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Enhancement of optical and electrical properties of spray pyrolysed ZnO thin films obtained from nitrate chemical by Al-Sn co-doping

Introduction

In recent years, zinc oxide (ZnO) has been of increasing interest in many research works because of its many potential applications. ZnO is a nontoxic (II-VI) binary semiconductor material [START_REF] Ouhaibi | The effect of strontium doping on structural and morphological properties of ZnO nanofilms synthesized by ultrasonic spray pyrolysis method[END_REF] with very interesting characteristics such as piezoelectricity [START_REF] Kang | La-doped p-type ZnO nanowire with enhanced piezoelectric performance for flexible nanogenerators[END_REF], photoconductivity [START_REF] Mubashshir | Structural, optical and photoconductivity study of ZnO nanoparticles synthesized by annealing of ZnS nanoparticles[END_REF], optical waveguides [START_REF] Fan | Single-mode channel waveguide at 1540 nm in Er-doped ZnO thin film[END_REF] and gas probes [START_REF] Hjiria | Al-doped ZnO for highly sensitive CO gas sensors[END_REF].

ZnO thin films can be obtained by several techniques such as pulsed laser deposition [START_REF] Villanueva | Pulsed laser deposition of zinc oxide[END_REF],

thermal evaporation [START_REF] Shalaka | Photoluminescence and gas sensing study of nanostructured pure and Sn doped ZnO[END_REF], sputtering [START_REF] Yang | Transparent conducting ZnO:Al films deposited on organic substrates deposited by r.f. magnetron-sputtering[END_REF], sol gel [START_REF] Saliha Ilican | Temperature dependence of the optical band gap of sol-gelderived Fe-doped ZnO films[END_REF] and spray pyrolysis [START_REF] Bedia | Structural, electrical and optical properties of Al-Sn codoped ZnO transparent conducting layer deposited by spray pyrolysis technique[END_REF][START_REF] Sarica | Structural, optical, electrical and magnetic studies of ultrasonically sprayed ZnO thin films doped with vanadium[END_REF][START_REF] Kumar | Effect of annealing on the properties of Bi doped ZnO thin films grown by spray pyrolysis technique[END_REF][START_REF] Nakrela | Site location of Al-dopant in ZnO lattice by exploiting the structural and optical characterisation of ZnO:Al thin films[END_REF][START_REF] Pandey | Fabrication of aluminium doped zinc oxide (AZO) transparent conductive oxide by ultrasonic spray pyrolysis[END_REF]. Among these techniques, spray pyrolysis remains attractive and interesting owing to its low cost, simplicity, rapidity, and also the possibility to make large area coatings.

Although, undoped ZnO thin films have been obtained with interesting electrical and optical properties [START_REF] A R Babar | Gallium doping in transparent conductive ZnO thin films prepared by chemical spray pyrolysis[END_REF][START_REF] Edinger | Highly transparent and conductive indium-doped zinc oxide films deposited at low substrate temperature by spray pyrolysis from water-based solutions[END_REF] using spray pyrolysis and zinc acetate as starting chemicals, a great deal of work has been devoted to improve their properties by doping and co-doping. Currently, using zinc acetates with Sn an Al co-doping, the ZnO conductivity and transmittance values of the order of 10 +2 (Ω.cm) -1 and 75%, respectively, have been reached.

Paradoxically, although thin ZnO films of good structural quality (i.e. highly oriented) were obtained from zinc nitrate using the spray technique, their conductivity and transparency remained unsatisfactory in the order of 10 -3 (Ω.cm) -1 and 65%, respectively. The bibliography shows that the investigating studies about doping and co-doping ZnO thin films obtained from zinc nitrate had not had the amount required in order to improve them electrically and optically.

In this present study, by using the spray pyrolysis technique, zinc nitrate, tin chloride and aluminum nitrate have been used as starting chemicals to obtain the pure (undoped), aluminium doped and aluminum-tin co-doped ZnO thin films at different compositions. Structural, optical and electrical properties have been investigated to study the doping and co-doping effects on the obtained ZnO thin films.

Experimental details

The thin films of un-doped, Al-doped and Al-Sn co-doped ZnO were deposited by spray pyrolysis technique on amorphous glass substrates with dimensions of 75 × 25 mm 2 . The glass substrates were cleaned by diluted hydrochloric acid and acetone, washed by double distilled water and dried. The sprayed solutions have been obtained by dissolving zinc nitrate (Zn(NO3)2.6H2O), aluminium nitrate (Al(NO3)3.9H₂O), and tin chloride (SnCl2.2H2O), in doubly distilled water with a concentration of 0.1 M.

