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Introduction

CHAPTER – I

INTRODUCTION

1.1 ENERGY 

Energy is one of the major building blocks of modern society. Energy is a very significant and crucial aspect for the development process. The provisions from energy sources especially those furnished through Fossil fuels (non-renewable) and other renewable energy sources broadly expose the underlying fact about the dependency and need for energy sources in every walk of the human life. 

Energy development is the ongoing effort to provide sufficient primary and secondary energy forms to fulfill the civilizations need. The broad trend towards the increased energy use hides one another, more complex series of movements that have been underway gone the last decade and that are changing the back drop of the entire way of energy production.Energy prevalence all sectors of society: economic, environment, international relations in addition to our own personal livings (i.e.) housing, food, transportation, recreation and more (Tiwari G.N. and Ghosal.M.K 2007). 

1.2 ENERGY CRISIS

 
In the early years the cost of getting energy began to increase because many activities of human being depend on fossil fuels (Howard T.Odum and Elisabeth C. Odum 1976).This demand of energy increased by leaps and bounds due to rapid industrialization and population growth. Therefore the conventional source of energy which cannot be produced within the required time was found not to be sufficient to meet the demand in energy. Due to these reasons it has become important to explore and develop non-conventional energy sources to reduce the energy dependency on conventional resources and to avoid the depletion of fossil fuels (Khan. B.H 2007). 
Today, due to the increasing global demand on energy, it is imperative that a renewable energy source be determined that is cost effective and reliable one such energy is the solar energy which is available free of cost and can be renewed. Solar cell technology has shown much promise over the years to replace the use of fossil fuels. However, with the current technology the cost per watt is rather high due to the high cost of manufacturing silicon based solar cells. The cost per watt can be lowered two ways. Lower the manufacturing cost, or increase the amount of power output for the same cost. The latter is related to efficiency of the device. The current best is around 36% clearly a more efficient way of converting sunlight into energy needs to be researched in order to make solar cell technology economically viable. 

1.3 SOLAR ENERGY 

Solar Energy which is renewable source of energy is more efficient in the production of energy through photovoltaic conversion process. Solar cells based on the principle of photovoltaic conversion converts the solar energy to the useful form of energy. 

Today, solar cell technology is in limited use due to the relatively high manufacturing cost of silicon based technology and the low cost power efficiency of organic polymer based technology. However, research is being done on hybrid cells based on dye-sensitizing organic polymers and thin transparent conducting oxide layer comprised of nanoparticles. The cells could offer the same ease of manufacturing organic cells, with improved efficiency (Mitchell R. Brooks 2006). Finding a low cost solar cell as an alternative to conventional silicon solar cell is the aim of many investigations on solar cells. After nearly a decade of extensive work on dye-sensitized photoelectrochemical solar cells (DPSCs) based on nanostructured semiconductor films, the dye-sensitized solid state solar cells (DSSCs) have begun to receive considerable attention as one of the most promising systems for conversion of solar energy (Sirimanne P.M. et al.,  2006).
Silicon thin film solar cells are presently produced at a level of 80100 MW per year which is about 5% of the total world solar cell production. They have an efficiency of typically 5 to 7% and are predominantly based on amorphous silicon as the absorber material. Recently, great efforts have been undertaken worldwide to develop tandern solar cells with amorphous and microcrystalline Si absorber layers. It is hoped that by mass production of thin film silicon solar cells, the price of electricity produced by photovoltaics can be reduced significantly. Besides the silicon absorber layers, transparent conducting oxide (TCO) films are also important components of thin film Si solar cells. Such highly conducting TCO layers are commonly used as contact layers of pin solar cell structures (Carlson D.E et al., 1979, Shah.A et al., 1999). 

In recent years thin film science has grown world wide into a major research area. The importance of coatings and the synthesis of new materials for industry have resulted in a tremendous increase of innovative thin film processing technologies. Currently, this development goes hand in hand with the explosion of scientific and technological break through in microelectronics, optics and nanotechnology(Siegel R.W. et al, 1997). 

1.4 THIN FILMS 

In the field of physics a branch “Thin films” have got a great attention among the researches because of its numerous applications in diverse fields. The subject has grown rapidly is the last two decades and plays a key role in many segments of industries today. Especially in the production of electronic devices thin films introduce the term “Mininature circuits”. The potential usefulness of thin films in the optical, metallurgical and electronic industries. 
Thin films have thickness of the order of wavelength of light especially below 10000A(. All basic researchers on thin films are generally confined to limited range of thickness between a few A( to about 5000A( depending upon the properties to be investigated. Hence they are called two-dimensional thin solid films. These films have very large surface to volume ratio. So the nature of the thin surface influences their properties to a great extent from properties of bulk material. 

1.5 THIN FILM SOLAR CELLS 

Thin film solar cells are efficient for large scale photovoltaic energy conversion. This not only reduces the semiconductor material required but is also beneficial for production of large area module. The semiconductor material for thin film solar cells should have a high absorption coefficient (( > 104 cm-1) (Tiwari G.N. and Ghosal M.K 2007).

