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Abstract: Glass scintillators are highly stable detection materials that play a crucial role in medical imaging, secu-
rity inspection, and various other applications. They also provide enhanced adaptability and detection performance
in extreme environments, such as deep-sea, deep underground, deep space, and nuclear reactor. However, the de-
velopment and application of commercially available GS series glass scintillators are hindered by their relatively low
light yield and narrow application range (neutron field), which are insufficient to meet the demands of X-ray detec-
tion applications. Consequently, there is an urgent need to develop a series of glass scintillators with superior X-ray
detection performance to satisfy the requirements in X-ray and related fields. In recent years, significant progress has
been made in the development of X-ray-related glass scintillator materials, the exploration of their mechanisms, and
the expansion of their applications. However, few studies have specifically focused on X-ray detection glass scintilla-
tors as a distinct topic, addressing their development and applications. This paper provides a brief overview of the

historical development, material classification, detection principles, detection parameters, and fabrication processes
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of X-ray detection glass scintillators. It particularly emphasizes the design concepts, research advancements, detec-

tion performance, and challenges associated with rare-earth-based and perovskite-type glass scintillators. Additional-

ly, the paper explores future directions and challenges in

X-ray detection glass scintillators, taking into account com-

mon issues and the current state of development in this field.
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Fig. 2 Mechanisms of interaction between glass scintillators and X-rays, detection principles, and influencing factors. (a) Basic

characteristics of photon interactions and the mechanisms of electron-hole pair generation, transport, and collection*".

(b)Schematic of X-ray detection using glass scintillator X-ray detectors'. (¢)Schematic of the advantageous regions for

the three interaction modes™". (d) Absorption coefficient and attenuation length as functions of photon energy, covering

the infrared to X-ray spectral regions ™’
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of the role of Ce*

in the scintillation mechanism

process from Cd™ to Ce’ with energy level diagram

molar volume of glass samples"”
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Fig. 8 Mn-based perovskite-type glass scintillators. (a)Schematic of the crystal structures of CsMnCly, CsMnBr;, and Cs;Mnl;.

(b)XRD spectra of CsMnCly, CsMnBr;, and Cs;Mnls. (¢)Decay curves of Cs;Mnls microcrystalline glass scintillator at
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glass scintillator. (g) Radiation emission spectra at different heat treatment temperatures for Cs;MnBrs glass scintillator.

(h) Modulation transfer function of Cs;MnBrs glass scintillator. (i) Dynamic imaging with Cs;MnBrs glass scintillator.

(j)High-temperature imaging with Cs;MnBrs glass scintillator'
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Tab. 1 Performance of reported Ce™ activated glass scintillators
Spatial XEL integral
Glass composition Melting Luminous Decay
5 ) resolution/ intensity/ Ref.
(mol)/% temperature/ C center time/ns .
(Ipsmm™) (%BGO)
56P,0.-8Gd,0,-5ALO,-1CeBr,-30CsCl 1200 Ce™ (345 nm) 33.8/2 830 — 3 (59]
70(8i0,-B,0,-GdF,)-30Gd,0,-1CeF, 1200 Ce* (370 nm) 6/1 690 — 2 [57]
N N 346. 3/
20Gd,0,-20A1,0,-60Si0,-1. 1Ce™ 1450 Ce” (425 nm) — 24 [53]
X : - 1740.1
AI(PO,) -CsPO,-0. SCsCI-0. 5CeCl, 1100 Ce¥ (350 nm) 35 — 26 [126]
17Gd,0,-17AL0,-518i0,-15B,0 -1. 1Ce,0, 1400 Ce* (425 nm) 48.33 — 37 [54]
27. 5GdF,-72. 2B,0,-0. 3CeF, 1400 Ce™ (376 nm) 1.17/19.29 — 46 [127]
Gd,0,-GdF -ALO -B,0,-Si0 -CeF, 1150 Ce™ (420 nm) 37.1 9 52 [51]
25.93/
2014,0-5Gd,0,-2710,-72. 5P,0,-0. 5CeF, 1400 Ce* (334 nm) 10 61 (58]
- ’ 79.37
555i0,-20A1,0,-155rF,-10Nak-0. 8CelF',-0. 9C 1500 Ce™ (370 nm) 41.6 18 86 [55]
458i0,-15Na,C0,-15AL0,-4CaCO - \
v : 1400 Na,LuGd,F,,: Ce™ (383 nm)  52.7 14 128 [61]
6NaF-SLuF,-3GdF -1CeF -2A1 :
70Si0,-15KF-5LaF -10GdF -0. 5CeF, 1570 K(La,Gd)F,:Ce"(380 nm)  53.6 — 170 [128]
555i0,-20KF-10YF,-10GdF,-5Na,CO - \
1570 K(Y,Gd)F,:Ce™ (370 nm)  75/743 7.9 181 (8]
1CeF -0. 31Si N,
60Si0,-20CsF-10YF ~10GdF -0. 3CeF, 1570 CsGAF: Ce" (380 nm)  204/1 583 8.8 316 [64]

