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AR EFEEZHEE T Stockbarger FIEAEKKXBMBE . ¥, U REREE
100~5000ppm wt (] BaF; @ifk. BMEAFEK FEEFREWE, THBMEASHHLREER
EHARGMES METXESREEZRTER. &, URX FEMEMLHREN
EEGHE. B X SRR, B4% 1000ppm Y Ce #4% R FHEHE 7 3070m #1 321nm —
REH, BAIREERHECHERHE TFRET Ce®r 89 5d-4f BKiE. Xt F8B % 5000ppm
8 Ce duthk, FHyA§H H AW N 340nm B 326~375nm WH. FHXHHF MR Ce*
BT 5d-4f BRIFSI R, SHEWE Ce B FHEMEM, F5d ERHERMKERTH.
1000ppm HIFES B A B KR YERE, U RN K >300mm. BRAHHBEFREIMEHE
F La®t R WE L — P #HEKTE (CVT), BEERKE S B (K T) R HEE. BaF:lwt%La
BERAOR/  BoRY > SR /BB, MARMEES R, H{RFFKS BaF.
EREE. X HLREK BaF.:100ppm Eu X 5 X ER ~ A4 AW RAT 300nm A {E
BoREN, DK ~430 #1 590nm Eu?t B - MFIEF MR EH, b TR A R, &R
NEREE.

% @@ i BaF::Ce, La. Eu &4k, ZHei, ki
1 5|8

BEVMENEEETRERRABHBESEEERNE, HEER¥H#L, XXLRE
MEREHTHOER, WEEYWESPR T ERSGTEPNERSS CERGEHBAESR
B, XESRRREA R R E R, PR R. £ PET(ERTFRENBHAR) & H T
HE, FERMNENEGFEE, LEEERTEEANGEE. BTHERESG NERE,
REPEHF=A, FHE Nal(T]), /5 BiyGe;0,2(BGO), HEIE BaF,. Nal(Tl) i F &
B RFERAEK (0.2us) . 5, FERM. BGO FTERARFEK (7.1g/cm?), B A
BB A K (0.3us). BaF, ) £ ZAR SR FAERMAS (0.6ns), HEEGHF SRR EBRH R
WE7E 220nm, BRI XE, HEE AR (4.9¢/cm’), FUF AW DR BEESFSERNERES
WMTHRE: FER (>6g/cm®), BB (<30ns), KHT KK >300nm, 4 tH K F BGO(20 C)
B 10%. FiEEREE T 1x10%rad/ L RN TG, MBEEZE. M, RIBRTEH
FERF— R RINF B KL (HATR S ANEHE R POF, | CeFs g k), #EAT AL BN £F
Rk B RN RV ER A,

Ce’t # La’t BFHHERAR, C®t FE4f EBH -MHT, BEMEAD TR M
La’taf RERZH. HEBHREM, SdEFH 4 SHBAERERAFN, FR&=E

*1993F 9 A7 HWH )

HRXRERBEEX SR AE
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HERELE. ESY B Ce®t BN 1~30mol% ) BaF, Rik# 7B K. E# Ce i
K 7F 330~370nm F B N 7E M BT[] 4 50ns & Y6, B8 Cedt &% 305nm F1 325nm %k
B#. BT R Visser A XF R Ce ¥k 7 0.1~1mol% 2 (] BaF, S& N eEHF 5T 1.
B 0.2mol%Ce3+ § kK SR B HL 21 BaF, SRS BE. 8 C®t K <1lmol% MR
A TE M 0} E) 85~65ns K BT+ B, X ME <BGO M AFIE] (300ns) . Nal(T1)(230ns) 1 BaF
184+ & (730ns). Ao, B Cedt BRI IRHFB K >300nm, N AH A RBME DA XS
R HTR M. Delft K2R IS K BaF, S BEMAJLANE ¥ LaF; SRS S &
&4 @ CL Woody 5B #5% BaF, BRI BB MERBG. SREW: LEHL
RIFFEMHBS R, BLAMRREFSRS BaF, HEAMNFEREF B

