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Abstract. A dual-wavelength erbium fiber laser with single-longitudinal-mode characteristic is proposed and
demonstrated. The system uses a 7-m-long highly doped erbium-doped fiber as the primary gain medium
while two fiber Bragg gratings (FBGs) act as a wavelength selection mechanism. The sensing capability of
the FBGs gives this source the possibility to be also used in a dual-sensor multiplexing scheme. The system
is very stable and suitable for sensor multiplexing. © The Authors. Published by SPIE under a Creative Commons Attribution 3.0
Unported License. Distribution or reproduction of this work in whole or in part requires full attribution of the original publication, including its DOI.
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1 Introduction
Fiber Bragg gratings (FBGs) have emerged as promising
sensing elements for strain, temperature, and other parame-
ters. The most significant limitation of the FBG sensors is the
inability to discriminate between strain and temperature on a
single measurement of Bragg wavelength shift. A number of
schemes have been proposed to overcome this limitation.1,2

These schemes can be classified into two classes: single gra-
ting schemes, which utilize a single fiber grating to achieve
simultaneous measurement of strain and temperature; and
combination schemes, which utilize two or more gratings,
or grating in combination with other fiber elements, to dis-
criminate strain and temperature.

In Ref. 3 is demonstrated a novel sensor that uses the
difference in strain and temperature response of FBGs
and a long period fiber grating to discriminate between
strain- and temperature-induced wavelength shifts. Some
authors4–7 have reported fiber laser-based grating sensors in
which the wavelength or intensity is measured to determine
the measurands. The optical signal-to-noise ratio (OSNR)
can be significantly increased because powers of the order of
milliwatts can be obtained.

Multiwavelength single-longitudinal-mode (SLM) lasers
have attracted considerable interest in recent years for
their numerous applications, such as wavelength-division-
multiplexing systems, fiber optic sensors, spectroscopy, and
microwave photonic systems.8–11 To achieve SLM operation,
several approaches have been proposed. These include
the use of multiple ring-cavities,12 saturable absorbers,8,13

the use of FBGs as self-injection feedback elements,14

random-distributed feedback based on Rayleigh backscatter-
ing,15 or phase-shifted FBGs.16

In this article, we combine the FBG sensor and fiber-laser
concept together to propose and experimentally demonstrate
a novel SLM dual-wavelength erbium-doped fiber laser
(EDF) at room temperature. This configuration is simpler
than the ones used in Refs. 17 and 18, where there were

circulators used to insert the FBGs’ reflected signals into
the cavity. Here, unidirectional operation is ensured, and
therefore the spatial hole-burning effect is avoided.

In the experiment, we achieved single-wavelength and
dual-wavelength lasing, and the dual-wavelength is selected
by the FBGs. The output power of the proposed multiwave-
length EDF laser is quite stable and its power fluctuation is
measured to be <1.2 dB. The OSNRs achieved were higher
than 40 dB. Experimental results of the output power varia-
tion with time for this structure, as well as an output power
and wavelength stability analysis with the temperature for
one of the FBGs, were carried out.

2 Experimental Setup
The experimental setup of the proposed EDF laser is shown
in Fig. 1. The designed laser consists of an amplifying fiber
cavity wherein a double FBG reflection for each wavelength
is utilized. For this purpose, we included a couple of FBGs
and tunable FBGs for each wavelength. The nontunable
FBGs were connected first, because their bandwidths are
narrower than the tunable FBGs, so most of the amplified
spontaneous emission was filtered at first reflection. The
FBGs are centered at 1535 and 1550 nm with a reflectivity
of 98% and 98.3%, respectively. The tunable FBGs were
tuned at the same wavelength, 1535 and 1550 nm, with
a reflectivity of 98.3% and 99.7%, respectively.

In order to achieve independent control of the system’s
equalization, the order of connection of the tunable and
nontunable FBGs was the following: the λ1 wavelength
was tuned at 1550 nm and the tunable wavelength λ2 to
1535 nm, the λ2 wavelength was tuned at 1535 nm, and
the tunable wavelength λ1 to 1550 nm. In this way, the
variable attenuator 1 (VA1) controlled the gain at λ2 and
at the same mode the variable attenuator 2 (VA2) only
affected to λ1. In particular, in order to achieve power equali-
zation of both channels, the attenuation of VA1 was set to
0.8 dB, while the losses induced by VA2 were fixed to
0.2 dB.

