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Research Progress of Scintillation Crystals for Positron Emission Tomography

CHEN Yanghua, SONG Zhiyong, DENG Yushan, CAO Xiangzhu, DENG Zhenzhou
(Nanchang University, Nanchang 330031, China)

Abstract: Positron emission tomography (PET) plays an important role in disease prevention and detection. In order to improve the
performance of PET system, this paper reviewed the development of some scintillation crystals for PET based on the luminescence
mechanism and scintillation performance. At present, cerium-doped lanthanum bromide has a superior performance in PET
scintillation crystal, but it cannot replace yttrium lutetium silicate as a mainstream crystal in PET system due to the difficulty of
moisture absorption and processing. Cerium-doped gadolinium gallium aluminum garnet crystal is expected to become one of the
alternative materials for PET scintillation crystal due to its good time resolution and spatial resolution. The future research direction of
scintillation crystals in PET field is to explore some novel crystals suitable for time-of-flight detection and depth of interaction
detection technology.
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Fig. 1 Schematic diagram of the luminescence mechanism of

the internal luminescence center of Ce ions with
different valence states
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Fig. 2 Structure diagram of a PET detector formed by the
coupling of a scintillation crystal array and a
photoelectric conversion device
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Table 1 PET requirements for performance parameters of scintillation crystal

Performance parameters Density

Light output

Decay time Emission spectrum

Reference value of feasible interval >4 g/em’

Spatial resolution /

Affected parameters o
system sensitivity

Energy resolution /

time resolution

>1000 <lps 400 —440 nm
Time resolution /
. . All parameters above
dynamic range of counting
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Fig. 3  Thallium-doped sodium iodide crystals for the
first-generation PET detector

1963 4F, HERREL(Y,SiOs, YSO)E & B2 —Fh
RUFH SRR, BN T8 A Rk TR 5 26 4

BT, et YU, KRB AR ITGEEGS
1 R A R E I ThAERFE. 2016 4F, T CFFER
JH v 5 ] AV ) A% B B RN 0.2% 1)
YSO: Ce fhfAP, FEMAR T 12 5 s A R i 2% S % e
B Ce™ I Sd-4f BESLR SHSNSIE, SiREW, HE
YT JEEER KT YSO Ak AT RE T B 52
FERS A RERE =25 YSO ISR & 5T, FLER R R 5 i o
SR AR, RN Ce™ IR 5d BELR I 5632 5L
Mt K. FAE, EAAESRHREEERT
¢65 mmx200 mm KK R ) YSO:Ce @AY, lik4s
KB, YSO:Ce MHATE 662keV FHIREE RN
7.2%, HEEWI ATk 52 ns; BEAL, YSO:Ce fifk
£ 0.16% 1 BS T AR FE « 0.10% M — S AIERME
WREE LR 60% 145 i 70 30 Ao S itk 18
PET M, YSO nf LS RERRHE S ARSI AR
AR PR 2 AN [ 0 3 s ) AR TS SO F i85 PET
F A% B A AR R AL S i B rE R, (H i
T YSO SRR MR RE R 2, Hl 5587 UMER
LU B VR A AT A5 21 DR AR B8 BE I S5 AR PR L 5
DR FREBREC , T 2 Hb 2 ol L A AT A A ek
RO I TR jir 32 R

1965 4, B HREFRE(BisGe;01,, BGO)fH ik
ekl ok, 1973 4, Weber X} BGO HIHUK %Al
RFEHAT T EDY, SRR, %5k &
INERAT RO . b2 80 4EAR W, ™ A A2 FI
0 T B B DA K RS) BGO e, I AE
KR AZ T 70 0 (R AL IE fi B XL B . BGO
SRR B 7.13 glem’, LRSI A 480 nm,
REAR LT MR fEL ARSI AHICAC , P FRAE o, Xt
Gamma Y& IERE J15%, R & HA Wi,
T 1977 4L BARTAV A4 & A 1T 1 B FH T 56
AR PET RG24 . 1998 FLIK, LighERR R
Fixt BGO SR IAE K T2 A K e 4% B A K SR ) 45
Z 7 AT T, SEL T BGO [N R db AR FIE Rk
AR FNBLH IS 7R, AT N4 Bk PET F MR df A
BGO M KRR, 648k PET H BGO dfAT
Bl B, (RS 5T, BGO Sk 1t 4
AR, HREEE K, SEERES RN, X



. 1902 - (RERR Sh22 340D

J Chin Ceram Soc, 2021, 49(9): 1898-1906

2021 4

7E PET BIG H 3 A% Ak DUA 205 ok B 5 di i S iy
KT, SmEG S, g 4 Bl
BGO fn iRy B N ERIK i B, ZE S BGO ik
T2 el i) 18]35 21 231 ns.

(a) High-density BGO crystal

BGO pulse

450
400 - Decay time~231ns
350
300
250
200
150
100 |

50t
0

=50
0

Voltage/mV

100 200 300 400 500 600
Time/ns

(b) Scintillation pulse of bismuth germanate crystal with long decay time

B4 T FEE AR B TR Bl i o H B TR ) K SR D 1] PR Rk e
Fig. 4 High-density bismuth germanate crystal and its typical
long decay time scintillation pulse
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Table 2 Rare earth quotation of South Rare Precious
Metals Exchange in December 2019

Rare earth Highest E)lrice/ Lowest I:rice/ Quote chjnge/
#kg') (kg') (kg')
La,03 15.90 13.37 0.95
Dy,0; 2500.00 2176.00 3.00
CeO, 15.99 19.05 1.01
Prs0;+Nd,05 398.00 360.01 0.32
Eu,03 375.00 362.00 -4.90
Tb,03 4735.00 4202.00 42.00
Y,0; 26.99 25.12 0.37
PrOn 505.00 426.00 2.88
Nd,03 392.69 363.01 0.32
Sm,0; 15.80 12.94 0.82
Tm,0; 811.00 772.00 4.70
Er,0; 219.00 212.00 0.20
Yb,03 170.99 166.02 —-0.23
Luy0; 5554.00 5200.00 2400.00
Ho,03 453.80 392.60 9.00
Gd,03 192.01 182.00 0.18
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(a) Current mainstream yttrium lutetium silicate crystal array in the field of
PET detectors

(b) Flood map of LYSO crystal array
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Fig. 5 Yttrium lutetium silicate crystal array and the flood map
that can reflect its spatial resolution
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(a) Lanthanum bromide crystals with excellent performance
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(b) Energy spectrum of lanthanum bromide crystal. The size of the tested
crystal is 10 mmx10 mmx10 mm, and the energy resolution can reach
5.5695% at 511 keV
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Fig. 6 Cerium-doped lanthanum bromide crystal and its
energy spectrum that can be used in TOF-PET system
under ideal conditions
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Table 3 Performance parameters of scintillation crystal for PET

Crystal Density/(g-cm™) Wavelength of maximum response/nm Decay time/ns Light output/(ph.-MeV ™) Energy resolution/%
Nal:Tl 3.67 410 230 41000 8.0(511keV)
YSO 4.54 420 52 24000 7.2(662 keV)
BGO 7.13 480 300 9000 10.2(661 keV)
LSO 7.40 420 40 31000 10.0(511 keV)
LYSO 7.20 420 40 30400 8.7(662keV)
LaBr;:Ce 5.30 360 21 67000 3.3(661 keV)
GAGG:Ce 6.63 540 94 54000 4.9(662 keV)
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