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Abstract-Cu2FeSnS4 (CFTS) is like its counterpart Cu2ZnSnS4 (CZTS) a non-toxic and earth abundant material, with a stannite 
structure. It is a promising material and mainly suitable for the fabrication of low-cost and highly efficient thin film solar cells. 
In this work, solar cell characteristics using CFTS as the absorber material have been analyzed by numerical simulations. The 
influence of structural and physical parameters such as the thickness of the absorber layer, acceptor carriers concentrations 
densities in the absorber layer, as well as effects of back contact metal work function and operating temperature on electrical 
output parameters of CFTS solar cell have been evaluated by using one dimensional numerical simulation program SCAPS. 
Simulations results revealed that too large thicknesses affect the fill factor even if they improve slightly the other parameters. 
We found that it is not necessary to go beyond a thickness of 3 µm in order to make a tradeoff between the efficiency and the 
cost. Moreover, it is important to control the carrier density in the absorber for highly efficient CFTS solar cell. By raising the 
operating temperature, the cell performances are found to be affected. Numerical simulations showed optimized and promising 
results with the power conversion efficiency (PCE) of 22.27%, fill factor (FF) of 86.54%, short-circuit current density (JSC) of 
24.92 mA/cm2 and open circuit voltage (VOC) of 1.033 V. These results are interesting and therefore can define right guidelines 
and feasible baselines for the design and the fabrication of low-cost and highly efficient CFTS solar cells.  

Keywords: Cu2FeSnS4, solar cell, numerical simulation, SCAPS-1D, efficiency improvement, electrical parameters

1. Introduction 

Currently, intensive research is being conducted to develop 
solar cells made from abundant and environmentally friendly 
materials to compete and even replace solar cells such as high-
efficiency CIGS and CdTe, but which use rare and toxic 
elements such as indium (In), gallium (Ga), tellurium (Te) and 
cadmium (Cd) [1, 2]. The quaternary chalcogenides of the 
Cu2-II-IV-IV4 family (II = Zn, Cd, IV = Sn, Ge, IV4 = S, Se), 
including Cu2ZnSnS4 (CZTS) and Cu2ZnSnSe4 (CZTSe) have 
been extensively studied as promising and alternative absorber 
material to CIGS, thanks to their high absorption coefficient 
(~ 104 cm-1) in the visible range of the solar spectrum, their 
optimal gap energy (1.5 eV for CZTS and 1.1 eV for CZTSe) 

and also the ecological nature and abundance in the earth's 
crust of the constituent elements [2-4]. Solar cells based on 
CZTS and CZTSe have so far shown a better PCE of 8.4% and 
12.6%, respectively [5, 6]. 

The mineral material Cu2FeSnS4 (CFTS) of stannite 
structure [7], which is related to the CZTS quaternary 
semiconductor, can serve as a viable alternative absorber 
material due to its suitable gap energy (1.2-1.5 eV) [8-12], its 
abundant and non toxic constituents [2], and its high 
absorption coefficient (> 104 cm-1) [13-18]. CFTS-based solar 
cells have already been fabricated in the laboratory and 
showed PCEs of 2.73% [15] and 0.29% [19]. The PCE of these 
solar cells needs to be improved, by studying deeply the 
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synthesis and manufacturing mechanisms as well as 
understanding the operating modes and performances of this 
type of solar cell. 

Numerical simulation is an effective and necessary tool to 
achieve such a goal because it allows evaluating the 
theoretical concepts on the optical and electrical 
characteristics of a solar cell as well as its performances. It 
also allows a good understanding of the operating parameters 
of a photovoltaic device and plays a key role in the design and 
manufacture of the solar cell itself. In this study, the 
FTO/TiO2/CFTS/back metal contact solar cell was simulated 
and analyzed. The effects of several structural and physical 
parameters of the cell on its electrical characteristics have 
been studied. The results obtained can serve as a basis for the 
design and manufacture of high efficiency CFTS solar cells. 
The one-dimensional simulation program Solar Cell 
Capacitance Simulator (SCAPS) has been used in this work 
and the details of the structure and simulation procedure of the 
cell are presented in the following sections. 

