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Abstract.  
All-perovskite tandem solar cells (APTSCs) provides a strong pathway for exceeding the performance of 
conventional solar cellswhile maintaining low fabrication costs. This study presents a numerically designed 
APTSC using SCAPS-1D, featuring an inverted p-i-n configuration with a top cell of 
ITO/NiOx/CsPbI2Br/ZnO/Au and a bottom cell of ITO/PEDOT:GO/Cs2SnI6/GO(graphene oxide)/Ag. The 
design leverages all-inorganic perovskites CsPbI2Br (1.78 eV) and lead-free Cs2SnI6 (1.48 eV) to enhance 
stability and efficiency. Through precise current matching, the proposed TSC achieves a maximum PCE of 
24.47%, exceeding the experimentally reported 21.92%. Analysis of bulk defect density (10¹  cm ³) yields a 
bottom cell PCE of 21%, with a current density of 11.83 mA cm ², open-circuit voltage, VOC of 1.21 V, and fill 
factor of 84.7%, while interface defects (10¹  cm ²) result in a PCE of 17.17%. The device operates optimally at 
300 K, with layer thicknesses compatible with experimental fabrication. This work highlights the potential of 
all-inorganic APTSCs to deliver high efficiency and durability. 
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1. INTRODUCTION 

Solar cells are sustainable source of green energy harvesting. Due to the SQE limitations of theoretical 
PCE of 34% associated with single-junction solar devices[1], researchers identified that tandem solar cell 
(TSCs)having multiple bandgap is the right approach to increase the PCE [2][3][4][5].Among these, all-
perovskite tandem solar cells (APTSCs) have garnered significant attention [6]. Cesium lead halides (CsPbX3, 
where X = I, Br, Cl)have surfaced as viable contenders for the PV technology.[7][8][9]. Chenghao Duan et al. A 
ligand evolution approach using p-toluenesulfonyl hydrazide reported efficiency of 17.41% for a 1.31 eV 
CsPb0.4Sn0.6I3:LE device and a champion efficiency of 22.57% for 2T IPTSC with top cell as CsPbI2Br[10]. A. 
Chouhan et. al. established a standalone Cs2SnI6 based solar cell reported a PCE of 22.59 %[11].Qiu et al. 
reported a Cs2SnI6-based perovskite with EG(1.48 eV) reported efficiency of 1%[12],Xiaofeng et al. reported a 
Cs2SnI6 perovskite solar cell (PSC) using ZnO as the ETL, demonstrating an efficiency of 0.857%, with 
inorganic absorber layers, ETL-ZnO, and HTL P3HT[13], Jun et al. observed Cs2SnCl6-xBr-based 
photodetectors[14]. 

In this study, an all-perovskite tandem solar cell (APTSC) is modelled using SCAPS-1D, with 
ITO/NiOx/CsPbI2Br/ZnO/Au as the top cell and ITO/PEDOT:GO/Cs2SnI6/GO/Ag as the bottom cell, both in an 
inverted p-i-
performance is analyzed. 

2. Methodology 

In this study, the schematic of proposed device structure is shown in Figure 1. The simulation is conducted 
using SCAPS-1D software[15]  

 

The proposed device structure employs ITO/NiOx/CsPbI2Br/ZnO/Au as top cell and 
ITO/PEDOT:GO/Cs2SnI6/GO(Graphene Oxide)/Ag as bottom cell. 



First International Conference on Computer, Computation and Communication  (IC3C-2025) 

470 

 

  
Figure.17. Schematic of Tandem Solar Cell. Figure.2. Matched JV-Curve of top cell with 

experimental data. 

2.1. Calibration to experimental device. 

At the beginning the modelled bottom cell is calibrated with a similar experimental device reported in the 
literature[10] as shown in Figure.2. The slight variation in JSC and VOC may be due to non-availability of exact 
materials properties used in the simulation.  

3. Results and Discussions 

The Design of Tandem Solar cell is done, Firstly, the bottom cell which is optimized for its best performance by 
evaluating the condition for both bulk and interface defect density. 

3.1. Design of Tandem Solar cell.  

The TSC is modelled by matching the current in both top cell and bottom cellsThe filter spectrum is calculated 
using Beert lamberet law as given in eq.2. 

 

  

Figure.4. Matched JV-Curve of top cell with 

experimental data 
Figure.5. Standard transmitted spectrum from the 

top cell for absorber thickness from 600 to 1200 nm 

The JSC matching thickness for WBG is found to be 252 nm and NBG is 600 nm at 12.44 mAcm-2. The 
designing of TSC is carried out by calculating Filter Spectrum from 200 nm to 1200nm of WBG absorber. The 
performance of tandem configuration JSC, VOC, FF % and PCE % is obtained as 12.11 mAcm-2, 2.25 V, 79.74 %, 
24.47 % for the proposed device structure showcasing maximum PCE of 24.47 %. 
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Figure.6. J-V curve of standalone tandem cell. 

Table.2. Performance Parameters of Proposed APTSC. 

 

Parameters JSC (%) VOC (%) FF (%) PCE (%) 

Top Cell 12.02 1.22 79.26 13.15 

Bottom Cell 12.44 1.02 79.54 17.55 

Tandem 12.11 2.25 79.74 24.47 

Experimental[10] 14.57 1.90 81.44 22.57 

4. Conclusion 
Upon comparison of power conversion efficiency the PSC of proposed TSC is 24.47 % which is higher 
compared to experimentally reported PCE i.e. 21.92 %[10]. Upon the analysis of Bulk defect density, the 
maximum performance of all the SC parameters are obtained at 1010 cm-2 while interface defect is observed to 
be maximum at 1010 mAcm-2. The spectrum range is analyzed within the visible spectrum range. The thickness 
of both the LA aligns within the boundary of experimental findings making it suitable for fabrication analysis. 
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