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Thin films Zn1-xCaxO (0≤x≤6%) on a p-Si substrate are elaborated by sol-gel process and spin coating. X-ray diffraction displays a hexagonal wurtzite structure with an increase of lattice parameters confirming the substitution of Zn 2+ by Ca 2+ . The estimation of crystallite sizes along the three main crystallographic planes is practically constant (22 nm) suggesting a spherical symmetry shape of the crystallites which is confirmed by SEM. UV-visible reflectance spectra attest a band gap tuning from 3.144 to 3.262 eV which is confirmed by the PL measurement at 2 K for Zn0.94Ca0.06O sample by the appearance of a broad band around 3.508 eV. Although the luminescence of the samples is weak, we well distinguish the free exciton emission (FXA ) positioned at 3.376 eV and the bound exciton recombination (D 0 X) around 3.362 eV.

Introduction

Transparent conductive oxides (TCOs) have relatively low resistivity (10 -4 .cm), which makes them interesting for optoelectronic and electroluminescence applications [START_REF] Calnan | High mobility transparent conducting oxides for thin film solar cells[END_REF]. At the forefront of these materials the zinc oxide (ZnO) semiconductor. It is considered a "twin" material of gallium nitride (GaN) with some advantages. Indeed, its constituents are abundant in nature and the massive crystallization technology is simpler, which already makes it possible to commercially produce ZnO substrates. It has a large exciton binding energy (60 meV) at room temperature, a wide band gap (3.37 eV), excellent thermal and chemical stability and is inexpensive as it is environmentally friendly [START_REF] Sushma | Advancements in the zinc oxide nanomaterials for efficient photocatalysis[END_REF][START_REF] Look | Recent advances in ZnO materials and devices[END_REF]. Furthermore, zinc oxide can be doped with various elements to improve their electrical, optical, magnetic, piezoelectric and electronic properties [START_REF] Rosowska | The effect of iron content on properties of ZnO nanoparticles prepared by microwave hydrothermal method[END_REF][START_REF] Singhal | Cu-doped ZnO nanoparticles: Synthesis, structural and electrical properties[END_REF]. Zinc oxide occupies an important place in the industry, can be used in various fields such as piezoelectricity, photovoltaic effect as a contact electrode or as a device for photon conversion (up and down), optoelectronics, spintronics, gas detection and nonlinear optics [START_REF] Abed | Non-linear optical and electrical properties of ZnO doped Ni Thin Films obtained using spray ultrasonic technique[END_REF]. Recently, Ag, Mg and Ca doped ZnO-Al2O3 heterostructure [START_REF] Elhalil | Enhanced photocatalytic degradation of caffeine as a model pharmaceutical pollutant by Ag-ZnO-Al2O3 nanocomposite[END_REF][START_REF] Elhalil | Photocatalytic degradation of caffeine as a model pharmaceutical pollutant on Mg doped ZnO-Al2O3 heterostructure[END_REF][START_REF] Elhalil | Synthesis, characterization and efficient photocatalytic activity of novel Ca/ZnO-Al2O3 nanomaterial[END_REF] have been reported as promising materials for the photocatalytic degradation of caffeine as a model pharmaceutical pollutant.

For a very long time, great interest has been paid to the synthesis and characterization of pure, doped and co-doped zinc oxide in different nanoscale shapes such as nanoparticles, thin films, nanobelts, nanorods, nanowires, nanotubes and nanopods [START_REF] Wang | Nanostructures of zinc oxide[END_REF], in order to emerge new nanosystems or highly modified and sophisticated devices which are developing rapidly and are demanding. Numerous researches have focused on the synthesis and characterization of nanostructures for the fabrication of nanoelectronic and optoelectronic devices. The physical properties can be improved by doping and co-doping ZnO. Many of studies have been performed for transition metal, nonmetal and rare-earth-doped ZnO for different applications.

