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o v T 3 5 2l
vE F G_[ 3 TE, | velomemer 5

2
Amplifier | MCA
B 1 4% BGO &tk B2 WMREEREA
Fig, 1. Tapered BGO crystal Fig. 2. Scheme of the measuring apparatus
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R AA SHENMEE A Zth, FWHM=AE/E=AA/A(%)RE X,

=, SEREERMTIS

BRI F=HEOLAE, SETHE1~3, BH3~10 HTHER

1. MERENEBENEEHSENEE

75 BGO Rk AN &N H AT, BANBKBRNERER, ESERSEEE
SR A, EIZE BGO RikKEHMMEMIE FERALE—KWR. L, O,
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B, AT X R AN OME 1% s, EERBTYRANESR, TR
SR EIRIN TR 2 X 2 X 24 X 3% 3 em® TR, B XX M T A9 £ 0 A 0° S B~
2.2°, W, GEEIR. L. O BEER L MMM RBER A, AT CHXFETE
. REBHIRETER~T0%, WA 3 HEL 1 B,

BGO Bk 3rsi R n=2.13, HNFEZEHWIERfH=28° ,E?ulﬂsrbéﬁﬂ%m%‘m
TUART 20 30 5 JEAE B e T 45 B RS AR, MBS N BIR AR IR T RIS A/

FIHR AR, BTG ESE, EREHE, BROBRENERRHELTHHEX
C XEFHERE, EEBRES, AT =0, FL T ﬁ//
1 4

BT RERETURKRESN, EREFAARE 0
B EWEONEE LR 1 5 18 K08, BEEE
PM Lig SBI00 M ot IR A . jA §
BRI Y X E RETREANFIR, REFY

BGO fffih 4 MR L. O. HAMF, MMt roop =l s eteig
ﬁo . Liem)
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¥, ETEN@H@H@@&?&ZI@ﬁ%? 6, Hits Fig. 3, Uniformity of tapered BGO
ZNEMERNEFER G —IK, NG AR 1*, and uniformity of
2.2°% XEEPM B EEREERYM2.2° X cuboid BGO 2*
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M HR BB, BEHBERE,
REBEAREAFNAERZENHIRETES A RRBELT, REANTERERTD
— X R 5 ML RS (b R R IT 20 %), MEHIBR HHRE, fESbAXRE LR
AR JURAKRBN, B IMCIRABR AR BN OEMNER, XHEE PM SRR
FrZB3EeElk PM ek BloA, #HXTRMHEMA/N, UBTHR, L. 0. AT
1.8 4 5B FF X R HRETR R EA RS R KNS SERNERS BR(FWHM),
HI B 4 TR oM R R T MRS BE X SRR R RIAL R LR iR B E R, FIERATE
BB ER RS, RS EER FEE Taylor HobsonZ: () Surtronic 3P KI{Y 2%
W, ARWmRFR. R1FIETRHARSBER PSRN & &5H R R E kRN &
h HYERRXRR, BELITR, SR F0.25~0.27um > AT LAEREEE KIS WL
BEHHIM(IE 1 LW E, F, G & HNE)TUBBHFHHT %,
%1 7 BCO BkHEMESH
Table 1. Roughness and uniformity of the crystals in the
shape of truncated pynuhid

Crystal No, 41 | a7 44 10 | 155 [ 50 | 133

' . G 0,27 | 0.33 | 0.25 | 0.16 | 0.20 ! 0.35 | o0.21 ‘
é; :3 F _l 0.28 { 0.35 [ 0.2;—{_70_.17 ’ 0.21 i 0.35 ‘ 0.21—,
;f. E { 0.26 | 0.35 | 0.28 | 0.15 | 0.19 | 0.32 | 0.z
4 —_o‘ G f 0.27 | 0.32 [ 0.25 ] 0.16 ‘ oz~1~( 0.32 | 0.21
g, .5 - F [0.28 ‘ 0.32 ] o.25~_’ 0.15 | 0.24 ’ 0.33_’ 0.22
% E | 0.27 | 0.3 ‘ 0.26 | 0.15 | 0.2 ] 0.31 1 0.21

~———ATel;a—g‘e_"—/—!r 0.27 | 0.33 ( 0.26 0.15—{77 0.23 ‘ o.ss_[ 0.21.

Uniformity (%) | -7z -2 | -6.2| ~20:5 | ~8.2| -27 1.

