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Table 1 Properties of several ceions doped rare-earth oxyorthosilicates

. AR %*TE ﬁ&ﬁﬁ ST gt %‘REFK _ )mﬁm_ 7%5#?)3‘2 s Re PR

/C /(g-em™) FIFEL /(Wem™ +K™") /(ph-MeV™") £/nm @ 662keV/ %
Y, Si0, 1980 4.5 39 @2/ 1.79 4.4 24000 420 52 9.3
Lu, SiO; 2050 7.4 66  C2/c 1.82 5.3 32000 420 41 7.9
(Lug Y, ,),Si05 2000 7.1 63.5 (2/c 1.81 — 37400 420 38 7.7
Gd,SiO, 1950 6.7 59  P2l/c 1.85 3.0 12500 420 60 7.8
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* BE&TE : TfEH TksRIE TR (TC160A310/17 ) ;7 ARF ST —RHEQ1H & AF A A AT H (2016 TQ03C535)
VEZ BT KT (1987-) , B INAREHKIEN A, P TR, {4 FF 07 oy AT iR K
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1.1 FEEREE
1990 4E, C. L. Melcher 26 A"V B R W55 T Ce:
Lu,SiO; ( Ce: LSO) IR &M, KB Ce: LSO fif 1A 2
— P PEREOL KA DR A A BFZE R W), Ce . LSO
e R AL A R RE RS, NI N R B TR T — 3
VAR  BIENT.4 o/em’® , AR TR Z =
66, A 1R = RS 3 BB 420 nm, R 535 &
TrRifE y ST PRI, Xy S 4R 4500 350 5 5
Ce: LSO fHAA ) 672 45 29 & 30000 ph/MeV , >N Nal
(T Y 75% , /& BGO fuikiy 4 ~5 £ 28 6 gyl il
)5, 20°4 40 ns 247, A E] BGO 1 1/7; g =433
F 5 BGO M. BRI, Ce: LSO AR MIZEAMERE
ZE T BGO dhik, Bl o B A T 1L BGO i
TREICHLIN KRS, P, Ce . LSO fb 475 755 E 4 3L
FR RS AR 25 )32 W RS, PG 1] F/2A
FIH Ce: LSO FHAHI/E PET/CT A4 L 014 35
28 A B KM e ] T BGO fii& PET/CT Y 30 min
REARE] 7 ~ 15 min, [RIFHARE TR
Ce:LSO fiAJE THRNG R, 2 HHEH C2/c. 75
Ce: LSO ffAR A3 W RR 25 24 B, HERC A 25045 i)
7 Fe, K Lul 5 5 4> Sio, AR O F12 4
PSLIR) O BT B AR 1)+ T, Lu2 5 4 4 Sio,
9 0 F12 ASHRSLAG O B B iR, Ce B
TBRE , BBACERY Lu BIREAL, T RLUK 6.
T Ce 5 Lu B2 K, Ce 7E LSO @A 11
IHEEREUAA 0.2 ~0.25 K47, ML Ce 7ECe:1SO
ARLE NG RN TR | o7 N ke B (125 32 01 A B e R

LSO {47, Ce B 2% 5 B TE i Cel A
Ce2 WA~ L. BT BT AR f S 1 LA EIOAR ] 2%
SRIBEIRIG XS Ce B Fr=Ad R M sh &R, 1
05, o) 8 s, o041 B~ B I N T R P N o
WP Cel M Ce2 PSR IEH LAY &7 LE LL B, AT
PLERZE Ce: LSO S i) &G | Kk G 3 RN 5 8
IEIE S

VAR, Z R R Y'Y Gd'™,Se" Lat®
Cal' Mg, T Znl ™ YR Dy PR
Li™ F Na' 253828 1Y Ce: LSO fb A 1475 2B 5%
HAFIH B Ca M9 4, (T S A T (9 P R 2L I B
FTRREDL B B 1 BE /L BEAIR T Ce: LSO FRIATY
Fam AR, [ 2 DY B B = 19 Cel 1935 4
3= T Ce: LSO Ea AR e E Y David Stratos

ZNEAIE T Ca BIRIT Ce: LSO SR
SELL I Ca B2 N 0. 1% W, BE A & 1A 18 ' i
S 20% 5 (H 4R BB AT 0. 2% B, % F Ce: LSO
SRR K ASFIT2) . David N. Terweele 25 A2 TF 57 &
P, ZESR A AL SR A KA 180 Ce,0. 2% Ca fiik
FAH Ce: LSO S AT &1 () 64 Ao BER ) LA
T Y U T[] Ding Dongzhou AR TSR
SR T I JORFEEXT Ce: LSO Fhik By i, % B4
1400 CiB K5, iR I UR 58 2 b BIF Uk 2D 055 T %¢
5 A

