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SnS)-based photovoltaic devices have attracted considerable 

semiconductor and optoelectronic properties. This study employed 

heterojunction photovoltaic device and evaluate the influence 

consisted 

of three functional semiconductor layers: titanium 

the photon-

absorbing layer. The photovoltaic performance 
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latest challenge in the 

the manufacturing 

low-cost solar cells 

friendly manner. For 

production, thin-film solar 

their ability to 

Furthermore, 

enables the use of 

thereby overcoming the 

traditional silicon technology. To 

objective, researchers 

of materials that are 

non-toxic, and 

material serving as an 

 been considered alternative to 

silicon absorbers 

, both tin and sulfur 

available on Earth capable vast 

amounts of solar energy use of these 

materials can also alternative to 

elements that are scarce, such as 

cadmium, tellurite selenium [4]. In 

addition to the indicate the 

possibility of sulfide (SnS) using 

low-cost methods coating, dip 

coating, and Consequently, 

eco-friendly featuring a tin sulfide 

absorption manufactured using a 

cost

SnS structure with a 

buffer layer theoretical 

efficiency of manufacturing 

SnS-based is also necessary to 

including unwanted 

Fresnel losses across the 

entire the interface 

between cell's top layer in 

order absorption. Better cell 

performance achieved by using 

materials with uch as 

titanium oxide ( layer, which 

facilitates the passage 

Simulation of the SnS cell design 

Researchers are working to increase 

thin-film solar cells 

programs, including COMSOL, SCAPS, 

This study utilized the 

used commercially available solar 

programs. Its success is 

speed, ease of use, 

incorporate the latest cell 

PC1D software is now available 

University of New South 

raw source code for the PC1D 

available to programmers and 

Source Forge platform. 

the fundamental equations 

semiconductors namely, 

and the electron and hole 

which determine the 

characteristics of the device 

ion [7, 8]. The PC1D program 

simulation results that align well 
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TiO2/n-CdS/p-SnS heterojunction 

has been designed, consisting 

n-type TiO2 window layer, 

absorber layer, and an n-type CdS 

situated between them, as illustrated 

Repeated attempts were made 

program to achieve the best performance 

the solar cell, Repeated simulations 

to optimize the solar 

performance by investigating the effects 

er layer's thickness ranging 

and doping concentration ranging 

⁴ to 10²⁰) cm⁻³. Addition

output characteristics such 

current (Jsc), open-circuit 

each layer of the designed cell

such as the energy gap

electrical permittivity

carrier concentration, 

entered into the 

remaining variable parameters

sweep was performed using the 

the software to achieve the 

performance. The operating 

varied between 25°C and 

its effect on the 

istics. Additionally, the global 

mass spectrum and an irradiance 
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Effect of SnS absorption 

effect of SnS absorption 

on solar cell performance by 

simulating the TiO2/CdS

structure The thickness of the was 

varied between 0.5 and 3 µm

thickness of the TiO₂ window layer 

at 0.08 µm and that of the CdS 

2 illustrates the 

specifically the 

curves as the thickness of the 

layer varies; from these

characteristics of the , 

Jsc, and efficiency η The 

results confirm that of the 

SnS absorption 

becomes more stable 

across the 

behavior indicates improved 

collection and reduced 

pared to the thin layer. 

increasing the thickness 

layer enhances light 

greater generation of 

pairs [9]. It is observed in 

as the thickness of the absorption 

to 2 μm, the short-circuit 

increases from (11.5 to 23.88) 

the open-circuit voltage Voc 

leads to an improvement in the 

sion efficiency, reaching 14.87

Figure (3). As the thickness 

absorption layer decreases below 2 

region approaches the back 

an increased recombination 

quantum efficiency decreases 

absorption of photons with 

Consequently, both the 

voltage (Voc) and the short
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density (Jsc) will decrease. 

increases to 2 μm, the tin 

absorption layer generates 

hole pairs due to the absorption 

photons, thereby increasing 

current density and 

]. However, if the thickness 

absorption layer exceeds 2 μm, the 

must travel longer 

in a slow rate of efficiency 

] This reduction in cell efficiency 

attributed to several factors

carrier recombination, as the 

leads to increased series 

from the material's higher 

resistance and energy loss [12] . 

optimal value for the thickness 

absorption layer is 2 μm. Figure 

the variation of 

wavelength for each 

SnS absorption layer (0. been 

observed that increasing of the 

absorption layer quantum 

efficiency values absorption 

of a large photons from the 

electromagnetic on the cell 

and the 
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Effect of Doping Concentration 

factor in solar cell design 

level; the effect of the 

 in the absorption layer 

1014cm-3-1×1020cm-3

regarding the cell's 

characteristics, specifically 

-circuit voltage, and 

It was observed that the 

voltage (Voc) increased from 

With increasing the 

from 1×10¹⁴cm

¹⁷cm⁻³, then after this value 
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open-circuit voltage is achieved

circuit current remains 

at a value of 23.88mA/cm2 

concentration increases up to 

beyond this value, the short

begins to decrease gradually 

increases in doping concentration

observed that increasing the doping 

higher Auger recombination 

e, the maximum doping 

set at 1 × 10²⁰ cm⁻³. By doping 

absorption layer, impurities are 

electron deficiency or holes in 

semiconductor material, which act 

carriers. As the doping concentration 

, the number of available 

absorption layer rises, leading improved 

charge carrier mobility. Based results, 

we observed that the current 

density increases doping 

concentration. concentration 

increases The internal 

electric field across increases, 

which enhances 

photogenerated charge leads to 

an increase in open cell 

efficiency, as shown in 

effect of operating 

effect of temperature on tin 

solar cells with different layers 

investigated by varying the temperature 

50°C. The thickness of 

layer was fixed at 2 μm, while 

of the remaining layers 

the optimal values discussed 

section for each structure. Table 

the effect of temperature 

made of tin sulfide with different 

It has been observed that temperatures 

reduce the bond electrons 

thereby increasing the speed of charge 

carriers and cause 

slight decrease in the open
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[16]. However, Jsc increases slightly 

.9mA/cm2 to 25mA/cm2 

temperatures. Finally, conversion 

decreases slightly from as the 

temperature rises, 

this work, a numerical simulation 

sulfide (SnS)-based solar cells 

using three different 

cadmium sulfide 

(CdS), and electrical 

parameters were varying 

the thickness and of 

the absorption layer to 

studying the effect 

main objective was to improve 

layer to achieve the 

for the solar cell

optimal electrical characteristics for 

were achieved at an absorber 

2 μm, yielding an efficiency 

for the absorption 53 × 10¹⁷ 

cm⁻³, and eratu
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