A 4 EAFAREREMNE BGO BAMERECRE My BHEUER)
Fig. 4, R, L., O, (the solid line) and FWHM (the broken line) of BGO
crystal with two opposite roughened sidefaces

2. PVCH AN BUHRHNER

7 BGO Bk B A A —A M E EREBES SIS A HBRECERBHE D X
REREHIENEN, BRX—FERAFENEERRMEEPM LBEINEXABR
b, ZNAHERT —ENER, NARZETRELHHEWEE. HTRSE PM EX%
HERERE, HITTUTER,
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él oo[ &;.\:_ PVC/M; ., Laol ~— — v - B ,
S0.90 .':-Q!‘ an_o/_: J - “§70°C oot e J
| T gli10p N ISIERR
o O1.00f ez’ cap. PVC/M
krz C T T T 27 Lem) 3 W f-li;",E'L;*~-..-£-’-- 1
A M dog 0,90} T2V O/Mu Mid
oo TR MG [ T
T SGRVEM z 2 10 14 18 3]
o 282 L(em)
1 A F PRI ¢ 1 TP I

B 5 PVCHEEHAR 3 No. 138 fifkiy [ 6 Ak AQsy 5148 My, PVC/M,,, PVC/

R. L, O FWHM gygsm M; f1 870 C &EIGprslEW R, L, O,
Fig, 5, Effect of PVC lapping on 4y
R, L. O, and FWHM of Fig., 6. R.L. O. change caused by roughened
No, 138 crystal surfaces, lapped with M,,, PVC/M,,,

PVC/M, treated at 870°C respectively

’

SR AL BB UHRLEBmE, & -Eﬁ*ﬁt&%—iiﬂi‘*iﬂz&fﬁ(?vc)lﬁ
W, FRELEERETEE. MENbRSEBOtEStmdrel. ScBsbRTHE
5. 61K 2, M EER MMM SEHAELHBES LR M, 85 (M**)itﬂ: EOT BB

MES . 6FIL, MERMBEEPVC LHKFEG, 5550 g —RAM

X2 TESANBEHIEDERHNEE

Table 2, Effect of lapping conditions on uniformity
and light yield of the crystals

. Crystal No, 135 . 138 l 157 L 144
Lapping i | pVC PVC | PVC PVC | PVC| 6 faces
condition | My | My | My | My, | M; | My | My | M; | polished

/’ﬁ-‘ e \‘4—- Ty T T Ty T
Uniformity (%) ~13.6|~ 13.0/- 12.7/~ 13.0 +°'7| 15.8 - 16.0[ - 5. 7! +69
} I At U S T
R. L. 0, (%) l 6.9 f 8.2 ‘ 7.1 ( 8.4 9.0 l’ 6.6 ‘ 7.6 } 8.6 10,4

(a) (b)
B 7 ABRMETMEAMN PVC EARRA). FO)MBEmMEM LN (x300)
Fig, 7. Textural change of the roughened surface before (a) and after (b) PVC lapping

(X 300)

i
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HRE, REEATRBNESIEAE TREBRE, XX —KNT RO IERE
TR Rk —AERE LR, %2 TR, E0 PYC/M, FIEEARFREIE,
I 2 T 7 PVC BRI A AL F 1AM, RFI PVC/M, i) BB P00
P AR TR L bt M, TFBE 26 4 R AR HI R ~30% , oA T 0 B JE AR EE AR
6 15-20% £, BHFTRUBHILE, REI PVC/M, WHFE & 47 £ 7 BOORK R
BAF I 5 R o

57 PVC B JUP AR Lt T ~30%, S BURRE T & i BE A TN
BTEL, BN TUEREWERE, TUBIXHEESNNEL, EEEHEE
B AT BRI R A TR, TR PVC BiBE, MRH LMRHEBTE
TORE 7). BFEPVC LHIBNI% THAMe, HE/LPES 6 AT — A
PR, EEKTHOERS & HEX—NRRBBIKE, BT XRKROERED FEL
L1 53 B AT, |

3. WERLEXIBEHSE. LMY, SWEREH

FEIE 6 i PVC/M, Ab38 5 i S T E 870°C & I FAALE, MBI R, L. 0. HE
MARERRZFMANART LR, AMATREEER. L O WELES, BERH
MR ~24% UL 6 ), EBBE T, TUBRHBEMHEBREETHSAOER,
PETERIS. MEAT LFBEIRGE, BABLENBEATHULES). ENK
4 X7 STOCHAL AR, BINMAMEIRTELY, T ERR SRR R
f1, AEETPVCRHE, BIMBORETR—K, FEANRESKALSEDERS

