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Abstract: Due to their promising performance, perovskite materials continue to be highly sought after for solar cell applications. CH3NH3PbI3 is one of the top choices that have been extensively researched in various studies. However, the toxicity of the lead employed in this kind of material limits its usage in large-scale perovskite solar cell manufacturing, necessitating the search for alternative lead-free perovskite materials. This work describes the design and simulation of lead-free perovskite materials. Using the simulation tool, this work investigated a variety of factors influencing the efficiency of a CH3NH3GeI3 perovskite solar cell (PSC). The fundamental device investigated in this study had a structure of FTO/IGZO/CH3NH3GeI3/Cu2O/Au.
The thickness of each layer electron transport layer (ETL), perovskite absorption layer (PAL), and hole transport layer (HTL) was studied, as well as the doping concentration and defect density. The optimal parameters for light conversion efficiency were an ETL (IGZO) thickness of 40 nm, a PAL (CH3NH3GeI3) thickness of 1400 nm, and an HTL (Cu2O) thickness of 200 nm, with a PAL defect density of 1015 cm−3. The optimized PSC achieved a maximum efficiency of 30.45%. The study's findings are expected to assist optimize and improve the efficiency of lead-free perovskite solar cells using inorganic charge-carrier transport layers. The estimated model concludes that lead-free perovskite materials hold considerable promise for producing high-efficiency solar cell systems.
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