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Optical Properties of CsPbX; Quantum Dots Embedded Glass-Ceramics

CAO Enhao'?, ZHOU Dacheng'?, LIU Ying'?, YANG Yong'?, HASSAN Babeker'?, WANG Qi'?, QIU Jianbei'?
(1. School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China;
2. Key Laboratory of Advanced Materials of Yunnan Province, Kunming 650033, China)

Abstract: CsPbX; (X=Cl, Br, I) perovskite quantum dots embedded glass-ceramics (GCs) are a composite material with the steady
physical and chemical properties of glass matrix phase and the superior optical performance of CsPbX; quantum dot phase. These
materials are used in optical data storage, random laser, X-ray image, lighting and display, solar cells, photocatalysis, efc.. Recent
advances on the preparation and the corresponding performance/application were introduced, i.e., the use of fs laser to form CsPbX3
in selected zone to serve as optical data storage, thereby showing the regular pattern of these materials’ composition-structure-
performance relationship. Nevertheless, these are some challenges of investigating for these materials, i.e., the in-situ formation of
CsPbX; in glass matrix is entirely unclear. And the studies on CsPbX; precursors’ occurrence state, neighbor structure and
morphological distribution could further help to understand the formation mechanism of CsPbXj in glass, providing a guide to obtain
the better CsPbX; perovskite quantum dots embedded GCs.
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Table 1 Summary of heat-treatment parameters for CsPbX; quantum dots’ morphology and performance

Heat-treatment parameters Morphology and performance
Glass type Crystal Ref.
Processing time/h Temperature/'C Size/nm Emission peak/nm Absorption edge/nm
aluminosilicate-based
oxyfluoride CsPbBr; 10 400-550 500-512 [60]
borogermanate CsPbBr; 10 460-520 515-523 510-525 [61]
borogermanate CsPbl; 648-730 [62]
boron-barium CsPb(CIBr); 3-12 450-530 442-528 [63]
boron-barium CsPbBr; 2-12 490-550 510-525 [64]
boron-barium CsPbBr; 3 490-550 494-525 [65]
boron-barium CsPbl; 3+3 100-150+150-200 675-691 [19]
borosilicate CsPbBr; 5 440-530 5.64-7.61 498-522 [66]
borosilicate CsPbCl,Br; 10 440-530 3.75-6.2 [67]
fluorophosphate CsPbBr; 470-536 [68]
phosphate CsPbBr; 5-10 390410 6.6-9.6 493-518 478-508 [69]
phosphate CsPbBr; 3 400490 530-542 [70]
phosphate CsPbCls 10 360-420 4.85-6.50 405-410 [71]
tellurite Cs4PbBrg 1 280-330 463-513 [72]
tellurite-tungsten CsPbBr; 3-7 310-350 4.72-9.78 [73]
2.3 E CsPbX; 997 N(E D)o HAMETEHTHS T RBBOGEK . D,

MR T AR O A R T AR SR K 02 5 CsPbBr; 521, 41 7EAH
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MRS P T o R A A M R T R CsPbBrs dit%, T SRR AR . Sun SDMEIL RN, #E—5FIH
R T IR AL RS, BRI XIS “fﬁ”f CI'—Br I S BPIEH LI CsPb(Cly—,Bril,)s

”ﬁj‘%ﬁllﬂ@ﬂ?i’ﬂ}i‘# 3.8 nm ffJ CsPbBr;. Jf H. 1l LA TR R KT R A AR, A8 T NEREIL
CRPBOLIE B, A EE S AR B RS E‘J?;z;‘ﬁﬂl$ 480~700 nm (1] WHE(E 1),
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Fig. 1 (a) Schematic of the femtosecond laser writing system for sample fabrication. Different structures and patterns can be
controllably created by combing a focused femtosecond laser beam™?; (b) Proposed mechanisms of reversible ‘writing and
erasing’ of CsPbBr; QDs!”; (c) Optical images of fs laser-induced dots (after annealing) formed at different laser repetition
rate with pulse duration of 220 fs and laser peak power of 18000 kW!” (Scale bars, 10 pm)
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Fig. 2 Synthesis of a CsPbBr; quantum dot superlattice in
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980 nm NIR laser triggered by
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Table 2 Summary of CsPbX; quantum dots embedded GCs’ stability