%3 ERARLEBERKEESERN

Table 3. Effect of high temperature treatment on scintillation

properties of the crystals

Crystal No, ’ 135 ( 157 ‘ 76 132
Lapping PVC PVC
condition ] M,, 870°C I M, 870°C M,, 870°C M,, 870°C
Uniformity (%) ‘—13.0{ 24,3 l —5.7‘ 24.6 ]-14.4 24,0 | —s.4| 24.9
Resolution( %) [ 28.7 ] 27.7 I 29,2 ' 27.9 | 32.5 ‘ 30.3 | 30.0 | 28.0
R. L. O, (%) 8.2 l 9.0 ' 8.6 8.9 5.8 7.5 6.3 7.9

(a) After heat treatment at 870°C (b) After heat treatment at 800°C
8 THAMAFSHIME-REmAH  (x300)
Fige. 8. Textures of the roughened surface after heat treatment ( X 300)
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(BF3). F3IWMMHHERLE B AR sHE, NEEREFEHHEL FTRHEDY
870°CHALEH X F ik iU AL K 18 A7 2 01 PVC AR IR . (H 24 % RIS R KT, X EH
BT E AR RETE TEE, MEREESUYSRE, HiTRokbsssl
KE. BFTRRN&ITEENERERE, HREEEE 800CAG LA 8b), FEXA
BEXE, BEHEREASZPVC HBME B THERAGE, FENELBRFNHEE,
HEHES5HPVC/M, b R ARG RSB KE, SHLERRTE (10, HEI9 .
10 7T IR, SRHBAEAN IR E REMHONE, KRS RENERS PE,

1.20 T 1)
M- :
g, o0k ‘i_:_..ﬂ_cn————‘ gg
= \ 2
0,80 QOD'C\' M, §
| B buir ettt et
2 5 10
Licm)
B 9 780°CHALEI No, 82 5 {ksy R.L,O B 10 800°CHLFAF No. 107 B ki R \L.O
(SE£2) 7 FWHM (28 ) B9 (£ F1 FWHM B ) B B m
Fig, 9., Effect of heat treatment at 780°C Fig. 10, Effect of hedt treatment at 800°C
on RLO(solid line) andFWHM on RLO(solid line) and FWHM

(dotted line) of No,82 crystal (dotted line) of No,107 crystal
A
. % 47

NPT BGO kit~ + 1%, T #HBGO B A3 5 R ~T70% .
T EE BGO Rikm B tE, ASCRF BT X AR M H A WOt 54 ¢ & fm T
Fid, SERRERAERX —XHEBEMTEN EEE (RO iR E R BGO Rikryiyatt. 3
R,=0.25um i}, FREIHOMLE 0~ -10%ERIN. HRFX TR SR ERERE
Hith R R ~30%

KXNBT B ERERS ERREG I, H—EMR PVC/M, B B H#1 BGO
B PR B X — o AR R D0 T, 76 RS 3 T A A RS P A R, ~ 0. 25 um, TG HTE RTLE My, IREE 2%
HE 0% A4 H I EE XM BGO Rk ~800°C Pk fTHEH,
HERETH b7 AR RIS, XA AP S AHERS BGO KA B 3B S MO S iH 5 B 5 PVC/M,
HERKFE, FERENGEESHEZDLEE 1 %,

g, FEE LR B eE LAPP JF20 B Mr. M. Lebeau @iy {8 F} PVC BB R A&
BGO HBAREANATHEML. HETHS K.
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Effect of Surface Treatment on Uniformity of Large BGO
Crystals in the Shape of Truncated Pyramid

Shen Dingzhong, Xu Zhilin, Yang Zhengquon ond Yin Zhiwen

(Shanghai Institute of Ceramics, Academia Sinica)

Abstract

Besides depending on quality and configuration of the scintillation crystal,
the light output uniformity of bismuth germanate (BGO) strongly relates to its
surface state. In present work, large BGO crystals in the shape of truncated
pyramid and with dimension 2X 2% 24 X 3 x 3cm® were taken for studying the
effects of the processing method for two opposite roughened faces and heat trea—
tment of the crystal on its relative light output (R. L. O.), the uniformity and
the energy resolution (FWHM). In this manner, the appropriate roughness and
corresponding surface treatment technique can be determined. The experimental
results indicate that by applying the proper technique, the uniformity and the
R. L. O., as well as the resolution of tapered BGO crystals haye been improved.-

Keywords, BGO crystal; Uniformity; PVC lapping; Heat treatment