Ce: LSO fbiA¥E s, & ] SR | AR K
B R RO, i AR A A AR R B A T
P ALY, ZORAE NS T Ce: 180 f
IRBBRE & B Ce: LSO SHR M IT A £ e 24
TN T 24P RT3, Hoh 22 S R 2 BEAIL 1) H BLAE
JA A AT I T2 e ke e, R TR 24 R T
SEATT 101 ] 7 2, Jekam ad T 25 etk bt 4
piv PR L ey = B D R) 2 v TR R B A ) e U
PRI VR FH T & A 5 S50 A R T A okt , A 2
FEIR AR, AL B R R R 2 TR TR
WA RNV 5t 4, 83 R ARRE I Bk S BUN 4 o A
S, K R M IR B R B B R
F)]’,Ei[zsj‘

] P 5 A RGE Y Ce s LSO ARHIF I 2 52 1
N AMATEE 1996 4F 1 Je R P AE K T RSP
N3 mm x4 mm x4 mm [ Ce: LSO E%{z[g[%]' 2003
4 ATEME %N HEIE T Ce: LSO fh AR K 51k
e SRR PIEAERK T Ce ¥RE N 0.5% B H A% 35
mm x40 mm f¥ Ce ;LSO &4, I HAWF 5T & B 5 1A 1Y
U2 AR R AR Y & 5 B TN RE I 73 R, 2016 4F
Iﬁi%}\mﬂﬁﬁﬁﬁﬁjﬁffﬁﬁkTEﬁé 65 mm x200 mm
) Ce: LSO fHA, I Xt Ce: LSO fb iR A A4 & K VEfE
WFFE LI, 24 Ce WHEN 0. 16% 45 S50k 60% |
Si0, MR S 0. 2% B fh A 19 & G35 51 PR AT
Rihua Mao %5 A 357158 7 542 85 mm x 100 mm K
Ce: LSO A, Y64 Hi >~ 32000 photons/MeV.

A5t Ce : LSO FARRYBFSE 1A T 1990 4F, C. L.
Melcher % A i HiiF T & 117 1991 4E, C. L.
Melcher 25 N &3 T4 % Ce: 180 FIRIIEE —FiE
3C, G RPLEAE RS +0.3% AR MR T 3
THA 20 mm x40 mm £ 20 mm x 60 mm
Ce: LSO FhA, 45 54 3 B IZ b (A2 — AR R 19 TN Aok
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FAR®) | Hisashi Matsumura 28 AP0 1) B AL HT 1R 42
FrR1E T HA%2 35 mm x 80 mm [ Ce: LSO fHik,
IR IR Y Ce WRIESE 1% , INHIRIEIRIY Ce ¥
JEJE 0. 2% ,iZ )7 AT DIEs il A SR Ce ¥R BEAR
Fp¥—. Y. D. Zavartsev 25 N\ R PLERG T H
4278 mm x 110 mm ) Ce:Ca:LSO EA . Hayet Farhi
FLENCUHEIE T LHPG il £ Ce: LSO fhAYGEF 1Y)
FAR B MR TER +1% B T35 T HAR 0.6
mm [ Ce:1SO fhiA, 5 HEH7 A0 HL, 208 R B0 5
T 21% ERKEES S T 30 15,

1.2 FEE$C

VB IR SRR 9E Z 1T, Ce: YSO AR AR A4 L —
LA Ry B 5 4R A5 B R A5 2R 5E ). Ce: YSO
RS Ce:LSO FHARFI Ce: GSO SR HAT ALK 45
L BB o AR NSRS R — T
Ce:YSO A B A 38/ B A 50 R F 7 8, BRI T
Ce: YSO A ATE N b 1A v 9 107 .

YSO fi iR EAT 5 LSO S AR ) S A2 4, 78
Ce:YSO itk Ce A PAHEALRN Cel F1 Ce2,
KT 4 2 37ns il 82ns*) . M. Koschan 28 A%
WF9E T Ca B4 Ce: YSO SRR PERE, Ca 9B 21l
Ce:YSO SRR FEUR A [R]Ek /L, [R]AF 2 55 T Ce: YSO
A I S B M BE, ST Ca B 4% 1Y Ce: LSO
AR

C. L. Melcher ZE AFFJE T Ce: YSO SR A K
5T TERR +0. 3% AU T HIHRHERTS T Ce:
YSO A, Ce 1435 R EHN 0.43 ~0.50". M.
Moszynski 25 N 38 7 H 42 60 mm x 10 mm F)
Ce:YSO fifk. EAESGENFFET Ce: YSO A
HKAWFSE, 3615 T HAR 65 mm x 200 mm i Ce: YSO
A ARTIE & B, AR AR BE R 0. 16% 25 5 4 Bk
60% ,Si0, #MEHRJE N 0. 1% W TR 1K) & 56 ¥ 511
Lyi
1.3 FEERECEE

D. W. Cooke 25 A3V 7E 2000 4EFF R T Ce $B24¢
REFRGZ4E (Ce: LYSO) [ i ARS8 FF T LYSO: Ce
A AHIF ST 55 0 B9 %%, LYSO iR LSO A1 YSO
A [ AR 450 5 LSO 1 YSO A AR A AH %)
F LSO ik, — 2 =M Y M8 2A FI TR
A AR S5 3G Ce 43FE R0 3G AR 511 |
FEARBRREA IR B PEILINMRPERE. T30 B A 3L
JEF P N PR RE S 2% 18 A IR S5 M F Y Ce

