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ABSTRACT

Nanocrystalline cadmium sulphide (CdS) thin filmesrevdeposited on FTO coated glass substrate bylesiand

low cost chemical bath deposition (CBD) technicaa] the structural, optical and photosensing prajgsrwere
investigated. X-ray diffraction (XRD) technique Heeen used to identify the phases present in tpesited films
and XRD studies confirmed the nanocrystalline mifteekagonal and cubic) CdS phase formation. Thicéat
parameters are calculated as a = 4.157 A and ¢586R, which are in good agreement with the standtath. The
surface morphology of the deposited films has lobanacterized using field emission scanning electrocroscopy
(FE-SEM) and observed that homogeneous and uni@d® film is grown onto FTO coated glass substrate

optical bandgap of the films has been studied usipgprption spectra in wavelength range 400-900kbynusing

double beam spectrophotometer and is estimated th1b eV. The |-V characteristics showed goodgrbsponse,
and CdS thin films deposited on FTO coated glabstsate is useful for photosensor applications.
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INTRODUCTION

Metal chalcogenide materials in thin film form rees considerable attention during the recent ybaause of
their actual and potential applications in variefyoptoelectronic devices. Among all of the chakoige materials,
cadmium sulphide (CdS) thin films are considered gsomising semiconductor material for the develept of
many interesting applications such as photoconduptmtocatalysts and recently in solar cell, etedtemical cell,
gas sensor, and photosensor etc. [1]. This is lsecadS thin films have high transparency, widedirett bandgap
transition (2.42 eV), high electron affinity andype conductivity [2]. Different methods have beeed to prepare
CdS thin films which include chemical bath depasitiCBD), successive ionic layer adsorption andtiea
(SILAR), sputtering, vacuum evaporation, spray hysis, electrodeposition and pulsed laser depaositio. [3-11].
Among all these methods, CBD method has been ssfodigsutilized for the preparation of thin filmsf anany
metal sulphides, selenides, tellurides and oxiBesause CBD method is one of the chemical methsdd for
making uniform and large area thin films, whictbesed on immersion of the substrate into the swiutbntaining
precursors’ of cations and anions. The interestidgantages and details of theoretical aspectsi®fithod are
greatly described in the review by Mane and Loklegji@]. The aim of the present work is to prepad& ¢hin film
by chemical bath deposition technique onto FTO embajlass substrate. The structural, morphologigatical,
electrical and photosensing properties of as-grthimfilms are studied and results obtained arentegl.
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MATERIALS AND METHODS

Thin films of cadmium sulphide (CdS) have been grdwy chemical bath deposition technique using cadmi
chloride, thiourea and ammonia (AR grade). The @S films were deposited on FTO coated glass satestFor
the deposition of CdS thin films; we used 10 mDdi5M cadmium chloride (Cd&€RH,0O) solution into 50ml glass
beaker. This solution was stirred well, and thepuatB.5ml of 30% aqueous ammonia (ag. Nkas mixed,
followed addition of another 10ml of 0.05M thiouré@S(NH,),) solution. The mixture was stirred for a few
seconds by a magnetic stirrer and then transfeoredother beaker containing cleaned FTO coatess glabstrates,
clamped vertically into it. After few minutes lat¢he substrates were found to be covered witloyetieposits. The
bath was covered to help to stabilize the tempegatad reduce the loss of ammonia. After depositiom substrate
was taken out from the bath, washed with de-ionizater and was dried in air.

The surface morphology, chemical composition angstetline properties of the films were analyzed fistd
emission scanning electron microscopy (FE-SEM) emergy dispersive X-ray spectroscopy (EDS) usiS00
type-Il (Hitachi High Technology Corporation Tokydapan), and X-ray diffraction (XRD) using BrukeX$,
Germany (D8 Advanced), respectively. The opticalperties of the films were determined by JASCO \3-&8/-
VIS spectrophotometer. The photosensitivity propeftCdS deposited on FTO coated glass substrasestualied
by I-V characteristics in dark and under illumioati(visible spectra) with different intensities ngiKeithley meter
(Model no. 2400) over the range +0.5 V.

RESULTS AND DISCUSSION

1.1Structural studies:

The crystalline size and crystal structure of th@SChanocrystalline thin films were determined frofrray
diffraction pattern. CdS known to exist in eithebiz or hexagonal structure or sometimes a mixbfifgoth phases
[3, 13, 14]. Fig. 1 shows X-ray diffraction pattesh CdS thin film deposited on FTO coated glassstake. The
XRD peaks indicate that the film is nanocrystallime nature. The peaks at9=234.29, 38.32 and 62.1%
corresponds to Snecause of the substrate (FTO) used. Other diffirapeaks in this XRD pattern was observed
when 3=27.05, 52, 66’ and 78.88 corresponding to the (0 0 2), (1 1 2), (2 0 3) édd 4) reflections of the
cadmium sulphide possessing hexagonal crystaltamejowith lattice parameters of a = 4.187and ¢ = 6.5800
which agrees with standard pattern (JCPDS card no. 41-1049). While some minor peaksenheen
observed at @= 29.84 and 44.80 corresponding to (2 0 0) and (2 2 0) reflectiohsubic CdS (JCPDS card no.
80-0019). Thus from XRD studies, it is clear thatSOs a mixture of cubic and hexagonal phases, wagrees
with the earlier report for CdS thin film [4].