1. Simulation program and structure of the solar cell 
 
1.1 Simulation program  

In this study, the numerical simulation of the CFTS solar 
cell was carried out by the one-dimensional solar simulator 
SCAPS. The structural and physical parameters of each layer 
of the cell are incorporated into the simulator as input 
parameters to the simulation. Written and maintained by Marc 
Burgelman and his colleagues in the Department of 
Electronics and Information Systems (ELIS) at the University 
of Gent in Belgium, it was designed for the simulation of 
polycrystalline heterojunction solar cells [20]. Initially, it was 
used and tested with the solar cells of the CuInSe2 and CdTe 
family of materials; and since then, several extensions have 
improved its possibilities to take into account other structures 
including thin films [21, 22]. The SCAPS simulator is able to 
simulate up to 7 layers, in addition to two layers of the front 
and the back contacts. All the physical and optoelectronic 
properties of each layer can be displayed and modified in a 
separate window [23]. It is therefore possible to simulate a 
number of common measurements such as the I-V, C-V and 
C-f characteristics at equilibrium and under illumination and 
the quantum efficiency QE. Moreover, important information 
such as energy band diagram, generation and recombination 
profiles, electric field distributions, charge carrier densities 
etc. can also be extracted from a simulation by SCAPS [20, 
24]. All this information is computed by SCAPS on the basis 
of the Poisson’s equation and the continuity equation of free 
electrons and free holes and given respectively by the 
following expressions [23]: 

      
      (1) 

 

 
(2) 

 

 

(3) 

 

where 𝜓 is the electrostatic potential, 𝑛 and 𝑝 free electron and 
free hole, 𝑁%& and 𝑁'( the concentrations of the ionized donor 
and the ionized acceptor. 𝐽* and  𝐽+ are the respective current 
densities of electrons and holes. The term 𝐺 is the optical 
generation rate of the charge carriers and 𝑈 their 
recombination rate. 

1.2 Solar cell structure and simulation parameters  

The basic structure used for our simulations is essentially 
composed of a FTO window layer, a TiO2 electron transport 
layer (buffer layer), a CFTS absorber layer and Molybdenum 
back contact layer. Fig. 1 illustrates in a simple way the 
schematic structure of the solar cell used in this work. The cell 
was illuminated from the front FTO surface to the back with 
the default AM 1.5G illumination spectrum for all 
simulations. The default operating temperature has been fixed 
at 300 K. The main physical and optoelectronic parameters 
used in our simulations are listed in Table 1. These parameters 
were chosen from literature, theory or in some cases 
objectively estimated [15, 25-28]. 

2. Results et discussion 

2.1 Basic CFTS-based solar cell simulation 

The main function of a solar cell is to convert solar radiation 
into electricity. In the absence of light, the solar cell behaves 
like a large flat diode [28]. A solar cell starts working in the 
presence of light; the generation of charge carriers due to the 
absorption of photons from the incident radiation is the main 
reason for the flow of current. In this work, the SCAPS-1D 
simulation program was used to evaluate and record the 
electrical output parameters of the FTO/TiO2/CFTS/Mo solar 
cell. The curves of the J-V characteristics as well as the 
quantum efficiency under illumination resulting from the 
simulation using the values of Table 1 are shown in Fig. 2. 

 
 

 

 

 

 

 

Fig. 1. CFTS solar cell structure used in this work 

Table 1. Parameters used in our simulations 
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Material 

FTO  TiO2  CFTS 

Thickness (µm) 0.3 0.04 2 

Band gap energy 
(eV) 

3.5 3.2 1.36 

Electron affinity 
(eV) 

4 3.86 3.3 

Dielectric 
permittivity 

(relative) 

9 9 9 

CB effective 
density of states 

(cm-3) 

1 x 1018 1.8 x 1018 2.2 x 1018 

VB effective 
density of states 

(cm-3) 

1 x 1019 2.4 x 1019 1.8 x 1019 

Electron thermal 
velocity (cm/s) 

1 x 107 1 x 107 1 x 107 

Hole thermal 
velocity (cm/s) 

1 x 107 1 x 107 1 x 107 

Electron 
mobility 
(cm2/Vs) 

20 100 2 x 101 

Hole mobility 
(cm2/Vs) 

