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Abstract A new silicate laser crystal, Tm: Lu,SiO; (Tm: LSO) crystal, has been obtained by the Czochralski
technology. Absorption spectra and fluorescence (un-polarized) spectra of Tm: LSO have been measured at room
temperature. Parameters such as Judd-Ofelt intensive parameters, oscillator strength, spontaneous radiation rate,
fluorescence lifetime, integrated absorption cross-section, integrated emission cross-section were calculated by Judd-
Ofelt theory. Intensive parameters were calculated to be 2, =9.1355X10 %" em?®, 2, =8.4103X10 % cm®, Qs =
1.5908X107* cm®. Some main emission peaks exist around 1.9 pm, corresponding to °F, — *H; transition.
Fluorescence lifetime and integrated emission cross-section, corresponding to *F, — * H, transition, were calculated
to be 2. 03 ms and 5. 81X10 '® em®, respectively. Laser actions have been obtained by use of Tm: LSO crystal at
the temperature of 77 K. The central laser wavelength of 1960 nm and pumping threshold of 2.13 kW/cm® were
obtained.
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Table 1 Main absorption peaks corresponding to the transitions of Tm’"

ions from the * Hy ground state

Excited state Wavelength range /nm Peak wavelength /nm oae /(1077 cm?) Sfexp /1076
‘P, 250~268 260 1.51 14. 4178
P, 280~304 290 0. 88 9.7427
'D, 340~374 356 1. 29 10. 2149
*Fy 664~690 678 1.76 3.3166
*H, 782~838 790 1. 68 4,0543
*H; 1192~1218 1206 1. 85 2.4210
'F, 1710~1722 1716 1. 44 3.0090
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Table 2 Intensive parameters and spectral factor of merit of different Tm-doped crystals

Crystal 0, /(10% cm?®) 0, /(107" cm®) 0 /(107% cm®) 0. /0
YLF 1. 67 1.93 1. 10 1.75
YAG 0. 70 1. 20 0. 50 2.40
YAP 1. 46 2.07 0.32 6.47
GdVO, 8.16 2.45 0.98 2.50
LSO 9. 14 8. 41 1.59 5.29
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Table 3 Spontaneous radiation rate, radiative lifetime and

integrated emission cross-section of Tm: LSO crystal

Transitions A /nm A /s™' t/ps  owm / (107" ecm®)
* P, 260 47124 21 12.76
‘P, 290 25596 39 8.63
'D, 356 17808 56 9.04
*F, 678 1594 627 2.94
*H, 790 1435 697 3.99
*H; 1206 368 2720 2. 14
*F, 1716 225 2030 5. 81
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Table 4 Integrated emission cross-section and radiative
lifetime corresponding to *F, — * H; transition of

different Tm-doped crystals

Crystals Gem /(107 cm?) r /ms
YAG 1.49 1.73
YAP 2.22 1.03

GdVO, — 1. 24
LSO 5. 81 2.03




604 i

e * 35 %

3 L I

SRR L AR I, LB B AN 2 FoR.
iz PEHOE A (LD) 6L G i 6 F 12
0200 s BT 0. 22. B0O% — HE BUE T 3¢
}25 Wb K o8 793, 4 nm, 500 1 il iz 7 M
L s T Ak 0 AR 25 By S B Al iz O F IR B OB AR U Y
REFVCH ., ¥ B Lo L, WA 2 5]y 25 mm,
51 mm, M, Fl M, X432 655 4 1. 94 pmioh &
o b g Ms il AR O 200 mm, 3 i R
2.5% ., Tm: LSO & 3 1 R 5F 83 mm X 3 mm X
8 mm, Tm®" ) J5 F R B Ry 400, i AR 7E 55
POt B BT AL AR A . K H70 mm
it

M] o
(@) N 2
LD \Lj 7 S Tm™:Lso
1 2 crystal I: j
M
3
v

2 Bt A iz Tme: LSO #ot s s & &
Fig. 2 Configuration of LD pumped Tm: LSO laser

350 1

W

(=3

(=}
|

N

—_

Output power /mW
(3]
w (=3 wn
S S S

100 /

50 T T T T T
4.0 4.5 5.0 5.5 6.0 6.5

Input LD power /W

R RYESSL PN E SIS
Fig. 3 Output power versus input power
HEEANRN 6,47 W I, 38453332 mW., H0
PR A1, 96 pmBGHOLH AR MCE 11500, 3
B BE 2. 12 kW / em® , A1 3 PR

445

S E I AESE Tme: LSO # JE f 45 1% Y o6 8
AR R 266 1E & I A 15 AE R s LA
15 0 A MEAR A A% S50 0F BLAS B T R AR O
P TR B R A3 K S A TET L o S 7 i R AR R 0 B A
JEHES R Tm: LSO @ K B 858 1 & S B
AFIF2 pmP 4] I OGS Tm® 78 LSO &
PRER ) SRS E N = AR T S e e B 2L, W] )

