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9% 8 BU Bk 38 40 4> M . 70Te0,-25Zn0O-5Na, O
(TZN)F1 (100-z) TeQ,-zNb,O; (TNz) (z=5,10,
15,20 molY0) (BE/RH, FRD. 1 A/ M 7 HIEKSH
SRMMABRER. RASHARARNFTHEE
i, HA TeO, BIAIE N 99. 9%, HEF R B X
99.9%,Er,Os B2 E R 0.5 mol%. Bl 60 g
R, R R T RS R RORL IR A B SR B
& AT T 850~900°C Y RERRER LI 5 K27 30 min,
RELHH  BER, REETRAT KL, &
BABRANEBETRE(TOEARN D P b
TR K. BB K JE BB AN T AL 20 mm X 10 mmX 1 mm
TRTEMERE . 3B HEAT A b L
1.2 MFEER

B R AHEK R E B, 4K N R % BAE.
FEHK:p = ma/(ms +my )T E, P my ,my
SRR ESSKMAKPRER. HBITHE
HAVEREILUNE. SBETEE T, Mfi&FF
WRIRE T, Wi RAHEE NETZSCH 2 7 2 #4 7
B(DTA) , FHEERE X 5C/min. FBERWEET
1% B H Vickers ## B R 1F, Vickers B F H
Shimadzu & {358 FE M) 243 ] 3K,

W WK ¢ i A PERKIN-ELMER. LANBDA
900UV/VIS/NIR #4336 5% B 1+ W 48 , W & B9 3 K
LR 350~1700 nm, M EFE KA KK 0. 5nm. %
J& % i [ B ¥ B Jobin-Yvon 4 7 B9 TRIAX550
R g A&, 980 nmLDAE R B . Er* :
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2.1 EXRYEMAZHR

RIGHTHLOEE o T E 0 HTIRE
T, MGHARBET, UAT, 5T, WEME. FATUE
HH BB 0 RN S R B Nb, O; 75 8 4 58 0 777 3%
K. 750 4B Nb, Os 1 & B {H 2 Nb, O; B EE/R
SPBCR 15 YR B AR IRE T, A B, 47 IR
BT, WhHEZ 3, X4 Nb,O; HEERGEAH] 20%
WL T, TFEAR A IR AT M T, (64 HF i
P fE 2=10~20 B, AT $fEEE % 110~140C,
AT D0 Tl 4 B B A PO AT AR AR B SR JF HL S
B TZN B EE A 2.

1 HEHRIFS AR, TE FHE,
WENRERE T, HREET

(g/ T,/ T./ T.—
E z lu (o &
EoRE H %/ mol % > MC ¢ T,/C
TN5 95Te();-5Nb; () 5.29 2.04 374 466 92

TN10  90Te();-10Nb, O5 5.34 2.06 380 486 114
TN15  85Te(),-15Nb, O; 5.42 2.07 405 544 139
TN20  80Te(),-20Nb, O 5.54 2.10 421 543 123
TZN 70Te0,-25ZnO-5Na, O 5.30 1.99 355 484 129
2.2 HiHREHER
P Vickers BHEEEMEINE 1. WTLIEH ,BE
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Fig. 1 The vickers hardness values of TZN,TN5,
TN10,TN15 and TN20 glasses

BE S K58 B BT HE AN, 7E Nb, O5 BESRAMHCR 5% (KAE
oL B R R 2.5 GPa, 7E Nb,O; BE IR 42 80K
20701 TN20 H & i, B 38 (0 8 BE O 3. 2 GPa, T
TZN BE S BERE{L R 1.7 GPa, E¥, HEERHEH
BHET AR AL AR K68 0. T8 B I B 40 o R R
H=L/A (1
L #ARMEMB RS ARERESZHEHM. EEEE
B MR BB O B RAE TR R M

BEIRMERE. RE B S BB P B EE R BN
R AL SR B . e 5 30 0 A 284 5 BF (H IR, AL M B
£ g, 98 Rk BR £ 313 09 VickersBE FEH — &R
5 GPa, Tiij PR 0 B £h 35 38 ) B8 BE AR A A it 2. 0 GPa.
mE T, fETNX R 5 g % b b B Ho— R 7
2.0 GPa, ¥e5I48 HH BF AR BB L H & Nb, O, F8E
B, B R B A B) 3. 2 GPa, L TZNAE 5 (1. 7 GPa)
K475 ~88Y%. X Shgh UL B R 4B B 58 b TZN 3§
BRI YL E KM L. T BME#E Nb,O, 45 i
TN B B B ) BB O BE S 3 K. 7E R R R Y R
PORETFEZUN AR TO, ', BRI
ZAEEERITeO ] UK = ABEERLTeO; . X
WEMHARB U —EAEM ISR KERS A
R HAN R L BB 4 X BT R AT S AL 8 6%
PR R IFE Nb, O B R4 BAE 10 % LA b W Ff
PRBEE P, NP @ S A K INDO 12 5 W 4
M, B F Nb B A =4 T 3R 19-O-Nb-fi,
T L AR S

