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# B HET Ak Bridgmam B4 KA KR PoWO,:(Sb,Y) & a0t ik 5 1 i RAE
AT, B AHRK Y B KR PbWO,:(Sb,Y) B R E KR R, IR AL T =R i
(~23mmx23mmx20mm) #FEE N, X SHEBE KM, BIMMEEREE., BAE
WER, REFAMERRGS TG ERRR, SREH, S, YUEREREUE
PbWO, fEikfIGIHvERE, B Sk 7E M 330~420nm W E AYE R BE®, X&HEM, 7
W AKE. RN TUROEETEE—ENER, HPARTH PbWO.(Sh,Y) &k
W OBEERFEE.

X @ iF: ®oH#H Bridgman 3; PbWO4:(Sb,Y); itk
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B B 40 ERANRFEHRERERE PWO)N, HHFREEK, #HEY
BRI EIEEE ({Uh NalTl §9 0.2%~0.3%), H L 4 3EREEAIMEM. HEFIE
42 90 GE48H, HEHIRTE 1994 5, BT EHKME TH R+ L (CERN) i#E{E CMS Lk
ok Bl 38 FXHE AL (LHC) e i B AE 4% (ECAL) AR INAR 418, —RFI4tXE PWO Bk
FETMEANTRLEAMERTF. PWO BB TEAAREE (~8.3g/cm?) . HHHEEK
B (~0.89cm) . HRHYFEWRASE (90% B R IEFE R E] <20ns) AR E R AR AT AN R
EARBHEANNGEREZ— 23 HHF LHC LR R EEREH EFE 10Mrad #
PR U ST PWO Bk 0045 B B R 62 M NI g S, ERET
BEER, T HATH A KM PWO &R 1E & vk B8 K 448 B I545 14 A8 77 T #00fE DA s 3
CMS LR ER, Fit, SEBSRNH 2 ELLL PO f1 WO; B, ARKATHIE
BAMRENEFBAMESELR Y, FEE PWO &M HEREERSERLLEHNNG
MR A BT KBS M RERE PWO RAMNEEFERA LKA BHHER.
Kobayashi &5 A 7 1997 4E ¥ 4210 T F La®t M T4 PWO R4 HERER KEEL R
AIEEEE, HEANIIARNETRBENERY PWO REFEHH R EZ— B

7% 3¢ F sty Bridgman 35, % < 001 > 4K H T KR PWO:(Sb,Y) dfk (~25mmx
25mmx 250mm). XK K P E B3R AR F PWO:(Sb,Y) & 9 4 & 3 o o (8] % £ 7 T 3
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R BG# R Bridgman YA, B BRE &, B HRMB 7, B8 T KR ~T§ PWO:(Sb,Y)
Ak (~25mmx25mmx250mm). k4 &R B A WO (4 B 99.99%) 1 PbO (4t BF 99.999%)
MAELFE, SO Y BFHBHRLIAEH 99.99% # SboO3 F1 Y203 MAKFERBIA, SbHIY
HFHBRIKESHIH ~1000at.ppm , ~100at.ppm. % F FFA R E AL R ¥ c By mE, 4

WERKRTZS I ICH (10). WEW EE, HUGEM Bridgman ¥4 KA KR ~F PWO:(Sb,Y)
mEREDRY 50mm KEHEEERR

p———200mm——— &, KRS BLaENH, BESHE,
Seed| S1 s2 83 | _—~c Axs AR BB S W iy, Wb
R I °p E KR PWO:(Sh,Y) E 3 &1 ¥ &
20 mm S o 8] AL F TR 3 3 B DI B = By B
B 1 KR~ PWO:(Pb,Y) &k ey 4187 & H AufA S1 ., 52 71 S3 F FHEREMIR. #Eda 1y
Fig. 1 Cutting illustration of large-size PWO:(Sb,Y) ANEHYE, RF 4 23mmx23mm x 20mm,
ingot grown by the modified Bridgman method KEEBHETF cHiym. B8 RER
LA 1.
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i 1 3 516 i 69 3K R SHMAZU-2501 BI40 66 B i, #&FF & +£0.002abs . Je 4% 5
B onm; X ARG EEHAENE LR, X HRXETWTIEREY 8KV, BH Y
4mA, BB W B A 220~700nm, {55 R ER N 0~1mV; S/ E R 2 R 5 68 M8 R
A Perkin-Elmer LS-55 3 Y60, A Xe STHENBME T e HFMaNERAME Kt X
SRR TN HF AN E, S fE M RIS N R6331, Bk X 54858 BE 4 113ps, MR I8
BN 20°C; =8y I B 7E A BN AR LalbAT, (XES00 TAE IR B 2 I 3ok [10). Y628 il
BREA QVT ZEMEY, ¥Cs HMAR, HE—¥WES Philip2262B X B FHEHEL,
HARMAH Tyvek KB, WHXFRBE R 20°C; FAEESWEBETR LR Y . HEN -
MR (A A 28 5 1% 70 % 7 80) - %0 Co %3 8 (3500 rad/hx24h)— Jjix.
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An AR O R AT B AT 0 B 2 B R, R RT I . RS PWO Rk HEET
330~420 nm 1 [ P B9 R WCHF ZE PWO:(SD,Y) Bk Al %k, BRGKMBELTRE B, &
Ha R R IE AR A%, FEEMREE.

