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applications.

Highlights
◆ Developed high-efficiency, stable PeLEDs using a weak space-confinement strategy to enhance both

efficiency and lifetime
◆ Introduced HPA and NH4Cl into CsPbBr3 precursors to control crystallization, yielding high-quality

films with large grains and few boundaries
◆ The  weakly  confined  PeLEDs  achieved  22%  EQE,  1.16×106  cd  m-2  brightness,  and  a  1.85×105  h

lifetime, marking a major advance in stability and brightness
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Abstract  We  focused  on  developing  high-efficiency  and  stable  perovskite  light-emitting  diodes  (PeLEDs),  with
particular  emphasis  on  exploring  a  new  approach  to  improve  the  efficiency  and  lifetime  through  a  “weak  space-
confinement”  strategy.  Although  the  conventional  “strong  space-confinement”  strategy  can  improve  emission
efficiency, it also leads to severe Auger recombination and ion migration, resulting in low brightness and poor device
stability  of  perovskite  LEDs.  Moreover,  the  commonly  used  organic  ligands  in  such  systems  exhibit  poor  thermal
stability  and  cannot  withstand  Joule  heating  during  device  operation,  thereby  limiting  the  long-term  stability.  To
overcome these challenges,  hypophosphorous acid (HPA) and ammonium chloride (NH4Cl) were introduced into the
CsPbBr3 precursor  system to  regulate  the  crystallization  process.  This  approach  yielded  highly  crystalline  perovskite
films  with  large  grain  size  and  low  grain-boundary  density.  The  weakly  space-confined  perovskite  films  show
suppressed  Auger  recombination,  reduced  ion  migration,  and  enhanced  thermal  stability.  Based  on  this  design,  the
fabricated green PeLEDs achieved an external quantum efficiency (EQE) of 22%, a maximum brightness of 1.16×106

cd m-2, and an extrapolated lifetime of 1.85×105 hours at 100 cd m-2. These results represent a significant breakthrough
in both brightness and stability, providing a promising pathway toward the practical application of perovskite LEDs.
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