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Abstract A series of Er*" /Tm®" codoped tellurite glasses are prepared using the high-temperature melt-quenching
method and the 1. 85 pum band infrared spectroscopic properties of Tm®’" under the 800 nm LD excitation are
investigated by measuring the differential scanning calorimeter (DSC) curves, absorption spectra. fluorescence
spectra and fluorescence decay curves of glass samples, together with the calculations of the Judd-Ofelt intensity
parameters, spontaneous radiative transition rates and radiative lifetimes of Tm®" ions. The results show that the
Er’' /Tm*" codoped tellurite glasses have good thermal stability and the 1.53 um band fluorescence intensity of Er*’
ions decreases rapidly, while the 1.85 um band fluorescence intensity of Tm*" ions increases accordingly with the
increase of Tm’" ion doping concentration. The analysis of 1.85 pm band luminescence processes indicates that the
improvement of the infrared fluorescence intensity of Tm’" can be attributed to the comprehensive energy transfers
of Tm*" :*H, > Er*" :'I,,,, Er*" +'I;;,, > Tm*" :*H;, and Er'" :'I;,, > Tm*" :*F,, and the micro-parameters,
critical radius and phonon contribution for the above energy transfer processes are calculated and analyzed further.
The research demonstrates that the Er*" /Tm®" codoped tellurite glass is a promising host material applied for the
1.85 pm band fiber lasers.
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Fig. 1 DSC curves of TZNTx (x=0,1,2,3) glass samples
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Table 1 Thermal stability parameters T, ,T,,» AT

and refractive index n of glass samples
Sample T,/ C T./C AT /°C n
TZNTO 339.0 466. 2 127.2 2.042
TZNT1 345.7 485. 1 139.4 2.039
TZNT2 345.1 483. 3 138.2 2.037
TZNT3 344. 6 486. 2 141.6 2.036
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Fig. 2 Absorption spectra of TZNTx (+=0,1,2,3)
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Table 2 Calculated electric-dipole transition probability A. s magnetic-dipole transition probability A,

branching ratio B and radiative lifetime z,,q of Tm*" in TZNT3 glass

Transition |[u® |* g™ |? |[u® |? A /nm Au/s ! Apa/s ! B Trad/ MS
*F,—*H; 0.5374 0.7261 0.2382 1704 337.6 1 2.96
*Hs—* Hs 0.1074 0.2314 0.6383 1209 304.7 134.2 0.982 2.01
*F, 0.0913 0. 1280 0.9276 4315 9.0 0.018
*H,—*Hs 0.2372 0. 1090 0. 5947 793 1950. 7 0.911 0. 47
*F, 0.1292 0.1301 0.2055 1490 145.5 0. 068
*H; 0.0131 0.4786 0.0093 2290 20. 2 24.1 0.021
*F,s—"H; 0. 0000 0. 3164 0. 8497 687 3915.0 0.787 0. 20
*F, 0.0025 0. 0005 0.1670 1130 146. 5 161.0 0.062
*H; 0. 6286 0. 3458 0. 0000 1550 748. 8 0. 150
*H, 0.0821 0. 3536 0. 2850 5552 5.5 0.001
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4 % e

Wl A3 2 T Er/Tm’ B4 5k TeO,-
ZnO-Na, O 1Y% iR £6 B2 38 . 1 9% 1 3% B 38 1 A F8
PTEREFIZLAM I B i G Pk I T T’ B 7 1Y
Judd-Ofelt 58 B Z 50, A & 568 33 BR AT JL 2 | 5 1y Fl1 9
Hea . SRR, BRI EXCT/Tm® L5 6
MR b B 38 HoA RAF ke e P . 7€ 800 nm fy LD
R T ME Tm' & FHBEWEMI N, EC 5
T L~ s BER A BRAE & 9 19 1. 53 pm I BE o€
G B E /N T Tm?® ' B F°F, " Hy B8 4% ] BR
RS 1. 85 pm B B9 S B AH R G K. 40 BT 3
X FEEEF EC B L RS T’
TF, BRI ae G iy 25 . HE— 2R R
AGECT BT LB T’ B F°F, BB 1Y BE
AL FEOEE T A T2 500 AR Lk pe A%
B EE R R R R T S 5 R ks
F T 99.9% AL R E N 10. 3 X101 em® /s, AR
BB IR 1) RE B AL R N 6120, DL BT £,
Ec*"/Tm®" S4BT 2 56 3 38 A AR S BRI7 12 W FE
JRAESTIR Y 1. 85 pm P BOG LT HOG 28 15 2 MR

& & X #
1 B Richards, A Jha, Y Tsang, e al..
operating close to 2 pym[J]. Laser Phys Lett, 2010, 7(3):
177—193.
Li Chenxia, Yu Congcong, Zhang Puyang. et al.. Upconversion
luminescence of Ho*' /Yb*" codoped oxyfluoride silicate glass
ceramics[ J]. Chinese J Lasers, 2008, 35(52): 288—292.
PR, TR, 5kE#EMH, 5. Ho’™ /Y™ 451 SiO,-AlOs-
BaO-BaF, it 8 5 e koG se LT ]. o E ok, 2008, 35
(52): 288—292.
Xu Xingchen, Zhou Yaxun, Dai Shixun, e al..

