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Abstract: This study presents the simulations of a hybrid Cu2ZnSnS4-based solar cell with a planar 

heterojunction structure in a hybrid model (n-FTO/n-ZnO/p-PSCS/p-CZTS/p-PSCS/p-HTM) using a 

One-Dimensional Solar cell capacitance simulator (SCAPS-1D). . The configuration "121" of the 

hybridizing absorber layers of the device was simulated and related with as-Copper Zinc Tin Sulphide 

(CZTS). The simulation used an absorber layer with a step-length thickness of 25 nm and thicknesses 

ranging from 100 nm to 500 nm.  The bandgap diagram, I-V characteristics curve, percentage 

conversion efficiencies, and the quantum efficiencies of the simulated solar cells were calculated and 

constructed from simulated results. The percentage conversion efficiency of 22.57%, fill factor of 

49.99%, open-circuit voltage of 0.80V, and short circuit current of 25.12 mAcm-2 were obtained. The 

obtained photon conversion efficiency shows that the hybridization of different absorber layers was 

achievable. It was also established that the performance efficiencies of hybrid CZTS structure in terms 

of optimum thickness and sandwiched Perovskite Solar cells model 

(FTO/ZnO/CZTS/PSCS/CZTS/HTM) has the same efficiencies for "121 configurations". On the other 

hand, the efficiencies of as- CZTS structures were higher than the PSCS configuration, which might be 

due to SCAPS-1D as it was originally designed for Thin Films Solar cells. 
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1. Introduction 

Fossil fuels account for more than 85% of the global total energy supply usage, ranging 

from transportation, industrial, domestic, and power plant purposes. Global warming and 

climate change have been caused by the uncontrolled usage of fossil fuels, increasing 

greenhouse gases in the atmosphere [1]. Consumption of these fuels should be decreased and 

managed, primarily by replacing them with less damaging and renewable energy sources at 

accessible, equivalent, or acceptable costs, to restore a stable and healthy environment for a 

better life and sustainable growth [2,3]. Solar energy is the most abundant and accessible 

renewable energy source, with the fewest negative side effects [4–6]. The main challenge with 
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using this energy source is that it requires a unique setup consisting of a light-harvesting device 

coupled to a transducer that converts the acquired optical energy to electric current and the 

collection and conduction of the created electrons [7–9]. A photovoltaic or solar cell is a system 

that can be used to harvest solar energy radiation from the sun. Basic parameters like efficiency, 

availability, and price of essential raw materials, production costs (of setup preparation), cell 

lifetime, and any environmental dangers should all be considered when designing a practically 

stable, functional, and commercially cost-effective solar cell [10]. 

Currently, a chalcogenide semiconductor compound of Cu2ZnSn (SxSe1-x)4 (CZTSSe) 

has attracted a significant consideration in thin-film solar cells as an absorber layer because of 

its eco-friendly, availability, cost-effectiveness, and high efficiency in different applications 

[11–13]. The optical absorption coefficient of CZTS can be easily tuned due to the bandgap 

variation 1.4 – 1.6 eV, and their absorption spectroscopy is higher than 104 cm-1 [14,15]. The 

bandgap tunability allows CZTS materials to absorb light with an absorber layer's thin 

thickness (1-2 μm). CZTS based thin films solar cells exhibit relatively weak conversion 

efficiencies of about 8.4% [16–18], compared to other reported technologically improved 

photovoltaics, like Copper-Indium-Gallium-Sulphide (CIGS) based solar cells that recorded 

efficiencies of over 20% [19]. Another attractive absorber material is a Perovskite material 

(CH3NH3PbI3), which has attracted considerable attention as an absorbing layer. Perovskite 

solar cells (PSC) are highly efficient, low cost with improved output efficiency ranging from 

