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ABSTRACT

The Cadmium Telluride (CdTe) thin films have been deposited onto the
glass substrates using spray pyrolysis technique. The various preparative
parameters such as substrate temperature, concentration, quantity and pH of
solution have been optimized using photoel ectrochemical (PEC) technique.
Further, the films have been characterized using X-ray diffraction (XRD),
optical absorption, Scanning electron microscopy (SEM), and Energy dis-
persive analysis by X-rays (EDAX) techniques. The PEC characterization
shows that both short circuit current (Isc) and open circuit voltage (Voc)
are at their optimumvaluesfor the optimized substrate temperature of 250°C
and a solution concentration of 0.01 M. The XRD pattern shows that the
filmsare polycrystalline with cubic structure. The optical absorption study
reveals that CdTe exhibits a direct optical transition with band gap energy
Egtobe 1.5 eV. Thefilm at optimized temperature haswell-formed grains as
evidenced from SEM. The EDAX analysis reveals that material formed is
almost stoi chiometric at optimized preparative parameters.
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INTRODUCTION

Cadmium tellurideisaoneof thell-VI compound
semiconductorsandisapotential candidate asapho-
tovoltaic materia because of itsoptimum band gap of
(~1.5eV) and high absorption coefficientinthevisible
regioni*2, |t has many applications such asphotovol-
taic cells, laser window, p-n diode, Gammaray detec-
tor etc!>®. The deposition of 11-VI semiconductor
sulphides and selenides by spray pyrolysiswas first
investigated by Chamberlin and Skarman®, and that
of cadmiumtdluridefilmsby Booneet d [ and Jordan

etal.l®.

Rastogy and Ba krishnan'® studied el ectrodepos-
ited CdTefilmsfor their growth structureand composi-
tion. R. F. Sputtered n-CdTefilm hasbeen used tofab-
ricate Schottky barrier junction withAg metall*9. K.
Vamshi et d.™ havereported the effect of dectricfidd
on CdTethinfilmsdeposited using spray pyrolysis. The
chemica spray pyrolysisisatechniquefor depositing
polycrystalinefilmsof oxides, binary andternary chal-
cogenides, and superconducting oxidethinfilmg*2. The
[1-V I compound semiconductors of thetypeAX (A=
Cd, Zn, Pb etc. and X= S, Se, Te etc.) have widely
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been studied**19, The properties of Cd-chal cogenide
thin filmshavebeen studied by other investigatorg?-,

The present study deals with the preparation of
CdTethinfilmsat various substrate temperatureson
preheated glass substrates by asimple and |ow-cost
spray pyrolysistechnique. Thefilmshavebeen charac-
terized by photod ectrochemica (PEC), X-ray diffrac-
tion (XRD), optical absorption, scanning e ectron mi-
croscopy (SEM) and energy dispersiveanaysisby X-
rays (EDAX) techniques and results have been dis-
cussed.

EXPERIMENTAL

Preparation of CdTethin films

Thethinfilms CdTe were deposited onto abare
glassand the fluorine doped tin oxide (FTO) coated
glasssubgiratesat different substratetemperatures. The
precursor solution to be sprayed was prepared by ap-
propriate volumetric proportion of agueous cadmium
chloride(CdCl.) and Tellurium dioxide (TeO,) dissolved
in hydrazine hydride, NH,OH and HCl being used to
form clear spraying sol utionwith optimized pH vaue.
Hydrazine hydride served asareducing agent to obtain
Te,-iong?™. The pH, concentration and the spray rate
of the precursor solution wereoptimized to be 10.5,

0.01 M and 1.5 ml min? respectively. Thefilms
weredeposited at various substratetemperaturesfrom
22510 300°C at the interval of 25°C in order to obtain
good qudlity, soichiometricand uniform CdTethinfilms.

Characterization

The PEC cdl consisted of CdTethinfilmasan ac-
tive photoel ectrode, polysul phidesolution (1 M NaOH
+1MNaS+1M §) asanelectrolyteand graphite as
acounter el ectrode. Theshort circuit current (Isc) and
open circuit voltage (Voc) were measured with respect
to thesubstrate temperaturefor optimizingthe prepara-
tive parameters. The structural analysisof the as-de-
posited CdTe thin films was carried out by using a
Phillipsx-ray diffractometer modd PW 3710 using Cr-
radiation source having wavelength 2.2897 A. X-ray
diffraction patternsof thefilmswererecorded by vary-
ing diffraction angle (20 from 10-100° with step width
of 0.02°. The optical absorption studies were carried
out using aUV-VIS-NIR spectrophotometer (Hitachi
mode 330 Japan) inthewave ength range of 350-850
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nm at room temperature.

