

final solution is filtered with filter paper.

Fig (3.3) : Aluminum Oxide of powder.

Table (3.1) : Show the concentrations taken from Al,O3; added to NiCl, to obtain the
proportions needed for the preparation.

Sample NiCl, Al,O3 Deposition Temp. Annealing

5 All samples
- EI are annealed

NiCl,:Al,O3

5
5
5
5

:
: 1]

3.3. Glass Substrate Preparation

To study the structural and optical properties of the prepared films,
glass slides with dimensions (7.6 x 2.6 x 0.1) cm® were used, fixed on the

upper base of the system.
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The glass slides were cleaned in two stages. In the first stage, ethanol
alcohol was used to dissolve the fat that may be present on the surface of
the glass. In the second stage, the glass slides were immersed in distilled

water for ten minutes then it was dried.
3.4. Thermal Chemical Spraying System

The thermochemical precipitation system consists of the following

parts :

1- Sprayer Nozzle
2- lron bearer

3- Electrical heater
4- Thermocouple
5- Digital counter
6- Air pump

7- Preparation room

/ 6 [ :55]
1 ?’?
- P
B_
3

A

Fig(3.4) : The thermal chemical deposition system used in the work[91].
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W | Sorav nozzle
-5 Sohition container

: (
Electronic temporarv

B s

. o » o = =

/ — =

Temperature
controller

“Figure (3.5): Chemical Spray Pyrolysis System.

3.4.1. Sprayer Nozzle

This device was made locally from ordinary glass. It contains a
cylindrical tank with a capacity of 100 ml, open from the top, with a
radius of 1.5 cm and a height of 8 cm. Its diameter is (1 mm), the
capillary tube is surrounded by a bulging glass chamber closed from the
top because it is connected to the outer edge of the capillary tube and
open from the bottom and the opening of the glass chamber surrounds the
opening of the capillary tube so that the two holes are concentric and at
one level, the glass chamber contains a side opening that allows the
passage of compressed air inside it, which causes a pressure disturbance
inside the glass chamber, leading to the conversion of the drop coming
from the capillary tube into a spray in the form of a cone towards the
glass base on which the film is to be deposited, as shown in Figure (3.6).
The holder is used it is necessary to control the height of the spraying
device from the surface of the electric heater, as well as the position of
the spraying device (the angle of falling of the spray on the glass base), as

it must be controlled the end of the capillary tube from which the solution
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comes out should be perpendicular to the base on throuh the film is to be

deposited.

tank

valve

‘Corridor linked

to an air pump
-

 glass room

cépillary tube

Fig (3.6) : Schematic diagram of the Sprayer Nozzle [92].

3.4.2. Electrical Heater

An electric heater (homemade) is used to control the temperature of

the glass base on which the film is to be deposited .
3.4.3. Thermocouple

Use a thermocouple to measure the temperature of the heater and the
glass bases used. The thermocouple consists of a sensitive thermocouple
placed on the surface of the glass base. The thermocouple is connected to

a digital counter that records the temperature in degrees Celsius.
3.4.4. Air Pump

In order to control the air entering the sprayer, a pump was used, as
this pump pushes compressed air into the glass chamber through the side
opening in the glass chamber, through the connection of the pump with
the sprayer through a rubber tube, which pushes the solution The drop
from the capillary tube onto the surface of the glass base in the form of a

fine mist.
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3.5. Factors Affecting Thin Film Preparation

There are several factors to consider while preparing the films,

namely :
1- Base Temperature

Some of the previous studies that used the thermochemical
deposition method agree on the value of the temperature between (673-
773K) to obtain the required film, and it was found that the best film we
get is at a temperature of (773K), which is close to many previous

studies.
2- Deposition Rate

The sedimentation rate affects the homogeneity of the membrane, as
it was found that the best sedimentation rate from which we obtain
homogeneous films is (10cm®min), and this rate is controlled by the

valve in the sedimentation device.
3- Deposition of Point Distance

It means the vertical distance between the glass base and the end of
the capillary tube, and it was found that the best homogeneous membrane
we get at a height of (30 £ 1 cm) approximately, in which the spray of the
solution is not collected in one spot and is not volatile away from the

glass base.
4- Deposition Time

The deposition time used is (10s) only to avoid sudden cooling of the
bases, which leads to cracks in the glass base, and after the deposition
process is followed by a pause of (3 min) to ensure the return of the

temperature of the base to its original value and to complete the crystal
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growth process, and this process is repeated several times until obtaining

to the required thickness.
5- Air Pressure

The compressed air must be inside the glass chamber in a way that
makes the solution in the form of a fine mist so as not to cause the glass
base to cool and break, as the air pressure inside the glass chamber was
fixed in the spraying device when preparing all membranes within

105N/m? to obtain a homogeneous film for the material prepared.
3.6. Structural Measurements

After completing the deposition process, we select a number of
membranes that are homogeneous and free from gaps and apparent
defects to conduct structural tests to know the crystal structure of the

films prepared using X-ray diffraction technique.
3.6.1. X-Ray Diffraction Measurements (XRD)

X-ray diffraction (XRD) analysis shown in Figure (3.7) is used to
determine the crystal structure of thin films. The source of radiation is Cu
(k) with wavelength (=1.54060), current (30) mA, and voltage (40) kV in
the (X-ray) diffractometer type (PW1730 Philips) made in (USA). At
University of Tehran, Iran.

