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Spectrum and Ion-Exchange Properties of Ytterbium-Doped
Lithium Silicate Glass
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Abstract An Yb’' -doped lithium silicate glass for multi-graded-index-core fiber is prepared by a two-step melting
process. Absorption. emission spectra and fluorescence-lifetime of the samples are measured, and the stimulated
emission cross-section gen of Yb*" :2F;,, —>%1;,, transition in samples is calculated by McCumber theory. It is found
that sen of Yb*" ions in lithium silicate glass at 1006 nm is 0. 38 X 10 % c¢m?, and its fluorescence effective line-width
is about 82.4 nm, its fluorescence lifetime is 1.31 ms. The Li*-Na® ion-exchange properties of Yb*" doped lithium
silicate glasses are investigated in molten sodium nitrate at 530 ‘C. Imaging properties and radial refractive index
profile of gradient index lens made by ytterbium-doped lithium silicate glass before and after central-axis of Yb’" -
doped lithium silicate glass rod Li*-Na™ -ion-exchanged is studied. Spectral analysis and ion-exchange experimental
results show that the glass is an ideal material for production of gradient index laser optical fiber. It can be used for
multiple gradient index core fiber. A combination of good lasing and ion-exchange properties enables a new approach
to large-mode-area fiber laser.

Key words materials; multi-graded-index core fiber; ytterbium ions; lithium silicate glass; Li" -Na" ion-exchange;
spectroscopic properties
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Table 1 Yb’" -doped lithium silicate laser glass composition of mole fraction

Composition SiO, B, O, Al Oy MgO

ZnO CaO BaO Li, O Na, O Zr0,

Yhb, O,

Content /mol 60. 00 4. 00 6. 00 3.00

4.00 3.00 2.00 10. 00 6.50 1. 00 0.50
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Table 2 Physical properties of Yb*"-doped lithium silicate glass

Refractive index n(})

Density / Yb*' ions Expansion
( /“m};) concentration T,/C T¢/C coefficient
o /em (1/K)

435.8 nm 486.1 nm 546.1 nm 589.3 nm 656.3 nm 706.5 nm

3. 14 2.66X10%  458.6

500.7 6.25X10°° 1.618

1.611 1. 605 1. 602 1. 599 1. 596
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Fig. 2 (a) Emission spectrum and (b) luminescence decay curve of lithium silicate glasses pumping at 974 nm

under room temperature
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Fig. 3 Imaging characteristics with different ion-exchange times
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Yb*" -doped lithium silicate glass rod lens ion-exchanged

9 82.4 nm, A A N 1. 31 ms. FOLIEM 45 R KW
KB BLAR A HOE A R AE 530 C e il A R
Bl R R 6 LT -Na® 8 73245 il 4 9 13 R AR B B
IR RCR AR [ T 5 SR o0 A PR RE AT T 05T, SC Rk
WA R 10 B 1 SRR DY I 4B B A R PR
TR BCHE G TR BT A SO R AR, B
SR R R B 1) DI o A R T SR S B A R AR
Y o A B 2 o 11 e B2 3 S SR BOE G 21 ) AR A K
ENERREZ SR S ik L (PN 27p el
fRBERTHL

Z £ X #t

1 A. Tunnermann. J. Limpert. Prospects and challenges in high
power fiber laser technology[ C]. Optical Society of America,
2011, SOMA.: SOMA1

2 J. Broeng, G. Vienne, A. Petersson et al.. Air-clad photonic
crystal fibers for high-power single-mode lasers [ C]. Photonics
West 2004, California, 2004, 192~201

3 P. H. Kim, J. Broeng, P. M. W. Skovgaard e al.. High-
power photonic crystal fiber lasers: design, handling and
subassemblies [C]. SPIE, 2005, 5709: 273~283

4 Jens Limpert. Fabian Roser. Sandro Klingebiel ez al.. The rising
power of fiber lasers and amplifiers [J]. IEEE J. Sel. Top.
Quantum Electron. , 2007, 13(3): 537~545

5 K. P. Hansen. C. B. Olausson, J. Broeng et al.. Airclad fiber
laser technology [C]. SPIE, 2008, 6873 687307

6 Min Lu, Weinan Li, Kuaisheng Zou ez al.. Yb*" -doped 200 ym
diameter core, gain guided index-antiguided fiber [J]. Appl.
Phys. B, 2010, 98(2-3): 301~304

7 L. Dong, H. A. McKay, L. Fu e al.. Ytterbium-doped all
glass leakage channel fibers with highly fluorine-doped silica pump
cladding [J]. Opt. Express. 2009, 17(11): 8962~8969

8 C. Liu, G. Chang, N. Litchinitser et al.. Effectively single-
mode chirally-coupled core fiber [CJ. In Advanced Solid-State
Photonics, Vancouver, Canada. 2007, ME2

9 Zhou Pu, Hou Jing, Chen Zilun e al.. Study on the supermode
and mode selection in multicore fiber laser [ ]J]. Acta Optica
Sinica ,» 2007, 27(10) . 1812~1816
JA kb . BRTE SF. 200G OGS BB R
B, k5 53k, 2007, 27(10): 1812~1816

10 M. Matsumoto, T. Kobayashi, A. Shirakawaer al.. All-fiber phase-
locked multi-core photonic crystal fiber laser [C]. in Advanced Solid-
State Photonics, 2011, AMC3

11 John M. Fini. Large-mode-area multicore fibers in the single-
moded regime [J]. Opt. Express, 2011, 19(5): 4042~4046

12 T. M. Monro. Y. D. West, D. W. Hewak et al.. Chalcogenide
holey fibres [J]. Electron. Lett. s 2000, 36(24):1998~2000

13 Li Maohe, Hu Hefang, Qi Changhong. A method to calculate
the emission cross section of rare-earth ions[ J]. Acta Optica
Sinica . 2001, 21(5): 626~629
R, AT, AR, — R LB R Ak
[JJ. %353, 2001, 21(5); 626~629

14 V. D. D. Cacho. L. R. P. Kassab, P. Verdonck et al.. Near
infrared and blue cooperative emissions in Yb** -doped GeO,-PbO
glasses[J]. J. Non-Crystalline Solids, 2006, 352(1); 56~62

15 Delloach Laura S, Payne Stephen A, C hase L L e al..
Evaluation of absorption and emission properties of Yb*'-doped
crystal for laser applications [J]. IEEE J. Quantum Electron. ,
1993, 29(4) . 1179~1191

=ERE: % 4

0916004-6