Heating-cooling cycle

Accelerated aging test Water tolerance

Glass type Crystals Cyclic Cyclic » Immersion Recovery ~ Ref:
Recovery rate Condition Recovery rate .
temperature count time rate
30 mins 1 No significant o
mins laser o significan
Aluminosilicate ~ CsPbBr; 25°C-275°C 10 No significant change o & 60 d Significant  [119]
irradiation change
change
25°C~100 C 1 9%
Borate CsPbBr; . . [113]
+25 C~200 'C +1 95%
300K~500 K 1 10d 90%
Borophosphate ~ CsPbBr; 100% [50]
+300 K~450 K +1 40d 75%
N
. 25 ‘C~100 C 1 No significant change 60 mins laser No significant . .o
Borosilicate CsPbBr; 5 5 . o 1 months  Significant  [120]
+25 C~200 'C +1 93% irradiation change
change
Enhanced
Phosphate CsPbBr3 50 days in air Weakened 50d [32]
(>100%)
500 h@25 C and
Phosphorosilicate CsPbBr; 2l 3 RT~180 C 1 75% @ 95.90% 40d 90% [121]
85%RH
RT~100 'C 1 92% 120 90%
Tellurite CsPbBr; +RT~150 'C +1 82% ) ’ [17]
+RT~200 C +1 60% 45d 60%
No
Tellurite-Tungsten ~ CsPbBr; 60d Significant [73]
change

FEMHIEIRAU, 456 CsPbXs LR ALk
fE-5 PO AR E IYIMETERER] CsPbXs filt il B3
Wt 3k — 20 3 R R AR KRR ok

PR o0 5o LEDY 214 75 T e AL
M4 U, % 3 AT CsPbXs TS s HIVER)
LED TEA A bR v ™ H7E &5 B 7 b
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& 3 CsPbX; EF AMAEBBERRHTEREIRETH
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Table 3 Summary of the CsPbX; quantum dots embedded

GCs LED devices’ color gamut cover rate in two

standard
Glass type NTSC 1953 Rec. 2020 References
Boron-Barium 119% 93% [125]
Boron-Germanium 108%—125% 77%—-86% [33,61]
Borophosphate 125% 78% [126]
Borosilicate 82%-140% 75%~-98% [8,42,115,127]
Phosphorosilicate 74%-99% 58%—94% [121,128]

CsPbX; 1 Uik i 3 355 340w DL AR R 21 B N
B ATR . W Ma 255 A SCE S AR T
Euw 15441 CsPbBr; T IEEE, FEVENINIRAE AT LA
320 15 Ip/mm 7 FFEEE X B4 848

Zhang 21501 % 7 R REFAKLFIIE FE K CsPbBrs
MemBEs, HAE 800 nm KAPWIGIEH NS R
1.1 nm 5 58 (1 R e08~527 nm BEHLEOE . Du 27
il 7 CsPbBrs Bl IR #5170 3538 I il oG 4F
FEMRA 7 HAZ B A LAXE 351 nm BO6HOK BT
532 nm WO A 55 R

Sun ZEPHH KB ORI E T ~800 nm £k 5
~7 um [A]FE CsPbBr; Z6A1~3 pm £&55~3 pm [E]EE Y
CsPbl; St . Hu 2P B A CsPbBrs Y #4 1 3k
R REILE, AMUTLLE54E CsPbBrs B, ik
A CLSEEL T e, B T ORBH R Rt & 1 RUE
Ding 257 H] CsPbBry:Zn 4l 35 3 e (B A0 2 A K il
Ao FPEERT LA 127.04 pmol-g '

SEIUE B AE f /7%, W Huang 26U K
PO WO 1E B B P <48 5 CsPbX5, A CsPbBr;
RSN 4 nm (WLE 4). W RETLIER: 2 um
SLTTIXCHEAE Y 1 AN ERERE, o CsPbX; (9 kN
0F0 1 BIHWr, FEAFE 15 cmx15 cmx0.5 cm K/»
HIBE 38 FoK AT DL fiE~175 GB BI%dE, X2 AH A
R U A A A SERE ] A R Y 2 A%
EZRRNNY (N BB U I e - 3= R W-a® AT D S R )
R I X — T H b

Erasing Recovery

E— E—

— 4mm f—

Bl 4 SR #E s CsPbBr; =4E4iH AT
Fig. 4 Photographs of a larger-sized cubic sample for the
demonstration of a reversible CsPbBr; QD 3D
structurel”’

ERIELHEE

CsPbX; & 1 s B F & T 03
AR, AMUBEMHAE TR PEREFN S
AR R, B~ CsPbXs &1 FH IR 21wt
FURRAL T 5 B AR B0& R

ARICMER T RBHIFN R IEEAE CsPbX; &1 A%
T B IR A 4% 5 n L MR AR S N S O T A
MRk . Ak, FAEARSRIHE T A I 2 3k
fi%, 41 CsPbXs 7E 3 3 3 o7 11 g Ao AR KL BE AN
SEATIEHE, X CsPbXs B KA 7E 35 15 1ol I B 2
MR AT ARZS « A0 45 M R0 43 A5 FE 25 I B 70K B
TiE— BN R CsPbXs 75 B8 1 (1 BV LEE, 3k
B TEREEUF A CsPbX; &7 I B B 4R it
Hitte S,

BEAE X CsPbXs & sl foll i Bt — B IR AT
T, HRATREAERENIEOE. X ST A, R
R OKPHAER M. eSS AT, FEAEFL
TENCEE B AT R HE AR .
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