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Nano-Glass Composite Scintillators: Opportunities and Challenges

SUN Bochao', SUI Zexuan', WANG Ci', ZHAO Lei*, GAO Zhigang®, REN Jing'
(1. College of Physics and Optoelectronic Engineering, Harbin Engineering University, Harbin 150001, China;
2. State Key Laboratory of Particle Detection and Electronics, University of Science and Technology of China, Hefei 230026, China;
3. College of Physics and Electronic Engineering, Taishan University, Taian 271021, Shandong, China)

Abstract: Scintillators as the core materials of radiation detection play an important role in industrial nondestructive testing, medical
imaging, high energy physics and safety inspection, etc.. The existing scintillator research faces both opportunities and challenges,
especially in the context of COVID-19 pandemic period. It is of great practical significance to develop cost-effective scintillators and
optimize their overall performance. The nano-glass composites (i.e., glass ceramics) have some advantages like high emission
efficiency of scintillator crystals, simple preparation and low cost as an effective star scintillator. Based on the different
luminescence centers, such scintillators can be broadly divided into rare-earth element ions doped or rare-earth-free luminescent
nanocrystals embedded materials. This review represented recent development on the preparation of these materials, the relationship
between the types of nanocrystals and their luminescence properties, and the potential applications of these materials in high-energy
X-ray and gamma-ray detection. In addition, the existing problems in the research were discussed and the future development
direction of nano-glass composite scintillators was also prospected.
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Photoluminescence spectra and (f) X-ray excited luminescence (XEL) spectra, the XEL integral intensity of the sample reaches 194 % of the BGO crystal.
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Table 1 Property comparison of the 4f-4f transition rare earth ion doped nano-glass composite scintillators

Glass composition

. XEL
Nanocrystal Life

Nanocrystalline type Transmittance integral Ref.

size/nm /ms . .
intensity
192%
428i0,-5A1,05-22BaF,~-9NaF-3CaF,-3Gd,0;-9GdF;—7TbF; Bag 34Gdo 16F2.16:Tb> 4-11 34 64% BGOD [11]
538i0,—-10K,CO3—15A1,0;-18KF—-4TbF; KTb,F,:Tb** 26-33 2.32 70% [18]
54Si0,-10K,0-15A1,05—15KF-5LuF;—1TbF; KLu,F,:Tb** 23-26 4.32 78% [16]
50%
50Ge0,—15A1,05—(25—x)CaF,—10LiF-xTbF; (x=2, 4,6, 8, 10, 12) CaF,:Tb* 16-20 2.36 80% BG(; [20]
39Si0,—21A1,05-28.5LiF-11.5YF;—1.5TbF; LiYF,Tb*" 9-26 4.23 55% [22]
458i0,-15A1,03-10Na,0—24BaF,-4Gd,0;-2Tb,05 BaGdFs:Tb™* 18-27 2.82 60% [26]
39Si0,21A1,05-24LiF-16YF;-0.25Tb407 B-YF5:Tb** 18-24 3.82 84.9% [21]
194%
708i0,~7ALO3—16SrF,—7GdF;—4TbF; Sr,GdF:Tb*" 26 3.05 64% BGOD [24]
130%
40Si0,—15Na,CO3-20A1,05—15NaF-10GdF5—xTbF5(x=2, 3, 4, 5) NasGdoF3,:Tb> 23-40 2.7 52% BGOD [19]
73.9%
30Si0,-18B,03—15BaF,-25Lu,03-10Gd,03-2Tb,05 BaLu,Fg:Th*" 13-26 2.62 70% BGOO [15]
45810,-5A1,05-24BaF,—(10—z)NaF—zCsF-2yTbF3—(12—-x—)Gd,03;-2xGdF; BaGdFs Th*" 25-37 2.89 39
y y
26%
458i0,-10K,CO5-15A1,05—4CaCO;—18BaF,—7LuF3;—1TbF; BaLuFs/BaGdFs:Tb®"  30-42 4.02 40% BG(; [17]
40Si0,-26A1,05-15NaF-16GdF;—3TbF; GdF;:Tb* 13-30 2.85 [40]
139.8%
178i0,-11H;BO5—10A1,03-6Cs,CO3—32BaF—17GdF;—7TbF3 BaGdFs:Tb™* 23 3.07 72% RGO ° [23]
458i0,20A1,03;-10Ca0-25CaF,—0.75Gd,03—1.5Tb,03 CaF,:Tb* 24 [14]
50BaF,—25A1,05-25B,05-0.5Tb,05 BaAIBO;F,:Th*" 322 [41]
71% Schott
55Si0,—6A1,05—28Li,0-11LaF;—4TbF; LaF5:Tb** 80% ° [42]
1QI-301
64%
45S810,-10K,0-15A1,03-4Ca0O-18NaF-8LuF;—xTbF;(x=1, 3, 4, 5) LugOsFg:Tb** 32-47 3.44 55% BG(; [43]
45Si0,20A1,03-22CaF,—-10CaCO3—3SmF; CaF,:Sm® 37-145 1.7 80% [25]
SiO>—LiF-SrF,—A1L,O3—Sm,;05 StFy:Sm’** 86 [28]
53ZrF,—20NaF-3AlF;—3LaF;—1BaF,—19BaCl,—1SmF; BaCly:Sm** [27]
45Si0,-15A1,03-10Na,0-24BaF,—6Y,03-xPrsO11(x=0.0085, 0.017, 0.0225, -
BaYFs:Pr 12-31  30.1 pus 60% [44]

