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ABSTRACT
Properties of Thin film deposited depends on various deposition parameters like substrate temperature, nature of spray and movement of spray head, spray rate, type of carrier gas, nature of reactants and solvents used.
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1.0	INTRODUCTION	
Spray pyrolysis is a process in which a thin film is deposited by spraying a solution on a heated surface, where the constituents react to form chemical compound. The reactants are selected such that the products other than the desired compound are volatile at the temperature of the deposition. The process is particularly useful for the deposition of oxides and has been a useful production method for applying a transparent electrical conductor of Tin oxides (SnO2) to glass. Typical spray pyrolysis equipment consists of an atomizer, precursor solution, substrate heater, and temperature controller. For several decades, spray pyrolysis system have been used in glass industry and in solar cell production to deposit electrically conducting electrodes. Classification for the type of spray pyrolysis is usually attributed to the type of the atomizer that is used in the system; also, the droplet size of the aerosol is generally dependent on the atomization method, which in turn determines the film quality. There are three major types of atomizers: air blast, electrostatic, and the ultrasonic. The spray pyrolysis technique using the electrostatic atomizer is called Electrostatic Spray Deposition (ESD), the technique using the air blast atomizer is named Pressurized Spray Deposition (PSD), and the technique using Ultrasonic atomizer is generally recognized as the ultrasonic or normal Spray Pyrolysis (SP). The enhancement in deposition efficiency and improvement in quality of the thin films can be achieved with atomization techniques
Electrostatic spray deposition technique has gained significance over other spray deposition techniques because of the mode of atomization which produces fine spray, velocity and droplet size. It is also relatively low cost, easy composition control, large area deposition and high growth rate. In spray pyrolysis technique precisely managing the timings of spray (spray time and spray pause time) without any error can help to create a good thin film quality. In manual operations one has to precisely monitor these timings, manual switching operations of ventilation, and carrier gas flow and substrate movement for many numbers of cycles.      This is to be recorded there and then for later analysis and for reporting the resulting thin film properties. Hence, such thin film coating become imprecise operation for a required number of spray. 
The preparation of thin films of the size of a nanometer is important because of their potential applications in the various fields of science and technology, including the diverse fields of electronics, optics, space science, aircraft science, defense and other industries. There are a number of physical and chemical routes for preparing thin films, like pulsed laser deposition, ion beam sputtering, thermal evaporation, vacuum deposition, chemical vapor deposition, co-precipitation, sol-gel, chemical bath deposition etc. Owing into 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, homogenous, smoother thin films with the required thickness.

2.0			 DEPOSITION PARAMETERS
Properties of film deposited depends on various deposition parameters like substrate temperature, nature of spray and movement of spray head, spray rate, type of carrier gas, nature of reactants and solvents used. The effect of some important spray parameters are discussed here.
2.1 Substrate temperature	
Substrate temperature plays a major role in determining the properties of the films formed. It is generally observed that higher substrate temperature results in the formation of better crystalline films (Affify, 1994 and Goswami, 1996). Grain size is primarily determined by initial nucleation density and recrystallization. Recrystallization into larger grains is enhanced at higher temperature (Chopra, Indrajeet, 1983). By increasing the substrate temperature, the film morphology can be changed from cracked to dense and then to porous.
Variation of substrate temperature over different points results in non-uniform films.
Composition and thickness are affected by changes in substrate temperature which consequently affect the properties of deposited films. For example, while preparing SnS films using CSP, single phase films are obtained only in a narrow range of temperatures. Secondary phases like Sn2S3, SnS2, and SnO2 etc. are present in films prepared at lower and higher temperatures (Sajeesh, 2007). 
High substrate temperature can also result in the re-evaporation of anionic species as in the case of metal sulfide films (Chopra and Das, 1983). In metal sulfides, re-evaporation of sulfur from film occurs at high substrate temperature, leaving metal rich surface, which may react with oxygen to form oxides.
Though surface temperature is a critical factor, most investigators have not known the actual surface temperature of the substrate. Also, maintenance of substrate temperature at the present value and its uniformity over large area are challenging. 
Liquid metal baths offer good contact at the interface and are widely used. But when solid surfaces are used, the actual area of contact is less than 1% of the surface area. Spraying in pulses or bursts also has been used to assure that surface temperature is reasonably constant. (Minoura et al., 1977)
2.2 Influence of precursors
Precursors used for spraying is very important and it affects the film properties seriously. Solvent, type of salt, concentration and additives influence the physical and chemical properties of the films. Usually, de-ionized water which is ideal for a low cost process is used as solvent. Use of alcohol as solvent has also been reported. It was observed that transparency of as deposited ZnO films increased when ethanol was used instead of water as solvent for zinc acetate (Ratheesh, 2007).  Properties of films varied with type of precursors. For example, when In2S3 thin films were deposited from chloride based and nitrate based precursors, their properties differed significantly. Films from chloride based precursors were crystalline and highly photosensitive compared to those formed from nitrate based precursors which were amorphous. (Teny et al., 2005).
