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Naser hussein judran, Ajeet Kumar

Abstract Indium tin oxide (ITO) nanoparticles were
synthesized by co-precipitation method using ammonium
hydroxide as precipitator. The synthesized nanoparticles were
investigated by scanning electron microscopy, activation of
energy measurement and  X-ray diffractometry  (XRD)
techniques. THE XRD patterns of nanoparticles were also studied
by scherrer formula for calculation of crystallite size.
Nanoparticles with the excitation energy lower than their band
gaps. It was found that the ratios of temperature bands have
relation with conductivity of ITO nanoparticles. The band gap in
structure of ITO nanoparticles was described considering the
obtained results.

Key words:- Sn — doped In203 that would be used as an
electrical conductor.

. NTRODUCTION
1.1 Indium oxide (In203)

111 An Introduction to the oxide material

Indium oxide (In;Os) is a technologically important
transparent conducting oxide (TCO) material. Indium oxide
is an n-type semiconductor with wide energy band gap in the
range of 3.60-3.72. The structure of In.Os in its crystalline
form is body centered cubic (bcc) with a lattice constant of
about 10.11 A [1]. The increasing interest in the interaction of
light with electricity and electronically active materials made
the materials and techniques for producing semitransparent
electrically conducting films particularly attractive.
Transparent conductors have found major applications in a
number of electronic and optoelectronic devices including
resistors, transparent heating elements, antistatic and
electromagnetic shield coatings, transparent electrode for
solar cells, antireflection coatings, heat reflecting mirrors in
glass windows and many others [2-11]. Tin doped indium
oxide (indium tin oxide or ITO) is one of the most commonly
used transparent conducting oxides. At present and likely
well into the future this material offers best available
performance in terms of conductivity and transmittivity
combined with  excellent environmental stability,
reproducibility and good surface morphology. High optical
transparency in the visible region more than 80%, low
electrical resistivity less than 10 Qcm and high infrared
reflectivity make indium oxide (In,Os) a choice for many
potential applications in the upcoming nanoelectronic
building blocks.
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In,03 is an n-type semiconductor with a wide band gap of
about 3.6 eV that exhibits many size- and shape-dependent
properties, based on which many new applications have been
also explored. Indium oxide has C-type rare earth oxide
structure those crystallites in the ordered vacancy structure
with eight formula units. Among the 16 In atoms 1/4 of the In
atoms (Inl) occupy the centers of the trigonally distorted
octahedra (Wyckoff 8b position) and 3/4 of In atoms (In2)
occupy the centers of tetragonally distorted octahedra
(Wyckoff 24d position) that ensure a good packing ratio [12].
In addition, In,O3 has single free electron-like band of
s-character forming the bottom of the conduction band
hybridized with highly dispersed O 2s states. The valence
band edge arises from the O 2p states hybridized with In2 5d.
This intriguing band structure results in uniform distribution
of the charge that reduces the scattering to a minimum.
Moreover, the high electrical conductivity due to mobility
enhancement and Burstein—Moss shift can also be explained
on the basis of dispersion of these bands. These interesting
optical and electrical properties tailored to occur due to the
modified structural packing and band structure makes this
material suitable for many novel optoelectronic device
fabrications.

1.1.2 Optical properties of In,O3

Although partial transparency, with a reduction in
conductivity, can be obtained for very thin metallic films,
high transparency and simultaneously high conductivity
cannot be attained in intrinsic stoichiometric materials. The
only way this can be achieved is by creating electron
degeneracy in a wide band gap (Eg > 3eV or more for visible
radiation)  material by  controllably introducing
non-stoichiometry and/or appropriate dopants [13-18]. These
conditions can be conveniently met for In,O3 as well as a
number of other materials like Zinc oxide, Cadmium oxide
etc. In,Os shows interesting and technologically important
combination of properties viz. high luminous transmittance,
high IR reflectance, good electrical conductivity, excellent
substrate adherence and chemical inertness. 1n,O3 is a key
part of solar cells, window coatings, energy efficient
buildings, and flat panel displays. In solar cells, In,O3 can be
the transparent, conducting top layer that lets light into the
cell to shine the junction and lets electricity flow out.
Improving the In,O3 layer can help improve the solar cell
efficiency. A transparent conducting oxide is a material with
high transparency in a derived part of the spectrum and high
electrical conductivity. Beyond these key properties of
transparent conducting oxides (TCQOs), In,O3 has a number of
other key characteristics. The structure of In,O3 can be
amorphous, crystalline, or mixed, depending on the
deposition temperature and atmosphere. The electro-optical
properties are a function of the crystallinity of the material. In
general,
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In,O3 deposited at room temperature is amorphous, and
In,O3 deposited at higher temperatures is crystalline.
Depositing at high temperatures is more expensive than at
room temperature, and this method may not be compatible
with the underlying devices.

Among other effects, doping TCO films can induce a shift in
the band gap. In heavily doped n-type semiconductors, the
shift is due to the competitive effects of the Burstein—-Moss
(BM) band filling and the fundamental band gap narrowing
(BGN). Narrowing of the fundamental gap is the result of
many-body effects and is also known as band gap
renormalization. Good agreement between theory and
experiment for the band gap shift of heavily doped group 1V,
I11-V, and I1-VI semiconductors have been demonstrated
[19-27]. For pure In,O3 films, the band gap shift has been
extensively studied using the Burstein—-Moss (BM) theory
while accounting for the many-body effects. However, for
heavily doped In,0s;, there has not yet been a systematic
report on the dopant-induced band gap shift which also
accounts for the nonparabolicity of the conduction band.
Various investigations seem to leave out the nonparabolicity
or ignore the band gap renormalization. For a complete
understanding of the band gap shift in doped In,Os, an
effective theoretical model is needed which considers BGN
and a non parabolic BM shift simultaneously.