0.034,0.0425, 0.051)
47.5BaO*5B203‘47.5SiOzz*xPIbO] 1

BaSiOs:Pr’ [29]
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e I AR O FE ALK (~10 eV), XWFRH T HE 50
B AN, CARIE 50 A A 35 3 2 8 3l A1
(<4.0 g/em), X PRI T A BE AR WA AR
PRAF T IR o 1 e 2 I 2 3 R A A 40
KimE AR AL, RERBEOIS, X
L2 FER LB T ROR K, Bk, Wi st
BH T 4R RV 7 B — 2P AT . R, IR B
X 5 TH B S A BRI AT AR AR R
2,12 5d-4fiKiT A 5 4f 4Bk AR, 5d-4f R
T2 B B A B i ) R 8 A B R ) R
. BT, WHAENRER LR 5d-4f BRITA
it EES C¥ 5 Eu”.

it Eu 1A 2 A, B Eu®'.
Eu’'7E X s ERIR T &Rk ha e, A
ARG R R, FHaOGREMaEMPPS, wTLASH
FEAREN IR ATIR . Bu® 4k B bk R B
I, FHAENTP G, KICUE B T G A
(PTM)IILAC. 2006 4, & [E R 57 E 5K SLi0 = oiE |
BaCly:Eu™ 44k i & & AL W B s N R BT, ok
PER R e AR T CAWO, NIRRT 16%. 1%
YK E A BEES I XEL 58 fEAR T RE R 6~20 keV
VLA, BE X Sk EIEEON K. BB R
Rz EHE R 7 INBR IR T/ BRZH ARG, H I
FEE 1 IR, HAT 5 H0k 17 um, %
DYERE CAWO, IR DY, %1 1%
PARIE i85 3 = 25 X5 28 AR AT 2L A V8 7 1 182
A 5. 2009 4, HA/N 5 (Ohara) 6223 35 A =] A1 H
A RE IR B ARSI R T CaFyBu” 90K i
A IENERAC, 5 TLF-58 48 & (1 i 3R A 3%
BARLL, AACHEEREMT XEL SRS R T R ER
T, e Ak CaFyEu® RS 30%. 2016 4F,
MEVa I FE TR 27 ) Struebing 2538 1 76 2 °Li 1338
SR CaFyBu® 9k i, BF 7 1 17 bR
L gk A sl SRR B AR b,
AEFRJERE GG T D 46 £5. 2019 4,
H A< %% B BHE K% Nakauchi 254145 T BaSi,Os:Eu®"
Ak A EEERY, R RIS B RER I
%, HRIGHESHMTEE 0.01~1 000.00 mGy
LRI BRIt R, shASERE T S5
POBETI RIS . 2020 4, BHEAME LK
Rahimi 2503501 T —Fh CaFy:Eu” 9k i 2 & s,
Xy SR SRR EAA RIFPOEEm N, ¢ 5
LR A BRI N HER TTE 21%. HATTIA i i A Ak 3 5
W CaF, 5 CaO & LU AT sk N Aok o 5 B 5 I