B A& SRy Al 5t 2 5 e R BE N B ML
PR 75— AU o PRI, oR ok B89 B7F 58 A (U 22
TR B 718 B DN R PR 09 454 15 1P e 22 1 By A 280
30 N SE — 2 18 TR 2 OB AL b ok A
M7 3 T X HHE Bl 3 DA A A bR T A T
B T EAT B 98 T 0

LT, PN A A 003 o A T2 4 T8 — Y
P Al A 2, ik 5 Ml 5[] 55 ) s ST AR ofE AL I3

T %o ey L ] 2 ] gy R T
I T A 3 B () AL T 3R TR I F 4R g ) Ao
EARGE " AR m Ty % b Al Ak
SR A 3R T AT IR A X R
XTI A (7] S 56 8 BT T A R P R R R
[, Jn ke F A 7Cs A Na S5 % 2 5 Jim 5 T i 36 X
S5 R T ARl T B B B AN ] T R B ), A Ag D
WAEHE B o DRI T S S VR A Al 2K A S DR A



%7 MBEA, 5o XGTERIRN A AR B HE DR IF 5 0t e 1199
*2 EBREMNBTV'EFAGREEELE
Tab.2 Performance of reported Th*" activated glass scintillators
Spatial XEL integral
Glass composition Melting Luminous Decay i ) )
. resolution/ intensity/ Ref.
(mol)/% temperature/ C center time/ms .
(Ip*mm™) (%BGO)
15B,0,-20Ge0,-10Te0,-15GdF ,-33Lu,0,-7Th,0, 1500 Th** (542 nm) 1.78 — 34 [67]
10Na,0-4Gd,0,-30Ba0-5B,0,-47P,05-4Th,0, 1200 Th* (545 nm) 2.66 10 52 [69]
13A1,0,-21B,0,-35. 48i0,-20. 6Gd,0,-20ThF, 1400 Th*' (542 nm) 2.25 — 67 [70]
3Th,0,-40Na,0-7. 5Gd,0,55i0,-44. 5B,0, 1400 Th* (544 nm) 1. 88 6 109 [71]
508i0,-10A1,0,-10CaF,- N
R - 1500 Th>*(542 nm) 2.24 18 130 [72]
17Na,CO,-10YF,-3Th,0,
19. 2H,B0,-28. 8Si0,-4. 8ALO,- .
7 J b X 1450 Th”*(544 nm) 2.69 20 147 [76]
48BaC0,-17GdF,-15ThF,
73.28i0,-15. 3Na,C0 -6Mg0-2Zn0- .
3 5CaCO 11T 1520 Th* (541 nm) — — 150 [73]
.5CaCO,-11ThF,
64Si0,-1B,0,-6510-1281F -12A1,0 - \
3u.0.2Th O i 1500 Th>*(542 nm) 2.36 — 171 [65]
N
53.5P,0,-7Gd,0,-25NaF-8AIF -6. 5Th,0, 1200 Th*' (543 nm) 0.23 — 210 [74]
13A1,0,-11B,0,-465i0,-20Na,0-10Ba0-6ThF, 1400 Th** (542 nm) 3.07 20+ 217 [77]
555i0,-5A1,0,-5B,0,-10BaCO -6 MgF,-6Na - .
N C.() S TLF 1520 Th’*(542 nm) 3.49 20 219 [75]
a,LU5" 3
558i0,-20A1,0 -15BaF -10NaF-8ThF, 1500 Th* (542 nm) 2.35 20 224 (78]
568i0,-12B,0,-18Na,CO -
SBaF 1CdF SThE 1350 Th* (542 nm) 3.31 20 250 [79]
a 2 7C 3™ ) 3
458i0,-10K,C0,-15A1,0,-4CaCO - 400 BaLuF,: . . m
2 3 3 E | s ) _
18BaF,-7LuF -1 TbF, Th*' (543 nm)
Na,GdyF,,:
50NaP0,-20Bak,-10CaF,-20GdF,-1ThCI, 340 n ’ 3.80 — 36 [82]
: : ’ Th* (541 nm)
50Ge0,-15A1,0,-5CaF,-10LiF-10ThF, 1450 CaF,:Th* (545 nm)  2.36 — 50 [83]
458i0,-10K,0-15A1,0,-4Ca0-18NaF- 100 Lu,0,F,: s o o4
2 3 1 s ) _
8LuF -4ThF, Th** (544 nm)
Na,GdyF,,:
408i0,-15Na,C0,-20A1,0 -15NaF-10GdF -4ThF, 1480 ST 2.96 — 130 [85]
’ ’ ’ Th* (542 nm)
178i0,-11H,BO-10A1,0,-6Cs,CO, - BaGdF : 56
. - - 1450 3.07 — 140 8
32BaF ,-17GdF,-TThF, Th** (542 nm)
508i0,-10Na,CO,-15A1,0,-3CaC0,-15NaF- s00 NaLu,F, : Vo % s .
i i i 1 .7 1 7
4.2LuF-2. 8TbF, Th** (542 nm)
425i0,-5A1,0,-22BaF -9NaF-3CalF ,-3Gd,0,- Ba, .,Gd, , F, .:
o : o 1400 o e 3.40 — 192 [88]
9GdF -7ThF, Th** (542 nm)
Sr,GdF,:
708i0,-7AL0 -1681F,-7GdF -4ThF, 1550 . 3.05 — 194 [89]
- ) Th** (542 nm)
KTh, GdF,,
50Si0,-10ThF,-15GdF,-25KF 1550 2.93 28.7 540 [90]
B i i (542 nm)
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Tab. 3 Performance of reported Eu**/Eu’ activated glass scintillators

