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Abstract: Metal halide perovskite light-emitting diodes (PeLEDs) are attracting intense academic and industrial
interest for next-generation high-definition displays because of their readily tunable emission and the cost advantages
offered by solution processability. Spin-coating is currently the most widely used route to deposit perovskite films,
yet it suffers from high-boiling toxic solvents, uncontrolled crystallization and poor large-area uniformity. Vacuum
thermal evaporation circumvents these limitations: it is solvent-free, environmentally benign, allows angstrom-level
thickness and rate control, and is fully compatible with existing organic light-emitting diodes (OLED) fabrication
lines, making it the most promising technique for scaling PeLED to large-area panels. Here we review the three prin-
cipal vacuum thermal evaporation protocols-single evaporation, sequential evaporation and co-evaporation-used to

deposit perovskite films. We then summarize recent strategies and progress in achieving high-performance red,

Wi BHER: 2025-11-26; &iTHEF: 2025-12-09



55 3 1

Ji W, SF e B AR R A R OE BRI RO T BRI S S TR AL 487

green, and blue PeLEDs through compositional engineering, interface optimization, and device architecture design.

Finally, we outline the remaining challenges and future research directions that must be addressed to commercialize

vacuum thermal evaporation based PeLED technology.

Keywords: perovskite light-emitting diodes (PeLEDs) ; vacuum thermal evaporation; fabrication process; material

strategy; interface engineering
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(a)Phase diagram of CsBr-PbBr, binary system™". (b)Schematic of CsPbBr; embedded in the Cs,PbBrg matrix””"’. (¢)PL

of CsPbBry films with different Cs/Pb ratios™". (d) Schematic of perovskite films containing DPEPO conductive addi-

tive™. (e)TFIR spectra of pristine and DPEPO-added perovskites™. (f) Comparison of Ts, lifetime between the fabricat-

ed device and existing thermally evaporated PeLED"?’
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(a)Device structure of PeLED with incorporation of TPPO"**. (b)EQE-voltage curve™. (¢)EQE-luminance curve ™. (d)

Device structure of PeLED with the passivation layer PEO: MgCL,'™. (e) Luminance-voltage curve'®”. (f) EQE-voltage

curve' . (g) Device structure of PeLED with the passivation layer PEABr'®". (h) EL spectrum'’. (i) CIE color coordi-
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(a) The longitudinal distribution of the I/Pb atomic ratio in the MAPbI; evaporation deposition process with thickness .

]

(b)Schematic diagram of the interaction mechanism between perovskite and 2-F-TPPO, where 2-F-TPPO acts as a defect

passivator to regulate the crystallization process'*’
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Fig.4 (a)Schematic diagram of the spatial intensity of PL using the high-throughput combination method with dual-source co-
evaporation . (b) XRD patterns acquired at different positions using the high-throughput combination method with dual-

source co-evaporation®’. (¢) Absorption spectra acquired at different positions using the high-throughput combination

method with dual-source co-evaporation . (d)Phase evolution diagrams of Cs-Pb-X corresponding to different Cs/Pb ra-
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rich surface"®”
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