Crystatzoo T,
modecule ~

- Fim

Fig (3.7): Diagram for X-ray diffraction (XRD) [93].
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Measure

AXis : Theta — 2 Theta

Scan Mode : Continuous Scan

Range : 30-80 (deg)

Step - 0.0500 (deq)

Speed  :5.0000 (deg/min)

3.7. Surface Morphology Measurements

For the purpose of examining the surfaces of the thin films, they were

photographed using:
3.7.1. Scanning Electron Microscopy (SEM)

Field emission scanning electron microscope with energy-dispersive
X-ray spectroscopy (SEM) shown in Figure (3.A) was used in this
research. The SEM type (Mira3) is Made in the Czech Republic. The

energy dispersive X-ray at University of Tehran, Iran.

Electron source

Anode

= Condenser lense
Electron beam —p'

E] @ Scan coils

Secondary
electron detector

[ ] Sample

Objective lens

Fig (3.8):Diagram for Scanning electron microscopy (SEM)[94].
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3.7.2. Atomic Force Microscopy (AFM)

The atomic force microscope provides us with three-dimensional
Images with a capacity of one million times magnification, through which
the homogeneity of the membrane and its nanostructure are identified.
This device consists of a needle with micro dimensions that passes over
the surface to be scanned. This carrier and on the surface to be scanned, a
laser beam falls on the carrier, which rises and falls with the rise and fall
of the needle, and thus the surface topography varies from high and low.
The laser beam is captured on the carrier by a special receiver, then the
topography of the scanned surface is determined and drawn according to
the movement of the reflex of the laser beam. This device also gives us
information about the surface roughness and the granular size of the film.

Examined at the University of Tehran, Iran.

Fig (3.9): Diagram for atomic force microscope (AFM) [94].
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3.8. Optical Measurement

A spectrometer of the type (UV-VIS-NIR-Double Beam
Spectrometer) from (Perkin Elmere) company was used with two beams
of light placed in the path of one of them the glass plate on which the film
Is deposited and the measurements are to be made for it, while the
reference is placed in the path of the second beam which is a non-
deposited glass plate Accordingly, measurements were made for pure,
doped and annealed (NiCl,) films within a range of wavelengths (1100-
200 nm). Examined Advanced Polymer Lab / Department of Physics /

College of Science / University of Babylon .

Reference

Detector cell

Absorbance

Amplifier

s | 0 mh,ﬂ‘

4

S

X K
Wavelength (nm)

Amplifier

Fig (3.10): Diagram for UV Spectrophotometer [95] .

3.8.1 Absorption Coefficient Calculation

The absorption coefficient is one of the important physical
coefficients through which the basic absorption edge and the energy gap
can be identified. The absorption coefficient is calculated from the
relation (2-11).
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3.8.2. Calculate the Energy Gap

The value of the direct energy gap allowed for (NiCl2) films has been
calculated using the relation (8-2) by drawing a curve between (ahv)2 and
the photon energy (hv), where the value of the energy gap can be found
by extending the straight part of the relation curve to cut the x-axis at
Photon energy values, where the point of intersection represents the value

of the energy gap.
3.8.3. Calculation of Optical Constants

The optical properties of materials are usually described by optical
constants that include the passivity coefficient, the refractive index, and
the dielectric constant in both its real and imaginary parts, which were
calculated by applying equations (2-13), (2-14), (2-15) and (2-16)
respectively, where it is possible to identify the type of optical

applications appropriate to the material under study.
2.9. Electrical Measurements

2.9.1. I-V Measurements

The system shown in Figure (3.11) was used to deposit gold electrodes on
both sides of the substrate (NiCl,, NiCl,: Al,O3) with a carrier density (5
x 1015 cm™) and in a direction using the spraying technique of the type
(CRESSINGTON-108) for the purpose of studying the current-voltage
characteristics of the circuit diagram The electric current shown in Figure
(3.12) consisting of a device (DEGETAL MULTIMTER) of the type
(DEGETAL MULTIMTER) AUTO - RANGE DMM for the purpose of
measuring current and voltage, and through current, voltage and graphs,

inclination, resistance, resistivity and conductivity are extracted. These
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measurements were made at room temperature 300 K and the surface area

of the samples was (4 x 4) mm?®.

' 10X CURNENT

DISILAY 1ON = COATER

AMC=1A
Ml

lllly ;’ﬂ

Fig (3.11) : Electrode deposition system by sputtering technic

Light

Sample

—

v

D(
Power
Supply

Fig (3.12) : Circuit diagram for measuring current-voltage characteristics.



