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ABSTRACT

Undoped indium oxide thin films have been deposited by sol-gel spin coating technique using
indium (III) nitrate hydrate, absolute ethanol and acetyl acetone as precursor solution, solvent and
stabilizer, respectively. The effects of the film thickness, pH solution and molar concentration
precursors (indium III acetate anhydrous and indium III chloride anhydrous as precursor and
acetyl acetone as solvent) on the structural, morphological, optical and electrical properties of
In2O;3 films have been studied. Doped indium oxide thin films have been deposited by sol-gel
spin coating technique using indium (III) chloride anhydrous, absolute acetyl acetone as
precursor solution and solvent, respectively. The effects of Sb doping and Ba doping on the
structural, morphological, optical and electrical properties of In2Os films have been studied. All
films have been characterized by multiple techniques such as X-ray diffraction (XRD),UV-
Visible spectroscopy, scanning electron microscope (SEM), and four probe method to investigate
the physical properties of indium oxide films. X-ray diffraction analysis showed that the films are
polycrystalline in nature having cubic crystal structure with preferred growth orientation along
(222) plane. The growth of the films changed the direction from [111] to [100]. SEM images
show that the films are homogenous, uniform and dense without any pin holes and cracks. The
transmittance of In203 films was high up to 90%and it is probably related to the good crystalline
quality of the films. The optical gap was found to vary between 2.95 and 3.23 eV. The electrical
measurements revealed the resistivity have values aboutl.5x10- 1.7x10%(Q.cm) which made
these films suitable for optoelectronic applications.

Keywords: Thin film, indium oxide, sol-gel, spin coating technique, doping, optical properties,

electrical properties.
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RESUME
Les couches minces d'oxyde d'indium ont été déposées par la technique de sol-gel spin
coating en utilisant du nitrate hydraté d'indium (III), I'éthanol absolu et I'acétylacétone comme
précurseur, solvant et stabilisant, respectivement. Les effets de I'épaisseur, concentration molaire
des précurseurs et pH de solution sur les propriétés structurelles, morphologiques, optiques et
electriques des films d’In203 ont été étudiés. Doper des couches minces d'oxyde d'indium ont été
déposées par la technique de sol-gel spin coating en utilisant du indium IIT chlorure et
l'acétylacétone comme précurseur et solvant, respectivement. Les effets d antimoine et barium
dopé les couches minces d'oxyde indium. Tous les films ont été caractérisés par de nombreuses
techniques telles que la diffraction desrayons X (DRX), la spectroscopie UV-Visible, le
microscope €lectronique a balayage (MEB), et la méthode de quatre points pour étudier les
propriétés physiques des films d'oxyde d'indium. L'analyse par diffraction des rayons X a montré
que les films sont de nature polycristalline et présentent une structure cristalline cubique avec une
orientation de croissance préférée selon le plan (222). La croissance changé la direction de [111]
a [100]. Les images de MEB montrent que les films sont des surfaces homogenes, uniformes et
denses, sans aucune de porosit¢ et fissures. La transmittance des couches d’In,O. était élevée
jusqu'a 90% et est probablement liée a la bonne qualité cristalline des films. Le gap optique
variait entre 2.95 et 3.23 eV. Les mesures électriques ont révélé que la résistivité des couches
préparées changées de 1.5 x10a 1.7x10%(Q.cm).ce qui rend ces films adaptés aux applications

optoé€lectroniques.

Mots-clés: couche mince, oxyde d’indium, sol-gel, technique de spin coating, dopage, propriétés

optique, propriétés électrique.
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A. Research background:

In the last few years, a human life is independent to semiconducting thin films which
play important role in all fields especially field of optoelectronic, microelectronic and
communication technologies [ 1]. Among them, the transparent conductive oxides (TCO)
such as SnO»2, CdO, Zn0O, In203, TiO: etc[2,3]have been extensively studied, because of
their unique physical and chemical properties and having large number of applications,
such as photovoltaic solar cells[4], sensordevices [5], light-emitting diode devices [6]
and flat panel displays[7]. Among these oxides,InoO3 1s an important one of the best
suited materials for many electronic applications due to its fascinating properties. It 1s an
n-type semiconductor with a wide band gap (E; ~3.65e¢V) [8], high optical transmittance
(in the visible region) and good electrical ¢ onductivity [9]. This 1s making it suitable to
use as photovoltaic devices, solar cell, transparent windows, liquid crystal displays, light
emitting diode (LED) and gas sensors[10,11].

