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ABSTRACT

Crystalline cadmium telluride thin film has been deposited using appropriate
precursor solution containing cadmium sulphate, triethanolamine, sodium
hydroxide, Ammonia and Sodium telluro sulphate in agueous alkaline me-
diumat 335K. Thefilmswere characterized by X -ray diffraction(XRD), scan-
ning el ectron microscopy, optical absorption spectraand electrical measure-
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ments. The colour of formed filmwasfound to belight gray. The crystalline
phase of the deposited sample was cubic type. Optical absorption spectra
showed the presence of direct transition with band gap energy 1.45€V. The
electrical resistivity of CdTethin film was found to the order of 105(Qcm)?.
Thermoel ectric power(TEP) measurement showed n-type electrical conduc-

tion. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Cadmiumtelurideisall-V1 semiconductor com-
pound whichisconsidered of great importance dueto
itsapplicationsin optoe ectronic devi ces, such asfabri-
cation of photod ectrochemica (PEC) cdls*2, non-lin-
ear opticsdevicesd, photoconductorg*®, gas sensord®,
thinfilmtransistors”®, gammaray detectors®, photo-
luminescence™ etc. Thinfilmsof CdTehaveprevioudy
been prepared by various techniques such as elec-
trodepositiont**12, chemical vapour deposition 2,
evaporation+, sputtering™®, close-spaced vapour
trangport!*”18, screen printing™, spraying® and chemi-
cd bath deposition!. Among thesetechniques, chemica
bath deposition method issimple, inexpensive, easy,

convenient and used for large areadeposition. Cad-
mium telluride films are deposited using sodium
tellurosul phate asasource of tellurium and structural,
optical, morphologica and eectrica propertiesarepre-
sented.

EXPERIMENTAL

Deposition of CdTethin film

TheAR grade chemica ssuch ascadmium sulphate
octahydrate, tellurium, triethanol amine, sodium hydrox-
ide, ammoniasol ution and anhydrous sodium sulfite
were used. The substrates(glass plates) cleaningwas
done by washing successively with chromic acid, fol-
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lowed by rinsingin acohol and ditilled water.

Cadmium telluridethinfilmswere deposited onto
glass substrates by using chemical bath deposition
method. 5mL 1M cadmium sulphate octahydrate
complexed with triethanolamine, anmoniaand 1M so-
dium hydroxidesolution were used to maintain the pH
at 10.5. Wholesolutionwasdiluted to 150mL with dis-
tilled water. Thereaction solution waskept in oil bath
and temperature of oil bath increased to 335K. The
glasssubstrateswere mounted vertically onaspecialy
designed substrate holder and rotated intheereaction
mixturewith aspeed of 60+2 rpm. Then Sml 1M so-
dium telluro sulphatewas added from the outside.

Sodium telluro sul phatewas obtai ned by refluxing
1g of metallictellurium powder and anhydrous sodium
sulphite(2.4g) indigtilled water at 373K for 24hrs. The
resulting concentration of tellurium sulphatewas 1M,
After about 120mins. The glass substrates were re-
moved, washed with distilled water, dried naturaly and
kept in dessicator. Thecolour of theformed film found
tobelight grey.

Characterization of thin film

Theweight difference method was used to deter-
mined thethickness of CdTethinfilm. The structural
propertiesof thedeposited CdTethinfilmwerestudied
by aPhilipsPW-1710 XRD withCuk_ radiationinthe
20 range from 10°C-100°C. Scanning electron
microscope(SEM) was used for the surface morphol -
ogy study. Theoptical absorption spectrawererecorded
in thewavelength range from 300-900nm using UV-
visible double beam spectrophotometer at room tem-
peraturewith respect toidentical uncoated substrate as
areference. Thedc electrical resistivity and thermo-
€l ectric power measurementsof CdTethinfilmswere
carried out using atwo probe method in thetempera-
ture 300-500K. A quick drying silver paste was ap-
plied for better ohmic contact purposes.

RESULTSAND DISCUSSION

Growth of thin film

Thedeposition of CdTethinfilmwasmadeusing
reactive precursor solution containing sodium telluro-
sulphateasasourceof tellurideionsand TEA complex
asthe sourceof cadmiumion akainemedium. Inthis
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growth process, triethanol amine act asacomplexing
agent for thecadmiumion. Thegrowth of thefilm can
be understood from thefollowing reaction.
Na,TeSO, + OH- Na,SO,+HTe... (@)
HTe+OH——>H,0+Tée ... @)
Thinfilmformationisathermally activated process.
Therma decompogition of metd complex rdeasesmetd
ions. Sodium tellurosulphatehydrolysesin akaine so-
lution to give Te* ions. The proposed overall growth
reaction of CdTethinfilmformationisgiven below —
Cd?* +nTEA——>[Cd (TEA) n] ... ©)
[Cd (TEA)N] > + T CdTe+(nTEA)... 4
However such agrowth processisfoundto bein-
fluenced by various other factors such as deposition
temperature, timedeposition etc.

Thin film deposition temperature

At roomtemperature, thefilm wasnot formed be-
causedl theionsarein acomplex bound state. Hence
the temperature of reaction container wasincreased
from room temperature to 335K to get homogenous
and adherent CdTethin film. Theterminal layer thick-
ness of the deposited film was measured with respect
to different temperatures. The observed layer thickness
increased dmost linearly with increasing temperature
upto 335K. Which wasdecreased at higher tempera
ture 355K.