The average crystallite size (D) was estimatedguSicherrer formula [15];
kA

b= [ cosB @

Where K is the shape factor that was taken equ@l3p\ is the wavelength of X-ray sourdgjs the full width at
half maximum (FWHM) of (1 1 2) and (2 0 3) peaksresponding to hexagonal phase of CdS @islthe Bragg's
diffraction angle in degrees. The average crysgadlize is found to be 34.76 nm.

1.2 Surface morphology and compositional studies:

Fig. 2 shows FE-SEM image of as-deposited cadmiuiph&le thin films on FTO coated glass substratshbws
that the substrate is well covered with the depdsinaterial without cracks and pinholes. The fietdission
scanning electron microscopy (FE-SEM) study for @itiBs on the FTO coated glass substrate revealstitie film
formed is uniform and homogenous. The elementalyaisaof CdS thin films deposited on FTO coatedsgla
substrate was performed using EDS analysis aneped in fig.3. The analysis confirms the presesfoc@d and S
in the deposited film with Cd=59.87% and S=40.138&confirms that the film has been Cd rich. Howevier
addition to Cd and S, there are other peaks carreBpg to Sn, O, F, etc. and can be attributethdse originating
from FTO coated glass substrate.

1.30ptical studies:
In order to obtain the information regarding theicgd bandgap and the nature of transition invojuib@é optical
properties of the CdS nanocrystalline thin filmsrevestudied using the UV-VIS spectrophotometer ainro
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temperature. Fig. 4 shows the optical absorpti@cisa of CdS thin films in the wavelength ranget80-900nm.
The theory of optical absorption gives the relati@mtween the absorption coefficiantind the photon energwh
for direct allowed transition as,
A(hv — E)°
a=——"—
hv

(2)

where h is the photon energy ks the optical bandgap, A is a constant.

In inset of fig. 4 shows a plot ofifv)? versus b which is linear at the absorption edge, confirmthg direct
bandgap material. The linear fit of the plot inde&dhe existence of the allowed direct bandgapsitian.
Extrapolation of the linear portion of the curve(@tw)? = 0 determines the optical bandgayp Ehe optical bandgap
energy was found to be 2.15 eV, which is smallanttihe value reported earlier [3] for chemical bdghosited CdS
thin film which might be due to greater crystaliiee of CdS and due to substrate used.

1.4 Electrical studies:
Fig. 5 shows |-V characteristics curve obtainedrfrthe as deposited CdS thin film for different rllunation

intensities. CdS thin film deposited on FTO coafgass substrate of area 1tmas selected and silver paste was
applied (two Ag contacts separated by a distandenf) to ensure the good neutral electrical costaxthe films.
From |-V plot, decrease in resistivity was foundttwincrease in illumination intensity. This suggestat the
incident photon energy breaks some of the covdlents in the CdS semiconductor and as a resultefezgron-
hole pairs are available for current conductione Tlark resistance is found to be 1.42@@m and it decreases to
0.88x1G Q.cm (calculated from fig. 5) for light of intensifyd,100 Lux in the visible region. Smaller valuedaik
resistivity might be due to the conducting substrated for the deposition of CdS thin film. Thigdst shows that
the CdS thin film deposited on FTO coated glasssate is highly photosensitive and can be usqzhoiosensor
and /or optoelectronic devices.
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Fig. 1 X-ray diffraction (XRD) pattern of CdS thin film deposited on FTO coated glass substrate
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Fig. 2 FE-SEM image ofCdS thin film deposited on FTO coated glass substra

cps/eV
T T T T =
Asnlication-Note (")Q
ricationyote BESZ-)R_
2.5 —
2.0
15—5*I
cd g_fld
1.0 ‘l
0.5
0.
7 4 (5] 8 10 12 14
ke

Fig. 3 Typical EDS pattern of CdS thin films deposied on FTO coated glass substrate
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Fig. 4 Absorbance with respect to wavelength for C8 thin films deposited on FTO coated glass substmt
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Fig. 5 Current-voltage (I-V) characteristics curveobtained from CdS thin films deposited on FTO coate glass substrate with different

illumination intensities
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CONCLUSION

CdsS thin film was deposited onto FTO coated glagsstsate by using CBD technique. The salient cichs
arising from this study are summarized below:

1.XRD studies reveal nanocrystalline nature of thadiwith mixed (cubic and hexagonal) crystal stuoes.

2.The CdS thin films deposited on FTO/glass substipatesent excellent adherence, uniform deposition,
homogeneous morphology and nanocrystalline pragertionfirmed by FE-SEM and XRD analysis.

3.EDS analysis showed that Cd rich CdS thin film besn deposited on FTO/glass substrate.

4.0ptical absorption study revealed direct bandgdpraand bandgap is found to be of the order d§ 2\.
5.Electrical studies showed that the films are sendcating and can be used in photosensor and /oelatronic
devices.
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