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Abstract: We report wide wavelength tuning in a double-clad
ytterbium-doped fiber laser. The laser cavity consists of an ar-
ray of broadband high-reflection fiber Bragg gratings and a bulk
grating as output coupler and wavelength selection element. The
proposed fiber laser configuration combines low intra-cavity loss
of fiber Bragg grating mirrors with wide wavelength tuning of
bulk gratings. We demonstrate70 nm wavelength tuning range,
limited only by the available fiber Bragg gratings.
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1. Introduction fiber lasers can be used as pump sources for Raman gener-
ation [6] and they have even been considered as a suitable
Double-clad YB*-doped fiber (DCYDF) lasers are rec- medium for laser tuning in novel ceramic nanocrystalline
ognized as an attractive medium to obtain high bright-materials, although with very limited results in terms of the
ness, high power and broad wavelength tuning capabiltuning range obtained [7,8]. Furthermore, non-linear gain
ity [1,2]. In particular, Ytterbium-doped fiber lasers have in a co-doping scheme to obtain multi-wavelength lasing
been thoroughly investigated due to their simple energyhas recently been proposed [9]. In the first case ofYb
level configuration [3,4]. And also, due to their capability wavelength tuning in fibers, the cavity mirrors consist of
of delivering high powers with diffraction-limited output a diffraction grating and a broadband mirror, which can
beams [5]. In these fiber lasers, wavelength tuning can b&e an external mirror or the 4% Fresnel diffraction from a
obtained using external bulk elements such as diffractiorperpendicular cleaved end [1].
gratings and mirrors, or using all-fiber components such  The main drawback in this case is the difficulty to align
as fiber Bragg gratings (FBG’s). In addition, ¥bdoped  and couple the laser light from the bulk optics elements
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Figure 1 Experimental setup

into the active fiber core, and the low reflectivity on both is limited by the available FBG’s and the gain profile of the
ends which results in a laser with two output ports. In theDCYDF.

second case the insertion losses are rather low due to the

fact that the FBG is directly spliced to the active core of the

DCYDF and the tuning is realized by applying compres- 2. Experimental setup

sive stress on the FBG to shift the Bragg wavelength to a_. oo

desired point [10]. In general, the output coupler reflector™'9- 1 Shows a schematic diagram of the setup used for the
is formed by the 4% Fresnel reflection of the perpendicularVidely tunable double-clad YB-doped fiber laser. The
cleaved end. Since in this case the continuous wavelengtRUMP Setup consisted of four pigtailed laser diodes op-
tuning of the laser wavelength requires the change in thé&rating at 915 nm that were combined through a pump
stress state of the FBG, there may be some issues aboPmpiner [16]. The output fiber from the pump coupler
reliability, particularly when the fiber is operated at high Was @ 0.45 NA multi-mode (MM) fiber with a core of
powers [11]. Both methods of wavelength tuning have ad-125 #m diameter, coated with a low index polymer. The
vantages and drawbacks. Another option is to combine th@UtPut from the pump coupler was collimated by an as-

wavelength selection capability of bulk diffraction gratings Pheric lens and then coupled into the DCYDF by another
and the low insertion loss of FBG's. aspheric 4-mm focal length lens. The DCYDF wa&0 m

long, with core/cladding dimensions of 6/128n, and
On the other hand, there have been advances in botd.14/0.45 of numerical aperture. Between the two aspheric
Q-switch and continuous wave regimes wher"Y#YAG  anti-reflection coated lenses was a dichroic mirror to pro-
has been used. Y15:YAG has properties such as long up- tect the pump direct laser light onto the 1200 lines/mm
per level life time, low emission cross section high quan-diffraction bulk grating. The grating was set up in a Lit-
tum efficiency, and no concentration quenching, althoughtrow configuration an acted as a wavelength selective feed-
careful temperature control is required [12,13]. back element and as output coupler in the zero-order. To
Moreover, one of the advantages of *bin silica suppress Fresnel reflection from the end of the DCYDF
at the pump side, the end was angle cleaved, which re-

fiber lasers compared to solid state micro-chip lasers, i
that re-absorption is not strongly affected by temperatureducecj launched pump power by 10%. The other end of

