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Preface

Pure and Al-ZnO thin films are prepared by Silar method and are annealed at a temperature of 4000C for one hour. The samples are characterized by XRD, SEM and EDX. The samples are then placed inside a gas chamber kept at rotary vacuum. The gas chamber is maintained at a pressure of 0.20 mb and at a temperature of 3500C. Ethanol vapour is admitted in a controlled manner into the chamber. Resistance of the film is measured continuously before, during and after the admittance of Ethanol vapour. The experiment is repeated for different doping concentrations of Al. And it has been observed that the resistance of the film reduces fast and considerably at the admittance of Ethanol. The response time was found to be one second and it has been noted that recovery time of the films varies with doping concentrations. 
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1.Introduction

          It has been observed that the gas sensing property of ZnO thin film to different gases has been widely studied. In most of the studies the ZnO thin films are coated with some kind of sensitizers and also the gas to be sensed will be admitted for a long time to get the response of the film. Different ZnO thin films with sensing time from 40 second to 30 minutes has been reported. And a response time of 20 seconds have been reported for carbon dioxide gas. The successive ionic layer adsorption and reaction(Silar) method used here is considerably a simple and very cheap method to fabricate ZnO thin films of good surface morphology as well as electrical properties. Another important advantage of Silar method is that it is easy to perform doping with Al, Sn, Ga, N, Sr and more others by this method and there by we can easily modify and control the properties of ZnO. As the coast of fabrication of ZnO thin film is comparatively less, using this method, this will lead to the fabrication of cheap gas sensors as well. 


In the present study, ZnO nano structured thin films without any sensitizers coating is being used and also the time of admittance of the gas is only a few seconds. The adsorption of reducing gas molecules results in decrease in electric resistance of oxide materials. Among oxide semiconductors, ZnO and SnO2 are mostly studied and are known to have substantial gas sensitivity. These materials are non-stoichiometric independent of the preparation technique used. The materials are characteristically n-type semiconductors due to non-stoichiometry associated with oxygen vacancy and/or metal excess acting as donor states providing conduction electrons. The surface resistance of metal oxide thin films is greatly influenced by chemisorption of oxygen from the air at the surface and at the grain boundaries. The conduction electrons of the materials are trapped by the chemisorbed oxygen and there forms O2-, O- and O2- depending on the temperature of the surface. This leads to an increase in surface resistance of the thin film. When a reducing gas is introduced to the film the molecules of the reducing gas reacts with the negatively charged, chemisorbed oxygen species and thus the conduction electrons of the film becomes free. This leads to a decrease in the resistance of the film. And in this process, the gas molecules are being oxidized too. When the reducing gas is removed from the film environment, the film regains its original high resistance again. 
The oxide sensing layer is being fabricated in different physical forms such as thin film, thick film, bulk pellet etc. But as sensing is a surface phenomenon, thin films are found to be most effective for the process . 
2. Thin film Deposition
                           Thin   films can be  made self supporting or   may   be   deposited   on suitable substrates like glass, silicon, quartz etc to support the film. Thin films can be deposited from a variety of materials like metals, semiconductors and insulators. A variety of deposition techniques such as physical vapor deposition, chemical vapor deposition, electro deposition, sputtering, close spaced sublimation, spray pyrolysis, rolling etc have been developed for the growth of high quality thin films. 
                        Practically, any thin film deposition involves three basic steps, which  are  (a) creation of atomic or molecular or ionic species of the required material,  (b) transport  of  the  species  to  the  substrate  and   (c)  condensation  of  the  transported species on the substrate. The choice of deposition technique is decided by several parameters like the melting point of the material to be deposited, desired purity of the thin films, the required thickness, the application of the thin film deposited etc. It is to be realized that the deposition techniques and their process parameters have strong effects on the thin film properties. Also, depending on the type of materials used and the deposition parameters used, the thin films deposited can be crystalline, 

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


In Chemistry deposition is the settling of particles (atoms or molecules)  or sediment from a solution, suspension and mixture or vapor onto a pre-existing surface. Deposition generally results in growth of new phase and is of fundamental importance in a large number of scientific disciplines and practical applications, the most obvious ones being in geology, meteorology and chemical engineering. For those who speak English, deposition is the phase change from gas directly to solid.                 


