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ABSTRACT

Thin films of cadmium sulphide were prepared by advanced spray pyrolysis
technique onto glass substrates by spraying aqueous solutions of cad-
mium chloride and thiourea. The films deposited onto the glass substrates
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have found to be uniform and well adherent to the substrate. X-ray diffrac-
tion analysis revealed that films grown by the new technique are polycrys-
talline without any second phases; with preferential orientation along the
(002), (101) and (200) planesand an average crystallite size of 33.5713 nm.
Atomic Force Microscopy pictures showed that substrates were well cov-
ered by deposit. The electrical resigtivity isapproximately 1 Q-cm. The opti-
cal absorption measurement exhibits direct transition with band gap energy
of 2.52 eV. Thethermoel ectric power measurement indicated n-type behav-

ior of cadmium sulphidethin films.

INTRODUCTION

Cadmium sulfide(CdS) isawidebandgap (2.42eV
at 300K) compound semiconductor, hasemerged as
animportant materiad duetoitspotentia gpplicationsin
optoelectronic devices, thinfilmfield effect transis-
torg3, photo sensorg® and gas sensord. Over the
years, cadmium sulfidethin filmshave been prepared
by many physical and chemical methods, such as
vacuum evaporation™, RF sputtering®, chemica vagpour
deposition (CV D), chemica bath deposition (CBD)®,
successive ionic layer adsorption and reaction
(SILAR)®, spray pyrolysig*®, molecular beam epit-
axy (MBE)!™ and €l ectrodepositioni*>13, Among these
physical and chemical methods, spray pyrolysisisthe
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simpleand low cost technique. M ost of the CdSthin
filmsdeposited with conventional spray pyrolysisex-
hibitsgrain size of the order of micron and high sub-
stratetemperatureisrequired to deposit the compound
semiconductor. However, therewere afew effortsin
past to modify conventional spray pyrolysiswithre-
spect to its most significant preparative parameter
namely the substrate temperature. Someresearchers
have evaporated CdSthin filmsat low substratetem-
peratures#1, Although, A. Ashour has sprayed CdS
filmsat 473K, filmsareof least quality crystallinity!”.
Most recently, K. Ravichandran et al haveemployed a
simplified spray to fabricate CdSthinfilmsat 543K 18,

Inthe present investigation an atempt hasbeen made
to operate novel advanced two stage spray pyrolysis


mailto:prashantshewale11@gmail.com

MSAIJ, 7(1) 2011

M.D.Uplane et al. 37

techniqueto demonstrate the successful deposition of
the cadmium sulphidefilmsinto glassesat low subgtrate
temperature. Thestructurd, dectrica and optica prop-
ertiesof thefilmswerestudied and resultsare discussed
at length.

EXPERIMENTAL

Figure 1 showsthecross-sectiond view of theAd-
vanced Two Stage Spray PyrolysisSystem (ATS-SPS).
It consists of reaction chamber, substrate heater, tem-
perature controller and nozzleassembly. Thenozzleis
mounted on thewooden block, whichisfixed. Thecy-
lindrical furnaceislocated on M S stand, whereasthe
substrate heater isresided at thetop of cylindrical fur-
nace. Thereactiontemperature and substratetempera
turewerecontrolled by PID temperature controller with
+ 3K accuracy. Appropriate exhaust and other required
facilitieswere provided to control the additional pa-
rametersprecisely.

Thedetallsof themechanism of the advanced spray
pyrolysi stechnique havegiven e sewhere.

Beforedeposition, theglass substrateswereultra-
sonicaly cleanedin acetone solution, and thenrinsedin
doubledistilled water. These cleaned glass substrates
werefitted to the surface of substrate heater. The0.1M
and 0.05M agueous spraying sol utions comprised of
equimolar concentrationsof cadmium chlorideand thio-
urearespectively. Theatomization of resulting chemica
solution into aspray of fine dropletswas achieved by
the spray nozzle, with the help of compressed air as
carrier gasto obtain CdSthinfilmsat 473K substrate
temperature. While deposition, the reaction chamber
kept at 573K. Thespray rateof 10 ml/minand nozzle-
substrate separation of 34cm was maintai ned constant
inorder to get uniform and good quality films.