Chapter Four Results, Discussion and Conclusions

4.1. Introduction

This chapter reviews the results obtained from studying the
structural and optical properties of (NiCl,) films pure and doped with
aluminum oxide (Al,O3) in percentages (1,2,3)% and annealed at 350 °C
prepared by thermal chemical spraying and discuss and compare them in
light of the researches and studies available in this field, with a
presentation of our conclusions and proposals that we reached after

completion. from research .
4.2. Structural Properties

The synthesized NiCl,:Al,O3 thin films are characterized by X-Ray
Diffraction (XRD) , Atomic Force Microscopy (AFM) and Scanning
Electron Microscopy (SEM) .

4.2.1. X-ray Diffraction Investigations

The importance of this measurement lies in knowing the crystal
structure of the materials and showing the phases of the deposited
materials and the nature of the arrangement the atoms in them and their
orientation . Figure (4.1) represents the X-ray diffraction diagram of the
pure NiCl, film, and it is noticed that there are diffraction peaks
corresponding to levels (111), (241), and (222), and when comparing
these results with (ASTM) cards (American Standard of Testing
Materials) numbered (03-065-0601) and as Shown in Table (4-1), the
results were somewhat consistent. The highest peak occurs at 20=32.944°
which is referred to (111) as a proffered plane. The positions of the peaks
and the presence of more than one diffraction peak lead to the conclusion
that the films are polycrystalline with an orthorhombic crystalline

structure.
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’ [111]

- | [241]
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Figure (4.1) : X-ray diffraction of NiCl, thin film (pure) .

Table (4.1):X-ray Diffraction Screening Parameters for NiCl; films(pure).

No 20 hkl d(A) G.S (nm) FWHM | % a Sys.
1 32.944 111 2.716 33.7 0.254 99 a=3.778 | orthorhombic
2 | 64.908 241 1.435 35.1 0.254 5.8 | b=10.365
3 | 69.123 | 222 | 1.357 61.4 0.165 2.1 | c=4.221
Av.=43.4 Av.=0.231

noticed through Figures (4.2),(4.3) and (4.4) which represents the results
of X-ray diffraction of (NiCl,) films doped with (Al,O3), with different

inoculation percentages (1,2,3)% with the appearance of atomic growth in

the dominant and characteristic crystallographic directions (111) ,(241) ,

(222) , with a slight displacement in the locations of the peaks (20) which

indicates that the grafted films were of polycrystalline structure and of

type (orthorhombic) .
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[111]
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Fig (4.2) :X-ray diffraction of NiCl,:Al,O; thin film at 1% .

[111]

Intensity (a.u)

“ H [622] [241]
‘M% ) o [222]
Ty

T

.............................................. T

Figure (4.3): X-ray diffraction of NiCl,:Al,O3 thin film at 2%.
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Figure (4.4): X-ray diffraction of NiCl,:Al,Oj3 thin film at 3%.

It is noted that a noticeable change occurred in the intensity of the

diffraction peaks for some levels after doping, so the intensity of the

peaks decreased at the orientation (241), (222), and the intensity of the

peaks increased at the orientation (111). The crystal structure, that is,

there are some levels that are preferred for the growth of crystals, and this

indicates that the crystallization process is improved by adding aluminum
oxide (Al,Os3) to the films (NiCl,), and the best level for crystal growth is

(111) , whose intensity is (1=99).This agree with refer [96].

Table (4.2): X-ray Diffraction Screening Parameters for NiCl,:Al,Os thin film at 1%.

No 20 hkl | d(A) | G.S(nm) FWHM 1 % a Sys.
1 44,924 022 2.016 185 0.472 0.2 | a=3.77 Orthorhombic
2 | 72.192 | 080 | 1.307 14.8 0.672 0.4 | b=10.46
c=4.37

3 32.944 111 2.716 43.8 0.197 99 | a=3.778 Orthorhombic
4 | 64.908 | 241 | 1.435 35.1 0.276 5.8 | b=10.365

5 | 69.123 | 222 | 1.357 1135 0.093 2.1 | c=4.221

Av.=45.14 Av.=0.342
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Table (4.3): X-ray Diffraction Screening Parameters for NiCl,:Al,O3 thin film at 2%.

No. 20 hkl | dA) | G.S(nm) FWHM | % a Sys.
1 | 46.107 | 620 | 1.967 59.5 0.135 0.1 | a=b=c= Cubic
2 | 48.498 | 622 | 1.875 9.3 0.945 03 | 12441
3 | 33.765 | 332 | 2.652 14.8 0.578 22
4 | 32944 | 111 | 2.726 43.8 0.197 98
5 | 64.908 | 241 | 1.432 35.1 0.276 5.8
6 | 69.123 | 222 | 1.354 113.5 0.093 2.2

Av.=46 Av.=0.370

Table (4.4): X-ray Diffraction Screening Parameters for NiCl,:Al,O; thin film at 3%.

