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. Perovskite solar cells (PSCs) are promising candidates for next-generation

- photovoltaics owing to their unparalieled power conversion efficlencies |
' (PCEs). Currently, approaches

1. Introduction

Perovskite materials are pfurni-tiqglund'i-
a1 P L P ety i\ Jdales as new-generation photovoltaic ma-
to further improve device efficiencies tendto = ° S =

processes M However, peruvskite flms
prepared via such rapid low-temperature
approaches tend to contain large numbers

il o b i e terials due to their favorable characreris-

* focus on the 'pl!ﬂtﬂ._i:bll Oﬁﬂl'ﬂﬁdl‘ dﬂfm”["wlh various ““t_*iif,! " ., o, induding a tunable bandgap. a high
L have been developed to mitigate these defects, many involve complexand . .| jight absorption coefficient, and c:ﬁ[llem
| time-consuming post-treatment ﬂm;.l.mmw.hiﬂmﬁl tjﬂit S charge armier transport propevtics 2 E‘[:;
i widespread adoption in commercial applications. In this work, a concise but | .  date, pawee Wﬂ*e::n fffgiﬂéw? Df.t )
_efficient in situ dual-interface passivation strategy is developed wherein i ::s ;t!:?:mr:vsl_us {PSE;] e s :P::-
L buvt S metiylimidaroianmethinesulonate (MS) Js.empicyed & S R o they brve receied Frowing atiention
F.P"'-'“"_‘?' additive. During perovskite crystallization, MS can eitherbe i 0] from the photovoltaic community.*! State-
- enriched downward through precipitation with SnO;.“nrﬂnbelgmlhdf %1 of-the-art PSCs are usually prepared by low-
. upward through lattice extrusion. These self-assembled MS species playa - H1 temperature sclution methods, which are
signifcant role n passivating the defect Interfaces, theraby feducing | _highhroughput, lowost industrialization
' nonradiative recombination losses, and promoting more efficient charge . ...

| extraction, As a result, a PCE >25% (certified PCE of 24.84%) is achieved with

 substantially improved long-term storage and photothermal stabilities. This .

¢ promise for the industrialization of PSCs. -/ © . 1 it o
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of interfacial defects. Compared to bulk de-
fects, interfacal defects can be more detn-

© o+ mental to the performance of a device due
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to their significantly higher densities.™™
These interfacial defects, which can lead
te significant non-radiative recombination
losses, constitute a crucial impediment to approaching the
Shockley-Qucisser limit {SQ Limity of the PCE!'! VI [n addition,
these interfacial defects promote the degradation of PSCs. which
must be addressed to achieve the industriahization of PSCs '+
To reduce the interfacial defect density, various defect passiva-
tion strategies have been developed, and these can be dassified
into top and buried interfacial passivation approaches depend-
ing on the functioned spatial position "=’ In the top interface
approach, volatile organic components can be released from the
perovskite film during thermal annealing, which can cause de-
ficiencies in the coordination of lead or halide vacancies 1! To
address this issuc, halide salts have been used to induce recrystal
lization, and low-dimensional perovskite passivation luyers have
been employed to modify the perovskite surfaces 2V In terms
of the buried interface. the abundance of trap sites on the sur-
faces of charge-transport lyers (e-g.. 5nO, or polymer poly{bis(4-
phmfl}I_I.I.B-trimﬂhy!phrnj]]:minc] (PFTAA), can have detri-
mental effects on perovskite crystal growth, interfacial charge
transport, and the device stability!™! To optimize the buried
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