LYSO fuiRH a5y Y (R AR AL A i AR, 2
BAEART 10% . THAT RGHAFIE T RF Y &
X Ce: LYSO iR, K. WEH Y & & T
= S BRI , Ce 140 5E R B2 0. 22
HINZE 0. 42;Ce2 [ HLBIZ W, Ce BT 5d REHK
(R BE 24/, Cel F Ce2 J&] B A A 70 BE R AR, 107
FETE T R, Ce2 B RRIH T S Wi/,

H T Ce:LYSO /&AL A w25 B s ek iy PR
T B ] A AL A, 7E = BB 9 B ( Mu2e, CLOEL,
CLOE2) A% E 24 ( PET, CT, SPECT) %40 e A &
BN . 7EEFR PET Mg LYSO: Ce T i 45 (1)
BYHE FH 2009 4E11) 40% BT+ 2 S [i 1 70% 47,
XA 7 B A 2R 25t . BT, 2 E CPI
( Crystal Photonics, Inc. ) % E & X3 ( Saint-Gobain
Ceramics & Plastics, Inc. ) /A A FHE T Ce:
LYSO SAA Pl A A K TR, S8 @ <A )
far 2= RFNH A B ELE D & 3T LYSO: Ce 19
PET, L, %t Ce: LYSO fiARRIBF TN 7245, E K
() LI BT R A BR AN A Rk = e 4 BT
A P TE BRI TT & HE T Ce: LYSO SRR IR B2 57
ﬁ%m‘

Pidol % NG &I, 7E Ce: LYSO fifAr,95%
5T TR Cel ,5% HY R Ce2"™) . 2RI T Ce: LSO
&, Ca B 244 FI T HE R Ce: LYSO fh 44 i) A
fig. S. Blahuta 5 A JESE T 242 5% Mg J Ca 1Y Ce.
LYSO §hERH A 20% 1 35% MY5HES 10 Ce' ™, I3
T Ce' TBES Ce’ AE Ce: LYSO S b & G HI/E
BLHI . 2R BEA A B 5 =08 Ca B0 MO, 1Y)
Ce:LYSO fhfA il i MO FEKE RICIRAS T 20 3B
A NI R AR T diiR AR K B i O S (i,
[FIEESE I 1 A i R Tk g, v #h Tl T Ca $8 2%
TR R 5K R Rl AR AR AR

AR K5 PR REFSY , 76 B N J7 T, Laishun Qin
SN T 2005 AEFFE T NI Y AU Ce: LYSO
m R A K 5 BRI 5T, OF3RAS T HAR 30 mm 1)
Ce:LYSO #HfA,Y Fll Ce B T7E Ce:LYSO fhiA >
BEZR KB W) J& 0.83 A1 0.2. 2012 4E Rihua Mao %5
N2BLA G T HA% 60 mm x310 mm HYCe: LYSO fiy
R PERE, IF7E 2013 4EAEK T H 42 85 mm x 100
mm fEA. TAEZE X Ce: LYSO SRR A= K 414
PEFTAIGY & 30 . Ay s A A AR T 28, 7 [T v 5 1 B 3
SR FHASE IR U0 60 3, 7 2 T8 7 1 Yy DX 3R
B/NIREREE ;24 Ce B4R IE N 0. 15% B, ki
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R BE ) B ik 5 SR A LA TR i S AUVl A X,
A F T A AR i i %

1EE A J7 1, D. W. Cooke ZE A B RITET
Ce:LYSO @AM A K 5 M RERF I8 I L B, Ce B2
WREN 0.25% ] Y &8 10% AEKSHAN, +
0.3% O, 4T, IR A K B 8 3mm/h, I FLAf
SE T Ce 7 Ce: LYSO fbiA (505 R ECH 0. 2877
2005 4, Jianming Chen 55 A H2iE T 1 2% X BEFI CPI
( Crystal Photonics, Inc. )il & 4489 2.5 em x2.5
em x 20 cm Y Ce: LYSO ff 447, 2006 4F, B.
Hautefeuille 55 AN FF & T T $73% il £ Ce : LYSO 1y
BB AR, IFRMS T EHAE 3 mm Z£4 % Ce: LYSO
TN
1.4 FEEREL

1983 4E, H 7.2\ 6] i Takagi 25 A0 1 Wk H
PRI AR H A% 25 mm x40 mm [#) Ce: Gd, SiO,
(Ce:GSO) fAR , IF-XoF di AR A S SR il Asf [1] 45 T4
KRMERERFIE & BH, Ce: GSO AR AR —Fl P REAL R 1Y
DN AR A FCELAT 35 s i % (2 BGO @A i
fiZ) BROGEN(2950 BGO MR 1/7) A
FR 4 R B AR A AT SR 3 (N S AT 2R /N ) v 4
)% B AR U 805 W iz Tl R
W ARG BE 24 (PET) [ =i RE 9 BEAZ 9y BE 45 1 FH 401
Sl H S AR A EHBSEEL T Ce: GSO S AR =k
e r=.

