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Abstract:

The spray pyrolysis is promising technique for deposition of CdTe thin film. We deposited
CdTe thin film on glass substrate by homemade spray pyrolysis technique at substrate
temperature 300°C. The CdTe thin film was characterized through Field scanning electron
microscopy (FSEM), Energy dispersive X-ray analysis (EDAX), Uv-Visible spectroscopy. The
SEM micrograph shows the film was uniform coverage, large number of densely packed
grain whosesizes ranging from 474nm to 1.64um. From EDAX analysis conform that the
presenceof Cd and Te in prepared film with elemental stoichiometry of Cd and Se was
50.28% and 49.72% respectively. The optical absorption coefficient of the film of order of
10°and band gap of the film 1.45eV.
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1. Introduction:
Theoretically, Cadmium Telluride (CdTe) solar cell technology can improve on the
production costs and conversion efficiency of conventional silicon solar cell technology. This
was possible due to optimal band gap energy (about 1.4 eV) for huge light
absorptioncapability, solar energy absorption and small cost requirements for production of
commercial solar cell [1, 2].S.D. Gunjal et. alhave deposited CdTe thin film on sodalime
glass substrate by homemade spray pyrolysis technique at temperature 350°C. From XRD
pattern revealed that, film was cubic crystal structure having crystalline size 32nm. The SEM
micrograph shows a spherical granules with average size of 0.25um. The thickness of the
film was found to be 3.2um. In optical study calculated absorbance and band gap of the film
and found that 0.94 and 1.44 eV respectively [3]. V.V. Ison et. al have deposited CdTe film
on glass substrate by spray pyrolysis techniques with substrate temperature 350°C. The XRD
pattern of CdTe thin film at different ambient condition shows a formation of oxides such as
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CdTeOs, TeO2 and Te. These oxides removed from CdTe thin film by adjusting the amount
of oxygen in the spray [4].V. M. Nikale et.alinvestigated CdTe thin films have prepared by
using spray pyrolysis. The XRD analysis shows the film has polycrystalline nature having
cubic structure with strong (111) orientation. Micrographs reveal that grains were uniformly
distributed over the surface .The EDAX study shows there was a stoichiometric 1:1 Cd & Te
ratio. The optical absorption shows the presence of direct transition with band gap energy of
1.5 eV [5].Huizhen Yao et.al have been investigated properties of CdTe thin films on Ni foil
substrate by screen printing and then film sintered in a nitrogen atmosphere. Furthermore,
studied effect of sintering temperature on CdTe thin films. From XRD pattern revealed that
the CdTe thin film exhibits cubic crystal structure. From Uv-visible spectra of CdTe thin
films revealed that, there was a large absorption in range of 600-900nm, with the raising
sintering temperature, the absorption bands exhibit a constant red-shift. The optical bandgap
of the films were found that 1.472 eV, 1.470 eV, 1.465 eV and 1.440 eV for films fabricated
at 450°C, 500°C, 550°C, 600°Crespectively [6].Laxman Gouda et.alhave been deposited
CdTe thin film on glass and ITO coated glass substrate by using chemical bath deposition
with variations in composition of the solution. From XRD pattern revealed that, film exhibit
cubic crystal structure with lattice constant 6.4424A°. The optical studies in the UV-Visible
radiation range show that the band gap varies from about 1.26 eV to over 1.8 eV depending
on the composition of the film [7].Jun Wang et.alhave been deposited CdTe thin film on Ni
foils by using two-step electrode position method. From SEM images they observed that, film
contains some raised particles in one-step CdTe deposition while no raised particles were
observed for two-step CdTe thin films, indicating that the smooth surface and dense structure
were achieved by two-step electrode position. From Uv-Visible spectra observed that,
absorption band of the one-step film yields an onset near 400 nm and an absorption peak at
about 650 nm [8].

In the present paper deals with synthesis of CdTe thin film by simple and low cost homemade
spray pyrolysis techniques onto glass substrate. Further film characterized through Field
scanning electron microscopy (FSEM), Energy dispersive X-ray analysis (EDAX), Uv-
Visible spectroscopy.

2. Experimental Details:

The spray pyrolysis an easy and inexpensive technique conformable for the manufacture of
large area thin films. A main advantage of this technique is that, the properties of the thin
films can easily change by varying the deposition conditions.

The CdTe thin film was prepared on glass substrate using homemade spray pyrolysis
technique at room temperature 300°C. Before the deposition the substrates were cleaned with
freshly prepared chromic acid, followed by labolene solution and double distilled water.
Before the deposition substrates were ultrasonically cleaned for 10 min. For deposition the
precursor solution consist of 0.025M Cadmium Chloride (CdCl2.H20) was dissolved in 15ml
double distilled water complexed with two droplets of TEA to release Cd* ions and 0.025M
Selenium dioxides (SeO2) dissolved in 7.5ml of double distilled water complexed by using
7.5ml aqueous ammonia (25% NH4OH) to obtained pH ~11.5. Finally these two solutions
were mixed together and sprayed by pressurized atmospheric air through a nozzle onto
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preheated glass substrate. The spray rate of the solution was maintained at 2ml/min. During
deposition, substrate was kept 22cm apart from nozzle. These spray deposited filmwas
strong, mechanically hard, pin hole free. The deposited CdTe thin film wasblack in color.

