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                Introduction
CHAPTER I

INTRODUCTION

1.1 Thin Film 

The beginning of “Thin Film Science” can possibly be traced to the observations of Grove who noted that metal films were formed by sputtering of cathodes with high energy positive ions. Since then it has come a long way and today it is no longer a subject of some casual academic interest but has become a full fledged discipline. The phenomenal rise in thin film researches is no doubt, due to their extensive applications in the diverse fields of electronics, optics, space science, aircrafts, defence and other industries. These investigations have led to numerous inventions in the forms of active devices and passive components, piezo-electric devices, microminiaturisation of power supply, rectification and amplification, sensor elements, storage of solar energy and its conversion to other forms, magnetic memories, superconducting films, interference filters, reflecting and antireflection coatings and many others. The present developmental trend is towards newer types of devices, monolithic and hybrid circuits, field effect transistors (FET), metal oxide semiconductor transistors (MOST), sensors for different applications, switching devices, cryogenic applications high density memory systems for computers etc. Further, because of compactness, better performance and reliability coupled with the low cost of production and low package weight, thin film devices and components are preferred over their bulk counterparts. There has been a phenomenal increase in their applications which have outpaced the technology of production, development of newer types of materials and better processes for semi-conducting, dielectric and other films needed by various industries. Intensive investigations are going on not only in the field of basic thin film physics, but also in materials science, etc., to cope up the demand of industries. Film properties are also sensitive not only to their structures but also to many other parameters including their thickness especially in the thin film regions. Hence a stringent control of the latter is imperative for reproducible electronic, dielectric, optical and other properties. 


A thin film is defined as a layer of gaseous, liquid or solid state matter. Mathematically, thin film is defined as a layer homogeneous solid material coated on a surface substrate in two dimensions. X, Y, but restricted along Z direction. The dimension along z-direction is known as thickness, varying from few Å to 10µm.


The subdivision of thickness is categorized as,

1. Ultra thin ranging from 50-100 Å

2. Thin film ranging from 100-1000 Å

3. Comparatively thicker-greater than 1000 Å

Thin films of metals were probably prepared in a systematic manner by Michael Faraday, using electrochemical methods. In the earlier stages, scientific interest in thin solid films centered on antireflection coatings for lenses, multilayer interference filters, automobile headlights and decorative coatings. Application of thin film technology has revolutionized the field of optics and electronics. The need for new and improved optical and electronic devices has stimulated the study of thin solid films of elements, as well as binary and ternary systems, with controlled composition and specific properties, and has consequently accelerated efforts to develop different thin film deposition techniques. 


Thin films properties are strongly dependent on the method of deposition, the substrate materials, the substrate temperature, the rate of deposition and the background pressure. Specific applications in modern technology demand film properties such as high optical reflection/transmission, hardness, adhesion non-porosity, high mobility of charge carriers/insulating properties, chemical inertness towards corrosive environments and stability with respect to temperature, stoichiometry and orientation in single crystal films. The application and the properties of a given material determine the most suitable technique for the preparation of thin films of that material (Goswami A., 1996).

1.2 Pivotal role of TiO2 thin films

The thin films play a pivotal role in the development of microelectronics, optical coating and integrated optics, informatics, quantum engineering, super conductivity, space applications, biomedical sensors, strain gauges, radiation sources and detectors, magnetic memory devices, reflection and anti reflection coatings in solar cells. (Chopra K.L., 1973).

Thin films are used in most of the photovoltaic cells, gas sensors, heat reflecting filters (Coles G.S.V. et al, 1991), production of heat layers which protect vehicle wind screens from freezing and misting over (Frank G. et al, 1982), antistatic surface layers on temperature control coatings in orbiting satellites (Yashida H. et al, 1976), high sensitivity photo detectors (Jain.V.K. et al, (1981) and protective coatings to glass containers (Shivonen T.T. et al., 1960). Due to these facts increasing demands have stimulated in recent years, the production of transparent conductors in thin film form. TiO2 is one such transparent conducting thin film made from Titanium isopropoxide and tetraisopropoxide which finds its application in a number of electronic devices. TiO2 is one of the extensively studied transition metal oxide semiconductor. In the present scenario TiO2 has attracts more attention due to its remarkable physical and chemical properties.

1.2.1 Properties of TiO2
1. Titanium dioxide, also known as titanium(IV) oxide or titania, is the naturally occurring oxide of titanium, chemical formula Ti

 HYPERLINK "http://en.wikipedia.org/wiki/Oxygen" \o "Oxygen" O2.

2. In nature, titanium dioxide appears in three crytal modifications. Rutile, brookite and anatse or octahedrite.
3. The color is usually reddish brown. Sometimes yellowish, blusih, or black. It is transparent to opaque. Iron and vanadium are usually present in rutile.

4. Rutile is formed at high temperature, brookite at lower temperature and octahedrite at still lower temperatures.

5. Additionally TiO2 has two high pressure forms, a monoclinic baddeleyite-like form and an orthorhombic α-PbO2-like form, both found recently at the Ries crater in Bavaria. The most common form is rutile, which is also the most stable form

6. Physical and chemical properties

	Property
	

	Density
	4 gcm-3

	Porosity
	0%

	Modulus of Rupture
	140MPa

	Compressive Strength
	680MPa

	Poisson’s Ratio
	0.27

	Fracture Toughness
	3.2 Mpa.m-1/2

	Shear Modulus
	90GPa

	Modulus of Elasticity
	230GPa

	Microhardness (HV0.5)
	880

	Resistivity (25°C)
	1012 ohm.cm

	Resistivity (700°C)
	2.5x104 ohm.cm

	Dielectric Constant (1MHz)
	85

	Dissipation factor (1MHz)
	5x10-4

	Dielectric strength
	4 kVmm-1

	Thermal expansion (RT-1000°C)
	9 x 10-6

	Thermal Conductivity (25°C)
	11.7 WmK-1


7. Optical properties

	Phase
	Refractive
Index
	Density
(g.cm-3)
	Crystal
Structure

	Anatase
	2.49
	3.84
	Tetragonal

	Rutile
	2.903
	4.26
	Tetragonal



(http://www.azom.com/Datails.asp?ArticleID=1179).

1.2.2 Applications of TiO2

           Applications for sintered titania are limited by its relatively poor mechanical properties. It does however find a number of electrical uses in sensors and electrocatalysis. By far its most widely used application is as a pigment, where it is used in powder form, exploiting its optical properties.

Pigments

The most important function of titanium dioxide however is in powder form as a pigment for providing whiteness and opacity to such products such as paints and coatings (including glazes and enamels), plastics, paper, inks, fibres and food and cosmetics.

          Titanium dioxide is by far the most widely used white pigment. Titania is very white and has a very high refractive index – surpassed only by diamond. The refractive index determines the opacity that the material confers to the matrix in which the pigment is housed. Hence, with its high refractive index, relatively low levels of titania pigment are required to achieve a white opaque coating.

          The high refractive index and bright white colour of titanium dioxide make it an effective opacifier for pigments. The material is used as an opacifier in glass and porcelain enamels, cosmetics, sunscreens, paper, and paints. One of the major advantages of the material for exposed applications is its resistance to discoloration under UV light.

Photocatalysis

          Titania acts as a photosensitiser for photovoltaic cells, and when used as an electrode coating in photoelectrolysis cells can enhance the efficiency of electrolytic splitting of water into hydrogen and oxygen. 

