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Fig. 1 CsPbX; perovskite’s schematic structure, band structure™, X-ray diffraction patterns
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1 BORAKAT AR 49 K d o KON 4%

1.1 EFHENRFA

T AR CsPbXs 9K ih, BEISEIK T T
CsPbXs 91K i B i AR E M, W A0S A K™ 4l oK
A0 S 5 NSRS AP I 2 1 . SR, ESERET 4N
K e BB 1 SIZ B A P I FH AT 52 2] — 4 1] 85 114 PR A1)
AR CsPbXs 4K AR, BEESH 1) CsPbX;
YUK ST A BN AN 5), B SR R 3 I 4%
ERELS CsTL PO XTI B 1S R e, BRI T 4N
KA IR AL AR KRS o 1T B 25 R B B B P (R R
BRSE K i BRI B T R B AR AR AR S0 B (2 o7 B ]
BB T-45), #SE CsPbXs 49K F s i e Bk ot
BT AR T SR o EUR e B TR,
FEPEFRTHIX CsPbXs ZAK f 7 [ S bR 3 F B 22 1) —
o fEMIEAE b, A= A4S T B AL EL. Bk

I and tunable photoluminescence (PL)

B BRI AR R 3 R A SR 9K

SRR AR
LU BAUER  HE I R

—J& Pb MM, ERAEN B ALBURE £l LIk
ik Pb &, JFREWHR MR 90K & fa e
PE. Pb 7EERE I RS B CEAER, AR
B S FXFgeR g Z 2 m, D&M
B A 251 HUAR AR £ S mabh el iy BRI 1) e A 0
U8, B A7 BT HUR CsPbX; (3 A2 11 & 2a s o
WHFERI, 7R &7 A RmaE & HIRES
MR T Ph, REEJE PRI T KBRS R A
Hly, Xesl RS T USRS E AN
AR AR, A TRET RSB T,
BT IX — a5, @I AR N SrBry £ Sr B 4 BUAR
Pb 57177 AT DUR KA 1) B & 1 s 3R 1T 1Y)
KEEEM Po JR 7. RN, Sro B 7 2xdlih 2 im b



5255 8

br i 5. BOEGIXES R GUK S RO R 5 N < 2645 -

B2, iE— D32 E CsPbBrs 44K B I I = 7 0%
A2BEE Sr &1 HURFR B 152 i & 1 2 /i
B, XTI T PSR AR, TR
Frak it — 04K Rk, SrilkFE R I3
K RSE N KRR, SRR e,

Mn 5] NRETS SEG BRI 9K & R A2 Rk e &
R, MmigmE 7. MEEMN M BHRINE
B K ) CsPbCls F1 CsPb(CI/Br)s 44K & ik, BB

BEERT 9K 1 S R R T Mn® I S R
CsPbX; LAAZ 1A Mn REZUR A L FINA AL RE R
¥, # CsPbCls INETHCREEH Mn IR K840
Pem, Mn ORI AR AP, T4 Mn®
WREEHE— DI, Mn®" 2 [0 (P2 2R Bk, 45
BB K R s T Mn® X Z T A ELAE AT B Min®
SEERT 9K R SR A 3 B0 T RCR I
HRAIE N Mn® W PE R R B TR EEE IR,

80 74.2% —=— 460 C/10h 50+ 48.3%
70 + —.—470:C/10h ’,f;
60 | S cion 27% 7N
2 2 .. 002 2 s 50l ninl s s
EY: = 200 o 5 40t o &
2 =
)t 20 & 30¢ 30} e
P Yy . 99 , |
PR+ F £222%
Pb ; ; : : . "
n(Pb):n(Sr)=10:0 7:3 5:5 3:7 3 6 9 12

° Cs @ Pb o X @ Dopants

(a) Schematic diagram of divalent
cation substitution at the B-site in the
CsPbX; perovskite crystal lattice
@sieB20@MACs @ Pb @Br @ CsPbBr; QDs

o,d-)
X ko‘do?‘

o)

P ¢ Phase
?—*‘_ a ‘ﬂ"?.. separation
/‘:o . ;.;\° D
YN

e 2
.“”f»mr
P e
Ba*
®

(b) PLQY of glass samples after

Proportion Time/h

(c) Impact of different heat
treatment durations
on PLQY

heat treatment at
460-530 °C for 10 h!"!