The existence of this large number of publications on this subject is also due to the variety of synthesis techniques of such material. To grow ZnO nanostructures, many expensive growth techniques are available, including molecular beam epitaxy (MBE) [START_REF] Heo | Site-specific growth of Zno nanorods using catalysis-driven molecular-beam epitaxy[END_REF], different chemical vapor deposition (CVD) techniques [START_REF] Liu | Growth mechanism and properties of ZnO nanorods synthesized by plasma-enhanced chemical vapor deposition[END_REF][START_REF] Ntep | ZnO growth by chemical vapour transport[END_REF], magnetron sputtering (MS) [START_REF] Kim | Fabrication of Zn/ZnO nanocables through thermal oxidation of Zn nanowires grown by RF magnetron sputtering[END_REF], vapor transport deposition (VTD) [START_REF] Liao | Synthesis and Raman analysis of 1D-ZnO nanostructure via vapor phase growth[END_REF], pulsed laser deposition (PLD) [START_REF] Cao | Phosphorus acceptor doped ZnO nanowires prepared by pulsed-laser deposition[END_REF], and thermal evaporation [START_REF] Shen | Synthesis and Evolution of Novel Hollow ZnO Urchins by a Simple Thermal Evaporation Process[END_REF].

These numerous elaboration techniques involve very hard growth conditions, as high pressure and temperature, and use unsafe chemicals. Furthermore, simple growth techniques and low cost, such as, sol gel [START_REF] Chebil | Characterization of ZnO thin films grown on different p-Si substrate elaborated by sol-gel spin-coating method[END_REF], hydrothermal growth methods [START_REF] Guo | A novel route to synthesize cubic ZrW2-xMoxO8 (x = 0-1.3) solid solutions and their negative thermal expansion properties[END_REF], electrodeposition [START_REF] Anthony | Tuning optical band gap of vertically aligned ZnO nanowire arrays grown by homoepitaxial electrodeposition[END_REF], and chemical bath deposition [START_REF] Chebil | Study of the growth time effect on the structural, morphological and electrical characteristics of ZnO/p-Si heterojunction diodes grown by Sol-gel assisted chemical bath deposition method[END_REF] can be used for the synthesis of ZnO nanostructures.

By alloying different concentrations of Mg or Be or Cd, band gap of ZnO can be tuned toward higher or lower energies. Therefore, much experimentally and theoretically studies on Zn1-xCdxO [START_REF] Fouzri | Structural, morphological and optical properties of Cd doped ZnO film grown on a-and r-plane sapphire substrate by MOCVD[END_REF] and Zn1-xBexO [START_REF] Chen | Optical investigations of Be doped ZnO films grown by molecular beam epitaxy[END_REF], Zn1-xMgxO [START_REF] Su | The optical properties of high quality ZnO/ZnMgO quantum wells on Si (111) substrates[END_REF] alloys, has been carried out. In addition to the mentioned ZnO-based alloys, CaO which have a mineral salt structure with a band gap of 7.2 eV, can form an alloy with ZnO as that obtained by MgO, when Ca is incorporated on substitution Zn sites [START_REF] Zhu | Electronic structure and phase stability of MgO, ZnO, CdO, and related ternary alloys[END_REF].

Recent theoretical studies by first-principles total energy calculations demonstrated that Zn1-xCaxO alloys maintain unchanged the ZnO hexagonal crystal structure [START_REF] Nazir | Structural, electronic and optical calculations of CaxZn1-xO alloys: A first principles study[END_REF][START_REF] Fan | A first-principle analysis on the phase stabilities, chemical bonds and band gaps of wurtzite structure AxZn1-xO alloys (A= Ca, Cd, Mg)[END_REF] for x between 0.25 and 0.375 at % and it is another possible candidate to obtain larger band gap modulation. Recently, more than 12% increase in the optical band gap of ZnCaO thin layers alloy with x=0.15 Ca concentration elaborated by the sol-gel method is reported by Misra et al. [START_REF] Misra | Blueshift in optical band gap in nanocrystalline films deposited by sol-gel method[END_REF]. Doping with Ca in ZnO is important for optical [START_REF] Karthikeyan | Special morphologies of Mg, Ca, and Y-doped ZnO/La2O3 composite for photocatalysis[END_REF], sensing [START_REF] Water | The influence of calcium doped ZnO films on Love wave sensor characteristics[END_REF] and biological [START_REF] Hamud | Impact of alkaline metal ions Mg 2+ , Ca 2+ , Sr 2+ and Ba 2+ on the structural, optical, thermal and antibacterial properties of ZnO nanoparticles prepared by the co-precipitation method[END_REF] applications. However, the experimental study of Zn1-xCaxO alloy is little explored, and the solid solubility limit and physical properties modifications of Zn1-xCaxO thin layers are not clear at now. In this work, Zn1-xCaxO thin films on p-Si substrates elaborated by sol gel method and deposited by spin coating technique have been grown. The structural, morphological and optical properties of the films will be investigated as function of the Ca compositions.

