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T K EIREE TN, EINTHRA L BGO POLERTTE, KB, BB M B AHDH
FIRR5E, EMTBRERAMEEC, WA B R EI Y M % 2] % Mn, Cr [§Bi,,GeO,, 1l
Bi,Si0,, Kt &I %, HANBTRME B @B, A TIEEN ERRER 2R #T 7
M % Z—, F Bridgman 34 K BGO:TR(TR=Nd, Er), Cr, Fe Rk, Hibi%R kg,
W B AR FE BGO iy Ok AR e il FHH On 35 3d° LT B B A MTRIHHE
Cr* BMFECHEEREE B, CNNREEHZH D

* 19884 4 A 13 BkBITI8E, 6 A 27 BB BER.




208 O B % IR 5%

T N ER e I T Y N

™ C 0,(6 N)Ff1 Bi,0,(5 N)#& BGO k2 i+ & B #l, H 4 B # A 0.01wt% 1y
Nd,0,, Er,0,, 0.02 wt% [y Cr,0,, Fe,0,, {#HEH BRI, Vl Bridgman jk7F 44 HIRHE
HRER AR,

SBIR A A& D-9 C #ATE PG ]F D-500 F X H4& #7 4%, CuKe, 30~40kV,
8~20mA, 1Y min, 4L#J% 2cm/min, D.S=1°, R.S, =0.05, % BGO 1 # %t i BGO
FEEIEITINR . IXBR AT MR, i 35E SRM-640 4ifkds fEFRiE, X RIE 26/ Mf
. SRR BE % Apple T #4HL BASIC & Z 847 /L /N TR B B M o 8, 15 3
a,=10.518, & (41 BGO)F1a,=10.516 § (3% 0.2 wt%Er,0,), % HT d{&>0.7974 } BIFT
HATH AR,

BGO # {0l F REFEL fik (eulytite) itk 454y, F eulytite ZE# w1 53] & > BGO B k41
(IKIR. Bi S1,0,, 45 # B Menzer!'* i Jll X 2% i Ll M7, LI r Segaletal!"I g Flth
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Table 1. Coordinate parameters in cubic unit cell for eulytite crystal

Space group I 43 m, Cell parameter a= 10.300A

Atom . NP and WN* X Y l z
e o |
Bi \ 16 C 0.0857 0.0857 0.0857
Si | 12a 3/8 0 1/4
o 48 e 0.0607 0.1335 0.2875

* Number of position, Wyckoff notation

Bi** B F HIEMA M 16 c RRER MR R, BHIEWKAAN O F B AL, T A B B
IR, ST B IR 12 BRIk ERUR R, BE SR O BT AL, BRI, 48
O BT HIE-RERER, 16 D BET g 4 PMLISEIERS 4.46 A SR X A2k [111]
by BRIRARRRR: X, X, X(x=0.0857); x+1/4, x+1/4, x+1/45 x+1/2, x+1/2,
xX+1/25 x+38/4, x+3/4, x+3/4, SRMAE eulytite(a,=10.300 & )t B8 1 Bi—Bi 5
REERNAZLE, URAER2WEL L, Bi—Bi AL 3.824 , £F culytite J %y BGO
(a,=10.5183), H Bi—BiRJEF{HHE Ny 4.55 4 (X A% L) 3.904, §—1OFETF
P — BiO, /\TH fRfn— SiO, PUTE 4L R, BiO, )\ fk R Si0, MU fA 2 R4 F O B
Fo Si—O B R 1.638, B 1, 245l R culytitez & Z B 543,

=. Bi, Ge; 01,:TR, Cr, Fe iyt
Bi [y b T HEAr h[Xel 4 f1*5 d*% s* 6 p°, HN[Hgl6 p°, Bi** 35-F H.7 %4l He
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Cation positions in the unit cell
of eulytite projected in a-a plane (XY)

B 1 eulytite 3% Z g
Fig, 1. Projection of the structure of
eulytite along Z-axis The Si¢* ions are Fig, 2.
coordinate tetrahedrally by four O?- ions
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Fig, 4, RT absorption spectrum of
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ﬁFiFIJFH éAth’J A E BT IR G E BE MR (D, (D XKe, BRE K BHHE
(D, (DEHNR—ADAET cH— MK . BERHENRcE, THRAFR &FRE.
T et ST RS A 15 0 e ) EIJH’J__/NM& i 53 B X R FCE*A, fERTE, B
13387 cm™'(747 nm); ‘T,—>*A, Bj¥kiF, HH Jy 14749 cm™'(678 nm); *T,«*A, KEKT,
WE Y 19194 em™ (521 nm), O, T Cr“BGO WECHIEE AE% B=415cm™, ¢c=
3375.7crn™ N R AL B8 D, =1474.9em™, R4 ‘$E7Fn1,+ﬁ,eﬁm Cr“ﬁéy‘e Bi**s
SET HVE AT On R A Fh, s Cr®* In]ﬁﬁ%fi Ge'*, JUE4 Cr* 4 )b FHEM
Wk To 3Za AR, HRBMEEE L,

