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Abstract— Sb,Te; thin films of different temperature
ranging from room temperature to 200°C were prepared on
glass substrate by thermal evaporation method. The effects of
temperature on optical and morphological properties of thin
films were studied. AFM images indicated crystalline nature
of Sb,Te;. The optical properties exhibited a decreasing trend
of band gap from 1.24eV to 1.06eV with increase in
temperature. Transmittance decreased as the temperature
was increased and displayed no transmittance in the visible
range at 200°C. Surface roughness decreased up to 150°C
after which it increased.

Keywords— Sh,Tes;, thermal evaporation, optical band gap,
AFM.

I. INTRODUCTION

Antimony telluride (Sb,Tes) is a binary p-type
semiconductor and has a narrow band gap with Eg ~0.3eV
[1]. Sb,Tes has been widely used in industrial applications
such as target material in television camera, microwave
devices, switching devices, thermoelectric devices and
optoelectronic devices due to its attractive photo
conducting properties and its high Seebeck coefficient, low
thermal conductivity, low electrical resistivity, low band
gap, and long-term stability [2]. In optoelectronic devices it
is used as a back contact to CdTe based solar cells mainly
because it offers long term stability and is Cu-free. An
efficiency of 14.6% for CdTe solar cells with Sb,Te; has
been realized [3].

Different methods have been used to prepare Sh,Tes thin
films, such as thermal evaporation [4], atomic layer epitaxy
(ALE) [5], sputtering [6, 7], electrochemical method [8],
flash evaporation [9] and metal organic chemical vapor
deposition (MOCVD) [10]. Among all these techniques,
thermal evaporation offers several advantages in the growth
of Sb,Te; thin films for CdTe solar cells, such as simple
evaporation equipment, and a relatively short fabrication
processing time.
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In this work, Sh,Te; thin films were prepared through
thermal evaporation method, and the effect of different
substrate temperatures on optical and morphological
properties with respect to its usage as a back contact layer
for CdTe solar cells were investigated.

Pure Sh,Te; (99.99%) material procured from Sigma
Aldrich was used as source material. The films were
prepared on glass substrate by thermal evaporation
technique using a vacuum coating unit (Hind High Vacuum
coating unit 12A4D). Glass substrates were cleaned with
soap water followed by ultra-sonication under double
distilled water. The source-substrate distance was
maintained at 13.5cm. Rotary drive was used to obtain the
uniform coating. All the films were prepared at high
vacuum (~10°mbar) and rate of evaporation was
maintained at 5 A°/sec. The samples were prepared at room
temperature, 100°C, 150°C, 200°C. The temperature
controller thermocouple was used to measure the substrate
temperature. The film thickness was 100nm and deposition
rate were measured using the quartz crystal thickness
monitor (DTM-101). The optical studies were performed
using UV-VIS-NIR spectrophotometer (Ocean Optics,
USA. Model No. USB4000-XR). The morphological
studies were carried out using A-100-AFM, APE Research,
Italy.

EXPERIMENT

I11. RESULT AND DISCUSSION

A. Optical Properties

The transmittance spectra of different temperature of
Sh,Tejs thin films ranging from room temperature to 200°C
is illustrated in Figure 1.
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In the visible region (400nm-800nm), the transmission
presents a decreasing trend with increase in temperature
because of the fact that when substrate temperature is
elevated, the films becomes crystalline which creates grain
boundaries and consequently less absorbance and more
reflectance, which in turn causes a drop in transmittance.
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Figure 1: Transmittance spectra of Sb,Tes thin films of different
temperature
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Figure 2: Absorbance spectra of Sb,Te; thin films of different
temperature
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The variation of optical absorbance with wavelength for
Sh,Tejs thin films grown at different substrate temperatures
is displayed in figure 2. In all cases it is observed that the
absorption in between 2%-3% at all temperatures. This
consequently implies a marginal improvement in the
reflection of the films.
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Figure 3: Reflectance spectra of Sb,Tes thin films of different
temperature

The reflectance of the films was calculated from
transmittance and absorbance values using the expression
[4]:

A+ T+ R =

R=1-(A+T) 1)
A=100— (R +T)(in%) (2)

A reflectance of 96% was achieved in the visible region
(400nm-800nm). However, the average reflectance,
irrespective of the temperature of the films was found to be
same as 96%. The remaining 3% absorbance enhances the
mobility of the carriers. High reflectance, low absorption
and low transmission are the primordial requisite of an
efficient for photovoltaic back contacts. The optical results
satisfy the criteria required for an efficient back contact.
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Figure 4: Variation of (ahv)*? against hv for Sh,Te; thin films of
different temperature.