B 3 & PWO:(Sb,Y) fish PWO RiEF Al X HAMANRH N BHHRER. WE
AT L PWO:(Sb,Y) f4E PWO & i # i iy KOt i i8R = A F 350~550nm fy#5 i, Sb
YHhRBREEFRETT PWO REMRARE. MRIEE 3§ X LM E LM HOER,
Xt PWO:(Sb,Y) Btk i#EfT T #SMM R SRS A EHNIR (F4). B 4 RFAIAES, LW
420nm K ST 310nm FAR MBS T, S1. S2 M S3HFMKIME S EH B TE
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Fig. 2 Transmission spectra of PWO:(Sb,Y) and
pure PWO crystal samples before irradiation

The thickness across which the transmittance was

measured is about 20mm
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Fig. 3 Luminescence spectra of PWO:(Sb,Y) and
pure PWO crystal samples under X-ray excitation
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Fig. 4 Excitation and emission spectra of PWO:(Sb,Y) and pure
PWO crystals

Excitation for pure PWO, S1, S2 and S3: Aem=420nm; Emission for pure
PWO, S1, S2 and S3: Aex=310nm
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Fig. 5 Luminescence decay time curves of

PWQ:(Sb,Y) and pure PWO crystal samples Xt R & PWO # & 350 #1 420nm Fff 5 iy %
at pulsed X-ray excitation WO, E, 48 PWO & {E7E 330~420 nm 78
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Table 1 Parameters of decay time of PWO:(Sb,Y) and pure PWO crystal samples

Sample 71/n8 72/n8 < T >av L/% L%
Pure PWO 3.8 15.9 11.8 33.5 66.5
S1 10.8 63.4 334 56.9 43.1

S2 11.3 69.8 36.6 56.7 43.3

S3 10.1 35.3 16.7 73.7 26.3

The ith decay constant and its intensity (in percentage of the total intensity) are denoted as 7; and I;,

respectively. The average decay constant < 7 >ay is given by the weighted sum of 7;1;

®2 REHLERNENXFHARER
Table 2 Light yield (LY) results of PWOQ:(Sb,Y) and pure PWO crystal samples before and
after irradiation at 200ns gate width and ®°Co irradiation
at the dose rate 3500 rad/h for 24h

Crystal samples LY;/peMeV™! LYirra/p.e.MeV™! LY change/%
Pure PWO 24.7 16.1 -3.5
S1 55.9 48.7 -12.9
S2 56.6 49.8 -12.1
S3 39.5 33.3 -15.7

LYy: Light yield before irradiation; LYj;4: Light yield after irradiation
AL PWO BEAEKEZBPIIANT Sho03 . Y20, BRFJE, PWO:(Sh,Y) fRik7E
330~420nm & B A RIBCHF & . 545 PWO Sk, AR R PWO:(Sb,Y) d ik ik &
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Voo, & [Z(Sb‘?‘; - Vlgb] Al PWO:(Sb,Y) and pure PWO crystal samples at 80Co irradiation at
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XM HIRE T PWO di
B E B Ve, M1 Vo, BETTA M G MEN Ve, RMBH R TEHEEH PO f1 0~ 6
DRI, 25 PWO RBEEESBEXRHELENRCERE, HR &Ko HiiEER
Bk 1. BN BT PWO REMERERKIE, FAEKBRORELES, HitSb®
B4 TR 4 WA AL Sb3, 7E PWO Rk P &K S WERFEE. N Sb° BT
2 (0.062nm) F1 WO B4 42 (0.06nm) M LW, Sb°H #iF T4 4% Wo #&46z, [
PWO:Nb & Nt (f 38 WO+ g fraeql 9], B Al [2(Sb3) — V3] Btk sk B i, il X
FRHE—EHRIIMEEN Voo BB RTHIMEN PO A1 O~ FAL0H ™4, KE
PWO & 4y 6 7 1 B -
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B 5 1 TR 0 B 5 A B R (S3) B4 45 T 0 38k A H DA B S 5 4 K o S R o DI 8L B U1 T Y
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B, —FEER b — e B R <1 G RR e R AT SRR G TN, AT R e T3 o 4 A
Y tesE; H—HE, BT ST W PWO Rk FH A RREGE <1, Bt EAR R
I 1000 ppm MR BEBR AT, SO B P K EEHE PWO:(Sh,Y) BE G K TR,
B T BEAE K R < PWO:(Sb,Y) BRI T3 & KB F £ PWO RiEHES L™ M1
B 06 JE & AMRERE . [3(SBEE) —(SbH)™, | B (Vo) —[(SbEh)— (SbEF)™], Itk I 43 T B
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Rty B b YERE. H IS Y) H BB RN G . o8 AL A O B S 4R R S1 AT S2 A
o, TR 7B e & S3 B TERE R E .
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Characterization on the Optical Properties of Large PbWOQO,:(Sb,Y)
Crystal

XIE Jian-Jun!, YUAN Hui!, YANG Pei-Zhi!, SHEN Bing-Fu!, CAO Dun-Hua?,
LIAO Jing-Ying', GU Mu2, YIN Zhi-Wen!

(1. Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China; 2. Department
of Physics, Tongji University, Shanghai 200092, China)

Abstract: This paper presents the characterization and investigation of the optical properties
on doubly-doped large PbWO4:(Sb,Y) crystals grown by the modified Bridgman method. Based
on the comparison measurement of the optical transmission spectra, X-ray excited luminescence,
photoluminescence, decay time, light yield and irradiation damage for 23mm % 23mm x20mm crystal
samples cut from seed end, middle part and top end of a large PbWOQ,:(Sb,Y) crystal ingot,
the results show that co-doping Sb and Y can significantly improve the light yield, radiation
hardness and other spectroscopic properties of PbWQ, crystal. However, the uniformity of large
PbWO,:(Sb,Y) crystal needs to be further improved based on the comparison of measurement

results.

Key words modified Bridgman method; PbWQ4:(Sb,Y); spectroscopic properties