£ BGO J5 R E 2% 0.02 wt%Fe,0,, DI Bridgman J5ik A KB, A& 3] g 1B,
KREGINGE, DHIEkE BGO BGEH SRS D, B % & REEER KR
(AR AREMAERED) . hRRERERRBE, FEERRKEE, R WEE 480 nm Ff
WHHE W, £ 300 nm EE LW, 54 BGO ML, WKHFHEL R (& 100, £ 7 LINbO
Sk R L Pt 5 Fe' B A7, 75 400 nm G R i i Fe** ) O,.—>Fede 31324, T
465 nm bR Wik J& Fe'* 1Y) Fed e>Nbd € JRiF 51827, X B FEFH B FKT. BGO
H1 480 nm FF LR R WM FTRETRB T O B Bi** S8 F 2 M B FIRTE, B XX HHE
LB, ARk — B A

IE]‘ Bi,lG'egOlz:TR, Cr, Fe E@Zi%%i‘g

R M H A K HITACHI 65-60 B389 {03 1THY, Xe JT# £ (150 W), 4
(9 BGO # fk J ot o 2 2L 250 A1 300 nm #%, HF R BT 8 2 )0 A0 Bk 2 E
B, A0 JLX A SR SR R 8T, 400~640 nm JE[E, U AL E Z87E 498 F1 550 nm [{fiF°
18 250 nm PR RN IR EE A RE, HEGRENRICHERE, HE 11 9 UE 5,
REVCHREMEMBIER BGO KoLk i & ik 5 35, H 18 o 470 nm FfiE, f1 M. J.
Weber' #1536 45 1 — 5, 4lif¢) BGO L4t 3 A & *pi—'5, Bk £, [k &% [& 6 HK 1s,~>°p,
Wi, AT RIH: Stokes [E R RIR AN, ~14000em™, STES LKL, ¢ Bi*t R M@
BERITH, WOAFMEMTR, H A E KA T HRL. B2, 7 BGO BikHMkT
Bi** ug iRk 4t 2 Al B H K Stokes T8, i Bi®* %éf‘ﬁﬂﬁﬁéinﬂziiﬂ Mk, %4, BT
p—ls BRIk, LTI B PIEES BRI 2 BB . s & BGO & {h{ER
REBBEMNOFEHFRS . EWBENENRIEZF, WEESH MK 8. 2 480 nm KK
gﬁﬁ%pt%m~/,\gg/\gab§ —/~2230~258 nm, WEE (L EFE 250 nm; H— 2 262~
305 nm, UE{E (7 E{F 272 1285 nm, X R Weber Jii 77 B W RO ST ST 6 3845 SR K — Ko
Weber Jll#37E <300 nm W UCRARE 58, H45 MG o I BIR kiE R A TTEE 1. X ERAKE
JE 5 5 R RRAR AR WX KUSUR By AN I AR, - BT UEBE A B AE 272 B 285 nm, % 5 U i T
T 262~305 nm, X kR Weber frighy °p,—'s, élahéﬂﬁo *2RB NN, B4,
I 5T FOSUR JE 1 ST U 45 R e B
4% BGO g 550 YE A & F iR A 2 B R HE MU B BB o5 90 8 B 3 4T R,
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Table 2, comparison for absorption, transmission, reflection and excitation spectra of

pure BGO crystal at room temperature

Experimental method Range of the Positions of E Transition
) peak values the peak “ of the Bi3+ Note
and condition } (nm) values (nm) 1 levels
Absorption spectrum, Cary ‘ —~ ' le .3 1
14 spectrophotometer ; =300 | So="Pu | Weber
Transmission spectrum e . dp . .
BGO spectrophotometer ’ 300 Sy This work
Reflection spectrum ! 250 Is;>1p, Weber
\
Excitation spectrum, ' 262~305 272, 285 Spi—is,
emission wavelength : This work
498 nm ] 230~258 J 250 1p,—'s,
| ‘ |
| ! 250 py—"5 }
| I
Excitation spectrum l—— S | Weber
' ‘ 300 pi—tsy |
|
1067, 1095 nm 3% H5 , 5 5 W AL B 7£ 1067 nm
3 T T = Phateluminc: e,
Bbo ST Pyl HIBL 1321,1343, 1398 i B smsnon 5 Gt

nm, e 1543 nm, SR EERUBROCE ,
BGO:Nd** 3zt g /T 4 B0 YAG 2 [,
REAEEOLSE EFE . # Er®” 5 BGO &
IREY g 0> e, BRIE AL 6 Y6 3% 4% BH 1474,

.! A

SIS

/ ‘\\uﬁ(nnm 145) i

[nten

. : "/" aInm -t \(“5) :
1491, 1532, 1543, 1558, 1568, ~1628 nm ‘ L TN
=1, 2y 2 . : ) \ ’ . ‘
W, REVEEMETE 1543 nm &, , L g
- NN ; R M
B4 B gk OB 0 BGO & ik, %4 3% il 300 S B LT
nm LK, RAMRK B BT Rt. 54 , ‘
B 11 #iBGO BHEET