1.2 Research background on indium oxide as a
semiconductor material

1.2.1 In205 as a material in semiconductor industry

Rapid and significant advances have been taking place in the
field of semiconductor physics during the past few decades.
In the field of research and industry, semiconductors are the
subject of great interest because of their numerous practical
applications. Scientists are interested in developing those
materials, which maintain their required properties under
extreme environmental conditions [28-35]. One of the most
important fields of current interest in material science is the
fundamental aspects and applications of semiconducting
transparent thin films. Such materials are highly conducting
and exhibit high transparency in the visible region of the
electromagnetic spectrum. Because of this unique property,
transparent conducting oxides (TCOs) are finding wide range
of applications in research and industry. They are essential
part of technologies that require large area electrical contact
and optical access in the visible portion of the light spectrum.
A TCO is a wide band gap semiconductor that has relatively
high concentration of free electrons in the conduction band.
These arise either from defects in the material or from
extrinsic dopants, the impurity levels of which lie near the
conduction band edge. The high carrier concentration [36]
causes absorption of electromagnetic radiations in both
visible and IR portions of the spectrum. A TCO must
necessarily represent a compromise between electrical
conductivity and optical transmittance; a careful balance
between these properties is required. Reduction of the
resistivity involves either an increase in carrier concentration
or in the mobility. But increase in the former will lead to an
increase in the visible absorption while the increase in
mobility has no adverse effect on the optical properties. So
the search for new TCO materials must focus on achieving
materials with higher electron motilities. The above target
can be achieved by making material with longer electron
relaxation times or by identifying materials with lower
electron effective masses.
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Most of the useful oxide-based materials are n-type
conductors that ideally have a wide band gap (>3 eV), the
ability to be doped to degeneracy, and a conduction band
shape that ensures that the plasma absorption edge lies in the
infrared range [37]. The transparency of the TCO films in the
visible region is a result of the wide band gap of the material
and the n type conductivity is mainly due to the oxygen ion
vacancies that contribute to the excess electrons in the metal.
Numerous investigations have been made on the electrical
properties of transparent conducting oxide films to
understand the conduction phenomena involved [38-45].
Researchers have made a systematic study on the effect of
various parameters such as nature and temperature of the
substrate, film thickness, dopant and its concentration etc
[46-49] on the electrical properties of TCO films in order to
optimize the growth conditions. The high conductivity of the
TCO films results mainly from stoichiometric deviation. The
conduction electrons in these films are supplied from donor
sites associated with oxygen vacancies or excess metal ions
[50]. These donor sites can be easily created by chemical
reduction. Unintentional doping which happens mainly in the
case of film deposition by spray pyrolysis, intentional doping
and contamination by alkali ions from the glass substrate can
affect electrical conductivity. One of the major factors
governing the conductivity of TCO films is the carrier
mobility. The mobility of the carriers in the polycrystalline
film is dependent on the mechanism by which carriers are
scattered by lattice imperfections. The various scattering
mechanisms involved in semiconducting thin films are
acoustic deformation potential scattering, piezoelectric
scattering, optical phonon scattering, neutral impurity
scattering, ionized impurity scattering, electron-electron
scattering and grain boundary scattering [51-57]. In the case
of a polycrystalline film, the conduction mechanism is
dominated by the inherent inter-crystalline boundaries rather
than the intra-crystalline characteristics. These boundaries
generally contain fairly high densities of interface states
which trap free carriers by virtue of the inherent disorders and
the presence of trapped charges. The interface states results in
a space charge region in the grain boundaries. Due to this
space charge region, band bending occurs, resulting in
potential barriers to charge transport.

1. 2. 2 Transparent Conducting Oxide (TCO) materials
Transparent conducting oxides (TCOs) are electrical
conductive materials with a comparably low absorption of
light. They are usually prepared with thin film technologies
and used in opto-electrical devices such as solar cells,
displays, opto-electrical interfaces and circuitries. Glass
fibers are nearly lossless conductors of light, but electrical
insulators; silicon and compound semiconductors are
wavelength dependent optical resistors (generating mobile
electrons), but dopant dependent electrical conductors
[58-59]. Transparent conducting oxides are highly flexible
intermediate states with both these characteristics. Their
conductivity can be tuned from insulating via
semiconducting to conducting as well as their transparency
adjusted. As they can be produced as n-type and p-type
conductive, they open a wide range of power saving
opto-electrical circuitries and technological applications.
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TCOs on window glass improve the energy efficiency of the
window because free electrons reflect infrared radiation for
wavelengths longer than the plasma wavelength. In cold
climates, the plasma wavelength of about 2pm is desirable,
so that most of the solar spectrum is transmitted to heat inside
the building. Fluorine-doped tin oxide is the best material for
this since it combines a suitable plasma wavelength with
excellent durability and low cost. In hot climates, the plasma
wavelength, about 1 pum is desirable, so that the near-infrared
portion of incident sunlight can be reflected out of the
building [60-64]. Silver and titanium nitride is widely used
for this application. Transparent conducting oxide (TCO)
materials have been widely used in different areas due to their
high optical transparency, low resistivity and wide energy
band gap and hence there has been great deal of work on
investigating their preparation processes and optimizing their
properties. Various ternary and compound oxide materials
have been developed and obtained good opto-electronic
transport properties. But the preparation of doped ternary and
multi-component oxide layers with suitable composition and
understanding of the chemistry involved are rather difficult
when compared to undoped TCO materials. In general,
undoped binary oxide films are insulators in its
stoichiometric condition [65]. But the conductivity of pure
oxide layers can be improved to the level of doped layers by
suitably controlling the density of oxygen vacancies, each of
which donate two electrons to the conduction band. This
deficiency determines the conductivity of undoped oxide
layers. Moreover, the ultimate attainable properties are
material dependent. Among the various TCO materials
available, In20s is one of the potential candidates for solar
cell and sensor applications. It is an n-type semiconductor
that has high electrical conductivity. This material has an
optical energy band gap of 3.6 eV with good adherence to the
substrate surface and high chemical inertness.

1.3 Applications of In,0O3

1.3.1 Solar cell fabrication industry

The front surfaces of solar cells are covered by transparent
electrodes. Thermal stability and low cost are the primary
factors in this choice. The high work function of SnO2: F is
also helpful in making low-resistance electrical contact to the
p-type amorphous-silicon layer. Amorphous-silicon cells are
grown on flexible steel or plastic substrates; in this case, the
top TCO must be deposited at low temperature on thermally
sensitive cells. ITO or ZnO is chosen for this purpose because
both compounds can be deposited successfully at low
temperatures. Etchability is a very important consideration in
forming patterns in the TCO electrode. The easier etchability
of ITO has favored its use over tin oxide which is more
difficult to etch. The low deposition temperature of ITO is
also a factor for color displays in which the TCO is deposited
over thermally sensitive organic dyes. Low resistance is
another factor favoring ITO in very finely patterned displays,
since the ITO layer can be made very thin, thus the etched
topography remains fairly smooth. Freezers in supermarkets
pass electric current through TCOs on their display windows
in order to prevent moisture in the air from condensing on
them and obscuring the view. Low cost and durability are the
main factors that make tin oxide a favourable choice for the
application. ITO is used in modern cockpits because its lower
resistance permits defrosting larger window areas with
relatively low voltage (24 V). Some automobile windshields
use silver or silver copper alloy TCOs for electrical

Retrieval Number E7329068519/19©BEIESP
Journal Website: www.ijeat.org

1361 © Copyright: All rights reserved.

International Journal of Engineering and Advanced Technology (IJEAT)

ISSN: 2249-8958 (Online), Volume-8 Issue-5, June 2019

defrosting because the systems in automobiles require very
low resistance, combined with the legal requirement of a
minimum transmission of 70%. Tin oxide coatings are placed
on oven windows to improve their safety by lowering the
outside temperature of the glass to safe levels [66-69]. The tin
oxide coating also improves the energy efficiency of the
ovens. The main criteria for this choice of material are high
temperature stability, chemical and mechanical durability,
and low cost.