The prepared solutions of zinc nitrate, aluminium nitrate and tin chloride were appropriately mixed to obtain the desired sprayed solutions of pure, Al-doped and Al-Sn co-doped ZnO.

Tab.1 summarizes the sprayed solution compositions used to obtain the samples. The sample designations given in Tab.1 will be used in the discussion part.

For the spray pyrolysis system (Fig. 1) a compressed air at a pressure of 6 ×10 4 Pa has been used as a carrier gas. In the samples preparation process, the following conditions have been considered: substrate temperature 350 ± 10°C, solution flow of 2 ml /min and spray nozzle to heating plate distance of 30 cm. A mixed solution volume of 50 ml has been used for each sample composition. In order to avoid excessive cooling of the glass substrates resulting from continuous spray, two minute intervals of time have been taken between spraying periods. One also notes that the prepared solutions were immediately sprayed to avoid any possible chemical changes with time.

The structural characterization was performed at room temperature using a Bruker X-ray diffractometer model D2 Phaser with CuKα radiation ( λ = 1.5406 Å). The analyses of surface morphology and chemical composition were carried out using a Jeol JSM 5800 scanning electron microscope which is equipped with energy dispersive X-ray detector (EDX, IXRF Model 550i). The optical transmittances have been recorded between 200 and 2500 nm wavelength using a JASCO 570 type UV-visible-NIR double-beam spectrophotometer. The electrical parameters were measured by using the ECOPIA HMS-5000 Hall Effect measurement system at room temperature. The XPS measurements were carried out on a Kratos Axis Ultra using Al Kα (1486.6 eV) radiation. High resolution spectra were acquired at 20 eV pass energy with energy resolution of 0.9 eV. The C1s line of 284.5 eV was used as a reference to correct the binding energies for charge energy shift. The surface topography of the deposited films were analyzed using the Dektak XT Stylus Profilometer, a good alternative to the Atomic Force Microscope for RMS (Root Mean Square) measurement on large areas.

Results and discussion

Structural properties and morphology

The structural features of un-doped, Al doped (AZO) and co-doped Al and Sn ZnO (ATZO) thin films have been analysed by XRD measurement. Fig. 2(a) shows the X-ray diffraction patterns of the obtained Al-Sn co-doped and un-doped ZnO films. For the co-doped samples, the concentration of Al is maintained at 1% however, the Sn concentration is varied from 0 to of ZnO thin films was set based on the work already done [START_REF] Nakrela | Site location of Al-dopant in ZnO lattice by exploiting the structural and optical characterisation of ZnO:Al thin films[END_REF][START_REF] Muiva | Effect of doping concentration on the properties of aluminium doped zinc oxide thin films prepared by spray pyrolysis for transparent electrode applications[END_REF] to improve both the electrical and optical properties. The results reported elsewhere [START_REF] Muiva | Effect of doping concentration on the properties of aluminium doped zinc oxide thin films prepared by spray pyrolysis for transparent electrode applications[END_REF] suggest that the Al doping limit of ZnO was 2% in the case of the spray pyrolysis technique.

The XRD spectra of the un-doped ZnO films were characterized by a strong peak at 2 = 34.521° which indicates a highly preferential orientation along [002] crystallographic plane. This result obtained by spray pyrolysis with aqueous solution of zinc nitrate was already achieved by the same technique [START_REF] Singh | Mn-doped ZnO nanocrystalline thin films prepared by ultrasonic spray pyrolysis[END_REF], using zinc chloride and zinc acetate [START_REF] Murat Tomakin | Structural and optical properties of ZnO and Al-doped ZnO microrods obtained by spray pyrolysis method using different solvents[END_REF][START_REF] Bazta | Influence of yttrium doping on the structural, morphological and optical properties of nanostructured ZnO thin films grown by spray pyrolysis[END_REF][START_REF] Benramachea | The crystalline structure, conductivity and optical properties ofCo-doped ZnO thin films[END_REF][START_REF] Makuku | Structural, Optical and Electrical properties of low temeperature grown undoped and ( Al, Ga) co-doped ZnO thin films by spray pyrolysis[END_REF].

