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 ARTICLE INFO    ABSTRACT 
 

This study reports fabrication and characterization of Tin sulphide (SnS) based thin film solar cells. The 
solar cell was fabricated using simple two electrodes electro-deposition technique to deposit window 
layer; Zinc sulphide (ZnS) and absorber  layer; Tin sulphide (SnS) thin films on an Indium doped Tin 
oxide (ITO) coated glass slide and Silver paste was paste on the absorber layer (SnS) as back contact of 
the cell. Thus, a device structure of glass/ITO/ZnS/SnS/Ag solar cells is obtained. The active region 
SnS/ZnS hetero-junction was characterized using X-Ray diffractometer to reveals the presence of these 
phases. The device area is 1 cm2 and was characterised using solar simulator at 1.5 AM with Keithley 
source metre coupled with interactive characterisation software to obtain both dark and illuminated I-V 
characteristic of the cell. From characteristic curves of the cell, the Voc is read to be 0.17 V; Isc to be -
2.85x 10-8A; Vmax to be 0.06 V and Imax to be -1.21x10-8A. Thus, the fill factor (ff) was calculated to 
be 0.15 while the efficiency below 1 % was computed for the cell. The study therefore concludes that a 
SnS based thin film solar cell free of Cd is feasible and recommend further research to improve the 
efficiency of the cell. 
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INTRODUCTION 
 
The world today is facing an increasing dilemma: On the one 
hand, the world population is growing and with a great part of 
this population striving to reach a standard of living 
comparable to that of the Western industrialized nations, the 
energy needs are increasing even faster. On the other hand, 
global warming (largely attributed to the burning of fossil fuels 
by mankind) and projections showing limited range of today’s 
main sources of energy – coal, oil and gas –coupled with their 
non-uniform distribution in the world are warning signs that it 
would be disastrous to try and continue to meet all the energy 
needs in conventional ways, causing severe environmental, 
economical and social problems. Hence, alternative and 
renewable ways to provide usable energy has to be developed. 
There are many options: wind energy, biomass, solar thermal 
energy, geothermal, hydrothermal, photovoltaic solar cells and 
using energy more efficiently, to name only a few examples. 
Schleußner, (2003) observe that, for the generation of  
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electrical power, photovoltaic solar cells is arguably one of the 
most promising options. Since solar cell modules convert 
radiation energy from the sun directly into electrical energy, 
they do not cause any pollution in operation; they can be 
installed in many different ways (for instance on house roofs 
or on facades) and, even more importantly, photovoltaic can 
also be used in remote areas with no connection to power 
grids. A solar cell converts radiant energy into electrical 
energy. This conversion, which occurs in some 
semiconductors, is called the photovoltaic effect and was first 
observed in 1839 by Becquerel (Archer, 2001). Solar cells 
manufactured from wafers of crystalline or polycrystalline 
silicon are today the dominant technology in the commercial 
market and are so costly. Other technologies of producing 
solar cells such as Dye Sensitised Solar Cell (DSSC) and 
Organic Solar Cell have very low efficiency and degrade 
easily in ambient environment. Solar cells based on thin films 
of semiconductors are alternatives with prospects for high 
efficiency, stability and reduced cost. Tin sulphide (SnS) is a 
group IV–VI compound semiconductor material with an 
orthorhombic crystal structure with the optical band gap 
energy in the range of 1.1–1.3 eV (Nair and Nair, 1991). This 
is optimal for an absorber layer in solar cell devices. 
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Moreover, it is optical absorption coef cient is (Reddy and 
Reddy, 2006). This is high enough to fabricate thin lm solar 
cells. Sinsermsuksakul et al. (2014) state that, tin (Sn) and 
sulphur (S) are abundant, non-toxic materials in nature, and are 
quite stable in an ambient environment. They state further that 
the theoretical maximum energy conversion ef ciency of SnS-
based solar cells is about 25 % and has inherent p-type 
conductivity. Thus, SnS thin lms is a potential absorber 
materials for thin lm solar cells.  
 