1.3.2 Indium oxide as a suitable material for various gas
sensor applications Metal oxide semiconductor gas sensors
are the most promising devices among the solid state
chemical sensors because of their small dimensions, low
power consumption, high sensor response, low detection
limit, and high compatibility with microelectronic
processing. The gas sensing mechanism of oxide sensors is
mainly attributed to the oxidation/reduction redox properties
which are controlled by the surface. In case of bulk and thin
film oxides, changes in grain size, porosity, thickness, voids,
and stoichiometry affect the gas sensing properties. In case of
nanostructures, it is possible to control the crystallinity and
stoichiometry during the growth process which allows for the
manipulation of these crucial parameters that control the gas
sensing properties [70-74]. The morphology and size of the
oxide nanostructures has also been reported to play an
important role in determining the gas sensing properties. Any
change in surface chemistry may directly affect the gas
sensing properties of one-dimensional (1D) nanostructures.
Indium oxide has been suggested as a highly sensitive gas
sensor toward target gases and is selected as prototype metal
oxide for gas sensing applications. Gas sensors based on
Indium oxide thin films have been reported in the literature.
Jun Tamaki et al. [75] have report the chlorine sensing
properties of In,O3 thin films prepared by electron beam
evaporation technique. Wan-Young Chung et al. [76] have
grown Indium oxide thin films on silicon and Alumina
substrates and have discussed its CO, H, and CsHg sensing
properties. Low temperature indium oxide sensors have been
fabricated by R. Winter et al. through molecular beam
epitaxy technique and the films show significant response for
a number of gases including NHs; and NO; [77]. Indium oxide
films have also been tested for ozone gas by M.Suchea et al.
[78].

1.3.3 In,03 as a material for organic light emitting diode
(OLED) applications

Various kinds of transparent conducting oxide (TCO) thin
films such as zinc oxide, impurity-doped indium oxides and
tin oxides have been widely used as transparent conductors
for many opto-electronic applications [79]. Indium oxide
provides good electrical conductivity and high transparency
in the visible region hence it is the most commonly used
electrode material in flat panel displays. Moreover for
organic electronics such as organic light-emitting diodes
(OLEDs), organic solar cells and organic thin film
transistors, In,O3 is the best suited anode material as it
provides good energy-level matching for the efficient
injection of holes into the organic layers [80]. These OLEDs
have more brightness, high efficiency, a wide viewing angle,
and quick response time. Currently, organic devices are
fabricated on rigid substrates and then
encapsulated with glass lid.
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Alternatively, fabricating the devices on plastic substrates
increases the number of OLED applications. Transparent
conducting indium oxide thin films on flexible substrates
have many applications. They can be used in plastic liquid
crystal display devices, transparent electro-magnetic
shielding materials, flexible electro-optical devices, heat
reacting mirrors, etc. These flexible substrates may be paper,
thin aluminum foil or polymer (PET, PEN, MYLAR,
Transphan and polycarbonate.

Due to the poor thermal endurance of plastic substrates, In,O3
films are deposited at low temperature. Also, low
temperature deposition improves the electrical as well as
optical properties of In,Os, increases the efficiency of
devices. A few researchers have reported In,Oz film
deposited at low substrate temperature by different
techniques, especially by sputtering [81]. Fan reported a
resistivity as low as 5.5 x10* Q cm and the transmittance
over 80% for films deposited at substrate temperature below
1000°C by ion-beam sputtering [82]. Mansingh and Vasant
Kumar reported a resistivity of 1x10° Q cm for films
deposited on water-cooled Mylar by RF sputtering [83].

1.4 Opto-electronic applications

1.4.1 Photovoltaic applications of indium oxide
Dye-sensitized solar cells (DSSCs) have attracted much
attention as promising alternatives to conventional solar
energy conversion devices because of their low cost of
production and high energy conversion efficiency.
Transparent conductive oxide (TCO) layers, which collect
charge carriers from TiO and transfer them to the external
electric circuit, are one of the most important components of
a solar cell because low charge collecting efficiency of a
TCO layer may deteriorate the cell performance [84-89].
Therefore, TCO layers have been studied extensively to
understand the nature of the TiO2/TCO interface and to
improve the charge collecting efficiency.

Because of good electrical conductivity at room temperature
and high transparency in the visible range, indium oxide
films have been extensively used as transparent electrodes in
electronics and optoelectronics applications, including
heaters in windows, sensors, flat panel displays, and solar
cells. However, In,Os films are unfavorable for use in DSSCs
because the charge collection properties of films are
significantly destroyed after an annealing process in
conventional air; photo electrodes that consist of a TiO; film
and a TCO layer should be annealed in an oxidizing
atmosphere with a temperature over 300 °C to interconnect
the TiO2 nanoparticles, adhere the TiO film to the TCO
layer, and remove residual organics from the TiO;
nanoparticle layer.

The electrical conductivity originates from free carriers that
are generated by the following lattice defects:

(i) Sn**ion in an In®" site, and

(i) Vacancies in the regular oxygen lattice.

Justification: The deterioration in conductivity of In,O3
during annealing has been attributed to oxygen from the
atmosphere filling a portion of the oxygen vacancies in the
film. Therefore, there have been significant efforts to block
the penetration of oxygen into these films, for example, by
forming a fluorine-doped tin oxide (FTO)/ITO double layer,
a SnO2/ITO double layer, and a TiO/ antimony-doped tin
oxide (ATO)/ITO triple layer.
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A simple way to conserve the electrical conductivity of
indium oxide films is to anneal them in a reducing H;
atmosphere, thereby preventing annihilation of oxygen
vacancies. In the present study, deteriorated TiO2/ITO
electrode (by oxidation annealing process) was annealed in
an Hy atmosphere in order to generate the oxygen vacancy
again, that is, to recover the conductivity of the film.
However, the TiO; film could be also reduced by the H:
annealing which could decrease the performance of the
DSSC by generating defects in the film. The electrochemical
oxidation method to remove defects while conserving the
electrical conductivity of In,Os has been investigated by
many researchers so far [90].

1.4.2 Properties of In,Oz using polymer as a substrate
material

Recently, there has been increasing interest in depositing
In2O3 on polymer substrates for light-emitting diode (LED) ,
organic light-emitting devices (OLED), and liquid crystal
display (LCD) applications. Compared with the traditional
glass substrate, polymer substrates provide displays that are
lighter in weight and more resistant to impact damage,
making them suitable for portable devices. An LCD or OLED
built on flexible materials, such as metal and plastic, can be
made into any shape, making it ideal for a car dashboard or a
handy roll-up. Though the technical hurdles are significant,
flexible displays could lead to major gains in manufacturing
efficiency. Instead of relying on batch processes used for
LCDs, the displays could be made on roll-to-roll
continuous-processing equipment, much like the printers are
used to print newspapers.

