Perovskite/perovskite tandem solar cells with efficiency higher than 26%
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The efficiency of the lead perovskite solar cells (Pb-PVK-PV) is now over 25% (1,2). Tandem cells
consisting of the Pb-PVK-PV as the top cell and Si solar cells as the bottom cells have attracted
attention as solar cells with the efficiency higher than Pb-PVK-PV. The certified efficiency is now
32.5% (2). In addition, especially, all perovskite tandem solar cells have an advantage over the tandem
cells consisting of Pb-PVK-PV/(top)/inorganic solar cells(bottom) from the view point of flexible
tandem solar cells, because both top and bottom cells are fabricated by the low temperature-printable
process. 28% efficiency has been reported as the all-perovskite tandem solar cells (1).

The all-perovskite tandem solar cells are composed of Pb-PVK PVs as the top cells and tin-lead
alloyed perovskite solar cells (SnPb-PVK-PV) with the bottom layer. The former is the Pb-PVK-PV
with a wide bandgap of 1.77 eV (FA0sCso2PblisBri2) and the latter is the SnPb-PVK-PV with a
narrow bandgap of 1.25 eV (Cso.025FA0.471sMA05SNg sPbosl2.025Bro075). The structure of the top cells is
as follows: HTL/(FA0sCso2Pbl1sBri2)/C60. The bottom layer is composed of HTL/
(CSo_ostAo_475MAo,sSﬂo,sto_s|2,925|3I'o,o75)/C60. ALD-SnO,/1Z0 was used as the interlayer of the top cell
and the bottom cell. The ALD-SnO, was employed to decrease the spatter damage against the
Pb-PVK-PV during the preparation of the 1ZO layer. We have already reported the SnPb-PVK solar
cells with 23.3% (3). The bottom layer was prepared by the method previously reported (3).

The top layer for the perovskite/Si tandem solar cells is around 1.6 eV. However, in the case of the
all- perovskite tandem solar cells, Pb-PVK-PV with 1.7-1.8 eV band gap were needed. The bandgap is
wider than that of the Pb-PVK-PV showing higher efficiency over 25% (bandgap: 1.55-1.6 eV). The
re-optimization of the solar cell structure was needed. We investigated the relationship among the
structure of the HTL, the band energy diagram and the solar cell efficiency, and we optimized the top
cell structure. In this presentation, especially, the relationship between the band energy alignment
including the carrier dynamics and the solar cell efficiency is discussed. Finally, the tandem cell with
the efficiency over 26% is reported.
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