No. 20 hkl | d(A) G.S (nm) FWHM 1 % a Sys.
1 | 40964 | 440 | 487 48.7 0.128 6.5 | a=b=c= Cubic
12.433
2 | 32944 | 111 | 2.716 43.8 0.197 98 | a=3.778 | Orthorhombic
3 | 64908 | 241 | 1.436 35.1 0.276 5.8 | b=10.365
4 | 69.123 | 222 | 1.315 1135 0.093 2.2 | c=4.221
Av.=60.275 | Av.=0.187

When annealing, noticed that an increase in the width of the middle, and
this leads to a decrease in the particle size with an increase in

temperature, which, as shown in the figures.

temperature leads to a decrease in the secondary levels, in addition to an
increase in the crystallization of the membrane, and also the membrane
becomes more regular and crystalline defects decrease and increase also
the sharpness of the peaks, and this is due to the increase in crystallinity
and regularity that occurs in the thin film, and that the increase in the
height of the peaks when the base temperature is increased is attributed to
the fact that the heat works to reduce crystal defects by giving the atoms
of the material potential energy to rearrange themselves in the crystal
lattice. This agree with refers [16,97].
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Fig (4.5) : X-ray diffraction of NiCl, thin film (pure) at 350° C.
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Fig (4.6) : X- ray diffraction of NiCl,: Al,Os thin film (1%0) at 350 °C.
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Fig (4.7) : X- ray diffraction of NiCl,:Al,O;3 thin film (2%0) at 350 °C.
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Fia (4.8) : X- ray diffraction of NiCl,:Al,O; thin film (3%b) at 350 °C.
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Table (4.5): X-ray Diffraction Screening Parameters for NiCl, (pure). thin film at

350 °C.
No 20 hkl | d(A) | G.S(hm) FWHM I A Sys.
%
1 33.653 | 111 | 2.661 36.4 0.236 98 | a=3.875 | Orthorhombic
2 65.099 | 104 | 1.431 50.4 0.195 6 b=4.552
3 | 70743 222 ]1.33 46.6 0217 |7 |c=6.162
4 28.957 | 002 | 3.081 37.1 0.229 20
Ave=42.652 | Ave=0.237
Table (4.6): X-ray Diffraction Screening Parameters for NiCl; :Al,O; (1%0) thin film at
350 °C.
No| 20 [Hkl[dA) [ GSm) | FWHM [ 1% A Sys
1 | 46.418 | 022 | 1.954 55.8 0.472 0.613 | a=3.77 | Orthorhombic
2 72.96 | 080 | 1.295 42.6 0.678 0.24 | b=10.365
c=4.221
3 | 33.653 | 111 | 2.661 36.4 0.236 98 a=3.875
4 165.099 | 104 | 1.431 50.4 0.195 6 b=4.552
5 | 70.742 | 222 | 1.33 46.6 0.217 7 | c=6.162
6 | 28.957 | 002 | 3.081 37.1 0.229 20
Av.=44.816 | Av.=0.350
Table (4.7): X-ray Diffraction Screening Parameters for NiCl; :Al,O3; (2%) thin film at
350 °C.
No[ 20 [hki| d@&) [ G.S(m) [ FWHM [ 1% A Sys
1 46.06 | 620 | 1.968 28.1 0.153 0.1 | a=b=c=12.4 Cubic
2
2 | 48.449 | 622 | 1.877 51.2 0.945 22 a=3.875 orthorhombic
3 | 33.653 | 111 | 2.654 55 0.578 22 b=4.552
4 |65.099 ] 104 | 1.431 50.4 0.195 9 €=6.162
5 | 70.742 | 222 | 1.33 46.6 0.217 6
6 | 28.957 | 002 | 3.081 37.1 0.229 5
Av.=43.54 | Av.=0.386

Table (4.8): X-ray Diffraction Screening Parameters for NiCl, : Al,O3 (3%0) thin film at

350 °C.
No| 20 [HkI] dA) ] GS(m | FWHM [ 1% A Sys
1 [41.061]440]2196] 496 0.182 | 9.3 | a=b=c=12.425 Cubic
2 133653] 111 ]2661] 36.4 0.236 | 97 a=3.875
3 [65.099] 104 | 1.431 50.4 0.195 8 b=4.552 Orthorhombic
4 | 70742 222 ] 1.33 46.6 0.217 5 c=6.162
5 |28.957] 0023081 37.1 0229 | 19

Av.=44.02 | Av.=0.211
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4.2.2. AFM Investigation

The imaging of the prepared films using the atomic force
microscope (AFM), which has the ability to photograph and analyze the
deposited surfaces, was to give measurements of the values of the surface
roughness (Root Mean Square -RMS), showing the topography of the
surfaces of the pure films (Root Mean Square -RMS) for the mean square
of the roughness and the impurity and the extent of the spread of the
doped aluminum oxide material throughout the unit area and the extent of
its homogeneity, inferring this from the average size of the grains and
their distribution shown in the attached figures from (4.9 ) to (4.12) form
a film of pure nickel chloride doped with aluminum oxide, and the
Images show the effect of doping in the formation of the surface, where
an increase in the size of the grains appears, and this is shown by the
results of the roughness rate values (RMS) showing that the ratio of
doping with (Al,O3) increases the rate of surface roughness, which
indicates an increase in grain size and a decrease in grain boundaries, this

agree with refer[98].