3% to 20.1% [20–24]. PSC materials can be used in optoelectronic devices, 

electroluminescence from the visible to the near-infrared range, lasers, and photo-detector 

applications [25,26]. PSC materials naturally occur in a standard form of ABX3 configuration, 

where A, B & X are organic cations, e.g., CH3NH3+, divalent metal cation, e.g., Pb+2, Sn+2, and 

halogen anion, e.g., Cl-, Br-, I-, respectively. It has a bandgap of about 1.55 eV, which can be 

increased by adding Cl or Br [25–27]. Although the lifespan of the cells has yet to be proven, 

there is no evidence that it is any longer or shorter than that of pure organic devices. The usage 

of lead in Perovskite compounds is unideal because there is the potential for a lead substitute 

to be used instead, and lead can be used in considerably smaller amounts than what is now used 

in lead or cadmium-based batteries. Finally, the optical density of Perovskite materials has yet 

to be extensively explored, even though it was lower than that of other active materials but 

higher than silicon. As a result, light-harvesting Perovskite devices require thicker layers, 

limiting the fabrication of solution-processed devices by making it difficult to achieve good 

uniformity with such thick layers [28,29]. Large-scale Atomic/Molecular Massively Parallel 

Simulator (LAMMPS), Silvaco ATLAS, Solar Cell Capacitance Simulator (SCAPS), and other 

simulation software models are used to simulate solar cells devices numerically. 

In this research work, one dimensional Solar Cell Capacitance Simulator (SCAPS-1D) 

was employed to study the numerical simulation of the model due to the easy accessibility of 

the simulator and the reliability of the output results the simulations. The simulation of hybrid 

Cu2ZnSnS4-based solar cells was investigated vis-à-vis thickness variations. The multilayers' 

effect of thin-film (CZTS) and organometallic (Perovskite) on the efficiencies of the device 

were also investigated. 
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2. Materials and Methods 

2.1. Device structure. 

The cell model used in the simulation, Figure 1, is a stack of n-FTO/n-ZnO/p-PSC/p-

CZTS/p-PSC/HTM multilayers. This cell structure consists of Fluorine doped tin Oxide 

(Sn2O:F) as the transparent conductive layer, n-type ZnO layer as a buffer layer, Cu2ZnSnS4 

(CZTS), and a Perovskite layer (CH3NH3Pb3-xClx), which is p-type.   

Two different cells considered were "CZTS only" and hybrid "1:2:1" configuration 

cells, which connote PSC: CZTS: PSC with the initial ratio of "25: 50: 25" nm thicknesses in 

the absorber medium and subjected to a thickness variation in step length of 25 nm. The cell 

was illuminated with a transparent conductive oxide (TCO). The TCO serves as a window 

layer, which passes across the electron transport layer (n-type ZnO) and acts as a buffer layer, 

and enters the absorber layer to the hole transport material. 

 
Figure 1. Model of Sandwiched Simulation structure. 

2.2. Simulations. 

SCAPS-1D simulator is based on the solutions of the three basic semiconductor 

equations; Poisson's equation, continuity equation of electron, and continuity equation of hole. 

SCAPS-1D software solves these three combined partial differential equations numerically for 

the electrostatic potentials' electron and hole concentrations as a function of positions x  

[30,31]. 

Poisson's equation is given as 
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where    is electrostatic potential, 𝜀 is dielectric constant and q  is the electronic charge, and 

def  is defect charge density. 
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where p , n  represent free carrier concentrations, ND,A is for charged dopants, ),( pndef for 

defects distributions, jn, jp is the electron and hole current densities, Un,p is the net 

recombination rates, and G is the generation rate. 

The material parameters sourced from previously reported experiments [32,33] were 

used in this simulation, as given in Table 1. The absorption coefficient of the materials was 

determined based on the input parameter and model arrangement, as allowed by the SCAPS-

1D simulator. The absorber layers were varied while the other parameters were kept constant. 

Various efficiencies were generated based on the thickness variation of the absorber.  

All simulations in this work were performed under ambient temperature (300 K). The 

electrical parameters (𝑉𝑂𝐶 , 𝐽𝑆𝐶 ,  FF ) and efficiency generated by SCAPS-1D were used to 

determine the optimal thickness of the absorber layers in the two configurations. The 

simulation's current density – voltage (J-V) and quantum efficiency (Q.E) of the best solar cells 

were then determined. The influence of the sandwich on the absorber layer in the solar cell was 

investigated using material simulation parameters such as absorber layer thickness, bandgap, 

electron affinity, donor and acceptor densities, etc. 

Table 1. Material parameters used in the simulation. 