SRR B B AT A DL R T TR R M R A B
HENM 22 T2 MM ETEF W, HEBHE AL
B 5 R G DL A 1 7 T AR B bl T S B B
KR E 2 VLRSS . BT /D B R R
B LR R B 5 R A B B8 4T 4 2 () (9 58 B 1 OE L Bl
KFR.FrUL, 7T LA E B T 45 S5 il 9 3 B8 B0 DL ISR
b TZN B{ 38 BH  &, v HE W 7E R RE L 22 T2 %4
TR ENHOEBIEREERE TRE.
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B 2 kBB RS TNS, TN10, TN15 H1 TN20
TR W T . A BRS04 fn 1.
Nb, O; B TeO, Wi I K 1n] 1 5 5% B . MR 48 Wk L
FEE T 5 R EHE , A Judd-Ofelt Big it 8 Er**
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Fig. 2 Absorption spectra of Er** -doped TN5,TN10,
TN15 and TN20 glasses
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B L. BE Eam. WNE 2 B LEH,BE Nb,O;
HSREMEMN.0:.0Q,0, =T RES BB RE M.
HR4E Tanabe'™ 2 A BB 9T, Q. 5 % 88 2 5 &9 x4 FR
WA X,Q BA/NISH B FRHEFRBME
IR B iU AR AN i o - R
5HABTENIMEUEE LB FRBE N RO IFE
A X, X AT LA I B 38 AR 43 B 45 A8 1R O 3 OR 5 .
Nb, Os B TeO, , B 3 3 W 4% 45 4 B N = A

Fy b 48 A [ TeO, 1° B KA T Bk [NbO, ] 0 450 8 3%
. B Nb,O, & &I, SA P F 5 B
BFRAGEFERBHRS  ELHEFAET
#15 Nb B TR, Br-O B M5, 0, (84
RIS, AR AR G IS D I o B 2 0
BN, BIREF WM PRI, Te'™,0F  Nb* i)
S P 2 B0 2. 1,3.5 71 1. 6. Bl Nb-O &y
FEAMPESS F Te-O GEAGIEMPE. BT A Nb,O, Bift

R TeO, " , BN =AMEE[TeOs, 1, = TeO; , Qs {EAHN BN,

£2 B ECTTeO,-Nb, O, HHMELK JOBESR 0., , 0 , RMS EHMBERITHEN 1, ERNEFR
e 2, 2 Qs RMS THE M Ly BER
(107 ®em?)+10%  (107®em?)+10% (107 ®em?)£10% (107%®cem?) FHfy(ms)£10%

TN5 5.70 1. 32 1.02 0. 25 3.35

TN10 5.78 1.38 1. 10 0.18 2. 87

TN15 5.94 1.43 1.05 0.21 2.22

TN20 6.21 1.54 1.14 0.13 1. 81
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Fig. 3 Emission spectra of the *I;3,—*1;5,, transition
of Er** in TN5,TN10,TN15 and TN20 glasses
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Fig. 4 Emission cross-section and FWHM of the *1,3,,—
15/, transition of Er*" in TN5,TN10,TN15
and TN20 glasses
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(FWHM) RS R 77 692846, BEHE Nb.Os S BRI
Hom, FWHM¥E B3, I Nb, O T B N
20 mol% i, FWHM &K ,R 85 nm.

Z ¥k B AE FTAR H#E McCumber B iR 15, H
eV Wk

eV =0,Nexp [(e—hv)/kT] (2)
AP o QORZHESBE 0. O ARKEE, 2 H
THRER, P A EHEERR . EET TH—
/l\EI'3+%%M%?&qls/zﬁﬁﬁlqw/zﬁﬁﬁﬁﬁ'%gm
HifE. B4 AMELRBTEHESN EST 1),
'L, ZEENBEEME, ER Nb,O; &/
I B, M Nb,Os & &K 20 mol %8t 0. 1A
B KH 0.83X107% cm?.

RINAFAREFEHFEHE D ECBFHZHESN
B (o) f1 FWHM W8, W EX°" B F &
TN20 BHEH BAAF B KK oo M1 FWHM {H, X5t
HABARBLARHFHRRTLEF. ZEEHEE
S5HEBOTHRREL, BEERBRA PR
TN20 A HEERFEBRMOITHE, Bk EX°F
BTAARKMZH RS E@E. 28 A5 EE 6D
MK E FAE(FWHM) X FIHa 4 i K2 LR T
WRMEE R KREFEE. TR KRB R
HAT UL FWHM Xo By FUR BB, TR, il
B AR . AR ERBE P EST B F 1,55 ym
Ak ) FWHM X o e LB AN 3R 3. FH 3 TN20 i)
FWHM X, $UE KT TZN B8 S L3t 88 E R
BE I 48 BR EL S IR N RE R Eh TS , 1Y B U S AR B
B H5AMLE.