5 Ce: LSO /b & F1 Ce: YSO i 1& A [H],
Ce:GSO fhiARZS [AIFE K P21/c,0Gd4 U T 4 A Si0,
U T A A T A o T R A N2 K R T AT
(100) 1 (7 J2 AR 2544, B I, GSO @l iR B2 &
(100) THifi# BEIT L. 78 GSO SR, Gd A WM&
Ay 7 WAL 9 FRAEAY. DRI, Ce 824 GSO ik
A A T RS 7, B TR RO, Cel
Ce2 IR A& GH OB a3 il J2& 56 ns A1 600 ns /2
i T Ce 5 Gd B 1AM, Ce 7ECe: GSO #iy
TR 43 R BB R, M 0.7 ~0.9 R%E. Ce: GSO
mn R P AETE R BRI G , 2 Ce WREEHETT 0. 6%
B, ki A I A iy AR R 5 Ce: 1SO A
TAH Ce: LYSO FHIARZEAL, W ¥ 6] Ce TEPFIAK AL
TR Ce’t 5 Cett B 5 He, v Rl 38 S AR /)
INFREERE. B, AR T 2B 7182411 Ce.
GSO fhikPERE. LI R, Mg, Ta, Zr S5 0] ff Ce.:
GSO AR EH H FE YC A I ik S ik

AR X T AR B et A A P A R . A 4l
RAFERK, MRS S SEEE G, L5
PSS A AR AR P AR K, T LR
FEEH MR, RSN Ce* B 7 & &, 1
AR o AR R R B TR R 0

XFF Ce:GSO fRPRRGAIFST , = P I A X350
AEFAEYIFRE T Ce:GSO fARRIBIZY , 76 S A A K
KA NEARAR SRR EE R 1 ~2 mm/h fl Ce
B E 79N 0.1% ,0.3% ,0.5% ,0. 8% 2 {4
T IR T AR E ARG T WA IR K5 &
B, 762 SRR AR KO DB S AR A9 TA R
PERE; FFIE T Y 824 Ce. GSO MR A K S1ERE
FRI,Y WHB 20 R T ok A T | 42 e A ik
v pUN B/ = LN NP IR e

AN 1, 1975 4F Wanklyn %5 A PbF, + PbO
+PbO,VE MBI F], 76 1050 C F 315 T 3 mm fY
GSO #1983 4F H 372 Rl Y Takagi %5 A, F 2
RIEHAR T B 25 mm x40 mm (5K 1994 4
Mitsuru Iskii 28 A, A4 P76 4645 T HE 60 mm x
200 mm [ Ce:GSO ik, JF 345 T ik HAE SR K
et o YL BB E 9 5G 2212 Ishibashi 25 A 45 2E K
TH# 80 mm x 280 mm MY JC I 2L 19 K R ~F 5
K HARHSIA A B 2R R, R K E AR
259 105 mm x 290 mm F =5 o fi R BA i A 54

XTI PNLEE, BATC &8 2R 28
5. Noriyuki Miyazaki % N> & B, F[ 010 ] #li kb
A Ik RECRH TR 2 ~3 £F, R4 &
FEIHRI T7, 258 5 15 B AR AT 24, Y. Kurata 25 A
RE, (010) i Z) 7= 2 A 8y Yl v g, i 5 |
AR R ORI 0 T AR R SRR A TR 2L T, Utsu
NPT B IARS HIE A I ) S R AR
T2 X, B IR IX (2 1500 C) RS ke %
X, A TCZ X ,600 °C LA A S5,

2 WHIEREERR

i L AERR £R 1) fb2% 2 RE, Si, 0, (RE K76+
TR —F LA . T RE B P02 5], #
AR R R R A AT PRI R AN [ B B R 25 A
DL AR5/ INGIRR + BHES 0 Se, Yb Al Lu %5 M40
B JE TRt C2/m 23 RIS, LR RSE R - BH
TN La,Y,Gd,Nd Fl Eu 55 R4 5 0 & gt P21/
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m 73 [B]FFS5 . Ce 1825 0O T AR iR £ HLA S Dl i
[ BRIk o A5 B DN AR R, AR R AR B2
5T, R T — P75 IR b AR RV e A o
2.1 R

FEHREIRSZ Y,S1,0, (YPS) & —FhdE —Hua Rl ik
B G S 1775 C L FER R IR R A R0 R 5
SICARLER 5300 Ry, o, B,y F1 S, R IE 2 & IRAA
PRI & YPS @R R RIHE. 1999 4F N. L. Leonyuk
NSRRI B S, 4 T OYPS f A, 2010
AF TS A NNV IR X A K Ce  YPS A, 7E
EREFAER R RKERR 3 ~5 mm/h, BT
PEMNERE R H 15 o/min 5c0F T, 3575 7 A5
Bl RSFAN 4 mm x5 mm x 1 mm 9 8 AHER N SR
IR 4.04 g/em’ DtH A 5800 ph/MeV S
FE) 9 30 ns, 45 Ce: YPS fb A4 (G i 488 /8 (H
Ce: YPS ShAR ) 26k i 6] 45 - Ce - LSO 144 | Ce : LPS
AN BGO AR5 | PR A R PR DA 0 7 A S8 g
A TEAEN .
2.2 fEREmRE