Polynomial ft 387nm

Fig (4.9): AFM image of NiCl, thin film (pure).
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Z-AXis - Scan torward Folynomial ht

Polynomial ft 355nm
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Fig (4.10): AFM image of NiCl, doped with 1% Al,O; thin film.

Z-Axis - Scan forward Polynomial fit

Polynomial ft 2520m

Fig (4.11): AFM image of NiCl, doped with 2% Al,O; thin film .
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Fig (4.12): AFM image of NiCl, doped with 3% Al,O; thin film.
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When annealing increasing the temperature , noticed that the roughness
decreases because the particle size decreases, and this is due to the
decrease in the homogeneity of the membrane, as the increase in

temperature reduces the aggregation of atoms with each other.

L-AXIS - OCAn iorwara  roiynomuiai m

Polynomial fit 141nm

69.1n

-71.8n

Fig (4.13): AFM image of NiCl, thin film (pure) at 350 °C.

Z-Axis - Scan forward Polynomial fit

42.1n

-26.3n

Polynomial fit 68.5nm

Y* 7.42um X*7.42um

Fig (4.14): AFM image of NiCl, doped with 1% Al,O; thin film at 350 °C.
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Z-Axis - Scan forward Parabola fit

23.3n

Parabola fit 37 6nm

-143n

Fig (4.15): AFM image of NiCl, doped with 2% Al,O; thin film at 350 °C.
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Fig (4.16): AFM image of NiCl,doped with 3% Al,O; thin film at 350 °C.

Table (4.9): Effect of doping on roughness.

[ ooping |
I Pure 18.03 13.37
I 1% 38.17 2791

I 2% 52.68 37.06
I 3% 70.54 46.99
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Table (4.10): Effect of annealing on roughness.

I Annealing 350 °C RMS (nm) Roughness (nm)
| Pure 15.55
I 1% 37.17 11.68

I 2% 44.58 29.04
3% 56.99 41.99

4.2.3. SEM Investigation

Scanning electron microscopy is used to investigate the surface shape

of the samples and the dispersion of aluminum oxide (Al,O3) in the thin
film (NiCl,). Figures (4.17), (4.18), (4.19) and (4.20) show the increase in
pollination rates has a clear effect. When the inoculation rates increase,
we notice an increase in the density and granule size of the film. It should
also be noted that the composition of the thin films is polycrystalline,
where the grain boundaries can be clearly distinguished, such as
aluminum oxide when grafted. Are also present in the thin films with
atoms of the substance (NiCl,), and this increases the collisions between
the atoms, which leads to the loss of the energy of the molecules in an
adequate amount. To form molecular clusters where they align with each
other. Increased surface roughness which is consistent with the (AFM)
results and is consistent with the refer [99].

200 nm EHT = 10.00 kV Signal A = SE2 Date:11 Dec 2022 ZEISS
== WD = 5.7 mm Mag= 20.00KX  UserText=

Fig(4.17) : SEM image of NiCl, thin film (pure).
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200 nm EHT = 10.00 kV Signal A = SE2 Date:11 Dec 2022 ZEISS
P WD = 58mm Mag= 50.00KX User Text =

200 nm EHT = 10.00 kV Signal A = SE2 Date :11 Dec 2022 ZEISS
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Fig(4.20) : SEM image of NiCl, doped with 3% Al,O; thin film .
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Figures (4.21) , (4.22) , (4.23) and (4.24) show pictures of pure (NiCl,)
film doped with aluminum oxide (Al,Os) deposited at different degrees
with an annealing degree of 350 °C , where we note that the average
particle size decreases with increasing temperature and (FWHM)
increases, and this is consistent with the results of (XRD) and also with

the results of (AFM), where the roughness decreases .

200 nm EHT = 10.00 kV Signal A = SE2 Date:11 Dec 2022 ZEISS
WD= 39mm Mag= 20.00KX User Text =
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EHT = 10.00 kV Signal A = SE2 Date:11 Dec 2022 ZEISS

WD = 40mm Mag= 10.00 KX User Text =

Fig(4.22) : SEM image of NiCl, doped with 1% Al,Oj3 thin film at 350°C .
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200 nm EHT = 10.00 kV Signal A = SE2 Date :11 Dec 2022 ZEISS
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Fig(4.24) : SEM image of NiCl, doped with 3% Al,O; thin film at 350°C .

4.3. Results of Optical Properties Measurements

The study of the optical properties provides important information
about the optical materials and their placement within the appropriate
practical application. The optical behavior is closely related to the
composition of the energy levels and the crystal structure of the material
prepared for pure (NiCly) films doping with aluminum oxide (Al,O5) with

different inoculation ratios. The optical properties were studied and

TA



Chapter Four Results, Discussion and Conclusions

discussed. For membranes prepared by thermal chemical spraying and
with different preparation conditions and thicknesses ranging, this part
includes the results of transmittance and absorbance measurements and
their relation to wavelength , absorption coefficient and its relationship to
the energy of the incident photon on the membrane, and the optical
energy gap was calculated, as well as the optical constants (absorption
coefficient, refractive index, and the true dielectric constant , and

imaginary) and its relation to photon energy.
4.3.1. Absorption Spectrum

Many optical constants can be found by studying the absorbance
spectrum for wide ranges of wavelengths. Figure (4.25) represents the
change of the absorbance spectrum as a function of wavelength , pure
(NICly) film and doped with aluminum oxide (Al,O3) with doping ratios
(1,2,3)%.