Parameters FTO ZnO PSC CZTS 

Thickness (nm) 0.5 0.05 Varied Varied 

)(eVEg
 

3.5 3.35 1.55 1.55 

)(eVX  

4.0 4.21 3.9 4.5 

)(eVT  

9.0 9.0 6.5 10 

)( 3−cmNc
 

18102.2   

18102.2   

18102.2   

18102.2   

)( 3−cmNv
 

19108.1   

19108.1   

19108.1   

19108.1   

)/( scmV  

7100.1   

7100.1   

7100.1   

7100.1   

)/( scmVh  

7100.1   

7100.1   

7100.1   

7100.1   

).( 112 −−− sVcme  

2.0 25 1.6 100 

).( 112 −−− sVcmh  

1.0 100 0.2 20 

)( 3−cmN D  

19100.2   

18100.1   

0 0 

)( 3−cmN A  

0 0 18100.6   

181022.8   

3. Results and Discussion 

The band structure plot of solar cells hinges on the compositional variation of the 

constituent of the processing and synthesis of the absorber materials such as organic, metal, 

and anion composition of the material [34,35]. The bandgap of the absorbing material is a 

crucial parameter for photovoltaic actions, as the absorber layer is the key material in solar 

cells device [36]. Thus, the band alignment is the Type II Broken bandgap with approximately 

1.55 eV, consistent with the theoretical reported values [37]. Figure 2 shows that the band 

alignment of CZTS thin-film solar cells describes a single junction bandgap, whereas the 

hybrid CZTS band gap shows three junctions, which confirms the presence of sandwiching 

encapsulation within the absorber layer.  
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Figure 2. The band diagram of simulated hybrid devices. 

3.1.𝐽 − 𝑉 characteristic of the simulated device. 

𝐽 − 𝑉curves are the parameters used to calculate the electrical output power of solar 

cells. Figure 3 shows the 𝐽 − 𝑉 curve of the hybrid simulated device, where, 𝑉𝑂𝐶  =  0.80 𝑉, 

𝐽𝑆𝐶 =  28.22 𝑚𝐴𝑐𝑚−2, 𝐹𝐹 =  49.99% and, 𝑃𝐶𝐸 =  22.57 %. These are cell output 

parameters under the standard simulated sunlight of AM1.5G. The working condition is at 

ambient temperature and frequency of 106 Hz. 

3.2. Effect of sandwiched absorber layer configuration.  

Solar cell device performance depends solely on the electrical characteristic and 

variation of the absorber layer thickness. From Figure 4, when the CZTS material thickness in 

the absorber layer was 100 nm, the efficiency of CZTS solar cells was 11.75%, whereas the 

efficiency of the hybrid CZTS was 16.12%, with a percentage increase of 37%. At 125 nm 

thickness, the efficiency of 13.42% was observed for CZTS, while 17.59% efficiency was 

observed for hybrid CZTS with a 31% increment. 14.81% efficiency was observed for CZTS 

solar cells, while 18.67% was observed for hybrid CZTS solar cells at 150 nm with a percentage 

increase of 26%. At 175 nm, the efficiency of 15.97% was observed for CZTS, while 19.48% 

efficiency was observed for hybrid CZTS cells with a percentage increase of 22%. Also, at 200 

nm, 16.94% efficiency was observed for the CZTS cell, while the efficiency of 20.09% was 

observed for the "121" configuration with a percentage increase of 19%.  

Meanwhile, 17.77% efficiency was recorded for CZTS cells, while 20.57% efficiency 

was observed at 225 nm for hybrid CZTS solar cells with a percentage increment of 16%. At 

250 nm, an efficiency of 18.47% was observed for CZTS, and 20.95% efficiency was observed 

for hybrid CZTS cells with a percentage increase of 13%. The efficiency of 19.06% was 

observed for CZTS, while 21.26% efficiency was recorded for hybrid solar cells with a 

percentage increase of 12% at 275 nm thickness. At 300 nm, an efficiency of 19.57% was 

observed for CZTS solar cells, while 21.51% was observed for hybrid CZTS cells with a 

percentage increase of 10%. An efficiency of 20.01% was recorded for the CZTS cell at 325 

nm, while the hybrid CZTS cell was observed to be 21.72%, with a percentage increase of 9%. 