Ce:Lu,Si, 0, (Ce: LPS) fhA, Hp% 55 1900 °C,
SR 6.23 g/em’ A RURTFEL 64, BLIS Yt
{H 57000 ph/MeV"**' 7E Ce.LPS fhikH, HAE—14
Lu #8407, It Ce HA — A&7 DL 54, I, Ce.
LPS fhR A A3 I, 08 [R] 29 2 38 ns'®'!. Ce 7E
Ce: LPS f i& i 43 B R % 0.5, iz & T 78
Ce: LSO FhA H Y, DR I A 24 40 P o8 . AR X T
Ce:1SO fh ik, Ce: LPS fh A HA 5 & p ¥ 41, #
LAt M RE, SR A48 SR OB A, T AT 1Y
PFE M, e — B A W BTN R R R TR
Ce:YPS ik, Ce: LPS FhiRJE —Fh— B AL &
Yy, A LT DL o #2477 3R 45, Ludivine Pidol 45
NI R P3R5 T Ce: LPS ShiA. AT [ 7 4
NP R A A K T EH AR 15 mm x40 mm
f) Ce; LPS fiiA.

3 mEERS

RERRSE, 1675300 Bi,Si, 0, (BSO) , & —Fh K
SRIN 0, S A R B BSO AR T
SOl A4, JEHS 451030 °C 007 B R, 5 B
Jg Td°-143d, i ML Si0, DU TR (A Bi 41, Bi {37 T
6 /1~ Si0, DU PRI Z2 B b BSO A 5 % FH I T3 66

R BGO (A ELAG A 7] 0 25 46 AR BL AR J o5, BT i
MATHIFJE T BSO fhikIN MR R B 5. )R BSO
m iR B R BGO FAR) 20% , {H K R BSO
R B I ] R BGO SR i 173, 1 HLJE AL
Si0, i A IEAL T BGO H Ay GeO, , HYU 5 I i 45
REJIET BGO fhiA, R A2 3] T — 256731

BSO fiA i A 7 U0 BHXT BSO fh iR 52
(B T I 2 —. BSO i AE K T 14 J5UR R Bi, O,
1 Si0, , EATHHE 550 510 820 °CHI 1750 °C & &
Iy 8.9 o/em® FI 2. 65 g/cm® | —F RN 5 B
FAZEAR A, DR SR} Rl Ak i 25 ) 11 B AH 3 5 1
i A AE AR L TR M, G HO R AT L 4302 HE R /NI
A SEXER, TR G D AR AT R RSH B . H A
R RT BSO d A & 07 A ik 5% & B4 rh e 42
PL A T B Horp 4R i JL-F Tk 3R A5 58 4%
() 5 ST HE BSO dlA , 2 ER a0 Y U
WOkL A fh TP A, B, O, 5 & | 2 P 5L,
A A K B T AS e T S ) g AR O . Rk H Rk
1E il R AR K BSO AR, KRS T K G
B W AR RE 1996 4 Tshii 45 AL SR HIHHHA
TREEART BSO fhiA, I3RS T H 4425 mm x 90
mm [ BSO fiA. #RZERAE A% T R £ K BSO i
RIS T R EBEIT, SR PG Be il i | I ok e 72+
S5 A BEORE A 0. 6% 11 Bi, O, #EA T W1 A TR
A, EAE 1080 C BT, A K # % /NF 0.5 mm/h,
AT IR R R S A K A2 2
PP BSO fhiEE , 2 T 515 3] 30 mm x 30 mm x
210 mm YRR S FF S8 T — 4 = AR 4[]
Ap A

¥ BSO fniRIN IR RE , B 2 FhT R B
KX BSO FhRIEAT R k. BF9E KB, Ce OB 52
B ZEREAIK BSO SRR 7 R) B 46 0 T ek A
], P 1 4R SR . Eu 9B 4%, T LA Z> BSO &
PRAG RS AR 1) Dy 1824 1] LA st 42
15 BSO @b AR ek | T R B 1Y) Dy 824 2 FRAIK
JeH I PERE L BRILZ A, B 5 K TR R B AR L
BT3B A, 6T R 53 AT G A 25 AL
. Cr Ml Fe BB 22 &P A% BSO fb ik it i, Ta
(9345 2% Al LA S0 & BSO AR 1 65 . 10% 1Y
Ge 2% , AMUTT LSS BSO KA /#0411 B
PER T BSO b iARPEH R — B T TR
RIS
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FR G B 3 T T A A A TR A DA it AR 7 4
TEEH A AL 5 B A et T IR E R T Z
SERH DT AT ST E . TR ER DN R b AR R B T
RZA S BTN RRPERE , F5 002 Ce: LSO AR Ce:
LYSO il A5 A e i i | 8 8 ol 7 iy 45 00 A B
SN TR AR B AP R AR 2R R EOR Y
RIS, RERR R N R OB 75 B 22 G0 4 LA
.

SE K

(1] #2222 PhANS B AW, A o IR S AR I S S JR [ ).
T EBRE BB ,2016,46(7) :657-673.

(2] AT TCHLAR AR K JREHT]. N TR,

2012,41:184-188.