1.4.3 Use of In,03 as an electro chromic material
Electrochromism, a reversible change in a material’s optical
properties (transmittance, absorbance and reflectance) under
an applied voltage [91], is a phenomenon which was
discovered many years ago. Since its discovery, considerable
progress has been achieved in the syntheses of
electrochromic (EC) materials, the fabrications of EC
devices, the improvements of EC properties and the
applications of EC materials that have been extended to smart
windows, displays, antiglare mirrors and active camouflages
[92]. Among them, smart windows represent an important
application because they can effectively save energy by
regulating solar heat gain, and provide indoor comfort by
reversible color changes. EC smart windows have become
more and more significant because the warming climate and
energy crisis require a marked and substantial energy-saving
to combat conventional energy source consumption.
Electrochromic devices are very interesting due to their
possible application in architecture for an efficient use of
energy in modern buildings where it is possible to control the
flow of light and heat passing through the building glazing.
ECDs can also be applied as glazing of vehicles, trains, and
aircrafts and also as rearview mirrors already used in
vehicles, as well as temperature control of frozen food.

EC devices have been discussed a long time, ever since the
display-type devices presented shortly after the discovery of
electrochromism in WO3; films [93]. Generally speaking, the
progress of technologies based on electrochromism has been
slow, which may be associated with the necessity of
simultaneously mastering a range of
non-conventional technologies
follows:
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The 1In,O3 material must combine excellent electrical
conductivity with very low optical absorption, which is
challenging especially for films on temperature sensitive
substrates such as polymers.

(if) The EC and counter electrode films must exhibit well
specified nano porosities over large areas, which require
non-standard coating technologies.

(iii) Viewing the EC device as a “thin film battery” makes is
evident that charge insertion/extraction and charge balancing
must be accomplished by properly controllable and
industrially viable techniques,

such as gas treatments.

(iv) The electrolyte must combine good ion conductivity with
adhesiveness and high transparency for ultraviolet
irradiation.

(v) Long-term cycling durability demands adequate strategies
for voltage and current control during
coloration/bleaching—just as it does for
charging/discharging of batteries.

All of these challenges can be successfully met, however, and
EC technology finally may emerge as suitable for large-area,
large-scale applications.

1. MATERIALS AND METHODS

3.1 INTRODUCTION

3.2 Variations in the oxygen partial pressure during the

synthesis process of In,Os; samples affect not only the
structure, but also the physical properties. Oxygen partial
pressure has been found to be a key parameter in order to
increase or decrease the density of oxygen vacancies. The
oxygen vacancies act as donors, which leads to an
increment in the carrier concentration. Variations in carrier
concentration have a major impact on most of the physical
properties of the materials [118]. Therefore, by altering the
oxygen partial pressure during the growth process, it is
possible to archive the desired structure, surface, interface,
and many other physical properties of the nanostructures.
Understanding the variations in the absorption and
refractive index of an un-doped system with oxygen partial
pressure is an essential step towards understanding the
behaviour of the MCD and rotation of that system, and
providing background knowledge for TM-doped systems.
This chapter investigates the behaviour of oxygen impurity
bands formed within the band gap energy of the host In,O3
in the absence of any effect originating from the TM 3d
impurity band and related transitions. This will help us to
predict and understand the impact of TM-doping and other
growth conditions on In,Os semiconductors. In addition,
this chapter introduces a study about the tin-doping
dependence of the optical and electrical properties of pure
In2Os. Tin doping affects the In,O3 thin films because Sn**
ions substitute In®* ions and release an electron. Therefore,
the carrier density increases with tin doping. Variations in
the carrier concentration have a major impact on most of
the physical properties. They can change the samples from
an isolator to a metallic material through the
semiconductor regime.

Indium oxide is an important transparent conducting oxide
material (TCO). It is an insulator in its stoichiometric form,
whereas in its non-stoichiometric form it behaves as a highly
conducting semiconductor with a wide direct bandgap (E
~3.6 eV).In recent decades, In,O3 has been widely applied in
fabricating photovoltaic cells, sensor modules and
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transparent electrode materials for both electro-chromic cells
and for liquid crystal display devices [119]. The current
works for In,O3 are mainly concentrated on the preparation
and studies of its doped films and powders [120-125].
Recently, significant interest has been focused on the field of
preparing low-dimensional nanostructured semiconducting
oxides for various applications. As well known, in
semiconductors, the low-dimensional nanostructures such as
quantum wires and quantum dots can improve drastically
optoelectronic device performance [126].

Polymers have long been used as insulating materials. For
example, metal cables are coated in plastic to insulate them.
However, there are at least four major classes of
semiconducting polymers that have been developed so far.
They include conjugated conducting polymers, charge
transfer polymers, ionically conducting polymers and
conductively filled polymers. The conductively filled
conducting polymers were first made in 1930 for the
prevention of corona discharge. The potential uses for
conductively filled polymers have since been multiplied due
to their ease of processing, good environmental stability and
wide range of electrical properties. Being a multi-phase
system in nature, however, their lack of homogeneity and
reproducibility has been an inherent weakness for
conductively filled polymers. Therefore, controlling the
quality of dispersion to obtain homogeneous conducting
polymer composites is critically important.

3.3 CRYSTAL AND SURFACE STRUCTURE

Figure 3.1 shows the local structure of In,Os. It has a total of
80 atoms per unit cell, not all of which are depicted. The
structure is body-centered cubic (Bixbyite) and has the space
group la/3. The lattice constant is a = 10.117 A. In the
bixbyite structure, indium atoms occupy two symmetrically
in equivalent sites denoted by their Wyckoff position. The
In-b-site is at the body diagonal of the two oxygen vacancies
in the upper right cube. For the In-b-site the coordination,

@ 0 (48¢)

Inl (846)

SHUN

In2 (24d)

Empty (16¢)

(b)

Fig. 3.1 Stick-and-ball representation of In2Os crystal
structures
In,O3-1 crystallizes in a cubic bixbyite-type structure _space
group No. 199 with 8 f.u. per unit cell, with those containing
three types of In and two types of O atoms occupying 8a, 12b,
12b, 24c, and 24c Wyckoff positions, respectively.
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In Fig. 3.1, the three types of In atoms are indicated by
different colors and all are surrounded by oxygen in trigonal
biprism coordination. The In,Os-11 phase also crystallizes in a
cubic bixbyite-type structure with space group No. 206 and 8
f.u. per unit cell. Distinct from In,Os-1, it has different atomic
arrangements and bond lengths, and consists of two types of
In _they are surrounded by oxygen in the octahedral and
trigonal prismatic coordinations alternatively, as shown in
Fig. 3.1_ and one type of O atoms located at Wyckoff
positions 8b, 24d, and 48e, respectively. It may be noted that
the polyhedra surrounding the two types of In atoms differ
from those of 1n,Os-1.
In,O3-111 is of corundum structure with 2 f.u. per unit cell
_space group No. 167_. It consists of one type of In
_surrounded by oxygen in trigonal biprism coordination _
and one type of O atoms occupying 12c and 18e.
3.4 ELECTRONIC BAND STRUCTURE OF INDIUM
OXIDE (In205)