Z P HR RIS, Mt — iR mak e &
BRI A

Ce RGBT LA e X I, 575
FLL A5 189 A 1) Bl BOMH DL B F 72 R B, GdPT 5 ce™
2 EAEAE RE B AL 1Y, BEis AT R0 5 Ce™ RO,
[, B S NECE ) Gd JoE b AT LG N 5
(% LR RUR 7 P EU(Z), 3R B R = e S 2 10
HIERET. 2011 4F, AR HE T K24 Han 251 &
T GdF3:Ce™ 9k iy & SR IR £ B 78, I 414y
GdF; & &k 13% ™. (i °'Cs VR AU IR
FER y SRk B0, T DAY 28 rOA I 2 42 e
W, REREDHIEN 27%. 2012 4F, [F)5F K i i B
91T BaYFs:Ce¥ 9k i & & 3™, XEL 55 %
SRS AH LI T 10 5. 2013 4, EE{K
B AR 0 Nikitin 250k 7 —MATHTHF
M AR LiAISL,010:Ce™ 9K 5 5 & 38 I8 1k
i, FEHFIEOR R IEE AU R N SRR 35 GS20
(11 240%P 1. FEH., ZFES A 70 ns B PLE TR
], WI{E 20~170 CyuRlMfeE TIE. 2014 4, 1
B T K1) Barta S5/EANERRERR Eh(NAS) LI
H5IN Gd 5 Ce FIRWY), Hidid #uab H7E 3 55
B 7 Ceo7Gdos0) g5:Ce™ Ak o ZRESHAE v T2k
DA o KL HESH T AT ATE BE 0% w21 4 R, R
BRI 28% 5 24%. (HFE S AEE SIS
B O 2 R I RS S 2R R ZS TR) 0 R . 2017 4F,
L 5 AR K=Y EEAIE 72 BT Novotny S5 75 SCA B 1)
DBS ##(BaO*2Si0,) 1IN Ce 5 Gd, Hisid #uib
PR 4% T & BaSi,0s 5 BaSiO; [ 2 Pk i E &
BERINRIR, FES R R Al ik 5.4 glem’ s FIHTZEE
AR 5 ) 46 UK FE R 200 mm R 3 B 14 DA K K
FE9 120 mm PIHATER, FEHOHMERER ¢ H2kS
A TSR HRAT B R R R0, 2019 4, B
NG LT 7T Du 25 % 1 BaF,:Ce’ 4K i
SEDIEDY, BERUOLHATA 430 ns. 2021 4E, Wy
IR TR R AT SR 4 ] 4 T KLaF:Ce® 9K i
SAHIE, il GE B La¥ 15 kA3 T B
TIRA TN KLay GdFy:Ce® 9K 5, FIF B BA 3%
RN S R T RS XEL SR . & 5 Bk, B
BTRARG KM E A XEL 0 m ik
BGO SR 170%, X X $H2EFIEH R 42t
N, 1E y STERRRES T 65 9(853+8) ph/MeV,
RER PR N 22%. EFFEENE, ZHMEAR
UF AR ARAE RS, B2 X IR RT3 1 kGy IR
Ré kA mEERE a2,
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F2 0T CARIE N Sd-4f BRI RH L B T B
FAK A BN R ERE . AT AR, 5
FE S PHERE C 2 T N R B HE 2k B 5 7
AR RN A A YN - ) el T =
LiAlSisO10 Bl GdyO5 FFAMMANK dh = T GdF; 5
WAAUK B G, TRV T 2571 95 FE X AR
SFEBRIR . T B &L ce¥ M Eu®
BHWEAEM SR ce™ M B, M, Ce*
SR Ce¥ R eIt ATE R S st 7 1 7 20K e R
K, SEBBOLEH R, Rk, CceTR Eu®
B AR B i BAE I JE AU 4%, 0T & T ERL R
AL A P25 T Rk . — T Lod i /e 2H
FH LN E IR JE T, AN KK 2B KBS
AN SisNg B SiC Al L il % FEh ce’ iR
AB3T e g I TR A e R R 20 % B o