LECOQ P,GEKTIN A,KORZHIK M. Inorganic scintillators

for detector

(3]
systems physical principles and crystal
engineering[ M |. Berlin ; Springer,2017.
BIRAR. Yh/Nd 15 2% 8 PRHOE S A i A2 1 R PEREDESE
[D]. Eifg. bR 27 B b O 2% K 2% BL AR AT 5
i ,2012.
TR BT BRI, S R Ce:Luy ¢ Y, SiO; A
MR A B0 2B R AN B 1 [ 0] TC LA KL 2 412, 2005
(6) :1301-1305.
CHEWPRADITKUL W, WANARAK C,SZCZESNIAK T, et
al. Comparison of absorption,luminescence and scintillation
characteristics in Lu, o5 Y, (s5105: Ce,Ca and Y,SiO5: Ce
scintillators[ J ]. Optical Materials,2013,35:1679-1684.
THRSE. LYSO: Ce INKRARIARIR Y 2535 45K X i 1A Pk
REAURZ W [ D). b, op B B} 2 e i ik R 46 AT 5%
it ,2014.
JASCF A, RIBAR 45 MR Ce: LYSO BMFSE
BEEAARETTIE ], #RHFR ,2015,29(25) :214-218.
[9] DHANARAJ G,BYRAPPA K, PRASAD V,et al. Springer
Handbook of Crystal Growth[ M ]. Berlin; Springer,2010.
[10] MELCHER C L. Lutetium orthosilicatesingle crystal
scintillator detector: US4958080[ P]. 1990-09-18.
(1] ARG AR /KR, 55 mR N AR A A Ce: LSO
R RBISE[T]. N T R4, 2002,31(6) :521-524.
[12] (EER, E e, e, 55, 18 5l ik B 4 ( Lu, Sio; :
Ce) FMRHY ARG INIRPERE 1 ]. TEHLAS 741, 2003,
18(2) :269-274.
[13] CHEN J M,ZHANG L Y,ZHU R Y. Large size LYSO
crystals for future high energy physicsexperiments [ J ].

[4]

(5]

(6]

(7]

(8]

[14] MELCHER C L, SCHMAND M, ERIKSSON M.
Scintillation properties of LSO : Ce boules [ J ]. IEEE
Transactions on Nuclear Science,2000,47(3) :965-968.

[15] SIDLETSKIY O,BELSKY A,GEKTIN A et al. Structure-
property correlations in a Ce-doped (Lu,Gd),SiOs: Ce
scintillator[ J]. Crystal Growth & Design,2012,12(9) .
4411-4416.

[16] QIN L S,REN G H,LU S, et al. Influence of RE doping
on the scintillation properties of LSO crystals[ ] ]. IEEE
Transactions Nuclear Science, 2008, 55 (3 ):

1216-1220.

ZAVARTSEV Y D,KOUTOVOI S A,ZAGUMENNYT A L.

3+ .

on

[17]
Czochralski growth and characterisation of largeCe
Lu, SiO; single crystals co-doped with Mg** or Ca>* or
Th** for scintillators[ J . Journal of Crystal Growth,2005,
275(1-2) ;e2167-e2171.

[18] SPURRIER M A,SZUPRYCZYNSKI P,ROTHFUSS H, et

al. The effect of co-doping on the growth stability and

scintillation properties of lutetium oxyorthosilicate [ J ].

Journal of Crystal Growth,2008,310(7-9) :2110-2114.

MASALOV A A,VYAGIN O G,GANINA I I,et al. Effect

of coactivation with Dy’* and Yb** ions on theefficiency

[19]

3

of energy storage in Lu,SiO5: Ce’” crystals[ J]. Technical
Physics Letters,2009,35(2) :154-157.

ZORENKO Y ,NIKL M,GORBENKO Vet al. Growth and
luminescent properties of Lu, SiO; and Lu, SiOs : Ce
single crystalline films[ C]. Bristol ; IOP Publishing,2010 .
012010.

ZHU ]JJ,GU M, LIU X L,et al. First-principles study on
stability of Li, Na and Ca in Lu, SiO5 [ J]. Journal of
Luminescence ,2013,139.1-5.

STRATOS D, CHRISTOS M, GEORGE P, et al. Evaluation
of the co-doped LSO: Ce, Ca scintillator crystal in the X-

[20]

[21]

[22]

ray energy range from 50 to 140kV  for medical imaging
applications[ C]. New York:IEEE,2010.

TERWEELEN D, RD SCHAART, DORENBOS P.
Comparative study of co-doped and non co-doped LSO: Ce
and LYSO : Ce scintillators for TOF-PET [ J ]. IEEE
Transactions on Nuclear Science,2015,62(3) . 727-731.
DING D Z,FENG H, REN G H, et al. Air atmosphere
annealing effects on LSO : Ce crystal [ J]. IEEE
Science, 2010, 57 (3 ):

[23]

[24]
Transactions Nuclear

1272-1277.