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 cold 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. 


Chemical deposition reactor is capable of switching rapidly from one process gas to another  and methodo f forming a thin film by using the same. Chemical deposition methods are now a days used for metal chalcogenide thin films and is relatively inexpensive simple and convenient. A variety of substrates such as insulators, semiconductors or metals can be used since these are low temperature processes which avoid oxidation and corrosion of substrate. 
              Chemical deposition is further categorized by the phase of the precursor:           
 (a)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. 
    (b)Chemical Vapor Deposition (CVD) Chemical vapour deposition or CVD is a generic name for a group of processes that involve depositing a solid material from a gaseous phase and is similar in some respects to physical vapour deposition (PVD). CVD generally uses a gas-phase precursor, often a halide or hydride of the element to be deposited. Inthe case of MOCVD, an organometallic gas is used. Commercial techniques often use very low pressure of precursor gas. 
(c)Plasma Enhanced CVD (PECVD) uses an ionized vapor, or plasma, as a precursor. The commercial PECVD relies on electromagnetic means (electric current, microwave excitation), rather than a chemical reaction, to produce a plasma. Some plating processes are driven entirely by reagents in the solution (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 resurgence with more widespread  use of chemical- mechanical polishing techniques. 
2.2 Physical Deposition 
                       Physical   deposition   uses   mechanical   or   thermodynamic means   to   produce   a   thin   film   of   solid.   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 (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   these 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. 

Examples of physical deposition include: 
(a)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 reacting with or scattering against other gas- phase atoms in the chamber, and reduce 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 
particularly sophisticated form of thermal evaporation. 
   (b)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 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. 
 (c)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. Note, step coverage of sputtering 
method is more or less conformal. It is also widely used in the optical media. The manufacturing of all formats of CD, DVD and BD are done with the help of this technique.It is a fast technique and also it provides a good thickness control. Presently, nitrogen and 
oxygen gases are also being used in sputtering. 
 (d)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. 
 2.3  Other important Deposition Processes 
   Some methods fall outside these two categories, relying on a mixture of chemical and physical means: 
  (a)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 (b) 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, gallium),then a layer of the other (i.e, arsenide), so that the process is chemical as well as physical. The beam of material can be generated by either physical means (ie, by a  furnace) or by a chemical reaction (chemical beam epitaxy). 
3. Properties of Thin Film 
  
    There are several factors that decide the properties of a thin   film   like   the   rate   of   film   deposition,   deposition   ambient,   substrate temperature, purity of the materials used and the impurities added during deposition.   Thin   films   are   most   commonly   prepared   by   condensation   of atoms from  the vapor  phase of the material. The structural behavior  and 

other   properties   are   related   to   these   growth   processes.   The   atom condensation is determined by its interaction with the impinged surface and gets deposited on the substrate surface by adsorption. The impinging atom is attracted to the substrate surface by the instantaneous dipole and quadrapole moments of the surface atoms. It may be noted that, the adsorbed state is not 

a thermally equilibrated state, instead the adsorbed atoms (adatoms) move over the film surface because of the thermal activation from the surface or because of its kinetic energy parallel to the surface. An adatom has a finite stay time on the substrate to form a stable cluster (agglomeration) or island and can be chemically adsorbed with the release of a heat of condensation. If not   adsorbed,   the   adatom   re-evaporates   into   vapor   phase.   Therefore condensation is a net result of the equilibrium between the adsorption and desorption processes. 
3.1 Structural Properties 