1.5.1 ROLE OF THIN FILMS IN SOLAR CELLS 

The unique properties of thin films and the very large variety of deposition techniques, has the following outstanding characteristics. 

· Thin films can be coated or deposited over large areas in any pre-determined shape and structure. 

· Combinational deposition process can be selected to fabricate large area, inter connected photovoltaic panels (Anbarasu.V  2004).
This can achieved by the development of transparent and conducting oxide (TCO) coatings such as tin oxide (SnO2), cadmium oxide (CdO), Zinc Oxide (ZnO), Cadmium indate (CdIn2O4) and indium oxide (In2O3). Studies on these highly conducting semiconductors have attracted the interest to many researchers because of their wide applications in both industry and research. These films are very efficient in reflecting broadband infrared heat radiation in a manner similar to highly conducting metal-like materials and in transmitting the light in the visible region as if they are insulators, such spectrally selective coatings have wide applications in solar thermal energy conversion. Solar photovoltaic conversion, solar heating, window insulation and thermal insulation in lamps (Elangovan E and Ramamurthi.K  2003).

The demand for low cost and high performance in optoelectronic devices has led to the development of better transparent conducting oxide thin films (Shinde S.S. et al., 2008). Materials exhibiting high optical transparency electrical conductivity and that can grown efficiently as thin films, are used extensively for a variety of applications including architectural windows, thin film photovoltaic, other opto-electronic devices (Gindey D.S and Bright.C, 2000, Lewis B.J, Panie D.C  2000), Solar cells (Omura.K.et al.,  1999), ion storage (orel B et al., 1994), flat panel displays (FPD) (Laverty SJ et al., 1997), defrosting windows in refrigerators and airplanes (Hamberg.Z et al., 1987), gas sensors (Tadeer A.V et al., 1998) etc. Transparent conducting oxides such as cadmium oxide (CdO) (Phatak G Lal.R 1994), tin oxide (SnO2), (Chopra K L et al., 1983), Zinc Oxide (ZnO), (Pizzini.S et al., 1989), indium tin oxide (ITO) (Mattox D.M 1991) etc have great technological potential due to the right combination of electrical and optical properties. Most of the well known and widely used transparent conducting oxide thin films.Such as ZnO, SnO2, ITO etc. are n-type material (Ahmed SK.F. et al., 2006). 
1.6 TRANSPARENT CONDUCTING OXIDES

Transparent conducting oxide (TCO) thin films are of considerable interest for solar energy conversion sensors and in various electrode applications. Tin oxide is an insulator in its bulk form, whereas it becomes semiconducting when deposited in the form of thin films. This transition from insulator to semiconductor occurs as the result of deviation of stoichiometry when it prepared in thin film form (Caglar.Y et al., 2007). 

TCO because of their high quality optical and electrical properties can be used as a promising window layer in the solar cells. 

1.6.1 PROPERTIES OF TCO’S 

· It posses a wide band gap energy. 

· Carrier concentration of the materials can be varied with respect to growth temperature and doping concentration. 

· It posses higher electron mobility and higher electrical conductivity. 

· Dependence of the band gap energy edges can be observed on varying doping concentration and substrate temperature (Ts).

· It posses higher transparency and low visible absorption for the striking radiation energy. 

· It can be prepared from a large variety of materials. 

With the above special mentions TCO’s are having applications such as solar cells, transparent electrode TCO, architectural windows, flat-panel, thin films photovoltaic, smart windows which are incorporated with the modern technologies such as opto electronic devices, high power laser technologies, military sensing units, micro electronics, space science and so on(Anbarasu.V  2004). 

Tin oxide, indium oxide, indium tin oxide, cadmium oxide, zinc oxide are some of the interesting transparent conducting films. Hence various research laboratories are concentrating their work on these films. These layers are remarkable in that they are easily transparent form in the visible and near infra red spectrum (Manifacier J.C et al., 1979). Thin film of tin oxide doped with antimony or fluorine as well as indium oxide doped with tin (ITO) have the remarkable transparent conducting property (Manifacier J.C et al., 1981). 

Among the available TCO’s, SnO2 seems to be more appropriate because they are quite stable toward atmospheric conditions, chemically inert, mechanically hard and can resist high temperature. The properties of the thin films are also dependent on the deposition techniques such as magnetron sputtering (Joseph B et al., 1998), RF sputtering (Messaoudi.C et al., 1995, Puchert M.K. et al., 1996), Chemical vapour deposition (Sankar.H, Cheung J.T 1983, Krunk S.M and Mellikov.E 1995), metal organic chemical vapour deposition (Afify H.H. et al., 1991, Goyal D.J. et al., 1992), spray pyrolysis (Holland J.R., 1967, Mark.P. et al., 1976), sol-gel dip coating evaporation, pyrosol method, hydrothermal method, photo-chemical vapour deposition, pulsed laser deposition, immersion method and painting. Among these techniques, the spray pyrolysis is well suited for the preparation of pure and doped tin oxide thin film. 