ZERINL, Bt 5%, 2, 25 ek IR A DN 0K f PR ) A K 53k

FERFSE [ ], AT A=A ,2004,33(6) :999-1003.

on

[25]



F13E H1H

IR SRR AIF 5T 1 Jre 81

[26] ZGI BKET R, Ce: Lu, SiOq URAIAA K [T]. AT
AR, 1996,25(2) :175-176.

[27] M, 545, 5, %, W RO 2P Ce: LSO IR &
RBERILT]. R 57558 ,2016,38(3) :405-408.

[28] MAO R H,WU C,DAI L. E, et al. Crystal growth and
scintillation properties of LSO and LYSO crystals [ J].
Journal of Crystal Growth,2013,368:97-100.

[29] MELCHER C L, SCHWEITZER ] S. Cerium-doped
Lutetium oxyorthosilicate: a fast, efficient new scintillator
[J]. IEEE Transactions on Nuclear Science, 1992, 39
(4) :502-505.

[30] MATSUMURA H,WATANABE S,NAKAMURA O, et al.
Crystal growth of lutetium oxyorthosilicate (LSO) by melt-
supplydouble crucible czochralski ( DC-CZ) method[ J].
Journal of Crystal Growth,2007,308:348-351.

[31] FARHI H,LEBBOU K,BELKAHLA S, et al. Fiber single

growth by LHPG
characterization of Ce’*-doped Lu,SiO; [ J].
Materials, 2008 ,30(9) :1461-1467.

[32] SUZUKI H,TOMBRELLO T A,MELCHER C L et al. UV

crystal technique and optical

Optical

and gamma-ray excited luminescence of cerium-doped
rare-earthoxyorth osilicates [ J |. Nuclear Instruments and
Methods in Physics Research Section A,1992,320(1-2) ;
263-272.

[33] MOSZYNKI M, BALCERZYK M, KAPUSTA M, et al.
Large size 1L.SO: Ce and YSO: Ce scintillators for 50 MeV
range y-ray detector [ J ]. IEEE Transactions on Nuclear
Science,2000,47(4) :1324-1328.

[34] KOSCHAN M, YANG K, ZHURAVLEVA M, et al. A
comparison of the effect of Ca®* codoping in cerium doped
GSO with that of LSO and YSO[J]. Journal of Crystal
Growth,2012,352.133-136.

[35] MELCHER C L,MANENTE R A,PETERSON C A, et al.
Czochralski growth of rare earth oxyorthosilicate single
crystals [ J ]. Journal of Crystal Growth, 1993, 128.
1001-1005.

[36] T4k, %M, %1%, %. ®65Smm ¢ Ce:  YSO INR S AMF
iS5 N MR VERERT ST [J]. 575 08,2016, 38 (4)
598-602.

[37] COOKE D W,MCCLELLAN K J, BENNETT B L, et al.
Crystal growth and optical characterization of cerium-
doped Lu, 4 Y, , SiO5 [ J]. Journal of Applied Physics,
2000,88 :7360-7362.

[38] PIDOL L, GUILLOT-NOEL O, KAHN-HARARI A, et al.
EPR study ofCe’* ions in lutetium silicate scintillators
Lu, Si, 0, and Lu, SiOs [ J]. Journal of Physics and
Chemistry of Solids,2006,67 :643-650.

[39] BLAHUTA S, BESSIERE A, VIANA B, et al. Evidence
and consequences of Ce in LYSO: Ce,Ca and LYSO:
Ce, Mg single crystals for medical imaging applications
[J]. IEEE Transactions on Nuclear Science, 2013, 60
(4):3134-3141.

[40 ] BLAHUTA S, OUSPENSK V, MENGE P, et al. Next
generation LYSO: Ce, Ca single crystals [ C ]. Seattle:
IEEE,2014 . N27-53.

[41] QINLS,LI H Y,LU S, et al. Growth and characteristics
of LYSO (Lu,(, _,_,, Y,,Si05: Ce, ) scintillation crystals
[J]. Journal of Crystal Growth,2005,281:518-524.

[42] MAO R H,ZHANG L Y,ZHU R Y. Quality of a 28 c¢m
long LYSO crystal and progresson optical and scintillation
properties [ J ]. IEEE Transactions on Nuclear Science,
2012,59(5) :2224-2228.

[43] MAO R H,WU C,DAI L E, et al. Crystal growth and
scintillation properties of LSO and LYSO crystals [ J].
Journal of Crystal Growth,2013,368.97-100.

[44] A, A4, 2080, 55, KITINER A K Ce: LYSO 1
AR [)]. RESAE,2013,35(3) :401-407.

[45] HAUTEFEUILLE B, LEBBOU K, DUJARDIN C, et al.
Shaped crystal growth of Ce’* -doped Lu,_,, Y,, SiO;
oxyorthosilicatefor scintillator applications by pulling-down
technique [ J ]. Journal of Crystal Growth, 2006, 289 .
172-177.

[46] TAKAGI K, FUKAZAWA T. Cerium-activated Gd,SiO;
Single Crystal Scintillator [ J]. Applied Physics Letters,
1983,42(1) .4345.

[47] BN B2 Ml el 45 3850k TR L DA MR Al AR ) F
FHREREI [ 1], KL AR5 4%,2005,34 (1) ;
136-143.