Experimental details

Preparation of Zn1-xCaxO thin films

Pure ZnO and ZnCaO thin layers were synthesized by sol-gel method and deposited by spin coating on p-Si (001) substrates. The sample preparation procedure is similar to that previously described in details in our recent published works [START_REF] Chebil | Structural, optical and NO 2 gas sensing properties of ZnMgO thin films prepared by the sol gel method[END_REF]. In our case we only change the source of dopant and we have used calcium acetate hydrate C4H6CaO5 (sigma-Aldrich, 99.9%). The molar ratio of ethanolamine C2H7NO (sigma-Aldrich, 99.0%) to zinc acetate dihydrate Zn(CH3CO2).2H2O (sigma-Aldrich, 99.999%) was also fixed at 1:1. The weigh content of Ca 2+ /Zn 2+ in the ZnO sol is varied from 0% to15%.

Characterization method

Structural characterization of Zn1-xCaxO thin film is explored by a Bruker D8 X-ray diffractometer (XRD) with CuKα radiation (λCuKα=1.5406Å). Energy dispersive X-ray spectroscopy (EDX) was performed to give the elemental analysis of the sample. The surface morphological characterization of our samples has been explored by scanning electron microscopy (SEM, Thermo Scientific FEI Q250) operating at an accelerating voltage of 20 kV. The reflectance spectra were measured using a Shimadzu SolidSpec-3700DUV. The photoluminescence (PL) measurements were carried out at 2 K using the 325 nm line excitation from a He-Cd laser and a beam power of 10 mW.

Results and discussions

Calcium composition

The EDX analysis of ZnCaY%O thin films on p-Si substrate is shown in Figure 1 (a-e), where Y represent the Ca weigh percentage contend used in the preparation of sol gel. The atomic percentage of the elements present in our samples are listed in table inset each curve. For verifying the composition uniformity, EDX spectra were recorded at different places of the samples and a variation of 0.15% atomic percentage is detected.

The calcium percentage obtained from EDX spectra of doped samples are respectively 0.82%, 1.34%, 2.39% and 2.8%. As solid solution Zn1-xCaxO, the composition x are respectively 1.6%, 2.7%, 4% and 6%. The thickness, which estimated by Nano-calc 2000 (UV-Vis Lights), of layers are approximately equal to 1.2 µm. Scanning electron microscope (SEM) was used to explore the surface morphology of all thin films which are shown in figure 2 (ae). The morphology of all samples consists of rounded grains which are randomly distributed.

However, the grain size of doped ZnO film is higher and present more and larger voids than that of pure ZnO film.

Structural properties

The crystalline structure of the Zn1-xCaxO thin films with different x Ca concentrations (0, 1.6, 2.7, 4 and 6 at%) was performed by XRD analysis. Figure 3 (a-e) shows the corresponding patterns. The XRD spectra of commercial ZnO powder (Sigma-Aldrich inventory: 1314-13-2) and that of pure ZnO on p-Si are also shown for comparison. Spectra are intentionally displaced in intensity for more clarity. X-ray spectra for all samples show a superposition of layer and substrate peaks. As compared to XRD pattern of ZnO powder, all samples are polycrystalline and have hexagonal wurtzite structure with good crystallinity. No other ZnO diffraction peak is detected which prove the incorporation of Ca in ZnO matrix without altering the wurtzite structure. As shown in figure 4 pure ZnO on p-Si present a preferential orientation along the c-direction in opposite of those alloy films Zn1-xCaxO. This preferential orientation is explained by the lowest (002) surface energy density in wurtzite crystal structure [START_REF] Zhang | Comparison Study of the Luminescent Properties of the White-Light Long Afterglow Phosphors: CaxMgSi2O5+x:Dy3+ (x = 1, 2, 3)[END_REF]. For alloys and compared to powder ZnO there are no significant preferential orientation, albeit the intensities of the two first peaks (100) and (002) are practically the same. However, a deterioration of the layer mosaicity is manifested by wider and less pronounced peaks in comparison with those of powder ZnO.

The average crystallite sizes of the sample have been estimated using Scherrer's equation, presented below [START_REF] Akin | Effect of film thickness on properties of aluminum doped zinc oxide thin films deposition on polymer substrate[END_REF]:
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Where k is the shape factor which is taken as 0.9, λ (=1.5406 Å) is the incident X-ray wavelength, β is the full width at half maximum (FHWM) measured in radians and θ is the diffraction peak angle. Crystallite sizes along three crystallographic planes (100), ( 002) and ( 101) are calculated and presented in table 1 for all samples.