The surface morphol ogy of the spray-deposited
CdTethinfilmson glasssubstrate was carried by SEM
model Cambridge Stereoscan 250-MK 3 assembly and
mode XL-30in serieswith 4000 X magnification. The
compositiona anaysisof thefilmwasstudied by the
EDAX attachment to above-mentioned SEM modd.

RESULTSAND DISCUSSION

Deposition of CdTethin filmsand effect of sub-
stratetemperatureon thefilm formation

TeO, was added to a solution of ammonium hy-
droxide (NH,OH), whichwas used asasolvent. TeO,
takesfew hoursfor complete dissolution. Hydrazine
hydrate (N,H,.H,0) actsasareducing agent for Te +
ionsand suppliessix electronsto convert Te, + to Te,-
. Dilute HCI was a so added at thisstage, which shifts
chemicd equilibriumintheappropriatedirection, thereby
avoiding the precipitate formation at alater stage. So-
lution thus prepared was mixed with aqueous sol ution
of CdTe, whichresultedinadightly milky solution. Fur-
thermore, the pH waswell below thedesired valuere-
quiredfor preparing stoichiometricthinfilms. Hencethe
pH was increased by adding few more drops of
NH,OH. Thenthisclear solution was used asthe pre-
cursor. Thesolution wasimmediately sprayed onto the
preheated glass substrates before formation of precipi-
tate.

Inthespray pyrolysistechnique, theclear precur-
sor solution of CdTewas sprayed onto the preheated
hot glass substrates, pyrolytic decomposition of solu-
tion occursthereby resultinginwel l-adherent paebrown
CdTethinfilms. Every sprayed droplet reaching the
surface of the hot substrate undergoes pyrolytic de-
composition and bresksinto itscongtituent components.
The solvent and other vol atile components get evapo-
ratein theform of vapors and the only desired com-
pound contai ning therequired chemica speciesdepos-
itsonthesurface of substrateinthinfilmform.

Thedepositionsof CdTethin filmswerecarried
out at various substratetemperaturesin therange 225
300°C using 0.01 M solution. It was observed that the
lower substratetemperatures (<225°C) favor non-uni-
form and easily detachabl e film formation. Thetem-
perature might beinsufficient in thiscase, to decom-

Au Tudian Yourual



MSAIJ, 7(3) 2011

C.H.Bhosale et al.

143

2 450
PEC
-4 330
1.5 1
1250 _
= S
z 1 « E
r 4 150 B
0.5 4

-50

150 200 250 300 350

Substrate temperature, T (°C)
Figurel: Variation of | scand Vocwith substr atetemper a-
turefor CdTethin film based polysulphide PEC solar cell
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Figure2: X-ray diffraction patter nsof the spray-deposited
CdTethin filmsobtained at different substratetemperatures
viz. 225, 250, 275 and 300°C

posethesprayed dropletsof themixed solution. At higher
substratetemperatures (>300°C) also the films resulted
with nonuniformity and pinholes. Thiscould bedueto
thehigher evaporationrateof theinitid ingredientsfrom
the surface of the hot substrates. However the CdTe
thinfilmsdeposited at intermedi ate substrate tempera-
turesare uniform and adherent to the glass substrates.
Thefilmsarefant brownincolour.

Photoelectr ochemical (PEC) studies
Thequantitiessuch asshort circuit current (Isc) and
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Figure3: Variation of optical absor bance(at) with wavelength
() for the spray deposited CdTethin film for the optimized
substratetemper atur e (T250 sample)
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Figure4: Plot of (ahv)2 versus energy (hv) for the CdTe thin
filmsdeposited at optimized substratetemper atur e (T250)

opencircuit voltage (Voc) of the PEC cedll obtained with
each CdTethinfilm are observed to be comparatively
maximum at optimized substratetemperature of 250°C
asshowninfigure 1. Thecomparatively higher values
of Iscand Voc at optimized substrate temperature may
be dueto therelatively maximum stoichiometry of the
compound at that temperature.

