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Abstract

With increasing concerns over energy shortages and environmental sustainability, the development of high-
efficiency and stable photovoltaic technologies has become essential. Among emerging materials, all-inorganic
perovskites such as CsPbl,Br have attracted significant attention due to their improved phase stability. However,
rapid crystallization during high-temperature processing often induces interfacial defects, leading to enhanced non-
radiative recombination and open-circuit voltage (Vo) loss, thereby limiting device performance. In this work, we
propose a sequential CsBr/Pbl, bilayer pre-nucleation strategy prior to the co-evaporation of the perovskite active
layer. This approach modulates nucleation kinetics and crystal growth behavior. Structural and optical
characterizations reveal that the bilayer strategy significantly enhances crystallinity and grain size without altering
the material composition or bandgap. X-ray diffraction shows strengthened diffraction peaks at the (100), (110),
and (200) planes. Photoluminescence intensity increases, indicating suppressed non-radiative recombination.
Atomic force microscopy confirms smoother surfaces and enlarged crystalline domains. Perovskite solar cells with
a fully vacuum-deposited n—i—p architecture demonstrate improved photovoltaic performance using the bilayer
strategy. The V. increases from 1.03 V to 1.08 V, and the power conversion efficiency improves from 7.8% to
8.1%. The enhanced performance is primarily attributed to reduced surface defect density and suppressed non-
radiative recombination. This study demonstrates that the sequential pre-nucleation bilayer engineering is an
effective strategy for improving the performance of all-inorganic perovskite solar cells.
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