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ABSTRACT

CdSe semiconductor thin films have been successfully synthesized onto
stainless steel and FTO glass substrates by electrodeposition technique.
Aqueous solutions containing precursors of Cd and Se have been used to
obtain good quality films. The optimized films have been characterized for
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their structural and morphological properties. X-ray diffraction (XRD) stud-
ies show that the films are polycrystalline in nature with hexagonal crystal
structure. Effect of deposition current on crystallites is shown. Scanning
electron microscopy (SEM) studies show that the film surface is smooth,

uniform and compact in nature.

INTRODUCTION

Solar energy istheradiant light and heat from the
Sun that has been harnessed by humans since ancient
timesusingarangeof ever-evolvingtechnologies. The
need for non-conventiona energy resourcesisconsid-
ered to bepotential driving forcefor the power require-
ments of the 21st century. Solar energy isone of the
most abundant, non-pollutants, inexhaustibleand demo-
cratic source of energy. Itisavailable everywhereon
theearthin quantitiesthat vary only modestly, whileit
needsto be considered for el ectrical energy conver-
sion. Thell-VI binary semiconducting compounds,
bel onging to the cadmium chal cogenidefamily (CdS,
CdSe, CdTe), are considered to be very important
materiasfor itspotentia applicationsin photovoltaic
%I, photoel ectrochemical (PEC) solar cdllSf, optoelec-
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tronic devices”, thinfilmtransistors®® and gammaray
detectorsg'¥. Themajor attention hasbeen giventothe
investigation of electrical and opticd propertiesof CdSe
thinfilmsin order to improvethe performance of the
devicesand aso finding new applications. 11-VI com-
pounds, especialy CdS, CdSe, CdTe, Cd1-xZnxSetc.
areof great interest becausethey are potentia candi-
datesin many practical applicationslike photovoltaic
solar cdlls,

Cadmium sdenide(CdSe) isoneof thewd | known
[1-V1 semiconductor material shaving cubic and hex-
agonal crystal structureis considered to be apotential
candidate for photoel ectrochemical solar cell conver-
sion, light emitting diodes, and thin film transistors
(TFTs.)*2 because of the compatibility of itsband
gap (1.7 eV) with the solar spectrum{4151,

In this paper, nanocrystalline CdSethinfilmsare
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deposited on stainlesssted by using e ectrodeposition
technique. X-ray diffraction, scanning e ectron micros-
copy and Photod ectrochemical techniquesareusedto
characterizethe CdSethin films. Effect of deposition
current on crystallitesof CdSethin filmsisshown by
using photoel ectrochemica (PEC) characterization us-
ing cell configurationn-CdSe/1M (NaOH+Na2+S)/
Careinvestigated.

EXPERIMENTAL DETAILS

Preparation of CdSethin filmsby electr odeposi-
tion technique

Then-CdSethin filmswere synthesized by using
smpleandinexpens vedectrodepositiontechnique. All
chemicalswere of analytical reagent grade and used
without further purification. All theagueous solutions
were prepared using distilled water. For el ectrodepo-
gtionof CdSethinfilms, aconventiona three el ectrode
cell wasused. Stainless steel substrateswere used as
cathode. Thestainless steel substrateswerefirst mir-
ror-polished by afine grade polish paper, and then
washed with liquid detergent followed by dryinginthe
acohol vapors. Beforeusing asasubstrate, in order to
removetheoily substancesfrom surface, cleaned sub-
strates were etched in 25% HCI for 20 seconds and
then ultrasonically cleaned with doubledistilled water.
Electrodeposition was carried out ontheunit area (1
cm?2) of the substrates by using the cadmium acetate
and selenium dioxide as a precursor sources for Cd
and Seat potentiostatic modein anungtirred bath. The
anode and cathodewerekept fixed at adistance of 0.4
cm apart throughout the experiment. After deposition,
thefilmswererinsed in doubly de-ionized water and
used for further investigations.

First wewereoptimizing the sol ution concentration
and then deposition current (at optimized solution con-
centration). Both the sol ution concentration (0.125M)
and deposition current (1mA) wereoptimized by usng
photod ectrochemica (PEC) characterizationtechnique.
PEC solar cell wasfabricated using atwo electrode
configuration, comprising n-CdSe thin film as a
photoanode, graphite asacounter electrodeand SCE
asareferenceeectrode. Theredox eectrolytewas 1M
polysulphide (NaOH-Na2S-S). Thecell wasillumi-
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nated with 500W tungsten filament lamp for the mea-
surement of short circuit current (Isc) and open circuit
voltage (Voc). In order to improve the PEC perfor-
mance of CdSethin filmswe prepared thefilmsand
further studied for same characterizations.

Optimized preparative parameterswere character-
ized by X-ray diffraction and scanning € ectron micro-
scope (SEM) techniqueetc. Thestructural character-
ization of CdSethinfilmswere carried out by using
Philips X-ray diffractometer (model PW-3710,
2=2.2897A for Cr-Koc radiation). The morphology of
thefilmswasstudied by using ascanning el ectron mi-
croscope (JEOL-JSM-6360, Japan). The
photod ectrchemicd characterizationinvestigetion were
carried out by using cell configuration n-CdSe/1 M
(Na,S-S-NaOH)/C.