     The structure of thin film may or may not be the same as that of the bulk material from which it has been made. All growing films are associated with some growth defects such as grain boundaries, dislocation, stacking   faults,   deposition   parameters   etc.   Consequently   the   thin   film properties   such   as   electrical,   magnetic,   optical,   mechanical,   thermal, electronic etc are very much sensitive to their structure. Highly disordered or amorphous film have electrical, magnetic or mechanical properties which may differ by several orders from those of ordered bulk crystals. Further because of high surface  to volume ratio in a thin film, the effect of surface 

forces become highly significant in deciding of the impinging atoms over the exposed growing layer. This is due to the unbalancing of the forces at the surface region compared to those deep inside the material where forces are fully balanced. This leads to many additional characteristics of the surface such as adsorption, surface tension, thermal emission, catalysis etc. 
           The crystallite   size   of   the   vapor   deposited   polycrystalline   film increases   with   the   increasing surface   mobility of adatoms,  substrate temperature, rate of  deposition,  inertness and   smoothness of the surface. Also, annealing   of   thin   films   at   temperatures higher than the   deposition temperature increases the crystallite size. The surface  smoothness  or roughness of a film is determined by the statistical process of nucleation and growth and the adatom surface mobility. As the surface mobility of adatoms increases, the   condensation can occur preferentially at the surface concavities and thus tend to smooth the surface. 


  Density is an important parameter of physical structure. Density is generally determined by the mass per unit area and the interferometric film thickness. If a film is discontinuous or porous, because of the deposition conditions employed, the film density is expected to be lower than the bulk value. In general, as the film thickness decreases, the density also decreases. 
                X-ray diffraction (XRD) and transmission & electron microscopy (TEM)   provides   quantitative   information   of   thin   film   properties   such   as crystallographic structure, phase texture and grain size. Scanning electron microscope (SEM) and atomic  force microscope (AFM)   are  versatile instruments for the  investigation of  surface  topography, microstructural features etc. The chemical composition of the films can be studied using x- ray photoelectron spectroscopy   (XPS),  energy  dispersive  x-ray  analysis (EDAX) etc. 
  3.2   Optical and lectrical Properties 
   
  In the case of thin metallic films its resistivity has been found to be much higher than that of the corresponding bulk metal and it decreases with the increase of film thickness eventually attains a value often approaching   that   of   the   bulk.   This   feature   needs   to  be   explained   by   any proposed theory of conduction mechanism. Inorder   to   discuss   the   properties   of   metallic   films,   these   films   are categorized into two cases-continuous and discontinuous films. 
  (a)Conduction in continuous metal film: Conduction phenomenon  of a material in bulk form is due to the movement of electrons residing near the Fermi level region having mean 
velocity‘v’ and  relaxation time ‘ζ’ such that their mean free path (l) = vζ. If however the 
bulk thickness is reduced gradually to a stage where it is of the order of mean free path of 
electrons, then the conduction electrons will be more frequently scattered by the two surface boundaries. Consequently its conductivity will decrease. This effect due to the reduction of the material size is called ‘size effect’. The higher  resistivity is not only due to the size effect but also due to the presence of defects and impurities etc present in the metal lattice. 
The higher is the defect concentration more will be the collisions of electrons per unit time 
and mean free path ‘l’ of the electrons will decrease leading lower conductivity
 (b)Conduction  in discontinuous metal film: An electron transfer in a discontinuous film where metal particles or nuclei or island are separated from the nearest ones by some 
dielectric layer say air or vacuum can be achieved by several processes viz thermionic or 
Schottky emission of electrons, quantum mechanical tunneling  impurity assisted mechanism 
etc. In many cases more than one  processes are involved. According to the theory of 
thermionic or Schottky emission, the expression for conductivity of film (σ f) takes the form 
        



 σf  = (AeTs/k) exp[(φ – βe2/s) / kT] 
where  s= distance between metal particles. 
             β= a function of island or particle size. 
             A= a constant, characteristic of each film. 
             e= electronic charge. 
             k= Boltzmann constant. 
             φ= bulk work function of the metal. 

The term βe2/s represents the contribution of image forces. 
3.3  Optical Properties      
  
  Optical   properties   of   a   solid   emanate   from   its   interactions   with electromagnetic   waves   and   manifested   in   optical   frequencies.   Optical properties   of   films   have   been   studied   extensively   because   of   their applications in various optical and electro​ optical devices and it has been found that there is often a considerable deviation of optical parameters from that of a bulk material. Discrepancies in the optical study of a solid concerns not   only   with   the   physical   phenomena   such   as   refraction,   reflection, transmission, absorption, polarization and interference of light, but also with the interaction of photon energy with matter and the consequent changes in the electronic states. 
      