For a better understanding of the electronic and optical
properties and chemical bonding of the polytypes of indium
oxide, the analysis of band structures can be quite helpful.
Band structures for In,Os-1, -11, and -1l calculated in this
work are presented in Fig. 3.2. Although we noted above that
In20s-1 is distorted In2Os-11, we still plotted band structure for
both In,0s-1 and -11 to demonstrate how lattice distortion can
drastically change the band structure. For example, a well
distinct band region is seen in the bottom of the CB of In,0s-1
Fig. 3.2a
compared with other two polymorphs. This distinct band
region is split from the rest of the CB, and it is located in the
energy range 0.009-2.391 eV above the topmost valence
band VB. This band region can be called as intermediate band
IB. Since IB is well dispersive, recombination of electrons
and holes through this band is not expected to be very high.
As this band region is completely empty, it can be useful for
photoemission of electrons from VB to the IB. The small
difference in total energy of In203-1 and -Il and large
difference in the band features at the CB minimum in these
two modifications indicate that one can drastically change the
optical properties by different preparatory conditions by
stabilization of different proportions of these two phases.
Despite the large difference in crystal structures, In,0s-1, -II,
and -Ill have some similar features. Particularly, the
bottommost CB of In,Os-1, -1, and -I11 is dispersive and is
located at the _ point, while the topmost VB is flat, which are
the important properties inherent to TCO materials. The VB
consists of three regions in all the three phases. The lowest
one is located below —15 eV from the topmost VB. The bands
at the intermediate energy region is located between —14 and
—10 eV. Both these band energy regions are very narrow,
while the topmost VB region is quite broad. The VB
maximum is located at _ point for In,Os-1 and —Il and at L
point for In,Os-111. Consequently, one can conclude that the
In,Os-111 is an indirect band gap material, while In,Os-1 and
-11 are direct band gap materials.
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Fig. 3.2 Electronic Band structure for (a) unrelaxed
In203-1, (b) IN203-11, and (c) In203-111 near the VB
maximum and CB minimum. The Fermi level is set to
zero.

3.5 PHYSICAL PROPERTIES OF In;03

3.4.1 Optical properties
In,O3 is generally transparent to visible light but strongly
absorbs ultra violet light below 3655 A [127]. The absorption
is typically stronger than other white pigments. In the region
of visible wavelengths, regular indium oxide appears pale
yellow, but, rutile and anatase titanium dioxide have a higher
reactive index and thus has a superior opacity. The band gap
energy (between valence and conducting bands) is 3.2 eV,
this corresponds to the energy of 3655 A photons. Under ultra
violet light indium oxide is photoconductive. The
combination of optical and semiconductor properties make
doped indium oxide a conductor for new generations of
devices. Solar cells require a transparent conductive coating,
tin oxide and indium oxide (doped) are the best
materials.Intrinsic optical properties of In2O3 nanostructures
are being intensively studied for implementing photonic
devices. Photoluminescence (PL) spectra of In.0s
nanostructures have been extensively reported. Excitonic
emissions have been observed from the photoluminescence
spectra of In,O3 nanorods. It is shown that quantum size
confinement can significantly enhance the excitons binding
energy [128].
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Strong emission peak at 380 nm due to band-to-band
transition andgreen-yellow emission band related to oxygen
vacancy are observed. PL spectra show that In,O3 nanowire is
a promising material for UV emission, while its UV lasing
property is of more significance and interest. Due to its
near-cylindrical geometry and large refractive index (~2.0),
In,O3 nanowire/nanorod is a natural candidate for optical
waveguide. The additional advantages of In,Os; nanowire
lasers are that the excitonic recombination lowers the
threshold of lasing, and quantum confinement vyields a
substantial density of states at the band edges and enhances
radiative efficiency [129-135]. Optical waveguiding using
dielectric nanowire also achieved considerable progress.
Recently, In,Oz nanowires were reported as sub-wavelength
optical waveguide. Optically pumped light emission was
guided by In,O3 nanowire and coupled into SnO;
nanoribbons. These findings show that In,O3 nanostructures
can be potential building blocks for integrated optoelectronic
circuit [136].

3.4.2  Chemical properties

Conductometric metal oxide semiconductor thin films are the
most promising devices amongsolid state chemical sensors,
due to their small dimension, low cost, low power
consumption, on-line operation and high compatibility with
microelectronic  processing. The fundamentalsensing
mechanism of metal oxide based gas sensors relies on a
change in electricalconductivity due to the process of
interaction between the surface complexes such as O~, 02,
H* and OH" reactive chemical species and the gas molecules
to be detected [137]. Many parameters are influencing the gas
sensing properties such as; intrinsic surface states and
extrinsic surface states. Intrinsic Surface States According to
the intrinsic surface state trapping model of a temperature
increase in argon atmosphere leads to a thermal excitation of
valence electrons [138]. This brings them into the conduction
band where they act as free charge carriers and thereby
increase the electrical conductivity. The electrons in the
conduction band are also thermally excited andsome may
acquire enough additional energy to overcome the potential
barrier at the surfaceand be trapped in unoccupied surface
states. There are more electrons being trapped in a surface
state than there are electrons leaving occupied surface states.
Therefore the potential barrier is building up until a new
thermodynamic equilibrium is established. If the sensor
undergoes a quick decrease in temperature the above
mentioned processis reversed. Conductance electrons will
return to the valence band and occupied surfacestates will
release their electrons back into the conduction band. There
will be more electronsevacuating an occupied surface state
than electrons being trapped into an unoccupied state.
Because of this the potential barrier is lowered again to a new
equilibrium [139]. The effect of a change in temperature
effects the thermal excitation of an electron intoa different
energy band much more quickly than the process of trapping
electrons into over releasing them from surface states.
Although the surface states indicate bands of energy levels it
is more convenient to handle them as a single energy level E..
To evaluate the rates for electron transfer between
surfacestate E; and conductance band E. we assume that the
rate of electron transfer is of first order.This means that (a)
the rate of electron trapping is proportional to the density of
unoccupied surface statesand the density of electrons in the
conduction band at the surface and, (b) the rate of electron
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release to the conduction band is proportional to the density
of occupied surface states [140].