10 25 2.2 x 101 

Donor density 
ND (cm-3) 

1 x 1018 1 x 1015 0 

Acceptor density 
NA (cm-3) 

0 0 2 x 1018 

Absorption 
coefficient 

1 x 101 1 x 101 5 x 104 

 

The calculated output electrical parameters are shown in 
Fig. 2 (a). The simulated solar cell showed a conversion 
efficiency of 20.44%. As can be seen in Fig. 2 (b), almost 80% 
of photons in the visible range of solar radiation are absorbed 
by the material. The drop in the quantum efficiency curve 
around 900 nm corresponds to the CFTS band gap energy [29-
31]. There is also low recombination losses on the FTO 
surface as can be seen in Fig. 2 (b). The electrical parameters 
of a solar cell such as open-circuit voltage (Voc) and short-
circuit current density (Jsc), in addition to quantum efficiency 
and series resistances are fundamental factors that can limit 
performance of the solar cell [32]. These parameters must be 
constantly controlled in order to improve and maintain the 
performance of these solar cells. 

 

 

 
Fig. 2. Curves: (a) J-V characteristics and (b) Quantum 

efficiency of the simulated CFTS-based solar cell 

3.2 Effect of CFTS absorber layer thickness 

The effect of the CFTS absorber layer thickness was 
evaluated by varying its value from 1µm to 10µm, while 
keeping the other parameters of the entire cell constants. Fig. 
3 shows the effect of CFTS thickness on electrical parameters 
of the whole cell. It is observed that the values of the open 
circuit voltage (Voc), the short circuit current density (Jsc) and 
the PCE (ɳ) increase with the increase in the thickness of the 
CFTS and start to stabilize above 3µm. The fill factor (FF) 
meanwhile, after reaching the value of 2µm, decreases. The 
increase in values of Voc, Jsc and PCE up to an optimal value 
of CFTS thickness is mainly due to the absorption of more 
photons with longer wavelengths, which in turn affects the 
ratio of photo-generated carriers; this explains the decrease of 
the fill factor (FF) values. The absorption of more photons 
with longer wavelengths will allow generating a significant 
number of electron-hole pairs and therefore collecting at the 
front contact an interesting amount of free electrons. This will 
improve the values of Jsc and PCE.  
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Fig. 3. Effect of the CFTS absorber layer thickness on the 

electrical parameters of the solar cell 

On the other hand, the more electron-hole pairs, the more 
the mobility of the photo-generated carriers will be influenced 
and their ability to reach the front contact and to be collected 
will be reduced. This is the reason for the decrease in FF [33-
35]. In order to avoid the ratio of the photo-generated carriers 
to be too much affected and also in order to find a tradeoff 
between the efficiency of the cell and its cost, it is not 
necessary to choose too large thicknesses for the absorber 
layer. Thus, the value of 3 µm was chosen as the optimal value 
of the thickness of the absorber layer by our numerical 
simulations. 

3.3 Effect of acceptor concentration in the absorber layer 

The acceptor concentration density (NA) in the CFTS 
absorber layer was varied from 1x1018 cm-3 to 1x1019 cm-3 as 
can be seen in Fig. 4 in order to study its variations on the 
output parameters of the cell. Fig. 4 shows that the Voc 
increases with increasing concentration of doping levels while 
Jsc decreases when it increases. The main reason is that the 
saturation current of the whole cell increases as the doping 
concentration increases; which justifies the increase of Voc 
[28]. However, increasing the doping concentration increases 
the recombination process due to the introduction of 
recombination centers or traps into the layer. This 
recombination process reduces the ability of the photo-
generated carriers to be collected at the front; hence the drop 
in the values of Jsc [36]. It can be seen that the probability of 
collection strongly depends on the influence of the doping 
concentration. As the doping concentration in the CFTS layer 
increases, the semiconductor becomes degenerate and this is a 
valid and necessary condition for limiting the NA value [37]. 
It is also seen in Fig. 4 that the fill factor and PCE increase 
with the increase in doping concentration in the absorber layer 
due certainly to the increase in Voc. Therefore, we can use the 
value 3x1018 cm-3 as the optimal value given by our 
simulations. 

