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13 a2 efficient perovskite solar cellst
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Guangtong Hai, and Yufei Zhong @ +°

Low-cofl solution processing has enabled perovikite solir cells 10 rapidly improve ther efficiency
However, the uncontrolled marphology of the photoactive liyer hinders thew further enhancement
Specifically, the soivent-solute interactions in the precursor solution lead 1o a special stage during film
formation, namely the sohvate phade, plyng a vital role in determening the quality of perovikiles via subse-
quent phase Irarubors. We Perern investigate the IMpact of NOSLGUEE SOhent SYSlemrs on the Crystallisation
of photovoltac perovaiites and ther comesponding effect on device figures of ment. In particulsr, we found
that the barmer of the dominating phase transformabion process could be manipulated by balancing the intes -
action of solvent-Pbly and solverit=FAl. Addtionally. we reveal that the strong binding energy between the
solvert and Pbl; restrains solvent evaporation at the boftomn ol the perovshite oystals leadng o the
presence of vods during annealing Enhanced solvent-FAl intermoleculsr interactions, combined with the
improved miscibilty between the sclvert component and antisolvent could faciitate the extraction of solvents
from the saburated Derovelite DISCLIFSOr SOMGON, Jvoidling the ormation of vosds. By systematically manipaulat -
ng the above procesies. we oblaned an optmized morphoiogy with enfenced Orystal quality with device
efficiency incressing rom 22 06X to 2324% We beleve the simple methodology presented heve prowdes

Recewed Mth December 2024,
Accepted 27t December 2024

DOf: 10.1039/081c05165¢

Published on M) Decambea X024, Downloaded by Zhepang Universaly om STR028 & 52:19 AM.

Introduction

Perovskite photovoltaics are propelling the advancement of
third-generation thin-film photovoltaic technologies, achieving
a remarkable certified efficiency of 26.7% through a solution-
processed approach.’” In this approach, rational modulation
of the solvent's chemical composition is a crucial prerequisite
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new insghts into understanding the solubon-solid transitons of photovoltac peroviktes.
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7 Additionally, comprehensive understanding of the
difh-mmmlnd cystal growth process is essential for
optimizing device performance, including the mechanisms of
solvent-perovskite coordination and dissolution, formation of
intermediates, crystallization regulation, phase transition, and
defect control.* "'

The exploration of solvent engineering has fortunately
afforded researchers a significant understanding of the interac-
tions between solvents and perovskites. Currently, the most
commonly employed solvent system for the fabrication of
high-efficiency solar cells comprises a Lewis base mixture of
dimethylformamide (DMF) and dimethyl sulfoxide (DMS0).***
Within this mixture, DMF already partially forms strong hydro-
gen bonds with FA™ and exhibits coordination with Pb™, while
DMSO demonstrates a strong coordinating interaction with
Pb™, leading to the formation of a stable intermediate phase
(Pbl, DMS0)."* This interaction enhances the solubility of inor-
ganic lead sales, effectively improves the uniformity of stoichio-
metric nucleation and delays crystallization during phase
separation of the precursor solution, thus ultimately enlarging
the grain size of the perovskite.!” However, the crystallization of
the perovskite precursor occurs from the surface to the bottom.

This joumnal is © The Royal Society of Chemistry 2025
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