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Modification of Vacuum-Processed Perovskite Light-Emitting Diodes via
Fluorinated Phenethylammonium Bromide
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Abstract

Metal halide perovskite light-emitting diodes (PeLEDs) have emerged as a pivotal research direction for
next-generation display technologies due to their exceptional color purity and continuously tunable bandgaps.
However, all-inorganic three-dimensional (3D) CsPbBr; perovskites are often constrained by low exciton binding
energies and high-density interfacial defects, which facilitate carrier dissociation and non-radiative recombination,
thereby limiting both radiative efficiency and operational stability. In this work, we employ a full-vacuum thermal
co-evaporation process to systematically investigate the influence of p-fluorophenethylammonium bromide (p-F-
PEABT) co-evaporation rates on the microstructural evolution and optoelectronic performance of CsPbBr3; emis-
sive layers. Experimental results demonstrate that the introduction of p-F-PEABr effectively induces a structural
transition from a 3D framework to a quasi-two-dimensional (quasi-2D) phase, significantly enhancing exciton
binding energy and establishing an efficient energy funneling mechanism.At an optimized p-F-PEABr co-evapo-
ration rate of 0.5 A/s, the resulting devices exhibit champion performance: the maximum external quantum effi-

ciency (EQE) increases from 2.29 % to 5.23%, with a maximum current efficiency of 17.57 cd/A. Additionally,
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the electroluminescence center peak blue-shifts from 520 nm to 515 nm and remains remarkably stable across a
wide range of driving voltages. Microstructural analysis reveals that the fluorinated cations not only effectively
passivate undercoordinated surface lead defects but also modulate the crystal growth mode, thereby optimizing
charge transport dynamics and boosting overall luminous efficiency. This study provides a critical molecular en-
gineering strategy for fabricating high-performance and stable all-inorganic PeLEDs via vacuum-based processes,

offering significant academic and practical value for integrating perovskite technology with existing industrial

vacuum display applications.
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