Tellurite glass lasers

[SV]

w

Mid-infrared
luminescence and energy transfer mechanism of Tm®" /Ho®"
codoped tellurite glasses[J]. Chinese ] Lasers, 2012, 39(10):
1006002.

WER, FWIIl, #iti, 5. Tm®" /Ho¥" SR iR $h #38 1 h
LA Kot K RE R LB ML [T ] WO, 2012, 39 (10):
1006002.

Y Tian, R R Xu., L L Hu, e al.. 2.7 pm fluorescence radiative

e~

dynamics and energy transfer between Er*" and Tm?' ions in
fluoride glass under 800 nm and 980 nm excitation[ J]. J Quant
Spectrosc Radiat Transfer, 2011, 113(1): 87—95.

5 R R Xu, Y Tian, M Wang, e al.. Investigation on broadband
near-infrared emission and energy transfer in Er¥™-Tm?®" codoped
germanate glasses[J]. Opt Mater, 2011, 33(3): 299—302.

6 D C Zhou, Z G Song, G W Chi, NIR broadband
luminescence and energy transfer in Er*" -Tm?®* -co-doped tellurite
glasses[J]. J Alloy Compd, 2009, 481(1-2);: 881—884.

7 Zhang Pengjun, Dai Shixun, Wang Yanling, et al.. Luminescence
and mechanism of energy transfer of Er** /Tm®" -codoped tellurite
glass[J]. Chin J Lumin, 2009, 30(6): 744—749.

SRR, R, EHIE, & BT/ Tmd " SH15 T iR £h 3 5Ok 1%
etk KRR AL T]. KR, 2009, 30(6): 7T44—749.

8 Wang Yanling, Dai Xu Tiefeng, et al.. Thermal
characteristics and optical band gap properties of TeO.-TiO,-
Bi; O3 glasses[J]. Acta Optica Sinica, 2008, 28(9): 1751—1757.
FHIE, R, RBIE, . TeO,-TiO:-Bi: O3 F 48 3¢ 5 19 4

el al..

Shixun,

FREE ROt A B AT R LT ] O 2E % 4. 2008, 28 (9):
1751—1757.

9] S Wang, E M Vogel, E Snitzer. Tellurite glass: a new
candidate for fiber devices [ J]. Opt Mater, 1994, 3 (3).
187—203.

10 Han Wanlei, Jia Yutao, Song Yinglin, e al.. Characters of
luminescence from Tm®"-Er*"-Yb?" tri-doped oxyfluoride glass
ceramics[ J]. Acta Optica Sinica, 2011, 31(2): 0216001.
W&, WEE. KBk, % Tm’ " -EcT-Yb3 " LB
TR B 2 B RO RRIELT ] J2faE i, 2011, 31(2): 0216001,

11 Wu Yi, Xu Tiefeng, Shen Xiang, et al.. Influence of Silver
nanoparticles on the upconversion properties in Tm®" /Yb?"
codoped bismuth germanate glasses[J]. Acta Optica Sinica, 2011,
31(7): 0730002.

R WM. TR R, SE RAURBURIAT Tm® /Y3 S s
R B B O ERR I m [T ]. Sh2EsEdk, 2011, 31(7) .
0730002.

12 B R Judd. Optical absorption intensities of rare-earth ions[J].
Phys Rev, 1962, 127(3): 750—761.

13 G S Ofelt. Intensities of crystal spectra of rare-earth ions[]J].
Chem Phys, 1962, 37(3): 511—520.

14 N Spector, R Reisfeld, L. Boehm. e al..
radiative transition probabilities for Tm?" (4{'?) in phosphate and
tellurite glasses[J]. Chem Phys Lett, 1977, 49(1): 49—53.

15 Li Maohe, Hu Hefang, Qi Changhong, et al.. A method to
calculate the emission cross section of rare-earth ions[J]. Acta
Optica Sinica, 2001, 21(5): 626 —629.

ZERHA, SR, AR, SR — R LB R R ST
W] %2R, 2001, 21(5) : 626—629.

16 G G Bai, Y Y Guo, K F Li, et al.. 1. 8 um spectroscopic
properties of Tm®*" doped silicate glass[J]. J Chin Ceramic Soc.
2011, 39(1). 139—142.

