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Abstract: Scintillators, serving as core conversion materials for high-energy radiation detection and imaging, play
an indispensable role in medical imaging, security inspection, industrial non-destructive testing, and high-energy
physics. Although traditional rare-earth ion-doped scintillators (e. g. , Th™, Eu™) exhibit excellent performance,
they face challenges such as high raw material costs and narrow emission bands. Non-rare-earth-activated inorganic
glass scintillators have emerged as a research focus for the next generation of radiation detection materials, owing to
their wide range of activators, broadband emission, and strong environmental adaptability. This article systematical-
ly reviews the luminescence mechanisms and recent advancements in such materials, with an in-depth discussion of

major material systems, including transition metal ion doping (e. g. , Mn®, Cu', Sn*), oxide nanocrystal-embedded
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glass, and novel perovskite glass (lead-based, manganese-based, copper-based). Innovative strategies in sensitized

energy transfer, in-situ crystallization control, halogen coordination engineering, and fiber array fabrication are de-

tailed, along with significant improvements in key performance indicators such as light yield (up to 425% of BGO) ,

spatial resolution, and thermal quenching resistance (63% intensity retention at 573 K). The review also highlights

existing challenges, including the gap between achieved and theoretical light yields, the trade-off between high crys-

tallization rates and optical homogeneity, insufficient long-term radiation stability, and the need for lead-free alterna-

tives. Future research should focus on multi-scale structural modulation, defect engineering, lead-free design, and

device integration technologies to facilitate the practical application of non-rare-earth glass scintillators in advanced

medical imaging, industrial non-destructive testing, and extreme environment detection.

Keywords: glass scintillators ; non-rare-earth ions; oxide nanocrystal-embedded glass; transition metals; perovskites
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Fig.1  Scintillation mechanism of glass scintillators. (a) High-energy rays (X-ray) eject high-energy electrons from atoms through

photoelectric effect, Compton scattering and ionization'""". (b) The ejected high-energy electrons pass through the materi-

al, further stimulating more hot electrons and holes, similar to the “avalanche effect”

!. Emission: a large number of hot

electrons and holes then undergo relaxation, enrich to the bottom of the conduction band and the top of the valence band

]

of the glass matrix, and finally migrate to the energy level introduced by (¢) transition metal (Mn-based) elements™* or

(d)lead-free perovskite (Cs;Cu,X5)™ or (e)the nanocrystal“”

luminescence of characteristic energy
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Performance comparison of oxide nanocrystal glass scintillators
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Fig.2 (a)Schematic illustration of the physical mechanism of the color change of BGO glass samples. (b) Photographs exhibit

the color of as-made, nanostructured and reduced BGO glass samples, optical microscopy image of as-made and colorless

BGO glass fiber under natural light and excitation with 365 nm light. (¢) Attenuation coefficient of LiGasOg crystal and

Si0, glass. (d) - (h) Irradiation time-dependent RL spectra excited by continuous X-ray source with different tube cur-

