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Efficiency and durability enhancement of solar cells using lead-free high
dimensional halide perovskite materials
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Thin films of metal halide perovskite with a three-dimensional crystal
structure in which lead is replaced with harmless metal cations such as Ag, Bi, Sn, and Ti are
formed by solution process and vacuum deposition methods, and their optical properties are
evaluated. Photovoltaic deviced using theselead-free perovskite films are fabricated for evaluation
of power conversion efficiency (PCE). Among Ag-Bi materials, a PCE of 2.7% was obtained with a thin
film of Ag2Bil5, and an efficiency of over 4% was obtained with the double perovskite Cs2AgBiBr6. In

addition, as a new development, AgBiS2, which replaced halogen with sulfur, achieved an efficiency
of more than 5%. Sn-based perovskites phootovoltaic cells were fabricated using a passivation method
to suppress the oxidation of divalent Sn and the best cell achieved a high efficiency of 11.4%.
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