z KLF-GC

£ \_,J A

*qé » | ] N’“«—,l\
/ KLGF-PC

KGdF,

||| “ .|I..l N

15 20 25 30 35 40 45 50 55 60 65 70

20/(°)
(a)
2.0x105 —a— Quantum efficiency (%) 1020
’ Hamamatsu PMT R2059
I KLGF-GC: EWQE-14.841%
T Q | s BGO
=
1.0x10° e 2 KLGF-PG 015
3%, 3 KLGF-GC
2 [
Z . 4 KLF-PC 6eid
3 & qrh
g LO0 KLF-GC
5.0x10* 40.05
0.0 0.00
300 350 400 450 500 550 600 650 700
Wavelength/nm
(©

Quantum efficiency/%

T HY CeFs 90K i, Ce* Sl HIE Il G 28,
AR FEBE CeFs iR AEK, Ce B F1L2EHR
BRAT BERALL, B Cet b R AL B[ Ce®
BEAF . SR, 7E KLaF,:Ce 90K 5 5 & BB i 5t
A MR RIS, HHEH CeF; WL
0.5%, B OARAE TR NEEN CeV E i, 1M
AL BT 5 T U 38 o BRI Ce® 45 44 I BR 1)
T K E AU IR, ARRBE TN 1% H
RORVEH AN RAEER T X Ce BN SL M5
WAL, S Ce® A Bu® fE 23 SR HE T il % I Bk
O,

2.2 FREBEFIBRANKRE STHIBNLRE
221 AMMKFEEYEE 2009 4, FH)E
W E AR 7T Polosan 25 i@ i A kb HE B8 /R
tt A 40Bi,03—60GeO, (BisGesO,,) HIH FE il % 1

(b)

1.0x10°
1 BGO
8.0x10'- 2 KLGF-GC
=
=
S 6.0x10¢
36
o
2
E 4.0x10%
L 843
2.0x10¢
L]
0 200 400 600 800 1000

Channel number

(d)

Note: (a) XRD patterns, (b) High-resolution transmission electron microscope photographs, (c)XEL spectrum, dotted line is the quantum efficiency of the

detector, (d) Pulse height spectrum of '*'Cs source y -ray irradiation

K5 Kla,GdFyaCe¥ 90k i & g™

Fig. 5 KLa,Gd,F:Ce*t nano-glass composites scintillator

[53]
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Table 2 Property comparison of the Sd-4f transition rare earth ion doped nano-glass composite scintillators

