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Abstract To provide theoretical support for modeling and designing perovskite quantum dot devices pumped by electron
beams, this paper explores the microscopic luminescence process of perovskite quantum dot films pumped by electron
beams, which reveals the energy conversion model and luminescence mechanism. Firstly, the paper analyzes the
microscopic luminescence and lasing processes of perovskite quantum dots pumped by electron beams theoretically.
Furthermore, the lasing and luminescence thresholds of quantum dots pumped by electron beams are found to be the
macroscopic physical constraint boundaries that should be detected to build the energy conversion model. Then, the
effective detection methods of lasing and luminescence thresholds are analyzed and discussed, and specific evaluation
experiments have been carried out repeatedly. Finally, the relationship among luminescence energy conversion efficiency,
polarization distribution of nanocrystals, and electron beam pumping intensity in perovskite quantum dot films is simulated

and constructed by combining with the detection of physical constraint boundaries.
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Fig. 1

Microstructure analysis of CsPbBr3. (a) Electron localization function of CsPbBr, at (001) plane; (b) energy band structure of

CsPbBr;; (¢) electron density of valence band; (d) electron density of conduction band

X AR T E AR . T R, A
SCSZ B R PR R AE FH 355 nm (1 O AR M fi 4 U, FEAR
P SCHk (2514 K T CsPbBr, % W I % K i 78 1ITO
(HA8) A ) 21T o i Tk Ao R vl 3 ok R0 Uk ok T
DLAT R 45 1) TTO % 5§ | CsPbBr, 39 5 A9 J5 5, i 7kl
2 FE S A LR R AE A & 2 FE 3 R

6000

4000

T

(211)

(110)

2000 [-(100)
210
il e

010 20 30 50 60

Intensity /arb. units

40
20 /(%)

B2 CsPbBr, 4k i A i) X 52 17 565 181 3%
Fig. 2 X-ray diffraction patterns of CsPbBr, nanocrystals
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Fig. 3  Characterization of CsPbBr3 films. (a) TEM characterization of CsPbBr, nanocrystals; (b) size distribution of nanocrystals;

(c)-(e) scanning electron microscopy (SEM) characterization of CsPbBr, perovskite thin films with thicknesses of 300, 800, and 4500 nm
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Fig. 4 Electron beam pumped perovskite quantum dot luminescence. (a) Luminescence threshold of electron beam pumped perovskite
quantum dots varies with pump voltage (inset is electron beam pumped perovskite quantum dot luminescence spectrum);

(b) transient luminescence of perovskite quantum dots
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Fig. 5

Luminescence threshold of electron beam pumped perovskite quantum dots.

(a) Characterization of metal film-net;

(b) luminescence imaging of PQDs pumped by laser; (c) luminescence imaging of PQDs pumped by 5 keV electron beam;

(d) space frequency spectrum of PQDs pumped by electron beam; (e) space frequency spectrum comparison of two luminescence

models; (f) edge gradient comparison of two luminescence models
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Fig. 6 Energy distributions and luminescence model of electron beam in PQD films. (a) Vertical energy distribution of electron beam in

PQD films; (b) horizontal energy distribution of electron beam in PQD films; (c) luminescence distribution model of PQD films

pumped by 5 keV electron beam
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