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Crystallization Modulation of Wide-Bandgap
Perovskites on Textured Silicon for Tandem
Solar Cells
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ABSTRACT: Despite the rapid progress of monolithic perovskite-silicon tandem
solar cells on planar and nanotextured silicon subcells, achieving high-performance
tandem devices directly adopting commercially compatible crystalline silicon cells
remains difficult because of the hardly controllable fabrication of wide-bandgap
perovskite films on top. Herein, we developed a facile crystallization modulation
strategy for the vapor—solution hybrid two-step deposited wide-bandgap
perovskites on fully textured crystalline silicon substrates. We comprehensively
investigate the conversion process of thermally evaporated inorganic frameworks
to the desired perovskite phase under different humid air conditions, and %0 08 12 18 20
successfully disassemble the moisture- and thermal-induced complex effects on the Voltage (V)

crystallization and degradation of perovskite films. With a carefully modulated

sequential annealing process in ambient, we obtain high-quality wide-bandgap perovskite films conformally grown on fully
textured silicon substrates with reduced defects and homogeneous composition distribution, enabling the achievement of
perovskite-silicon tandems with a certified PCE of 31.4%, which is among the best-performing tandem devices utilizing
commercial silicon subcells.
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wo-terminal (2T) monolithic perovskite-silicon tan-

dem solar cells (TSCs) have experienced fast develop-

ment during the past decade, demonstrating a certified
power conversion efficiency (PCE) of 34.6%, which exceeds
the Ghnckley Queisser limit of their single-junction counter-
parts.'™ However, state-of-the-art high-performance perov-
skite-silicon tandem solar cells largely rely on c-silicon cells
with polished or submicrotextured (pyramid size <500 nm)
surface, which is hardly compatible with the current industrial
production line.’ To address the issue, a hybrid vapor—
solution two-step manufacturing process combining the
advantages of thermal evaporation and solution processing
methods was developed to enable the conformal growth of
perovskite films on fully textured csilicon subcells.”> To
ensure the fabrication of high-quality wide-bandgap perovskite
light-harvesting layers on fully textured silicon substrates,
various strategies have been developed to modulate the
complex phase conversion and crystallization processes.”™”
Recently, by utilizing effective additives to retard the
crystallization process of perovskite along with rationally
designed interface passivation, a recorded PCE of 31.25% for
tandem solar cells using the hybrid deposition method was
acquired.” However, fabricating high-quality wide-bandgap
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perovskite films on fully textured c-silicon utilizing the vapor—
solution process remains challenging, which can be attributed
to the hardly controllable diffusion reaction between organic
salts and the condensed vapor-deposited inorganic framework,
during which the simultaneously crystallized perovskite phase
would inevitably block their sequential diffusion and the
following film crystallization.'” As a result, the composition
distribution of the resultant wide-bandgap perovskite films is
usually heterogeneous, with the phase conversion at the
bottom of the perovskite film being incomplete, leading to
substantial defects and obvious nonradiative recombination
losses. Therefore, further exploring effective strategies for the
crystallization control of wide-bandgap perovskite films on fully
textured c-silicon is imperative to advance the performance of
ensuing tandem solar cells.
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