rent, the energy of X-ray is fixed at 40 keV'*?!
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BARE ., 51 AL SnO 538 J55 , 7TFF M A 54
W Mn™, fff XEL 58 J3 482 FF50f% . 2022 48, ¥
YLV S A 27 328 Vi DAL A 23 50 7 40 0 1% 66 3 5 1k 3= v
BRUAT G0, 38 3 A% G0 445 Rl v K EE Tl A% T Min™ U0
B TR R BB TN MR AR % TAE A e ST A
GA™ 1E WAL M 8 T M 2L Gd™—Mn™ BE 1%
196 3 8 (% 88 30K K 96. 4% ) , TR FH ALK I8 5 vk
TE 25 SR T M A RE J5R Mn™ |, i P &2
PR 3. 4% KGR TE 2 35. 9% , XEL 5 J 1k 2 7
v Ak BGO # §h 1Y 42. 2% . 1% W98 & IE S T
Mn™ 0776 3% 35 DA R A< 79 107 FH 8 0, 8 G S = 3
(SR Y SOk kR S NG o2 sl 1 IS 2 o O . T
2025 4F, 22 M R 2E i AR SCUIR R AL 4R R T e £
TET A 75 5 I BT 1 T S s (R 3 () ), T IT &
H ALB,0g: 3% MnBr, 1 i 3% 55 [N MR AR, 1% T AE
EHWE[MHBMF’@E@F%ﬂ [MnBr6]47/\ﬁﬁ§7i‘ﬁ[ﬁ
ol (B 3(a)), B35 BEAK T i A% I A8 5 B g 2%
Ll T RE R R 66. 59 meV , P KO fE ik
F52.75 meV, M AE 400 °CHE 3 25 I8 F A A% 35 7T
PRI () X 55 220 1 BB T3 o AH L A% G Mn™ 45 44
B A B B 0 R AR T 12, 7 4% (3 271 pho-
tons/MeV) , a5 0] 73 BE R 15 11.2 Ip/mm, H A
WS ARE N S A ) 397 46 S AL 258 nm) , AU Y
SIPER IR B . AR RTE 100% W B . >100 Gy 4
W K 60 mW 58 HR A5 A o 45 148 N R AR 519
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Tab.2 Performance comparison of transition metal ion-doped inorganic glass scintillators
XEL
Spatial
Luminescent Decay Transmittance/ Light yield/ integral
Glass composition(mol )/% .. resolution/ Ref.
center time/ms % (ph-MeV™) . intensity
(Ip-mm™)
(BGO)/%
60B,0,-(20-y/2)AL,0,-yAl-
S R 8.54 75~80 422 [13]
(20-2/2)Gd,0,-xMnCO,
42B,0 -16A1,0 -10Ca0-1Na,CO - -
n
XMnBrZ-ISNaBr-ISHO(X=0,0. 5, 2.54 86.4 3271 11.2 — [44]
1.0,3.0,5.0,7.0)
$i0,-CaF,-NaF-ALO -yMnCO Al 14.4 87.6 >20 83.6  [17]
25Na,0-25A1,0,-10B,0,-408i0, [45]
58i0,-35B,0,-30La,0,+xCu0 0]
(¥=0,0.1,0.2,0.3,0.4,0.5)
708i0,-7A10,-16SrF -7GdF -
xCu,0-yAl(x=0. 05,0. 1,0.15,0. 2, Cu’ 2.69 80. 4@547 nm 20 176 [46]
u
0.25,0.3;y=0.5,0.55,0.58, 0.60)
55Si0,-(20-y) A1,0,-15CaF -
: St : 42.9(ps) 90 20 141 [47]
10NaF-xCuO, ,-yAl
GS-0. 3Cu-0. 75A1 43.7(ps) 89.9 20 425 [16]
xSn0-(60-x)Zn0-40B,0, [48]
2.9~4.2(ws)
1. 0Sn0-xZn0-(100-x)P,0
5 (Pulse X-ray [49]
(¥=58,60,65,70) Sn**
induced )
Sn*"-doped high-density
11(ps) 85 14 34.4 [18]
gadolinium glasses
(a) () [peremmaasas
X-ray imaging resolution X-ray source
3 o*o0.e° Mn doped glass | Manganese halide glass ‘ g
‘:01’:‘ | Low —
,PT* o : distortion ;
: 0:'?\'.77. [AVMnUJ: [AIO,] [MnBr,]
’ . emss
T A A— B oo
b ‘I a0 | [AI0]  [MnBr) High density E Object
,;’"/.’/ @Al oB 00 QMn [@AIoB 60 @MnoBr @AIOB ©0 @ Mno Br %I:I’IT]‘:I‘:} g’_
IS D Adverse factor 1 ] S glass<d glem’ || =
> 0 { :  Br—s matching 6 gom.” Il E == ==
:n: \o-%g* e sty 0'3 Sn-glag
L w
M) e
______________________________________ 1 Wide-band emission
: 1 Rare-earth ions Sn’"ions
amera
1 I
. | =
1 1 w
| 1 Emission spectra
e = = - e I | I
3 (a) i 45 2% 3 B v B 08 ) VE B/ 25 15 (b) ARG - 76 S (W) i (303~543 K T 19 X AF R R (Cu #5824 3
)15 Ce) T X G 2R MU 1 e 2 2 Sn™ 45 25 3 i TR s 7 el
Fig.3 (a)Schematic diagram illustration of the properties for Mn doped glass, and manganese halide glass™’. (b)The X-ray im-

ages of the heating chip at different temperatures (303-543 K) (Cu doped glass scintillators)""*. (¢)Schematic diagram

of the high-density Sn** doped glass scintillators for X-ray imaging'"*
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AR P52 ) o 38 5 Ak MnCO5 5 38 JFU 5] ALY 3L
B L FE G 1 XEL 58 2 F+ % BGO (1) 83. 6%,
JFAE 393 K e B P kg i " B4 (5 2 Oy 303 K