    From reflection, transmission and absorption processes, it is possible to   evaluate   the   optical   constants   such   as   refractive   index   (n),   absorption index or extinction coefficient (k) and absorption coefficient (α) and in turn also the complex dielectric constant (ε*) of a solid. The last parameter also provides  information about   the  electrical  nature  of   the  individual species constituting the solid. The study of refractive index provides understanding of the chemical bonding, photo emission properties and electronic structure of the material. Absorption studies provide a simple means for the evaluation of adsorption edge, optical band gap, optical transitions which may be direct or indirect, allowed or forbidden and also of the nature of the solid material. 
               
 Interactions   of   electromagnetic   waves   with   a   solid   may   cause several transitions in band structure and hence a detailed study of absorption band spectra provide wealth information about the electronics band structure of solid and also of films when a ray of light passes from one medium to another say from air to solid, it will partly be reflected, transmitted, scattered, polarized and may also be absorbed. When we consider the process in a thin film, we have to take into account at least two interfaces namely air/film and film/air and often a third interface viz film/substrate. 
4. Double Dip Technique    

       The Double Dip technique is a simple and promising method for thin film preperation. Here we prepare the undoped and doped ZnO nano thin films. Equal amounts 0.1 molar  Zinc Sulhate and 2 molar Sodium Hydroxide solution are taken in a beaker and mixed together slowly by continuously stirrting. Aluminium Sulphate is added to this solution for doping. ZnO thin films were prepared using a two-step chemical bath deposition technique using a solution comprising of high purity zinc sulphate and sodium hydroxide with a pH value of  9 as first step and a dip in hot water  kept near boiling point as the second step. 
                                           Before deposition, the glass substrate where cleaned by  chromic acid followed by cleaning with aceton. The well-clean substrates were immersed in the chemical bath (sodium zincate-first dip) for a known standardised time  followed by the immersion in hot water for the same time for hydregenation (second dip). In this way, a thin layer of sodium zincate 

complexes, is formed during first dip, which decomposes two ZnO when subsequently dipped in hot water. The equation for the formation of ZnO thin films are written follows: 
                
   ZnSO4 +  4NaOH → Na22ZnO2+Na22SO4+2H2O

(1) 
                          Na2ZnO2+H2O→ZnO+2NaOH



(2) 
                A part of thus-formed ZnO was deposited onto the substrate as strongly adherent film and remaining ZnO were formed as a precipate in the solution. ZnO films deposited with 100 dips were dried in air and subsequently annealed at a temperature of 450 Degree C for 2 hours. Annealing done by thermocouple and electric oven with temperature limited. 
                In eq.(1) ZnSO4 is taken 1.475g and NaOH taken as 4g for 0.1molar. Here, we made  0.075,0.1, 0.125molar solutions to repeat the experiment. 
                      ZnO thin films are prepared using double dip technique by   varying   deposition   parameters such as solvent medium, solution, pH, concentrations, temperature, number of dippings, etc. The effect of these parameters are studied using various  characterizations   and   the   optimized deposition parameter arrived for undoped ZnO thin films. 
5. Materials and Methods


It has been observed that the gas sensing property of ZnO thin film to different gases has been widely studied. In most of the studies the ZnO thin films are coated with some kind of sensitizers[1] and also the gas to be sensed will be admitted for a long time to get the response of the film. Different ZnO thin films with sensing time from 40 second to 30 minutes has been reported [1]. And a response time of 20 seconds have been reported for carbon dioxide gas[2]. The successive ionic layer adsorption and reaction(Silar) method used here is considerably a simple and very cheap method to fabricate ZnO thin films of good surface morphology as well as electrical properties. Another important advantage of Silar method is that it is easy to perform doping with Al[3], Sn[4], Ga[5], N[5], Sr[6] and more others by this method and there by we can easily modify and control the properties of ZnO. As the coast of fabrication of ZnO thin film is comparatively less, using this method, this will lead to the fabrication of cheap gas sensors as well. 


