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ABSTRACT

CdS thin films have been deposited by using vemplsi SILAR method in an aqueous alkaline
medium at room temperature. Thin films of CdS weharacterized by X-ray diffraction,
Scanning electron microscopy, EDAX, UV-visible sppbotometer techniques and electrical
conductivity measurement. X-ray diffraction studiseowed that CdS thin films are
polycrystalline in nature; average particle size tife material was calculated by using
Scherrer’s formula and found to be 18 nm. Thedatparameters were found to be a = 4.11 and
c = 6.76 A. Optical studies showed that, it hasigh absorption coefficient, and the band gap
of the CdS thin film were found to be 2.39 eV.HEkadtconductivity measurement indicates that
it he}Ls semiconductor in nature, the specific cotaluce was in the order the of 1@ 10? (@
cm)-.
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INTRODUCTION

CdS is one of the very important 1I-VI group semidoctor, plays an important role in
optoelectronic devices such as lasers, light amittiliodes and solar cells. Among these
materials, Cadmium Sulphide (CdS) is a represemtatiue to its wide band gap at room
temperature, good photoconduction, high electrdinigf and inexpensive preparation [1-3], n-
type CdS used as the window material for heterotjan in solar cells usually has a high
absorption coefficient causing the reduction of tiseful current delivered from the cell to the
load. [4]. It is a technologically useful materials many devices based upon photconducting
sensors, Cd ion selective sensors have come up in the receatsy[5]. In last decade,
considerable efforts have been made to synthesdf® i@nostructure thin films by several
methods such as electrochemical synthesis [6-Amdal bath deposition [8-9], solvothermal
429
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route [10], thermal evaporation [11], chemical viageposition [12], vapor-liquid—solid growth
[13], pulsed laser deposition [14], spray pyrolysis [15]. The methods of preparation of CdS
also significant impact on the thickness, partisiee which is important for photocatalytic
applications, [16] room temperature LPG gas sefsor The reported method are expensive
and requires sophistication as compared with SIltA®hod, so we have impressed on SILAR
method due to its simplicity with the tailor madeperties can be achieved in the material.

The successive ionic layer adsorption and readi8IhAR) method is a step-wise process of
chemical deposition of thin films from aqueous prsor solutions. It is a unique method in
which thin films of compound semiconductor can bpakited by alternate dipping of a substrate
into the aqueous solutions containing ions of eamhponent. This method provides the control
of the film thickness at atomic level, which isfatifilt by any other conventional methods. The
film formation takes place when ionic product exdsthe solubility product this also results into
the precipitate formation and control over the prhae is lost. To avoid such difficulties SILAR
method is developed, it consists dipping of sulbstii@o cation and anion precursor separately
rinsing with water to avoid homogeneous preciptatj18-21]. In this communication, we are
reporting the deposition of CdS thin film by SILARethod at room temperature which is very
effectivereported than earlier methods [22-23]. The SILABhtelogy provides the optimum
size and thickness of the film that can fine tuniedsatisfy the desired expectation for the
application of CdS.

MATERIALSAND METHODS

2.1. Preparation of CdS Thin films.

All the chemicals used for the preparation weraradlytical grade. It includes cadmium acetate,
thiourea and aqueous ammonia. All the solutiongweepared in Millipore water obtained from
Millipore water system. For the preparation of Ctfh films cationic precursor (0.1M)
cadmium acetate (25 mL) has been taken in a 10@@aker, then the anionic precursor (0.1M)
thiourea (25 mL) was taken in a separate beakar.thi deposition of CdS thin film, well
cleaned glass substrate was dipped into the catjor@cursor (cadmium acetate) for 20 sec
adsorption of Ctf ions on the surface of the glass substrate, agml tie substrate was dipped
into the 1:1 ratio of water and ammonia acts asmaptexing agent for 10 sec to form cadmium
ammonia complex. Then it was dipped into the Mdtig water for 10 sec to avoid precipitation
and also to remove the loosely bounded cations stlibstrate was then immersed into the anions
(S%) for 20 sec, reacted with cadmium ions on surfsfcae glass substrate. The procedure was
carried out at room temperature. Successive cyepsated upto 125 cycles, to get the well
adherent and homogeneous CdS thin films.

2.2. Characterization of CdSthin films

The X-ray diffraction of the thin film samples wareeasured on PW-1710 X-ray Diffractometer
by using monochromatic CrKradiation in the range obZrom 10-80°. Surface morphology of
the samples were carried out on a Scanning Eledtliocroscope (JEOL,JED-2300, JAPAN )
with EDAX facility, before scanning, the samplesrevsputter coated with platinum of 15 nm
thickness in order to increase conductivity bfn$. UV-Visible spectrum was recorded on UV-
VIS-NIR Spectrophotometer (UV-3600 SHIMADZU, JAPANYEurface Profile Analyzer
(Ambios XP-1, India) was used to measure the thaskrof the thin film.
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RESULTSAND DISCUSSION

3.1. Structural Studies

The X-ray diffraction pattern of CdS thin film peed by SILAR method was shown in Fig.1.

The sharp peaks reveals that the deposited timmviére polycrystalline nature. The observed
interplaner distance'd’ values were compared wlid $tandard JCPD cards (Card No: 80-006,
80-0019) to determine the crystal structure. TheDX&halysis reveals that the obtained films
were mixed phases of hexagonal and cubic, hexagemimore dominant than the cubic phase.
CdS thin film shows prominent [002], [101], [11(200] hkl planes. The lattice parameters were
found to be a = 4.11A and ¢ = 6.76 A. The averaagtiqle size of the material was calculated by
using Scherrer’s formula and found to be 18.0 nm.