Above 335K temperature, thereaction givespre-
cipitationrather than film formation. Thiswasindicated
by the presence of precipitatein the reaction container
asaresult layer thickness of CdTethin filmwasfound
to bedecreased asshown infigure 1(a).
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Figurela: Variation of thefilm thicknesswith deposition
temperature
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Figure 1b: Variation of thefilm thicknesswith depostion
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Figure2a: XRD pattern of ‘as deposited’ cadmium tellu-

ridethinfilm
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Figure2b: XRD pattern of ‘as annealed’ cadmium tellu-
ridethin film

TABLE 1: Crysallographic parameter of CdTethin film

dvalues(A°) _ hkl

Grain cell parameter,

FIlM — STM Observed planes size(A)  a(A)
37420 37048 111
22000 22794 220

CdTe 1.9540 19718 311 214 6.1120
14880 14848 331
12470 12653 511

Thin film deposition time

Theduration of thethinfilm formationwas studied.
For this, thefilm deposition timewasincreased upto
180 min. The substrates were subsequently removed
from the reaction solution at different times,
(80,100,120,140,160 and 180min). In the present
study, CdTethin filmshave been deposited at 120min.
Thelayer of thicknesswasmeasured after every 20min
and plotted against timewhichisshowninfigure 1(b).

Itisseenthat film growth istime dependent and
wasinitidly linear, which showed saturation after end.

X-ray and mor phological studies

Thecrystalographic propertiesof CdTethinfilm
wasinvestigated with X-ray diffraction. Thereflections
were compared with JCPDS(15-0770), diffraction
patterni3. The observed ‘d’ values correspond to cu-
bic phase of CdTe and therefore are indexed accord-
ing to cubic structure. The prominent peaks showed by
the sample correspondsto thereflectionsfrom (111),
(220),(311),(331) and (511) planes as shown in
TABLE 1.

The XRD pattern of the anneal ed sample showed
higher peak intensity, dueto thehigh crystallinity than
that of “as deposited’ CdTe thin film. The diffused back-
ground is due to the amorphous glass substrate and
also may be dueto the presence of same amorphous
CdTethinfilm. The (hkl) indicesareshown abovethe
reflectioninfigure2.

The lattice parameter of cubic phase was deter-
mined by usngtherelation

Ud?=(h? + k2 + 13/ &2
Thelattice constant was cal culated by taking an
averageof al the observed diffraction peaks. Theav-

eragegrain sizeof CdTethin filmwas calculated by
using the Scherrer formula

D =k A/B cos
Where D isaveragecrystallinesize, A iswavelengthin A, B
ishalf maximum line width and k is constant

Theaveragegrain sizeof the CdTethinfilmwas
found to be 214A.

The SEM micrograph of asdeposited filmandthose
annedled CdTethinfilmsat 423K areshowninfigure
3(a) and figure 3(b) at 10000 x magnification. The sur-
face morphology clearly showsthat filmwasuniformly
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Flgure3a SEM m|crograph of cadm|umtellur|de as de-
posited’ thin film

Figure3b: SEM micrograph of cadmiumtelluride ‘as an-
nealed’ thin film
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Figure4: Plot of (ahv?) vs. hv todeter minetheoptical band
gap of cadmium telluridethin film
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deposited and has compact structure. Inannedled film
figure3(b) thegrainsaremoredistinct and of size. The
increasing grain sizeleadsto thedecreaseinthegrain
boundaries, whilein unannealed film (figure 3a), the
grainsareof smaller size, more compact with cracks.

Optical properties

Theplot of(ahv)?vs. hv isshowninfigure4 These
resultsarein good agreement with those already re-
ported?+242527 The anneal ed sampl e gave better re-
sultsdueto thefact that heating helpsgrain growth and
restructuring of thefilms, leading to better properties.
The observed straight-line behaviour established that
thefilm hasdirect band gapis 1.45€V.

Electrical and transport properties

Thedectrica conductivity wasmeasuredinthetem-
perature range 303-500K. It is observed that the re-
Sistivity decreaseswithincreasesin temperatureindi-
cating semiconducting nature. At room temperaturere-
sistanceof filmwasfound to beorder of 10°C2.cm. The
plot of log o vs. inverse absolutetemperaturefor the
filmisshowninfigure5 Thenatureof theplotisnonlin-
ear typeindicating the presence of two types conduc-
tion mechanisms. Thetemperature dependenceof eec-
trica conductivity canbeca culated Arrheniusequation
c=o,exp(-Ea/KT)
where, Ea is a activation energy, o is a constant, k is a
Boltzmann constant, T is a absolute temperature, ¢ is a con-
ductivity.

Theactivation energiesof CdTefilmwerefoundto
be 0.24eV at higher temperature and 0.15eV at low
temperature. Thethermoel ectric power measurement
for CdTe film showed n-type electrical conduction
mechanism.

CONCLUSON

CdTethinfilmshavebeen deposited using chemicd
bath deposition method. Thefilmswerefoundto bepoly-
crysalinewithcubicsructure TheSEM andyssshowed
thecrysdlinenatureof thematerid. Theandysisof op-
tical absorption datashowed band gap energy(EQ) 1.45
eV. TheElectricd conductivity of CdTesamplewasfound
tobeintheorder of 10°Q2.cm. TEPmeasurementsshowed
n-typedectrica conduction mechanism.
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