due to the inherent heat-dissipation properties of the fibegae DCYDF was directly spliced to an array of five broad-

structure; while set-ups based on the aforementioned lase rorr]r:j 12;%'{51?02%02”58%2'C%%\;g:m%ae\l’;?]\'?:]er;glflg (r:?n_%e
generally require a precise control of its operating temper- ’ wav gth, ity

and FWHM values of the reflectivity of the FGBs are as
atures [14,15]. follows: 1046.94 nm, 90.7% and 14.72 nm, 1064.91 nm,
In this work, we propose a fiber laser device where100% and 8.64 nm, 1068.72 nm, 91.64% and 10.4 nm,
the laser cavity consists of an array of broadband high-1086.19 nm, 99.7% and 9.88 nm, 1116.24 nm, 99.12% and
reflection FBG’s and a bulk diffraction grating, which 10.05 nm, respectively. By varying the angle of the grat-
serves as wavelength selective feedback element and oufig we were able to produce feedback and tune the laser
put coupler. Using the proposed hybrid set-up, we demonwavelength from 1043 nm to 1116 nm, as shown in Fig. 2.
strate a wide continuous wavelength tuning range ofOutput power and wavelength tuning were measured from
~ 73 nm, and conversion efficiency in the order of 15% the bulk grating end of the set-up via power meter and a
with respect to the absorbed pump power. The tuning rangeonventional optical spectrum analyzer.
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Figure 2 Fiber laser tuning range . . -
Figure 4 Fiber laser spectral efficiency
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—@— Ppypp=1.12W Logically, improvements in the FBG array would bring a

0.25 —A— Poump = 1.40W broader tuning range, with relatively low losses.

Fig. 3 shows a graph of the output laser power at dif-
ferent wavelengths, as a function of the absorbed pump
power. On this curve, a constant linewidth of approxi-
mately 1.5 nm can be observed over the entire tuning
range. Fig. 4 shows a graph of the conversion efficiency as

0.15 7 a function of the wavelength. The conversion efficiency of
| the laser is around 15-20%, over the full tuning range. The
main reason for this relatively low laser efficiency is high
0107 reflectivity found at both ends of the cavity, which can be
: improved by using a bulk grating with fewer lines per mil-

limeter. The lasers output spectra remained partially stable
1070 1080 1090 1100 1110 1120 in the transition between gratings as a few wavelengths
Wavelength, nm were continuously competing for the preferential gain of
the Y**+-doped core. This effect would disappear with the
use of a wider range, chirped FBG’s, where each one cov-
ers a specific wavelength range, so that the effect of a given
set of FBG's can be eliminated by introducing loss at spe-
cific points [17], or by using tunable stop-band fiber filters
[18,19]. This is subject of our current efforts to improve
the laser performance and we believe that the use of these
techniques will allow us to extend the tuning range over
Fig. 2 shows the normalized output spectra of the laser.00 nm.
lines generated by the tunable DCYDF laser. As men-
tioned above, the cavity was formed with the FBGs array
and a bulk 1200 lines/mm grating arranged in the set-up .
in Littrow configuration. As can be observed, the tuning 4. Conclusion
range is in the order of 73 nm. It is possible to tune the
laser to longer wavelengths, however, since the composeiihis work describes the demonstration of a hybrid, widely
reflection spectrum of the FBG array does not cover thatunable (of over 70 nm tuning range) fiber laser. The range
range, a considerable portion of the generated laser lightf tuning was only limited by the availability of FBGs and
leaks out through the side of FBG array. Since our mainthe insertion losses were relatively low. The simple 10 m
interest is in the output laser light from the diffraction Yb3*-doped fiber was capable of emitting from 1043 nm
grating, we did not perform any measurements at waveup to 1116 nm with the use of a set of FBGs and a 1200
length regions out of the reflection band of the FBG array.lines/mm bulk grating, which formed the cavity. Improve-
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3. Results and discussion

(© 2007by Astro Ltd.
Published exclusively by WILEY-VCH Verlag GmbH & Co. KGaA www.Iphys.org



The Laser Physics Letters archive is now available in IOPscience iopscience.iop.org/Ipl