ETHERNRHEZY (1075, #—FRAZB 106 ~1077), TEARAMEHFAHYE
#( 5 Stockbarger ¥ ¥4 K BaF, . PbF; BNFMAE, ZHEAFREAME. FRAMHEZ
MEEEKEARMEHFEE ANREEKARBE, RARKKI A RNCHEXH
FHNEEZTREAREMAYREN TR I THRIRIRERN A EREROREEER, &
HRTB La HABERANSEEXEEHOMDERFASREREHEZE W IFBRT
$B#Ce . La, Eu B{4ORETREEKMEHERHR.

2 HobHEFNR

AERFITRERMRERRN, RAFEZHRTRESA KRG BEdxpREw
MEE BYSENBZAREMOMAR EHBEYNTERHE, THILRERL £
KkEABMBHEL BaF, 15 £KAERTEHEIED 20x20x250(mm). BEERETAEK
sy myE, FomME BTEHMEEME. DL Perkin-Elmer UV265 Y i {X Xt 2% # &
& # 1T 190~700nm W EFEATGEH HME. A Coy BER, BREMEN 10°rad.
Perkin-Klmer LS 50B % ¥ il (Y M B K& B E MM AR GH. LX) £ 4W FEE
MEaMATFHE X HEXERTREEH. REREXEES, HEEA Tefon g3,
WBOERER. REEXERERMERENATE L, BHEAFELTEN 2000m~2pm L
F SESBEOESHERFDTEEM L, B&TE D 3nm, Y 20mm, &5 6
MBREESAFREHA. HTHRMNMEYE, Philips # XP2020Q i M E R LR ER
(i ke, B X-YigR{MUER XEENERERS YIR22 AREEERBESRE
fay. XAREZBATRAEEFMBERFSBAGELE XXERHWREM F-30 RHE3
KXW X §LHl.

3 ERMITiR

3.1 BaF,:Ce #{&

BETROETFEHBREN REN Af XRBRAYHEAN, WO KEH 5 . 5p IR
BRERHEN. EHRFH, A FARIETF MENMEE T BRTREBRIPEHFA 65
BFS, BRI EF BFT—M 4 BF BN BTFHEREIES, B2 8
FH: S=3,L=3,J=7) M F5s(S=3, L=3,J=3) XFMEZHEL 2000cm™", LT
M 4f BHET 5d BUF, XEP 4f B, R=ERN. SdHHEERTHINR, AR
AfREERE. EZHMZRSEEH, 5 SAELIINER TRVER. NXAHH
B Af BRBRTE, REEW, WARME. EH COt MBFBHRAMB RN EXRSIXMER
FEM. Ce*™ #5d—4f KESHE=ZMHLAF EC f1 TV MRNAFA, 5d-4f