]

it 1049% ) , 573 K P 2 45 400 4 58 2 19 619% , 1%
T BGO(19%) FfL 5 Mn* B 24 1k % . % WF5% 45
T B R 118 IR S0 2 B A 1Y) S B BIL
il , 3 S 20 lp/mm [ 1 = BUAS 5r B R . LA %
I IN PRI BAT R 19 4 IR 21 5 06 AR
PE, 28 165 min X 4R MR 5T 5 38 2ok 24 4h 38 RV ATk 55
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3¢ 385 b 52 B A o PR B A5 N, B R AR AL
N7 5 1% e T e e M 200, 3% 2 A A A R 5 A R R
I ERE L AL 5 2 DR S Y e B AT AR &R L
53 B SR R 5 0 v B B AR A AL TR 0 B R
5.2 $A5 23 B A IR

] 45 2% 3 5 DR AR A kg o S5 D0 6 Rk ) A
AR RIAT B R . Iz R R R Cu' B 71 3d°
4s' 31055 HE K S (400~550 nm Y 15 4% 5045 & 5
Fetk, B 9O Han i (MR %) 8 AL A
DB, 78 X 2k i85 v BR800 45 3 il o
N . RIS E T AR EK .
2018 4F , H A 5T #B T. 2 £F 4 K °F Hashikawa %5
UCHRIE T Cu 4B 2% 40 0k 1R b 3 38 1) 4 S e 30k
JE(RPL) 4, & L 0. 005% (mol) Cu 3k 35 1 v 5t
SRR RS Cu' & G0 B 3G 9 24 4%, 5] et 4 1 o )3
ik 0.5 kGy, {H XEL 5% B8 55", 2019 4F , o = #}
S BE b G HLIT BR PR F A BA SR H Si by R AE R ik
J R0, A A Rl AR R Cu™ iR R RO Cu”
BT R Cu R 5 Cu'-Cu B 1 X 247 0 47 7
Al A% 32 B 25 CuO WR 3G N, fE 5t A7 Cu'[7)
Cu'-Cu'B XA, 352 T BUR JE R 2 &
0, M GT N 4B 2 B S Y RO LR L T
B PRI LAl UESE T HAE R N SRR R AT AT B
DRI MRPE BE 1 A 5 77 F A AR AT B A X L o 2021 4F,
H A8 7% R S i B 27 1 R R 2% B K 2% ok I SPS H R
il % Cu$B 2 A1 S B HE™, B XEL 38 B 5K, {1 34
BRI (TSL) 7] £ i [ 26 14 35 135 0. 1~1 000 mGy,
KO BR 0. 1 mGy, A~ A5 & 1 i 2 4t 1 o |
P& o 2023 4R W7 VL R 27 58 v DR 2H >R
SisNy A Ry i J5E 5], 7 25 S0 BT il 4% 1 Cu”
BRI BERS , L X S Sk RO EE IR B T BGO
fn AR 1 37. 8% , F 5% & SRAR Tt 4 4b B (450 °C) Af
G R LR G R B IR N AR 2
74.2% ;4 573 K &, HAOG I B Re - 47 % R
THY62. 5%, I T RS IR E Y, 202448,
9 A BA 3t — A 5] G AL A AL JE 5] A
RCHB AN T Cu A2 i, TF & Y Cut48 2% 36040 ik 1R
PR, A GA ] Cu I BE R FE RSN XEL 3 i $2
F+ % BGO ) 176%, %5 [H] 43 HE 4 3K 20 Ip/mm, 2 mm

JEEHETR X B 2 A 33K 99. 99% , bR i & Cut
WS LR A TR R B KO o 2025 4F % AT A HLAS:
G HE RO GE e AR B R R R A A E
JCF Ba 3 5 S WU 5 B BIF BE S 45, 95 B XEL
55 B 5 BGO 1 425% . B i 522 B0 8 FAPR K R
(E 3(b)),423 K i XEL 3% J& #£ F+ & 303 K #Y
155%,573 KA A% 5 63%, & % T BGO(1.5%)
il Cs1: T1(0. 6%) , [F] 523 24 1p/mm = 53 9 X 5
LG, IF s K R U4 RE

PWLAFFE WK 265, Cu 35 2 B 35 N MR A4 1 ke 22
=R (1) 38 R AR AL : N CO 4. Si b 2
Al/SisN,, JB Cu' = SRR E 8 4% 5 (2) g it 1L 3 Bl
il - 38 i Gd™ Bk 5 [ BIF R 2 B, Ol B ik 4 ot
84 LA b 5 (3) B A K% 3 B FH 48 6 Bt 8 1K
FRE 5 B B R 2 2500, 5 B v U N PR . R ok
WF 98 5 76 B2 46 Hi 0 250 AR AR 25 T2 S K
R MR M RF SR TR M B S iR
5.3 $Bi5 2B N LRME