X-ray diffraction

Figure 2 shows the diffractograms obtained for
CdTethinfilmsdeposited at varioussubstratetempera
turesonthe glass substrates. The samplesdeposited at
225, 250, 275 and 300°C, are denoted as T225, T250,
T275and T300respectively. The(111), (220) and (311)
areamong the prominent reflectionsthat occurred for
the T250 sample. The depositsare found to be poly-
crystalline in nature. It can be seen from the
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TABLE 1: Observed and sandard dvaluesfor theCdTethin
filmsat varioussubstratestemper atur es

Sr. Standardd _ Observed dvalues(A)  Reflections
No. values(A) Tos Toso Tors  Tano (hkl)

1 3742 3.74153.74253.7441 37410  (111)

2 3270  3.2269 - (200)

3 2200  2.2904 2.2913 2.2951 2.2872  (220)

4 1.954  1.95381.9557 1.9561 1.9554  (311)

TABLE 2: Elemental analysisof the spray-deposited CdTe
thin filmfor the T,5,sample

Element Wt% At% K-Ratio Z A F
OK 1582 3298 0054 11321 03016 1.0003
NaK 636 9.22 00273 10553 0.4052 1.0029
MgK 219 3 00118 1.0803 04982 1.0054
AIK 113 14 00073 10549 06102 101
SiK 36.09 4285 0282 10935 0713 1.0023
CdL 1451 431 01175 08349 09598 10101
Tel 239 625 01814 07884 09626 1
Total 100 100

diffractogramsthat highest peak intensity isassociated
withthe (111) plane.

TABLE 1 comparesthed valuesof the CdTethin
filmscd culated from the X -ray diffractogramswith the
standard ones of the CdTe given in the JCPDS data
card®1, A matching of the observed and the standard d
values confirmsthefilm formation of compound CdTe
with cubic crystal structure as reported by S.R.
Vishwakarma?™. The cal culated value of lattice con-
stant (a) isfoundto be 6.484 A agreeing well with the
standard valuefor singlecrystal CdTe®2, |t reveals
that asthe substratetemperatureincreases, crystallanity
adsoincreases. Rdatively higher peak intensity hasbeen
observed for the CdTethin filmsdeposited at 250°C.
The XRD peak intensity decreasestowardsthe higher
substrate temperature (>250°C). This could be due to
the sufficient increasein supply of thermal energy for
therecrystdlizationand graingrowth withincrement in
the substrate temperature. Further decrease in
crystallanity after 250°C may be attributed to the non-
uniformity of theas-deposited films.

Optical absorption studies

Theoptical absorption spectraof the as-deposited
filmswererecorded in the wavelength range of 350-
850 nm a roomtemperature. Figure 3showsthevaria-

Figure5: Scanning dectron micr ogr aphsof spray-deposited
CdTethinfilmsat optimized substratetemper ature (T250)
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Figure6: Energy dispersvex-ray analysis(EDAX) of CdTe
thinfilmdeposited at optimized substratetemper atur e(T250)

tion of absorbance (at) with the wavelength (X). It re-
ved sthat optical absorption coefficient (o) isafunction
of photon energy.
oo a,(hv—E,) O
hv

It als0 shows higher absorption towardsthe shorter
waved ength s deand the presence of an absorption edge.
Theopticd interband trangtionin thesemiconductor is
governed awell-known relation™ given by, where Eg
isthe band gap energy, hv the photon energy, oo is the
constant and isafunction of density of Statesnear the
conduction and valence band edges, with n being /4
and 2for direct and indirect optical trangtion.

Figure4 showsvariation of (ahv), versushv. The
plot exhibitsalmost linear variation towardsthelower
wavel ength side and follows exponential behavior as
waved ength increasesfurther, thereby exhibiting atail at
the end. The exponentia form of thetail can be as-
cribed to the existence of loca impuritiesi.e. defectsor
disorder inthematerid. The optical band gap of CdTe
material determined by extrapolating astraight portion
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of theenergy axisat a=0is 1.5 eV. The results are in
good agreement with those reported by otherg* 7,

SEM and EDAX studies

Fgure5 showsthesurface morphol ogy of thespray-
deposited CdTethinfilmson glasssubstrates at opti-
mized substratetemperatureof 250°C. The micrograph
reved sthat thesubstrateiswell covered with largenum-
ber of densely packed more-or-less spherical grains.
Thecompostiond andyssof theCdTethinfilmsiscar-
ried out usng EDA X techniquefor thefilmsdeposited
at optimized substratetemperature. The peaks other
than Cd and Te are dueto the elements present in the
composition of glasssubstrate[Silica(SO,)+Na+Mg
+Al]. Thematerid isfound to be nearly stoichiometric.
Thedementa andysisof CdTethinfilmsisshownin
figure6andistabulated inTABLE 2.

CONCLUSIONS

Thedeposition of semiconducting CdTeby spray
pyrolysistechniqueisfeasible. Thefilmsdeposited at
optimized substrate temperature (250°C) and concen-
tration (0.01 M), are polycrystalineand stoichiometric
with cubic structureexhibiting good photovoltai c activ-
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