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The Indium-tin-oxide (ITO) and Cr doped ITO thin films were prepared using electron beam evaporation technique. The prepared thin films were subjected to structural and optical properties. From the XRD it was observed that the films were crystalline in nature with cubic structure. The crystallite size was calculated using Scherer's relation and found that it was about 25 nm. The optical transmittance and absorbance spectra were recorded using UV-Vis-NIR spectrophotometer. From these, the optical band gap of ITO and Cr:ITO thin films were found to be 4.0 ev and 3.97 eV, respectively. The Fourier transform-Infrared spectroscopy study showed the peaks at 292, 519, 804, 957, 114, 1387 and 2985 cm -1 which are characteristic of In-O bonds.

Introduction.

It is known that extensive work is being carried out on optical and electrical properties of wide band gap oxide semiconductors such as ZnO, TiO2, SnO2, In2O3, Cu2O etc. [START_REF] Bilovol | Study of magnetic behaviour of Fe-doped SnO2 powders prepared by chemical method[END_REF][START_REF] Kale | Magnetism in cobalt-doped Cu2O thin films without and with Al, V, or Zn codopants[END_REF][START_REF] Limaye | Room temperature ferromagnetism in undoped and Fe doped ZnO nanorods: microwave-assisted synthesis[END_REF][START_REF] Matsumoto | Room-Temperature Ferromagnetism in Transparent Transition Metal-Doped Titanium Dioxide[END_REF][START_REF] Venkatesan | Anisotropic Ferromagnetism in Substituted Zinc Oxide[END_REF][START_REF] Xiaoyan | Structural characterization and ferromagnetic behavior of Fe-doped TiO2 powder by high-energy ball milling[END_REF][START_REF] Xing | Strong correlation between ferromagnetism and oxygen deficiency in Cr-doped In2O3-δ nanostructures[END_REF]. Among the other oxide semiconductors, In2O3 is the one of the best suited materials for many electronic applications. It is a transparent, degenerate n-type wide band gap semiconductor with cubic structure in which the optical and electrical properties can be varied by doping of tin (Sn) or creating off stoichiometry. In In2O3 lattice if 10% of Tin (Sn) is doped the resultant material indium-tin-oxide is called as ITO [START_REF] De | Study of annealing time on sol-gel indium tin oxide films on glass[END_REF][START_REF] Peleckis | Room-temperature ferromagnetism in Mn and Fe codoped In 2 O 3[END_REF]. Due to its peculiar properties of high electrical conductivity and high optical transmittance in visible region it finds numerous applications such as nano electronics, opto electronics, sensor devices, flat panel displays and energy storage devices [START_REF] Akaltun | The relationship between refractive index-energy gap and the film thickness effect on the characteristic parameters of CdSe thin films[END_REF][START_REF] Babu | Studies on Ferromagnetic and Photoluminescence Properties of ITO and Cu-Doped ITO Nanoparticles Synthesized by Solid State Reaction[END_REF][START_REF] Babu | Microstructure, ferromagnetic and photoluminescence properties of ITO and Cr doped ITO nanoparticles using solid state reaction[END_REF][START_REF] Fang | Particle-free inkjet printing of nanostructured porous indium tin oxide thin films[END_REF][START_REF] Gao | UV light emitting transparent conducting tin-doped indium oxide (ITO) nanowires[END_REF][START_REF] Hamberg | Evaporated Sn-doped In2O3 films: Basic optical properties and applications to energy-efficient windows[END_REF][START_REF] Mccue | SnO2-In2O3 Nanocomposites as Semiconductor Gas Sensors for CO and NOx Detection[END_REF][START_REF] Ng | Protein microarrays on ITO surfaces by a direct covalent attachment scheme[END_REF][START_REF] Sreenivas | Preparation and characterization of rf sputtered indium tin oxide films[END_REF]. However, the studies of magnetic properties of ITO and impurity doped ITO thin films are meager. Recently continuous efforts are being put on magnetic properties of ITO and doped ITO nanoparticles, thin films and nanostructures. At present, this paper has been focused more on the structural and optical properties of ITO and Cr:ITO thin films and magnetic studies will be carried out in the future.