Crystallization process

(d) Schematic diagram of the in-situ crystallization process of CsPbBr; QDs in glass
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Fig. 2 Schematic diagram of divalent cation substitution at the B-site in the CsPbX; perovskite crystal lattice, photoluminescence

quantum yield (PLQY) of glass samples after heat treatment at 460-530 ‘C for 10 h!"®), impact of different heat treatment

durations on PLQY, and schematic diagram of the in-situ crystallization process of CsPbBr; QDs in glass
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Fig. 3

Nucleation rate (1) and growth rate (V) as a function of reduced temperature (T/T,) **, PL spectra of CsPbBr; QDs glasses

obtained by different heat-treatment temperature *%, PL spectra of CsPb(Br,_,I,); NCs @glass under different heat treatment
conditions, with an inset of the PL mapping image of CsPb(Br;_,1);*”, and PL spectra of CsPbX;@glass samples (from left

to right: X changes from CI/Br to Br and finally to Br/I)®
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(d) Hlustration of the effect of Mn on the energy levels and related
[21]

radiative recombinations of CsPbXj3
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(e) PL spectra of different compositional glass samples

doped with Mn after heat treatment **!
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Fig. 4 PL spectra of Sr-doped glass treated at 480 ‘C for 10 h!'®! Intensities of the absorption and emission spectra of

CsPb;_Sn,Br; (x=0, 0.10, 0.36, 0.50, 0.70) at 550 °C, and inset: CsPb;_,Sn,Br; glasses under the irradiation of a 365 nm UV
lampm]. PL spectra of CsPb, ,Zn,Br; NCs glasses with different feed molar ratio (Pb:Zn) of 1:0, 0.33:0.67, 0.5:0.5,
0.67:0.33, 0.125:0.875 and 0.1:0.9, respectively™®”, illustration of the effect of Mn on the energy levels and related radiative

recombinations of CsPbX;P!
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(a) Diagram illustrating the process of ultrafast laser-driven nanoscale phase division and the creation of CsPb(Br;4I); nanocrystals within glass

doped with bromide and iodide ions; Photoluminescence mappings and PL spectra of CsPb(BryI,); NCs @glass'™!
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and irradiation time ™!
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Fig. 5 Diagram illustrating the process of ultrafast laser-driven nanoscale phase division and the creation of CsPb(Brly);

nanocrystals within glass doped with bromide and iodide ions, photoluminescence mappings and PL spectra of CsPb(Brl,);
NCs @glass[m, PL spectra of CsPb(Br;,ly); NCs@glass written with different laser parameters, and variation of PL spectra
of CsPb(Br;Iy); nanocrystal glass with irradiation time. Relationship between the PL spectra of CsCdPb;_Br; PNCs

@glass and irradiation time "
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Erasing Rewriting

(c) Exhibits a PL intensity mapping under UV light during the

erasure and rewriting process
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Fig. 6 Optical information storage applications!’*, CsPbl; QDs array as demonstrated in a schematic diagram of multi-layer optical

storage application and exhibits a PL intensity mapping under UV light during the erasure and rewriting process
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Fig. 7 Luminous efficiency (LE)-current and external quantum efficiency (EQE)-current curves of two WLEDs (Scheme 1 and

Scheme 2) based on those compositest'”

, photoluminescence curve and digital photo of WLED device after turned on

current””), and digital photos of CsPbX; QDs glasses beads with turned on current!’”}
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(a) Schematic structure of the CsPbX;@glass-based
back-lighting LCD system!”®!