BGOAELL, HixEMBMHERE, HEE A4
I (550 nm) WERERSH . B Cr* #uEm
LiNbO, 5 & F 325nm % , W82 B ~780nm
FHhEHE %8 & Je w1, Fei1A 300 nm %

Fig, 11,

Bk SR g e
RT excitation and photo-
luminescence spectra of
the pure BGO crystal

BGO:Cr®*, (U ¥ £ 3| Bi** ¥ 7 & s Al 530nm ¥ Kk, B4 780 F1825 nm /) s F
680 nm ¥ K, B7E 825 nm /N (& 14 HhEy Cr*t Byt B . BT CrY B k—i&
REW LI, EIL, Cr'* BT BGO B kH 2T & Jt M. LiNbO, :Fe 24 HIFl:
B, BEH 488 nm %, fE 732 F0 825 nm LM 4R BEEOEMEs A 325 nm ¥k, {UF 825
nm % EUT, FATH 300 nm % BGO:Fe, (MR # Bi** &7 &) H 325 nm §K,

VIR F] 825 nm 01 1 488 nm %, 72 790 A0 625 mm b A N Ok HE. 3K 1 0 A
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Fig, 12 Fluorescence spectrum of Fig, 13. Fluorescence spectrum of,
BGO: N 3+ crystal associated with BGO:Er3* crystal associated with
transit ns from *‘F,;, level to 4l;,, transitions from *I,;, level to
and *I,,, levels 1.5, level
; |
300am excitation } 300nm cxciratmn’ 325 nm excitalion
itatian ; ~ -
_ \/\ \\ \GBOnmexﬂal\ J ; \ i ‘,
3 : N z / \ RN
2 / (NN gl ; \
& DN & ;
// \\\ 1 / i\
530 nin excitation ! / “
\ l // ~_ . 488 nm exatanon
% N . A VNN N
208556 b0 “rb0 g0~ o T T T [ e X T
Wavyelength (nm) Wavelength (nm)
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Fig, 14. RT photoluminescence spectra Fig, 15, RT photo luminescence
of BGO:0,02wt% Cr,0, crystal spectra of BGO:0,02wty% Fe,0, crystal
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Absorption and Luminescence Spectra of Bi, Ges O3: TR
(TR=Nb,Er), Cr, Fe Single Crystals

Liu Jiancheng Hu Guangin Feng Xigi Zhao Yuanlong
Wang Xiaoxian Xue Zhilin Yin Zhiwen

(Shanghai Institute of Ceramics, Chinese Academy of Sciences)
Abstract

Singie crystals of bismuth germanate, Bi,Ge,0,,:Nd (abbr. BGO:Nd, violetish
crystal), BGO: Er (reddish), BGO.Cr (gteen), BGOFe: (brown), were grown by
the Bridgman technique, using stoichiometric amounts of Bi,O, (5N) and GeO,
(6 N), with 0.01 wt% Nd,0;, 0.01 wtd% Er,0,, 0.02wt% Cr,0,, 0.02 wt% Fe,O,
dopants respectively. The projection of the structure of eulytite and the cell parp-
meter of BGO are given, The absorption spectra measured from BGO crystals doped
with different rate earth ions show that they consist of several bands which are
the characteristic of the rare earth ions in the crystals. The magnitutes of the para-
meters of Coulomb interaction and internal crystal field for BGO.Cr under O,
crystal-field were calculated by the secular equations of 3 d? electrons. The absorp-
tion spectrum of Cr®* ions in BGO consists of three bands trangited from the grou-
nd state ‘A, to *E, ‘T, and *T, states. Luminescence in bismuyth germanate has
been observed. Excited by the radiation of light of 30¢ nm, Bi°* shows a intense
broad band emission peaked at about 498 and 550 nm. The emission is assigned
to *p,—~'s, transition of Bi®*. The quenching centers of Bi** system are impeded
by the large Stokes shift, and the nonradiative decay in multiphonon processes is
limited for the large °p-'s energy difference. Having three peaks at 250, 272 and
285 nm, the excitation spectra of pure BGO at room temperature were also measured
through detecting its emission wavelength excited by 498 nm light. The measured
results coinside with the absorption and reflection spectra measured by M, J. We-
ber. The fluorescence spectra (corresponding to the *F;,,—'I ,,, transition for Nd**;
41,5,>%1,,,, for Er®") were measured with a spectrophotomter excited by CuSO,
filtered radiation form Xenon lamp and detected by photomultiplies and PbS respo-
nse depending on the spectral region. The intensity of fluorescent emission and the
width of emission bands are intermediate to that of YAG and glasses, which shows
that rare earth-doped bismuth germanate crystal would be a promising material
for medium-gain lasers.
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