After doping, several peaks appeared in the XRD spectra of the ZnO films obtained. All these observed peak positions are in agreement with those of standard ZnO: JCPDS (Joint Committee of Powder Diffraction Standards) N° 36-1451. The spectra examination revealed no diffraction peaks attributed to Al or Sn neither to their oxides, suggesting that the films show no segregation or formation of secondary phases or coexisting phases, while confirming the success of the doping of the ZnO thin films.

As shown in Fig. 2(b), at 1% Al doping, ZnO films maintained a preferential orientation on the crystallographic plane [002] with a slight loss of crystallinity, as shown by the shift of the peak position (002) towards higher values of 2. This behavior remains the same as long as the doping level in Al is below 1% as shown elsewhere [START_REF] Nakrela | Site location of Al-dopant in ZnO lattice by exploiting the structural and optical characterisation of ZnO:Al thin films[END_REF]. In fact, it was shown that below of the amount of 1% Al added, the Al atoms are located on the substitution sites and the interstitial occupation is ruled out [START_REF] Nakrela | Site location of Al-dopant in ZnO lattice by exploiting the structural and optical characterisation of ZnO:Al thin films[END_REF].

On the other hand, starting of the increase of the peaks (100) and (101) noticed on XRD spectra shows the beginning of random orientation. This random orientation of AZO films has been accentuated by Sn incorporation in addition to Al (samples ATZO-0.25, ATZO-0.5, ATZO-0.75 and ATZO-1), which has been noticed by the progressive increase of (100) and (101) peaks, and the decrease of (002) one.

In order to explore this XRD spectra evolution trend due to the incorporated foreign atoms, the grain sizes, lattice constants, strains and dislocation density have been evaluated according to Fig. 3. For the estimation of crystallite size the Sherrer formula is used [START_REF] Raghavendra | Enhancement of photoluminescence in Sr doped ZnO thin films prepared by spray pyrolysis[END_REF]:

   cos k D = (1)
Where k = 0.9,  = 1.5406 Å is the x-ray wavelength,  is the full width at half maximum (FWHM) of the XRD peak, and  is Bragg's diffraction angle.

The lattice parameters of the films are determined by the following relation [START_REF] Meng | Optical and electrical properties of H and V co-doped ZnO films sputtered at room temperature[END_REF]:
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The micro-strain (ε) has been estimated using the following formula [START_REF] Ganesh | Sn-doped ZnO nanocrystalline thin films with enhanced linear and nonlinear optical properties for optoelectronic applications[END_REF]:

4 cos   = (3)
The dislocation density of the films has been estimated using the following formula [26]:

2 1 D =  (4)
All the structural parameters, i.e. full width at half maximum (FWHM), crystallite sizes, lattice constants (a and c), strains and dislocation density are summarized in Tab. 2. According to Fig. 2(a), the crystallinity degradation is attributed to dopants introduction. The crystallite size decreases after doping (see Fig. 3), which has already been observed by several authors [START_REF] Humayan Kabir | Infuence of Al doping on microstructure, morphology, optical and photoluminescence properties of pyrolytic ZnO thin Þlms prepared in an ambient atmosphere[END_REF][START_REF] Islama | Structural, optical and photocatalysis properties of sol-gel deposited Aldoped ZnO thin films[END_REF].

On the other hand, the XRD spectra showed a small shift towards higher angle of the (002) peak position for Al doping at 1% concentration which imply a decreasing in lattice parameters (Tab. 2) and as result a compressive stress. When ZnO thin films are Al doped, similar shifts that are in agreement with our results have been also observed in several works [START_REF] Nakrela | Site location of Al-dopant in ZnO lattice by exploiting the structural and optical characterisation of ZnO:Al thin films[END_REF][START_REF] Muiva | Effect of doping concentration on the properties of aluminium doped zinc oxide thin films prepared by spray pyrolysis for transparent electrode applications[END_REF][START_REF] Landa-Cánovas | Nanostructural changes upon substitutional Al doping in ZnO sputtered films[END_REF] and predicted by First-Principles study of M. Wu et al. [START_REF] Wu | Al-doped ZnO monolayer as a promising transparent electrode material: a first-principles study[END_REF]. In the latter work, the authors explained this behavior by the dopant size effects occurring in substitution sites since the ionic radius of Al 3+ (0.54 Å) is smaller than Zn 2+ (0.74 Å) [START_REF] Nakrela | Site location of Al-dopant in ZnO lattice by exploiting the structural and optical characterisation of ZnO:Al thin films[END_REF][START_REF] Aydin | Synthesis and characterization of nanostructured undoped and Sn doped ZnO Thin Films via Sol-Gel Approach[END_REF].