3 i hEFS: BaFy:Ce La, Bu f &8 Y65 R 283

B AR (B EREKT), T 4f - 4f —BMEERKE, XRE M SHHFHFMENSE
(TELHY 5d fER T4 30~100ns) IR, LEMAFELEAXAREREMIER. H T X
EENERERATR, RMNUETAZEM =18 Ce AT TREKMK Y E
staisk (B 1). HF (a)lwt% Ce, fi &R F #17x21mm, A F ¥ 7 & & B3R L=21mm; (b)
5000ppm B Ce, 20x20x1.8, L=1.8; (c) 1000ppm { Ce, 30x22x2, L=2, (d) S HZ %L &
20%x20x2 ghik, L=2 Hd b, c, dfy¥ii5atlE. NbFf c L EEZF, 7 340~600nm
B FETELY 10% Ft B K, XFEERMEWG - NKE Fresnel RFMKTFIE. 8 Ce daikiE
300~340nm 2 [6], #Eit EHMEMLE R C’t B F 4/-5¢ RKFIE. RiFHX MREHEE Ce
WEMmME KBS, ©i149 $E 2960m(1000ppm Ce); 315nm(5000ppm Ce); 320(1wt%Ce).
XEHTFHEBREENM, Ct BFZHMEIERASIE 5d ER TREER. B 1000ppm
B Ce FH ML ¢, BB T Cedt (9 5d-4f MW sb, B HFHE{H K 243nm §Y 228~270nm FY /)N,
ML 204nm B Pb2t B[ RRU. B2 B2 X STk, # Ce lkF 5 100, 1000 1 5000ppm
BaF, @& % 41 i, 100ppm B R iEE =R 5T, WEH K 275, 305 F 3220m. H Cet
BFHLE, BaF, ERA A TEM oS RUK, (R FIEE Y 2750m F1 257~285nm 55 1 2
k%Y. 1000ppm %% & &AM WRUE 307 #1 321nm, — MM K LR E JLFMHIE.
M 307~300nm ¥ B, AABERBBRR, XEHKEERK~4EHIE. 307 # 321nm f K
HEHNTFTREREERE FRETH C 1 5d —4f Kk —AMEZ RIEREIRET
1420cm ™, B 2f7/0 F1 2Fs ), Z 1A AIBG. %F F i8¢ 5000ppm Ay Ce fifk. 321nm K& JL
FHE, 30Tom HMIEFRAEE T EHEE, FHRHH L REEME Y 340nm /9 326~375nm
WE FHREFEENE CSt T 5d—4f RESIEMN. hT Ce dkEW KA, SHT WL
W THEER, E5d BAHERBERTIE. 554 RAEBREGERERXNE R
B =AM BCe BHE, WHE N 1000ppm RERNRER. LRERKZHB % 1000ppm A4
Ce ) BaF, A B A BB X FAME KN, HNEABEK >300nm, [NLFEE] HH A B EE
O aEHTam. B3 REMAENEME BaF:Ce siiR B & S0, DA KX #
BRI BEREES Y Ex=203 , 290nm. A 203nm ¥ & Fr 8 & Y1438 E B 290nm
KIT BRI, $7= 1000ppm § Ce B EEF - MRER MBI RS, H&E K 307 |
321am. ¥ FEBEE R (5000ppm), 28 % — N (A 7E 351nm 9 330~390nm T4, W {H {7 & [
KE#s. cEBHEGE, CSTREHER, EEME CST ERT NEN, EHFELT
B, UBENEAREEFEKEED. B BTFRERXK FRICBERS. X5 X4
RMEEINIBER—F. BT B LHEFRNERBERE N E(A1)=17.1eV, X5 BaF,
HMAAEAA N 18V A BEERME —F . U EIERENEFTRETE FHERK
BoRE. B3 A ERSEN KK EM & 322nm £ 310nm(% 1000ppm # &%), LA
% EM R 315nm(%f 5000ppm #£ /%), 8 %% 1000ppm # 5 46 209 . 250 . 276 ., 300nm JL
AR, ¥R 209 . 250 Fl 300nm ¥ A 15 B 5 FE S E 205 . 243 H1 296nm MR WL
SHR. MAHERIRE RN, MY TEFSEEREANE. FXXEEHFRIECS
&R5E. X+ T 5000ppm BES:, A 205, 226, 243, 260 , 281 Fl 306nm B K%, WEEE
AR, MARHEER. 306~340nm BB K 5 & H il B 315~340nm RIKAEIXT . #A ERE
Bt <315nm AR EXFEE, MEBHFHERESD. NE 3B EF Ct MM A
RIGERFEER, B2 Dexter BERT 58 &4 ¢, MM A & 4 Ce¥t—Ce®t SEBT {5 B iE
%, B CS RINEREHETRHFTIBTEREKF L, UEBEBHELXR K.
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Fig.1 Transmission spectra of BaF3:Ce
a—-1wt% L=21mm, b—5000ppm L=1.8mm,
¢—1000ppm L=2.0mm, d—pure Vacuum growth
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Fig.3 Excitation and emission spectra of
BaF2:Ce with 1000ppm (A) and 5000ppm (B)
1,5 EX.203nm; 2,6 EX. 290mm; 3 EM. 322nm;
4 EM. 310nm; 7 EM. 315nm
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Fig.2 Emission spectra excited by X-ray in
BaF;:Ce

