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The certified efficiency of printable Pb perovskite solar cells is 25.5 % which is close to 26.7% of
the single crystal Si solar cell, though the perovskite layer is prepared by printing processes at
around 100 °C. The band gap of the Pb perovskite is 1.55-1.6 eV and 30% efficiency is expected
from Shockley-Queisser limit. Sn and SnPb perovskite have the best band gaps from 1.2-1.4 eV
and 33% efficiency is expected. However, the efficiency of Sn and SnPb perovskite solar cells
were not as high as those of the Pb perovskite solar cell, because of the defects created in the Sn
and SnPb perovskite layer. The efficiency of Pb perovskite solar cells is compared with those of
Sn and SnPb perovskite solar cells and the difference is discussed from the view point of defect
structures, defect formation energy and

defect energy levels. The efficiency 25 Surface passivation and energy level optimization
transition of Sn and SnPb perovskite solar ITO—»FTO
cells is summarized and these efficiency 20 £ /)t/
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decrease in the lattice disordering, and the 2012 2014 2016 2018 2020 2022
optimization of the band energy levels. Publication year

13.6 % efficiency of the Sn perovskite solar
cells and 23.3% efficiency of SnPb
perovskite solar cells are reported as the
results in our group. The top efficiency of Sn perovskite solar cell is now 14.6 % and that of SnPb
perovskite solar cells is 23.3 %.
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Efficiency transition of SnPb perovskite solar cells
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Figure 1. Perovskite solar cell normal

structure. PVK: perovskite
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Figure 3. Certified efficiency for various solar
cells. XXX(YYY):efficiency/%(cell area/cm?)
Dotted line: Shockley-Queisser limit 33%
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Table 1. Reports on Sn perovskite solar cells with efficiency over 11%

Year | Efficiency Composition Title Authors Paper
Lead-free Tin-halide Perovskite Solar s Nano Energy, 2020, 74, 104858.
2020 13.24 (FAEA)EDASNKI; Cells with 13% Efficiency Kohei Nishimura, et al. DOI:10.1016/j.nancen.2020.104858.
High Performance Lead-Free Solar ACS Energy Lett. 2020, 5, 7, 2223-2230
2020 | 109 FASnl,-4amp  |Cells Based on Tin-Halide Perovskite |y, opop o g, https://doi.org/10.1021/acsenergylett.0c
Thin Films Functionalized by a 00888
Divalent Organic Cation ’
Efficient and Stable Tin Perovskite
R Solar Cells Enabled by Graded . RRL Solar, 2020, 4, 2000240.
2020 | 10.96 FASNI:TBAL |y, terostructure of Light?Absorbing || 2nPa0 Wu, etal. https://doi.org/10.1002/s0lr.202000240.
Layer
FASnL:phenyihvd Self?Repairing Tin?Based Perovskite Advanced Materials, 2020, 32, 1907623.
2020 | 114 PN SIPACNYIYCTA g 51 Cells with a Breakthrough Chengbo Wang, etal. |https://doi.org/10.1002/adma.20190762
zine hydrochloride |p ¢eiicncy Over 11% 3
Sn(IV)-free tin perovskite films Nature Communications 2020, 11, 3008.
2020 11.5 FAMASNI; realized by in situ Sn(0) nanoparticle |Tomoya Nakamura, et al. |https://doi.org/10.1038/5s41467-020-
treatment of the precursor solution 16726-3.
Ultra-high open-circuit voltage of tin Nature Communications, 2020, 11, 1245.
2020 12.4 PEAFASKHL, perovskite solar cells via an electron  |Xianyuan Jiang, et al. https://doi.org/10.1038/s41467-020-
transporting layer design 15078-2.
Perovskite Solar Cell under Matter, 2021, 4, 709-721.
2021 134 FASnI3 Coordinated Control of Chengbo Wang, et al. DOlhttps://doi.org/10.1039/D1SE00160
Phenylhydrazine and Halogen Ions D.
One-Step Synthesis of Snl2 *
2021 | 146 | FAEDA)SnI3(Br) |(PMSO)x Adducts for High- Xianyuan Jiang, et al. JACS, 2021, 143, 10970-10976-
Performance Tin Perovskite Solar https://doi.org/10.1021
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