Similarly, ZnS is II-VI group semiconductor with a wide direct 
band gap of 3.5–3.7 eV (Vipin et al., 2008). This is a wide 
energy band gap which permit transmission of more high-
energy photons to the junction and thus enhance the blue 
response of the photovoltaic cells. Murali and Kumaresan 
(2009) state that ZnS thin films have n-type conductivity and 
is nontoxic to human body, very cheap and abundant in nature. 
Thus, ZnS is a good candidate material that can replace CdS 
which is the widely used material for window layer in thin film 
solar cells. There are several attempts at fabricating SnS based 
thin films solar cells. Yue et al. (2012) report a record 
efficiency of 1.95% for SnS based thin film solar cells 
fabricated from p-n homojunction nanowires using boron and 
phosphorus as dopants. Furthermore, SnS-based solar cells 
have been reported using different n-type window layer such 
as SnS2 (Sanchez-Juarez, Tiburcio-Silver and Ortiz, 2005), 
CdS (Reddy et al. 2006, Bashkrov, 2012), Cd1 xZnxS 
(Gunasekaran and Ichimura, 2007),  ZnO (Ghosh, 2009) . 
Reddy et al. (2006) fabricate the best SnS based solar cells so 
far with CdS window layer achieving a power conversion 
efficiency (η) of 1.3%. Sinsermsuksakul et al. (2013) observe 
that the efficiencies achieved using heterojunctions of SnS 
with n-type materials other than CdS are extremely low (< 
0.1%), mainly limited by low short-circuit current density (Jsc 
< 1.5 mA/cm2). Vidal et al. (2012) opined that the poor Jsc is 
likely as a result of bulk recombination in SnS because of 
defects, e.g., grain boundaries, intrinsic point defects such as 
sulphur vacancies and/or impurities that arise from the 
preparation methods used to deposit the films. 
Sinsermsuksakul et al. (2014) in furthering their effort to 
improve the efficiency of SnS based thin film solar cells by 
addressing causes of its low efficiency such as: annealing to 
reduce recombination, optimizing the conduction band offset 
by tuning the composition of Zn(O,S) and others to obtain 
enhance efficiency of 4.36%. In all these SnS based thin film 
solar cells develop so far non-used n-type ZnS as window 
layer as well as non-have fabricated using electrodeposition 
technique to deposit both window and an absorber layer. This 
paper therefore reports the results of study on fabrication and 
characterization of all electrodeposited Tin sulphide (SnS) 
based thin film solar cells using ZnS as window layer. 
 

EXPERIMENTAL PROCEDURE  
 

Fabrication of the cell  
 

The deposition of window (ZnS) and absorber (SnS) layer of 
the cell was done using simple two electrodes electro-
deposition cell as earlier reported by Taleatu et al. (2014). The 
ZnS thin film was deposited on ITO coated glass from 25ml of 
0.01M of Zinc acetate, 25ml of 0.25M of Sodium thiosulphate 
pental hydrate (Na2S2O3.5H2O) and 5 drops of 0.05M of 
H2SO4.  A cathodic voltage of 0.9 V was applied, the starting 

current was observed to be 5.14 mA and the stopping current 
to be 0.99mA. The deposition period was measured to be 
6.13minutes. The SnS thin film was then deposited on ZnS 
surface from 25ml of 0.01M of tin sulphate, 25ml of 0.05M of 
Sodium thio sulphate pental hydrate (Na2S2O3.5H2O) and 5ml 
of 0.05M of H2SO4. A cathodic voltage of 1.0 V was applied, 
the starting current was observed to be 2.28mA and the 
stopping current was observed to 0.72mA. The deposition 
period is measured to be 27:29 minutes. This process was 
repeated for five more rounds to increase the thickness of the 
absorber layer of the cell. The sample was remove and rinsed 
with distilled water and kept in sample holder. Thus, an 
ITO/ZnS/SnS heterojunction is obtained. The metallisation 
was done by pasting Silver paste on the surface of SnS to 
obtain a complete device of 1 cm2 ITO/ZnS/SnS/Ag hetero-
junction thin film solar cells. 
 
