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Abstract:

The present work we are synthesize the SnS-
SiO2 composite incorporate with SiO2 by
using the silicic acid by chemical oxidation
rout. oxidation of silicic acid to silicon
dioxide and formation of composites between
of SnS and silicic acid takes place
simultaneously. Fabricate the PV cell in
structure 1TO/SnS-SiO2/Al for Photovoltaic
application. PV performance of the
composite was analyzed with the 10 wt%
ratio of SnS and silicic acid by measuring
and calculating PV parameter. The
performance reflecting parameters like open
circuit voltage, short circuit current, Fill
factor and efficiency have been calculated.
The value of efficiency of solar cell was found
to be 2.5%. The obtained results were
discussed reconfirmation of SnS as an
absorber for the fabrication of low-cost solar
cells.
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Introduction

In recent years, solar energy conversion was
taking a major interest of many researchers in
worldwide. In PV applications, solar cells based
on Si have been used and still heavily in use for
solar energy conversion. SnS has gained much
attention as a promising inorganic material for
solar cell [1,2]. SnS is non toxic and its
electrical conductivity is easily control by
addition of doping element [3]. This type of
materials has the wide absorption range and low

band gap. M. X. Wang reported that SnS nano
wires show strong absorption in the visible and
near infrared spectral region, and the direct
energy band gap of SnS nano wire is 1.46 e,
which is suitable for solar cell application [4,5].
The fabrication of cubic SnS films by chemical
bath deposition technique and investigated that,
band gap of SnS decreases with increase in bath
temperature. Now a day research works have
focus towards heterojunction structures of SnS
[6]. Depending on the type of conductivity of
SnS layer has, a layer of opposite conductivity
is chosen [7]. The literature survay reports the
performance of various heterojunction solar
cells for example CdS/SnS[8], ZnO/SnS
[9] LGndtranSpREeMIt] conducting
oxides (TCO) are crucial in
amorphous/crystalline  silicon heterojunction
solar cells performance as they have to be
highly conductive to ensure the transport of
photogenerated charges while remaining highly
transparent to the sun spectrum [11, 12, 13].

In the present work we have synthesized SiO,
rich SnS composites to study 1-V characteristics
in view of solar cell for photovoltaic
application. The composite was prepared by
incorporation of 10 wt % concentration of SnS
in SiO,. In this work, SnS nanoparticles were
synthesized by  chemical route.  For
incorporation of SnS in SiO,, solid state
diffusion route was adopted. The as-obtained
composites further investigated for photovoltaic
application. The significant power conversion
efficiency was extracted from the prepared
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materials systems. As-prepared SnS-SiO2 was
characterized using X-ray diffractions (XRD),
scanning electron microscopy (SEM) and
photovoltaic response measurements.

Experimental

AR grade (SD fine, India) chemicals were used
for synthesis of SnS/Si composite without any
further purification. In the present work, SnS
nanoparticles were synthesized by chemical
route method. The Tin chloride (SnCl;) and
sodium sulfide (Na,S) were used as starting
chemicals for the synthesis of SnS
nanoparticles. Both chemicals SnCl, and Na,S
were mixed in distilled water in 1:2 ratio
respectively. As-obtained SnS nanoparticles
were used to prepare composite with SiO,.

The solid state diffusion method was used to
prepare composite between SnS and SiO,. For
this silicic acid was utilized as source of SiO,.
The heating of silicic acid above 800 °C, results
in oxidation of silicic acid. By considering this
principle, for fixed value of silicic acid,
prepared SnS added in silicic acid in 10 wt.%.
The mixture between silicic acid and SnS
nanoparticle was homogenized by addition of
acetone and rigorous magnetic stirring.
Prepared mixture was kept for 24 h to
evaporation of acetone. Subsequent to this step,
the obtained fine powder heated at 50°C for the
complete removal of acetone. After this, as-
obtained fine power heated in step wise pattern.
For each step powder heated at 200, 400, 600,
800, and 1000 °C in vacuum for three hours. In
this fashion, we prepared composite of
SnS/SiOs.