Practically no significant change in the crystallite size (~22 nm) is observed for the layers on p-Si substrates but smaller than the commercial powder (~42 nm). Grain size can be affected by different parameters such as precursor concentration [START_REF] O'brien | Materials Research Society Symposium Proceedings[END_REF], nature of solvent [START_REF] Bari | Effect of solvents on the particle morphology of nanostructured ZnO[END_REF], thickness [START_REF] Alias | Investigation the Effect of Thickness on the Structural and Optical Properties of Nano ZnO Films Prepared by d.c Magnetron Sputtering[END_REF], temperature [START_REF] Ivanova | Study of ZnO sol-gel films: Effect of annealing[END_REF] etc. In our previous work [START_REF] Chebil | Characterization of ZnO thin films grown on different p-Si substrate elaborated by sol-gel spin-coating method[END_REF] and using the same chemical product and synthesis process, crystalline size (~22nm) of ZnO layer deposited on glass, ZnO, Sapphire (001) and p-Si (001) and (111) substrates were close to those obtained for Zn1-xCaxO in this work. The similitude of crystallites size obtained along the three crystallographic plane show the independence of the broadening Bragg diffraction peaks with Miller indices of the corresponding crystallographic planes. This indicated a spherical symmetry in the crystallite shape as seen by SEM (figure 2).

But peak diffraction broadening can be caused by crystallite size and also by lattice strain. It is a description of the lattice parameters distribution arising from crystal deformations.

Different methods like the Rietveld refinement, pseudo-Voigt function, and Warren -Averbach analysis can be used to determinate the crystallite size and lattice strain [START_REF] Kanti Deb | Estimation of lattice strain in alumina-zirconia nanocomposites by X-ray diffraction peak profile analysis[END_REF]. We have chosen to use the Williamson and Hall (WH) plot to distinguish each part contribution of crystallite size and strain in FWHM of X ray diffraction peak. WH analysis is an easy procedure which deconvolves size and strain effect by considering the FWHM peak as a function of 2θ [START_REF] Misra | Blueshift in optical band gap in nanocrystalline films deposited by sol-gel method[END_REF][START_REF] Omri | The optoelectronic properties and role of Cu concentration on the structural and electrical properties of Cu doped ZnO nanoparticles[END_REF] which is represented by:
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Where tWH is the crystallite size and  is the strain. The plot of ( cosθ) versus (sinθ) should be a straight line. Hence, the data can be fitted using a straight line, where the strain in the sample is obtained from the slope and the intercept on the y-axis gives the inverse of average crystallite size in the materials. The WH plot for our sample are presented in figure 5 and the obtained values of strain and crystallite size are summarized in table 1 and represented in figure 6 as function of x Ca concentration.

Crystalline size determined by the two methods are close to those obtained in references [START_REF] Mahdhi | Synthesis and characteristics of Ca-doped ZnO thin films by rf magnetron sputtering at low temperature[END_REF][START_REF] Mir | Luminescence properties of calcium doped zinc oxide nanoparticles[END_REF][START_REF] Das | Temperature and Frequency Dependence Electrical Properties of Zn1-xCaxO, Nanoceramic[END_REF][START_REF] Mahdhi | Structural, optical and electrical properties of transparent conductive ZnO:Ca films prepared by rf magnetron sputtering from aerogel nanopowders[END_REF][START_REF] Srivastava | Blue-light luminescence enhancement and increased band gap from calcium-doped zinc oxide nanoparticle films[END_REF][START_REF] Cao | Realization of band-gap engineering of ZnO thin films via Ca alloying[END_REF] but higher than that reported by A. Srivastava et al. (3 -15 nm) [START_REF] Srivastava | Blue-light luminescence enhancement and increased band gap from calcium-doped zinc oxide nanoparticle films[END_REF]. The positive and negative signs of  indicate respectively tensile and compressive strains. Positive strain values are obtained for 0% and 1.6% Zn1-xCaxO which is higher even when the amount of Ca concentration is low. For Ca compositions higher than 2.7%, the absolute values of strain are greater than those for x = 0% and x = 1.6%. Calculated crystalline size by Debye Scherer formula and by WH plot are very close   0   for higher Ca composition (x=4 and 6%). But for other samples the strain is not negligible, so the crystallite size deduced by the two methods are different showing that the increase of the FWHM diffraction peak is due to the simultaneous effect of strain and crystallite size.

