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ABSTRACT

Phy glng 2Se thin films were prepared on glass substratedmywm evaporation technique at a
pressure of 18 torr. The structural properties of films were avaled by XRD, EDAX, and
optical microscopy. The x ray diffraction analysnfirms that deposited films are
polycrystalline having cubic structure. The graiizeswas 54.11 to 56.73 nrithe optical
properties of the films was determined over thekiiéss range of 25@0and 30004. Optical
direct and indirect band gaps were calculated. Bsémated direct and indirect optical band
gaps were 0.816t0 0.85eV and 1.71to 1.78 eV.
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INTRODUCTION

Lead Selenide is important material of V- VI grogpmpounds. In the recent years a fair
amount of research has been carried out on leddogemides because of their application in
devices such as infrared devices, diodes, laseesmb photovoltaic conversions, solar cells,
opto electronic devices, etc (1-7). Due to its po&d applications, thin films of lead
chalcogenides have been extensively studied byndapor p — type, so that they may be used in
various solid state devices (8). Majority of thesempounds have been reported to be grown in
the crystalline form. We have made an attempytohesize them in thin film form.

MATERIALS AND METHODS

The Indium doped PbSe alloy was prepared from wg gonstituent elements. Appropriate
weight of lead, indium and selenium (purity 99.999%ere mixed together and placed in a
quartz ampoule which was heated in furnace at testye 1128C for 24 hours. Then cooled
rapidly by ice cooled water. Thin films of P4no.Se with varying thickness of 2580 and
3000 A  were obtained on clean glass substrates helah temperature, by vacuum
evaporation technique at a pressure of idr by thin film coating unit model no 12A4D. The
lateral dimensions of the glass substrates of 8atam x 25mm x 1.35mm were used and the
source to substrate distance was kept as 20 cmtzQurgstals monitor Model No. DTM 101,
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was used to measure the thickness of the filmmdilere deposited in the molybdenum boat at
the evaporated rate 5 to10 per second. The deposition condition were maiethinearly the
same during evaporation.

X—Ray diffractogram (Rigaku Miniflex, Japan) werbtained for finding out the structural
information and qualitatively analysis of the grofims. The scanning angle R with the
range of 20 - 80 (CuK, line) was used for the XRD.

The optical absorption studies were carried outdtimate the band gap of the semiconductor
films. The optical absorption spectra obtainednn/-VIS-NIR spectrophotometer in the range
200 to 1100 nm at room temperature.

RESULTS AND DISCUSSION

Structural Characterization
The structural composition of the grown films wasdsed through the optical microscopy, XRD
analysis and EDAX.

Figure 1 Micrograph of Pbg g ,Se film of thickness 30000

Fig. 1 shows the micrograph of f¥ng ;Seof thickness 3000 indicates particles are uniformly
distributed over the surface. Further confirmaitdrithe structure of the grown films was carried
out using the X-ray diffraction pattern in FigureThe observed data have been compared with
standard data, it is found that the deposited famespolycrystalline having cubic structure [6, 7].
The calculated values are as shown in table nuthber
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Figure 2 XRD of PlygingSe thickness 300G
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Table 1
Thickness hkl 20 D A FWHM Grain Size nm | Average grain size nm
A Degree| Measured | Standard rad 9¢ 9
30.20 2.9568 2.9568 0.00205 64.98
311| 30.40 2.9378 2.9378 0.00410 32.61
2500 222 | 31.70 2.8202 2.8202 0.00205 64.74 56.73
320| 32.50 2.7526 2.7526 0.00205 64.61
211 26.6 3.3482 3.3482 0.00205 65.50
3000 220 30.6 2.9190 2.9190 0.00205 64.92 54.11
300 329 2.7200 2.7202 0.00205 64.54
310| 34.60 2.5902 2.5902 0.00616 21.48
Se Pb
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Figure 3 EDAX for Pbgglng,Se thin film

The stoichiometry and atomic wt % of 3tmg 2Se thin films was found by EDS. Figure 3 shows
EDS spectrum of the as deposited iy ,Se thin film. The actual atomic % for composition
Lead, Indium and Selenium is found to be 37.2694.051.80.

Optical properties

The optical absorption spectra were obtained in 286nm-1100 nm wavelength range by
employing a Shimadzu 2450 UV-Visible model of theearophotometer. Figure 4 shows the
optical absorbance spectra verses wave length ramgef the films deposited in this work. To
find a, the relation used is given ly= -1/d InT, where T is the transmittance and dhis
thickness of the film at room temperature.

The fundamental absorption edge is one of the nmpbrtant features of the absorption
spectrum of a semiconductor. The increased absorpgar the edge is caused by the transition
of electron from the valance band to conductiondbakigure 5 shows the plot of absorption
coefficienta against photon energy. The value of fundamentbion edge from the intercept
lies at 1.13-1.16 eV and the correspondingalues were 0.12 x € 0.5 x 1§cm™. The higher
value ofa in the UV region makes the material useful in forgnp-n junction, solar cells with
other suitable thin film materials for photovolta@pplications [14].

The optical band gap of these films has been catledlusing the relation (Tauc 1974).
ahv =A (hv —EQ)"

Where,hv is the photon energy is the absorption coefficienEg the band gap, As constant
and,n = 0.5 for direct band gap material= 2 for indirect band gap material.  Figure 6wsh
(ahv)Y? verses photon energy for &no,Se thin films which shows the value of direct optical
band gap for films. Figure 7 showsahg)? verses photon energy for &ng.Se thin films
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which shows the value of indirect optical band g@apfilms.  The direct and indirect energy

band gaps of these samples were 0.816 to 0.85 2V &dd 1.71 to 1.78 eV (10, 11, 12)
respectively.
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Figure 5 Plot ofa x 10° verseshv .
9 Fig 7 (@hv)*?x 10° Vs hv
CONCLUSION

v Thin films of Ply ging ;Sewere deposited successfully.

v'From XRD the deposited samples are polycrystaliaéng cubic structure and grain size was
54.11 to 56.73 nm.

v' The estimated direct optical band gap was 0.81685 eV.
v The estimated indirect optical band gap was 7IL78 eV.

v Optical analysis revealed that prepared ity .Se thin films were direct allowed and it is
suitable absorber layer for photovoltaic applicatio
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