In the present study, ZnO nano structured thin films without any sensitizers coating is being used and also the time of admittance of the gas is only a few seconds. The adsorption of reducing gas molecules results in decrease in electric resistance of oxide materials. Among oxide semiconductors, ZnO and SnO2 are mostly studied and are known to have substantial gas sensitivity [7]. These materials are non-stoichiometric independent of the preparation technique used. The materials are characteristically n-type semiconductors due to non-stoichiometry associated with oxygen vacancy and/or metal excess acting as donor states providing conduction electrons. The surface resistance of metal oxide thin films is greatly influenced by chemisorption of oxygen from the air at the surface and at the grain boundaries. The conduction electrons of the materials are trapped by the chemisorbed oxygen and there forms O2-, O- and O2- depending on the temperature of the surface [8]. This leads to an increase in surface resistance of the thin film. When a reducing gas is introduced to the film the molecules of the reducing gas reacts with the negatively charged, chemisorbed oxygen species and thus the conduction electrons of the film becomes free. This leads to a decrease in the resistance of the film. And in this process, the gas molecules are being oxidized too. When the reducing gas is removed from the film environment, the film regains its original high resistance again. 
The oxide sensing layer is being fabricated in different physical forms such as thin film, thick film, bulk pellet etc. But as sensing is a surface phenomenon, thin films are found to be most effective for the process [9]. 
The preparation of ZnO thin film by Silar method has been reported elsewhere[9]. The process involves successive dipping of a pre-cleaned microscopic glass substrate in Sodium Zincate bath and in hot water kept at a temperature of 950C. A microprocessor controlled dip coating unit was used to fabricate identical films of good quality. A thin film of Sodium Zincate was deposited on glass substrate during the first dip, changes to ZnO during the second dip. The substrate was first immersed in Zincate bath for a definite time and then in hot water for the same interval. The reaction leading to formation of ZnO for Sodium Zincate bath is as follows.






Na2ZnO2 +H2O = ZnO+2NaOH


The ZnO thin film thus formed is a white adherent film whose subsequent annealing in air leads to phase pure ZnO[10]. The annealing temperature of the film was usually 4500 C for the duration of one hour. A micro processor controlled annealing chamber was used for the purpose.  Here ZnO films doped with different concentrations of Al is used for gas sensing applications, with out the help of any catalyst. 


In the present work, the annealed samples are put in a gas chamber for the sensitivity study to Ethanol vapour. The ZnO thin film used for the study is having a resistance varying from few Kilo Ohms to a few Mega Ohms depending on the preparation conditions. The samples used usually have the dimensions of 1.5cm X 1.5cm. The gas chamber used for the admittance of the gas for sensing applications has been specially fabricated for the same purpose. Resistance of the film was continuously measured using two probe method before, during and after the admittance of ethanol vapour into the chamber. 


The gas chamber attached to a microprocessor controlled temperature controller to maintain high temperature in side the chamber. The resistance of the film is measured using Keithley digital multimeter during all course of increasing of temperature and also during the admittance and release of Ethanol vapour. The inside of the gas chamber is kept at rotary vacuum with a vacuum pump and is attached to a digital Pirani gauge. The experiment is conducted at a pressure of 0.2 mb. The gas chamber is specially designed for admitting gas into it in a controlled manner and for creating vacuum along with the provision for heating. A low  vacuum Pirani gauge is also connected to the gas chamber for the measurement of pressure inside. The figures 1 shows the photograph of the gas chamber constructed for the sensitivity studies.


At a pressure of 0.20 mb and a temperature of 3500C, ethanol vapour is admitted into the chamber. The pressure inside the chamber drops  to 2.00 mb by the admittance of ethanol vapour. As the vacuum pump, and the gas admittance valve are connected at opposite ends, the ethanol vapour admitted is being transported throughout the length of the gas chamber. The admitting time of Ethanol vapour is  varied from a few seconds to two or three minutes. As Al doped ZnO is having a fast response to ethanol vapour, the resistance of the film reduces to a considerable value within one second after the admittance of the gas. The chamber is then closed and whole ethanol vapour is allowed to be removed by the vacuum pump. As a result of this, the resistance of the film starts increasing and it reaches to the previous value, i.e. the value before the admittance of ethanol vapour. The response time and recovery time are noted for different admittance to a single film as well as for different films with different doping concentrations. Apart from the response time, the recovery time is found to be different for different doping concentrations but all show almost the same response time. The experiment was repeated for many times and a similar result was obtained. The same experiment is repeated for different doping concentrations of Al from 3 atomic % to 7atomic %. The results obtained are tabulated and a graph is drawn against temperature and the resistance of the film during, before and after the admittance of the vapour. The sensitivity of the films with different doping concentrations was also determined during the relation
 (R air -R gas) / R air
6. RESULTS AND DISCUSSION


