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ABSTRACT: Sn-Pb narrow-bandgap perovskite solar cells, which is a light-harvesting layer thicker than 1.3 micrometers, is needed to
enhance the low photocurrent. The fabrication of such a thick film through solution processing is a key challenge. Here, we studied and
characterized the film by using a precursor solution of increased concentration, comparing it with the universally used 1-micrometer
Sn-Pb perovskite film. The increase in molar concentration clearly induced thickness enhancement, but we observed that it also created
numerous voids at the interface with bottom charge transporting layer. We hypothesized that these voids might hinder the increase in
photocurrent associated with thickness enhancement. By introducing methylammonium chloride (MACI), we successfully fabricated
Sn-Pb perovskite film with a thickness of 1.3 micrometer and no voids. Void-controlled Sn-Pb perovskite solar cells not only
demonstrated superior short-circuit current density compared to those with voids but also operated smoothly under light exposure.
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Fig. 1. Target 1 films. Cross-sectional SEM images for (A) control
and (D) target 1 films. (E) X-ray diffraction patterns of
control and target 1. In panel A, B, C, and D, the scale
bar indicates 1 micrometer. All films were fabricated in
FTO/PEDOT:PSS/perovskite structure
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Fig. 2. (A) Digital photos of tin-lead perovskite films (control,
target 1 and target 2) on FTO substate. (B) Digital photos
of tin-lead perovskite films (control, target 1 and target
2) on ITO substate
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Fig. 3. (A) Top-view SEM image of target 2. (B) cross-sectional
SEM image of target 2. (C) X-ray diffraction patterns of
target 2. (D) In panel A and B, the scale bar indicates 1
micrometer. (E) Comparison of absorbance for control,
target 1 and target 2 film
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Fig. 4. (A)-(D) PV parameters of control, target 1 and target 2. (E) J-V curve of the best-performing control, target 1 and target 2. Solid
and dashed arrows indicate forward and reverse scan, respectively. (F) EQE curve of the best-performing control, target 1 and
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