The gravimetric weight by difference method was used for measuring the thickness of film by
using sensitive microbalance. The surface morphology of the film was observed using
scanning electron microscope (JOEL-JSM 5600 operating at accelerating voltage of 15 and
200kV). Elemental compositions of the film was studied by an Energy dispersive X-ray
spectrometer (Bruker EDAX, XFlash6130). Optical absorptions and band of the film was
recorded by UV-visible spectrophotometer (Shimadzu 2450).

3. Result and Discussion:

3.1 Thickness Measurements
The thickness of the deposited films was determined by gravimetric method using the relation
[9];
= —om (1
“Ixbxp - (D

Where Am is weight difference between before and after the deposition of substrate, [ is
length of substrate, b is breadth of substrate; p is density of CdTe material. The films
thickness was found to be 446nm. The estimated value of thickness is small as compared to
previous reported value [3, 4].

3.2 Scanning Electron Microscopy :
The scanning electron microscopy is used to determine the surface morphology of the
deposited CdTe thin film. The micrograph of deposited film as shown in Fig.1 it is observed
that, the film was uniform coverage, large number of densely packed cubic crystalline grain
whose sizes ranging from 474nm to 1.64um. Thus there was not agreement with grain sizes
calculated from SEM and XRD. This may be due to two or more grains fusing together to
form the cluster type of structure [10, 11].
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Fig.1: SEM image of deposited CdTe thin film

3.3 Energy Dissipative X-ray analysis (EDAX):

The EDAX techniques was used to determine elemental analysis of deposited CdTe thin film.
Fig.2 shows EDAX pattern of CdTe thin film deposited by spray at substrate temperature
300°C. The presence of well-defined peaks related to Cd and Te confirms the successful
preparation of CdTe films. . From EDAX analysis conform that the presence of Cd and Te in
prepared film with elemental stoichiometry of Cd and Se was 50.28% and 49.72%
respectively. It is close to 1:1 for prepared CdTe film. The average weight and atomic
percentage of Cd and Te is shown in tablel.
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Fig.2: EDAX image of CdTe thin film

eZAF Smart Quant Results
Element Weight % Atomic % Net Int. Error % Kratio Zz R A F
CdL 4712 50.28 308.46 s 0.4856 1.0283 0.9900 0.9730 1.0300
TelL 52.88 4972 197 .74 1271 0.4306 09737 1.0082 0.8226 1.0166

Table-1: Compositional Analysis CdTe thin film

3.4 Uv-Visible Optical Spectroscopy:
Fig.3 shows the optical absorption spectra of CdTe thin film recorded in the range 400 to
1100nm by UV-vis spectroscopy. The absorption spectra revels the decrease in absorbance
with increase in wavelength near the band edge in the range 400-700 nm. The optical
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absorbance was highly sensitive to the distribution of grains and their height variation on the
surface of the layers which indicated semiconducting nature of films [20].In the strong
absorption region, optical absorption coefficient was estimated by using Beer-Lambert
equation [21];

a= %ln (%) ............................. (2)

Where t is the film thickness and T is transmittance of the film. The value of absorption
coefficient is order of 10°%, which is decrease with increase in wavelength. It is good
agreement with earlier report [22]. The optical band gap was calculated by assuming a direct
transition using Tauc plot given by equation [21];

ahv = A(hv — Bg)” oo 3)

Where, a-absorption coefficient, hv-incident photon energy, Eg-optical band gap energy.

From the linear fit of the plot (ahv)?versus photon energy (E) as shown in fig.4, we estimate
the value of 1.45 eV. The value of bandgap obtained agrees with the previously results [23,
24].
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Fig.3:shows the optical absorption spectra of CdTe thin film
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Fig.4: Energy band gap spectra of CdTe thin film

4, Conclusion:

http://ymerdigital.com

The CdTe thin film deposited by homemade spray pyrolysis technique at substrate

temperature 300°C result as fallows:
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i) The thickness of the deposited CdTe thin film was found that 446nm.

i) From the SEM micrograph shows the film was uniform coverage, large number of
densely packed grain whose sizes ranging from 474nm to 1.64um.

i) From EDAX analysis conform that the presence of Cd and Te in prepared film with
elemental stoichiometry of Cd and Se was 50.28% and 49.72% respectively.

Iv) The optical absorption coefficient of the film of order of 10° and band gap of the film
1.45eV.
From this result, homemade spray pyrolysized deposited CdSe film is suitable for various
applications such as photosensitive device includes hetero junction solar cells by avoiding use
of Si, photovoltaic cell, thin film transistors, sensors etc.
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