N

N

Theoretical analysis of fiber lasers emitting around 810
nm based on thulium-doped silica fibers with enhanced
3H4 level lifetime
Pavel Peterka, Ivan Kasik, Bernard Dussardier, Wilfried Blanc

» To cite this version:

Pavel Peterka, Ivan Kasik, Bernard Dussardier, Wilfried Blanc. Theoretical analysis of fiber lasers
emitting around 810 nm based on thulium-doped silica fibers with enhanced 3H4 level lifetime. 4th
EPS-QEOD Europhoton Conference, Aug 2010, Hamburg, Germany. pp.WeP5. hal-00732350

HAL Id: hal-00732350
https://hal.science/hal-00732350

Submitted on 14 Sep 2012

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00732350
https://hal.archives-ouvertes.fr

Theoretical analysis of fiber lasers emitting around 810 nm based on
thulium-doped silica fibers with enhanced H, level lifetime

P. Peterkal, L. Kasikl, B. Dussardierz, W. Blanc?

1 Institute of Photonics and Electronics Academy of Science of the Czech Republic, v.v.i., 18251 Prague, Czech Republic,
2 Laboratoire de Physique de la Matiére Condensée, Université de Nice-Sophia-Antipolis, CNRS UMR 6622,
Avenue Joseph Vallot, Parc Valrose, 06108 NICE CEDEX 2, France

Most exploited operating wavelengths offered by rare-earth doped fiber lasers are situated around 1, 1.5 and 2
pm. In this paper we investigate thulium-doped fiber (TDF) laser operating around 800 nm that would extend the
spectral range already covered by high-power fiber lasers. The single-transverse mode, high-power laser source
in the 800 nm spectral band can be used for fiber sensors, instrument testing and for pumping of special types of
lasers and amplifiers. Particularly, bismuth-doped fibers pumped around 800 nm may shift their gain to 1300 nm
telecommunication band, where highly reliable silica-based fiber amplifiers are still unavailable. The proposed
laser has a compact all-fiber setup (see Fig. 1) with upconversion pumping scheme according to Fig. 2a.
Amplification and lasing at 800 nm band has already been investigated using low-phonon energy fluoride-based
TDFs. Output power of up to 2 W and 37% slope efficiency was achieved [1]. However, usage of fluoride fibers
results in difficulties with fabrication, hygroscopicity and aging of the host material and low pump power
damage threshold as observed in [1].

Using a comprehensive numerical model of TDF we investigate performance of the proposed laser at
around 810 nm in three different hosts: fluoride glass (ZBLAN), standard silica and silica modified by high
alumina codoping. This last fiber composition is of interest because we have shown that with modification of
local environment of the thulium ions by alumina, the fluorescence lifetime of the *Hy level is significantly
increased [2, 3]. The spectroscopic parameters of the modified silica fiber used in the modelling are summarized
in [4]. The main difference between the three hosts relevant to the proposed application is the *H, fluorescence
lifetime of the three different materials as noted in Fig. 2b. Because the laser characteristics of the laser output
power vs. input pump power is not strictly linear due to possible population of the 'G, level, we do not compare
performance of the three host materials in terms of slope efficiency and threshold. Instead, they are compared
simply in terms of the output power. It can be seen in Fig. 2b that lasing at 810 nm is hardly to achieve with
silica based Tm-doped fiber in contrast to the fluoride host materials. However, the lasing might be possible
even for silica based fiber for specific short ranges of the fiber and laser cavity parameters, especially when *H,
lifetime is enhanced. The laser tunability and effect of photodarkening will be also discussed in the presentation.
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Fig. 1 Fiber laser setup in compact all-fiber arrangement.
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Fig. 2 Single wavelength upconversion pumping scheme (a), effect of host material (b). The optimized waveguide
parameters were used: the core diameter of 3.4 um and numerical aperture of 0.2.
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