Glass composition Nanocrystalline type Nar}ocrystal Life Transmittance XEL mtfegral Ref.
size/nm /ms intensity
Light yield
42Si0,-24A1,05-9LiF-25CaF,-0.1Eu;05 CaF,:Eu* 20-46 588 E5 600ph/neutron [37]
nergy resolution
15.9%
33.1Ba0—66.7Si0,—0.1Eu,05 BaSi,0s:Eu*" 2160 5% [38]
527rF,~10BaF,—1BaCl,—20NaCl-3.5LaF;-3AIF o2t
0.5IaF 1 EuF, BaCl,:Eu 40-120 [32]
45Si0,-20A1,05-10Ca0-25CaF,—0.1Eu,03 CaF,:Eu®* 30%CaF,:Eu** [36]
53ZrF4+—20BaCl,~20NaF—(4—x)LaF;—3AlF;—~E Rt
FA=02.05.1.2) BaCly:Eu 14 [31]
405102*20A1203*15C%O*18C3F2*7L1F*O. 1Eu CaFyEu’ 28-47 2% [47]
3
34Ba0-66A1L,05-0.5Eu,05 B-BaAl,0,:Eu* 67014 75%CsLTI" [67]
40Si0O,-10A1,05—10Na,0-25Ba0O-15BaF,~xCe 50%
F3 (x=0.5%,1.0%,2.0%,4.0%) (NSABFO) PR 28(NSABFO) °
40Si0,-15AL,03-25Ba0-20BaF, xCeF;(x= BaF;:Ce 35(SABFO) 431 3 é},js(’gig%) (2]
0.5, 1.0%, 2.0% 4.0%, 6.0%) (SABFO) °
y-ray energy
48Si0, resolution:28%
—18NaF-15A1,05-15GdBr;- XH,0-4CeBr;- XH Ce7Gdo 30 g5 :Ce™ alpha-ray energy [68]
,0 resolution:24% to
25%
Si0,-Li;CO3-A1,0;-MgO-CeO, LiAlSi40,0:Ce*" 240%GS20 [51]
Ba0-2Si0, BaSi,0s/BaSiOs:Ce*" [46]
455102—1 5A1203—1 ON320—24B3F2—6Y203— WaPas . 0,
0.5Ce205(%) BaYFs:Ce 11-28 42 88% [50]
50Si0,-16A1,05-19LiF-13GdX;-2CeX; GdF5:Ce* 58 43%GS20 [69]
70Si0,—15KF-5LaF;—10GdF;—0.5CeF3 KLa; GdF4:Ce™ 15 53.6 63% 170%BGO [53]

BisGe;0p 4K S A %3, JHULINI L& AMECR R i)
FeBUR IR, 2020 48, SR H T RN R
FB ) 4 — b R A R B (B1,GeOs) 9K B A 3%
INMRAACY, Z B B A IR % E(6.87 g/em’),
AT DU B 1 6 27 S BIE X R R 1) Sz S REAE 26 WA
W, ek FE S 6L XEL T 548 R 8 LA
Ko FZIRBHILHIE T Gd3Ta0; 5 M'A GdTaO4 44
K E A PIBCLr, ESRIERE R IR T N R
FEEFTHAR - 1% 85T R DL K X SR A R A1)
WL, Ak, ISR TEAT N, S5 Bk
BIRMEE, AT RS R R E S PR, KL
KHA—EIH T IHRTCH L INERAR, H A
REHE K% Yanagida %54i]4¢ 7 Ba,TiGe,0s 9K i
APV, FESERKIR X SRR T B
T A RN B2, PRTEIR(15~42 ns) A8 T2,
(182~603 ns) 2 #a M. iz KSiEH % T
Ba,TiSi,0g 94K i B A3 i), Bt a4l
Si0, S EMIFRE, A7 LB AR T 2 AT
i AR AR SR TR 2 . B R IR
i XEL 385 A3 IEAH ¢ B X 265512 20
R AR N, WA R IR I AR I B
BhAh, Z KRR T X B 20T R