a—5000ppm, dimension 20-><20x2mm, intensity
range 10mV

b—1000ppm, 30x20x2mm, 200mV

¢—100ppm, 20%10x2mm, 50mV

3.2 BaF;:La, Eufh{&

E4R2X 5L, RBME La
¥ BaF, kB K G5 Hd (a) T
%M TFHEK KB Bal, ik, dERTE
20x20x2mm; (b) A B R EH ZHFIT T
Stockbager 74 K8 BaF, dg &, B]
TRRERKKE BaF, Sk, &R+
J& $25x8mm, R KRAFE. (c) TR
EE KB 1wt%LaF; Sk, 625x13mm;
(d) TREEE KB 2wthLaF; dafk, ¢25
x30mm. HZ FHK KB BaF, dilk X
HEMEP RS E, BR—NEEE
300nm, % B & 259~366nm 3 B & T Al Ay
RHEN. FHEHE—MEHETE 2190m
WHEAE 210~232nm W E RS B LS. B
FF B T A K KB BaF, dik &5t
Jeik (H14 b) B/R—A 252~376nm R HF

K G, HiEEWTE 300nm, FERH L a B BEGHKBRE. FHob—1 222~2360m /i,

HEKBEEBRAERBHEHIE — MEMHES

- BAZTARKEKLE, AKEBD. ZakR

EoRMEMBEYSHEST Tikaaﬁi*ﬁﬁ EFHERTK/IAE, EBFR La Xt BaF,
SHRMEEE L, R RERESBENXBEEZ L. P A Rodoyil” HEFHRIHE
¥, 4 BaF, SRR MR ERE (B 5). BFREMFHRERLEN LEREFE
(Eq1), BaF; ZEE B RN THEIEARE X EkHL, BTFHEEF-"EBHEAKFER
%¥. BaF, RABEXEEH T OEFES, LHEEFMIIHFRLOH A ERE (Core-Valence
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Transitions, B CVT, hv,=5.6eV). 8§ CVTs KL LW MM ZH (B & _BHFHRE).
HEHBTUT Ep 3l (Eq+AE,), XBRE AE, BNMWHEE. CVI RMMEERZFRER
ﬁﬁ%ﬁﬂ&l&! Bp EgZ < hyy < (E32+AEV) < B2, JXE: B2 EAEFH TR TREH
HEELTREGEAR £ (Ep+AE) > B3 B RRERE. bR oRmKESR
B, XEWREFE TR ER KRN By BT R AE, . # 1wt%La T REiE
4K BaF, #1480 BB W K S E{ETE 3020m £4, A B R EELE 2190m. R18 /5
FEXT 3 BE H Jpast / Llow FCAHHY BaF, B8 5. M8 2wt%La A ik A8 B X8 8 W B i
. BF. M COVTs “RRRREREZ R LR K TREEEHRILE . Edsait
EWAR, ERERAREEX. BEHHETEEINMEEF Lat B4 CVT, HiE
MH e B RS (W F). T8 Iwt%la 3 2wt%la S, XP[H N EREWEET _HEF
MR LS 7 R, RN FRXEREREAELRH BB F=E8E. Hi
BEEHHMERTFZEIINIEE 7, HHRELL, WCt BF f-d M f—s BRiELE 4~TeV,
Wt WK BaF,-CeFs gk CVT. X L —WEREBFEEL. Ao EEGEFRE La
#) BaF, &k 448 M AT R IK E#F 5T 8 0.5wt%LaF3 1) BaF, ¥ & 093 5 Y6 (S ik A5t
Y2 15mm) B R T7E 300~700nm 75, &N 90~92%; 300~220nm & it K 90~86%.
£ 2050m A — M EH PHIRU, % 10%rad v FTERERG, £ 320~190nm X E, HREH
Fad REE 2% U L. XA La S B TERWERRES R, XEEEmE /) #
La fE{R %R 18 BaF, 36 M U XM H18 2 B K 5 1.

