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Abstract : Metal halide perovskite materials are considered as promising semiconducting mate-
rials for next-generation solar cells due to their unique electrical and optical properties. Inten-
sive progress in perovskite solar cell yielded a certified power conversion efficiency over 24%.
However, most of highly efficient perovskite solar cells required Pb-based perovskite materials,
which is a critical obstacle for their commercialization, and development of Pb-free perovskite
materials is one of recent urgent issues in this field. In this paper, we will introduce recent
research progress on Pb-free perovskite solar cells.
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Fig. 1. (a) Crystal structure of CH;NH;Snl; xBry (b) Cross-sectional scanning electron microscopy (SEM) image of
CH;NH;Snl; perovskite solar cell (¢) Schematic band alignment of CH3;NH;Snl; xBrx with TiO, and spiro-OMeTAD
hole transport material (HTM). Photocurrent density-voltage (J—F)) characteristics (d) and corresponding IPCE spectra

(e) of perovskite solar cell.”
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Fig. 2. (a) A schematic of CH;NH;Snl; perovskite film formation originated from Snl, through the Snl,-3DMSO

intermediate. (b) SEM images of the CH3;NH;Snl; perovskite film on mesoporous TiO, derived from different solvents.
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Fig. 3. (a) SEM images of FASnI; perovskite film fabricated using various solvents and additives.'” (b) Mechanism of
hydrazine vapor reaction with Sn-based perovskite materials. Reduction process: 2Snlg* + N,H, — 2SnI,> + N, +
4HL (c) Schematic illustration of the (101) plane of a (PEA),(FA)sSnol,5 (n = 9) 2D perovskite crystal.'® (d) Schematic
crystal structure of 2D/3D FASnl; perovskite mixture, and J-V curves under one sun AM 1.5 G condition for devices

containing pure 3D and 2D/3D perovskite (the inset shows the device structure).
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Fig. 4. (a) Schematic energy level diagram of CsGel;, MAGel; and FAGels. (b) J-V curves of perovskite solar cells

fabricated with different germanium halide perovskites.'®
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Fig. 5. (a) Schematic illustration of the Cs;Bi,ly structure. The unit cell is marked with the dark lines and the bismuth
iodide octahedra are marked with a cyan color.2” (b) Photographs of MA;Bi,I, (MBI) and MAPbI; over time in ambient
air.”Y (¢) SEM image of MBI perovskite film deposited by two-step approach - high-vacuum Bil; deposition and low-
vacuum homogeneous transformation of Bil3 to MA;Bi,l,, and J-V curve of MBI-based perovskite solar cell.”?
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