'F, REZCEA BRI A5 A, 43 Tm: LSO &
ATRETEZ pm i KGR BORBOL M . B2 Tm:
LSO i i 5 A7 5 R A AR o W MAC 48 T 1 BR 23 e 53
T Fy REHAT B 56 5 75 i AT REIRCN 2 e
ROL A BT AR

& F X

1 Valenin Petrov, Junhai Liu, Miguel Galan et al.. Efficient
diode-pumped cw Tm: KLu(WO,); laser [C]. SPIE. 2006,
6216:62160K

2 B. T. McGuckin, R. T. Menzies, H. Hemmati. Efficient
energy extraction from a diode-pumped Q-switched Tm, Ho :
YLiF, laser [J]. Appl. Phys. Lett., 1991, 59(23):2926 ~
2928

3 Jeffrey D. Kmetec, Tracy S. Kubo, Thomas J. Kane e al..
Laser performance of diode-pumped thulium-doped Y;Al;012
(Y, Lu)sAl;012, and LuzAl; O crystals [J]. Opt. Lett.
1994, 19(3):186~188

4 Yufeng Li, Baoquan Yao, Yuezhu Wang et al.. High efficient
diode-pumped Tm* YAP laser at room temperature [J]. Chin.
Opt. Lett., 2007, 5(5):286~287

5 1. F. Elder, M. J. P. Payne. Lasing in diode-pumped Tm :
YAP, Tm,Ho: YAP and Tm.,Ho: YLF [J]. Opt. Commun. ,
1998, 145:329~339

6 P. A. Budni, M. L. Lemons, J. R. Mosto e al.. High-
power/high-brightness diode-pumped 1.9 pm  thulium and
resonantly pumped 2.1 ym holmium lasers [J]. IEEE J. Sel.
Top. Quantum Electron. , 2000, 6(4) :629~635

7 Gianluca Galzerano, Francesco Cornacchia, Daniela Parisi et
al.. Widely tunable 1.94-pm Tm: BaY:Fs laser [J]. Opt.
Lett. , 2005, 30(8) :854~856

8 J. J. Zayhowski, J. Harrison, C. Dill lll et al.. Tm: YVO,
microchip laser [J]. Appl. Opt., 1995, 34(3):435~437

9 Chr. Wyss, W. Luthy, H. P. Weber ez al.. Performance of a
diode-pumped 1.4 W Tm : GdVO, microchip laser at 1.9 pm
[C]. 1998 CLEO, 1998. 11

10 R. Lisiecki, P. Solarz, G. Dominiak-Dzik et al.. Comparative
optical study of thulium-doped YVO,, GdVO,, and LuVO,
single crystals [J]. Phys. Rev. B, 2006, 74(3):035103

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

12 A. A. Kaminskii. Laser Crystal: Their Physics and Properties
[M]. Berlin: SpringerVerlag, 1981. 19~20

13 W. T. Carnail, P. R. Fields, B. G. Wybourent. Spectral
intensities of the trivalent lanthanides and actinides in solution.
T. Pr3t, Nd&*t, Erft, Tm?*", and Yb*' [J]. J. Chem.
Phys., 1965, 42(11) :3797~3806

14 Brian M. Walsh, Norman P. Barnes, Baldassare Di Bartolo.
Branching ratios, cross sections, and radiative lifetimes of rare
earth ions in solids: Application to Tm?*" and Ho*' ions in
LiYF,[J]. J. Appl. Phys. . 1998, 83(5):2772~2787

15 Lu Yanling, Yang Yang., Wang Jun et al.. Spectral properties
of Tm:YAP laser crystal [J]. Chinese J. Lasers, 2006, 33(7);
968~972
[ 4 . T &R % Tm: YAP 068 A6 S B it
#LI]. P EBkE, 2006, 33(7):968~972

16  Yanmin Yang., Baoquan Yao, Baojiu Chen et al.. Judd-Ofelt
analysis of spectroscopic properties of Tm3", Ho®" doped
GdVOy, crystals [J]. Opt. Mater. , 2007, 29(9):1159~1165

17  John A. Caird, Larry G. Deshazer, John Nella. Characteristics
of room-temperature 2. 3-ym laser emission from Tm*"in YAG
and YAIO; [J]. IEEE J. Quantum Electron., 1975, QE-11
(11). 874~881

18 M. J. Weber. Multiphonon relaxation of rare-earth ions in
yttrium orthoaluminate [J]. Phys. Rev. B, 1973, 8(1);:54~
64