 
Fig. 4. Effect of acceptor concentration NA in the CFTS 

absorber layer 

3.4 Effect of back metal contact work function  

The back metal contact work function can also affect the 
overall performance of a solar cell. The effect of this 
characteristic on the electrical output parameters of the cell 
has also been explored and the results of such a study are 
presented in Fig. 5. To evaluate the effects of the back metal 
contact work function, its value has been varied from 4.5 eV 
to 5.5 eV. An improvement in the output parameters of the 
simulated solar cell is observed when the back metal contact 
work function increases as can be seen in Fig. 5. It is also seen 
that all parameters are unchanged between 4.5 eV and 4.7 eV, 
raising substantially from 4.7 to 4.9 eV and stabilizing beyond 
that.  

 

Fig. 5. Effect of back metal contact work function on 
electrical output parameters of the solar cell 
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The increase in the back metal contact work function is due 
to the increase of the Schottky barrier created at the back 
contact, which limits strong recombination of charge carriers 
[38]. This phenomenon can improve the value of the Voc and 
therefore the PCE. The optimal value for the back metal 
contact work function given by our simulations is therefore 
4.9 eV. 

3.5 Effect of operating temperature on solar cell performances 

Since the solar cell is exposed to the sun constantly, it is 
important to study its behavior according to its operating 
temperature in order to evaluate its performance. Increasing 
the temperature of the radiation can strongly affect the 
performance of a solar cell [39]. Since the solar cell generally 
operates at temperatures above 300 K, we have evaluated the 
effect of this temperature on the electrical output parameters 
by varying it from 300 K to 600 K. The results of this study 
are presented in Fig. 6 below. It is observed in Fig. 6 that the 
values of Voc, FF and PCE decrease sharply with increasing 
operating temperature while Jsc increases slightly when it 
increases. At high temperatures, carrier concentration, gap 
energy, electron mobility and hole mobility are affected and 
this is the reason for the decrease in PCE [11, 40]. As the 
temperature increases, the electrons in the cell gain more 
energy, which makes them more unstable and more likely to 
recombine before reaching the space charge region [37]. Such 
a phenomenon contributes to decrease the values of Voc and 
FF [41]. The value of 300 K is therefore the optimum value 
for the operating temperature of the solar cell given by our 
simulations. 

 

Fig. 6. Effect of the operating temperature on output 
parameters of the simulated solar cell 

 

3. Optimized CFTS based solar cell 

In order to simulate the optimized solar cell, the optimal 
values of the parameters whose effects on the electrical 
characteristics of the cell have been studied previously, have 
been adopted. A thickness of 3µm of the CFTS layer, a doping 
concentration of 3x1018 cm-3 in the CFTS layer, a back metal 
contact work function of 4.9 eV and an operating temperature 
of 300 K were selected as optimal values for a better 
performance of the CFTS cell output characteristics. Fig. 7 (a) 
shows the J-V characteristics of the optimized CFTS cell. A 
better performance of the simulated cell showed a PCE of 
22.27%, a Jsc of 24.92 mA/cm2, a Voc of 1.033 V and a FF of 
86.54%. It is seen also in Fig. 7 (b) that there is a slight 
improvement in the absorption of photons in the optimized 
solar cell compared to the initial solar cell although weak 
recombination losses are still observed on the front surface. 

 

 

 

Fig. 7. Curves: (a) J-V characteristics and (b) Quantum 
efficiency of the optimized CFTS solar cell 
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4. Conclusion 

The basic numerical simulation of the FTO/TiO2/CFTS/Mo 
solar cell was carried out in this work using the SCAPS solar 
simulator. The results of our simulations have shown that the 
structural parameters of the layers as well as the whole cell 
have different effects on the electrical output characteristics of 
the solar cell. To better understand this type of solar cell, it is 
important to conduct several other simulations that can take 
into account various other parameters and different conditions 
to find the structure that will be better with this material. In 
this work, promising optimized results were achieved showing 
a PCE of 22.27%, a Jsc of 24.92 mA / cm2, a Voc of 1.033 V 
and an FF of 86.54%. These results can serve as a basis and 
guidance for researchers and engineers not only to take a 
serious interest in CFTS solar cells, but also to design and 
manufacture them. 
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