0.6
— pure
—— NiCl,:ALO, 1%
0.4 | —— NiCl,:AlLO, 2%
NiCl,:AL,O, 3%

0.2 -

Absorbance (A)

O 1 T T T T T T T T
290 390 490 590 690 790 890 990 1090
A (nm)

Fig (4.25): The effect of doping on absorption spectrum .

As noticed that the absorbance spectrum of the prepared pure (NiCl,) thin
films it is located within the visible region and its absorption was very
low and noticed that the absorbance increases with the increase in the
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doping ratios because the particle size increases, also due to the decrease
in the optical energy gap to form levels of aluminum oxide (Al,O5)

impurities within the energy gap, this result agree with refer [103].

Noticed that the films absorption less with the increase annealing 350 °C
due to the increase in the permeability and porosity of the films, as shown

in the figure (4.26) below, this result is consistent with the refer
[101, 102].
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290 390 490 590 690 790 890 990 1090
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Fig (4.26) : The effect of annealing 350 °C on absorption spectrum .

4.3.2. Transmittance Spectrum

The transmittance spectrum was measured for pure (NiCl,) films
doped with (Al,O3;) and with doping ratios (1,2,3%) under different
preparation conditions as a function of the incident photon wavelength
within the range (290-1100 nm). We noticed that the permeability
decreases by increasing the added inoculation rates, and it has a
permeability less than the permeability of pure (NiCl,) films, as shown in

figure (4.27), and the reason for this may be attributed to the formation of
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levels of (Al,O3) impurities within the energy gap that leads to an

increase in reflectivity and thus a decrease in permeability .

1
—~ 0.8
-
(b
=
< 0.6 -
E
=
e
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NiCl,:Al,05 3%
0 T T T T T T T T
290 390 490 590 690 790 890 990 1090
A (nm)

Fig (4.27) : The effect of doping on transmittance spectrum .
Noticed from figure (4.28) that the transmittance of the pure and doped
thin films increases with the increase in temperature (annealing), because

the porosity of the membrane increases with this increase.
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Fig (4.28) : The effect of annealing 350°C on transmittance spectrum .
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4.3.3. Absorption Coefficient (o)

The absorption coefficient (a) is defined as the ratio of the decrease
in the radiation energy flux relative to the unit distance in the direction of
wave propagation inside the medium, and depends on the energy of the
incident photons, the wavelength, the nature of the thin film surface, the
energy gap of the semiconductor, and the type of electronic transitions
that occur between the energy bundles [103]. The absorption coefficient
was calculated from equation (2-11) as a function of the photon energy
change , and it was found that the absorption coefficient (cm™) (o > 10%),
and this indicates a high probability of direct electronic transitions, and
that the high energies at which these values were calculated are the
energies of a direct energy gap. The absorption coefficient is low at low
photon energies, in which the probability of electronic transitions is few
and the values of the absorption coefficient increase at the edge of
absorption towards higher energies. The following figures show the effect
of temperature and vaccination on the values of the absorption

coefficient.

When inoculating the thin film with aluminum oxide (Al,O3), the
absorption coefficient behaves like absorbance, as it increases with
increasing inoculation rates to be levels of impurities added within the
energy gap, as shown in figure (4.29), this result is consistent with the
research [104].
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Fig (4.29) : The effect of doping on absorption coefficient .
Noticed from the figure (4.30) below that an increase in temperature
(annealing 350 °C) leads to a clear decrease in the absorption coefficient
of the pure (NiCl,) and doped films , and this is due to the increase in
crystallization of the material, which in turn reduces crystalline defects.

This result is consistent with the refer[98] .

10

9 1 — pure
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o
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2 .
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Fig (4.30) : The effect of annealing 350 °C on absorption coefficient .

4.3.4. Energy Gap

(NiCl,) semiconductor films with a wide direct energy gap of

about (3.8 eV), the value of the optical energy gap for the direct
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transitions allowed is calculated through equation (2-14) and the
absorption coefficient (o) is associated with the energy of the incident
photon through the relation the same, therefore, the relation is drawn
between (avh)? and photon energy (vh), then we extend part of the
straight line from the curve to cut the photon energy axis at (0 = (vha)? so

we get the value of the energy gap for the allowed direct transitions.

Figure (4.31) shows the energy gap value of the pure (NiCl,) thin film
doped with different degrees (1,2 , 3)% of aluminum oxide (Al,O5) before
the annealing process. The decrease in the values of the energy gap leads

to the formation of levels of aluminum oxide impurities (Al,O3) within

the energy gap, and the width of these levels increases with the increase

in the inoculation ratios, this result is consistent with the refer [100].