Oxygen Sensors

          Even in mildly reducing atmospheres titania tends to lose oxygen and become sub stoichiometric. In this form the material becomes a semiconductor and the electrical resistivity of the material can be correlated to the oxygen content of the atmosphere to which it is exposed.  Hence titania can be used to sense the amount of oxygen (or reducing species) present in an atmosphere.

Antimicrobial Coatings

      
The photocatalytic activity of titania results in thin coatings of the material exhibiting self cleaning and disinfecting properties under exposure to UV radiation. These properties make the material a candidate for applications such as medical devices, food preparation surfaces, air conditioning filters, and sanitaryware surfaces.

(http://www.azom.com/Datails.asp?ArticleID=1179#-Applications).

1.3 Solar Cells 

A solar cell is a device that converts the energy of sunlight directly into electricity by the photovoltaic effect. Sometimes the term solar cell is reserved for devices intended specifically to capture energy from sunlight such as solar panels and solar cells, while the term photovoltaic cell is used when the light source is unspecified. Assemblies of cells are used to make solar panels, solar modules, or photovoltaic arrays. Photovoltaics is the field of technology and research related to the application of solar cells in producing electricity for practical use.

(http://www.en.wikipedia.org/wiki/solarcells).
1.4 Thin film Solar Cells 

The primary objective of a worldwide PV solar-cell research and development is to reduce the cost of PV modules and systems to a level that will be competitive with conventional ways of generating electric power. To do so, it is necessary to reduce a cost of PV solar cell.

          In general, thin film technologies have the potential for substantial cost advantage versus traditional wafer based crystalline silicon because of factors such as lower material use, fewer processing steps, and simpler device processing and manufacturing technology for large area modules & arrays.   Current Technologies in Thin film solar cell focuses on TiO2 thin films for its outstanding properties.

(http://books.google.co.in/books?ID=KoOXDwIXVDE)

1.4.1 Titanium dioxide based solar cells 

In a recent review, it has been shown that TiO2 in a variety of forms and structures has been the subject of a broad range of engineering applications such as dye sensitized photovoltaic cell (Greg P. Smestad, 1998), gas sensors, read write devices, optical wave guides, electro chromic displays, antireflective coatings ad corrosion resistant. It also plays a vital role in an environmental application like water purification and wastewater treatment. TiO2 is also suggested as an alternative to silicon dioxide for ultra thin gate dielectric memory and logic devices. Among the various applications of TiO2, the solar cell application has been the subject of the present study. Titanium dioxide has been one of the most attractive photoelectrochemical and photovoltaic materials during the last decades due to its scientific and technological importance. Later years, a new kind of solar cell based on dye-sensitized nano crystalline TiO2 has been developed by Gratzel and Co-workers (Regan B.O. and Micheal Gratzel, 1991). 

1.4.2 Titanium dioxide as photo catalyst 

In recent years semiconductor photo catalyst using TiO2 has been applied to important problems of environmental interest like detoxification of water and of air. TiO2 is a semiconductor with a band gap energy Eg = 3.2 eV. If this material is irradiated with photon of the energy > 3.2 eV (wavelength < 388 nm), the band gap energy is execeeded and an electron is promoted from the valance band to the conduction band. Consequently, the primary process is the charge-carrier generation (Gomez M., et al., 2000)
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TiO2 + h(                      h+   + e-
The ability of a semiconductor to undergo photo induced electron transfer to adsorbed particles is governed by the band energy positions of the semiconductor and the redox potentials of the adsorbents. The relevant potential level of the acceptor species is thermodynamically required to be below the conduction band of the semiconductor. Otherwise, the potential level of the donor is required to be above the valence band position of the semiconductor in order to donate an electron to the empty hole. 

TiO2 film is introduced as a means of eliminating electrical shorts in solar cells and thus enabling very thin layers to be studied by B.A.Gregg et al. (Gregg B.A., et al., 1996). When the TiO2 film is interposed between the transparent electrodes and the molecular semiconductor, the photocurrent efficiency increases. 

Although many seminconductor materials have shown Photo Catalytic activities, most of them suffer from limitations including photo corrosion, poor solar spectrum absorption and the need of external bias. Indeed TiO2 is one of the most studied oxide semiconductor materials in this regard because of its stability in aqueous electrolytes. 

Wide band gap materials (2.5 – 3.5 eV) such as TiO2, ZnO are typically more stable compound to narrow band gap materials. However the Solar spectrum is more absorbed by the narrow band gap materials (Withana Siripale, et al., 2003). 

1.5 Dye – Sensitized Solar Cell (DSSC)


With a growing demand for energy combined with the prospect of global warming and climate change, Research and development efforts are intensified for the development of renewable energy sources such as photovoltaic, tidal power or wind energy. Considering the abundance of solar radiation reaching the Earth (Some 120,000 TW compared to a current global consumption of 13TW), Solar energy constitutes a strategic energy source if cost-effective solar cell technologies are widely developed and implemented. (Kee Eun Lee, et al., 2009)

A dye sensitized solar cell (DSSC, DSC or DYSC) (Haiying wan) is a relatively new class of low-cost solar cell, that belong to the group of thin film solar cells. It is based on a semiconductor formed between a photo sensitized anode and an electrolyte, a photoelectron chemical system. This cell was invented by Michael Gratzel and Brian O’Regan at the E Cole polytechnique Federate de Lausanne in 1991 (Brain O’ Regan, 1991) and are also known as Gratzel cells. 


DSSC,are based on electrochemistry at the interface between a dye adsorbed onto a porous network of nanometer sized titanium dioxide particles and a redox electrolyte. 


M.Gratzel and Co-workers First reported on the DSSC its overall energy conversion efficiency has been raised to 10% which makes it a serious contender for commercial application. For the DSSC, the abundant and non-toxic TiO2 material is found to be advantageous. (Kee Eun Lee, et al, 2009).

1.5.1 Advantages of DSSC

Silicon Solar Cell 

· Costly Fabrication Process 

· Expensive raw materials 

· Toxic Gases 

· Photovoltage is very sensitive to light intensity variation 

Dye- Sensitized Solar Cell (DSSC) 

· Easy to be fabricated 

· Low Cost 

· Friendly to the environment 

· Photovoltage is significantly less sensitive to light intensity variation than that of conventional solar cells. 

 (Gratzel M.  and Mcevoy A.J., 2001)
1.5.2 Dye Sensitized TiO2 solar cells 


The TiO2 manolayer is not sufficient for the photo Voltaic devices because it is very poor absorber in the UV region. So, the TiO2 has been sensitized with suitable dye in order to improve its spectral response.  (Andres et al., 1995). 

Nano Crystalline Solar Cells are promising candidates for low-cost photovoltaic devices. They are based on a wide band-gap semiconductor material with a very large internal surface to which dye molecules are attached. These solar cells are normally produced by sol-gel technology involving TiO2 based colloidal solutions. 


Dye Sensitized Solar Cells are classified into two types, namely, 

a) Organic Dye Sensitized Solar Cells 

b) Inorganic Dye Sensitized Solar Cells 

1.5.3 Organic Dye Sensitized TiO2  Photovoltaic cells 

Organic Solar Cells are special photovoltaic devices in which the organic layer is the central active part of the device where the carrier separation takes place, and it has long standing objective within the photovoltaic community. (Gregg B.A., 1996). 

In recent days there are various families of organic materials used as a sensitizers, such as Phthalocyanine Dyes, polymers, Synthetic dyes (e.g. Ruthenium etc). 

1.5.4 Phthalocyanine Sensitized TiO2 Solar Cells 

The Phthalocyanine possessing intensive absorption in the far-red / near-IR region, are known for their excellent chemical, light and thermal stability and have appropriate redox properties for the sensitization of large band-gap semiconductors, such as TiO2 (Hall K.J. et al., 1978). 