The dislocation density (δ) along the three crystallographic plane is calculated using the formula [START_REF] Cao | Realization of band-gap engineering of ZnO thin films via Ca alloying[END_REF][START_REF] Srivastava | Enhancement of band gap of ZnO nanocrystalline films at a faster rate using Sr dopant[END_REF], which represents the amount of defects in the films along each planes and is summarized in Table 1. Calculated dislocation density for thin film vary between 14.79×10 14 and 22.67×10 14 lines/m 2 which is about four times larger than that estimated in ZnO powder which is due to the substrate influence on the layer.

2 DS t 1  
The lattice parameters 'a' and 'c' for Zn1-xCaxO alloy deposited on p-Si substrates are calculated and listed in table 2 by using following equation [START_REF] Chebil | Characterization of ZnO thin films grown on different p-Si substrate elaborated by sol-gel spin-coating method[END_REF]: Lattice variation curves slightly deviate from Vegard's law as reported by Bai et al. [START_REF] Bai | First-principles study of optical properties in Ca-doped ZnO alloys[END_REF] obtained by theoretical approach using density-functional theory, so it is consistent with known results for wurtzite structure [START_REF] Fan | A first-principle analysis on the phase stabilities, chemical bonds and band gaps of wurtzite structure AxZn1-xO alloys (A= Ca, Cd, Mg)[END_REF]. The calculated lattice constants are close to that given by JCPDS card 36-1451 and those of commercial ZnO powder. For alloys, lattice parameters and cell volume increase as the Ca composition increases while the ratio (c/a) decrease slightly from 1.6017, which differ very little from those of commercial powder and JCPDS data (c/a~1.602), to 1.600 for all alloys deposited on p-Si substrate. These observations are similar to those obtained by Bai et al. [START_REF] Bai | First-principles study of optical properties in Ca-doped ZnO alloys[END_REF]. The increase of crystal lattice confirms the substitution of Zn cation by Ca cation as the ionic radius of Ca 2+ (0.99 Å) is larger than that of Zn 2+ (0.74Å) [START_REF] Linhua | Optical and structural properties of Sr-doped ZnO thin films[END_REF].

Optical properties:

Optical reflectance

The determination of the energy band gap (Eg) of the crystalline material at room temperature is mainly given by the analysis of optical absorption. Reflectance Spectroscopy measurements on Zn1-xCaxO/p-Si were conducted in the ultraviolet-visible region (UV-Vis region) from 300 nm to 600 nm. It is a suitable method for the absorption edges estimation because silicon band gap is lower than that of zinc oxide. Our samples being thick (thickness 1 m), this prevents accidental loss by partial transmission when measuring the percent reflectance. Figure 8 shows the comparison of the reflectance as a function of wavelength for the different samples.

Reflectance percentage increases for all sample from about 375 nm (3.3 eV) and reach a maximum from about 430 nm (2.88 eV). The presence of some non-equidistant Fabry-Perot interference oscillations in the reflectance spectrum of ZnO/Si sample proves the presence of an abrupt interface between the substrate and the layer but the thickness is non-uniform (however it indicates a good optical quality of the sample).

The optical absorption can be obtained by the Kubelka-Munk function

    R 2 R 1 k R F 2    
, where R=Rsample/Rsubstrate is the reflectance UV-vis spectra,  is the absorption coefficient and k is the scattering coefficient [START_REF] Kong | Preparation, characterization of the Ta-doped ZnO nanoparticles and their photocatalytic activity under visible-light illumination[END_REF]. As sample thicknesses are greater than the light wavelengths measured (0.6-0.3 m), the scattering coefficient K is practically independent of frequency [START_REF] Zhang | The magnetic and adsorption properties of ZnO1-xSx nanoparticles[END_REF].

To derive the band gap energies (Eg) for our sample,     2 h R F  versus photon energy h (h is Planck's constant and  is the photon's frequency) is plotted as shown in figure 9. The band gap of thin layer is the intersection value of the linear curve portion with the energy axis [START_REF] Zhang | The magnetic and adsorption properties of ZnO1-xSx nanoparticles[END_REF].

The optical band gap estimated from reflectance spectra of Zn1-xCaxO thin films increase from 3.144 eV to 3.262 eV, as seen in table 3 which provides supportive evidence that Ca is incorporated on substitution Zn sites in ZnO.