(c) Applications of laser direct writing of nanocrystals in glass
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(b) Photograph of the designed CsPbX;@glass

backlit LCD in operation!”
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(d) Presentation of a dynamic hologram!”
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Fig. 8 Schematic structure of the CsPbX;@glass-based back-lighting LCD system!”™, Photograph of the designed CsPbX;@glass

backlit LCD in operation”™, Perovskite nanocrystalline pattern and device for laser direct lithography logo of Zhejiang
University based on CsPb(Br ,ly); nanocrystals of different components, color patterns regulating composition of
CsPb(Cl,_,Bry); nanocrystallines, regulation of color patterns of CsPb(Cl,_, yBr,ly); nanocrystalline components, adjust color
pattern generated by the laser parameters, and three-dimensional spiral CsPb(Br, ,Iy); nanocrystalline arrays, presentation of

a dynamic hologram'™
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Extended Abstract

The typical all-inorganic metal halide perovskite CsPbX; (X=Cl, Br, I) is widely used in the field of optoelectronics due to its
advantages such as tunable spectra, good monochromaticity, and high photoluminescence quantum efficiency. However, the structural
instability of perovskite crystals is one of the inevitable problems affecting their practical applications.

Perovskite nanocrystal glass, with its unique advantages such as tunable emission wavelength in the visible light spectrum,
ultra-high stability, high photoluminescence quantum efficiency, and good monochromaticity, is widely used in frontier areas such as
optical storage, Micro-LEDs, and ultra-high-resolution displays. However, there are still some issues with perovskite nanocrystal
glass in applications. For example, the dense glass network structure limits the migration and growth of nanocrystals, resulting in
lower quantum efficiency compared to nanocrystals in colloids. To optimize quantum efficiency, appropriate B-site substitution ions
can be selected to reduce the toxicity of Pb and to improve the stability of perovskite nanocrystals. The heat treatment process reduces
the energy barrier of the glass network, promotes the migration and enrichment of perovskite ions, and regulates the glass network
structure to affect the migration and aggregation of ions, thereby affecting the nucleation and growth of perovskites. Additionally,
self-crystallizing glass has relatively low energy barriers and reduces energy consumption during the heat treatment process. These
methods of controlling crystal quality provide opportunities for improving the quantum efficiency of perovskite nanocrystal glass.

Furthermore, controlling the size and composition of perovskite nanocrystals can achieve tunable emission wavelengths. In
addition to the above methods, ultrafast lasers, with features such as energy accumulation due to multiphoton absorption,
micro-explosions induced by plasma thermal expansion, and rearrangement of glass frameworks, can induce local crystallization of
glass, enabling direct redistribution of regional elements and design of localized chemical compositions. These optimization measures
make full-spectrum coverage possible, which benefits significantly for color rendering, lighting efficiency, and energy savings.

Perovskite nanocrystal glass exhibits excellent stability while maintaining its excellent optical properties, demonstrating
tremendous potential in the field of optics. Through encapsulation in a glass matrix, the stability of perovskite nanocrystals is
enhanced, ensuring long-term stability and high efficiency performance in harsh environments. The fundamental mechanisms of
controlling the composition of perovskite crystals and emission wavelengths through heat treatment, ultrafast laser writing, and other
methods are analyzed thoroughly. Finally, the potential applications and development prospects of perovskite nanocrystal glass in
fields such as LEDs and optical storage are summarized and forecasted.

Summary and prospects Encapsulating CsPbX3; NCs within a glass matrix has enhanced the stability of nanocrystals, enabling
efficient and long-term luminescence in optical applications. To improve the PLQY and to tune the emission wavelength of CsPbX3
NCs@glass, methods such as B-site substitution, modification of glass components, optimization of heat treatment processes, and
improvement of laser processing parameters can be employed to regulate their luminescent properties. The resulting materials have
been widely used in fields such as optical storage, LED displays, photocatalysis, and X-ray detection. However, the quantum
efficiency of CsPbX; NCs@glass reported in most literatures is generally lower than that in colloidal nanocrystals since the dense
glass network hinders the diffusion of CS*, Pb?*, X, making direct modification and surface passivation of perovskite nanocrystals
challenging. To unlock the potential applications of CsPbX; NCs@glass in optical fields, the other considerations are suggested to
keep in mind, that is, to reduce the toxicity of Pb and to enhance the quantum efficiency of blue-band of CsPbX; NCs@glass. The
strategies are hopeful to achieve technological leap in this area.

Key words perovskite, nanocrystal glass; optimizing quantum efficiency; regulating emission wavelength; optical storage;
light-emitting diode display