17 Y X Zhou, ] Wang, S X Dai, et al.. Improvement of Er®" :
'T1i12—>Ce®" :2F;,, energy transfer rate in Er®" /Ce®" co-doped
TeO;-ZnO-Na; O-Nb, O; glasses[J]. ] Lumin, 2009, 129 (1):
1—5.

18 R Balda, J Ferndandez, ] M Ferndandez-Navarro, et al.. Study of
broadband near-infrared emission in Tm?*"-Er*™ codoped TeO,-
WO, PhO glasses[J]. Opt Exp. 2009, 17(11); 8781—8788.

19 D L Dexter. A theory of sensitized luminescence in solids[J]. J
Chem Phys, 1952, 21(5): 836—850.

Eigen states and

0906001-8



B FH 4

Er''/Tm’" 3648 TeO,-ZnO-Na, O BE5 135 L0 AP 3% 45 1 12 At ik % 3 L 2

20 T Miyakawa, D L Dexter. Phonon sidebands, multiphonon
relaxation of excited states, and phonon-assisted energy transfer
between ions in solids[ J]. Phys Rev B, 1970, 1(7); 2961—2969.

21 L V G Tarelho, L. Gomes, I M Ranieri, et al.. Determination of

in rare-earth-doped crystals[J]. Phys Rev B, 1997, 56 (22).
14344—14351.

22 D E McCumber. Theory of phonon-terminated optical masers[ ] ].
Phys Rev, 1964, 134(2A): 299—306.

EERE: % %

microscopic parameters for nonresonant cncrgy*transfcr processes

R R R R R R S R R S R R R R R R SR R R R R R R SR R R R R R R R R R SRR SRR R SRR SRR R R R R

BEIIT UK R 24 v 3K
S A 5 22 35 P 05 B 80 R 0 0508 L X T M RIS BT L L9 B B 5 L
A F AR, AR P S AR AT KRR TR SIS . N0 I 2 7 a1 B 7 4
FA B, RO BOCIRS A S B T T A0 B R 1 98 BB 3L O A

LS 45 AR 0 4 0 0 3K 75 T 360° Kb 2% 7R rﬁ
SO IR (RCS) 40 @ :

NP LR 4 R 1 % 4 5 4 4 K 2% . o l
RCS ik HA 0~1 THz fy 50§ 56 1 - 2t 1197 3¢ ‘ -V §

Ja K2z bR 4@ v 92 mm,

Bl 2Ca) ]y B 37 3 A0 30 5a 5578 RCS £ B 43
fii CH A7 dB). 7E 90° 5 270°——W 4~ 30 3z ]
—RCS Wl KT HABMAE . B 2 R2T7
T I SO AR OB R bR 2% RCS 43 A 1) 3 A Bl 45
H B RCS 1 £ 3 B Y B s T 7 440 1Y 45
B B 2(b) R WS RCS Bl A B2 Y2216 LA
A B R 3 2 3 T D AR 1 PR U0 RS ) AR
FHRIX —FF S AHAT G

i/®4af a
g ! ansmittin;
<~ =delay line antenn

laser —> )

B1 KM% i 3 7 38 R e R i
Fig. 1 Schematic diagram of THz time-domain radar

cross section setup

1: 0.9 THz
2: 0.7 THz
3: 0.5 THz

150/ N\ 300
% 0

180° 180°

240° ——_—300°
270° 270°

A

240° L 3000

K2 () 38 s AN TEARN R J5 A A Y450 221 34 10 B 2 B 0 5
(b) $HFEBIRAE 0.5,0.7 F1 0.9 THz 3 A5 3T A9 05 J7 (i 1 RCS 45
Fig. 2 (a) Frequency-averaged RCS of tank model at different polar angles; (b) frequency-resolied polar RCS of
tank model for frequencies of 0.5, 0.7 and 0.9 THz
Xf LG 2007 44 B A5 45 B9 R 22 RCS BE T3 45 2R A S0 28 S8 2 SR A3l A H AR & 51088 45 J7 T8
LA, 1055 1k 6 L ASE TR o 45 SR AH e, KB 2% RCS 1) R B % 58 M o Bree 13 B B4 = . |2
A PIIUE 25 : 1) H O A A 2 OB 2% D B AT Ak T BB i 3 MU G B R R e 5 5 20 g B A
THo% 28 I BRI L 52 5 1 R GE 5 M LU RN BE B 0 BRRE ) .
REN pER OHES W K KMAME AR
(REXFRMHEFL TS, K& 300072)
* E-mail: gjq@tju. edu. cn
Wrm B 2013-06-26; WEMEHRFBH: 2013-07-16

R’AB A

0906001-9