For the choice of proper TCO several criteria are of importance: 

· High transparency in the range of the solar spectrum. 

· High Conductivity

· Well suited refractive index for coupling of light into the silicon absorber material. 

· High chemical stability of the bulk material and of the contact to silicon. 

· Non toxic and sustainable materials. 

· Low cost. 

Three types of TCO’s have been applied to far (or are in progress of applications) in commercial thin film silicon solar cells; tin oxide (SnO2), indimum-tin oxide (ITO) and ZnO of these, ITO is certainly the most expensive TCO as it contains a sizeable fraction of indium, which is a metal of low abundance on earth and its price has continued to increase on the other hand both tin oxide is highly abundant and are considered environmentally harmless (Suto K et al., 1992). 

1.7 FLUORINE DOPED TIN OXIDE 

The sparkling size of sprouting nanosized materials have brought into the technological revolution rather reflecting in their optical, electrical and magnetic properties (Senthil Kumar V et.al. 2009). Tin oxide thin films are n-type semiconductors with high transparency and very good electrical conductivity. The films are chemically inert, mechanically hard and can resist high temperature. Owing to its low resistivity and high transmittance, tin oxide thin films are used as a window layer in solar cells.(Frank et al., 1983, Goetz berger and Hebling , 2000), heat reflectors in solar cells (colen, 1981), various gas sensors (Nomura et al., 1989, Brinzari et al., 2001), liquid crystal displays etc (Shamala K. S et al., 2004). 

SnO2 which is promising, technically provoking in the semiconducting materials world with their wide band gap of 3.6 eV because of its transport mechanism. It is not dependent on the stoichiometry rather which emancipates its sensory functions with their oxygen vacancies in the SnO2 lattice (Nutz.T et al., 1999).The conductivity of the undoped SnO2 limited to 102-103-Ω-1 cm-1 spurs the high dependency on the oxygen vacancies in the latch of the lattice (Zhang.J. and Gao.L, 2004, Shukla S et al., 2005, Santos Pena J et al., 2001).This inherent abnormality opens the new gateways of doping SnO2 with some elements such as Sb, F and Mo to make SnO2 as a very compatible material for engulfing very many windows of semiconductor applications such as displays, electro chromic windows, gas sensors, catalysts, Li batteries and optical electronic devices (Zhang J and Gao L, 2004, Chandra Bose A et al., 2002). 

The doping of fluorine to SnO2 is primarily concentrated to promote in order to have more number of charge carries there by leading to achieve enhanced electrical conductivity rather to the expected optimum value of (5 x 103 (-1 cm-1 for an optimum atomic F/Sn ratio of (3% (Chopra K L et al., 1983). 

 The electrical resistance is mainly relaying upon their crystallite resistance i.e. within a crystallite as a distance from its surface increases with the decrease in crystallite size (Seals, Shukla.S, 2002). In this line it has been demonstrated that sensitivity of nanocyrstalline based gas sensors increases dramatically as a size of the SnO2 decreases. For example it has been demonstrated that the gas sensitivity of nonocrystalline SnO2 sensors increases drastically as the size of SnO2 crystallites decreases below (10 nm (Shukla.S. et al., 2004). In the field of lithium-ion battery, very small tin oxide particles are needed to obtain high capacity (Aurbach D et al., 2002), which requires the preparation of nanosized SnO2 particles. Up to now, tin oxide nanoparticles are prepared by different synthesis methods, such as sol-gel synthesis (Ansari SG, 1996), Sonochemical method (Zhu J et al., 2002), hydrothermal method (Cheng H M et al., 1996), laser decomposition reaction (Ocana M and Matijevic E, 1990) and solid state reaction (Gao SM, 2004).Thin films of tin dioxide (SnO2) rate very high in performance as a transparent conducting coating (Chopra K.L. et al., 1983).To improve their performance further, these films are doped with a high valent cation (Shanthi E et al., 1980, Upadhyay J P et al., 1989) or a lower valent anion (Haitjema H et al., and Woerlee GF, 1989, Abass A K et al., 1988) Sb and F doped SnO2 films have been studied in detail because these dopants improved the electro-optical properties of these films considerably. Since all halogens satisfy the basic requirement of lower valent anion to improve the performance of SnO2 films it was considered interesting to study and compare their effectiveness as a dopant in these films. This will be also revealing the importance of ionic size and electro negativity of dopant in effecting the physical properties of host lattice. 