The optical band gap (Ey) was determined by analysing
optical data with the expression for optical absorption
coefficient o and photon energy hv using the relation [4]

_ k(hv —Eg)"/2
a= I — 2

Where, k is a constant. A plot of (ahv)™ versus ho
shown in Figure 4 is used to determine the band gap of
Sh,Tes. It is found that band gap of Sb,Tes is temperature
dependent. Optical measurement indicates that there is an
indirect transition having an energy gap is 1.24eV to
1.06eV. As depicted in Figure 4, the energy band gap is
reduced as the substrate temperature intensifies. This is due
to enlargement of particle size and lowering of strain and
dislocation density [4].
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B. Morphology

AFM images of Sh,Tes thin films of temperature ranging
from room temperature to 200°C are shown in Figure 5
which reflects that the Sh,Te; deposited is uniform and
densely packed, homogeneous, well adherent and free from
crystal defects such as pin hole and cracks. Figure 6
illustrates that root mean square value of surface roughness
(rms roughness) decreases up to 150°C, this may be due to
increased grain density causing uniform distribution on the
film’s surface, after which roughness enhances with
increasing substrate temperature which may be due to
diffusion of some grains thereby forming clusters, which
results in increase of rms roughness of the film’s surface
[11].
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Figure 5: Surface morphology of Sh,Tes thin films for different

temperature.
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Figure 6: Surface Roughness of Sh,Te; thin films for different
temperature.

IV. CONCLUSION

Antimony Telluride thin films were deposited at
different temperatures using thermal evaporation method.
The optical properties of the thin films show that there
is a small variation in transmittance and reflectance and
the band gap varies from 1.24eV to 1.06eV with increase in
substrate temperature from RT to 200°C, respectively, due
to the improvement in the crystallization of the film. The
surface roughness increases as observed by AFM
measurement. This result makes it evident that Sb,Te; thin
films can be used in photovoltaic application.

REFERENCES

[1] Shivaji, M. Sonawane and Chaure, N. B., “Studies on antimony
telluride thin films as buffer layer for solar cell applications™. J.
Renewable Sustainable Energy 5, 031612 (2013);

810

[2] Ulutas, K., Deger, D., Yakut S., "Thickness dependence of the
dielectric properties of thermally evaporated Sb,Te; thin films"
Journal of Physics, Conference Series 417 (2013) 012040

[3] Zhouling Wang, Yu Hu, Wei Li, Guanggen Zeng, Lianghuan Feng,
Jingquan Zhang, Lili Wu, Jingjing Gao, Effect of Annealing on the
Properties of Antimony Telluride Thin Films and Their Applications
in CdTe Solar Cells, International Journal of Photoenergy, 2014,
Article ID 341518.

[4] Shailaja Jeetendra, Naveen C. Shivappa, Raghu Patel, Mahesh H.
Matt, "Optimization Of Thickness Of Sh,Te; Thin Film As Back
Contact For CdTe Thin Film Solar Cells", DOI:
10.5185/amlett.2014.7589, in press.

[5] Yang, J. Y. Zhu, W. Gao, X. H. Fan X. A,, Bao S. Q. and Duan X.
K., "Electrochemical aspects of depositing Sb,Te; compound on Au
substrate by ECALE", Electrochimica Acta, vol. 52, no. 9, pp. 3035—
3039, 2007.

[6] Romeo, N. Bosio, A. Tedeschi, R., Romeo. A., and Canevari, V.,
“Highly efficient and stable CdTe/CdS thin film solar cell,” Solar
Energy Materials and Solar Cells, vol. 58, no. 2, pp. 209-218, 1999.

[7] Abken, A. E. and Bartelt, O. J. “Sputtered Mo/Sb,Tes and Ni/Sb,Te;
layers as back contacts for CdTe/CdS solar cells,” Thin Solid Films,
vol. 403-404, pp. 216-222, 2002.

[8] Erdogan, I. Y. and Demir, U. “Synthesis and characterization of
Sh,Te; nanofilms via electrochemical co-deposition method,”
Journal of Electro analytical Chemistry, vol. 633, no. 1, pp. 253—
258, 2009

[9] Soliman, H. S. Yaghmour, S. and Al-Solami, H. G. "Heat-treatment
effect on the structural and optical properties of flash evaportated
Sh,Te; thin films", European Physical Journal Applied Physics, vol.
44no. 1. pp. 59-64, 2008

[10] Venkatasubramanian, R. Colpitts, T, Watko, E, Lamvik, M. and El-
Masry, N. “MOCVD of Bi,Tes, Sh,Te; and their superlattice
structures for thin-film thermoelectric applications,” Journal of
Crystal Growth, vol. 170, no. 1-4, pp. 817-821, 1997

[11] Patel K. J., Desai M. S. and Panchal, C. J.,, "The influence of
substrate temperature on the structure, morphology, and optical
properties of ZrO, thin films prepared by e-beam evaporation”, Adv.
Mat. Lett. 2012, 3(5), 410-414.