Structural characterization of CdSthin filmswas
carried out by X-ray diffraction (XRD) and atomicforce
microscopy (AFM). A PhillipsPW-1710, grazingangle
X-ray diffractometer was used to anayzethe crystal-
linity of CdSfilmsusing aCu-Ka radiation source of
wavelength (1) 0.1540 nm. The surface morphol ogy of
theresulting filmswasinvestigated using Nanoscope
(I11-A) AFM equipped with Si,N,, tipsof 4 nmradius.
All AFM pictureswere obtained intapping mode. The
scan frequency wasintherangeof 0.5s. Theoptica
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absorbance of the sampleswas studied using aUV-
VIS-NIR spectrophotometer (Hitachi-330) withinthe
wave length range of 350 to 850 nm. The electrical
resistivity was measured by two-probe method within
thetemperature range of 330 to 523K.

RESULTSAND DISCUSSION

Thoroughly mixed solution of basicingredientswas
sprayed through the specially designed glassnozzle.
Whenthesolutionissprayed, smal aerosolsof the so-
lution enter the reaction chamber and thermal decom-
position of theinitia ingredient takesplaceand fine par-
ticlesof CdSwereformed by thefollowing reaction.
CdCl, +(NH,),CS+2H,0 - CdS+2NH,CI+CO, (1)

These particleswere pushed upward and further
collected onto the surface of theglasssubgtrates, which
were kept at lower temperature, as compared to the
reaction chamber temperature; thisyielded auniform
film of CdS onto the glass substrate. Keeping other
parameterscongant, thethicknessof thefilmwasmea
sured asafunction of the concentration (M) shownin
figure2. Thefilmthicknessisobservedtoincreasewith
increasein concentration dueto theavailability of ex-
cesscadmium and sulphur aiomsinthesolution at higher
concentration.

Thedructurd characterigticswerecomprehensvely
investigated by meansof X-ray diffraction (XRD) us-
ing Cu-Ka radiation. The XRD patternof 0.1 M cad-
mium sulphidethinfilm prepared at 473K subgratetem-
peratureisexposedinfigure 3. It exhibitsthe (100),
(002), (101), (103), (200), (112) and (202) peaks cor-
responding to the hexagona phase of CdS for all
samplesunder test. It issupplementary distinguished
that (002), (101) and (200) diffraction peaksare stron-
ger ascompared to the other peaks, which show evi-
dence of strapping orientation along (002), (101) and
(200) planes. Theresultsdescribed by Kal &fi et al.[*3
for escalation of CdSthinfilmsby spray pyrolysisun-
der illumination are anal ogous with the present work,
who excessively havereported predominant orienta-
tioninfavour of the (101) rather than (002) reflection.
The phase identification was done by comparing
pragmatic‘d’ values with standard JCPDS data and it
isestablishedthat all themax-outsconcur with hexago-
nal CdSphase. It further revedsthat filmsareliberated
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from other impuritiesand tracesof initial ingredients.

Themean crystalitesize ‘e’ was calculated from
full width haf-maximum (FWHM) of (101) diffraction
peak using Debye-Scherrer formuld¥:
€ =0.94 A/B coH 2
where, A isthe X-ray wavelength (1.548 A for Cu-
Ka), 0 isdiffraction angleand 3 isthefull width half
maximum. We have calcul ated the crystallite sizefor
intense peaks (002), (101) and (200) which are en-
listedin TABLE 1 and the averagecrystallite size ob-
tained is33.5713 nm. Thiscrystallite sizeis compa-
rableto that obtained by A. Ashour who has obtained
40nm crystd lites by employing conventiona spray py-
rolysig'”, So, it isanticipated that our advanced spray
pyrolysistechnique can be exploited to prepare better
nanostructured thinfilms. The quantity of assorted de-
fectsexisting inthefilm was determined by evaluating

1

?u
whereD isthe crystallite sizeé?!. The evaluated dislo-
cation densitiesaretabulated in TABLE 1.

