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Introduction 

Solar power is described as the direct conversion of solar 

energy into electricity using photovoltaics (PV), indirect 

conversion using concentrated solar power, or a 

combination of both. No doubt we are facing gigantic 

challenges regarding the existence of non-renewable 

resources and to remove the dependency on non-renewable 

resources we need to harvest sufficient energy from 

renewable resources. The good thing about Si is that it is an 

earth-abundant and non-toxic nature. For bulk production 

of energy solar cells might be good enough to take into 

account since the nature of earth-abundant, cost-effective 

and non-toxicity make it too close to work in this area [1]. 

The universality of sun energy is profoundly appreciable in 

this era however we are supposed to say the conventional 

source of energy will be over, with time. SnS films have 

inherited sundry fruitful properties including a relevant 

bandgap of 1.3 eV. Semiconductor-based device 

manufacturing is difficult, but solar cell physics plays an 

important role in making human life simpler and more 

comfortable.  

 Concerning production costs, SnS-based solar cells are 

relatively simple to manufacture. The absorber layer is 

having a wide bandgap, approximately 1.3eV [2] which is 

quite suitable in photovoltaic devices and the absorption 

coefficient is approximately 105 cm-1. This is enormously 

and widely used for fabricating devices such as  

gas sensors and transistors [3-6] along with photovoltaic 

cells. 

 In the past few years, we had very fluent work in this 

domain to solve the problem that the world is about to face 

in the coming few more decades ahead. A lot of simulation 

work has been proposed, which might be significant in the 

upcoming era [2]. However, the most favourable simulation 

efficiency is analyzed 25.01% for device structure 

ITO/CeO2/SnS/NiO of SnS based solar cell [3]. 

 Although SnO2 is another hopeful electron transport 

layer in SnS based solar since it has stupendous possessions 

of tunable bandgap from 3.5eV to 3.9eV [4]. The use of 

ETL in form of SnO2 is also very interesting which is coated 

by sol-gel dip-coating which is eloquent [5]. There is 

another p-type material that is enhancing the performance 

of the complete cell as NiO. It is consisting of a high work 

function extrinsic semiconductor material having a 3.8eV 

bandgap [6].  

 In the present work, SnS based solar cell of the device 

structure of ITO/ SnO2/SnS/NiO/Mo has been studied. The 

various parameters of the solar cell have been varied to 

optimize the performance of the solar cell. A significant 

improvement of the device performance has been observed 

which could prove to be efficient solar cell experimentally 

as well. 

Due to the versatility, non-toxicity and earth abundancy of raw material, SnS has considered a very 

useful semiconductor material and the harvesting of photovoltaic energy from this kind of 

semiconductor material is comparatively easier than others since it is highly efficient and cost-

effective. The simulation of a unique combination of device structure (ITO/SnO2/SnS/NiO/Mo) has 

been done and found to be worthful. Past work is quite good but unable to achieve the standard of 

enhanced open-circuit voltage along with the power conversing efficiency as well. The use of Hole 

Transport Layer (HTL) has remarkable too, since surface recombination has fallen sharply. The 

PCE hiked by 25% to 27.62% regardless of it is practically unattainable but in reality, it will prove as 

a milestone in this area if and only if we are using HTL as well. The different HTL layer has been 

studied for the proposed device structure and elaborated well. For the benefit of mankind, it is 

completely low cost and useable along with quite good performance.  
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Solar cell structure and material properties 

The proposed 3D schematic design is shown in Fig. 1.  A 

solar cell capacitance simulator in one dimension (SCAPS-

1D) has been used to perform the whole simulation. SCAPS 

software was developed by the Department of Electronics 

and Information Systems, University of Gent.   All data is 

taken from Table 1 and the absorption coefficient 

parameter is used from the literature. [1,7,8]. Table 2 is 

showing the defect at interfaces ITO/SnO2/ SnS/NiO/Mo 

solar cells. 

 

Fig. 1. The schematic device structure of the solar cell. 

Table 1. Simulation parameters of the solar cell device structure [3-4,9]. 