Characterization of the cell 
 
The active layer of the cell (ZnS/SnS hetero-junction) was 
characterised with XRD to study the structural phases that may 
be present in it. The efficiency of the tin sulphide based thin 
film solar cells was then determined at 1.5 AM by taken the I-
V measurements of the solar cell under illumination and dark 
using the Model 4200-SCS Semiconductor Characterization 
System installed with interactive characterisation software. 
 

RESULTS AND DISCUSSIONS 
 
Structural Characterisation of ZnS/SnS hetero-structure 
 
The structural phases present in the ZnS/SnS hetero-structure 
was studied using XRD. Fig.1 presents the XRD pattern of 
ZnS/SnS hetero-junction on ITO coated glass. The observed 
peaks are at 2θ equals 13.55, 21.29, 30.20, 34.40, 35.21, 37.41, 
50.46 and 60.20°. These observed peaks can be index into 
Zincblend cubic structure of ZnS and orthorhombic structure 
of SnS thin films in addition to the cubic structure of the ITO 
glass.  
 

 
 

Fig. 1. XRD Pattern of ZnS/SnS heterojunction on ITO 
coated glass  (SnS ZnS ITO) 

 
Electrical characterisation of the cell (ITO/ZnS/SnS/Ag) 
 

The device was characterised using solar simulator at 1.5AM 
with keithley source metre coupled with interactive 
characterisation software to obtain both dark and illuminated I-
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V characteristic of the cell. The I-V characteristics of the 
device taken in the dark and under illumination are as shown 
in Fig.2 and 3 respectively.     
 

 
 

Fig. 2. I-V Characteristics of ITO/ZnS/SnS/Ag Solar  
cell (in the dark) 

 
From the I-V characteristic taken in the dark, fig.2, a rectifying 
curve with very low reverse saturation current is observed 
which shows that hetero-junction is formed in the active layer 
of the cell. This is in line with result of Ghosh et al, (2010) 
who have found similar rectifying junction for 
ITO/CdS/SnS/In hetero-structure. This diode characteristics 
obtained in the dark is an evidence that a solar cell device 
structure have been fabricated. 
 

 
 

Fig. 3. I-V Characteristics of ITO/ZnS/SnS/Ag solar cell (under 
illumination) 

         
From the illuminated I-V characteristics shown in fig.3, the 
following characteristics values of the cell can be deduce: The 
Voc is read to be 0.17 V; Isc to be -2.85x 10-8A; V max to be 
0.06 V and I max to be -1.21x10-8A. The fill factor (ff) was 
calculated using: 
 

                      ……………. (1)  
 
which is the measure of the squareness of the I-V 
characteristics curve.  
 

Thus, ff = -1.21x10-8A X 0.06 V/ -2.85x 10-8A X 0.17 V = 
0.15. Thus, fillfactor (ff) was computed to be 0.15.  
 
The efficiency of the cell was calculated using; 
 

                                   …………..(2) 
 

where PRAD is the power of the incident radiation 
(100mW/cm2). The area of the cell is 1 cm2. 
 
Thus, the efficiency η = (-2.85x 10-8A X 0.17 V X 0.15)/100 
mW/cm2  
 
= 7.27 x 10-10 / 100 mW = 7.27 x 10-9 % << 1%. 
 
Thus, an efficiency of 7.27 x 10-9 % which is far below 1 % 
was computed for the cell. This is presumably due to presence 
of high number of trap states in the interface of active layer as 
a result of surface roughness which may reduce the diffusion 
length of minority carrier and high sheet resistivity of the 
electrodeposited ZnS layer. This efficiency notwithstanding, 
the result confirmed the observation of Sinsermsuksakul et al. 
(2013) that the efficiencies achieved using heterojunctions of 
SnS with n-type materials other than CdS (ZnS in this case) 
are extremely low (< 0.1%), 
 

Conclusion 
 

Though, a very low efficiency was found for the cell, the result 
of this study has demonstrated that it is possible to develop 
cadmium free, tin sulphide (SnS) based thin film solar cells 
using an all electrodeposited cheap and easier route. The study 
therefore recommend further study on an all electrodeposited 
SnS based thin film solar cells using ZnS as window layer. 
The trend of the study could follow the work of 
Sinsermsuksakul et al. (2014) done to improve the efficiency 
of their SnS based thin film solar cells. 
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