Sro.sBagsNbyOs 4K iy 52 45 9535, {HIL XEL 51 5 55
L2 5 DR st P A 1T 23 Ussui 25388 5o 3 3 41
FSCIE T TR R B B R ATt T AR TR AR TiO, 44
Kiw, BEL AR F, FRTERE S Thou £ 75
A A E R XELOY, 2021 4E, HEEFEE TR
% JE i R AE B JRAEHT HY T LiGasOg 992K 51,
AATIR B X R R E LR8I s ek & T
INERIELT o L YGAF R AFAE e e R 5, 2
FURErE, AT T — AN B AR RE 4R
PRI E, HEoR 7 AR MM . 8 R
% BURE S A7 A “bright burn” A& B 5 (I 4

DL ERIFFEER B, A A K A B TN R
(19 R 6 BE5 B R AT H 0 TR B R R AN 5
DIFHDG . $ i b A R AR BT 3 AR R 250F Bh 138
SRS A AEHE XEL 5852, SR1f1, 2R T NIk H
S RARIIEr A, LRk SR A RS I RE AN
BEERAR . N T AR BT AN K A B B I A
AER I FEH AT REAZAE Bi B AR M, 40 Bi BT
ke SEBHMmERE. WA, S8y
i 53 TR B U A AE 2 AL RN HE R 5 (0 5 BB
B, B EE T R B N SZES RF 504 B b R R
HELRE 2 1R KO 1
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222 SEKWETAEAEYEE 20154, HLIR
ZA B FSHE T B¢ Kovalenko ZERIL T —2RE T
M B E & A % JC R AR B R AR
(CsPbX;, X = Cl. Br. I, LA R IR AASERY & i),
TEZE R T BEAWE N REE T BEPLQY, 50%-~
90%), &It B FE n) 7 a5 A A 0, ARekE
BT AR R AR S R SOk
FEEL, MRAN, EATE B R I R B 2R R R
LR 1) R ' SR RN 1) DA B A Rk R AR B A R AL 35
2018 4, PHAL T R Z B 4ERe + . BNk B oK
KU 7N B 5 8 ] K 2 4 8 i 2 o ) L B 1 4]
BA, 75 CEHARY EEkIkiE 75T e 7 A
RO, R BRATARE BT A A X ST N B A
R R, KRB 13 nGy-s ', 2 IR X 4
2[5 2 RS AE P 7R (1) 17400, 345 %508E o i 77
FEAN 0T B AR IE G SR ERI I 2 A [FI
AL TR R CsLTI R BGO N4 &R, EA1EEE
I RO G FERIN T](<100 ns). % T-HA W78 rh 454k
W BT SRR I AR e e R, A S SR
BT R SEEES, W& AN &1 e,
ANERT LT Wb 1 A R KA B RURROE TR ZE 8
fr s VT SRR T AR R T A IR
BRI RIERE, XA REEE T REIR 7 4K
HEPIENIRIESEAE T —Fh R .

2016 4, EUICHE TR 25X U iR 40 1 vl
IE AL FAT 077 214 T CsPbBrs B8R & T4
BEEET, i AR R A FE IR PR RN I AT DL SEELR
7E 485~521 nm Y [ N A2 4L, IX S AR LR T & 7 R~
o B, WEINKE R DAREER . FE @I K
MR EAZ . R ETFERFEREREIZ . BRI R
YR SR T AT E oA A, RS
P HT T ARRRET BT A0 £ H
HAP S 18 25 B K% Ersundu 25K T —2RE
WO, B 4 J& A AN 1) 5% FE R R b 3 1, {3
Hrifh 7 CsPbBry &= 7 fA{HFE 1 PLQY fEHALH
14.8%", CUATHIF T 32 B2 224 AR & 1 s B IR AE
LED FNEO #4577 T (1 S T, B HAE N I R
R FREE T L.