1.8 APPLICATION OF FLUORINE DOPED TIN OXIDE 

Some of the applications of fluorine doped tin oxide thin films are 
1.8.1 Low – emissivity window’s in buildings 

TCs on window glass improve the energy efficiently of the window because the free electrons reflect infrared radiation for wavelengths longer than the plasma wavelength. The effect is similar to that of the silver coating in a thermos bottle. In cold climates the plasma wavelength should be fairly long about 2(m. So that most of the solar spectrum is transmitted into heat inside the building. Fluorine doped tin oxide is the best material for this purpose because it combines a suitable plasma wavelength with excellent durability and low cost. 

1.8.2 Solar cells 

The front surfaces of solar cells are covered by transparent electrodes. In single - crystal silicon cells, a highly doped layer of the silicon itself serves as the front electrode. In thin film cells, a TC layer serves as the front electrode. Cadmium telluride and some amorphous silicon solar cells are grown on SnO2: F covered glass substrate. 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. 

1.8.3 Electrochromic mirrors and windows 

Automatically dimming rear-view mirrors are now installed in millions of automobiles. They include a pair of SnO2 : F coated electrodes with an electrochemically active organic gel between them. The main considerations are chemical inertness. High transparency and low cost (Roy G. Gordon, 2000). 

TCO’s highly transparent and conducting fluorine doped tin oxide (SnO2 : F) films are promising candidates for solar thermal energy conversion (Gottlieb.B. et al., 1991). The incorporation of fluorine in SnO2 films results in enhancing the electrical properties without declining the optical transmittance (Asomoza.R. et al., 1991). 

Flurorine – doped tin oxide (SnO2 : F) thin films have higher electrical conductivity, optical transmission and infrared reflection. SnO2: F films are very attractive because of their good adhesion to many polycrystalline and amorphous substrates such as glasses, metals and oxides (Elangovan E et al., 2004). 
1.9 OBJECTIVES

The properties of any material in appreciable when it is converted from bulk form to thin film form. So, in the present work the main objective is to prepare SnO2:F thin film from stannous chloride (SnCl2) and aluminum fluoride (NH4) [precursors] and to study the optical properties such as transmittance, absorption and energy band gap of the material and also to determine the structure of the prepared thin film by XRD. 

Review of Literature

                                           CHAPTER- II

                          REVIEW OF LITERATURE

2.1 INTRODUCTION
         Literature survey is comprehensive and extensive examination of research work done by many researchers on a selected field and the briefing of their findings. Literature survey excludes the chance of repetition in the research work and helps for comparison. A thorough literature survey of various preparation techniques and characterization of different phases of SnO2: F thin films have been carried out and gists of the survey are presented in this chapter.

2.2 OPTICAL AND ELECTRICAL PROPERTIES OF SnO2: F

The detailed study of the effect of dopants such as F, Cl, Br electrical properties of SnO2 films prepared by spray pyrolysis technique was given by Agashe.c and Major S.S (1996). They measured the thickness and the electrical properties by interference method and Hall Effect measurements respectively. They found maximum conductivity for each dopant but observed a reduced value in conductivity in a sequential order from F, Cl, and Br due to lower doping levels and determined the electrical conductivity by carrier cone.

Hirunlabh .J et al., (1998) studied the properties of the fluorine doped tin oxide (SnO2: F) on a glass substrate by a spray pyrolysis method. They reported that the film spectral transmittance are 82,74 and 58% in the wavelength regions of 300-700 nm and X-ray diffraction of F doping SnO2 films can not provide conclusive results of the effect of fluorine atoms in the films.

Shanthi et al., (1999) examined thin films of undoped and fluorine doped tin oxide films prepared on borosilicate glass plates by a spray pyroysis technique. The grow films were polycrystalline in nature. Films of above 10-3Ω cm resisitvity and high visible transparency of about 88% have been obtained at the optimum substrate temperature of 425oC and fluorine doping concentration of about 57 at %. The optical investigation showed that the optimized films have a direct allowed band gap of 4.25eV and indirect allowed band gap of 2.71eV.
Rajesh.S and Perumal .K (2002) narrated transparent conducting undoped tin oxide (SnO​2) antimony doped tin oxide (ATO) and fluorine doped tin oxide (FTO) films were deposited onto borosilicate glass substrate using an spin pyrolysis system. They observed that Sb and F respectively and the transmission decreases as the antimony concentration increases. These results are explained theoretically and are compared with undoped SnO2 thin films.

Shamala K.S et al., (2004) examined and reported that optical energy band gap is found to be 3.68 eV, refractive indices to be 1.88 and 2.03 at a wavelength of 500nm for evaporated and spray deposited TC SnO2 films, respectively, and observed that antimony doped spray deposited films showed a sharp decrease in the resistivity. The optimum doping concentration of antimony in tin oxide films was found to be                      (SbCl3)/ (SnCl4) = 0.065 which gives the lowest resistivity 7.74×10-4 Ω/cm.

Shamala.K.S et al., (2006) have studied that undoped, antimony doped and fluorine doped tin oxide films prepared by spray pyrolysis technique. They identified that doping percentage of antimony and fluorine in the spray solution has been optimized for achieving a minimum electrical resistivity.