Sn*" Y 55°—5s'5p' B AE 7] #2 {1 330~670 nm /Y
RV SEAT &G, T o B, B 1B A S N R AR AE
R B R A ) S AR R MU Tt I S R
20154, H A 5UAB K 2% Masai PR U4 R G 0F 98 T
Sn™ 45 2% B I R A6 3 B 1 R OB RRHES, IR R T
J25 1 A0 Sn® i A 1 OGBS ), R BLAE SRR
G0N LK Sn” R B R R T & 45% (8 AR
1L 14%) , # B f PLQY 35 60% . i W 58 38 1 '°Sn
T2 3 8 JR 3 IE S5 36 58 Hh AE AR 2 A ST RS AL R B
HIS W 28 5 Sn™ R B B2 M 6 . X 4R
WOR INIRE SR W] IN KRR 5 Sn™ & it Pk
KR NEEH KBEE T HA . 2017 4F, Torimoto
5 Masai S #F — R AHRIE T Sn™ 48 44 1 2 7 3¢
35 v Ak 2% 21 BN G e Y 1R AL L BIF 5T R B
Zn0/P,05 L ] 8 25 52 W [N MR 505 < P, O 5 42 3% 35 1A
T4 T2 5 0 IO 4% 45 ) i (48 O = B 1% Sn™ L3R 8E , R
IR L T G 9 K SRl R 5 9 PLQY 5 117 ZnO & AR 3
Tt RO R G K, E A e St TR G B BN R AR
REAR o 2 AR W B 1 3 3 10 465 45 440 3 3 97 45% Sn™
Jry S8 E 57 37 P RE B A% 38 B AR OR S ROGHEE R
oAb B 3 41 A 4R 408 T BIS R B 2025 4F B R
T T AR K2 AT i A BAAE Sn™ 15 2 v 4 B 33k 16 4 B
HUAS 28 1 1 20 e (FE 3(e))™ iz A BAIT & 1Y Sn™* B
AL AE R SR B IS SE I T = B (6. 0 grem™) X
SRR LS BiyGes0y, ., CsI: TL AR 1% 5t i 14 AR
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2600 wm JE 5 RIAT 208 99% 1) 50 keV 6T %
OEHE i Gd S BE AR BB ML, BKAT 75. 1% 1Y
PL & T %M1 410 nm 587447 & 4 (330~670 nm) , PL
ST TR 11 s, BEOCHE A S T 14 1p/mm Y
X G4 A% 2 (] 43 H R IR B v 3 P B B b e e 42
s, [ s e B S o S A e M (DB A 10 RO I8 <5% )
BT K PEBE 55 A AL Ry 2. 90 3& T /em’, i B
Hh I Bl AR

R BN 5E B, Sn™" 45 24 B 58 DN R 4 %) 14 B
PETE F BT =0 SR - — 2l MR
SRCJE T R M JRURHI i S A= B, 42 R Sn” R B
R TR GAT AR T AR X 4 R
AL 1 A A 2o 3 T 5 — R O 1 B 8 0 4% 5 A (0
Tl R /B R 6 LU 1)) LA 9% Sn* SRy 3k 3R B, -
RCHOCR 5 R . M RTESE O A SE AL &AL
B AR 2RI 1) o M RE AR A N L 7R BE YT CT &2 K A
15 55 R B B AR e IR IR AR R BR
w1,

WAk, ik U 4 T B 48 2% TN IR AR 1 52 8 77 i
K CRORD2) J2: [ 4 B2 2 L 78 MIHz 2% 3 A3 48

HOXE LA R 3kE , T 5 Ce™ 55 N AR SR TN MR A4 58 5 o
BEX iR AR, FL R A T K e R T
X W) IO 32 R A AR {EL S T Y A S (DR TRC ik A
i) L e Tk AR AR K By i T R T AR i A B
PR3 W AG AT, 4N 73 Tl o AGr I 5 42 A, 3l it
5 E 31 12 P 570 55 R 4 T e A 5

6 FTAE5ER T I 3 )RR

S5 ER B R R T PLQY L X S 4R W ik &R
B A AT R B PR ek S AR PR R L B R
B — A = TR RE I MR AR M LR A ik o SR, 3L
AAERS E PR 22 BRI T 52 BR g ] o K H 5 TPl B
BE S A E I 3 R 5 v I AL A S BT 45 A 4 oK
n VE R &Gy, nl i 2 4R T AR AR E 1 iR
SR 0 5 06 F R v 5 3 B A I HLAR S b
RUEME . RGN TR BB B B N SRR Y
PERESHON I .