Spatial ~ XEL integral
Glass composition Melting Luminous Decay A
. ) resolution/  intensity/  Ref.
(mol)/% temperature/ C center time/ps .
(Ipsmm™) (%BGO)
25B,0,-40Ge0,-4La,0,-6Eu,0, 1 450 Eu* (616 nm) 1460 — — [95]
10Na,0-4Gd,0,-30Ba0-5B,0,-49P,0_-2Eu,0, 1200 Eu* (613 nm) 2373 — 30 [96]
46B,0,-5Te0,-34NaF-30A1F 2. 0Fu,0, 1150 Eu’(614 nm) 2500 — 39 [97]
80Te0,-10Bi,0,-10Nb,0,-5Eu,0, 850 Bi,Te,0, :Eu®(614nm) 750 - 20.2 [94]
39AIF,-36( CaF -StF -YF,)-5BaF -5A1(PO,) - .
: 2 : 3 1100 BaCL:Eu* (400 nm)  0.54 20 132 [98]
15BaCl,-1EulF, -
455i0,-15A10,-20CaF -10Ca0-5LiF-10C-1Eu,0, 1450 CaF,:Fu*(470 nm)  0.97 15 200 [46]
x4 CIREFHRT BRI QIR AY 1 RE
Tab. 4 Performance of reported perovskite-type glass scintillators
) Melting ) Spatial Light yield/
Glass composition Luminous Decay )
temperature/ ) resolution/ (photons Ref.
(mol)/% . center time . B
C (Ipmm™) MeV™")
503203—1OCaO—SKZO—IOZIIO—5C520—10( PbBrZ/P})Clz)— CsPb(Br, Cl)1
' 1000 40. 8 ns — 460 [113]
10(NaCl/NaBr) (425~530 nm)
75(B,0,-8i0,-Zn0-A1,0,-Mg0)-25( Cs,CO,-PbBr - CsPbBr,:
X : : o - 1250 N ’ 49.17 ns — — [114]
NaBr)-0. 6Eu,0, Eu™ (525 nm)
CsPbBr,
408i0,-35B,0,-3Na,C0,-9Zn0-6Cs,CO,-5PhBr -2NaBr 1150 15. 2 ns — 4100 [115]
: i : (520 nm)
CsPbBr;:
35B,0,-355i0,-127Zn0-9Cs,C0,-6PbBr,-3NaBr-1. 5Eu,0, 1200 N ’ 6.78 ns 15 10 100 [116]
. Eu’" (530 nm)
CsPbBr,:
35B,0,-355i0,-12Zn0-9Cs,C0,-6PhBr,-3NaBr-1. 5Lu,0, 1200 ) 27 ns 16. 8 — [117]
’ - ’ Lu™ (520 nm)
CsMnCl,
40B,0,-19A1,0,-10Ca0-5Cs,0-15NaCl-10MnCL,-1SnO 1300 i 370.3 ws 4 13 400 [121]
c c (540/650 nm)
Cs,MnBr, 366. 2/
37Ge0,-31B,0,-3Ca0-2Zn0-3Mn0-6Cs,0-18NaBr 1100 ’ X 19.1 5200 [122]
’ (523/650 nm) 3 850 ps
298i0,-35B,0,-5Zn0-1Ca0-1Mg0-3A10,-10Cs,0-2Cul- Cs,Cu,
’ : : 1250 : 47 ps 9 — [124]
12Nal-3. 89x10™" SnO (446 nm)
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