RESULTSAND DISCUSSION

Itisrecognized that thetechnologiesinvolvedinthe
energy efficiency and solar energy could aleviatethe
environmenta and energy crisismanifested by globa
hesting through greenhouse effect and fast depl etion of
conventional energy sourcesrespectively. Theseprob-
lemscould be partly remedied by the use of semicon-
ductor solar cells. Although there have been both aca-
demic advancesand market growthin photovoltaictech-
nology inrecent years, thereremansaneed for increased
efficiency, lower cost processing and increased pro-
cessyields. Photovolta c energy generationiscurrently
dominated by bulk crystalline Si solar cdll technology.

Cadmium sdenidefilmshave been formed accord-
ingtothefollowingoveral reaction:

(CH,C00),Cd.2H ,0—»Cd* +(CH,C00),>
+2H,08e0, + H,0 > H,Se0,

@)

H,Se0, +4H" +6e" - Se” +3H,0 2
Inthechemical reaction, first stepisthereduction
of H2SeO3to seleniumion onthe surfaceof thestain-
lessstedl substrate, which isat oncefollowed by suc-
vereduction processgiven by,
Cd* +Se* - CdSe ©)]
Several factorsinfluencesthe performance of the
produced semiconductor eectrode, including cathode
surface beforethedectrolys's, composition of the so-
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Figurel: CdSethin filmsin aqueousmedium. it isobserved
that deposition potential of CdSethin films0.8V/SCE .
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Figure2: Variationof I_andV_ with concentration of solu-
tion for CdSethin film/1M NaOH-1M Na,S-1M S/C PEC
solar cell

TABLE 1: Optimized preparativepar ameter sfor electrode-
posited CdSethinfilm

Deposition

. -0.82 V/SCE
potential
Bath 0.125 M (CH;3CO0),.Cd.2H,0+0.125
composition M SeO,
3 pH of the bath 3.72
4 Deposition time 30 minutes
Deposition 1mA
current

lution, plating current density, pH of the el ectrolytic
bath, deposition time. The deposition potentia isob-
tained from polarization curveisasshowninfollow-
ing Figures1.
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Figure3: Variationof I _and V_ with deposition current at
constant concentration of solution for CdSethin film /1M
NaOH-1IM Na,S-1M SIC PEC solar cell
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Figure4(a) : XRD pattern of CdSethin film deposited on
stainless steel substrate
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Figure4(b) : Variation of crystallite szewith deposition cur-

rent of CdSethin film deposited on stainlesssted substrate
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TABLE 2: Comparison of theobserved and standar d‘d’ values
of CdSethin filmsat optimized prepar ative parameterson
stainless steel substrate.

Sr. No. Observed ‘d’ (A) Standard ‘d’ (A) (hkl) planes

1 3.48 351 (002)
2 2.07 2.15 (110)
3 1.79 1.80 (201)

Optimization of preparative parameters of
photoactive semiconducting e ectrode by PEC method
isnew, reliableand uniquetechniqueinthinfilm tech-
nology. In order to demonstrate the potential use of
electrodeposited CdSethinfilmsin conversion of light
into el ectrical power and photoactivity of thefilmsde-
posited onthe stainless sted substratewerestudiedin
aqueous electrolyte of 1M polysulphide
(NaOH+Na2S+S) solution and shows cathodic
behaviour of photovoltage, indicating that thefilmsare
of n-type. The optimization of solution concentration
and deposition current has done by using
photoe ectrochemica (PEC) techniqueasshowninFig-
ures 2 and 3 respectively, where the solution of pH
kept constant (3.72). Thedeposited CdSethin films
were directly used as photoanode and graphite was
used asacounter eectrode, in an photod ectrochemica
cell filled with polysul phide €l ectrolyte to measurethe
short circuit current (I_) and open circuit voltage (V)
for CdSe photoanode. The optimized preparative pa-
rametersfor CdSefilm depositionarelistedin TABLE
1. FFom TABLE, itisconcluded that wegot better qual-
ity filmof CdSeat 1 mA deposition current and 0.125
M concentration.

A typica X-ray diffraction pattern recorded on
stainless steel substrate for CdSe film deposited at
0.125M at room temperatureisshownin Figure 4(a).
The XRD data are indexed with the help of JCPDS
file. Theobserved‘d’ values of CdSe films match with
gandard ‘d’ values of CdSe which confirms the forma-
tion of CdSe. Theobserved and standard‘d’ values are
listedin TABLE 2. Thereflection planes (002) (110),
(201), are corresponding to CdSe polycrystalinewith
hexagonal crystal structure. Figure 4 (b) shows the
variation of crydaliteszewith deposition current. This
showsthatinitialy crystal Sizedecreaseswithincreas-
ing deposition current, attempt minimumvaueat 1 mA
deposition current then further increaseswith increase
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Figure5: Scanning Electron Micrographsof CdSethin film
at different magnificationson stainlesssteel substrate

in deposition current. The SEM micrographs of the
CdSethinfilmson stainlesssted substrateareshownin
Figure5for different magnifications. The SEM study
clearly showsthe CdSethinfilm exhibitsrough surface
with compact, dense and non-uniform heterogeneous
growth of grainson stainless steel substrate at room
temperature. Which clearly show that the result of
growth of CdSe grains. Some pitsare also observed
with springy grains. Grain sizeisabout 80 nm.

CONCLUSION

Theresultsof thisstudy clearly demonstrate that

Au Tudian Yourual



MSAIJ, 7(6), 2011

C.H.Bhosale et al.

409

the CdSethin filmshave been successfully deposited
by s mpleandinexpensived ectrodeposition technique
and structural, morphological properties and
Photoel ectrochemical are studied. Asdeposited CdSe
thinfilmsaren-type polycrystallineand photoactive.
CdSe photoanode gives a better performance when
crysdliteszeissmdlest amount.
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