Moreover, the recorded XRD spectra showed also that the (002) peak position maintains small shift towards higher angle for the Al-Sn co-doping at concentrations of 1% and 0.25% for Al and Sn, respectively. This behavior is expected by considering the dopant size effects in substitution sites since both ionic radii of Sn +4 (0.69 Å) and Al 3+ are smaller than Zn 2+ [START_REF] Nakrela | Site location of Al-dopant in ZnO lattice by exploiting the structural and optical characterisation of ZnO:Al thin films[END_REF][START_REF] Aydin | Synthesis and characterization of nanostructured undoped and Sn doped ZnO Thin Films via Sol-Gel Approach[END_REF] (the oxidation states of Al, Sn and Zn elements will be treated later in the XPS analysis).

However, at 0.5%-Sn and for Al-Sn co-doped ZnO thin films (1%-Al), the XRD measurements showed (002) peak shifting towards lower angle which implies an increase in lattice parameters (Tab.2), inducing a volume expansion. In this situation, the change in stress from compressive to tensile cannot be attributed to the dopant size effects. Alternative mechanism contributes to this behavior which is in good agreement with the work of X. Qu et al. [START_REF] Qu | First-principles study of the electronic structure of Al and Sn co-doping ZnO system[END_REF] performed using First-principles calculation. Such volume expansion has been already predicted by the authors for the case of Al-Sn heavily-doped ZnO system which corresponds to our co-doping case of Al concentration of 1% and Sn 0.5% and more. However, the author's explanation remained unclear about the responsible physical mechanism.

On the other hand, J. Zhao et al. [START_REF] Zhao | First-priniciple study of electrical and optical properties of (Al,Sn)co-doped ZnO[END_REF] in their paper stated that the responsible physical mechanism of volume expansion in ZnO lattice lies in repulsive interactions between electrons produced by Al 3+ and Sn 4+ when they replace Zn 2+ . In other words, they justified their simulation results obtained by the free charge effects. The given interpretation of J. Zhao et al.,

seems to be the most suitable and in agreement with what was already mentioned in literature.

Indeed, when high concentrations of donor impurities are incorporated in a semiconductor material, the observed increase in lattice parameters is attributed to two factors: the impuritysize and the electronic effects. The latter results in deformation-potential due to placing free carriers in the conduction band or the valance band [START_REF] Leszczyński | Lattice constant of doped semiconductor[END_REF][START_REF] Pietsch | The influence of free carriers on the equilibrium lattice parameter of semiconductor materials[END_REF][START_REF] Van De Walle | Effects of impurities on the lattice parameters of GaN[END_REF][START_REF] Janotti | Effects of doping on the lattice parameter of SrTiO3[END_REF].

In our case it seems that at Sn concentration ≤ 0.25%, associated with 1% of Al, the charge effects were weak to be considered as the driving factor in the lattice parameter changes. At Sn concentration ≥ 0.5 %, associated with 1%-Al, the charge effects start to be the dominant factor in the lattice parameters changes.

Furthermore, as clearly shown in Fig. 3, the calculated dislocation density becomes important with the increase of Sn concentration, probably due to Sn occupation of interstitial sites and at the grain boundaries [START_REF] Fayyaz Hussain | Synthesis and study of structural properties of Sn doped ZnO nanoparticles[END_REF][START_REF] Karthick | structural, optical and antibacterial activity studies of sn doped zno thin films prepared by chemical spray pyrolysis technique[END_REF][START_REF] Ehssan S Hassan | Dawod1 andIsmaeel A Al-Baidhany , Structural,Morphological and Optical Characterization of Tin Doped Zinc Oxide Thin Film by (SPT)[END_REF].