120 Direct E,
100 || ——PUTe
N || == NiCl,:Al,05 1%
‘S go || — NiCl:ALO; 2%
L NiCl,:Al,O; 3%
@ 60 -
2 40 |
2
20
0 n T T T T T
1.2 16 2 24 28 32 36 4
ho (eV)

Fig (4.31) : The effect of doping on energy gap .
Noticed from figures (4.32), that the increase in the degree of annealing
increases the values of the direct energy gap, and that the reason for this
increase in the energy gap is attributed to the improvement of the
structural properties of the films , this was confirmed by X-ray
examinations and SEM and AFM examinations, this result is consistent
with the refer [106].
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Fig (4.32) : The effect of annealing 350 °C on energy gap .

Table (4.11): Effect of doping on energy gap .

I Thin Film Energy Gap (eV)

NiCl, pure 3.8

N|C|2 A|203 ( 1%)
T — ——

Table (4.12): Effect of annealing 350 °C on energy gap .

I Annealing 350 °C Energy Gap (eV)
e
[ v

S
&

4.3.5. Extinction Coefficient (k)

The extinction coefficient represents the amount of energy absorbed
in the thin film represents the imaginary part of the complex refractive
index. The passivity coefficient was calculated from the relation (2-16)
and the passivity coefficient is associated with the absorption coefficient

as shown in the previous relation. The figure (4.33) it shows the change
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of the extinction coefficient of (NiCl,) pure film and doped with (Al,O3),
where when the inoculation percentage is increased, the extinction

coefficient increases, this result is consistent with the refer [100].
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Fig (4.33) : The effect of doping on extinction coefficient .
As for the annealing 350 °C process, it leads to a decrease in the

extinction coefficient, which decreases with the increase in temperature,

this result is consistent with the refer [105], as shown in the figures .
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Fig (4.34) : The effect of annealing 350 °C on extinction coefficient .
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4.3.6. Refractive Index (n)

We not the values of the refractive index (n) increase with the
increase in the doping ratio, the reason bhand is due to the fact that the
doping process led to the addition of impurity atoms within the crystalline
structure of (NiCl,) films .This leads to the addition of new levels based
on reflecting the X- rays in more quantity, which increases the intensity
the reflected rays. Thus, increasing the refractive index. The increase in
the refractive index is attributed to the increase in the compaction density
as a result of the improvement of the crystal structure of the films

prepared after doping with aluminum oxide [107].
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—— NiCl,:Al,0, 1%
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290 390 490 590 690 790 890 990 1090

A (nm)

Fig (4.35) : The effect of doping on refractive index .

Noticed that an increase in the annealing 350 °C leads to a decrease in
the refractive index, and this is due to a decrease in the reflectivity values,

as shown in the following figure (4.36)
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Fig (4.36) : The effect of annealing 350 °C on refractive index .

4.3.7. Dielectric Constant

The interaction between light and the charges of the medium is due
to the process of energy absorption in the material and then the
polarization of the charges of that medium. This polarization is usually

described by the complex dielectric constant of that medium.

Figure (4-37) shows the values of the real part of the dielectric constant
increase with the increase in doping percentages with (Al,Os) (1,2,3)% similar
to the behavior of the refractive index.The reason for this is the high density
generated by the dipoles resulting from the increase in the doping ratio, which
increases the values of the dipoles optical polarization and refractive index, this

result is consistent with the refer [108].

YA



Chapter Four Results, Discussion and Conclusions

"k
— pure
6 - ——NiCl,:Al,0,1%
——NiCl,:Al,0, %
5 NiCl,:Al,0, 3%

Real part of dielectric constant (€,)

290 390 490 590 690 790 890 990 1090
A (nm)

Fig (4.37): The effect of doping on the real part of the dielectric constant .

Also, when the temperature increases, we noticed that the value of the
real dielectric constant decreases, as it is similar to the values of the

refractive index, as shown in the following figure (4.38).

— pure

— NiCl,:Al,0, 1%

— NiCl,:Al,0, 2%
NiCl,:AL0, 3%

Real part of dielectric constant (€,)

290 390 490 590 690 790 890 990 1090
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Fig (4.38) : The effect of annealing 350 °C on the real part of the dielectric constant.
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Also, the imaginary part of the dielectric constant increases with
increasing doping rates - and it is noticed from figure (4.39) .The reason
for that is back to the entry of atoms (Al,O,) in the crystalline structure of
the pure film material, which has created new levels within the vacuole
banned energy, which led to an increase in the polarization ratio of the
diodes and an increase in the energy absorbed from the radiation falling,
thus increasing the imaginary part of the dielectric constant.As it is
evident from the clear similarity of the figure(4.39) and the shape of the
extinction coefficient curves, the relation between the damping

coefficient, and this is consistent with the research [109].
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Fig (4.39): The effect of doping on the imaginary dielectric constant .

Also, when the temperature increases, we notice that the value of the
imaginary dielectric constant decreases, as it is similar to the values of the

extinction coefficient, as shown in the following figure (4.40).
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Fig (4.40): the effect of annealing 350 °C on the imaginary dielectric constant .