Parameters ITO SnO2
 SnS NiO 

Thickness (nm) 100 0.7 1450 110 

Eg (eV)  3.61 3.61 1.32 3.82 

χ (eV)  4.55 4.55 4.25 1.45 
ℇ

r 8.95 9 12.9 10.0 

Nc (cm-3) 2.20x1018 2.20x1018 1.18x1018 2.80x1018 

Nv (cm-3) 1.2x1019 1.2x1019 4.75x1018 1.1x1019 

µe (cm2 /Vs) 10 100 140 13 

µp (cm2 /Vs)
 10 25 4.2 2.7 

ND(cm-3) 1021 1020 0 0 

NA (cm-3) 0 0 1015 1021 

Vth e
- (cm/s) 107 107 107 107 

Vth p (cm/s) 107 107 107 107 

Defect 

density (cm-3) 

0 1014 1014 1014 

Radiative 

recombination 

coefficient (cm3/s) 

0 2.3x10- 9 2.3x10- 9 2.3x10- 9 

Table 2. Listed data for interface defect in ITO/SnO2/SnS/NiO/Mo cell. 

Parameters NiO/SnS interface SnO2/SnS interface 

Defect type Neutral Neutral 

Energy for Reference 
(eV) 

0.06 0.06 

Reference for defect 

energy level Et 

above the highest 

Ev  

above the highest Ev 

Capture cross-
section holes (cm2) 

1.0 × 10-19 1 × 10-19 

Capture cross section 
electrons (cm2) 

1.0× 10-19 1 × 10-19 

Results and discussion 

Analysis of the nature of SnO2 and absorber layer with 

thickness 

The thickness of the absorber layer is one of the crucial 

parameters that could be optimized for better solar cell 

performance. The thickness of SnS absorber layer is varied 

from 500 nm to 2800 nm. The impact of the SnS absorber 

layer is shown in Fig. 2(a-b). The Voc decreases with 

increasing thickness of SnS but Jsc increases with increasing 

thickness of absorber layer because a maximum number of 

higher wavelength photon got absorbed in this layer. The 

FF is slightly decreasing with increasing the thickness of 

the absorber layer due to an increase in series resistance. 

The PCE of the SnS absorber layer increases with thickness 

and gets saturated almost after 2500 nm thickness of SnS 

absorber layer. The rate of carrier recombination is simply 

given by the relation. 

𝑑𝑛

𝑑𝑡  
= -k3n

3 - k2n
2- k1n                           (1) 

In the above equation, n denotes the carrier density. 

 

 

Fig. 2(a-b). Impact of the absorber layer thickness on Jsc, Voc, FF and ɳ.  
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 The analysis of SnO2 electron transport material  

on the designed solar cell performance has been  

analyzed which is shown in Fig. 3. The thickness of SnO2 

has been varied from 200 nm to 1000 nm.  The significant 

impact of ETL on photovoltaic performance has been 

observed. The electrical parameters such as Voc, Jsc, FF, and 

ɳ decrease with the thickness of SnO2 ETL due to sires 

resistance.  

 

 

Fig. 3. Impact of the thickness of the electron transport layer on the solar 

cell properties.  

Influence of series and shunt resistance 

The impact of series resistance (Rs) on solar cell 

performance is immense and it occurs especially from the 

contact among the layers which is taken and left, right metal 

contacts. The performance was analyzed while taking the 

variation of series resistance (Rs) from 2 to 30 ohm-cm2. 

Fig. 4 shows that Voc and Jsc are analyzed to be 

independent of Rs after 5 ohm-cm2 and also seen that PCE 

and FF are decreasing with increasing series resistance (Rs) 

because power loss also increases with increasing series 

resistance (Rs). 

 The shunt resistance (Rsh) also plays a crucial role to 

improve the performance of solar cells and it can come due 

to manufacturing defects [10]. The shunt resistance (Rsh) 

has been varied from 100 to 1500-ohm cm2 to optimize  

the photovoltaic solar cell performance which is shown in 

Fig. 4(b). From Fig. 4(b) it is evident that on increasing 

shunt resistance (Rsh) all parameters increase to a certain 

point after that they get saturated. 

   
                           (a)                                       (b) 

Fig. 4. Impact of (a) series (Rs), and (b) shunt (Rsh) resistance on 

photovoltaic performance. 

