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PHOTOVOLTAIC EFFECT IN THE METAL BASED SULFOSALT THIN
FILM DEPOSITED BY PHYSICAL VAPOR DEPOSITION TECHNIQUE
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Tin antimony sulfide (SnSb,S,) thin film was deposited on ultrasonically cleaned soda
lime glass substrate by vacuum thermal evaporation technique at 2 x 10™ mbar chamber
pressure. The deposited thin films were annealed at 150°C in tube furnace in the presence
of argon gas. For characterization, thin films were subjected to X-ray diffraction (XRD),
SEM, EDS and J.A. Woollam variable angle ellipsometry (VASE) for structural, surface
morphological, elemental composition and optical properties respectively. The film has n-
type conductivity, confirmed by hot point probe technique. The film has good optical,
structural and electrical properties extremely suitable for the use as non-toxic,
environmental friendly absorbing layer in solar cell.

(Received March 4, 2013; Accepted April 4, 2013)

Keywords: Photovoltaic, Thin film, Transmittance, Band gap

1. Introduction

Due to the increasing demand of fuel and energy resources [1-4], the search for good
alternate energy resources has become one of the main targets of the scientific research. Many
technologies have been introduced to overcome energy problems. The most suitable found up till
now is the use of photovoltaic [2, 5]. New materials are needed in order to have good optical and
electrical properties and therefore scientists are working on different materials for achieving
optimal properties [5-6]. Amorphous silicon, crystalline silicon (c-Si), CdTe and CIGS have
already been used for commercial solar cells. Traditionally, silicon has been used widely; however
these materials have some demerits. C-Si has high efficiency but very expensive and have indirect
band gap while Cd is toxic and indium (In) is rare metal [7-9]. For the last few years researchers
have devoted their studies to explore the properties of chalcogenides thin films because of their
wide applications in optoelectronic devices. Pure and doped sulfosalts thin films are considered as
very important for the use in solar energy conversion, thermoelectric cooling technologies and
other photoconductive applications [18-21]. This is mainly due to its direct band gap and high
absorption coefficient. They are cheaper, abundant, comparatively less-toxic, good absorber of
incident light and having favorable band gap. Keeping in view the above mentioned potential
applications, the structural, electrical and optical properties of this material have been investigated.
Antimony sulfide is highly resistive and has been used already in the field of photovoltaic. In this
work, we will discuss the effect of tin incorporated antimony sulfide thin films grown on soda lime
glass substrate by two source vacuum thermal evaporation method. Structural, surface
morphological, electrical and optical properties are investigated and determined for its potential
application in solar cell technology [10-12].
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2. Experimental

The deposition process of tin antimony sulfide was accomplished by two source vacuum
thermal evaporation technique. The thin films were deposited on soda lime glass substrate. The
substrate was rinsed with distilled water and ultra-sonic cleaning was carried out by gently dipping
the samples into the acetone; finally the samples were placed into the supersonic X-3 for 30
minutes at 24'C. Same process repeated with ethanol for further 10 minutes at 26°C. Finally the
samples were dried in the presence of isopropanol vapors at 370°C.

The starting materials were 99.99% pure SnS and Sb,S;. SnS was synthesized from tin and
sulfur powder by following the scheme in reference [13]. Sn = 0.7873 g and S = 0.2127 g were
mixed in crucible and annealed in quartz ampoule containing argon gas for 24 hours at 600°C.
Sb,S; was used of analytical grade from sigma Aldrich (Kurt J. Lesker) with 99.99% purity. Both
the powders were evaporated from Al,O; crucibles simultaneously in vacuum chamber for thin
films deposition on glass substrates. The pressure of the chamber was maintained approximately at
2 x 10 mbar. After deposition of 1.2 um thin film, annealing was carried out in the presence of
argon gas at 150°C in tube furnace.

Energy dispersive spectroscopy (EDS) was carried out in order to determine the elemental
composition of the fabricated tin antimony sulfide thin films. The structure analysis, phase and
crystallite size of the thin film were approximated by x-ray diffraction (XRD). The surface
morphology and grain size were investigated by the scanning electron microscopy (JSM-6490
Analytical Scanning Electron Microscope JEOL Japan). The optoelectronic properties of thin film
such as transmittance, band gap, absorption coefficient and refractive index were carried out by
J.LA Woollam variable angle ellipsometer. Photoconductivity analysis was carried out by
photoconductivity spectrometer. Finally the conductivity of the thin film was identified by the hot
point probe method.

3. Result and discussions

3.1. Elemental Analysis

In order to carry out the elemental analysis of fabricated tin antimony sulfide thin film,
Energy Dispersive X-ray Spectroscopy (EDS) technique was employed. Elemental compositions

of the thin film are summed up in Table 1.