2.3 Concentration of spray solution 
Usually it ranges from 0.001 M to 0.1 M and it is seen that smooth films of columnar grains are obtained with low concentration and low spray rates (Mooney and Radding, 1982). Chen et al., (1998) observed that surface morphology of the films changed from cracked to crack free reticular, after introduction of acetic acid into precursor solution. The change in morphology was attributed to the chemical modification of precursor solution.
2.4.  Spray rate
Spray rate is yet another parameter influencing the properties of films formed. It has been reported that properties like crystallinity, surface morphology, resistivity and even thickness are affected by changes in spray rate (Tina et al., 2007).  It is generally observed that smaller spray rate favours formation of better crystalline films. Smaller spray rate requires higher deposition time for obtaining films of the same thickness prepared at higher spray rate. Also, the surface temperature of substrate may deviate to a lower value at high spray rate. These two factors may contribute to the higher crystallinity at small spray rates. Decrease in crystallinity at higher spray rates is observed in sprayed CuInS2 thin films. Decrease in crystallinity usually results in increased resistivity of the films. Surface morphology of the films varies with spray rate. Higher spray rate results in rough films. Also, it is reported that films deposited at smaller spray rates are thinner due to the higher re-evaporation rate.
2.5   Substrate heater
The properties of thin films grown by thermal deposition under high vacuum conditions depend on the temperature of the substrate, among other parameters. During growth, the vacuum evaporated material condenses on the substrate, and the further nucleation and growth of the formed film depends on the impinged energy at arrival and on the energy obtained from the substrate. Atom mobility produced by high temperatures, promotes a better crystalline structure and large grain sizes in polycrystalline materials (Sree, 2006).  High vacuum conditions and high temperatures during growth reduce the selection of the type of material to be used as substrate heater (Kohl, 1995).  Contaminants can be introduced in the vacuum chamber by desorption and by the low vapor pressure of used materials. Besides, high temperatures can soften materials, changing the geometry of the components. Commercially available substrate heaters overcome these limitations at a high cost, including features such as large substrate diameter, substrate rotation, dual cooling/heating or designs which are inert to oxygen or corrosive atmospheres (Clark et al., 1997). Depending on the applications, those features might be required.  The automatic control of the temperature of a substrate heater is a requirement in order to obtain desirable physical properties of thin films.  The design of the substrate heater was based on the idea that simplicity produces robust designs. Low power was also a requirement in order to avoid a substantial increment of temperature in the vacuum chamber during the thermal evaporation of the thin films. K-type thermocouple is placed in a groove of the substrate heater to detect the substrate temperature. During decomposition, substrate temperature can be kept constant (with an accuracy of ±5 K) using a temperature controller equipped with a feedback circuit to control the heater supply.
2.5.2 Solution flow control and spray nozzle
A spray is a dynamic collection of drops dispersed in a gas. The process of forming a spray is known as atomization. A spray nozzle is the device used to generate a spray. The two main uses of sprays are to distribute material over a cross-section and to generate liquid surface area. There are thousands of applications in which sprays allow material to be used most efficiently. The spray characteristics required must be understood in order to select the most appropriate technology, optimal device and size. A surgical needle made of stainless steel can be used as a spray nozzle which is advisable to be replaced after every spray. It has to be ensured that solutions do not come into contact with any metal parts except the spray needle. Solution can be dispensed using a container with syringe type arrangement. Varying a stepper motor attached to this container, controls the dispensing rate. The container should be made of a corrosion free material.
In some setup, varying the speed of the stepper motor attached to the container, dispensing rate of the solution could be controlled. The motor shaft was connected to a lead screw through a gear. During the rotation of the motor, a piston connected to the lead screw pushed out the liquid through the nozzle. Spray rate can be varied from 1ml/min to 15 ml/min. The container was made of Teflon, a corrosion free material. Plastic tubes were used for carrying the solutions from container to nozzle. In an air blast spray pyrolysis system we need an air compressor to atomize the nozzle to produce aerosol, in ultrasonic spray pyrolysis we need an ultrasonic sound to atomize the nozzle while in electrostatic spray pyrolysis a high voltage source automizes the nozzle.
2.5.3 Movement of spray head
 Two stepper motors are employed in the mechanism of moving the spray head over the substrate to cover a large area. At higher spray rate the movement of spray head is a critical factor but at a lower spray rate it is possible film will not be deposited. If the spray head movement is slow and the spray rate is high, larger number of droplets reaches the unit area of the surface. This can wet the substrate on substrate heater thereby detaching the deposited film from the substrate surface. This means that the speed of spray head movement, distance between the substrate and spray head can be varied.