Experimental Details. The ITO and Cr doped ITO source materials were prepared using solid state reaction and studied their physical properties [START_REF] Babu | Microstructure, ferromagnetic and photoluminescence properties of ITO and Cr doped ITO nanoparticles using solid state reaction[END_REF]. The same powder samples were taken here as source materials to prepare the ITO and Cr: ITO thin films on glass substrate. The films were prepared using electron beam evaporation technique [12A4D]. A base pressure of 5x10 -6 mbar was created before coating the films. The total set up was kept in coating unit and the substrate temperature was raised to 350 °C and maintained the same temperature till the end of the coating.

The thicknesses of the films were found to be about 250 nm. X-ray diffractometer (D8 Advance, BRUKER) was used to establish structural aspects. The diffused reflectance spectra were recorded on UV-Vis-NIR Spectrophotometer (JASCO V-670). Fourier Transform Infrared (FT-IR) Spectroscopic analysis was carried using FT-IR Spectrophotometer (SHIMADZU).

Results and Discussion.

Structural Analysis. Figure 1 shows the XRD profiles of ITO and Cr doped ITO thin films. The Cr doped ITO thin films exhibited two more diffraction peaks in addition to pure ITO thin films. The diffraction peaks such as (2 2 1), (2 2 2), (3 2 1), (4 4 0), (4 0 0) and ( 6 Optical Properties. Figure 2 shows the optical transmittance spectra of ITO and Cr: ITO thin films prepared on glass substrates. From the figure it can be seen that the ITO thin films exhibited good optical transmittance about 70% in the visible region. The transmittance of the films decreased to large extent by doping chromium into the ITO lattice. The optical band gap (Eg) of the films was determined from the optical transmittance data using Tauc's relation [START_REF] Tauc | Amorphous and Liquid Semiconductors[END_REF].

𝛼ℎ𝜐 = (𝐸 𝑔 -ℎ𝜐) 𝑛 (1) 
where ndepends on the kind of optical transition that prevails.

Here n = 1/2, as In2O3 is directly allowed n-type degenerate semiconductor. The optical bang gap is obtained by plotting (αhυ) 2 versus the photon energy (hυ) and by extrapolating of the linear region of the plots to zero absorption (= 0).The optical bang gap Eg is obtained by plotting (αhυ) 2 versus the photon energy (hυ) and by extrapolating the linear region of the plots to zero absorption (α= 0). Fig. 3 shows the optical band gaps of ITO and Cr: ITO thin films. The pure ITO thin films exhibited a band gap of 4.0 eV and Cr: ITO thin films exhibited a band gap of 3.95 eV. The observed band gap is almost equal to that of band gap of bulk ITO [START_REF] Hichou | Effect of substrate temperature on electrical, structural, optical and cathodoluminescent properties of In2O3-Sn thin films prepared by spray pyrolysis[END_REF]. Fig. 4 shows the FTIR spectra of Cr: ITO thin films recorded at room temperature. The same trend was observed in pure ITO thin film. In2O3 exhibits intense bands around 419 and 440 cm -1 attributed to In-O lattice stretching vibrations [START_REF] Gerbier | Ion plated indium oxide : infrared and optical study[END_REF].

Summary. ITO and Cr: ITO thin films were prepared using electron beam evaporation technique and studied for their structural and optical properties. Both ITO and Cr: ITO thin films were in cubic structure with crystallite size of 24 nm. No new diffraction peaks related to nickel was found in XRD. A band gap of 4.0 eV was observed for ITO thin films and it decreased to 3.95 eV by doping Cr into the ITO lattice. The FT-IR studies revealed the characteristics of In2O3 lattice.

2 2 )

 2 were observed for Cr: ITO thin films which are characteristic of cubic structure of indium oxide [JCPCS 06-0416]. No other diffraction peaks other than indium oxide were observed in the XRD patterns. No significant change in the diffraction peak toward higher or lower diffraction angles. The crystallite size was calculated using Scherer's relation and found to be 25 nm. A slight decrease in lattice parameter was observed by adding Cr into the ITO lattice.
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 1 Fig. 1. XRD profile of ITO and Cr:ITO thin films.
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 2 Fig. 2. Optical transmittance spectra for ITO and Cr:ITO thin films.
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 34 Fig. 3. Optical band gaps of ITO and Cr:ITO thin films.

© 2017 The Authors. Published by Magnolithe GmbH. This is an open access article under the CC BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/

Acknowledgements. We are grateful to UGC-DAE-CSR, IGCAR, Kalpakkam 603102, Tamilnadu, India, for providing financial (Grant no. CSR-KN/CRS-72/2015-16/809) support to carry out the present work. We also thank VIT-SIF for providing XRD and UV-Vis-NIR facilities.