Aaron Thurber et al., (2007) have studied temperature ferromagnetism (FM) in Fe doped SnO2.They investigated the role of F doping in the range from 0% to 0.79% on the FM of chemical synthesized single phase Sn1-XFeXO2 using X-ray diffraction, UV etc. They predicted that saturation decreased by 0.35Ao and 0.2eV, respectively with 0.67% F doping compared to the sample without any fluorine.

Beyer.W et al., (2007) reviewed the application of Al doped ZnO and doped SnO2 prepared by sputtering on a TCO films in a solar cells. To find the highest conductivity and band gap respectively. They also observed that ZnO is little affected by Hydrogen plasma but quit unstable in acids. 

Ji Hun Park et al., (2007) examined that the electrical and optical properties of fluorine doped tin oxide thin films deposited on Plastic substrate prepared by using Electron Cyclotron resonance –Metal Organic Chemical Vapor Deposition. They also observed that the amount of fluorine doping was found to be one of the major parameters affecting the surface resistivity, its excess doping into SnO2 lead to a sharp increase in the surface resistivity. The average transmittance decreased with increasing film thickness.

Dagkaldiran et al., (2008) reported the results of a study assessing a newly developed deposition process for F doped SnO2 films by CVD operating at atmospheric pressure (APCVD). The optical and electrical properties of layers deposited on glass are found to be similar to low pressure CVD. They found that the TCO films demonstrated an enhanced performance in the External Quantum Efficiencies compared to commercially available TCO films.

Peter Gerhardinger and David strickler (2008) have discussed about thin films coating of fluorine doped tin oxide on glass. They observed the characteristics of the on-line production the performance characteristics of the coating and the end use requirements and also compared the properties of SnO2: F to other emerging TCO materials such as zinc oxide.

In their investigation Chanipat Euvananont et al., (2009) prepared SnO2 thin films by depositing different sols using spray gel pyrolysis process on glass substrate. They found that the average grain size and film thickness were found to increase with increase in deposition temperature and F doping concentration. The lowest sheet resistance was observed on F: Sn sample deposited at 500oC of which twinned crystalline were also observed.

2.3 STRUCTURAL AND MORPHOLOGICAL   

      CHARACTERIZATION OF SnO2: F

Seigi suh.S and David M.Hoffman (1996) proposed that synthesize volatile tin (II) hexaflluoroisopropoxide complexes for use as precursor to fluorine doped tin oxide and to prepare related germanium (II) and lead (II) compounds. They discovered that tin compounds are volatile solid, an important criterion for their possible conventional tin oxide precursors in chemical vapor deposition processes.

Morris G.C and McElnona A.E (2002) used transparent conducting films of fluorine doped tin oxide deposited by spray pyrolysis method. They reported that film thickness, growth rates and pyrostal grain size increased with deposition time, substrate, temperature and amount of hydrochloric acid added to the deposition and the crystallite orientation depended on solution concentration.

Archana Gupta et al., (2004) have adopted very thin fluorine doped tin oxide films prepared on glass substrates using a spray pyrolysis deposition technique. The obtained x-ray diffraction (XRD) patterns showed that the films prepared with an electric field were polycrystalline where as those prepared without electric fields were amorphous. They also found that potential for producing very thin oxide films at low deposition temperature with a high growth rate an enhanced optical quality and an improved electrical conductivity.

Elangovan.E et al., (2004) reported the result of XRD,SEM and electrical properties of antimony doped tin oxide (SnO2:Sb) prepared by spray pyrolysis technique using SnCl2 as precursor with the various antimony doping levels ranging from 1to 4 wt%.They found that the lowest sheet resistance obtained for Sb doped SnO2 thin films.

Elangovan.E et al., (2004) analyzed the fluorine doped SnO2 films for various concentrations by spray pyrolysis technique. The XRD studies revealed that the orientation of the film varies with film thickness as reflected in SEM. They also reported that the shunt resistance and electrical resistivity are found to be a function of film thickness.

Elangovan.E and Ramamurthi.K (2004) studied the structural, morphological, characteristics of fluorine doped tin oxide (SnO2: F) prepared by spray pyrolysis technique using SnCl2 and NH4F as precursor. From the result they showed that the thin films are polycrystalline and doped film is grainy using by XRD and SEM studies respectively. They further proved that the roughness was decreased from 86.53nm to 24.6nm (doped) using AFM.

Jeong.J et al., (2004) examined that abnormal grain growth (AGG) occurs when SnO2 thin films are deposited by conventional thermal CVD at 475oC. They reported that the high resolution transmission electron microscopy shows some of the interface to be atomically faceted when deposited at 525oC normal grain growth (NGG) occurs with all the interface smoothly curved and atomically rough. For the application of SnO2 thin films in sensors and transparent electrodes, 500oC, which is just above the faceting transition temperature, was found to be the optimum deposition temperature due to its small grain size and high surface to volume ratio.