Analysis of back contact, metal work function and 

working temperature  

The impact of the metal-work function on the solar cell 

performance has been observed which is shown in  

Fig. 5(a). The solar cell performance such as Voc, PCE, and 

FF increases with the increase in back contact metal work 

function and after a certain value of work function, they 

became constant. In analysis, it is found that the power 

conversing efficiency becomes constant at work function of 

value > 4.75 eV. Thus, the work function for the above 

design structure has been concluded that 4.5eV. 

 

    
                       (a)                                           (b) 

Fig. 5. Study of the variation of all solar cell parameters with (a) back 

contact metal work function and (b) working temperature. 

 

 The impact of the solar cell performance on the device 

structure of ITO/ SnO2/SnS/NiO/Mo has been studied 

which is depicted in Fig. 5(b). As we increase the 



 

 
temperature the band energy of the charge carrier reduces 

which increases the velocity of the charge carrier. 

According to the band theory, with the reduction of  

band energy bandgap decreases since the collision among 

charge carriers and vibrational atoms get higher at a high 

working temperature which increases the power loss. 

Current density (Jsc) is almost constant and not affected by 

working temperature however all other solar cell 

parameters decrease since reduction in-band energy leads 

to a decrease in the bandgap. Consequently, the 

performance of the photovoltaic solar cell at higher 

temperatures decreases.  

Analysis of NiO/SnS interface defect density 

In this section, the impact of NiO/SnS interface defect on 

cell performance has been studied which is shown in  

Fig. 6. The defect density has been varied from 1010 to  

1018 cm-2 of NiO/SnS interface defect and noted the solar 

cell performance. The open-circuit voltage is reducing as 

defect density increases and current density being 

uninfluenced till few points and then start decreases with 

increases in interface defect density. The same trend is 

observed for PCE and FF.  

 

 

Fig. 6. Depiction of NiO/SnS interface defect density. 

Effect of SnS/SnO2 interface defect density 

In this interface, the carrier trapping probability and as well 

as series resistance plays a significant role in device 

performance. The impact of the interface defect was 

analyzed and it is found that Voc decreases with an increase 

in defect density which is shown in Fig. 7.  Because with 

the increase in defect density, carrier recombination is 

increased.  FF and PCE go on drastically downward which 

means that high defect density and series resistance [11,12].  

 

 

 

Fig. 7. Study of the impact of SnO2/SnS interface defect on solar cell 

performance. 

Impact of the absorber and SnO2 layers carrier 

concentration 

Carrier concentration is one of the crucial parameters of the 

solar cell during the design of the solar cell. The carrier 

concentration of the SnS absorber layer is varied from 1015 

to 1018 cm-3 which is shown in Fig 8. The open-circuit 

voltage is increasing with increasing carrier concentration 

of SnS absorber layer while current density decreasing. 

PCE and FF are slightly increased and then start to decrease 

with carrier concentration which is shown in Fig. 8. The 

irregular performance is observed at carrier concentration > 

1016 cm-3 due to Auger recombination [13-16]. At a large 



 

 
value of carrier concentration of SnS absorber layer, the 

hole transportation is slightly suppressed from absorber 

layer to hole transport layer (NiO). 

 

Fig. 8. Impact of the carrier concentration of absorber layer on Voc, Jsc, FF, 

and ɳ. 

 The impact of the SnO2 layer concentration has been 

studied which is shown in Fig. 9. The carrier concentration 

was varied from 1018 to 1021. The variation in the carrier 

concentration tends to the increment in open-circuit voltage 

due to an increment in the photon absorption while other 

parameters decrease [17-21]. The increment in the carrier 

concentration of the ETL layer reduced the corresponding 

voltages due to recombination of the minority charge 

carrier. The FF decreases with carrier concertation because 

of the series resistance [22].  

 

 

 

Fig. 9. Influence of the carrier concentration of the SnO2 layer on solar cell 

performance. 

Conclusion 

SCAPS-1D simulation software was used to perform  

the simulation of the proposed device structure 

(ITO/SnO2/SnS/NiO/Mo). To optimize the overall 

performance of the solar cell impact of the various 

parameters has been studied. It is found that thickness and 

carrier concentration play a significant role in the 

development of efficient solar cells. The solar device is also 

temperature sensitive. The hole transport layer help in the 

enhancement of the solar cell performance in the same way 

as the electron transport layer does. The maximum PCE of 

the purposed device is 27.6% observed which could prove 

to be an efficient thin-film solar cell experimentally.  
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