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Development of High-Efficiency Flexible Perovskite Solar Cells via
Integration of Co-assembled Monolayer Interface Engineering and Roll-to-
Sheet Slot-die Coating
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Abstract

With the rapid growth of wearable electronics and Internet of Things (IoT) technologies, lightweight energy
devices with high mechanical flexibility are increasingly required. Flexible perovskite solar cells (F-PSCs) are
promising candidates due to their high power conversion efficiency (PCE) and low-temperature processability.
However, the conventional hole transport layer PEDOT:PSS suffers from acidity and hygroscopicity, leading to
interfacial degradation and limited device performance. To address this issue, a co-assembled self-assembled
monolayer (co-SAM) strategy based on MeO-2PACz and 2PACz is proposed. An optimized 0.5:0.5 mixing ratio
effectively tunes interfacial surface energy and energy-level alignment, enabling rigid devices to achieve a PCE of
20.45%. Mechanistic analysis shows that the co-SAM interface reduces surface roughness and suppresses
interfacial charge recombination. This strategy was further extended to flexible substrates, yielding a PCE of
17.25%. When the co-SAM hole transport layer was fabricated using a roll-to-sheet (R2S) slot-die coating process,
the flexible devices retained a PCE of 16.50%, demonstrating good process compatibility and scalability for F-
PSC fabrication.
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