Ahmed SK.F et al., (2006) revealed that Al doped SnO​2 thin films have been synthesized by a sol-gel dip coating technique with different percentage of Al on glass and silicon substrates. The peaks in the spectra are identified to originate from reflections from (110), (101), (211), (301 planes of tetragonal SnO2.They found that FT-IR spectra of the SnO​2 films and all the band have been assigned due to the absorption peaks of Sn-O, Sn-O-Sn, Sn-OH bond vibrations. The seebeck coefficient become positive which confirmed that beyond 12.05% Al doping, the films are of p-type in nature and below it, the films are n type.

Aukkaravittayapun.S et al., (2006) adopted pyrosal technique to the FTO films and studied their physical and electrical properties by SEM, XRD, Hall coefficients measurements and resistivity measurement by four-probe method. They analyzed the film by Temperature Programmed Desorption and detected the evolved gases using a mass analyzed for mass fragments. 

Chi-Hwan Han et al., (2006) have studied ITO and FTO nano powders were synthesized employing a new rout sol-gel combustion hybrid method using acetylene black as a fuel. Crystal structures were examined by powder X-ray diffraction (XRD) and partial morphology as well as crystal size was investigated by scanning electron microscopy.

Martinez A.I et al., (2006) have worked about the chemical and physical properties of Fluorine doped tin oxide thin films prepared by the chemical spray pyrolysis technique and they reported that the fluorine content in tin oxide films does not induce any chemical shift of the Sn and O core levels. They observed that the formation of F-Sn complexes provides decrease in both the concentration and mobility of the carriers.

Subba Ramaiah et al., (2006) have deposited fluorine doped SnO2 films prepared at optimized substrate by spray pyrolysis deposition technique. They proposed that XRD analysis showed that films deposited with F/Sn = 0.10 exhibited tetragonal structure (200) and F/Sn=0.05 showed a practical amorphous nature. The mobility due to lattice, polar, impurity, grain boundary and neutral scattering mechanisms were assigned to SnO2: F films using experimentally obtained electrical data.  

Moholkar A.V et al., (2007)  deposited transparent conducting thin films of F:SnO2 onto preheated glass substrate by a spray pyrolysis technique for various concentration of SnCl4.The deposited films are of polycrystalline SnO2 with tetragonal crystal structure have preferentially orientation along the (200) direction with texture coefficient as high as 6.92 with average grain size of 48nm. The predicted values of lowest sheet resistance (Rs), resistivity (ρ) and mobility (μ) are calculated.

Yadav A.A et al., (2008)  showed from the XRD and optical studies of fluorine doped SnO2 prepared by spray pyrolysis on amorphous glass substrate showed that the materials is polycrystalline oriented along 200 direction possessing tetragonal structure and the energy is 4.15eV respectively. They observed sensing properties of the sensor were checked against combustible gases H2, CO2, CO, C3H8, CH and also checked for the increase in the sensitivity is discussed in terms of increased resistivity and reduced permeation of gaseous oxygen into the underlying sensing layer due to the surface modification of the sensor.

Senthilkumar.V et al., (2009) synthesized fluorine doped tin oxide (FTO) nanoparticals by sol- gel technique. They concluded that X-ray diffraction pattern confirms the tetragonal structure of SnO2 and the higher conductivity was obtained from the electrical studies.

2.4 SOLAR CELL APLLICATION OF SnO2: F

Elangovan.E and Ramamurthi.K (2003) employed to prepare fluorine doped tin oxide films from SnCl2 precursor prepared by spray pyrolysis technique. From optical studies they found that the transmittance increased with increase in fluorine concentration and the highest (85%) at 800 nm. The calculated reflectivity in the IR region was of 94-98%. From the electrical studies they found sheet resistance to decrease with increasing doping concentration and this material for transparent and conducting window materials in heterojunction thin film solar cells.

Bernard Nghiem and David Le Bellac (2009) incorporated transparent conducting oxide super state for thin film solar cells. They found that fluorine doped tin oxide based TCO super states for PV application. The durability issue of the SnO2: F based electrode and specifically electro-chemical corrosion phenomenon due to electrical field towards the interface between the glass substrate and the TCO film.

Ravichandran.K et al., (2009) have developed a low cost spray technique using perfume atomizer  employed for the fabrication of nanocrystalline antimony fluorine doped tin oxide films from aqueous solution of SnCl2 precursor. They found that this method is economically suitable for the mass production of solar cell TCO layers and transparent electrodes for optoelectronic devices.