212 X F ¥ & 35 %
*3 FAEERFEBEE EC K of M1 FWHM KL B

BERE RN A FHE /(X107 em®) FWHM/nm FWHM X, EE PN
TN5 B8 2. 04 0.72 72 51.8 AT fE
TN20 I 5% 2.10 0. 86 85 73.1 AITHE
TZN 3585 2.02 0.78 70 54, 6 ATAE
WM T 2.03 0. 85 75 60.0 [10]

EF SRS 1. 74 0.74 60 44.4 [11]
By 1.63 0.57 53 30. 1 [12]
RERREL B 1.59 0.55 40 22.0 [13]

3 #ig

1 35 X #5 S5 i 8 3% B i A Y B L B E CHLRR LA
BRI R J5 , KB Nb,Os B TeO, H B
T R AR B R A AT SRR AR, mRAE BB R A B
5 (9 LAR 5 B 44, L Hv (A — M7 2.0 GPa DL L,
BB 2.5~3. 2 GPa, [t TZNBE 35 £ & 89 Hv{H
(1.7 GPa) Kk 47~88%. fERF 4RI b, T 7 78 XL
ZMAMELTO ], EERR =M &K
[TeOs, J* = AR [Te()s]z‘ LL K 7S H K
[NbOs ], B T RN IER SR T (FWHM =
66~85 nm). BHEMEH MK FWHM X0, HEE
kT TZN B G5B 4 BUTS . SR B ¢ B
.

&% Tk

1 Wang ] S, Vogel E M, Snitzer E. Tellurite glass: a new
candidate for fiber devices. Opt Mater ,1994,3(2); 187~
203

2 Mori A, Kobayashi K, Yamada M. Low noise broadband
tellurite-based Er** -doped fiber amplifiers. Electron Lezt ,
1998,34(9) . 887888

3 Yang J] H, Zhang L. Y, Wen L, et al. Compareative
investigation on energy transfer mechanisms between
Ertt and Cet (EW®T, Th*") in tellurite glasses. Chem
Phys Lett, 2004,384(3); 295~298

4 HHE WHEMNRER S Te* EEMEERE DT
WMENMTFREEEEHERAN J-OHH. T ¥EH,
2002,31(5): 624~628
Niu C H, Cao W H, Chen B J, et al. Acta Photonica
Sinica ,2002,31(5) :624~628

10

11

12

13

Hach C T,Richardson K C, Varner ] R, et al. Density and
microhardness of As-Se glasses and glass fibers. J Non-
Cryst Solids,1997,209(2) ;159~165
Lin H,Meredith G,Jiang S,et al. Optical transitions and
visible upconversion in Er** doped niobic tellurite glass.
J Appl Phys,2003,93(1):. 186~191
Yoshida S, Matsuoka J, Soga N. Crack growth behavior
of zinc tellurite glass with or without sodium oxide. J
Non-Cryst Solids, 2001,279(1); 44~50
Neov S,Gerasimova I, Kozhukharov V,et al. Structural’
study of complex tellurite glasses. J Non-Cryst Solids,
1995,192&.193(1) ; 53~56
Tanabe S, Ohyagi T, Todoroki, et al. Relation between
the () intensity parameter of Er'" ions and the ™ Eu
isomer shift in oxide glasses. J Appl Phys, 1993, 73
(12): 8451~8454
MER, RER,RBE. 5. BE R TR L EE R
B3R, 6 T24%,2002,31(11) ;1382 ~1386
Yang ] H, Dai S X, Wen L, et al. Acta Photonica
Sinica ,2002,31(11) :1382~1386
Xu S, Yang Z, Dai S, et al. Spectral properties and
themal stablity of Er**-doped oxyfluoride silicate
glasses for boradband optical amplifier. J Alloys Comp ,
2003,361(4) . 313~319
Lin H, Pun E Y B, Man S Q, et al. Optical transitions
and frequency upconversion of Er** ions in Na, OCa; Al,
Ge; 01, glasses. J Opt Soc Am, 2001,B18(5): 602~
609
Miniscalco W J. fiber
amplifiers at 1500 nm. J Lightwave Technol,1991,9
(4); 234~250

Erbium-doped glasses for



2% REBRE . RARIBGRERNB ECF ¢ TeO,-Nb, O; B3 6 H BB R 213

The Spectroscopic Properties of Er'"-doped TeO,-Nb,O; Glasses
with High Mechanical Strength Performance
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Abstract Er**-doped (100-z) TeQ,-zNb,Os (x = 5, 10, 15, 20 mol%) niobic tellurite glasses were
synthesized, and their density, refractive index, glass transition temperature, crystallization temperature,
Vickers microhardness, absorption spectra, fluorescence spectra and 'the lifetimes of Er®" : *1,,,, level were
measured. The Judd - Ofelt strength parameters 2,(t=2, 4, 6) and the stimulated emission cross-section
(0emi) were calculated by Judd - Ofelt theory and McCumber theory, respectively. The compositional
dependence of optical parameters of Er*" in glass samples wase investigated. The properties of Er**-doped
niobic tellurite glasses were compared with that of the typical 75Te0,-20ZnO-5Na, O (TZN) tellurite glass
in aspect of thermal, mechanical, spectroscopic properties and amplification merit.

Keywords Er**-doped TeO,-Nb,Os glasses; Spectroscopy; Mechanical strength; Broadband optical

amplifier
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