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Perovskite solar cells (PSCs) are extensively studied due to their low cost and high power-conversion
efficiency. However, the scalable fabrication of pinhole-free perovskite films with uniform coverage and
large well-crystallized grains still remains a significant challenge to date. Currently, the seed-assisted
growth technique is emerging as a useful approach for enhancing the device performance of PSCs by
finely tuning the morphology of the perovskite film, affording heterogeneous nucleation sites that
improve the quality of crystallization. In this perspective, we provide a concise overview of the seed-
assisted crystallization strategy, encompassing the provision of heterogeneous nucleation sites,
reduction of energy barriers, control over nucleation processes, and the necessity and benefits of
implementing this approach in perovskite modules, all of which collectively lead to notable
improvements in perovskite device performance. By highlighting the application of the above templated
crystallization in a scalable process, we propose that the deliberate integration of consistently oriented
and uniformly-sized seeds during large-area coating holds the potential to yield superior film
crystallization uniformity and heightened efficiency in the module. We hope this perspective can screen
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1. Introduction

Perovskite solar cells (PSCs) are gaining extensive attention in
both photovoltaic academia and industry for their high effi-
ciency and low-cost fabrication, making them a promising
alternative to current silicon solar cells. The rapid efficiency
improvements of PCEs from 3.85% to 26.1% in a decade is due
to their photophysical properties, such as tunable bandgaps,
low exaction binding energies, and long carrier diffusion
lengths.™* Achieving a high-quality microstructure is essential
for device performance, where pinhole-free and uniform films
with large grains are desirable. To that end, several fabrication
processes have been explored, encompassing the one-step®*
and two-step solution methods® and evaporation approaches.®
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Spin-coating, as the most commonly used method, has
demonstrated many successful examples of efficient devices at
the lab-scale. Nevertheless, as required by future practical
applications, scalable approaches other than spin-coating are
needed to afford uniform and cost-efficient film formation for
future PSC modules/panels.” Various deposition methods have
been developed, such as inkjet-printing,*® blade-coating,'®"*
slot-die coating,'” and vapor-deposition.'* However, the inho-
mogeneous morphology of perovskite films emerges as the key
issue in the above scalable approach, particularly in large area
modules, leading to a considerable decline in their efficiency
and stability. Fig. 1A demonstrates the performance and
deposition method utilized for PSCs, revealing a sharp decrease
in PCE concomitant with an increase in device area. Despite
many efforts in module fabrication, scaling the area of perov-
skite films remains a formidable challenge, necessitating solu-
tions to address issues such as low device efficiency and
suboptimal  film  quality observed in  large-area
configurations."*” Furthermore, the uncontrollable reproduc-
ibility of precursor solutions, characterized by the rapid nucle-
ation and growth rates of perovskite -crystals, further
complicates the commercialization prospects of perovskite-
based technologies.'®**

To overcome above issues, optimizations such as composi-
tion engineering,>*** interface modification,”** and additive
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