Extrinsic Surface States Although oxygen is an oxidizing gas
and could therefore be incorporated in the below section
dedicated to this type of gases, it was decided to provide a full
section for the discussion of O% driven surface reactions. The
reason for this is that oxygen, as the dominant
non-inertcomponent of air, is the reaction determining gas for
measurements intended to model the influence of gases on
tested gas sensors in a real-life application. At temperatures
between 100-600°C oxygen molecules in the atmosphere
interact with the In,O3 surface. At first O, is adsorbed to the
surface of the metal oxide through physisorption, without
influencing its electric properties [141]. With the following
chemisorptions and ionization the oxygen gets possibly
dissociated and bound to the surface through an unoccupied
chemisorption site for oxygen in molecular (O2 ) and atomic
(O, O7) form, while extracting electrons from the
semiconductor to ionize the chemisorbed oxygen. These
electrons are free conduction electrons, stemming from
ionized donors, which get trapped in a surface state (i.e., the
chemisorbed oxygen species) and there by cannot anymore
contribute to the conduction of the sensor [142-149].

3.5 Electrical properties

The values of electrical parameters of In.Os thin films depend
on the dopant concentration, deposition conditions and
post-deposition process. The decrease in mobility with
increase of dopant level is due to enhancement of scattering
mechanisms such as ionized impurity scattering. The
substrate temperature is found to significantly affect the
electrical properties [150]. The resistivity initially decreases
as the substrate temperature increases. This type of
dependence of resistivity on substrate temperature may be
due to the fact that crystallinity of the films improves with
increase in substrate temperature, thereby increasing
conductivity. At higher substrate temperatures the resistivity
increases again. This increase in resistivity may be due to the
oxidation of tin doped indium oxide films.The high
conductivity of the In,Os films has been attributed to both
substitutional tin and oxygen vacancies, created either during
film growth or post-deposition annealing [151]. Increasing
the oxygen partial pressure above a value which yields a near
stoichiometric film composition would thus result in an
accumulation of excess oxygen, mainly at the grain
boundaries acting as trapping centers for free carriers
[152-157]. This means that the barrier scattering becomes the
dominant process since the barrier height increases strongly.
At the same time the density of free carriers is reduced as they
are partly localized at the trapping sites [158-163]. This
results in a decrease in the carrier mobility, and therefore a
corresponding fall in the film conductivity is observed.
Buchanan et al [164] have also suggested that the decrease in
the conductivity in increased oxygen partial pressure is
primarily due to a reduction in the carrier concentration
caused by the occupation of oxygen vacancies rather than due
to tin doping.The conductivity of In,Os films can be
improved by increasing the electron mobility or carrier
density. There is a tradeoff between these two parameters.
Very high carrier density causes strong optical absorption
due to the plasma excitation of the carriers in
the visible range [165].
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Investigations on the Kkinetics of the crystallization of
amorphous ITO and its relationship to the electrical behavior
of the material during and after low temperature annealing
showed that the resistivity of the material changes via two
separate thermally activated processes that occur with
different time constants but similar activation energies [166].
Upon heating, the as-deposited amorphous material begins to
order locally via a process that obeys first order reaction rate
kinetics. This change is associated with the relaxation of
distorted bonds in the as-deposited amorphous material. One
consequence of the local ordering that occurs during this
relaxation process appears to be an increase in the ionized
vacancy concentration and, consequently, the carrier density.
The second stage of the transformation is crystallization via
nucleation and growth with an Avrami-Johnson—-Mehl
growth mode parameter of 3—4, which is characteristic of
two- to three-dimensional growth. This is consistent with the
block-like microstructure observed by cross-sectional TEM
in fully crystallized indium oxide. A more complete
understanding of these processes may facilitate the
development of conditions for the deposition of low
resistance, high optical transmissivity indium oxide using
low kinetic energy processes and low substrate temperatures.
3.6 Potential applications of In,O3

Due to their many appealing properties, In,Oz nanomaterials
have been widely used in electronics [167], catalysts [168],
coatings [169], and gas sensors [170] and so on, and have
been a research focus for decades [171]. Amongst these
applications, In,0O; nanoparticle based gas sensors for
explosive and toxic gases are attracting more and more
concern ever since the first appearance [172], due to cost
effectiveness and real-time detection. Generally, much
research efforts are put to use In,O3z nanoparticles with small
sizes, which are broadly though to have high sensing
sensitivity because of their large surface/volume ratio. It is
also very useful in the area of energy storing materials such
as; lithium ion batteries [173-180].

3.7 Fundamental methods for synthesizing nanomaterials
3.7.1 Hydrothermal/solvothermal self-assembly reaction
Hydrothermal/solvothermal reaction offers a chemical route
to prepare well-defined oxide nanostructures [162-164]. The
Teflon lined autoclave provides a high pressure for the
accelerated chemical reaction at relatively low temperature
(100-250 °C), which make it possible to prepare highly
crystalline oxide nanostructures.

3.7.2  Spray pyrolysis

Spray pyrolysis is a synthetic route to prepare spherical oxide
particles by the pyrolysis of small droplets containing cations
at high temperature. Nozzle and ultrasonic transduction are
used to produce aerosols in the order of several micrometers.
If the solvent evaporates rapidly or the solubility of the
source materials is low, local precipitation occurs near the
droplet surface, which leads to the formation of hollow
spheres [165-168]. In order to prepare hollow spheres by
spray pyrolysis, droplets with a short retention time at high
temperature are desirable to attain the high super saturation at
the droplet surface prior to the evaporation of the entire
solvent. Usually, no templates are necessary to produce
hollow structures in spray pyrolysis.

We are using the following method;

Co-Precipitation Method: The nanocrystalline powder of
Sn-doped In O3 was prepared by controlled co-precipitation
technology. A diluted ammonia hydroxide solution was used
to hydrolyze the metal salt precursors at a certain solution pH
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value. The metal salts of SnCls-5H,0 and InCls-4H,0 were
dissolved in distilled water at a total metal cation
concentration (Sn** + In%*) varying from 0.01M to 0.2 M.
Polyaniline polymer added to the above solution, after that
ammonium hydroxide was added drop wise to the solution
until the final solution pH value of about 7.8. Following
precipitation, the slurry was aged for 24 h, and then draw
filtrated, washed three to four times with distilled water to
remove the chloride ions, dried at 100-120 °C and ground
into a powder which is the precursor. The precursors were
calcined in air at different temperatures of 400 °C for 4 h to
produce composite nanocrystalline powders with different
grain size. In this co-precipitation method, the precipitation
pH value was a critical preparation parameter. Intermediate
pH values of 8 ensured that both components would
precipitate  simultaneously to form  homogeneous
nanocomposites. If the pH value was raised above 9, the
precipitated Sn(OH), re-dissolved, and the optimal
precipitation pH value was thus about 7.8. Other processing
parameters, such as metal salt concentration, the In/Sn ratio,
aging time and calcination temperature, were also
investigated and determined to control the grain size and
crystallinity of the nanocomposites derived [169].