The Al-Zno thin films synthesized by Silar method were used as ethanol sensor. Figure 1 represents the XRD patterns of Al- ZnO at different doping concentrations. XRD analysis reveals that the (002) peak appears with maximum intensity at 2θ=34.500 The other peaks at 320 and 36.50 are associated with (100) and (101) reflections  as for the Hexagonal Wurtzite structure (JCPDS no.36-1-1451). The average grain size of the ZnO crystals in the films was calculated  by using Scherrer's formula as 29.58 nm. The SEM image showing the surface morphology of the film is given in Figure 2. 


During the admittance of the gas, the reaction time is about 1second for 5 atomic % Al doped ZnO thin film at a temperature and pressure of 3500C and 0.2 mb. The relative resistivity becomes stable after 10-15 seconds of ethanol vapour exposure. The recovery time on the other hand was observed to be 40-45 seconds after the gas is closed. This recovery time found to be increasing according to an increase in doping concentration. The 7 atomic % doped sample shows a recovery time of 1 minute while the 3 atomic % doped samples shows a response time of 30 seconds. A graph showing the comparison of sensitivity of the samples is depicted in figure 3. This adsorption-desorption mechanism is explained on the basis of reversible chemisorption of ethanol vapour on the nano structured ZnO surface. It produces a reversible variation in resistivity with the exchange of charges between ethanol vapour and ZnO surface leading to changes in the depletion length[10]. It is well known that Oxygen is absorbed on ZnO surface as O-  and O2- by capturing electrons[12]. The sensitivity, response time and recovery time values of 3, 5and 7 at % doping with  Al on ZnO nano structured thin films are tabulated in table 1.  
7. ELEMENTAL ANALYSIS BY EDAX 

Energy-dispersive X-ray spectroscopy (EDX) is one of the analytical technique used for the elemental analysis or chemical characterization of a sample. Theoretically expected stoichiometric  mass% of  Zn and Oxygen  are 80.3 and 19.7 .The  atomic percentage  of Oxygen  in the pure and doped  samples  are 27.39 and  23.92 respectively. From the above values, it is clear that as the doping concentration increases, the oxygen content of the samples decreases. This means  that, oxygen vacancy is more in samples, that has more doping concentrations. Native or intrinsic defects is the   reason behind this vacancy creation [13]. It is reported that  Al- doping will create oxygen vacancies due to the substitution of Zn by Al. The EDX of the sample is depicted in figure 4.
 8. CONCLUSION
Al-ZnO nano structured thin films synthesized by Silar method are found to be having fast and considerable reduction in resistance in the presence of Ethanol vapor and hence can be used as fast response sensor to ethanol vapour. The response time is found 1 second for all doping concentrations from 3 atomic % to 7 atomic %. Average sensitivity of the films are found to be 0.5033. Doping concentration of Al increases the sensitivity of the films as well as  recovery time. 
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Table 1 sensitivity, response time and recovery time with doping concentrations. 

	Doping Concentration
	Sensitivity (Rair – Rgas)/ Rair
	Response time
	Recovery time

	3 at %

5 at %

7 at %
	0.20

0.58

0.73
	1 sec

1sec

1sec
	30 sec

50-60 sec

60-90 sec


Figure 1, XRD pattern of the samples with doping concentrations 3 at %(a), 5 at %(b) and 7at %.
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Figure 2, SEM image of Al-ZnO
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Figure 3, Resistance variation of films according to doping. 
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Figure 4, EDX of Al- ZnO
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