An enhancement of 3.75% of band gap is obtained for x=6%. It's higher than 3.35% reported by Cao et al. [START_REF] Jeong | Photoluminescence dependence of ZnO films grown on Si(100) by radio-frequency magnetron sputtering on the growth ambient[END_REF] due to 5.3% Ca doping ZnO thin films deposited by PLD and less than 4.28% and 4.14% for respectively 1.47% and 5% Ca doping ZnO film reported by Misra et al.

[28] and Srivastava et al. [START_REF] Srivastava | Blue-light luminescence enhancement and increased band gap from calcium-doped zinc oxide nanoparticle films[END_REF]. However, Cao et al. [START_REF] Cao | Realization of band-gap engineering of ZnO thin films via Ca alloying[END_REF] and Misra et al. [START_REF] Misra | Blueshift in optical band gap in nanocrystalline films deposited by sol-gel method[END_REF] reported respectively a band gap of pure ZnO 3.27 eV and 3.391 eV higher than the one obtained in the present work 3.144 eV and then 3.16 eV reported in reference [START_REF] Srivastava | Blue-light luminescence enhancement and increased band gap from calcium-doped zinc oxide nanoparticle films[END_REF][START_REF] Srivastava | Enhancement of band gap of ZnO nanocrystalline films at a faster rate using Sr dopant[END_REF]. In fact, the layer thickness of the present work and the annealing temperature are close to that used in the reference [START_REF] Water | The influence of calcium doped ZnO films on Love wave sensor characteristics[END_REF], hence this could explain the similarity in band gap energy values between these two works. Effects of substrate temperature and thickness on energy band gap of ZnO grown on glass by atomic layer deposition have been reported by J. Iqbal et al. [START_REF] Iqbal | ALD grown nanostructured ZnO thin films: effect of substrate temperature on thickness and energy band gap[END_REF]. They show a variation of ZnO band gap from 3.06 eV to 3.10 eV as substrate temperature and thickness increase.

Photoluminescence

Low temperature (2K) photoluminescence spectra of Zn1-xCaxO alloy as function of the Ca composition are shown in figure 10. We distinguish in figure 10 (a) two emission region:

near-band-edge (NBE) UV emission and deep-level (DL) visible emission. The broad visible emission band, in the range 2-2.8 eV for all alloys is expected to be due to different lattice defects like zinc vacancies (VZn), zinc interstitials (Zni), oxygen vacancies (VO) and oxygen interstitials (Oi) [START_REF] Verdad | Two-step fabrication of ZnO-PVP composites with tunable visible emissions[END_REF]. The intensity of PL spectra is low, about 3 orders of magnitude compared to the standard ZnO. Indeed, the quality of thin films obtained by our procedure is not as good as that obtained by other more sophisticated deposition methods. The intensity of the visible emission band for the alloys is greater than that of pure ZnO. However this increase is random with the composition x of Ca. This can be explained by the variation of the impurities and the structural defects for each x composition [START_REF] Li | Study on structural and optical properties of Mn-doped ZnO thin films by sol-gel method[END_REF]. Compared to visible emission band, the NBE although it is structured, its intensity is lower except for the alloy x = 4% that they have the same order of magnitude.

Figure 10 (b) displays the near-band-edge emission in the range 2.9 -3.6 eV for all alloys.

The peaks at around 3.36 eV dominates and is attributed to the exciton transition bound to neutral donors (D 0 X) [START_REF] Mahdhi | Structural, optical and electrical properties of transparent conductive ZnO:Ca films prepared by rf magnetron sputtering from aerogel nanopowders[END_REF]. For pure ZnO sample, a small peak at 3.303 eV seem to corresponds to the expected position for the first longitudinal optical (1LO) phonon replicas of D 0 X with an exact energy separation of 69 meV which is close to 72 meV reported by Meyer et al. [START_REF] Meyer | Bound exciton and donor-acceptor pair recombinations in ZnO[END_REF]. PL spectra of alloys samples present three close peaks in the range 3.300 -3.333 eV, the intensity of the peak at greater energy increases with the concentration x of Ca.