Ev* REAHMAOEGKERNMIER, Bt HESEF BEHBESE Do,
BEBRENAXBEFEETKRE, =EEX. Do —" Fo( KXY T 618um) B A HERFEK
i, XEEBFRERNY. °Do—" Fi(593nm) REMBHR FKRE, BHEREFFH, KARZK
. O UR=MHEIETFTEREPIPORRAIBREE XY BRTHRIEFIUERERK, K
EHUREFMRE, BdEBEEHIKLIETF HATCNIEESMAN. XFHEA
IBEMHERWIHE, 5T ECT KAALT 256~400nm. Eut BIFHR M Ce’t ER L, FHE
A, THMRNASSHSSESR BARHRMN HERKTREBET 4f WES
887, BERJEH. BT Eu® # 5d SHEMK, RGBEKEETREIE. P8 & NS
5d AL B, ATLLE Bu?t WAL RE. dEX ey REFLHA, X R Af-4f
BIBRIE. Eu®t 9 5d — 4f BRIEJLEKKHF Cet AR, FrLARBEAD Ce®t I LE. Cedt
HE—A4f BF, L=3. il N 2F; R 5d Bf, L=2. JEF K 2P, BB 7 1
Af T, THESR S, ME—THTFE S, BFHASMA 4/°5d. X B 7] gEHI L5
WigkAa 6 EAL T : SPDFGH, 8 AR A : SPDFGH. H It Eu?t # 5d —4f B9ER T8 A
% Ce®t # 5d —4f BRiE@ LR K. M 6 R T % E K Eu05100ppm #) Baks, i &
A KB A S 64 80mm § &k il 1§ 190~600nm 7 H A ) Fad i LR . RERETHE
B BIZDb A c 2 HIES v LAY 10°rad BB )G 3h f 22x24h FWIBHIES. KLBHEAY
B 7E 400~600nm FEE N, HESEN 90~92% . B RHME B AR MR KRS
IR EXWHBREBEAREMED Bt B FMESE °Dy,12(585 . 520, 460nm) MR UK.
X E A REEREUHBREES Eu 9B E, WiBd 5%Eu & Pl % 400~322nm,
FELEM 90% FTRED 26%, 74 378 . 350 . 336 . 322nm JLANE. XA H Eu?t B9
887/2 —»4%5d BRiE. BAMEAE 2320m R YLLK 2030m B Pb?T 5 RBE Y. WX B EFI# Eu
#) BaF; #ll#% Ce #) BaF, — 8, RS EXIMEFBEANRY, Ce, Euti o BEXHEHRIE
WE. HLS10%ad BRE, BT EIRBEMELUSNS, BELXHXERANKRBEREMHER, &
TRREMR 10% £4, B, WNEREEIS 3h #1 22x24h §9F o #1227 & 8| BaFo:Eu ¥ 5 8



286 X ool o B ¥ i 9%

50 F

lul.ensity/(a_u_)

T
on W

! == 1
200 250 300 350
Wavelength/nm

B 4 X HAMRHRZMEME BaF, &
& = Bt

Fig.4 Emission spectra of undoped and lan-
thanum doped BaF.crystals excited by X-ray
a—undoped BaF, grown in vacuum,
20x20x2mim, 20mV

b—undoped BaF; grown not in vacuum by stock-
bager process with deoxidant, ¢$25x8mm, 20mV
c—doped with 1wt% LaF3, ¢25x13mm, 20mV

d—doped with 2wt% LaF3. ¢25x30mm, 20mV
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Fig.6 Transmission curves of BaF.:100ppm
Eu before and after 10° rad irradiation
a—before irradiation; b, c—3h and 22x24h after

the end of irradiation. incident path of 80min
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10 p~ .JL
2PF L/
7] o
B hv, PR Eq;
20 — 5PBa’ //////-//

