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Abstract: Perovskite light-emitting diodes (PeLEDs) have attracted extensive attention owing to their high color
purity, solution processability, and excellent electroluminescent performance. However, defect states and wetting
mismatch at the PEDOT : PSS/perovskite buried interface can aggravate nonradiative recombination and induce carrier
injection imbalance, thereby limiting further improvement in device performance. In this work, phenylphosphonic
acid (PhPA) was selected as an interfacial modification molecule to construct an interfacial layer between PEDOT :
PSS and the perovskite emissive layer, and isopropanol (IPA) rinsing was further introduced to optimize the interfa-
cial state. The results show that PhPA can regulate the surface chemical environment and surface energy of PEDOT :
PSS, improve perovskite film formation, and suppress nonradiative recombination. After IPA rinsing, redundant Ph-
PA molecules at the interface are reduced, and the carrier recombination process is further improved. Based on this

strategy, the maximum external quantum efficiency of the green device is improved from 6.59% to 9. 51%, and the
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operational lifetime (Ts,) shows a significant more-than-fourfold enhancement, increasing from 104. 24 s to 433. 11

s. This interfacial treatment strategy expands the application of phosphonic acid molecules in buried-interface modu-

lation of PeLEDs and provides useful experimental evidence for improving device efficiency and operational stability.
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Fig.1 (a)Device structure and the interfacial PhPA layer; (b) Preparation routes of the four samples (pristine, pristine + rinse,

PhPA, and PhPA + rinse) ; (¢)Schematic illustration of the modulation effect of IPA rinsing on the PhPA interfacial layer.
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Fig.2

(a) XPS survey spectra of ITO/PEDOT : PSS, ITO/PEDOT: PSS/PhPA, and ITO/PEDOT: PSS/PhPA/rinse; (b, ¢)High-

resolution XPS spectra of O 1s and S 2p for the corresponding samples; (d) XPS survey spectra of the ITO/PEDOT : PSS/

perovskite systems under different interfacial treatment conditions; (e, f)High-resolution XPS spectra of Pb 4f and Br 3d

for the corresponding samples; (g)Water contact angles of PEDOT : PSS surfaces under different interfacial treatment con-

ditions.
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Fig.3

(a-d)SEM images of perovskite films prepared on pristine, pristine + rinse, PhPA, and PhPA + rinse substrates, respec-

tively; (e-h) Corresponding AFM images and root-mean-square roughness (RMS) values; (i) Normalized PL spectra of

perovskite films prepared on pristine, PhPA, and PhPA + rinse substrates; (j)Corresponding TRPL decay curves.
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Tab. 1 TRPL fitting parameters of perovskite films under
different interfacial treatment conditions

Sample  7,(ns) 7,(ns) A,(%) A,(%) z,/(ns)
pristine 1.21 11.63 49.70 50. 30 10. 66
PhPA 1.37 17.87 49. 46 50. 54 16.72
PhPA+rinse 1.43 18.02 46. 94 53.06 16. 93
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Fig.4 (a)J-V curves of pristine, PhPA, and PhPA + rinse devices; (b) Corresponding L-V curves; (c) Corresponding EQE-]J

curves; (d)Normalized luminance decay curves of different devices; (e)EL spectra of the devices measured at the maxi-

mum EQE; (f)Corresponding CIE coordinates.
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Fig.5 (a)ESP distribution of the PhPA molecule; (b) Structural model of the interaction between the PhPA molecule and the

perovskite surface; (c)Charge density difference of the corresponding system, where yellow and blue regions represent

electron accumulation and electron depletion, respectively.
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