In the literature, several attributions of the emission band at 3.33 eV origins, often named "Y" band, are reported. It can be related to donor-bound exciton (D 0 X) [START_REF] Johnston | Identification of donor-related impurities in ZnO using photoluminescence and radiotracer techniques[END_REF], acceptor-bound exciton (A 0 X) [START_REF] Kato | Homoepitaxial Growth of High-Quality Zn-Polar ZnO Films by Plasma-Assisted Molecular Beam Epitaxy[END_REF], two electron satellites (TES) [START_REF] Hirai | Luminescence of bound excitons in ZnO:Zn phosphor powders[END_REF][START_REF] Chichibu | Improvements in quantum efficiency of excitonic emissions in ZnO epilayers by the elimination of point defects[END_REF], electron-acceptor transitions (e, A) [START_REF] Wang | Hydrothermal growth and characterization of nitrogen-doped ZnO crystals[END_REF] and transitions related to point [START_REF] Shibata | Characterization of ZnO crystals by photoluminescence spectroscopy[END_REF][START_REF] Tampo | The effects of thermal treatments on the electrical properties of phosphorus doped ZnO layers grown by MBE[END_REF] and/or structural defects [START_REF] Alves | Optical investigations on excitons bound to impurities and dislocations in ZnO[END_REF][START_REF] Wagner | Bound excitons in ZnO: Structural defect complexes versus shallow impurity centers[END_REF].

As the peak at low energy 3.303 eV (among the three peaks) appear in all PL spectra, so we attribute it to D 0 X-1LO. However the two other peaks around 3.316 eV and 3.331 eV is related to radiative recombination of excitons bound to structural-defect such as dislocations and stacking faults induced by the Ca incorporation in ZnO lattice [START_REF] Meyer | Bound exciton and donor-acceptor pair recombinations in ZnO[END_REF][START_REF] Alves | Optical investigations on excitons bound to impurities and dislocations in ZnO[END_REF][START_REF] Gokarna | On the origin of the enhancement of defect related visible emission in annealed ZnO micropods[END_REF]. Which can explain the change of their relative intensities with the composition x.

A donor-acceptor-pair (DAP) transition appears at around 3.24 eV for all alloys [START_REF] Meyer | Bound exciton and donor-acceptor pair recombinations in ZnO[END_REF]. For pure ZnO, a broad band is located around 3.04 eV which can be originating from zinc vacancies as reported by Jeong et al. [START_REF] Jeong | Photoluminescence dependence of ZnO films grown on Si(100) by radio-frequency magnetron sputtering on the growth ambient[END_REF]. But this band is wider for alloy thin film and for x4%, we can see a peak around 3.15 eV very close to the emission of Ca 2+ (3.152 eV). This emission is assigned for ZnO layer on silicon [START_REF] Wang | Violet luminescence emitted from ZnO films deposited on Si substrate by rf magnetron sputtering[END_REF] and calcium doped zinc oxide nanoparticles [START_REF] Meyer | Bound exciton and donor-acceptor pair recombinations in ZnO[END_REF] to the electron transition from conduction band to the valence band. It seems to us that the latter attribution is the most likely view the values of the band gap obtained by reflectance spectra.

The free exciton emission with the A-valence band (FXA) is also seen at 3.376 eV [START_REF] Meyer | Bound exciton and donor-acceptor pair recombinations in ZnO[END_REF].

For the alloy x = 6%, a clear and broad band around 3.508 eV confirms the increase of the band gap for this sample. However, it should be noted that the exciton recombination band at low temperature does not change its position with calcium composition for x4%, which indicates no significant change in band gap opposed to results obtained by reflectance spectra.

Conclusion

Zn1-xCaxO alloy thin films with different compositions were synthetized by sol gel method and deposited on p-type silicon substrate (001) by spin-coating. A 6% Ca composition is reached without phase segregation which is confirmed by X-ray diffraction. In fact, all samples have a wurtzite structure and the effect of the composition x on morphological, structural and optical properties have been detailed studies. The band gap estimated by UVvisible reflectance measurement is varied from 3.144 eV to 3.262 eV when the Ca composition x increase to 6% and reached 3.508 eV in low-temperature PL spectra. The analysis of low temperature Pl spectra shows a weak luminescence but the band edge exciton and the green band around 2.45 eV are well observed. However the appearance of Y line in Pl around 3.33 eV for alloys samples suggest an increase of structural defects with the incorporation of Ca. The Zn1-xCaxO alloyed thin films can be a possible candidates for the applications in optoelectronic devices. 
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  Wherelattice parameter are planar spacing. The experimental errors on -is the inter  hk d estimated to be 0.003Å. The a-, c-lattice constant determined by XRD, the ratio c/a and the cell volume are plotted as functions of Ca composition in figure 7 (a) and (b) respectively.

Figure 1 :

 1 Figure 1: EDX analysis carried out on ZnCaY%O thin films on p-Si substrate (a) Y=0%, (b) Y=4%, (c) Y=6%, (d) Y=10% and (e) Y=15%. Where Y represent the Ca weigh percentage contend used in the preparation of sol gel.