3.8 Characterization Techniques

3.9 3.8.1 X-ray diffraction technique

3.10 The formation of crystal phases in the synthesized
samples was investigated by performing the X-ray

diffraction measurements at room temperature. The XRD
measurements on powder samples were performed with the
XPERT-PRO (PW3050/60) equipped with Cu-Ka radiation
(L = 1.54060 A) operated at 30 kV and 30 mA [170-174].
Samples were scanned in the angle range of 10-80° with a
scanning rate of 0.1 (degree) / min. A digital photograph of
X-ray diffractometer is shown in Fig. 3.2.

Fié. 3.2: Digital photograph of X—rayaiffractometer
3.10.2 Ultra-Violet Visible spectrophotometer (UV-VIS.
spectrophotometer)

UV-Visible spectra of the prepared samples were recorded in
the range of 200-800 nm using Hitachi 330 UV-VIS
spectrometer for optical band gap calculations. The
instrument has an integrating sphere to analyze the powder
form of the samples in the range of 200-800 nm and a
specular reflectance accessory for studying the reflective
surfaces [175-178].
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A digital photograph of UV-Vis spectrometer is shown in
Fig. 3.3.

Fig. 3.3: Digital photograph of UV-Vis spectrometer.
3.11 Objective and scope of present work

Monitoring all aspects of the environment in real time has
been one of the key requirements of the last decades, and this
in turn led to a great effort in terms of research and funding
for the development of all kind of sensors. Chemical sensors
are in the research focus from several years due the
increasing concerns for pollution and its effects on health and
safety. Concerning metal oxides chemical sensors, it is well
known from six decades that their electrical conductivity
varies with the surrounding atmosphere. Several studies of
the sensing properties of semiconductor metal oxides in form
of thin or thick films and pellets have been reported in
literature. In,O3 is the promising materials for gas sensing
applications. The formaldehyde is a colorless,
pungent-smelling gas, and usually used as a regent for
adhesives such as urea-formaldehyde (UF) and
phenol-formaldehyde (PF) resins. It is considered as the most
serious indoor contamination at new house because those
regents with formaldehyde are widely applied in fabricating
furniture and decorating house. To date, the detection of
formaldehyde is taken on by the cataluminescence [179],
spectroscopy [180], chemiresistor and bio-sniffer, etc. These
detection devices need either the high temperature operation
or huge equipment, high cost. The detection of formaldehyde
gas based on the In,O3 gas sensor is a novel approach, which
can overcome those defects of detection technologies
developed.

1. RESULTS AND DISCUSSION

4.1 Structural and morphological characterizations

Fig. 4.1 represent the X-ray diffraction (XRD) spectra of
polymer embedded the undoped and Sn-doped In,O3
nanoparticles synthesized by co-precipitation method. All
peaks may be well matched with the cubic In,O3; (JCPDS
card no. 06-0416), indicating high purity and crystallinity. It
has been observed in the figure 4.1 that the samples are
polycrystalline in nature, possessing cubic structure. It is also
found that there is no impurity phase corresponding to Sn
[181-186].
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Fig. 4.1: X-ray diffraction patterns of the polymer
embedded undoped and Sn-doped In.03 nanoparticles.

The crystallite size D is calculated using the Scherrer formula
[187-190].
D=0.9\/Bcosb
4.2)
e=p/4tan0
(4.2)

where A is the wavelength of the incident X-ray (A = 1.5418
A), B is the full width at half maximum (FWHM), in radians,
of the maximum intensity peak, ¢ is the lattice strain and 0 is
the angle at which the maximum peak occurs. The calculated
crystallite sizes and strains are ~43, ~35, ~29 nm and 0.0085,
0.0097 and 0.0105 respectively. It is found that as Sn doping
increases, the peak intensity of the samples slightly increases.
This may be due to the creation of more crystallites
corresponding to that plane.

It is also shown in Figure 4.1 that the peaks shifted towards
lower Bragg’s angle side. This may be due different ionic
radii of In and Sn. It is well known that for incorporation of
any dopant, the ionic radii of the dopant and the host lattice
must not differ by more than 15%. In the present case, the
ionic radii of In3* and Sn** are 0.74 and 0.69 A, respectively,
and therefore substitution of Sn** ions in place of In®* ions is
possible in the In,O3 structure. It is observed that as Sn
doping concentration increases crystallite size decreases.
This is attributed to fact that density of nucleation center
increases [191-199].

Fig. 4.2 show the scanning electron microscopy (SEM)
images of the polymer embedded undoped and Sn-doped
In,03 nanoparticles. These SEM images show the flakes
shape in undoped sample and agglomerated Sn-doped In,O3
nanoparticles. The agglomeration of particles on the polymer
matrix may be due the different surface energy of the solvent
[200-205].
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Fig. 4.2 Show the SEM micrographs of the polymer
embedded undoped and Sn-doped In203z nanoparticles.

4.2 Optical studies

The optical band gap of polycrystalline polymer embedded
undoped and Sn-doped In203; nanoparticles were calculated
from the optical absorption study. The optical absorption is
related to the band gap of a semiconductor, which satisfies
the equation 4.3 [206-207].
a -
........................ 4.3)
where A is a constant, Eq is the optical band gap and hv is the
incident photon energy.

k(hv - Eq)Y2
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Fig. 4.3: Optical band gap calculation of the polymer
embedded undoped and Sn-doped 1n203 samples.

Plots of Ina vs. hv showing straight line fits indicate that the
In,O3 prepared in the present work are direct band gap
semiconductors.

The band gap can be estimated from the Tauc plot of (chv)?
versus hv (photon energy) by extrapolating the linear part of
the plot to the energy axis. Fig. 4.3 indicates the optical band
gap spectra of the wundoped and Sn-doped InyO3
nanoparticles. It is observed that Sn doping influences the
optical bad gap of the In,O3; samples. The estimated optical
band gap of the undoped and Sn-doped In,Oz samples are
3.60 eV, 3.64 eV and 3.90 eV. The Sn doping modified
optical band gap may be due to lattice strain or due to the
polymer effects [208-209].

The localized states (E,) in the energy band gap, commonly
called the Urbach tail has been estimated with help of linear
extrapolating Ina vs hv graph and found to be 0.510 eV, 0.653
eV and 0.807 eV for the undoped and Sn-doped In,Os
samples. It is observed that as crystallite size decreases band
gap increases, therefore localized energy states increases
[210].

3.2 Electrical studies

The variation of the resistance of the undoped and Sn-doped
In,O3 nanoparticles for operating temperature range
100-300°C have been measured. The behaviour of the
electrical conductivity and the activation energies have been
carried out.

