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General Introduction

Depending on the excellent optical and electrical properties for metal oxide
semiconductor thin films and numerous studies have been conducted on them. The
unique class of materials that depends on the metal oxides is Transparent Conducting
Oxides (TCOs) which has both optical transparency and electrical conductivity .
Among the most used TCO materials, indium oxide (In,O3) is a versatile material
with various wide applications and technologically important TCO material of n-
type semiconductor [1]. It has a wide band gap with a direct band gap around 3.5 - 3.8
eV [2] and an indirect band gap of about 2.6 eV [3]. It is cubic with the lattice
constant of a = 10.117°A and space group ( a3 ) [4]. High electrical conductivity and
transparency to visible light is considerably used for photovoltaic devices, transparent
windows, liquid crystal displays (LCD), solar cell, light emitting diode (LED), gas

sensors and anti- reflecting coatings [5].

Most of undoped and doped In,O3 thin films are prepared by variety of physical
and chemical methods such as: spray pyrolysis [6], vacuum evaporation [7],
magnetron sputtering [8], dc- sputtering [9], sol gel [10], electron beam evaporation
[11], reactive thermal evaporation [12] and pulsed laser ablation [13]. Among these
deposition methods, spray pyrolysis is a preferred technique. It is versatile to fabricate
thin films , not expensive, commercially viable, easy and simple to manipulate and
applicable to large area. Moreover, the variety of the precursor solutions to prepare
the In,O3 thin films; the initial materials used are usually InCl; [14,15], sometimes
INNO3 [16,17] and rarely indium acetylacetonate (In-acac) [18].

The main aim of this work is to obtain undoped and doped indium oxide
films with suitable properties for optoelectronic application which can be used as
transparent conductive oxide (TCO) thin films to reduce the losses during
photovoltaic conversion ,through studying the effect of many parameters as it
followed by evolution of the structural, optical and electrical properties of 1n,03
films has been investigated.



The thesis is organized as following:

The first part embraces two chapters (I and I1): In Chapter I, we will present
general concepts on thin films, indium oxide and the different deposition techniques.
In Chapter 11 , we will present ultrasonic spray elaboration and characterization

techniques for indium oxide thin films .

The second part consists four chapters (111, IV ,V, VI ): In chapters 111 ,1V and
V we will present the results and discussion on the ultrasonically deposited undoped

indium oxide thin films with the effect of many parameters as following :

- Chapter Il : Influence growth rate (by changing the solution flow rate )
- Chapter IV : Influence of indium acetate (various molar concentration)

- Chapter V : Influence of substrates type.

But In chapter VI: we will present the results and discussion on the ultrasonically
deposited doped indium oxide thin films with various concentration of antimony
(Sb) and molybdenum (Mo) .

At last, We will end this manuscript with a general conclusion about the work
which has been done and we will give some perspectives on the continuity of the

research work.
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I.1 Introduction:
Technologies based on the exploitation of the specific properties of films, called

thin films, developed strongly at the end of the 20™ century and became one of the
most important paths. That's why we will focus on it in this chapter. We will present
simple definitions of thin films and their applications, then we will mention the main
properties of transparent conductive oxides (TCO) and in particular those of indium
oxide (In,O3), we will also note different depositions techniques which are used to

grow In,O3 films.

1.2 Thin films:
1.2.1 Definition of a thin film:

As a principle, the thin film of specific material is an element of this material
with reduced dimensions called thickness, it is expressed in Angstrom, and this small
distance between the two boundary surfaces (this quasi two- dimensional) cause a
disruption of the majority of the physical properties [1]. The essential difference
between the material in the massive state and the one in thin layers is that; in the
massive state the role of the limits in the properties is usually neglected, whereas in a
thin layer the effects are related to the predominant surface areas. It is quite obvious
that the thinner of the thickness, will be the more on this two-dimensional effect that
will be important. However, when the thickness will exceed a certain threshold; its
effect will become minimal and the material will recover the well-known properties of
the solid material [2]. The second essential characteristic of thin film is whatever the
procedure used for its manufacture, the thin film is always integral with a substrate.
Consequently, it will be imperative to take into account this major fact in the design,
namely that the support has a very strong influence on the structural properties of the
layer. Thus a thin layer of the same material, of the same thickness may have
substantially different physical properties depending on whether it will be deposited
on an amorphous insulating substrate such as glass, or a monocrystalline silicon

substrate, for example. Consequently, the thin film is anisotropic by construction [3].
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In practice, we can distinguish two main families of methods, where using of the

carrier gas to move the material to the substrate and which are similar to the diffusion

techniques used in the manufacture of active components, and those that involve in

the reduced pressure environment whereas the material deposited by an initial pulse

of thermal or mechanical nature [4].

1.2.2 Steps of the formation and the growth of thin film

» Synthesis or creation of the deposit species.

» Transport of these species to the substrate.

It is distinguished by three steps :

> Deposition on the substrate and growth of the layer.