Figure 2 :

 2 Figure 2: SEM images of Zn1-xCaxO thin layer on p-Si substrate (a) x = 0 %, (b) x = 1.6 %, (c) x = 2.7 %, (d) x = 4 % and (e) x = 6 %.

Figure 3 :

 3 Figure 3: X-ray diffraction spectra of Zn1-xCaxO thin films on p-Si substrate (a) x=0%, (b) x=1.6%, (c) x=2.7%, (d) x=4% and (e) x=6%. XRD patterns of commercial ZnO powder and un-doped sample are also drawn for comparison.

Figure 4 :

 4 Figure 4: X-ray diffraction spectra     40 2 30    for Zn1-xCaxO layers on p-Si substrate for the different x Ca concentration. XRD patterns of commercial ZnO powder is also drawn for comparison.

Figure 5 :Figure 6 :Figure 7 :

 567 Figure 5: Williamson-Hall plots for Zn1-xCaxO films on p-Si substrate, where (a), (b),(c), (d)and (e) correspond respectively to x=0%, 1.6%, 2.7%, 4% and 6 %. (f) WH plot for commercial ZnO powder.

Figure 8 :

 8 Figure 8: Reflectance spectra of Zn1-xCaxO thin films on p-Si substrate for the different x Ca concentration.

Figure 9 :

 9 Figure 9: Kubelka-Munk transformed reflectance spectra for Zn1-xCaxO thin films on p-Si substrate, where (a), (b), (c), (d) and (e) correspond respectively to x=0%, 1.6%, 2.7%, 4% and 6 %.

Figure 10 :

 10 Figure 10: Photoluminescence spectra of Zn1-xCaxO thin films on p-Si substrate for the different x calcium concentration at low temperature (2K).

Table 2 :

 2 Crystallite sizes calculated by DS formula and WH plot, strain and dislocation density of Zn1-xCaxO thin layer on p-Si substrate with different Ca concentrations, and those of commercial ZnO powder. Lattice parameters, c/a ratio and V the cell volume of Zn1-xCaxO thin layer on p-Si substrate with different Ca concentrations and those of commercial powder. For comparison lattice parameters of the JCPDS XRD database, file number 36-1451 is also listed.

	Sample	tDS(nm)		tWH(nm)			Dislocation Density δ × (10 14 lines/m 2 )
	(100) (002) (101)				(100) (002)	(101)
	x=0%	26	23	23	29	1.10x10 -3 14.79 18.90	18.90
	x=1.6%	26	21	21	30	1.35x10 -3 14.79 22.67	22.67
	x=2.7%	21	22	24	11	-5.83x10 -3 22.67 20.66	17.36
	x=4%	22	22	22	22	-5.50x10 -5 20.66 20.66	20.66
	x=6%	22	24	22	21	-4.10x10 -4 20.66 17.36	20.66
	ZnO powder	42	42	46	26	-2.16x10 -3	5.66	5.66	4.72
	Table1: Sample			Lattice parameters a (Å) c (Å)		c/a	V (Å 3 )
	x=0%			3.241	5.191	1.6017	47.236
	x=1.6%			3.243	5.194	1.6016	47.319
	x=2.7%			3.251	5.205	1.6010	47.655
	x=4%			3.266	5.227	1.6005	48.304
	x=6%			3.270	5.232	1.6000	48.450
	Commercial powder ZnO	3.256	5.216	1.6019	47.889
	ZnO powder JCPDS (N° 36-1451)		3.2498	5.2066	1.6021	47.620

Table 3 :

 3 Band gap values of Zn1-xCaxO thin layer on p-Si substrate with different Ca concentrations obtained from UV-Vis reflectance spectroscopy.

	Figures

ACKNOWLEDGMENTS

The authors would like to thank the USCR "Environmental Scanning Electron microscopy FEI Q250 Thermo Fisher", University of Monastir for helpful technical assistance with equipment facilities. We also thank Pr. Tarek Benameur for fruitful discussion.

There are no conflicts to declare.

Credit author statement

Afif Fouzri: Conception, acquisition, analysis and interpretation of data, writing-original draft preparation, final approval of the version to be published. Nouf Ahmed Althumairi:

Acquisition, analysis and interpretation of data, writing-original draft preparation. Vincent Sallet: Critically revising the article for important intellectual content, final approval of the version to be published. Alain Lusson: Acquisition of data, critically revising the article for important intellectual content, final approval of the version to be published.