Further, theinformation on strain (t) of the depos-
ited CdSfilmshas been evaluated by thefollowing re-
lation?:

B-cosd 1 t-sind
A e A ®

where, Tisaverage strain, moreto the point sym-
bolswiththeir standard implication. Figure4 demon-
strates the variation of 3coso/A vs. sinb/A for CdS
nanocrystals. Thelattice strainsare measured for in-
tense peaks (002), (101) and (200), which are speci-
fiedinTABLE 1 aswdll. Theaverage strain evaluated
isfoundtobe-1.6736x1073, Thelatticestransarenega:
tiveif theepilayer isbeneath compression anditispos-
tiveif itisunder tension?3. Accordingly, thisestimated
vauedearly sgnifiestheexisting compressivestran.

Figure5 showsthe 2-dimensiona atomicforcemi-
TABLE 1: FWHM, Crystallitesize, disocation density and

lattice strain along various XRD peaksfor 0.1M CdSthin
film

the dislocation density (6) using the formula 6=

XRD FWHM B  Crystallite '?j's'o.cta“g” Lattice
Peak (x103(rad.) size(nm) ensity(s) 5, Srane

: (x1014 (lines/m?%)  (x10%)
(002)  4.3227 32.9537 9.2085 -2.0217
(101)  4.6786 30.5622 1.0706 -2.0549
(200)  4.1465 37.1980 7.2270 -0.9441

croscopy image of the advanced two stage spray de-
posited 0.1M CdSfilm; wheresmal grainsof the CdS
particlesaregrouped to formlargeclusters. Thusvari-
oussized grainscould be observed onthesurface. The
averagegrain sizewasestimated from higher magnifi-
cationAFM images. Calculation of grain diameter or
granszeisdoneusng Cottrdl’s method®. Thismethod
givestherelation between the number of intercepts of
thegrain boundary per unit length (P), and total number
of intercept (n) as,

n
P=(2n-r)M )

where, ‘n’, is the number of intersections of grain bound-
arieswiththecircle, ‘M’, is the magnification and ‘r’, is
theradiusof circle.

Using ‘P’, grain diameter (‘L’) can be calculated
as,

1
=p_1 ©)
Themeasurementswerecarried out on severa |o-
caionsof thefilminorder to obtain adatistica average
value and thegrain sizes of the CdS particles are esti-
mated to be approximately in therange of 40-60 nm.
The samplequality was checked through the root
mean sguare roughness parameter (rms) provided by
theAFM software. Thermsroughnesswas cal cul ated
viathestandard formul &

rms= v(E(Zi-Zan)Z/N (6)

It showsthe rmssurface roughness of aparticular
imagearea. Thisisthestandard deviation of theZ vaue
(height value) withinthegiven area. Where Z g isthe
averageof theZ valueswithinthegiven area, Z isthe
height valueat that point, and N isthe number of points
withinthegiven area. The 3-dimensiona atomicforce
microscopy imageof 0.1 M sampleisshowninfigure
6. Thesampleroughnesswasfound to be approximately
22.12 nm. Thisandyticaly observed high surfacerough-
ness is attributed to the formation of aggregated
nanoparticlesand not to sprayed dropletsreaching di-
rectly to substrates.

Theéectrica resigtivity of CdSthinfilmwasstud-
ied by two-probe method. Thefigure 7 describesthe
variation of log (p) with temperaturefor the present
samples. Thenature of the pl ot indi cates semiconduct-
ing behavior of thematerid. Theroom temperaturee ec-
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Figurel: Crosssectional view of theadvanced spray pyrolyss
system
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Figure3: X-ray diffraction pattern of the sample prepared
with 0.1 M concentration

trical resistivities measured for both (0.05 & 0.1M)
samplesare of theorder of 1.0006863 & 1.00525 Q-
cmrespectively. Fromfiguretheactivation energy (E)
iscdculated by usingfollowing resigtivity rel ation®;
p=p,exp (-E/KT) @
whereE, isactivation energy, p is bulk resistivity, K is
Boltzmann Constant, T isabsolutetemperature. The
corresponding activation energiesare 1.3330x10“&
1.3604x10 respectively. The high resistivity values
might be dueto the scattering of charge carriersat the
large number of grain boundaries present in the mate-
riatl,