One of the possible families of alternative candidate dyes for use in PV cells is the metal phthalocyanine derivative. Such dyes are relatively low cost and widely available and are characterized by a strong and broad spectral absorption, light fastness and excellent thermal stability. (Kajihara K., et al., 1996). 

The phthalocyanine is a well known organic semi conductor and is suitable for use in photovoltaic devise (Ray A.K., et al., 2003). Sine its physical and chemical durability is very high. Some works where phthalocyanine (PC) is employed as an organic layer combined with TiO2 thin film layers are 

a) TiO2 /ZnPc (Kejihara K., et al., 1996)
b) TiO2 /PbPc (Ray A.K., et al., 2003)
c) TiO2 /GaTsPc (Huihua deng, et al., 1998)
A Solar cell based on Zinc tetra carboxyl phthocyanine (ZnTcPc) coated new structured TiO2 electrode had the highest incident photon-to-current efficiency (IPCE) of 4% of the wave length of 690 nm. (Huihur deng, et al, 1998). 


The CuPc/TiO2 multilayer were found to exhibit 40 times higher photoconductivity than a single layer of CuPc. The photo-generated electrons in the PC layers are transferred to the conduction band of TiO2 through the interfaces as a result of difference in electron affinities between the two materials (Takada J., et al., 1994). 

1.5.5 Organic Synthetic Dye Sensitized TiO2 Solar Cells 


In recent years, organic dye sensitized, wide band gap semiconductors are intensively investigated by several groups due to their potential application in solar energy conversion and photocatalytic processes. In such a sensitized system, a dye monolayer attached on the semiconductor surface can alter the absorption and conversion efficiency. The earliest and most widely studied material for this purpose is the Titanium dioxide (TiO2) thin film. It strongly adsorbs organic and inorganic sensitizers. Efficient electron injection provides strong interaction and intimate contact between the sensitizer and the semi conductor and these are ensured by chemical adsorption of the dye. 

1.5.6 Polymer Doped TiO2 Solar Cells 


Polymer Solar Cells have aroused the interest of many because of their remarkably increasing performance. Polymer doped TiO2 Solar cells are 

a) Polyaniline /  TiO2 (Yongxiang Li, et al., 1998) 

b) Polythiophene / TiO2 (Christian D. Grant, et al., 2003)

c) PPv / TiO2 (Barban Van der Zanden, et al., 2001)
d) Polypyridine / TiO2 (Bernard C., et al., 2003)

e) Polyethylene Glycol / TiO2 (Huang S.Y., et al., 1997)
1.6 Objectives


            A systematic analysis of the available literature reveals the applications of TiO2 thin film are widely distributed. The properties of any material is appreciable when it is converted from its bulk form to thin film form. So, in the present work TiO2 is selected as a suitable candidate from Titanium isopropoxide and tetraisopropoxide prepared in the form of thin film by Spray Pyrolysis technique. The optical properties such as absorptance, transmittance and band gap are studied for its application in solar cells. The synthesized TiO2 thin films are also subjected to XRD to determine its structure.

Review of Literature
CHAPTER II

REVIEW OF LITERATURE

2.1 Introduction

Literature Survey is comprehensive and extensive examination research work done by many researchers on a selected field and the briefing of their findings. Literature survey excludes the change of repetition in the research works and helps for a comparison. A thorough literature survey of various preparation techniques and characterization of different phases of TiO2 thin films have been carried out and lists of the survey are presented in this chapter.

Eui-Kyung Oh and Sun-Geon Kim (1996) have investigated both theoretically and experimentally the formation of an inorganic film, by chemical aerosol deposition. The effect of deposition efficiency and film thickness and its distribution with respect to gas flow rate, nozzle type and substrate temperature were studied experimentally and compared numerical simulated values which are in agreement with experiment values.

Huihua Deng, et al., (1997) have studied the cosensitization of a nano structured TiO2 electrode with tetrasulfonated gallium phthalocyanine and tetrasulfonated zinc porphyrin. Ga TsPc and ZnTsPP extends the absorbance of the electrode and improves the light harvesting efficiency.

Huihua Deng, et al., (1998) have reported the photoelectric conversion and surface photovoltage spectrum of tetrasulfonated gallium phthalocyanine molecules self-assembled on a microporous TiO2 electrode.

Natrarajan.C, et.al., (1998) have reported a simple method to deposit anatase- TiO2 film by spray pyrolysis of aqueous peroxotitanium complex solution. The TiO2 film produced by this method may be used as anode in the thin film lithium ion battery.

Plenet J.C. et al., (2000) have prepared very thin TiO2 films by salgel and deposited on a silver layer for surface plasmon Resonance (SPR) measurements. Densification of the samples has been studied by determinging from SPR measurements like optical index and thickness at each step of the annealing procedure.

Gratzel M. and Mcevoy A.J. et.al., (2001) have reported the dye sensitized photo systems provide the only technically and economically credible alternative to the conventional and established solid state photovoltaic devices. In consequence device photo conversion efficiency is maintained to low light levels.


Christian D. Grant et a.l, (2002) studied the use of poly (3-undecyl-2-2-bithiophene) and three different types of TiO2 film layers to determine the dependence of photovoltaic performance on the morphology of the TiO2 films.

Michael Gratzel, et al., (2003) have reported the dye-sensitized solar cells provides a technically and economically credible alternative concept to present day p-n junction photovoltaic devices. Overall solar to current conversion efficiencies over 10% have been reached. They presented the current state of the field, discuss new concepts of the DSC including heterojunction variants and analyze the perspectives for the future development of the technology.

Luke B. Roberson, et al., (2004) have constructed the flat solid-state polymer photovoltaic (PV) cells using undoped poly (3-undecyl-2, 2 bithiophene) and flat titanium dioxide (TiO2) films prepared using a sol-gel technique. Layers and interfaces were studied using AFM, SEM, EDX, XPS and optical microscopy.

Arturo I Martinez, et.al., (2004) have reported the Titanium dioxide thin films were deposited by DC reactive magnetron sputtering and spray pyrolysis methods onto glass and glass coated with fluorine doped tin oxide(FTO). The higher degradation rates were reached for films prepared by spray pyrolysis with a substrate temperature close to 400ºC and for a high total pressure (16m Torr) for films deposited by DC magnetron sputtering.

Castillo N., et.al., (2004)have studied the ultrasonic spray pyrolysis technique employed to produce TiO2 thin films on fused quartz and on silicon substrates. The crystallization process of the deposited samples was studied by XRD, RS, AFM  and TS. The result shows that the spray pyrolysis technique is able to produce films with smooth surface and good crystalline properties.

Peter K., et.al., (2004) have reported the concept of solid state dye sensitized TiO2 solar cells with an organic semiconductor as hole-transport medium, by examining the dye-hole conductor interface. The interface modification results in doubling the external quantum efficiency of current conversion.

Michael Gratzel (2004) studied the conversion of solar energy into electricity by nanocrystalline dye-sensitized solar cells. Overall solar to current conversion efficiencies is 10.6%. They presented the current state of the filed, and the importance of mastering the interface of the mesoporous films.

Hongwei Han, et al., (2005) have reported the photo electric behaviour of the hybrid nanocrystalline TiO2 elecrode sensitized by N3 dye. Their work pictures a novel hybride nanocrystalline TiO2 electrode synthesized from two cheap nanometer TiO2 powders, hydrolyzing from titanyl containing different content of anatase.