2018 4F , Xl /NAR AT BAAE Nature I 238 T 55 %K
W T R NERAR, SEEL T 13 nGy/s 19 AR IR ) FR
5/INT 100 ns 0988 P i, e 2 AR AR &= PR

R3 HBSSHE MIB R AR EREXT b

Tab.3 Performance comparison of novel perovskite-based glass scintillators

XEL integral
o Luminescent Decay time/ Light yield/ Spatial resolution/ ) )
Glass composition(mol)/% : : intensity Ref.
center ns (ph-MeV™) (Ipsmm™)
(BGO)/%
50B,0,-10Ca0-5K,0-10Zn0-5Cs,0- CsPh( Br/Cl)3 0.17
’ 40. 8 460 [21]
]O(PbBrz/PbClz)—IO(NaCl/NaBr) (425~530 nm) (XEL intensity)
74. 8Te0,-4. 4M,0,-8. 8Zn0-4CsBr-8PhBr, CsPbBr,
X 29 10 (XEL intensity)  [52]
0.5AgCl (M=B, Al, Ga, In) (516~540 nm)
408i0,-35B,0,-3Na,C0,-9ZnO- CsPhBr,
’ ’ 15.2 4100 50 [54]
6C52C03—5P1)Br2—2NaBr (520 nm)
75(B,0,-Si0,-Zn0-A1,0,-MgO ) - CsPbBr,: Eu™
23 2 2V3 3 4917 [55]
25(Cs,C0O,-PbBr,-NaBr)-0. 6Eu,0, (525 nm)
35B,0,-355i0,-12Zn0-9Cs,CO,- CstBrzlEu“
- 6.78 10 100 15 [56]
6PbBr,-3NaBr-1. 5Eu,0, (530 nm)
35B,0,-358i0,-12Zn0-9Cs,CO,- CsPbBr,: Lu*
2 ’ ’ 27 16.8 [57]
6PbBr,-3NaBr-1. 5Lu,0, (520 nm)
(35—X)Si02—28B201—22Zn0—2K20—XGd,03— CsPbBr,
’ : — 12.7 9 [58]
10CsBr-3PbBr2(X=0,2,4,6) (=520 nm)
CsPbBr,
B,0,-Si0,-Zn0-Cs,CO,-PbBr,-NaBr X 21.43 17.5 [59]
- - - (490~520 nm)
40B,0,-19AL0,-10Ca0-5Cs,0- CsMnCl,
- - 370. 3(ps) 13 400 4 [23]
15NaCl-10MnCl,-1Sn0 (540/650 nm)
37Ge0,-31B,0,-3Ca0-2Zn0- Cs,MnBr, 366. 2/
N 5200 19.1 [22]
3Mn0O-6Cs,0-18NaBr (523/650 nm) 3850 (ps)
295i0,-35B,0,-5Zn0-1Ca0-1MgO- Cs,Cu,l,
: ’ . : 47(ps) 9 [14]
3AL,0,-10Cs,0-2Cul-12Nal-3. 89107 SnO (446 nm)
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P o B M 5 51 AgCLAE S fh ), SE Bl T
CsPbBry 44K i (19 35 57 W 45 26 K08 XEL 38 J3 42
F+2 BGO 1 1710, I J8 Dy ik il 3 40 R 5 e 1oz 1)
LR SR, Z R TR AR Iz M
R AR DN SR BB A KR T A ) . B T
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Fig.4

(a) Comparison of perovskite glass-ceramic and commercial BGO single crystal. (b)Physical photos and luminescent pho-

tos of the perovskite glass-ceramic after X-ray irradiation with different powers and then re-heating. (¢)Schematic struc-

tures of CsMnCly, CsMnBrs, and Cs;Mnls crystals. (d) PL decay curves recorded at 540 nm (green points) and 650 nm

(red points) from manganese-based perovskite glass. The blue lines represent the biexponential function fitting. (e) PLE

and PL spectra of Cs;Cu,ls NCs glass. The inset is a picture of the glass samples after heat treated under 254 nm ultravio-

let light. (f) Active fiber array scintillators inside the confined space (e. g., hollow iron spheres). (g) PLQY, transparen-

cy, Stokes shift, fluorescence lifetime, FWHM compose the satellite map of Cs;Cu,X5 NC glass
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Lo [AIAR BB TR 2 A B AT BB ok 3% T
FL A i R TR S 00 B 3 P A oK T s AL Ol
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