Elev

B 5 BaF: g {&HEH 7] BEAY KT 11 E
Fig.5 Scheme of energy band of BaF; crystal
and possible transitions!”
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Fig.7 Emission spectra excited by X-ray in
BaF;:100ppm Eu

a—sample size is ¢$25%x64mm cylinder

b—¢25x12mm slice

REHEHKEARHSE. B 7 2R 1K ¢25x64mm # BaF,:100ppm Eu, O3 f & #) X §T4& K
W B — NS {E7E 300nm FHE N 261~325nm WE MG S B A S S4K BaF, I,

HKEHHBWE, KXmER, haisy BaF, # 376nm 4 & BaFs:Eu #) 3250m. X2 T
Eu?t # 8S;,, —4f95d Bk1E 5] A 400~322nm B RMBGE K. H b, B F BaF:Eu R ik
ERDBRIRBEFEEROBY, HERBERIRS BRI U RFHEES (425x12mm),
MEMES ~2200m FHRISB R LK, IREVHETHEES, ERSBXEE RKE
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RER. A, @2BRXABBHEE. B2, ELKEMEHE, WEED LRERERG
EMBHZEIZR. BaFyEu &R TR EAZHFUSN, EWEBEETE 3970m F KN
380~457nm (5 (& H $25x12mm ¥ {E % 430nm 7 B 7 400~460nm), 2L K& 590nm T
WERE, XMREFHENT Eu®t BTFH 5d -4f KT

Wi SR BEE. AWM. F OEFFATAEREBER

g2 ¥ X K

[1] Visser R. et al. IEEE Trans. Nucl. Sci., 1991, 38 (2): 178.

[2) Schotanus P, et al. IEEE Trans. Nucl. Sci., 1987, NS—34: 272.
[3] Woody C L, Levy P W, Kiersted J A. BNL-42141, DE 89 006179.
[4) WEF . MR, BZCHF: LHE#], 1992, 7 (3): 257
[5] Liang Jiachang, et al. J. Luminescence, 1990: 46, 55.

[6] Dexter D L. J. Chem. Phys., 1953: 21: 836.

[7] Rodnyi P A, et al. J. Luminescence, 1991, 47: 281.

Spectra Properties of BaF,:Ce, La, Eu Crystals
Shen Dingzhong Liu Jiancheng Yuan Xianglong Yin Zhiwen
(Shanghai Institute of Ceramics, Chinese Academy of Sciences Shanghai 200050)

Abstract

BaF2 undoped and doped with cerium, lanthanum and europium in the 100~5000ppm wt range
were grown not in vacuum by the stockbarger process used with deoxidant. The growth method with
deoxidant possesses the features as follows: crystal growth equipment is simple and growth enviroment
is not in vacuum, this method can realize batch process of large single crystal with transparency. We
measured the transmissiom, excitation and emission spectra excited by X-ray and UV light for these
crystals at room temperature. The 1000ppm Ce doped sampl(:, has two emission bands excited by X-ray
peaked at 307nm and 321nm which are attributed to 5d-4f transitions in Ce®' ions with no other Ce
ions in their ;ricinity. New emissions for 5000ppm sample appear in the 326nm to 375nm region peaked at
340nm which caused by same transitions with 5d levels shifted towards lower energy due to interactions
with other near Ce ions. The 1000ppm sample has the most luminescence intensity and scintillates at
. wavelength larger than 300nm. An additional cation La®** having a closed outer electron shell weakiy
affects the core-valence trannsetion (CVT), but considerably reduces the intensity of the slow (exciton)
component of the luminescence. The fast/slow ratio of the BaF,:1wt%La sample is larger than that
of the pure sample. Lanthanum dopant suppresses the slow component and preserves the radiation
hardness of undoped BaF;. The emission spectrum excited by X-ray in BaF;:100ppm Eu exhibits two
components: a relatively strong slow decay component of the intrinsic luminescence at 300nm, as well
as two characteristic weak emission bands of Eu®* ions at 430 and 590nm, but shows essentially no fast

component due to their strong self-absorption.

Key words BaF,:Ce, La, Eu crystals, transmission, emission spectra