Pham Van Nho, et.al., (2005) have reported Nitrogen doped TiO2  film that can be operated in visible light by simple spray method from mixture solution of TiCl4 and NH4NO3. Optimum concentration of NH4NO3 is 40% at 350ºC temperature of substrates.

Dwight R. Acosta, et al., (2005) have investigated the effect of different deposition parameters on the photocatalytic activity of the TiO2 thin films prepared by DC reactive magnetron sputtering and spray pyrolysis methods. The variation in surface characteristics for each kind of films, seem to be principally responsible for the behavior observed in the photodegradation of methylene blue in the presence of TiO2 thin films.

Francisco G. perez-Scanchez, et al., (2005) have explained the steps for developing low cost silicon solar cells using TiO2 as anti-reflection layer obtained by spray pyrolysis. They observed the silicon oxynitride has caused an increase of the open circuit voltage.

Senadeera G.K.R., et al., (2005) have prepared nano-structured TiO2 electrodes, suitable for dye sensitized solid-state solar cells by a new simple spraying technique (SPT). Physical properties of these electrodes were compared with the electrodes prepared by the ‘doctor blade’ technique.

Babasaheb Raghunath Sankapal, et al., (2006) have reported the synthesis of nanocrystalline titanium dioxide thin films and powders by inexpensive chemical and electrochemical deposition methods. These methods are suitable for the preparation of large area TiO2 anatase films by one step process

Helene Paulsson, et al., (2006) have investigated the electron transport and recombination in dye-sensitized TiO2 solar cells with different electrolytes. The most viscous electrolytes showed a clear limitation in photocurrent, which can be attributed to a low diffusion co-efficient for the tri iodide that transports positive charge to the counter electrode.

The influences of annealing temperature and different poly ethylene glycol (PEG) contents in nano-crystalline TiO2 electrodes with and without N3 dye on the electron transfer in a dye-sensitized solar cell (DSSC) were investigated by Kun-Mu Lee, et al., (2007). They concluded that the conversion efficiency of the DSSC increases with the increase in annealing temperature of the TiO2 and stable at 400-500 IC.

Lenzmann F.O. and Kroon J.M.  (2007) have described recent advances in the research on dye-sensitized solar cells. The focus of this review is on materials development but commercialization aspects will also be briefly addressed.

Jihuai Wu, et al., (2007) have investigated the effect of solvents in liquid electrolyte on the photovoltaic performance of dye-sensitized solar cells. The solvents with large donor number enhanced the open-circuit voltage but reduced the short circuit current density.

Chien-Chon Chen, et al., (2008) fabricated dye-sensitized solar cells based on working electrodes made of highly ordered anodic titanium oxide nanotube arrays of varied tube length directly formed on Ti foil. The optimized NT-DSSC device attained an overall efficiency of 7.0% power conversion.

The optical properties of nanostructured titanium and titanium oxide films grown on transparent substrates have been investigated by Nils Tarras-wahlberg, et al., (2008). Titanium films were produced either by cluster or by atom deposition, and the films were oxidized by controlled exposure to oxygen.

Li Zhang, et al., (2008) have reported on the preparation of a thin BaTiO3 – coated layer on the surface of TiO2 and its application in the dye-sensitized Solar Cells (DSCs). The performances of the DSCs with and without BaTiO3 coating were analyzed by cyclic voltammograms, electrochemical impedance spectroscopy and current – voltage measurements.

Subramanian.M, et al., (2008) have reported pure and cobalt doped titanium dioxide thin films have been prepared on glass and Si substractes by sol-gel spin coating method. The structural and optical properties of the films have studied by Rutherford backscattering, spectroscopy, x-ray diffraction, Raman Spectroscopy, scanning electron microscopy, optical spectroscopy and spectroscopic ellipsometry methods

Chao-po Hsus, et al., (2008) have developed a low temperature fabrication method for preparation of TiO2 porous films with high efficiency in dye-sensitized solar cells. The thickness effect, TiO2 film with a thickness around 17m-1 achieved the best cell efficiency.

Kyung-Hee park, et al., (2008) have studied a process has been introduced to replace traditional liquid or solid electrolyte coatings on dye-sensitized photoelectrode in solar cells. Conductivity of this electrode was 9.33 x 10-3s cm-1, which is much higher than the using traditional process for addition of electrolytes.

Biswasa S., et al., (2008) have fabricated Gratzel solar cell with TiO2 / Cds bilayered photoelectrode. This solar cell shows good photo current-photovoltage characteristics with fill factor 59% and maximum efficiency 1.04% with the use of a polysulfide electrolyte under back side illumination.

Kun-Mulee, et al., (2008) have reported the Dye sensitized solar cells incorporating TiO2 porous films, prepared at a low temperature along with multi-wall carbon nanotubes were studied using two different electrolytes LiI and THI. The DSSC with the TiO2 electrode containing 0.1 wt% of MWCNT resulted higher short circuit current density of 9.08 mA/cm2, an open circuit voltage of 0.781V, and a cell conversion efficiency of 5.02%.

Anca Duta, et al., (2009) have reported the possibilities of obtaining nanostructured TiO2 using spray pyrolysis deposition and its application in a solid state solar cell. They found that annealing and the spraying time structure can be a method of tailoring the TiO2 thin films properties and can influence the photovoltaic response of the cells

Weiguang Yang et al., (2009) reported that the effects of the seed layers prepared by spin-coating and dip-coating methods on the morphology and density of ZnO nanowire arrays, thus on the performance of Zno nanowire based dye sensitized solar cells. Further investigation with a compact TiO2 buffer layer. The photovoltaic conversion efficiency and open circuit voltage of the ZnO DSSCs were improved by 3.9-12.5 and 2.4-41.7%

Kee Eun Lee, et al., (2009) described the operation principles of the DSSC and introduces current research efforts aiming at photoelectrodes with higher efficiency which are easier to fabricate. Their work provides the characterization of the nanotitania films and the correlation between material properties, processing parameters, and electrochemical cell performance.

Panitat Hasin, et al., (2009) prepared mesoporous Nb-doped TiO2 film by the sol-gel method on a transparent conducting FTO glass. Pt nanoparticles were impregnated in the mesoporous TiO2 support substrate and tested for the counter electrode in dye sensitized solar cells (DSSCs). It was characterized by SEM and TEM.

A report from Three bond technical news magazine issue, January 1, 2009 by Xavier Mathew titanium oxide photo catalyst is used in dcodorizers and antibacterial agents as well as in products featuring anti-stain, hydrophilic, anti-fog and harmful substance removal functions. Titanium oxide photocatalyst is expected to be used in various products primarily to increase their environmental friendliness. The TB 6731’s superb performance will contribute to environmental preservation.

A Crystalline titanium dioxide thin film on various metal substrates such as hot-dip-galvanized (HDG), electrochemically galvanized (EG) and cold rolled steel (CRS) has been successfully prepared for the first time by simple one-step electrodeposition method, by Karuppuchamy S, et al., (2009). This investigation shows that it is possible and very promising as a preparation method for industrial applications.

Wenjunwu, et al., (2009) have prepared two carboxylated cyanine dyes and their mixtures. It used to sensitize nanocrystalline TiO2 solar cell. Their absorption and phtosenstization properties were investigated. Their study indicates that co-sensitization is a promising method for improving the photoelectrical properties of dye-sensitized solar cells.

Xiao Tang, et al., (2009) have investigated the application of a low crystallinity TiO2 film in DSCS. Low dye absorption of CM- TiO2 film, AM- TiO2 film used as the photoelectrode of DSC.