Characterization

The physic-chemical analysis of prepared
sample was done through various analytical
tools. The structural study of sample was
completed using X-ray diffraction (XRD)
analysis on XRD (Philips PW 1830).
Morphologis of the sample was directly
characterized by a JEOL JSM 7050F scanning
electron microscope(SEM) equipped with an
energy dispersion X-ray spectrometer to
analyze the element content and distribution.
For optical study of sample, doctor blade
method was used to prepare photovoltaic cell.
In this fabrication process, ITO plate was used
as transparent electrode whereas aluminum foil
was used as metallic electrode. As-prepared

sample was sandwiched between ITO and
aluminum.  The diode parameters of
photovoltaic cell were checked in dark
conditions. The data of diode parameters such
as short circuit current (Isc), open circuit
voltage (Voc), fill factor (FF), and power
conversion efficiency (n) were tested under
incandescent light bulb.

Results and Discussion

XRD analysis

Figure 1 dipict the XRD patterns of SnS (10
wt.%) loaded SiO, rich composite. The
structural purity and phase analysis of as-
prepared composite was confirmed by
comparing X-ray diffraction data with JCPDS
cards. The presence of prominent diffraction
peaks at 31.38, 43, 51 so it reflects that it is
crystalline nature [14]. The broad hump with
some shoulder peak appears in the range 25-35°
indicates the presence of Si in composite it
reflect amorphous phase. This simultaneous
amorphous and crystalline nature in same
material confirms the semicrystallization of
prepared samples [15,16].
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Figure 1 XRD pattern of 10 wt.% SnS

FESEM Analysis

Figure 2 shows the SEM image SnS/SiO2
composite, it shows the surface morphology of
the SnS/SiO2 composite. From SEM images,
SnS/SiO, composites have elongated granules
of mesh like structure. The aggregation present
in the prepared sample was because of the SiO,
cluster deposition on the boundary surface.
Further minute observation of the SEM image
shows that the particle size was irregular and
aggregate form. Composite particles cemented
together with the intercalation of SiO; [17].
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Figure 2. FESEM SnS/SiO2 of 10 wt. %
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I-V Characteristics

Figure 3 shows the Current-Voltage (I-V)
characteristics of SnS (10wt %) loaded SiO,
composite measured at 303 K (room
temperature). The incandescent light source
(0.0104 W/m? was used for photovoltaic

The parameters of PV cell were listed in Table 1.
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response of as fabricated PV cell of SnS/SiO,
composite. The PV response was recorded with
separation between light and PV cell of 20 cm.
The different diode parameters such as open
circuit voltage (Voc), short circuit current (Isc),
fill factor (FF), and power conversion efficiency
(m) of PV cell with architecture ITO/SnS-
SiO,/Al were find out. The fill factor of PV cell
was calculated using Eq. (1) Power conversion
efficiency () of PV cell determined using Eq.
(2) [18].
FF — IMAX ><VMAX (1)
lsc XVoc

The power conversion efficiency (n) of PV cell
determined using Eq (2) [19],

%n{'scx\/Pﬂ}loo @

in

Sample lc (MA) | Vo (V)

I max (MA)

V max (V) FF %mn

10 wt.% 35 0.45

271.7

0.25 0.4396 2.5

Table 1. Diode parameters of photovoltaic cell lsc, Voc, Imax, Vmax, %FF and %n with architecture

ITO/SnS-Si02/Aluminum.
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Figure 3. IV characteristic of SnS/SiO2
Composite

From Table 1, it is observed that power
conversion efficiency associated with 10 wt.%
SnS loaded SiO, composite. The SnS loaded
SiO, composite shows the PV performance
through variation of Isc, Voc and FF. The
optimize sample of SnS loaded SiO, exhibits
the maximum value of Isc = mA, Voc = V and
FF = corresponding the n = %. Variation of
PV parameters for SnS loaded SiO, may be due

the variation size and surface

morphology.

particle

Conclusions

In this work successfully synthesize SnS/ SiO2
composite by chemical route approach was
adopted for the synthesis of SnS nanoparticles
and fabricated the PV cell in ITO/SnS-SiO2/Al
structure. The composite between SnS and SiO,
was successfully prepared by using solid state
diffusion route. As prepare the sample of
SnS/Si02 goes under the semi crystalline
structure and rougher morphology. The power
conversion efficiency was obtained for 10 wt.%
SnS loaded SiO;, rich composite is % for
incandescent light source of radiating power
0.0104 Watt/m?,
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