2019 4, HRIBEAR GV FARNTRI £ oS
B CsPb(Cl/Br)s F5EKH 1 AURIBITIR £h 35 3
VERNINERAA, BFFE 7 HAE X Ry SHRBOR FIIR O
PEREVS, v b ) S R P A AR YR L) R
HIF A P (R A8 s R 6 3 30 AR (1,18 g/em’),
R, Hxt s Re s LR B BE 2. T ot

JiR 5 AT 9 E (~2.0) B R B T A AR R
Prifpgezs, ik, NRFFESEN & A IE
PE, FEM AN 4.8%; [N, HITIEERN
T2 B P ] R MACRI 5/ S TR SR B 5 RS ) R K, A
1) PLQY 1HAA 20%, ik T-1b 2 & i d ek
BT (50%~90%) . DL R RGBSR B g
BE X S BOR N IR R AR A BGO
mnfg 1/570, i 6d fis, HHT6mid K2 s
15y R T E2 RN EES . REZIEN
RS EAR, (HE R SRR, B
IR X R LLEE #GR KK E, W ef
FiRe 2020 4, HARKH K% Kawano Z5E4K L
LB FE(OIPIG)H, K4 (C¢HsC,H4NH;),PbBr, (Phe)5|
ANBEREN 4 nm PFLF, BIhHl#& T APt
MASERE B A, 78 280 nm A
KR ME RN 435 nm ALK GG o 76 = BE S 26
R, TEFEFESL B AR 258 e K45, Bk
Fi (4.4 ns). MRS LFSERT CSLTI NKR
mRe BRI, JErE A BA K 2 FLER IS I FE AR 4 i)
BRI TN 2021 4, WK Ma 25l it
EPFE T E /058 Eu AL 7ESERT &7 figi il
2, BRI T CsPbBrs #5460 & 1 2 S BN LR
PR, NN Eu (EEA5ERE BT s AE B IR A
FEIA ), WK T OREU BRI T 15.0 Ip/mm
1 X TR AR A ) AR, FATR 1) FE AR X 2R R
FRERAERE 1, LR AR oA (T A A T
AL o BRICEE TR A VAR A S 7 I ek R B v AT
t CsPbBr; & ¥ s A 78 1A 7E X 2RI R
RetERERY, H XEL 0 KA T 520 nm, Hdr
o4 15.2 ns, XEL M B34 2 7 FH N kAR BGO 11—
UeAk,  ERMPRLEA B R AR e, A B
TSR BT R N AR AE S PRI (1 R
T T IACE PR BE B 4 P A D I A, M RV AR KA T
AR % T CsPbBry &= F N H AR E &R
SRR, AL 5.5 g/om’ B, [EIN, TR
1% SR I 5 AR AR T B 2 = BE DTS, DRI #
AbPR 2 5 IRE S ORRE T R IIE e, B R
T FRR B RAE 77%. 16 X STEBOR R, BRI XEL
BAKALT 534 nm, I6H AN 29 ns, XEL #5350
25 BGO 1) 1.8%, L@ & AR R AT 2k
PR R o SOARE AT XS R T SRR IRURD S B A T
WONERE] 573 K), #amikoetEae LA AL AT
oM, WHTE AR RS LR, %R A LME
R RS A 1 IR R A
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Note: (a) XRD patterns of precursor glass and samples prepared at different heat treatment temperatures. (b) TEM photographs. (¢) Photos of multicolor RL
under X-ray irradiation. (d) XEL spectra and comparison with commercial BGO single crystal. The illustrations are partial enlargements. (e) The change of XEL
integral intensity during heating and cooling cycle. (f) Physical photos and luminescent photos of the sample after X-ray irradiation with different powers and
then re-heating
Bl 6 CsPb(CUBr); #54kH 7 11 2 A B I AR AT
Fig. 6 CsPb(Cl/Br); Perovskite quantum dot composite glass scintillator’
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S EPIENERANERE . 5 HAMRRE B AR R
FLE, $5ERT 7 U B A PO AT AR K S5
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TR SR P B s FEVT T, RIS 1 AR KR 82 i
o SUEESERY BT R A AR R R, BR L
HA W a8 (HHERERESE &7 nE s
BIEVE NIRRT AN o 3™ B R
R FEHOU BRI R R 2 —. BLhh, BEh &
FEFF SR B T RUE S R S I AL R AR
R FEH G BRI 2R . PR AR SRAIT 78 34k e
TR A RS & T ARG BOH, WE sE S
JE BB, PR ERE” (45 A SEBLTT  A fUL
i B 2R O 1 1 55 TR A 55k
ORI T AR, SEm RO . AN, 1B
DR RS BT i P 3 I 1 SR IR v R £k
IR R A