Kun-Mulee, et al., (2009) have reported the ionic conductivities and performances of dye-sensitized solar cells of gel polymer electrolytes prepared by in situ cross-link reaction with different cross-linkers. The cell conversion efficiency increased from 3.61% to 5.81%.

Won jae Lee, et al., (2009) have investigated the effect of electrode geometry on the photovoltaic performance of dye-sensitized solar cell to optimize the device geometry for reliable energy conversion efficiency assessment.

Vembu Suryanarayanan, et al., (2009) have investigated the influences of redox electrolyte, additives and solvents on the photovoltaic performance of dye-sensitized solar cells containing 1-methyl-3-propyl-imidazolinium iodide as the electrolyte. The DSSC showed high performance with lithium iodide and tetra butyl ammonium iodide.

Methodology
CHAPTER III

METHODOLOGY

3.1 Introduction

The properties of thin films mainly depend on the deposition techniques adopted. The deposition parameters play a vital role in bringing high quality thin film. This chapter deals with the preparation of TiO2 thin films. The experiment details such as solution preparation, film preparation etc., are discussed. The details of the analytical technique UV-VIS spectroscopy and XRD are also presented in this chapter.


The evaluation of film properties often requires modifications of technique and adoption of new procedure different from those of bulk materials. Techniques that are simple and economical have attracted attention for commercial and other reasons. The following are some of the methods used for preparing thin films: pulsed laser deposition, ion beam sputtering, thermal evaporation, vacuum deposition, chemical vapor deposition, co-precipitation, sol-gel, chemical bath deposition, etc.


Owing to its simplicity and inexpensiveness, the chemical spray pyrolysis (CSP) technique is a better chemical method at a lower cost for the preparation of thin films with a larger area. Also, it provides an easy way to dope any element in a ratio of required proportion through the solution medium. This method is convenient for preparing pinhole free, homogeneous and smoother thin films with the required thickness.


In the CSP technique, various parameters like air pressure, deposition rate, substrate temperature, distance between nozzles to substrate and cooling rate after deposition also affect the physical, electrical and optical properties of the thin films. The film properties are sensitive not only to their structure but also to many other parameters including thickness, surface states, morphology, etc. 

3.2 Deposition Techniques


Thin films can be prepared from a variety of materials such as metals, semiconductors, insulators or dielectrics etc and for this purpose various preparative techniques have also been developed. Newer methods are also being evolved to improve the quality of the deposits with maximum reproducible properties and minimum variation in their compositions. Techniques involved in general are a) Thermal deposition in vacuo by resistive heating, electron beam gun or laser gun evaporation etc from suitable sources, b) sputtering of cathode materials in presence of inert or active gases either at low or medium pressures c) chemical vapour deposition (CVD) by pyrolysis, dissociations, reactions in vapour phase d) chemical deposition from solutions including electro-deposition, anodic oxidation, electroless plating, chemical displacement, chemical reaction, etc. The primary requirement for the methods (a) and (b) is a high vacuum deposition system at a pressure of about 10-5 for or even less. In methods (c) and (d) a high vacuum is not an essential condition, though the process (c) is sometimes carried out at a slightly lower or higher than ambient pressure so as to maintain a good flow of gaseous species through the system. The choice of a preparative technique is, however, guided by several factors particularly the melting point of the charge, its stability, desired purity and characteristics of deposits etc and these can be achieved by several methods.   (Goswami A., 1996).  


Deposition techniques fall into two broad categories, depending on whether the process is primarily chemical or physical. 

3.2.1 Physical Deposition 


Physical Deposition uses mechanical or thermo dynamic means to produce a thin film of solid. An everyday example is the formation of frost. An everyday example is the formation of frost. Since most engineering materials are held together by relatively high energies and chemical reactions are not used to store these energies, commercial physical deposition systems tend to require a low-pressure vapor environment to function properly, most can be classified as physical vapor deposition or PVD. 


The material to be deposited is placed in an energetic, entropic environment, so that particles of material escape its surface, facing this source is a cooler surface which draws energy from those particles as they arrive, allowing them to form a solid layer. The whole system is kept in a vacuum deposition chamber, to allow the particles to travel as freely as possible. Since particles tend to follow a straight path, films deposited by physical means are commonly directional, rather than conformal. For examples,

A thermal evaporator uses an electric resistance heater to melt the material and raise its vapor pressure to a useful range. This is done in a high vacuum, both to allow the vapor to reach the substrate without reaching with or scattering against other gas-phase atoms in the chamber, and reduced the incorporation of impurities from the residual gas in the vacuum chamber. Obviously, only materials with a much higher vapor pressure than the heating element can be deposited without contamination of the film. Molecular beam epitaxy is a particular sophisticated form of thermal evaporation. 


An electron beam evaporator fires a high-energy beam from an electron gun to boil a small spot of material. Since the heating is not uniform, lower vapor pressure materials can be deposited. The beam is usually bent through an angle of 270°in order to ensure that the gun filament is not directly exposed to the evaporant flux. Typical deposition rates for electron beam evaporation range from 1 to 10 nanometers per second. 


Sputtering relies on a plasma (usually a noble gas, such as Argon) to knock material from a “target”, a few atoms at a time. The target can be kept at a relatively low temperature, since the process is not one of evaporation, making this one of the most flexible deposition techniques. It is especially useful for compounds or mixtures, where different components would otherwise tend to evaporate at different rates. 


Pulsed laser deposition systems work by an ablation process. Pulses of focused laser light vaporize the surface of the target material and convert it to plasma, this plasma usually reverts to a gas before it reaches the substrate. 


Catholic Arc Deposition or Arc – PVD which is a kind of ion beam deposition where an electrical arc is created that literally blasts ions from the cathode. The arc has an extremely high power density resulting in a high level of ionization (30-100%), multiply charged ions, neutral particles, clusters and macroparticles (droplets). If a reactive gas is introduced during the evaporation process, dissociation, ionization and excitation can occur during interaction with the ion flux and a compound film will be deposited, other deposition processes. 

3.2.2 Chemical Deposition 


Here, a fluid precursor undergoes a chemical change at a solid surface, leaving a solid layer. An everyday example is the formation of soot on a cool object when it is placed inside a flame. Since the fluid surrounds the solid object, deposition happens on every surface, with little regard to direction, thin films from chemical deposition techniques tend to be conformal, rather than directional. For examples.


Plating relies on liquid precursors, often a solution of water with a salt of the metal to be deposited. Some plating processes are driven entirely by reagents in the solutions (usually for noble metals) but by far the most commercially important process is electroplating. It was not commonly used in semiconductor processing for many years, but has seen a resurgence with more widespread use of chemical-mechanical polishing techniques. 

Chemical Solution Deposition (CSD) uses a liquid precursor, usually a solution of organometallic powders dissolved in an organic solvent. This is a relatively inexpensive, simple thin film process that is able to produce stoichiometrically accurate crystalline phases. 

Chemical Vapor Deposition (CVD) generally uses a gas-value precursor, often a halide or hydride of the element to be deposited. In the case of MOCVD, an organometallic gas is used. Commerical techniques often use very low pressures of precursor gas. 

Plasma enhanced CVD (PECVD) uses an ionizied vapor or plasma, as a precursor. Commercial PECVD relies on electromagnetic means (electric current, microwave excitation), rather than a chemical reaction, to produce a plasma.

3.2.3 Other deposition process


Some methods fall outside these two categories, relying on a mixture of chemical and physical means. 