The chemical composition checking by the EDX spectra is given in Fig. 4(a). As expected, EDX spectra show the presence of peaks attributed to zinc and oxygen elements. In Fig. 5(c) the O 1s spectrum can be decomposed into two peaks, the most intense is located at 529.9 eV and assigned to Zn-O bond in wurtzite ZnO structure. The shadow peak at 531.2

eV could be associated with oxygen vacancies in deficient regions within the matrix of ZnO [START_REF] Tian | Growth and characterization of the Al-doped and Al-S Co-doped ZnO nanostructures[END_REF] or chemisorbed oxygen impurities [START_REF] Ye | Na-doped ZnO nanorods fabricated by chemical vapor deposition and their optoelectrical properties[END_REF]. Fig. 5(d) shows the observed Al 2p peak at 73.85 eV, this peak is ascribed to Al 3+ states [START_REF] Krstulović | Parameters optimization for synthesis of Al-doped ZnO nanoparticles by laser ablation in water[END_REF][START_REF] Li | X-ray photoelectron spectroscopy study and thermoelectric properties of Al-doped ZnO thin films[END_REF][START_REF] Cao | Preparation and characterization of Al and Mn doped ZnO (ZnO: (Al, Mn)) transparent conducting oxide films[END_REF][START_REF] Liu | Preparation of highly transparent conductive aluminum-doped zinc oxidethin films using a low-temperature aqueous solution process for thin-film solar cells applications[END_REF] like in Al2O3 compound. The Fig. 5(e) displays the XPS spectrum of Sn 3d. The binding energy of Sn 3d5/2 peak located at 486.2 eV indicates the Sn 4+ chemical state which is in good agreement with literature [START_REF] Ohtsuka | Iron-Doped Indium Saving Indium-tin oxide (ITO) Thin Films Sputtered on Preheated Substrates[END_REF][START_REF] Satirtha | Structural, opto-electronic and photoelectrochemical properties of tin doped hematite nanoparticles for water splitting[END_REF][START_REF] Jia | Facile synthesis of Zn-doped SnO2 dendrite-built hierarchical cube-like architectures and their application in lithium storage[END_REF][START_REF] Potlog | XRD and XPS of Cd2SnO4 Thin Films Obtained by Spray Pyrolysis[END_REF][START_REF] Yang | Geyu Lu One step synthesis of branched SnO2/ZnO heterostructures and their enhanced gas-sensing properties[END_REF][START_REF] Zhang | Electrospun Nanofibers of ZnO-SnO2 Heterojunction with High Photocatalytic Activity[END_REF][START_REF] Zhang | Electrochemical performance of ZnO/SnO2composites as anodematerials for Zn/Ni secondary batteries[END_REF].

The morphological analysis of the deposited pure ZnO, Al mono-doped ZnO and Al-Sn codoped thin films was performed by scanning electron microscope (SEM). The micrographs given in Fig. 6 show that the obtained film morphologies depend strongly of the doping concentration. According to Fig. 6, examination of ZnO and ATZO-0.25 samples (Fig. 6(a) and 6(c)) revealed nonmetric spherical grains which are uniformly distributed over the film surface.

The average size grain values are 73 nm and 58 nm for ZnO and ATZO-0.25 samples, respectively.

On the other hand, AZO, ATZO-0.50, ATZO-0.75 and ATZO-1.00 sample morphologies (Fig. 

Optical properties

The transmittance spectra were measured in the wavelength range 200-2500 nm and depicted in Fig. 7. The deposited film thicknesses have been estimated by fitting the transmittance data Fig. 8 using the spPS technique (seed preprocessing Pattern search) [START_REF] Miloua | Determination of layer thickness and optical onstants of thin films by using a modified pattern search method[END_REF]. The obtained values are 291, 220, 240, 306, 303 and 300 nm for ZnO, AZO, ATZO-0.25, ATZO-0.50, ATZO-0.75 and ATZO-1.00 films, respectively. As shown in Fig. 7, the films deposited are highly transparent in the visible range. The average transmittance is about 65% for the un-doped and Al mono-doped ZnO samples and increases with Sn content to reach a value greater than 81%

for Al-Sn co-doped ZnO samples. The optical transparency of the obtained ZnO thin films clearly increased with co-doping which means that the dopant atoms are well incorporated in the lattice structure. Fig. 9 shows the surface topography and roughness of ZnO, AZO and ATZO deposited films. The results demonstrate a decreasing RMS roughness values with increasing of Sn concentration, which affects the co-doped films transparency as shown in Fig. 10. This result is in good agreement with literature [START_REF] Aydin | Synthesis and characterization of nanostructured undoped and Sn doped ZnO Thin Films via Sol-Gel Approach[END_REF][START_REF] Tsay | Effect of Sn-doped on microstructural and optical properties of ZnO thin films deposited by sol-gel method[END_REF][START_REF] Lovchinov | Influence of ZnCl2 concentration on the structural and optical properties of electrochemically deposited nanostructured ZnO[END_REF].