3.2. Compositional analysis and Surface M or phological Studies

The EDAX was recorded in the binding energy redietween 0 — 20 keV and was shown in
Fig.2. The spectrum peak reveals the presence dnddS at 3.13 and 2.30 keV respectively,
which confirms the presence of Cd and S in the fiim. The atomic percentage of cadmium
and sulphur were found to be 64 and 36% respeytitieis revels that the thin film of CdS is
cation rich. The cation rich material shows (n-fypery good photocatalytic activity in the form
of heterojunction [24]. The surface morphology loé thin films was recorded at two different
magnifications as shown in Fig.3 (a, b). Thin fibhCdS is homogeneous, well adherent and
covers the glass substrate without cracks and @ah&rom the SEM micrographs it is evident
that the CdS film was in the form of homogeneobsoliis structures, which was similar to the
features reported in the literature [25].

3.3. Optical Properties

The optical absorption spectra of as-deposited @Gafilm samples were recorded by UV-VIS
double beam spectrophotometer in the range of 40DxM without taking into of account the
reflection and transmission losses. Fig. 4 (a) shdve variation of optical absorbance with
wavelength. The optical studies show that the filaxe highly absorptive. The value of
absorption coefficient is depending upon radiagmergy as well as the composition of films.
The interpretation of experimental results is moién performed with the help of formula
derived for three-dimensional crystal model. Thadbgap ‘EQ’ was calculated using following
relation [26-27].

ahv = A (hv - Eg)"

Where Iv is the photon energy, A and n are constants. Fowed direct transition n = 1/2,
direct forbidden transition n = 3/2 and indiredbaled transition n = 2. For the determination of
band gap, plotted the grapith() ?vs. hv, as shown in Fig.4b. The linear nature of ploidates
the existence of direct transition. The band gap determined by extrapolating the straight
portion to energy axis at=0. The band gap was found to be 2.39 eV.

3.4 Electrical Conductivity

The dark electrical conductivity of ‘as-deposit€idS film deposited on non-conducting glass
slide was measured using a two probe method, irteitmperature range for 303-523 K. It is
observed that the conductivity of the film increaseith increasing temperature. The higher
values of conductivity may be due to higher cryataty and thickness of the film. This

SCHOLAR RESEARCH LIBRARY 431



K.M.Garadkar et al Arch. Appl. Sci. Res., 2010, 2 (5): 429-437

indicates the semiconducting behaviour of the fiim. A plot of log (conductivity) versus
absolute temperature for the cooling curve was showFig.5. A plot shows that electrical
conductivity has two linear regions, the low- temgtere extrinsic and high-temperature intrinsic
regions indicating the presence of two conducti@ctmanism. The high-temperature region is
due to grain boundary scattering limited conductihile a low-temperature region is due to
variable range hopping conduction mechanism. TleeiBp conductance was found to be in the
order of 10*to 10? (Q cm)™.

3.5. Thickness M easur ement

Film thickness is important parameter in the statifilm properties. The thickness of the CdS
films was measured by Surface Profile Analyzerckhess of CdS thin film was depends on the
number of deposition cycles. The deposition of @d8 films, the adsorption period was 20 sec
while the reaction period was 20 sec. It was oleskthat for each pair of adsorption-reaction
period, the thickness of the thin film was increageéth increasing the number of immersion
cycles as shown in Fig.6. After certain limit itosts that the thickness of the thin films is
saturated to almost for 130 cycles at Qu2i Initially the growth of the thickness was veagf
due to chemical affinity upto the cycles of abo@61For further cycles no chemical species
(Cd"?ions) are available for further growth of CdS tfilms and the growth were saturated for
about 130 cycles. Therefore the desired thicknassbe achieved which is well adherent and
uniform on the substrate support. This is the ngvef this technique which is easily used
directly for device applications.
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Fig.1 X-ray Diffraction pattern of CdSthin film.
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Fig.2. EDAX Spectrum of CdSthin film
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Fig. 3 b.
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Fig.4a. Absor ption spectrum of CdSthin film

SCHOLAR RESEARCH LIBRARY

434



K.M.Garadkar et al

Arch. Appl. Sci. Res., 2010, 2 (5): 429-437

ao | -=
_ -"-'
25 - _;-’
zn__ ‘-’-)
4 ‘-’
= 15 -
B E .r'
10 :l’
5-_ 4-_____.'
o-
1.6 I 1.IB I 2.Ill I 2.|2 I 2:4 I 2:5 I 2:8 I 3.Iﬂ I a.2
hu eV
Fig.4b.Theplot of (ahv)?vs. hv of the CdS thin film
000/ T KT
_1 1 1 1
3.5
- _2 1
k
o
£ -3
£
R
-T1}
=
5
_f

Fig.5. Theplot of log (conductivity) versustemperature
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Fig.6 Thevariation of thickness with number of cyclesfor the deposition
CONCLUSION

Thin films of CdS have been deposited successibglysing very simple SILAR method. It is
an unique method in which thin films of compoundhgmnductor can be deposited by alternate
dipping of a substrate into the aqueous solutiargaining ions of each component. SILAR
method provides the control of the film thicknessmnolayer formation, which is difficult by
other conventional methods. Deposited thin flmgemgolycrystalline in nature. Optical study
reveals that it has high absorption coefficienthwi2.39 eV optical band gap. Electrical
conductivity study shows that it has semiconduatonature. Surface morphology of the thin
film has been shown as a fibrous like structureodsquality of the thin film has been
successively deposited on glass substrate at reampdrature which is very effective as cost
concern.
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