In reactive sputtering, a small amount of some non-noble gas such as oxygen or nitrogen is mixed with the plasma-forming gas. After the material is sputtered from the target, it reacts with this gas, so that the deposited film is a different material i.e., an oxide or nitride of the target material. 


In Molecular Beam Epitaxy (MBE), slow streams of an element can be directed at the substrate, so that material deposits one atomic layer at a time. Compounds such as gallium arsenide are usually deposited by repeatedly applying a layer of one element (i.e. Ga), then a layer of the other (i.e. As) so that the process is chemical, as well as physical the beam of material can be generated by either physical means (that is, by a furnace) or by a chemical reaction (chemical beam epitaxy). 


In Topotaxy, a specialized technique similar to epitaxy, thin crystal growth occurs in three dimensions due to the crystal structure similarities (either heterotopotaxy or homotopotaxy) between the substrate crystal and the growing thin film material. (http://en.Wikipedia.org/wiki/thinfilm). 

3.3 Spray Pyrolysis technique

It is a process in which a thin film is deposited by spraying a solution on a heated surface, where the constituent react to form a chemical compound. The chemical reactants are selected such that the products other than the desired compound are volatile at the temperature of deposition. The process is particularly useful for the deposition of oxides and has long been a production method for applying a transparent electrical conductor of Tin Oxide (SnO2) or Stannic Oxide to glass.

(http://en.wikipedia.org/wiki/spray_pyrolysis).

          Chamberlin and Sakerman discovered Spray pyrolysis in 1966 for preparing Cds and selenide films. Spray pyrolysis is one of the simplest methods of depositing transparent conducting oxide films, owing to its simplicity. This technique is adaptable for mass production of large-area coatings for industrial applications. Various geometries of the spray setups are employed, including an inverted arrangement in which larger droplets and gas phase precipitates are discouraged from reaching the substrate, resulting in films of better quality.

      The chemical spray pyrolysis (CSP) technique offers an extremely easy way to prepare films with dopants, virtually any element in any proportion by merely adding it in a spray solution. The deposition rate and thickness of the film can easily be controlled for a wide range. It also offers an opportunity to have reactions at low temperatures (100-500ºC).These methods can be also produce films on substrates that are less robust materials and on large surface. The versatile nature of this techniques lie in the way various parameters that include effect of precursors, dopants, substrates temperature, in-situ annealing treatments, solution concentrations and so on can easily be controlled. (Bhavana Godbole, et al., 2009)
     In the spray pyrolysis, usually a set of liquid droplets splash the substrate, and immediately the temperature evaporates the residual solvents leaving a dry precipitate and a chemical reaction follows. However, whether or not the initial droplets really splash the substrate, depends on the thermodynamic properties of the source solution containing the metallic precursors. If the droplets are evaporated before they reach the substrate surface, the spray pyrolysis technique could give place to a growth process similar to that found in chemical vapor deposition. Such method reduces the droplets size and allows to control their homogeneity, improving in this way to pyrolysis phenomena during the deposition. (Castillo N., et.al., 2004). 

3.3.1 Experimental Setup

Figure 3.1 shows the schematic diagram of a chemical spray pyrolysis system. This contains a spray nozzle, a furnace for heating the substrate, a mechanical system for rotor, thermocouple included temperature controller and air compressor.
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Fig 3.1 Experimental setup of Spray pyrolysis

To measure the flow of solution and air, liquid and air flow meters have been used. The setup consists of the following components.

1. Spray chamber: The spraying system and furnace are kept inside an airtight metallic chamber of size 60*60*60 cm3. One side of the chamber is covered with glass doors, which can be used to operate the setup as well as a see through port. All the other sides are covered with asbestos sheets in view of reducing the external radiation. The chamber is connected to an exhaust fan with proper pipeline, to remove toxic gases produced during the decomposition of the spray solution. The inner surface of the box is painted by epoxy liquid, to reduce the heat loss through the surface. 

2. Temperature controller: An “INDFUR” digital PID temperature controller is used for monitoring the substrate temperature with an accuracy of ±5ºC. To maintain the constant temperature of the substrate, a homemade furnace is used. This gives a temperature up to 650ºC for deposition. This controller has the provisions of setting the desired temperature, power variations and control settings. A Cromel-Alumel thermocouple attached on the surface of the substrate is used as thermal sensor to record the substrate temperature.

3. Spray nozzle: The nozzle is made of borosil glass and consists of a solution tube surrounded by a glass bulb. Due to the air pressure of the carrier gas, a vacuum is created at the tip of the nozzle to suck the solution from the tube after which the spray starts. The diameter of the solution tip of the nozzle is nearly 1mm. In the present setup, the substrate is kept stationary; while the nozzle is free for to and fro motion. This can be achieved by using an electric stepper motor. The substrate to nozzle distance is kept at 25-30cm.

4. Substrate Heater: The Substrate heater consists of primary and secondary heating elements. The two heating elements of Kanthol coils are given electrical provision in such a way that the primary coil is allowed to heat continuously and the secondary coil heats up only when there is a fall in temperature due to spray action. The heater is fixed with proper thermal insulation to avoid the thermal losses. A stainless steel hot plate with dimensions of 20cm*20cm*2cm has been kept on the top of the heater. This hot plate is being used as the base for keeping the substrates.

5. Air compressor: Compressor air was employed as the carrier gas. A pressure regulator was used to regulate the pressure of the carrier gas. The outlet of this regulator was connected to an air filter that filters the oil contaminant and dust particles mixed if any with the carrier gas. The carrier gas flow rate of 61/min at a pressure of 6.50*104 Nm-2 was used throughout the present study.

6. Solution container: A glass made vessel was used as a solution container. This container was covered with two-holed cork. Through one hole, a capillary tube was inserted well inside the solution and it was connected to the capillary of spray gun. A glass tube is inserted through the other hole so as to be above the solution level and it is connected to the compressor outlet so as to support the capillary rise. In the spray interval the solution in the capillary of spray gun may either (i) drop out of the spray gun or (ii) may flow back to the solution container. This can be overcome by adjusting the level of the solution container.

3.3.2 Experimental procedure


The solution contains the soluble salts of the constituent atoms of the sprayer. The carrier gas may be compressed air or nitrogen. Sprayed droplets reaching the hot substrate surface undergo pyrolytic change decomposition and subsequent recombination of the constituent species is provided by hot substrate. Other volatile byproducts and excess solvents are converted into vapour phase and are removed from the site of chemical reaction using an exhaust fan. Deposition process in spray technique is a combination of the following steps:

· Spreading of a drop into disc

· Pyrolytic reaction between the decomposed reactants

· Evaporation of the solvent and

· Repetition of the preceeding process with succeeding droplets.

Generally films grown using this technique contains disk inter pressed into each other. Lateral mobility of the droplets and coalescences and sintering kinetics of super imposed disk crystallite clusters determine growth of the spray pyrolysed films.

Spray head and substrate with heater are kept inside a chamber provided with an exhaust fan for removing the gaseous by products and other gases. Geometry of the nozzles for carrier gases and solution mainly determines spray pattern, size and distribution and hence determines quality of the films. Spray deposited films are strongly adherent, mechanically hard and stable with time and temperature. Moreover, this is simple and low cost technique for preparing large area thin films. Again doping is quite easy in this technique.

3.4 Synthesis of TiO2 thin films

 
The TiO2 thin films were prepared by spray pyrolysis method using titanium isopropoxide and tetraisopropoxide as precursors. The preparation of the thin films consists of the following stages.