3 RELHREZ
K 5 R DR R DR 5 PR B 388 4R

RE S DDA 53 R TN AR A 1 22 U R HE L B E A . H
R, I8 AR R AT 6 ) A& 9K R B S BRI
PRARGFE 2 K26, B, b LS FEEA K
FEREEAK A NN SRR B R e . Horp, Wit
B BIEOR A H st 805 X U] 4y K o 47-4f
BRITRURIHG F7 Ay Sd—4f BRIT AL 2 Fho 7EBZESHT
e, Wik PR E AR GRS TR X 45,
AL T B I, oK in B A o s I B T s 2L
2, Fik, WEBRgKEEEEEEAE ST
P, HRTOHOE R LB Rk R AR I
DU T REE AL Sk o, 050K S 1™
7 v P DN B 3 Ak B 5 TN R R R BGO
LGRS — 7T, &F B RIGFR K
A B B R SE ALY AR SRS R & T S
KK, MEETFEM A, BHrET R aER
()R TR E =40, g H 5B E A8 v] DUR
FERT BT AURRE PEZE B iR a . BR T 54K
= AU, T-VIEEF 5 ZnS. ZnSe. CdTe.
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Table 3 Property comparison of the non-rare earth ion doped nano-glass composite scintillators
XEL
o . Nanocrystal . . .
Glass composition Nanocrystalline type ze/ Life/ms Transmit-tance integral Ref.
size/nm
intensity

40Bi,03-60GeO, BisGe;012(BGO) 70 [57]
35B,05 - 35Si0; - 12Zn0-9Cs,CO3-6PbBr,-3NaBr—(6—x)Eu,03 CsPbBr; QDs:Eu’" 11 50% [80]

1.8%
74.8Te0,—4.4M,05-8.8Zn0—-4CsBr—8PbBr,—0.5AgCI(M=B, Al, Ga, In) CsPbBr; PQDs 16 29 7% BGOO [82]
40Bi,03-60GeO, BisGe;012(BGO) 75% [58]
64Si0,-23Ga,05-13Li,CO3 LiGasOs 5.92 [65]
30BaO—(70-x)TiOxGeO,(x=50,55,60) Ba,TiGe,0s 4,67, 865 40% [60]
Li,0-ALO-Si0,-Gd>03—Ta,0 (d;Ta07, Mtype 10 1.93(us) [59]

) 2035103 2Us— 12,05 GdTa0, -73(us

40Si0,-35B,05-3Na,C0O3—9Zn0—-6Cs,CO3—5PbBr,—2NaBr 50%
. CsPbBr; NCs 5 15.2 [81]

(%, mole fraction) BGO
40Ba0-20Ti0,-40Si0, Ba,TiSi;0s 130£50 ps [61]

. anatase and rutile
13Ti0>xZnO-17AL05—~(70-x)B,05(x=17,26,35) 12(ps) [64]
phases

20SrO—2OBaO—4ONb205—2OP205 SI‘o_sBao_sNb206 [63]
30BaO-15TiO,—(55-x)GeO,—xSiO, fresnoite 0.6-2.6 60% [62]
77Na20—40Ca0—27A1201—332B203—5248102 (C(,H5C2H4NH3)2PbBr4 4 4.4 [79]

1/18
50B,03-10Ca0-5K,0-10ZnO-5Cs,0-10(PbBr,/PbCl,)-10(NaCl/NaBr) CsPbX; QDs(X=CL,Br) 2.9-40.8 BGO [78]
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