3.2.1 Electrical conductivity studies

The variation of conductivity of the undoped and Sn-doped
In,O3 nanoparticles is shown in Fig. 4.4. Figure shows that
for all temperature range conductivity found be increases.
This is attributed due to the fact that thermal excitation of
electrons from the valance band to the conduction band.

The change in conductivity of the undoped and Sn-doped
In,O3 was measured in the temperature range 100-300°C, by
applying a dc. 10V bias across the pellets having silver
contact of both faces to maintain conductive samples. The
experimental data so obtained has been used to calculate the
activation energy using the formula [211]:
0=00eXP(-AEJ/KT) ..... (4.4)
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(4.4)

where AE, is the activation energy which corresponds to the
energy difference between the valance band and the
conduction band, o, is a temperature independent factor and k
is the Boltzmann’s constant and T is the absolute

temperature.
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Fig. 4.4: Shows electrical conductivity of polymer
embedded undoped and Sn-doped 1n203
nanopatrticles.
Fig. 4.5 represents the In ¢ vs. 1/T curves for undoped and
Sn-doped In203 nanoparticles synthesized by
co-precipitation method. It is seen that the conductivity
increases with temperature indicating, the semiconducting
behaviour of the samples and suggesting a thermally
activated conduction mechanism. From the slope of plots in
Fig. 4.5, the activation energy for undoped and Sn-doped
In,O3 nanoparticles are calculated. The activation energy of
the undoped and Sn-doped In,O3 nanoparticles is 0.02013
eV, 0.00473 eV and 0.0065 eV, respectively. The decrease in
activation energy with increase in Sn-doping concentration
can be understood from the less scattering between grains.
The growth of grains with dopant concentration leads to
reduction in grain boundary scattering thus increases the
samples conductivity [212-215].
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Fig. 4.5: Shows Arrhenius plot for the calculation of

activation energy of polymer embedded undoped and
Sn-doped In20s nanoparticles.
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V. CONCLUSIONS AND FUTURE SCOPE

THE WORKCONCLUSIONS

The following points are concluded from the whole project

work;

1. Nanotechnology is sometimes referred to as a general
purpose technology because in its advanced version it will
have significant impact on almost all industries and all
areas of society.

2. Nanotechnology has been subject to numerous discussions
and developments during last few decades, starting from
Richard Feynman’s speech in 1959, followed by the
introduction of the word ‘“Nanotechnology” in 1974 by
Norio Taniguchi.

3. The literature review on the In,O3 nanoparticles have been
discussed many scenarios which give the importance of the
human beings. Therefore, authors project work based on
energy storing materials.

4.The literature provides the importance and many
applications of In,Os. Therefore, authors have been
investigated the structural, optical and electric properties of
the undoped and Sn-doped In,O3 nanoparticles.

5. Conducting polymer and their composites have attracted
the attention of material researchers extensively, because
of their wide spread applications in organic light emitting
diodes (OLED).

6. In order to avoid such problems, all electronic equipments
must be shielded against electromagnetic aggressions.
Composites based on polymers, like
hexagonal-ferrite/polymer, metal/metal oxide polymer
composites, and single wall carbon nanotube—epoxy
composites.

7.Indium oxide (In,O3) is a technologically important
transparent conducting oxide (TCO) material. Indium
oxide is an n-type semiconductor with wide energy band
gap in the range of 3.60-3.72.

8.The structure of In,Os3 in its crystalline form is body
%fzntered cubic (bcc) with a lattice constant of about 10.11

9. High optical transparency in the visible region more than
80%, low electrical resistivity less than 10 Qcm and high
infrared reflectivity make indium oxide (In»Os) a choice
for many potential applications in the upcoming
nanoelectronic building blocks.

10.1n,03 shows interesting and technologically important
combination of properties viz. high luminous
transmittance, high IR reflectance, good electrical
conductivity, excellent substrate adherence and chemical
inertness.

11.Beyond these key properties of transparent conducting
oxides (TCOs), In,Os; has a number of other key
characteristics. The structure of In,Os can be amorphous,
crystalline, or mixed, depending on the deposition
temperature and atmosphere.

12.In general, In,O; deposited at room temperature is
amorphous, and In,O3 deposited at higher temperatures is
crystalline. Depositing at high temperatures is more
expensive than at room temperature, and this method may
not be compatible with the underlying devices.
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13.TCOs on window glass improve the energy efficiency of
the window because free electrons reflect infrared radiation
for wavelengths longer than the plasma wavelength. In
cold climates, the plasma wavelength of about 2um is
desirable, so that most of the solar spectrum is transmitted
to heat inside the building.

14.An XRD result confirms the body centered cubic (bcc)
structure of the undoped and Sn-doped In,O3 nanoparticles,
there is no other phase was found corresponding to Sn.

15.The crystallite sizes and strains for undoped and Sn-doped
In,03 nanoparticles have been found ~43 nm, ~35 nm ~29
nm 0.0085, 0.0097 and 0.0105 respectively.

16.SEM provides the morphological studies of the undoped
and Sn-doped In,03 nanoparticles which is in spherical in
shape and agglomerated nanoparticles.

17. Itis observed that Sn doping influences the optical bad gap
of the In,O3 samples. The estimated optical band gap of the
undoped and Sn-doped In,O3 samples are 3.60 eV, 3.64 eV
and 3.90 eV.

18.The localized states (E,) in the energy band gap, commonly
called the Urbach tail has been estimated with help of
linear extrapolating Ina vs hv graph and found to be 0.510
eV, 0.653 eV and 0.807 eV for the undoped and Sn-doped
In,O3 samples.

19.1t is seen that the conductivity increases with temperature
indicating, the semiconducting behaviour of the samples
and suggesting a thermally activated conduction
mechanism.

20.The activation energy of the undoped and Sn-doped In,O3
nanoparticles is 0.02013 eV, 0.00473 eV and 0.0065 eV,
respectively.

21.The decrease in activation energy with increase in
Sn-doping concentration can be understood from the less
scattering between grains.

22.At higher operating temperatures the thermal energy
obtained is high enough to overcome the potential barrier
and thus the electron concentration increases, which in turn
leads to an increase in charge holding capacity of the
polymer embedded undoped and Sn-doped In203 system.

23.The Sn-doping affects the energy storage and loss capacity
of the In,03 system. Therefore, we can say that Sn-doped
In,0; nanoparticles may be good material for energy
storing devices.

Future Scope the Work:

Future Impact of this work:

Taking account for the increasing issues on the future energy
materials. The present work has been carried out on this
issue. The impact of this work is to offer some understanding
of the microscopic effects of doping and correlate these
effects with the macroscopic properties of 1n,Os. This work
addresses fundamental issues of energy storing pertaining to
Sn-doping of In,O3 based devices and proposes solutions to
tackle these issues.
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