5% 52 &5 8 i JiE S > B < N Vol. 52, No. 8

I

2024 7 8 A JOURNAL OF THE CHINESE CERAMIC SOCIETY August, 2024

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20240077

& & i i

REROE RS B R AT R AP REE ST

R, g, FET

(1. R T REMA RS TSR, R SRR R E AR E, M 510641 2. R TR a4,
Tl 510641)

W FE: 2LHUEHIK(CsPbX;, X=Cl, Br, DESERE &1 SsE i R4 iy OtE TR08 . AT se v
AN R B T IE R AR S R e 2 Mk R, SZBIBE U AT 2 500 . R ik 0T B R PO In g MR R CRE 2
W =4 TaR A BOTE, EAREME e SC SRR MR TS5 AT T N o A SO KR B0t
PSR TSP EAER, GAaNd T ORI R BT R AT AT RERT SR, N RO EH
B ERAT B 5 T ) AR SR A HIE FUA S 13 1 B B A LA

KHEIR: ESED B s, RO :
hES%S: TQI71.1 SEMFERD: A CEHRS: 0454-5648(2024)08-2659-13 TS
4% i ARETiE) . 2024-05-24

TN & T A (CsPbXs, X=CI, Br, DRl miATIRIASIE. BEjaiE RAeBgfe, wrfe B it
AL Re 2 SRR, W= 777 % (QY). JF T AR T Y BT B A ST 2
RALRE . TR RO . RSB A B AR R, B A B BRI T R R PR AR
TP B R, FERMHAERmLET, Rt — N FREBESAE, (Rl E IR IR E A,
P (LED) L S s gl PRt D M RATE BRI G . X R AL B 5 VR RE I A B
AU AT TR N A AT St SR, P54 R SRR CsPbX; B, JF HasEab iy
M T HETEMMBORRERE, BHRIA  ASCER MR, A7 SEHN BT RS R T
S Ky IR AR PR 5 A 12l 43 O REEE ST T, R E T R A K.
N T R EAE IR RO, Wit AR I S A R BT T T VR AR
N PUT IR IS CsPoX; BT riBREIAA RE  ARIE, HILRS DA 2R TR i 2k, R
MR tE . MU R E AL SR e BB A AIREE. FRILZ A, Xiang PRI
AT Rk, PR R ENIC AR RIS R R T R B AR T AT H 3
FERERRERDO O e Rl MRS BER R SEGNAESARIGIARE, B I
ERUS R R BV S g R R b BRI RS RONE T AU KR AL T R, BRI T B
KR, TN AEREHREME B0 xS KR RS S, MR TN ER SRR
SR BUETT L WO e E B AEMEROES Wit Zhang WU TREBHEI T PO AR AL
By £ 2 A BRSE S0 LS, K& Csy Bry Eu (UBIER #h3%

PRERH BT AR P A R B S SRR A FES, FIA CsPbBr () Pb” UK
Kike BT BT MAROC RO GBI RSO R EARRE S, B A ER
R R TIR G TS, B FRIEHI SR SHENSHES, ST PO iR, R
R — BRI, RS SRR, DISRESHTE T RPUKKEMEEIAE, BHR L BORAEWIEIA ST

WeRs H 3 2024-01-26. BT H#E: 2024-03-12. Received date: 2024-01-26.  Revised date: 2024-03—12.
HEUH: EREAARREEESEFIS(62205109); EHRERE#HESE First author: LE Yakun (1999-), male, Doctoral candidate.

7535 4E R A 4 T H (62122027) E-mail: 2023101843 13@mail.scut.edu.cn
B—EE: RWHM(1999—), B, B4, Correspondent author: DONG Guoping (1983-), male, Ph.D., Professor.

EEEE: BEET1983—), W, HE, #i%. E-mail: dgp@scut.edu.cn



.« 2660 - CREFR Eh22 4D

J Chin Ceram Soc, 2024, 52(8): 2659-2671

2024 4

B TR, SR 4% 46 1 22 52 B 7K 43 AR T Wy
. Uk Li MR DRI K S 1 CsPbBr;
o AT A, MR R G, RO
BT . Wang Z5E12VRI 7K FAR 3 58 1 AR 1 50 B
IR0 S 2T O ) | s s e Y o ]
CsPbX; F5ERH & 1 s B, H H Sl 17 B pith
IgE.

SRMTC e 2 A kvl e A i, IR
J15 KBS AR R E &8 Pb fE 1, #ik
i1 5l B = VA1 = £ 50 QL Y I 5
I TaZE B R CUIE B R A = 4B T2

AROTE, AR AR E AR,
TSR T2 MR CRWokEN £
T SE AR AR, JoRG5 RE AR
e Es ST HT RSt I LR AR R R Bk R
il SR RO, T b A 2 ) 3 R S
M SR A R 51 O s B mUAR IR T R R
AT LI s B SRR BTN
RS BURRIX T 5T A gk SR
1R, TG SR & 1 R T
RAPBOL G TAEIE W BERRL N T A Bk
BT R

R1 NEFEREERT EFRRBHRRE
Table 1 Advantages and disadvantages of different preparation methods of perovskite quantum dots (PQDs) embedded glass