[48] SHIMIZU S, SUMIYA K, ISHIBASHI H, et al. Effect of
Mg, Zr, and Ta-doping on scintillation properties of Gd,
SiOy:  Ce crystal [ J]. IEEE Transactions on Nuclear
Science ,2003,50(4) .778-781.

[49] KURATA Y, KURASHIGE K, ISHIBASHI H, et al.
Scintillation characteristics of GSO single crystal grown
under O,-containing atmosphere [ J ]. TEEE Transactions
on Nuclear Science,1995,NS-42.1038-1040.

[50] BONDAR V G,GRINYOV B V,RYZHIKOV V D, et al.
Specific features of heat-treated GSO: Ce single crystals
[ J]. Functional Materials,2003,10(1) :89-92.

[51] ArHIED. B4l GSO Fl GYSO IR v A= K B R AT
FELD]. b, v [E B 27 B b O A % AL 5T
it ,2005.

[52] ISKIT M,KOBAYASHI M,ISHLBASHI H,et al. Research
and development of Ce-doped GSO scintillation crystals



82 7 S

AR

5%

5 M H 2019

[J]. Proc SPIE, 1994 ,2305 .68-79.

[53 ] ISHIBASHIH, KURASHIGE K, KURATA Y, et al.

Scintillation performance of large Ce-doped Gd, SiOs

(GSO) single crystal[ J]. [EEE Transactions on Nuclear

Science, 1998 ,45(3) .518-521.

[54] ISHIBASH H. Development of large GSO single crystal for
PET[J]. Journal of the Japanese Association for Crystal
Growth,2008,35(2) :111-117.

[55] MIYAZAKI N, TAMURA T, KURASHIGE K, et al.
Thermal stress analysis of GSO bulk single crystal [ J].
Journal of Crystal Growth,1997,182.73-80.

[56] KURATA Y, ISHIBASHI H, SUSA K, et al. Mechanical

properties of a Gd, SiOy single crystal[ J]. The Japanese

Journal of Applied Physics,1997,36(1) :2242-2246.

UTSU T, AKIYAMA S. Growth and applications of Gd,

Si0;

1991,109:385-391.

FECEE BT AL BT AR B R RERRER Re, Si, O, N AR

AR RO BF S RE R [ 0] N T dh iR °7 41, 2005, 34 (1)

144-148.

LEONYUK N I,BELOKONEVA E L,BOCELLI G, et al.

High-temperaturecrystallization and X-ray characterization

of Y,SiOs,Y,Si, 0, and LaBSiO, [ J]. Journal of Crystal

Growth,1999,205:361-367.

[60] By, THRA, 20 55 B B ARG AR Ce B0 ME0E

[57]
Ce scintillators [ J ]. Journal of Crystal Growth,

[58]

[59]

MR (LPS: Ce) BYINKR S IABOCIEREL T ). JCHLA KL
#,2010,25(8) :801-805.

(61 ] (R, A s Bl , 5. SR AERREE (Lu,Si,0,:Ce) N
SRR A 5 ROEHEREIF ST [ 1], N TR MR 240
2007,36(5) :967-970.

[62] PIDOL L,VIANA B,BESSIERE A, et al. High efficiency
of lutetium silicate scintillators, Ce-doped LPS and LYSO

Science Forum, 2007, 555.

crystals [ J ]. Materials
371-376.

[63] TRAER, Wi, ¥ 2507 , 5. RERRBEIN IR S A B HAB
PEL )] RERRER AR, 2017 ,45(12) :1748-1757.

[64] Wik, Dy B A% ik A & K IL R PERERF AT [
i+ 1 AR 20,2015,

[65] KOBAYASHI M, HARADA K, HIROSE Y, et al. Large-

size bismuthsilicate (Bi, Si; O, ) scintillating crystals of

D]. k

good quality [ J]. Nuclear Instruments and Methods in
Physics Research,1997,400(2) :392-400.

ISHII M, HARADA K,SENGUTTUVAN N, et al. Crystal
growth of BSO (Bi,Si;0,,) by vertical bridgman method
[J]. Journal of Crystal Growth, 1999, 205 (1-2):
191-195.

FEI'Y T,SUN R Y, FAN S J, et al. Vertical bridgman
growth and scintillation properties of doped Bi, Si; O,,
crystals[ J ]. Crystal Research and Technology, 1999, 34
(9) :1149-1156.

[66]

[67]

Research progress on silicate scintillation crystals

DI Juqging,LIU Yunlian, TENG Fei,XU Gang,ZHU Liu
Vital Materials Co. ,Ltd. ,National Rare Metals Engineering Research Center of China, Qingyuan 511517, China

Abstract : Silicate crystals represented by rare earth ortho-silicate, rare earth pyrosilicate and bismuth silicate have

become one of the important directions for the development of scintillation crystals due to their excellent scintillation

properties and physicochemical properties. This paper introduces the research progress of silicate scintillation

crystals in recent years in the aspects of composition and structure, luminescence mechanism and doping

modification, crystal growth process and so on, and shows the important application prospect of silicate scintillation

crystals in high-energy detection and other fields.

Key words : scintillation crystal ; silicate; research advances
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