There are a lot of researchers have studied the effect of several parameters on the
structural, optical and electrical properties of Indium(IIl) oxide (InoOs) in order to
improve their properties[12,13], using different method. As well known, the films
thickness 1s one of the most important fact, so this leading to investigating the effect this
fact on physical properties of our samples. By the way, several deposition techniques
have been widely used to produce In2Os thin films including RF magnetron sputtering
[ 14], chemical vapor deposition (CVD)[15], spray ultrasonic , thermal evaporation| 16],
spray pyrolysis [17], pulsed laser deposition (PLD)[18] and sol-gel method[19]. Among
these, sol-gel method 1s one of the most unpretentious techniques for InoOs thin films
preparation compared to others deposition methods, becauseof its significant advantages
such as simple, economical method, relatively cost-effective processing, and easy
precise control of material composition and permits to produce films with a good quality
120,21].In our present work, will be chose the sol-gel spin coating method to prepare
films of indium oxide on glass substrates .Then will be studied some of the structural,
optical and electrical properties of these films for use it in photovoltaic and

optoelectronics applications.

B. Research Aims
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The goal of this research is to attain optimization of optical, structural, morphological
and electrical properties of undoped and doped indium oxide thin films using sol gel
spin coating method, and that’s by changing a several parameters such as:

e Film thickness.

e pH precursor solution.

e Molar concentration of precursor.

e Antimony doped indium oxide films.

® Barium doped indium oxide films.
These parameters have been varied to make In203 thin films a proved for optoelectronic

and photovoltaic applications such as: solar cells, buffer layers and gas sensors..., etc.
C. Structure of the Thesis:

This thesis 1s divided of four chapters organized as follows:

It was starting with a broad introduction.

In the first chapter, we will provide a review of In2O3 thin films for last studies. Then we
will explain the different methods for deposit the indium oxide thin films, followed by
an explanation of structural, optical and electrical properties of films prepared at several
processes. At the end of the chapter, it will summarize the multiple applications of these
films 1n optoelectronic and photovoltaic fields.

The second chapter contains some steps of sol-gel spin coating. The different procedure
effects for deposit undoped and doped indium oxide thin films. In the present study, the
obtained films will characterize using X-ray diffractometer (XRD), scanning electron
microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX) techniques. The
electrical and optical properties of the films will study using a four probe set up and UV-
Visible spectrophotometer, respectively.

The third chapter included the detailed results, explanation and studies the structural,
electrical and optical properties of prepared undoped indium oxide thin films at the
variation of film thickness and pH solution.

The fourth chapter has an explanation the results of InoO3 films prepared at different
molar concentration precursors (indium chloride and indium acetate).

The fifth chapter has the detailed results and interpretation of Sb, Ba doped indium
oxide thin films.

Finally, there is a conclusion that includes a summary of the main findings, concluding

remarks, and recommendations for further research.
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Introduction:
In the few years later, the research and industry had interesting about the semiconductor materials

which have an interesting benefits for the difference applications. They are thinking to improve
those materials , which have many properties under extreme environmental conditions .One of
the most important semiconductor material is (TCOs ) transparent conducting oxides , which
have a wide band gap semiconductor , it's because the conduction band has a high concentration
of free electrons. These are caused by either material defects or exogenous dopants, whose
impurity levels are near the conduction band edge[22]. TCOs are an essential in technology
applications, it 1s represented a compromise between high transparency in the visible wavelength
and electrical conductivity (>10°Q'Cm). However , that have succeed with a wide band gap
oxide by using substitutional dopants [23] , the TCOs have a wide band gap (>3eV) at room
temperature in the undoped state that is doped to be degeneracy by increasing the free carrier
density enough to move the Fermi level into the conduction band [24]. Among them, In>O3 is one
of the most useful transparent conducting oxides (TCO) having high optical transmittance
(>80% ), large optical direct band gap 3.5 - 3.7eV [8] ,low electrical resistivity(1—- 2 x 10-4 ) cm)
, a cubic structure with lattice constant 1.0117 nm and dielectric constant of 8.9[25]. Moreover,
the researchers are interesting to use in various applications the In;O;3 thin films such as solar
cells[26], light emitting diode (LED) ,gas sensors and anti-reflecting coatings [27] . The major
goal of this study is to investigate the properties of InoO3 thin films based on previous research;
we have proposed a review of original research to nanostructure In2Os thin films using various