The optical band gap was determined using the following formula [START_REF] Mimouni | Effect of Mn content on structural, optical, opto-thermal and electrical properties of ZnO:Mn sprayed thin films compounds[END_REF]:

) ( ) ( Eg hv A ahv n - = ( 5 
)
where a is the absorption coefficient, hv the photon energy, A, a relation constant and Eg the optical band gap.

We usually take n = 0.5 for indirect band gap semiconductors and n = 2 for direct band gap semiconductors. As ZnO is considered as a direct semiconductor, the optical band gap for each co-doping composition was evaluated by the intersection of the linear portion extrapolation of 2 ) (ahv versus hv with the photon energy axis (Fig. 11). According to (Fig. 11) the optical band gap increases with dopant concentration from 3.23 eV to 3.30 eV. This gap blue shifting agrees with the literature [START_REF] Tajally | The effects of Ti concentration on the structure, optical, and electricalproperties of Al and Ti co-doped ZnO thin films[END_REF][START_REF] Chahmat | Structure, Microstructure and Optical Properties of Sn-doped ZnO Thin Films[END_REF] and could be explained by the slight loss of crystallinity and also by the contribution of the Moss-Burstein effect [START_REF] Bedia | Effect of tin doping on optical properties of nanostructured ZnO thin films grown by spray pyrolysis technique[END_REF][START_REF] Lee | Structure and characterization of Sn, Al co-doped zinc oxide thin films prepared by sol-gel dipcoating process[END_REF][START_REF] Rajeswari Yogamalar | Burstein-Moss shift and room temperature near-band-edge luminescence in lithium-doped zinc oxide[END_REF].

The disorder measure is characterized by Urbach tail. The Urbach energy Eu was estimated by using the following expression [START_REF] Benramache | The effects of solvent nature on spray-deposited ZnO thin filmprepared from Zn (CH3COO)2, 2H2O[END_REF]:

) exp( 0 U E h   = (6)
where 0

 is a constant and Eu the Urbach energy. The Eu evolution for different samples given in Fig. 12. shows an increasing in structure disorder with the dopant concentration, in agreement with XRD data and dislocation density curve reported previously. By comparing our results with those of literature [START_REF] Bedia | Effect of tin doping on optical properties of nanostructured ZnO thin films grown by spray pyrolysis technique[END_REF][START_REF] Charles Moditswe | Highly conductive and transparent Ga-doped ZnO thin films deposited by chemical spray pyrolysis[END_REF][START_REF] Turgut | A Study of Pb-Doping Effect on Structural, Optical, and Morphological Properties of ZnO Thin Films Deposited by Sol-Gel Spin Coating[END_REF], the Eu variation range reported (92 to 183 meV) correlated with those of the optical band gap, confirms the slight loss of crystallinity.

Electrical properties

The measured electrical parameters, i.e. conductivity, mobility and carrier concentration of our samples are summarized in Tab. 3. The negative values of carrier concentrations show that as deposited films are n-type. The undoped ZnO samples are characterized by a low conductivity, in agreement with the literature [START_REF] Nakrela | Site location of Al-dopant in ZnO lattice by exploiting the structural and optical characterisation of ZnO:Al thin films[END_REF][START_REF] Baba | ZnO and Al doped ZnO thin films deposited by spray plasma: Effect of the growth time and Al doping on microstructural, optical and electrical properties[END_REF]. According to our results, the carrier concentration has been drastically enhanced with aluminium doping, while the mobility remained around the same magnitude. Consequently, the conductivity became 100 times amplified. Moreover, the conductivity of Al-Sn co-doped samples was further improved to reach 0.335 (Ω.cm) -1 value for ATZO-0.75 sample.