Theoptica transmission spectraof the CdSfilms
prepared with 0.05M and 0.1M concentration aregiven
infigure 8. The sharp absorption edgeisfound around
510 nmfor both samples. At 550nm, both the samples
exhibit transmittance above 87%; whichismore supe-
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Figure2: Thickness(um) vs. concentration (M)
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Figure4: BcosB/A vs. Sin@/A for CdSnanocrystals
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rior to thetransmittance obtained by A. Ashour* and
that obtained by K. Ravichandran et a8, The sharp
absorption edge near the band edge exhibitsthedirect
opticd trangtionin CdS.

The absorption datawasfurther analyzed by using
thefollowing Tauc’s expression'?” for near-edge opti-
cal absorption of semiconductors.

(ahv)=K (ho-E)" (8)

where, K isconstant, E, isthe separation between the
valance and conduction bands, and nisaconstant that
dependsontransition. Thenis ' for direct transition
wheressitis2for indirect trangtion, for direct forbid-
denn=3/2 andfor indirect allowed n=3. Sinceitiswell
known that the band gep energy largely dependson the
particlesize, crystad structureand straininthefilm; as-
sumingdirect trangtionin CdSmaterid, thedirect band
gap was determined from the intercept of the straight
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Figure5: The2-dimensional atomicforcemicroscopy image
of sampleprepared with 0.1 M concentration
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Figure7: Variation of thelog (p) vs. 1000/T

portion of thegraph of (ahw)?versushv. Theband gap
va ue(Eg) cal culated from extrapol ation of linear fit to
theabscissaof thisplotisabout 2.52 eV. Thisisdightly
higher than, quoted in theliterature®, Thismay be
ascribed to the quantum confinement effect in CdS
filmi303U, Also theincreased band gap can be attrib-
uted to theexisting compressive strain?l,

Moreover considering practicaly zero absorbance,
therefractiveindex (n) inthevis blerange between 480
to 800 nmisevauated by using theformul d*:
n=1+R"/1-R" ©)

Sincethetransmittance and therefore reflectance
possessed by both the samplesisnearly overlapping, it
isoriginated that refractiveindex for given samplesre-
mains almost samein the studied wavelength array.
Refractiveindex in such ahigh transmittance and ab-
sorbance range found to be 1.8970. The present re-
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Figure6: The 3-dimensional atomicfor ce microscopy image
of sampleprepared with 0.1 M concentration
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Figure 8 : Variation of transmittance with wavelength of
samplesprepared with 0.1M and 0.05M concentrations

fractiveindex obtainedisin good agreement with the
earlier reported vaug?.

Thevariation of thermoemf devel oped acrosseach
samplewith achangein temperature was measured.
Polarity of thethemovoltage reveal s an n-type semi-
conducting behavior of CdS. Theseresultsaresimilar
to the results reported by othersin case of the films
prepared by physical and chemica methods.

CONCLUSION

The CdSthinfilmshave been successfully depos-
ited by novel advanced two stage spray pyrolysis
method. Thisanoma ousmethod alowed usto deposit
theCdSthinfilmsat relatively low substrate tempera-
turesuchas473K. A study hasinvestigated different
structura, morphological, eectrical and optical assets
of CdSdeposits. The X-ray diffraction study exposed
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the nanocrystalline hexagona CdS structure compris-
ing lattices underneath the compressive strain. The
atomicforcepectroscopy reved ed thefilm surfacemor-
phology exhibiting small grains of the CdS particles
whicharegroupedtoformlargedusgters. Thelargegrain
boundaries caused the scattering of charge carriers
whichinturncaused highresigtivity. Theexigting strain
and quantum confinement effect |ed thefoundation for
increasein CdS band gap energy. In short, novel ad-
vanced spray pyrolysis could be suitableroutefor fab-
rication of many semiconducting compounds.
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