Laser Physics

LaserPhys. Lett4, No. 12 (2007) Letters 883

mentin the tuning range depends only on the availability [8] K. Takaichi, H. Yagi, P. Becker, A. Shirakawa, K. Ueda,
of FGBs at longer than 1120 nm wavelengths. L. Bohay, T. Yanagitani, and A.A. Kaminskii, Laser Phys.
Lett. 4, 507-510 (2007).
[9] S.W. Harun, S.D. Emami, F. Abd Rahman, S.Z. Muhd-
Acknowledgement¥he authors acknowledge support from Yassin, M.K. Abd-Rahman, and H. Ahmad, Laser Phys.
CONACYT, grant SEP-2004-C01-47237/A1 and grant 10003 Lett. 4, 601603 (2007).
CB-2005-01 — Project No. 50265. Technical assistance provideqlo] V.A. Akulov, D.M. Afanasiev, S.A. Babin, D.V. Churkin,
by MSc. Carlos Calles is also greatly appreciated. S.1. Kablukov, M.A. Rybakov, and A.A. Vlasov, Laser Phys.
17, 124-129 (2007).
[11] E.M. Dianov, |.A. Bufetov, A.A. Frolov, V.G. Plotnichenko,
References V.M. Mashinsky, M.F. Churbanov, and G.E. Snopatin,
Quantum Electron32, 476-478 (2002).

[1] J. Nilsson, W.A. Clarkson, R. Selvas, J.K. Sahu, P.W.[12] Q. Liu, M. Gong, H. Wu, F. Lu, and C. Li, Laser Phys. Lett.

Turner, S.-U. Alam, and A.B. Grudinin, Opt. Fiber Technol. 3, 249-251 (2006).
10, 5-30 (2004). [13] Q. Liu, F. Lu, M. Gong, C. Li, and D. Ma, Laser Phys. Lett.
[2] A.S. Kurkov, Laser Phys. Lettt, 93—-102 (2007). 4, 30-32 (2007).

[3] H.M. Pask, R.J. Carman, D.C. Hanna, A.C. Tropper, C.J.[14] J. Dong, A. Shirakawa, S. Huang, Y. Feng, K. Takaichi, M.
Mackechnie, P.R. Barber, and J.M. Dawes, IEEE J. Sel. Top.  Musha, K. Ueda, and A.A. Kaminskii, Laser Phys. Leit.

Quantum Electronl, 2-13 (1995). 387-391 (2005).

[4] A.S. Kurkov, V.M. Paramonov, and O.l. Medvedkov, Laser [15] J. Dong and K. Ueda, Laser Phys. L&t429-436 (2005).
Phys. Lett.3, 503-506 (2006). [16] OFS web site: http://www.ofsoptics.com.

[5] Y. Jeong, J. Sahu, D. Payne, and J. Nilsson, Opt. Exfiass [17] 1. Torres-Gomez, A. Martinez-Rios, G. Anzueto-Sanchez,
6088-6092 (2004). R. Selvas-Aguilar, A. Martinez-Gamez, and D. Monzon-

[6] A.S. Kurkov, V.V. Dvoyrin, V.M. Paramonov, O.l. Medved- Hernandez, Opt. Rel2, 65-68 (2005).
kov, and E.M. Dianov, Laser Phys. Le#.449-451 (2007).  [18] G. Anzueto-&nchez, A. Mafinez-Rios, |. Torres-Gmez,

[7]1 A.A. Kaminskii, S.N. Bagayev, K. Ueda, K. Takaichi, A. D. Ceballos-Herrera, R. Selvas-Aguilar, and V. Duran-
Shirakawa, S.N. Ilvanov, E.N. Khazanov, A.V. Taranov, H. Ramirez, Opt. Revl4, 75-77 (2007).
Yagi, and T. Yanagitani, Laser Phys. Le@, 375-379 [19] M.L.A. Slund and S.D. Jackson, Electron. L&tB, 614-615
(2006). (2007).

(© 2007 by Astro Ltd.
www.Iphys.org Published exclusively by WILEY-VCH Verlag GmbH & Co. KGaA