Table.1 Elemental composition of tin antimony sulfide thin film (atomic percentage)

Sn % Sb % S %
16.74 40.90 9.10
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Fig.1. EDS spectrum of tin antimony sulfide thin film

Fig.1 depicts the EDS spectrum in which the peaks of tin, antimony and sulfide are
observed with the respective energies. The molybdenum peak was also observed probably due the
ohmic contact of molybdenum deposited for electrical measurements.

3.2. Structural Properties

Fig. 2 maps out the XRD patterns of SnSb,S, thin film. Structural properties were
determined by XRD using Cu-k, with source of radiation (A = 1.54 A). The thin film sample shows
a strong diffraction peak (6 4 0) corresponds to SnSb,S, polycrystalline phase. The thickness of the

thin film was determined as 1.2 um. The crystallite size was measured by using Debye Scherer
formula, as given below [14]

D = 0.9A/Bcosd (1)

Where B is the full width at half maximum (FWHM). The average crystallite size (D) was
calculated as 11.8 nm.
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Fig. 2. XRD patterns of SnSh,S, thin film at 150°C argon annealed.

Scanning electron microscope was used to investigate surface morphology and calculate
the grain size measurement of thin film. Figure 3 shows that the thin film is homogeneous because
of the smooth distribution of grains. The average grain size measured from SEM was §87.72 nm as
shown in the micrograph at resolution of X25000 and electron beam energy 20 KeV.
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Fig. 3. SEM photograph at different resolutions of SnSh,S, thin film

3.3. Optical Properties

The optical constants, wavelength, extinction coefficient and refractive index were
obtained from the ellipsometry technique. The absorption coefficient of the SnSb,S, thin film was
determined by the following mathematical expression,

_4nK

o= )

The plot of absorption coefficient as a function of wavelength is presented in Fig. 4. Graph
showing absorption greater than 4 x 10° cm™ and can be easily perceived a good absorption within
the visible region and NIR region. Figure 5 shows the transmittance of the SnSb,S, thin film. The
plot revealed no transmittance in the visible region (400 nm-700 nm). Componential transmittance
occurs for further higher wavelengths 800 nm to 1100 nm.
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Fig. 4. Absorption of light verses different wavelength
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The energy band gap was calculated by the simple relation E = hc/A, where h is Planks
constant, ¢ is speed of light and A is wavelength. The following equation is used for connecting

band gap with the absorption coefficient
ohv =A (hv-E,)’ 3)

A plot was drawn between (ahv)® and hv as shown in Figure 6. The graph generates a
straight section of line by extrapolating it towards the energy axis. The band gap energy was
obtained as 2.4 eV. A straight line segment was also observed in the plot of absorption coefficient
showing direct transition at the fundamental absorption edge, confirming a direct band gap thin

film material [15].

0.025 —
-
-
-
0.020 — -
o
]
-
-
-
«> 0.015 g
£ -
NU -
>
c
~
3 0.010 —
<
A
0.005 —
Eg= 2.4 eV
0.000 — . ————— T
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4

Fig. 6. Plot for the determination of the energy band gap.

Fig. 7 illustrates the variation of refractive index of the material i.e. 2.74 to 3.2. A change
in refractive index occurs for the visible region is mainly due to smaller wavelength. At larger
wavelengths i.e. infrared region, the refractive index become almost constant.
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Fig. 7. Refractive index verses wavelength

Photoconductivity of the thin film was analyzed in the dark by shining light on the film of
variable wavelengths starting from 300 nm to 1200 nm. The photoconductive response shows
tremendous photo-activeness in the ranges from 500 nm to 1100 nm, which covers both visible
and near infrared region as shown in the Figure 8. This characteristic of the material is best for
solar cell technology.
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Fig. 8. Photoconductivity response of the film

The type of conductivity of the thin film was determined by the hot point probe method.
Prior to the check of the nature of the thin film (SnSb,S4), n-type silicon was analyzed as a
reference sample. Figure 9 shows the spectrum of thin film material that showed n-type
conductivity [16-17].
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Fig..9. Hot point probe measurement of the thin film

4. Conclusion

Tin antimony sulfide (SnSb,S,) was deposited on soda lime glass substrate by vacuum
thermal evaporation technique and annealed at 150°C in the argon gas environment. The crystallite
size calculated by XRD is 11.8 nm, while the average grain size measured from SEM results was
87.72 nm. The transmittance of the thin film was negligible for the range of 200 to 700 nm
wavelength and the absorption was above 4 % 10° cm™. The nature of SnSb,S, thin film is
polycrystalline having band gap of 2.4 eV. All these structural and optical properties are very
favorable for the absorbing layer of solar cell. The absorption coefficient of the thin film higher
than 4 x 10° cm™ make it good absorbing layer for solar cell. The material have direct band gap of
2.4 eV and shows n-type conductivity.
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