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Abstract: Nanocrystalline Cadmium Sulphide (CdS) thin filmere fabricated by employing an in expensive,
simplified sol- gel spin coating technique on mgmopic glass substrates. The effect of annealimg BHn
surface morphological, structural and optical prape of the films was studied. SEM studies rewvbal the
grains are spherically shaped and distributed tmifp over the entire surface of the substrate. ditystallite
size obtained through the XRD analysis was founiddcease with increase in annealing time, varying 6.1
nm to 9.3 nm. The films show a predominant hexagornetal phase with (0 0 2) orientation plane. Thé-
Visible spectral analysis showed that the band \gape decreased with increase in annealing timesdh
surface morphological, structural and optical steelults suggest that the nanocrystalline CdSfiinis could

be a potential candidate for designing optoeleatrdavices.
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Introduction and Experimental

Cadmium Sulphide (CdS) nanocrystalline thin filmeldmging to the cadmium chalcogenide family
continues as a subject of intense research due pwiential applications in solar cells especiaya window
material for CdS/CdTe solar cells because of itsble band gap and stability. CdS is one of thedrant 1l —

VI group semiconductor with a direct band gap d@22eV [1]. Among the various available techniquesdat
CdsS thin films, the sol — gel spin coating metha@s Imany advantages such as simplicity, low cost,itsn
ability to obtain uniform films with good adherenaed reproducibility [2].

In this article we report about the preparatiomahocrystalline CdS thin films using sol — gel spin
coating method and also discuss about the effeeinoéaling time on structural, surface morpholdgical
optical properties of the prepared CdS thin films.

For the deposition of CdS thin film by sol — geirspoating method two solutions have been prepared.
Polyethylene Glycol was dissolved in ethanol anetiacacid was added to ethanoic solution underirsgir
which was continued for one hour (Solution 1). Cagmnitrate and thiourea were dissolved in ethamaler
stirring and the stirring was continued for oneth@olution 2). Solution 2 was mixed to Solutioarid was
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stirred again for 4 hours to obtain the final soi deposition of thin films. The spin coating teitjue was used
to deposit thin films using above sol on glass sabss rotating at a speed of 1000 rpm for 30 derAf
deposition, annealing of the samples was carri¢daoremove the solvent and organic residualshis work
the films were post annealed in air at %D@or 45 minute. As a annealing time is one of paeameter, which
may influence the stiochiometry and structural props of the films, in order to study the influenof
annealing time on the film properties, two more gke® with the annealing time of 60 minute and 7&ute
were also prepared.

Results and Discussion
Surface Morphological Analysis

The surface morphology and the elemental analgkithe CdS films were analyzed by scanning
electron microscopy and Energy Dispersive X — ragcioscopy (EDAX) respectively. The corresponding
images of the films are shown in Figure 1. Excep8ome small voids and pores, the SEM images ahell
films show uniform surface having perfectly sphakigrains with well defined grain boundaries. Nastér
formation is observed and the grains appear honsmgen and uniform, suggesting uniform nucleation
throughout the substrate surface. The micrograppgtthat the grains of the CdS films are tigipthcked and
consequently the surface of the film looks moreticoous.
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Figure 1: Scanning electron micrograph & EDAX spectra of @8 films

From the SEM images, the grain size values of 8 fiims were found to be in the range of 950 nm
to 1100 nm. The grain size and configuration ofdbposited chalcogenide films depend on many pdeame
such as composition of the solution, depositioretiand nature of the substrate etc. The presenSeinfthe
EDAX spectrum of the deposited film may be resutled to the glass substrates.

Structural and Optical Analysis

The structural properties of the spin coated CtSsfihave been investigated by X — Ray Diffraction
(XRD) technique. The patterns show an intense pe&6.72° indicating a strong preferred orientaatong
the (0 0 2) plane of the hexagonal phase. The siitenf the (0 0 2) peak found to increase withréase in
annealing time of the films. The preferred orieiotatof CdS film is due to the controlled nucleatiorocess
associated with the low formation rate of cadmiuntplide [3]. The average crystallite sizes havenbee
obtained from the XRD pattern using the Debye €8@h’s formula,

)
b= pcos (nm) (1)

where, D is the average crystallite size, k is astant taken to be 0.98,is the full width at half maximum
(FWHM), 6 is the Bragg angle and is the wavelength of the X— ray source. The presesf the broad
dominant peak in the XRD graph reveals that the D@&films are nanocrystalline in nature. As timmealing
time is increased, it is seen that crystallite &z€dS particles increases from 6.1 nm to 9.3 Table 1). The
crystalline sizes revealed from the SEM pictures ldgher than the average crystallite size valasutated
from the XRD peaks. Such a difference might be wuthe presence of some amorphous phase in the film
along with their predominant crystalline phase [4].
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The optical study of the spin deposited CdS tHmdiwas done in the wavelength range of 200 — 800
nm. Figure 2 shows the XRD pattern, optical trattsmce and direct band gap plots of CdS films aledeat
300°C for different annealing time.
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Figure 2: XRD pattern, Optical transmittance and direct bgagd of CdS thin films

The transmittance of the films was found to incee@®nsiderably with annealing time. As the
annealing time increases the band gap decreaseslexcrto the UV — Visible absorption spectral stuihe
band gap energy of the films was determined byystigdthe dependence of the absorption coefficigran
photon energy¥ using Tauc’s plot as,

ahv = A (hv - E, )2 2)
where A is a constantyis the band gap energy Is the photon energy.

Table 1: Structural and Optical data of CdS thin films

Annealing X — ray Diffraction Study UV — Visible Spectral study
Time 2 Theta d — spacing Crystallite Optical Band Transmittance
(Minute) (deg A Size D (nm) gap (YD (%%)
45 26.72 3.34202 6.1 3.8 23
60 27.10 3.35383 7.8 3.1 28
75 26.52 3.35546 9.3 2.8 54
JCPDS No: 26.66 3.36700 [ e——— | me—— | e
06 -0314

The optical band gap values obtained (Table 1)gudie absorption spectra are greater than the bulk
band gap (2.42 eV) and this indicates the formatibmanoparticles and presence of quantum confineme
effect in the prepared CdS thin films. The abowlts suggest that the annealing time has influenee the
structural and optical properties of cadmium selfiitms.
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