Methodology

CHAPTER-III

METHODOLOGY

3.1 INTRODUCTION


Numerous applications of thin films led to intense studies of them especially to develop and prepare better films with specialized properties from newer compounds or composite materials. Thin film science now covers a wide span of disciplines such as solid state physics, surface science, crystallography, crystal growth process, optics, electronics, material science, etc. Newer methods are also being evolved to improve the quality of the deposits with maximum reproducible properties and minimum variation in their compositions. The methods used for preparing thin films are 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 EXPERIMENTAL SETUP
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Fig 3.1 Experimental setup of spray pyrolysis method

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. 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 25-30 cm.

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 SYNTHESIS OF FLOURINE DOPED TIN OXIDE THIN FILMS


The SnO2: F doped thin films were prepared by spray pyrolysis method using stannous chloride (SnCl2) and ammonium fluoride (NH4) as precursors. The preparation of the thin films consists of the following stages.

3.3.1 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, Aluminum 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.


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.

3.3.2 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 the removal of residues. The substrates were then dried in an oven for 45 minutes at a temperature of 100°C.

3.3.3 PREPARATION OF THE SnO2 SOLUTION

The spray solution was prepared in the following manner. SnCl2(11g) was dissolved in 5ml of  concentrated hydrochloric acid by heating at 90oC or 10min. The resultant ant transparent solution was then diluted with methanol formed the starting solution.

3.3.4 DOPING OF FLUORINE


The fluorine doping was achieved using ammonium fluoride (NH4F). The fluorine doping concentration was varied from 0 to 30 wt % in the spray solution.For fluorine doping NH4F is dissolved in double distilled water and added to the starting solution. The amount of NH4F was varied to achieve different [F]/ [Sn] weight ratio in the spray solution.

3.3.5 PREPARATION OF THE SnO2: F THIN FILMS


Thin films of SnO2: F on glass substrate was prepared using spray pyrolysics method. Microscopic glass slides (75×25×1.4 mm3) were used as substrates. The substrate temperature was heated to 420oC. Films of ~ 2μm thick were grown. The carrier gas flow rate was maintained at 61/min at a pressure of 6.50×104Nm-2. The normalized distance between the spray nozzle and the substrate is 30cm. The spray time was maintained at <30s and the spray interval at ~5min. 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. For each concentration, several sets of films were prepared and found to be reproducible. After deposition, the films were cooled to the room temperature. The grown films were uniform and free from pinholes. Moreover, this is simple and low cost technique for preparing large area thin films. Again doping is quite easy in this technique.

3.4 THICKNESS MEASUREMENT TECHNIQUE


Thickness is the most important parameter, which controls the film properties. A variety of methods are being used to measure thickness. This includes electrical, mechanical, gravimetric and optical interference methods. In the present study, the thickness of F doped SnO2 sample was determined using stylus thickness measurement device. The thickness of the thin film was found to be 1.52μm.

3.5 OPTICAL CHARACTERIZATION


No material is fully transparent in all optical frequencies and hence there will always be some absorption in some region of the spectra. When a beam of light passes through a medium it is partly reflected, transmitted and absorbed and the amounts of reflection, transmission and absorption of light intensity terms are respectively indicated by R, T and A (in %) then I0 = R+T+A = 100% (or unity) of the incident light (I0). These parameters are given by the ratios of intensities of reflected, transmitted and absorbed light to that of the incident one (I0). For a perfectly non absorbing medium, A = 0 and hence R+T = 100%.

3.5.1 OPTICAL PARAMETERS

Transmittance


Transmittance is the fraction of incident light or other radiation that passes through a sample. Transmittance at normal incidence was performed over a spectral range above 800nm for the fluorine doped tin oxide thin films. From the optical transmission spectra the extinction coefficient (Kf), absorption coefficient (α) and band gap (Eg) can be calculated using the following relations.


The extinction coefficient (Kf) can be calculated from the relation

Kf = 2.303× (λ/4πd) ×log (1/T)

Where, d = thickness of the sample

  λ = wavelength of the sample

  T = transmittance of the sample

Absorption


Absorption is nothing but taking up of energy such as radiation, light or stand without being transmitted. Interaction of the electromagnetic waves with a solid may cause several transitions in its band structure such as band-band, between sub bands or impurity levels and a band, transitions of free carriers within a band and also resonance due to lattice vibrations. Hence, a detailed study of the absorption band spectra is likely to provide a wealth of information about the electronic band structure of a solid and also of films. The absorption measurements were performed over a spectral range above 800nm on the fluorine doped tin oxide thin films.

Absorption coefficient (α)


The Absorption coefficient (α) can be calculated from the relation 

α = 4πKf /λ

Band gap (Eg)


Energy gap is the energy between lowest level of conduction band and the highest level of valence band (ie) the difference in energy in a substance between electron orbital in which the electrons are not free to move (valence band) and orbital in which they are free to move and carry current (conduction band) is the band gap. The absorption coefficient is related to the incident radiation energy as follows

α = A (hν-Eg)p
Where, p = edge parameter

             h = planck’s constant

             ν = frequency of incident radiation

             Eg = band gap energy

The magnitude of the component p characterizes the type of transition and takes the value of ½, 3/2, 2 and 3 for direct allowed, direct forbidden, indirect allowed and indirect forbidden transition respectively.