3.4.1 Choice of substrate


Specific applications require different substrate materials, which offer an acceptance compromise for the purpose on hand. Ideally, the substrate should provide only mechanical strength but interact with film except for sufficient adhesion. The substrates have a pronounced influence on the growth and orientation of the film. The substrate has to be optically plane, transparent, electrically non-interfering and amenable to moderately high temperature pre deposition and after deposition treatments. At the same time, it should be chemically stable and comparatively cheaper.


Commonly used substrate materials for the deposition of thin films include Alumina, Glass, Beryllium oxide based ceramic, Aluminium nitride, silicon and metals. Glazed substrates surface provide good surface finish, low porosity, have a low dielectric constant value and are effective for most thin film deposition technique with relatively low deposition temperature.

3.4.2 Requirements of substrate


The following are the important properties that a substrate should possess to grow defect free films.

· Good surface smoothness

· Co-efficient of thermal expansion (CTE) matched

· Good mechanical strength

· High thermal conducting

· Inertness or chemical stability

· Porosity

· Low cost

· High electrical resistance

· Good uniformity

Of all the substrate materials, glass is found to possess large smoothness and is also optically plane. It is cheaper and easily available.

3.4.3 Substrate Cleaning


For durable and adherent coating a clean substrate is needed. The cleanliness exerts a decisive influence on the film growth. Thus, a thoroughly cleaned substrate becomes a pre-requisite for the formation of any film for its study and applications. Cleaning involves the removal of contaminants without damage to the substrates. The usual contaminants are lint residues, fingerprints, oil and airborne materials. The energy required to break adsorption bonds could be supplied by chemical, salvation, ion bombardment and thermal or mechanical process. Mechanical action is most effective in the presence of solvents to remove gross contaminants. The final choice of cleaning technique depends on the nature of the substrate and the type of contaminants.


The glass substrates used in the present study were first treated with Sodium hydroxide (NaOH) solution. The alkaline agent dissolves fatty materials by saponification and renders them wet and the substrates are placed into the distilled water. The second step is to clean the substrates by dipping it into the soap solution. After that, the substrates are rinsed with distilled water. Then the substrates are subjected to ultrasonic agitation for about 45 minutes in distilled water mixed with some drops of soap solution. The shock waves created in the solvent rendered possible removal of residues. The substrates were then dried in an oven for 45 minutes at a temperature of 100°C.

3.4.4 Preparation of TiO2 thin film


The spray pyrolysis technique has been used to grow TiO2 films from titanium isopropoxide and tetraisopropoxide as precursors. In the present work, good quality TiO2 thin films were prepared by spraying an aerosol of titanium diisopropoxide on glass substrate. Microscopic glass slides (75×25×1.4 mm3) were used as substrates. The substrates were washed with NaOH solution and distilled water and finally cleaned with ultrasonic agitator. The substrate temperature was maintained at 420ºC. The spray solution was prepared in the following manner. The source of the aerosol was prepared from an ethanol diluted titanium diisopropoxide solution in a proportion of 4:1 in volume. Compressed air was used as carrier gas to conduct (through a glass nozzle 10mm in diameter) the aerosol to the substrate. The flux of this gas was fixed at a constant value of 3.51/min at a pressure of 6.50×104Nm-2. The normalized distance between the spray nozzle and the substrate was maintained at 30cm. The spray time was maintained at 30 seconds and the spray intervals at 5 min. Pieces of samples were post annealed at 450ºC.

3.5 Thickness measurement technique


Thickness plays an important role in the film properties unlike a bulk material and almost all film properties are thickness dependent. Reproducible properties are achieved only when the film thickness and the deposition parameters are kept constant. In many applications, particularly so in the case of optical devices such as interference filters, anti-reflection coatings, etc. The success of the fabrication depends only on the deposition of specific thickness of the dielectric layers.


Film thickness measurement techniques are based on different principles such as the mass difference, light absorption, interference effect, conductivity, capacitance, etc., of the films with increasing thickness.


In the present study, the thickness of TiO2 sample was obtained using stylus thickness measurement device. The thickness of the thin film was found to be 6.4µm.

3.6 Analytical techniques

3.6.1 Optical characterization


The optical properties of thin films are of importance both in basic and applied research.  In addition to the wide use of thin films in optical devices as mirror coatings, interference filters of various kinds, absorption filters, anti-reflection coatings to prevent oxidation or abrasion of optical surfaces, thin films have also been used to control the temperature of objects in outer space and as optical & thermal detectors.  In all these applications, accurate knowledge of the optical properties of the films is essential.


The theoretical and experimental investigations on the optical behaviour of thin films deal primarily with optical reflection, transmission, absorption and their relation to the optical constants of film.  Moreover, the reflection, transmission and interferometric properties of thin films have made it possible to determine the optical constants conveniently.  The absorption studies have led to a variety of interesting thin film optical phenomena, which have thrown considerable light on the electronic structure of solids.Transmission studies on the other hand, provide a simple means for the evaluation of absorption edge, optical energy band gap, optical transitions that may be direct or indirect, allowed or forbidden and also of the nature of the solid material. moreover, the optical properties are closely related to the structure and composition of the films. 


The emphasis in this chapter is on the optical properties deduced from optical transmittance of the spray pyrolysis deposited TiO2 films. These data are analyzed to determine the optical constants such as absorption coefficient ((), extinction coefficient (kf) and refractive index (n). An analysis of the absorption edge has been carried out to obtain optical band gap and determine the nature of the transition involved in it.

Theory


Absorption is a phenomenon of fundamental interest because of its relation to the dynamics of the electrons and ions of the medium under the influence of electromagnetic radiation. The transmittance is defined as the ratio between the total transmitted intensity to the incident intensity when a light beam passes through a thin film of uniform thickness. The value of transmittance is mostly used to determine the optical constants of different crystalline and amorphous materials.



Transmission of light by different materials can induce various types of transitions such as band to band, between sub-bands, between impurity levels and bands, interactions with free carriers within a band, resonance due to vibrational state of lattice and impurities. These transitions lead to the appearance of bands or peaks in the transmission spectra. Hence the spectral position of bands determines the type of transitions occurring during the process.

Transmission of light through an insulator takes place broadly by two processes namely

1. Raising the electrons from the valence band to the conduction band or

2. Exciting the lattice vibrations of the material or both by photon energy.

The latter process provides information regarding the bond length of the lattice the effective charge of the lattice atoms and the characteristic lattice vibration frequency.

In the case of metal, mostly the free electrons contribute to the optical process. But in an insulator or an intrinsic semiconductor it is the bound electron in the valence band, the contribution of which prevails. In the absence of any thermal energy, the transmission is possible only when the incident radiation is sufficient to excite valence band electrons to the conduction band. The resulting transmission spectrum is however, a continuum of intense absorption at the short wavelengths having more or less a steep absorption edge.

The absorption coefficient ( can be written in terms of the incident radiation 

energy (hν)
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Where A is a constant, Eg is the energy band gap, ( is the frequency of the incident radiation and h is the Planck’s constant. The magnitude of the exponent P signifies the type of transition taking place (which takes the values as 1/2, 3/2, 2 and 3 for direct allowed, direct forbidden, indirect allowed and indirect forbidden transitions respectively).