ways and methods.
1.1 The types of precursor (In203):
In>O3 solution can prepared by various precursor such as indium acetate , indium nitrate , indium

chloride and various solvents such as ethanol, water ,methanol ,propanol, acetylacetone ...etc in

some methods see tablel.l.
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Table 1.1: The different precursor of indium metals.

Molecule Molecular Molar Appearance Solubility in Purity

formula mass water

Indium InCls 221,177  white Very soluble 98+%

chloride g/mol powder,solid

Indium CeHolnOg 291.95 White Soluble . 99.99%

actate g/mol powder or :::iigeild Based on
Crystalline acetic acid. trace
Powder,sohd metal

analysis

Indium In(NO3)3 * 354.88 White to off- Insoluble 99.9%

nitrate 3H-.0 g/mol white trace
crystals, metal
powder, or basis
lumps

1.2Methods of In2Ozthin films deposition:

In,O3 thin films are deposited at three steps: reaction of atomic/molecular/ionic species, (11)
transport of these species through a medium, and (ii1) condensation of the species on substrates.
These steps have been created by various techniques such as: spin coating process , spray
pyrolysis, spin coating , atomic layer deposition (ALD) , electron beam evaporation (EBE),
electron beam irradiation ,pulsed laser deposition ,vacuum evaporation and sputtering (magnetron
sputtering and 1on beam sputtering).

1.2.1 Spin coating:

Spin coating is the most technique in sol-gel method used to deposit thin films; it investigated the
uniform and homogenous surface for photovoltaic and optoelectronics applications. However |,

spin coating of thin films is done by drops the precursor solution of In20s , this technique has

four steps to deposit thin films , deposition, spin up, spin off, and evaporation of solvent ,

as shown in Figure 1.1 [28] , this process can produce very fine , thin and uniform coating while
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it has a difficult with large area samples [29] . InoO3 thin films are deposited by the spin coating
process using a different way to produce the precursor solution for good, uniform and smoothing
films. The solution precursor was prepared from different ways; it can be summarized in some
points:

e Indium nitrate hydrate, In(NOs3)3;-xH2O, as precursor was dissolved into 2-
butoxyethanol , InoO3 thin films are deposited on alumina substrates (ceramic Al>O3 or
co-oriented a-Al;03) of 2.0cmx2.0cm [30].

¢ Indium acetate (Alpha-aeser,99.9% ) and urea (Alpha-aeser ,97% ) as the precursor was
dissolved in ethanol (99.9%) , which ethanol amine(>98%) was dropped till a clear
solution obtained [31].

e In(NOs) 4H,0 was dissolved in 96% ethanol with acetylacetone (hacac) [32].

Deposition Spin up
Ciii) ‘ ‘ (iv) i i
Spin off Evaporation

Figl.1: Stages of spin coating on substrate.

1.2.2 Spray pyrolysis :

The spray pyrolysis technique a low-cost, non-vacuum required, way to synthesize materials in
the form of powders and nano thin films [18, 19] , it 1s a technique based on precursor solution
which is formed the aerosol for deposit uniform and homogenous thin films. The generated
solution droplets (aerosol) are passing through several stages :(1) the solution (aerosol) is
evaporated to the heater substrate ,(2) drying the atomic cloud aerosol containing the precipitated

solute ,(3) the precipitate is annealed at high temperature ,(4) formation of In20Os thin films on