4.3.8. Reflectance

The reflectance is calculated by using equation (2-7), figure (4.41)
show the increase in the amount of reflectivity in general, by increasing
the doping ratios, the reason for this is that the optical absorption at
energies less than the energy gap is little, so the amount of reflectivity
increases, and when the energy of the photons reaches the value of the
energy gap, the amount of absorption optical will increase as a result of
the occurrence of direct electronic transitions, and thus the amount of
reflection decreases and then begins to increase .The rapid increase in the
amount of incident energy and the decrease in the amount of absorption
when exceeding the energy of the incident photons for the amount of

energy gap.
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Fig (4.41):The effect of doping on reflectance .

When the temperature is increased (annealing 350 °C), we notice a
decrease in the reflectivity curve with the increase in temperature, as
shown in the following figure (4.42).
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Fig (4.42) : The effect of annealing 350 °C on reflectance .
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4.4. The Electrical Properties of (NiCl,:Al,O3)Thin Films

The electrical properties of pure NiCl; thin films and doped with Al,O3

deposited on a glass substrate were studied .

4.4.1. 1-V Characteristics

It is important to study current-voltage properties NiCl, thin films
deposited on glass substrate, which involve |-V Characteristics , were
investigated with increasing doping Al,O3 . All the figures show that the
current values increase with the increase in the doping ratios , the
electrical conductivity increases with the increase in the doping ratios
(1,2,3)%, and this is consistent with the optical results, because in the
case of doping, the energy gap decreases, This is consistent with the

previous study in refer [45].
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Fig (4.43): 1-V Characteristics of NiCl; thin film (pure) current .
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Fig(4.44) : 1-V Characteristics of NiCl,:Al,O; thin film at 1% .
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Fig(4.45) : 1-V Characteristics of NiCl,:Al,Os thin film at 2% .
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Fig (4.46) : 1-V Characteristics of NiCl,:Al,O3 thin film at 3% .

Table(4.13): show the effect of doping on conductivity values .

| SamEIe Conductivity 6(Q.cm)™
I NiCl, (pure) 0.0102

I NiCl,:Al,O4 ;l%i 0.0447
I NiCl;:Al,O4 ;2%; 0.0988
I NiCl,:Al,O4 ;3%; 0.7980

In the case of annealing 350 °C , noticed the opposite as the electrical
conductivity decreases due to the increase in the energy gap, as shown in
the figures from (4.47) to (4.50) .
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Fig(4.47) : 1-V Characteristics of the pure thin film NiCl, at 350 °C .
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Fig(4.48) : 1-V Characteristics of thin film NiCl,:Al,O3 (1%) at 350 °C .
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Fig(4.49) : 1-V Characteristics of thin film NiCl,:Al,O3 (2%) at 350 °C .
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Fig(4.50): I-V Characteristics of thin film NiCl,:Al,O3 (3%) at 350 °C .

Table(4.14): show the effect of annealing on conductivity values .

| SamEIe Conductivity 6(Q.cm)*

I NiCl, (pure) 0.0078
I NiCl,:AlL,O4 Zl%i 0.0156

| NiCl,:Al,O, (2%) 0.0350
| NiCl,:AlLO; (3%) 0.4368
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4.5. Conclusions

This section shows the main conclusions that we have obtained in our

research. From overall measurements and observations, one can conclude

the following:

1.

It was concluded that the possibility of doping nickel chloride
(NiCl,) with aluminum oxide (Al,O3) using the thermal chemical
spraying technique .

XRD measurements of the NiCl, thin films show that the structures
were of the polycrystalline rhombic type. It can be concluded that
all films exhibit a high intensity (111) diffraction peak for the thin
films. Also, the average crystal size increases with the increase in
the doping ratio and the opposite occurs when the temperature is
increased.

The SEM and AFM images show that the RMS size, roughness and
grain increase with increasing doping ratios and decrease with
increasing substrate temperature.

It was noticed the absorbance of the films increased with
increasing the doping rates and decreased with annealing, and the
best absorption was at the doping percentage (3%) , and the best
transmittance at the doping ratio (3%) at 350 °C , as the
temperature increases the absorption coefficient decreases and
increases with the increase in doping, and the highest value of the
absorption coefficient was at the ratio (3%) .

It was noticed from the voltage-current characteristics curves that
the conductivity increases with increasing doping rates and
decreases with annealing . The best conductivity was at the doping

ratio 3%, where the energy gap was lowest at this ratio.

AN



Chapter Four Results, Discussion and Conclusions

4.6. Suggestions for Future Work

For future work it can be suggested the following:

1- Fabrication and characterization of a solar cell from multijunction
of NiCl,:Al,O3 as an upper layer .

2- Preparation of NiCl,:Al,O3 heterojunction on different substrate
such as Ge and study the optoelectronic properties for
heterojunction .

3- Effect of radiation by neutrons on the optical and structural of un
doped Al,O; thin films of different thickness and comparing the

result with result of the recent study .

AQ
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