    
If the material is free from any imperfection, only the direct but allowed transition can take place from the valence to the conduction band. For such type of transitions the absorption coefficient is related to the photon energy as 
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In the case of direct forbidden transition,
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When the material contains defects such as impurities, dislocations etc. one has to consider the perturbation of the system due to their presences and also their interactions with phonons. All these gives rise to the indirect transitions which is 

allowed if
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and forbidden if
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Experiment


The optical transmittance spectra is recorded from 400nm to 800nm wavelength using a UV-VIS-NIR spectrophotometer (VARIAN CARY SCAN 500) at room temperature using unpolarised lights from Deuterium and Tungsten lamps which are used at near normal incidence. 
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Fig 3.2 Electromagnetic spectrum


This spectrometer is a double beam system with single monochromator with the wavelength range of 300 nm to 2500 nm and accuracy of ( 1.5 nm. This spectrometer has PbS photocell Detector, selectable anywhere between the wavelength range and the grating (which is inside) will be changed at the same wavelength. Since the spectrophotometer was interfaced with computer the recorded spectrum is obtained directly from the computer.  


The absorption coefficients are calculated using the above relation for (. The band gap of the films are determined by plotting a graph between ((h()2 and (h().

3.6.2 Structural characterization
   X-ray diffraction (xrd) is a powerful technique used uniquely to identify the crystalline phase present in materials and to measure the structural properties (strain state, grain size, epitaxy, phase composition, preferred orientation and defect structure) of these phases. xrd is also used to determine the thickness of the thin films and multilayers and atomic arrangements in amorphous materials (including polymers) and at interfaces. xrd offers unparallel accuracy in the measurement of atomic spacing and is the technique of choice for determining strain states in thin films. 

The techniques based on X-ray probe have dominated the field mainly because of their simplicity, more reliability, quantitative and non-destructive nature of these techniques. X-ray diffraction has played a leading role as a fundamental for material characterization. XRD is non-contact and non-destructive, which makes it ideal for the in situ studies. 

Theoretical basis 


The elemental composition of thin films can be analysed through the use of diffraction techniques, it can uniquely identify the crystalline phases near a solid surface and is most suited to films thicker than a few hundred angstroms.


The basics of X-ray diffraction is the Bragg equation, which describes the condition for constructive interference for X-rays scattering from atomic planes of a crystal.

The condition for constructive interference is
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Where, d is the distance between the atomic planes parallel to the axis of the incident beam, θ is the angle of incidence relative to the planes, n is the order of the reflection and λ is the wavelength of the X-rays.


The Bragg’s law requires that θ and λ be matched for diffraction. Varying λ or varying the orientation of the single crystal may satisfy the condition. In thin films, the distribution of crystallite orientations is nearly continuous.  Diffraction occurs from crystallites, which happen to be oriented at the angle to satisfy the Bragg’s condition.


Analysis of the diffraction patterns and comparison with standard ASTM data can reveals the existence of different crystallographic phases in the film, the relative abundance, the lattice parameters and any preferred orientation. From the width of the diffraction line, it is possible to estimate the average grain size in the film.                

Experimental procedure


Samples were analyzed by a Shimadzu XRD-6000 X-ray diffractometer. Samples mounted on the specimen holder using silica gel were scanned at a rate of 0.5º/min with Cuk(1 radiation. The radiation was filtered using a 1º divergence slit, a 1º-scatter slit and a 0.15-mm receiving slit. All the films were analyzed in the 20-80º (2(( scale angle range. The generated raw data files were then computer processed to smoothen data points, remove amorphous background scatter and remove the Kα2 analytical spectrum component. Integrated intensities were calculated using a shimadzu profile-fitting software package that performs mathematical modeling of the diffractogram pattern.
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Results & Discussion
CHAPTER IV

RESULTS AND DISCUSSION
4.1 Introduction
The TiO2 thin films are prepared by spray pyrolysis deposition technique and characterized to study its optical and structural properties. The results pertaining to the study entitled “preparation and characterization of TiO2 thin film” by spray pyrolysis method are discussed under the following topics.

· Deposition of  TiO2 thin films

· Thickness measurement

· UV-Visible absorption Analysis

· XRD Analysis

4.2 Deposition of TiO2 thin films

TiO2 Thin films were deposited on a glass substrate by spray pyrolysis technique using titanium isopropoxide and tetraisopropoxide as precursors, as described in the chapter-III. The as deposited TiO2 thin films were found to be white in colour. The analytical techniques (i.e) UV-Visible spectroscopy method and XRD analysis are carried out to study the optical & structural properties of the deposited TiO2 thin films. The optical characterization of the films is important for the solar cell and optoelectronic applications.

4.3 Thickness measurement

     Using stylus thickness measuring device the thickness of the thin film was measured and it is found to be 6.4µm.

4.4 UV-Visible absorption Analysis 

     For solar cell fabrication and other optoelectronic devices, we require semiconductors with controllable energy gap. Hence the study of optical absorption in semiconductor is of utmost important.

     Here, TiO2 is a photo catalyst and it is active in the high wavelength range (above 800 nm). To analyse its absorption in the low wavelength region, it is optically analysed in the lower wavelength region.

     The films were analysed using UV-VIS-NIR spectrophotometer. The absorption spectrum is given in Fig 4.1 for TiO2 thin film. The spectrum is given for wavelength between 400nm to 1000 nm. Similarly the transmission spectrum is given Fig 4.2 

     The data obtained from the optical study is used to calculate the energy band gap for the prepared material. Hence, the optical data of TiO2 determines the energy band gap.

From the absorption spectra, the optical energy band gap of the TiO2 thin film is found by using the relation                                 

α = A(hν –Eg)p

where ‘α’ is absorption of the film.


   ‘A’ is edge parameter


   ‘hν’ is photon energy


    ‘Eg’ is band gap


    ‘P’ signifies type of transition (allowed or forbidden)
    A graph is drawn between energy (hν) and (αhν)2 as shown in Fig 4.3. The variation of the graph is like a parabola. The linear part of the graph is extrapolated and its cuts at 3.44 eV, in the energy axis where (αhν)2 =o. This obtained energy band gap value is in good agreement with the earlier reported value. (Anca Duta., et al, 2009) and (Castillo. N., et al, 2004).

4.5 XRD Analysis

     X-ray diffraction analysis was carried out for the prepared TiO2 thin film. The diffractogram showed the peak value at 2θ = 31.49 as shown in Fig 4.4. The JCPDS data was referred in this regard and this 2θ value matches with the TiO2 presence data.
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Fig 4.1 Absorbance spectra of TiO2 thin film
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Fig 4.2 Transmittance spectra of TiO2 thin film
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Fig 4.4 XRD spectrum of TiO2 thin film

Summary and Conclusion
CHAPTER V

SUMMARY AND CONCLUSION

TiO2 thin films find wide range of applications. A newer and arguably, high-tech use for titanium dioxide is for low-cost, high efficiency solar cells based on dye sensitized colloidal TiO2 films. Scientific research carried out on TiO2 as a semiconductor or as a catalyst for an experiment proves the need for such a material. The material TiO2 was chosen for this study owing to the exciting remarkable properties and its applications. The TiO2 thin film was prepared by spray pyrolysis deposition technique, using titanium isopropoxide and tetraisopropoxide as precursors. This method of TiO2 preparation may be used for making  TiO2 thinfilms for various applications including DSSC, anti microbial application, water treatment etc., 

TiO2 thin films possessing white colour with rough surface and good crystalline quality have been obtained. The thickness of the TiO2 thin film was measured using Stylus measuring device and is found to be 6.4µm. The films were characterized by UV-VIS spectroscopy and XRD to reveal their optical and structural properties respectively. From the optical studies the transmittance, absorbance and band gap for TiO2 thin film were determined. The band gap for the TiO2 thin film was found to be 3.44eV. The XRD analysis was made for the TiO2 thin films and from the pattern the peak value obtained at 2θ = 31.49 agrees with the JCPDS data. This confirms the presence of TiO2 in the thin film.
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