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Abstract: 

Metal halide perovskite solar cells have achieved remarkable efficiencies at the laboratory scale. 

Nonetheless, their transition to practical applications demands the development of processing 

strategies that are reproducible, scalable, environmentally sustainable, and broadly applicable 

across different material compositions. In particular, the antisolvent-assisted crystallization step 

widely used to control perovskite film formation in high-efficiency devices still relies on dynamic 

solvent dripping processes that are highly sensitive to processing conditions and challenging to 

reproduce over large areas. 

In this context, we propose a strategy to trigger perovskite crystallization through post-deposition 

solvent manipulation, using an ambient air static antisolvent treatment. We demonstrate that 

incorporating a polar protic component (isopropanol) into a conventional low-polarity antisolvent 

(chlorobenzene) accelerates and homogenizes perovskite crystallization by increasing the mixture’s 

polarity, thereby enhancing its interaction with precursors and deposition solvents. In situ grazing-

incidence wide-angle X-ray scattering and photoluminescence measurements reveal the formation 

of larger and more uniformly distributed crystalline nanodomains during static antisolvent treatment 

with the binary solvent system. Importantly, the method is applicable to four different metal halide 

perovskite compositions, spanning bandgaps from 1.53 to 1.68 eV, and enables the stabilization of 

the cubic phase even when films are processed under ambient humidity conditions (relative 

humidity ~30%), while maintaining high reproducibility. Furthermore, replacing common aromatic 

antisolvents with the eco-friendly ethyl acetate preserves film quality while improving process 

sustainability. 

Finally, we validate the scalability of this strategy in both perovskite/silicon tandem solar cells and 

single-junction minimodules with an active area of 25 cm², achieving power conversion efficiencies 

of 27.7% and 18.1%, respectively. These results demonstrate the robustness, scalability, and 

environmental compatibility of the process across large-area and tandem architectures, establishing 

it as a viable and industrially relevant route toward perovskite photovoltaic manufacturing. 
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