Preparation method Advantage

Disadvantage

Thermal treatment
Mechanical treatment Stress sensing, ion exchange
hydration treatment Humidity sensing
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Simple preparation and adjustable crystal size

Adjustable crystal size, localization crystallization and low toxicity

Unlocatable crystallization
Damaged structure, poor stability
Damaged structure, poor stability

High requirements on equipment
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(e) Optical images of multi-layer PQDs
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Femtosecond laser controls the crystallization size of PQDs embedded glass

[50, 69-70]
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(b) PL spectra of CsPb(Br;4Ix); PQDs
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Spa to Spg represent the CsPb(Br;_«Iy); PQDs written in glass with different laser parameters.
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Fig. 2 Femtosecond laser controls the crystallization type of PQDs in glass
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Fig. 5 Polarization luminescence of PQDs embedded glass achieved by femtosecond laser
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Fig. 6 Amplified spontaneous emission and laser of PQDs embedded glass achieved by femtosecond laser’
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Research Progress in Crystallization and Optical Properties of Perovskite
Quantum Dot Glass Regulated by Femtosecond Laser
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China)

Extended Abstract

All-inorganic cesium lead halide (CsPbX;, X = Cl, Br, I) perovskite quantum-dots (PQDs) glass exhibits exceptional optical and
electrical properties, such as high quantum yield (QY), high purity, tunable emission wavelength, high defect tolerance, and fast
charge carrier diffusion rates, making them promising for a wide range of applications in photovoltaics, light-emitting diodes (LEDs),
photodetectors, lasers, and other optoelectronic devices. However, perovskite quantum dots are prone to degradation due to their ionic
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structure and high surface energy when exposed to circumstances of oxygen, moisture, high temperatures, and intense light. In order
to enhance their stability and maintain the high luminescence efficiency, researchers have begun to incorporate these CsPbXj
quantum dots into high-transparency glass substrates with excellent thermal, mechanical, and chemical stability. In recent years, many
researchers have successfully synthesized PQDs embedded glass systems such as silicate, germanate, tellurite, phosphate, and borate,
and have applied the synthesized material in fields of optical sensing, X-ray imaging, lasers, optical information storage, and optical
anti-counterfeiting.

Common methods to prepare PQDs embedded glass include melt-quenching method, mechanical stress-induced method, and
water-induced methods. Both thermal treatment methods fail to localize crystallization, while stress- or water-induced crystallization
detrimentally affect the glass structure and introduce toxicity from surface heavy metal Pb, significantly limit their application
prospects. Fortunately, ultra-short pulse laser, femtosecond laser processing of transparent materials, has been demonstrated as an
effective means to construct three-dimensional photonic device structures. This facilitates the materials to be hopefully applied in
nonlinear optics, optical data storage, and nanophotonics. Femtosecond laser interacts with transparent materials via multiphoton
absorption, circumventing the need to consider material absorption or introduce new absorption centers, and the highly localized
energy of focused ultra-short pulse laser is achieved. The high spatial resolution of this processing is realized by the rapid
redistribution of atoms at the laser focus induced by successive nonlinear optical processes. This technique has been successfully
applied to introduce microcracks, alter micro-zone refractive indices, and form nanocrystals. Compared to traditional methods for
preparing perovskite quantum dots, femtosecond laser is more suitable for precipitating perovskite quantum dots within transparent
glass materials.

This article provides a comprehensive overview of the progress made in studying the crystallization and optical properties of
CsPbX; PQDs embedded glass under femtosecond laser irradiation, and offers new ideas and insights for future research and
application of PQDs embedded glass regulated by femtosecond laser.

Summary and prospects Coating PQDs in transparent glass media has greatly enhanced stability while maintaining excellent
optical properties, so as to attract widespread attention from researchers in recent years. Utilizing femtosecond laser technology
enables the manipulation of crystallization behavior of perovskite quantum dot glass in three-dimensional space, which holds
significant implications for three-dimensional optical information encryption and storage. Additionally, the interaction between
femtosecond laser and PQDs embedded glass enables reversible luminescence, laser emission, polarization, and long persistent
luminescence properties, significantly expanding the application domains of PQDs embedded glass. However, many challenges still
exist in the direction of femtosecond laser and PQDs embedded glass that researchers need to explore and resolve. The challenges are:
how to use femtosecond laser to fabricate perovskite waveguides or single crystals in glass, potentially endowing inorganic glass with
optoelectronic properties; how to design and to fabricate lead-free perovskite glass using femtosecond laser to further investigate its
optical applications while maintaining non-toxic high optical performance; how to utilize femtosecond laser as pump sources to
achieve laser output from PQDs embedded glass at room temperature; how to design specific optical devices and principles to further
reduce the size of PQDs written inside glass to the nanometer scale using femtosecond laser, which is expected to greatly enhance the
three-dimensional optical information storage capacity, etc. It is believed that in the near future, PQDs embedded glass under the
influence of femtosecond lasers will lead us into a brand-new optoelectronic world.

Keywords perovskite quantum dots; glass; femtosecond laser