One should note that there is a small difference between the conductivity values of ATZO-0.25, ATZO-0.5, ATZO-0.75 and ATZO-1.00 samples (Fig. 13) which means that, in contrast to optical properties, the increasing of Sn concentration has no significant impact on the carrier concentration. This result is consistent with the work of Chien-Yie Tsay et al. [START_REF] Tsay | Effect of Sn-doped on microstructural and optical properties of ZnO thin films deposited by sol-gel method[END_REF] in which the authors found a scarcely change in resistivity at low level of Sn-doping (1 to 2%), and a decrease in carrier concentration due to carrier traps at the grain boundaries, at high level of Sn-doping (over 2%).

Conclusion

Thin films of pure, Al mono-doped and Al-Sn co-doped ZnO have been successfully prepared with the spay pyrolysis technique using zinc nitrate, tin chloride and aluminium nitrate as accordance with the requirements for transparent conducting oxide applications in solar cells [START_REF] Guillén | TCO/metal/TCO structures for energy and flexible electronics[END_REF]. 
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  (b), 6(d), 6(e) and 6(f)) indicated granular, dense and homogeneous character. Their average grain size values are 71 nm, 59 nm, 51 nm and 43 nm, respectively.

  starting chemicals. The structural characterization revealed the high orientation polycrystalline nature of un-doped ZnO films and disoriented polycrystalline nature of the Sn-Al co-doped ZnO. The increasing of the Sn amount at fixed Al concentration showed a slight loss of crystallinity of the ZnO films. The Sn-doping has mainly contributed to improve the transparency of ZnO films while Al-doping has sensibly enhanced the conductivity. The average transmittance and conductivity values (81% and 0.335 (Ω.cm) -1 for the ATZO 1.00 and ATZO 0.75, respectively) obtained by Al-Sn co-doping show an optical and electrical enhancement of spray pyrolysis ZnO thin films obtained from zinc nitrate which are in
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 3 Electrical parameters of ZnO, AZO and ATZO samples at room temperature.

Table 1

 1 

	Designations	Samples	Sprayed solution compositions
	Pure ZnO (undoped)	ZnO	100 % dissolved Zn(NO3)2
	Al doped ZnO	AZO	99 % dissolved Zn(NO3)2 + 1% dissolved
			Al(NO3)3
	Al-Sn co-doped ZnO	ATZO-0.25	98.75% dissolved Zn(NO3)2 + 1% dissolved
			Al(NO3)3 + 0.25% dissolved SnCl2
	Al-Sn co-doped ZnO	ATZO-0.50	98,5% dissolved Zn(NO3)2 + 1% dissolved
			Al(NO3)3 + 0.5 % dissolved SnCl2
	Al-Sn co-doped ZnO	ATZO-0.75	98.25% dissolved Zn(NO3)2 + 1% dissolved
			Al(NO3)3 + 0.75% dissolved SnCl2
	Al-Sn co-doped ZnO	ATZO-1.00	98% dissolved Zn(NO3)2 + 1% dissolved
			Al(NO3)3 + 1% dissolved SnCl2

Table 2

 2 

	Samples	2θ 0	FWHM	Crystallite	a	c	Strain	Dislocation
		(002)	.10 -3	size (nm)	(A 0 )	(A 0 )	(10 -4 )	density
			(Degrees)					(10 -4 Line/nm 2 )
	ZnO	34.521	5.093	28.508	3.241 5.192 12.157	12.300
	AZO	34.574	5.460	26.595	3.240 5.184 13.033	14.138
	ATZO-0.25	34.620	5.564	26.094	3.238 5.181 13.283	14.686
	ATZO-0.50	34.583	5.791	25.080	3.239 5.183 13.824	15.898
	ATZO-0.75	34.569	6.925	21.020	3.242 5.184 16.530	22.632
	ATZO-1.00	34.530	7.797	18.218	3.243 5.190 18.614	30.129

Table 3

 3 

	Samples	Mobility	Carrier	conductivity
		(cm 2 /VS)	Concentrations	(Ω .cm) -1
			(cm -3 )	
	ZnO	4.30.10 -01	-5.91.10 +16	4.06.10 -03
	AZO	3.14.10 -01	-2.54.10 +18	1.27.10 -01
	ATZO-0.25	7.00.10 -01	-2.02.10 +18	2.26.10 -01
	ATZO-0.50	23.3.10 -01	-0.61.10 +18	2.27.10 -01
	ATZO-0.75	2.28.10 -01	-9.19.10 +18	3.35.10 -01
	ATZO-1.00	3.40.10 -01	-4.54.10 +18	2.46.10 -01
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