3.6 STRUCTURAL CHARACTERIZATION

Film properties are affected not only by their deposition techniques but also by their structure. The term “structure” is often used to mean both the atomic arrangement in a solid and its morphological features, i.e. shape, grain size, etc. the structural characterization is done by XRD which is known as X-ray diffraction. 

X-ray diffraction and electron microscopy are found to be powerful tool and have been widely used for structural analysis of the thin films.  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 basic 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 as shown in the Fig 3.2. 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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The results pertaining to the characterization results are detailed out in the forth coming chapter.

Results & Discussion

CHPTER-IV

RESULT AND DISCUSSION

4.1 INTRODUCTION

SnO2: F thin films were deposited on a glass substrate by spray pyrolysis technique is described in the chapter-III. The results pertaining to study “preparation and characterization of fluorine doped tin oxide by spray pyrolysis technique” are shown below.

4.2 DEPOSTION OF SnO2:F THIN FILMS


The SnO2:F doped thin films were prepared by spray pyrolysis method using stannous chloride (SnCl2) and ammonium fluoride (NH4) as precursors. Transmittance and conductivity properties of fluorine doping were analyzed by UV-VIS-NIR spectroscopic studies. The colour of the thin film is milky white and it turned into colorless 15wt% of fluorine doping.

The analytic techniques (i.e.) UV spectroscopy method and XRD analysis are carried out to study the optical and structural properties of the deposited SnO2: F thin films.              

4.3 THICKNESS:

Using stylus thickness measurement device the thickness of the thin film was 1.52µm.

4.4 UV ABSORPTION ANALYSIS

The studies of optical absorption in semiconductor are of atmost important. The spectral distribution of transmission data, absorption data were analyzed in the spectral region above 800nm. SnO2: F is a photo catalyst and it is active in the high wavelength range above 800nm.To analyze it is absorption is low wave length that region in also included here.

The thin films were analyzed using UV-VIS-NIR spectro photometer. The absorption spectrum is given in Fig.4.1 for SnO2: F thin film.

The spectrum is given for wavelength between 400nm to 1000 nm.Similarly the transmission spectrum is given in the Fig.4.2.The optical transmission reached around 75% in the prepared thin films. The electrical conductivity is around 100Ω-1.

The data obtained from the optical study is used to calculate the energy band gap of the prepared material. The  band gap (Eg) of the material is found from the relation,

α=A (hν-Eg) p

where,

 hν = photon energy.

Eg = band gap

A = edge parameter.

A graph is drawn for energy (hν) versus (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 4.27eV in the energy axis where (αhν)2=0.This obtained Energy value is in good agreement with the earlier reported value.

4.5 XRD ANALYSIS

The x-ray diffraction analysis was carried for the prepared thin films. The XRD shown peaks at the following 2Ө values as given in the table below. The diffratogram is exhibited in the Fig 4.4.

	Pos. [°2Th.]

	26.3681

	31.7176

	38.0022

	51.6153


The JCPDS data was reformed in this regard .These 2Ө values are matching with the SnO2:F data ensuring the presence of SnO2:F.

ABSORBTION SPECTRUM
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Fig4.1

TRANSMITTANCE SPECTRUM
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                                                Fig 4.2

ENERGY BANDGAP SPECTRUM
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Fig 4.3

XRD PATTERN
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Fig 4.4

Summary and Conclusion

CHAPTER V

SUMMARY AND CONCLUSION


Transparent conducting oxide because of their high quality optical and electrical properties can be used as a promising window layers in the solar cells. Tin oxide, this is promising and technically provoking in the semi conducting materials world with their wide band gap of 3.6 eV. is tin oxide chosen to dope with fluorine and prepared as a thin film from stannous chloride SnCl2 and ammonium fluoride (NH4F) as precursors. 

SnO2 is a very compatible material and finds application in various optoelectronic devices. The prepared films were doped with fluorine to promote the charge carriers and to achieve enhanced electrical conductivity. The fluorine doping was achieved using ammonium fluoride (NH4F). The fluorine doping concentration was varied from 0 to 30 wt% in the spray solution. 

The colour of the SnO2 thin film is milky white and it turned into colourless on doping 15 wt% of fluorine.  The thickness of the SnO2:F thin film was found to be around 1.52µm using stylus thickness measurement device. 

The optical absorption and transmittance data were taken in the spectral region 400-1000 nm. The data provided the value of band gap energy of the prepared film and it was found to be 4.27eV. The thin films possess good transmission.This specific property of the SnO2: F thin films were found to be applicable in dye-sensitized solar cells (DSSCs).

The XRD characterization exhibited the crystalline peaks around (26.3681, 31.7176, 38.0022, and 51.6153). The obtained result confirmed the presence of SnO2 with F doping.
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