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ABSTRACT

Barium and Zinc doped CdS thin films were depoditedimple and easy spray pyrolysis method at 400te

crystallographic structure and the crystallite siwere studied by the X-ray diffraction (XRD) patte®ptical band
gap were studied by optical absorption spectroscapy electrical measurements by means of electrasiktivity

studied by using two probe methods. On dopingrd Zhd Barium, the crystallite sizes were founthtoease. The
optical energy band gap observed to be from 2.4844 eV for as deposited and Zinc, Barium dope8 téh film.

The film exhibits photoconductivity phenomena ssijjgg its useful for sensors and photovoltaic devdaad from
the electrical conductivity was found to be of petgonductivity.
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INTRODUCTION

In modern technology, thin films find wide spregupkcations. Cadmium sulphide (CdS) is an importaaterial
which can be used to make n-type material for fiin hetero junction solar cells. Low resistivitydS films are
needed in solar cells to lower the cell seriesstasce. CdS is technologically interesting becatfists energy band
gap (2.43 eV) and lattice parameter can be varieddping [1, 2]. It is well known that electricaha optical
properties of semiconducting material depend stsoag external doping and preparation conditionise Rddition
of group —lIl elements like Gallium, Copper, andulinum [3,4] improve the efficiency of CdS thinnfil In the
past few years, the deposition and characterizaifo8dS thin film has been received a consideraln®unt of
interest due to its applications in the electramic opto-electronic device fabrications [5-8]. DofgadS films can
be deposited by several methods such as Thermaloet@n, chemical bath deposition, chemical vapour
deposition, and spray pyrolysis etc [9, 10]. Spgygsolysis method employ precursor solutions to dépbin films.
It is very easy, simple and cost effective progessnethod can be applied to prepare thin and tilitls, ceramic
coatings and powders. CdS thin film prepared byagmyrolysis was explained by Mooney et al [11]r&§p
pyrolysis does not require high quality substratelremicals. Multi-layer, porous and dense films t& easily
prepared by this technique. This method consistsarfatomizer, precursor solutions, substrate heaber
temperature controller unit.

In the present case, preparation, characterizatimhmeasurement of optical and electrical propexieZinc and
Barium doped CdS thin films are communicated.
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MATERIALSAND METHODS

The CdS thin film was prepared by taking the 0.latyueous solutions of CdChnd Thiourea with 1:1 Molar
Proportion. The CdS & Zinc, Barium doped Thin filmprepared by spraying aqueous solution of Cadmium
Chloride (CdCI2) & Thiourea [(NH2)2CS], ZnO & BaZln appropriate proportion on glass substrate keg00

°C . Zinc & Barium doped CdS films were depositedabging ZnO & BaCl2 as a dopent source to the Eoludf
atomic percentage 10 % each. All the thin films afe¢he thickness 500 nm & also show good reprduliigi.
When the solution is spread on the substrate fl@wimg reaction takes place,

CdChL + (NHy), CS + 2HO — CdS +2NHCI + CG,

X-ray diffraction has been used to study the stmecbf thin films. The resistivity was measuredU§R meter and
Oven in the temperature ranges 300- 420 K. Opltiaat gap were studied by optical absorption spsotmy.

RESULTSAND DISCUSSION

Char acterization

A typical XRD pattern for Zinc doped CdS thin filom glass substrate is presented in Figure 1. Fn@setpatterns,
it is found that all the films are polycrystalli8ehexagonal. The average crystalline size is catedl by using the
formula [12].

D= 0.9, /ACOS# )(1

Where, 8 = is angle of diffractioni= wavelength of XRD &A = measured in radian as a full width at half
maximum of the diffraction line. It is nearly 0.65The values are present in Table 1. The grain iz&dS thin
films is found to be around 37.82 nm. By dopingZ& Barium grain size becomes larger. The graie szfound

to be comparable as represented earlier [13].

DC Resistivity

The electrical resistivity of all the samples wasasured by two probe method. The resistivity ws measured
at room temperature for all three thin films. Thegiation of resistivity with temperature is presahin Figure 2.
From the graph it found that resistivity decreaséth increase in temperature, it indicates that isermductor
behavior of the film [15].

From the slope, the activation energy of the filmas been calculated and is presented in Tabledselvalues are
also found to be comparable with the values redoelier [14]. The order of resistivity in the peat work is
suitable for solar cells [15].

Optical Studies

The variation of optical transmittance as a funciad wavelength of the thin film under investigatis presented in
Figure 3 From the graph it is observed that transmittaremehses with zinc and barium substitution it mexglbe
increase in resistivity. The semiconductor band @&s determined by analyzing the optical data with
expression for the optical absorbangeeand photon energy [16] by using the relation,

a = k (hv-Eg)"?/ hv

Where, k is a constant and "n” is constant whiagisal to one for a direct gap material and fourafo indirect gap
material. The plot of absorption coefficienh¢)? vs photon energy (his presented in Figure 4. The extrapolation
of the linear portion of the plot to the energy srelded the direct band gap values presentedbile th. These
values are in good agreement with the reportedegaby others [15, 17, 18].
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Figure 1. X-ray diffraction Spectrum of Zinc doped CdSthin film
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Figure 2. Thevariation of resistivity with temperature of CdSand doped CdSthin films
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Figure 3 The variation of optical transmittance (%T) as a function of wavelength
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Figure 4 The plot of Absorption coefficient (chv)’ vs Photon energy hv
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Table 1. Crystallographic, Optical, and electrical parameters of the thin films

Thin Film Grain Size (nm) | Activation Energy (eV) | Room Temp. Resistivity (Q cm) | Energy Band Gap (eV)
Cds 35.39 0.47 2x %0 2.41
Zn- doped CdS 39.41 0.58 7 X510 2.48
Ba- doped CdS 38.68 0.52 5x°10 2.44
CONCLUSION

From the obtained data we can draw following olr@ons,

» XRD shows that formation of polycrystalline and hganal CdS and doped CdS thin films with averagéngr
size 37.82 nm.

» The structural and electrical properties of CdSfaued to be doping depended.

» CdS thin films are good response to the light agntlk they can be employed in photo sensor apglicati

« The electrical resistivity at room temperature d@sirfd to be of the order of 3 cm and vary with doping
element.

» The films exhibited direct transition energy in garof 2.41 to 2.48 eV.

» These results suggest that the method of spraylysysofor the deposition of CdS thin films may hether
investigated for applications of solar cells.
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