At 350 nm, 20.39% efficiency was observed for CZTS, while 21.90% was observed for "121" 

hybrid CZTS with a percentage increase of 7%.  
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Meanwhile, at 375 nm, an efficiency of 20.72% was recorded for CZTS solar cells, 

while 22.05% was observed for hybrid CZTS with a percentage increase of 6%. Also, at 400 

nm, efficiencies of 21.01% and 22.18% were recorded for both CZTS and hybrid CZTS solar 

cells with a percentage increase of 5.5%. At 425 nm, an efficiency of 21.27% was observed for 

the CZTS solar cell, while 22.30% was observed for the hybrid CZTS with a percentage 

increase of 5%. At 450 nm, 21.49% and 22.40% efficiencies were observed for CZTS and 

hybrid CZTS solar cells, respectively, with a percentage increase of 4%. However, 21.69% and 

22.49% efficiencies were observed for both CZTS and hybrid CZTS, respectively, at 475 nm, 

with a percentage increase of 3.7%. Lastly, at 500 nm, the efficiency of CZTS was observed to 

be 21.86%, and that of hybrid CZTS was around 22.57%, with a percentage increase of 3%.  

Furthermore, there is no significant increment in the percentage increases of the efficiency 

values of sandwiched CZTS from the 375 nm thickness of the absorber layers. However, any 

further simulation beyond 500 nm in the "121" configuration failed as there was no 

convergence which implies that the configuration has large bandwidth, which affects the 

absorption processes to create electron-hole pairs for the excitation of photons. Further increase 

in the thickness (> 500 nm) was impossible due to the limit of computation. The computation 

limit signifies that the absorber layer thickness threshold limit is less than 500 nm for "121" 

configurations [38]. Meanwhile, the performance efficiency of the current study is consistent 

with previously reported values [28,38]. However, the efficiency values for the as-CZTS 

structure were higher than the PSC configuration. The difference may be due to the SCAPS-

ID incompatibility. 

 
Figure 3. Hybrid 𝐽 − 𝑉 curve characteristics. 

 
Figure 4. Sandwiched percentage conversion efficiency against thickness. 
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3.3. Quantum efficiency of the solar cell. 

The ratio of the number of carriers collected by the solar cell to the number of photons 

of a given energy incident on the solar cell is known as quantum efficiency (Q.E.). It may also 

be given as either a function of wavelength or as energy. Figure 5 shows the plot of Quantum 

Efficiency against the wavelength, which showed that more than 90% of the wavelength 

between 300 nm and 890 nm radioactively recombined, and less than 10% of the wavelength 

recombined through other processes (Auger and SRH). This implied that, at 500 nm thickness, 

the sandwiched layer absorbs almost all the incident photons to create the electron-hole pairs 

and the photo-generated carriers by the built-in field with minimum recombination.  

Figure 5, showed that the sandwiched layer could absorb incident photons up to 800 

nm. This implies that the sandwiched absorber layer can perform better than the CZTS layer, 

which can only absorb photons around 750 nm, because the longer the wavelength, the lower 

the photon energy. Meanwhile, the flattering out of the curve at 800 nm shows that absorption 

beyond this region is unlikely. 

 
Figure 5. CZTS and HYBRID QE against wavelength. 

4. Conclusions 

Copper Zinc Tin Sulphide and Hybrid CZTS-Based solar cells were successfully 

simulated using a One-Dimensional Solar Cell Capacitance Simulator (SCAPS-1D). It was 

found that an increase in the absorber layer thickness range of 100 to 500 nm results in 

increased efficiency for hybrid CZTS (with optimum, 97% at 500 nm)  in comparison to as-

CZTS. Furthermore, it was established that higher absorber thickness (up to 400 nm) leads to 

higher efficiencies and other electrical output of the solar cells. The efficiencies of 21.86% and 

22.57% were recorded for the CZTS and hybrid CZTS-Based solar cells, respectively. Thus, 

the appreciable increment in the efficiency values of hybrid CZTS solar cells showed the 

positive performance of the sandwich absorber layer. 
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