The first two steps define the technique of depositions , the third involves the
phenomena of generation and growth of the layer [5]. In addition to the last stage after

the process of forming the thin layers called analysis which are illustrated this

deposition processes in the following Figure.l.1:

solid
liquid
steam

gas

Flux

empty
fluid

plasma

substrate
composition

properties

2

substrate condition

reactivity of the
source material

energy supply

Uniformity

N

Deposit

compositio

Figure.l.1 : Diagram of the steps of the thin film manufacturing process
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The formation of thin film is achieved by a combination of nucleation and

growth processes, described as follows [6]:

- The species, at the moment of the impact on the substrate, lose their displacement

velocity component which are physically absorbed on the surface of the substrate

- Initially, the species absorbed are not in thermal equilibrium with the substrate, and
therefore it moves on its surface. During these trips, they will interact with each other;

creating clusters that will grow.

- These clusters, which are called islands or nuclei, are thermodynamically unstable
and naturally tend to desorb. However, if the deposition parameters are such that the
islands collide with each other, it develops dimensionally. When they reach a certain
size, the Islets become thermodynamically stable. It is said that the nucleation
threshold has been crossed. This step, which discuss the formation of stable islands,

chemisorbed, and sufficient size, is called nucleation.

- The Islets continue to grow in number and size until a nucleation density, which
called saturation, is reached. The nucleation density and the average size of the Islets
depend on several parameters such as the energy of the incident species, their quantity
per unit of time and surface, the energies of activation, absorption, desorption, thermal
diffusion, the temperature, the topology and the chemical nature of the substrate. An
island can grow parallel to the surface of the substrate by superficial diffusion of the
absorbed or perpendicular spaces by direct impact of the incident species on the
islands. In general, the lateral growth rate is much greater than the perpendicular

growth rate.

-The next step in the process of forming the thin layer is called coalescence. The
islands begin to agglomerate with one another by reducing the surface of the uncoated
substrate. Coalescence can be accelerated by increasing the surface mobility of the
adsorbed species, for example by increasing the temperature of the substrate. During
this step, we can observe the formation of new islands on the surfaces liberated by the

older island approximation.

- Islets become islands that continue to grow, leaving only holes or channels of small

dimensions between them. The structure of the layer changes from the discontinuous
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type to the porous type. Gradually, a continuous layer will be formed when the holes

and channels fill up.
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Figure.l.2 Nucleation , coalescence and growth of thin films [7] : (A): the arrival of atoms
on a substrate, (B): the morphology of the substrate, (C) : the coalescence, (D): step after

coalescence, (E): growth .

1.2.3 Classification of the growth patterns :
According to the thermodynamic parameters of the deposition and the substrate

surface, the nucleation and island growth steps can be described as the following

types :
a) lIslands type (called Volmer-Weber)

In this growth mode (3D or multilayer), small clusters nucleate directly on the surface

of the substrate and grow in islets on it [5]. (figure 1.3.A)
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b) Layer type (called Frank-van der Merwe)

This mode of growth occurs when the adatome-substrate interaction is very strong

(2D or layer by layer), which induces the condensation of the species, then the
formation of a monolayer [8]. (Figure 1.3.B)

¢) Mixed type (called Stranski-Krastanov)

This mode of growth is an intermediate case between the two preceding types [8].
(Figure 1.3.C).
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Figure.l.3 : The three growth models of a thin layer [9].

A) Multilayer growth mode, or Volmer-Weber
B) Mode of growth layer by layer, or Franck-Van den Merwe ; C) Growth mode Stranski-

Krastanov
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1.2.4 Applications of thin layers:

Thin films are a technology of the future for many fields especially in micro and
nanoelectronics . Their advantages are among others, a cost of manufacture few and
deposit possibilities on different types of substrate (rigid, flexible ...) [10]. During
the twentieth century, more advanced applications have diversified in the following

areas [9]:

Microelectronics: these was developed in the 1960s ; thanks to the implementation
of thin conductive or insulating layers increasingly which can be found under
passivative layer types (electronic contact), PN junction, diode, transistor

piezoelectric material, LED lamp, superconductor,

Optics: while maintaining aesthetic applications, the optical applications of the
layers have made it possible to develop more efficient radiation sensors, such as anti-
reflection layers in solar cells, mirror tain, anti-reflection treatment of camera lenses ,
photodetection, flat panel displays, ophthalmic applications, optical guides (energy

controls - architecture, vehicles, energy conversion ...)

Mechanical: tribological coatings (dry lubrication, resistance to wear, erosion,

abrasion, diffusion barriers) ...

Chemistry: the main applications of surface coatings are oriented toward a better
resistance to corrosion by the creation of a waterproof film (resistance to corrosion),

gas sensor, catalytic coatings, protective layers.

Thermal: the use of a thermal barrier layer decreases the surface temperature of the
metal of the reactors fins. Thus, making it possible to improve the performance of the

reactors (increase of the internal temperature).
Biology: such as micro biological sensors, biochips, biocompatible materials ..

Micro and nanotechnologies: mechanical and chemical sensors, micro fluidics,

actuators, detectors, adaptive optics, nano photonics ...
Magnetic: such as information storage (computer memory), security devices sensors.

Decoration: such as watches, glasses, jewelery, home furnishings.
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1.3 Transparent Conductive Oxides (TCO):

Transparent and conductive oxides are promising materials. Since the discovery
at the beginning of the century of the double property of electrical conductivity and
transparency in the visible domain. Historically, the first coexistence of electrical
conductivity and optical tra