A 7-m-long highly EDF (Er-30 by Liekki, with an absorp-
tion of 30 dB∕m at 1530 nm) is used, acting as the active
medium. Because of the high concentration of erbium, the*Address all correspondence to: Silvia Diaz, E-mail: silvia.diaz@unavarra.es

Optical Engineering 036106-1 March 2014 • Vol. 53(3)

Optical Engineering 53(3), 036106 (March 2014)

http://dx.doi.org/10.1117/1.OE.53.3.036106
http://dx.doi.org/10.1117/1.OE.53.3.036106
http://dx.doi.org/10.1117/1.OE.53.3.036106
http://dx.doi.org/10.1117/1.OE.53.3.036106
http://dx.doi.org/10.1117/1.OE.53.3.036106
http://dx.doi.org/10.1117/1.OE.53.3.036106


fiber length needed for the cavity was shorter than in other
cases.19 This configuration was also composed by a 980-nm
pump source and a 50% coupler to incorporate the two FBGs
into the laser cavity and to extract the laser output monitored
by an optical spectrum analyzer (OSA).

As is well known, EDF is a mainly homogeneous broad-
ened gain medium; it is difficult to get simultaneous multi-
wavelength oscillation at room temperature. So, the key
technique for achieving multiwavelength output is to reduce
the gain competition in the EDF. In the cavity, the loss of
each wavelength can be changed by turning variable attenu-
ators (VAs). Because of the existence of gain competition,
usually a wavelength oscillates and the other one is
suppressed. However, when the cavity loss at the two wave-
lengths is equal, the competition is reduced and dual-
wavelength output can be achieved.14

As a consequence, VAs have been connected to each FBG
in order to correctly adjust the cavity losses on each wave-
length to achieve oscillation of the system at the desired
wavelengths. All the free terminations in the system have
been immersed in refractive index matching gel to avoid
undesirable reflections.

3 Experimental Results
Figure 2 shows the output spectra of the proposed dual-
wavelength EDF fiber laser scheme corresponding to the
reflection bands of both FBGs, when pump power is 70 mW.
The measured power of both channels was around −22 dBm,
giving OSNRs of around 45 dB.

When both lasing wavelengths are oscillating simultane-
ously with similar output powers by using the VAs to adjust
the cavity losses, the laser presents a SLM operation behav-
ior as is shown in Fig. 3. This figure represents the optical
spectrum measured with a high-resolution Brillouin optical
spectrum analyzer (BOSA-C Aragon Photonics, Zaragoza,
Spain), with a resolution of 0.08 pm. The wavelengths cor-
respond to the two lasing wavelengths. Both lasing signals
operate in SLM regime.

To further verify the output power stability of the two
wavelengths, the output spectrum was measured by using
an OSA along 10 and 120 min, as shown in Fig. 4. As
shown in Fig. 4(a), power fluctuations of FBG centered at
1550 nm vary from 1.2 dB when the laser operation is in
multiple-longitudinal mode to 0.6 dB when it works in
SLM operation. As represented in Fig. 4(b), the instability
measured during 120 min was 1.18 dB for the emission
line centered at 1535 nm when the laser operation is SLM.

The power and wavelength stability of this structure ver-
sus temperature variations were also analyzed. Thus, one of
the FBGs was placed inside a climatic chamber and temper-
ature cycles from 25°C to 70°C were performed in order to
study its behavior. As shown in Fig. 5, the averaged wave-
length increment was ∼10 pm∕°C for the FBG of 1550 nm,
which indicates that this structure measures correctly temper-
ature variations, as expected. Measured power instabilities
were lower than 1 dB for this FBG.

Fig. 1 Experimental setup of a linear cavity fiber laser, where a 50%
coupler is used to couple the light from a 980-nm source and to deliver
the 1550-nm laser output to an optical spectrum analyzer (OSA).

Fig. 2 Output optical spectrum measured by the OSA for the pro-
posed dual-wavelength erbium fiber laser for a pump power of 70mW.

Fig. 3 Output optical spectrum measured by the Brillouin optical
spectrum analyzer for the dual-wavelength erbium fiber laser configu-
ration when the tunable laser was tuned close to the first (a) and
second (b) wavelength laser emission.
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4 Conclusions
A new SLM and stable dual-wavelength EDF laser scheme
has been demonstrated. The laser employs FBGs to select the
operation wavelengths. By adjusting the VAs to equalize the
emission peaks amplitudes, the laser can switch and operate
in single-wavelength and dual-wavelength oscillation. The
topology of the laser allows a low-noise configuration. As
a result, it is experimentally demonstrated that both emission
lines work in SLM operation, showing an OSNR as high as
45 dB and a power stability that varies from 1.15 to 1.2 dB
for both emission lines. Finally, temperature measurements
have been carried out with the structure, showing a good
linearity and stability.

Acknowledgments
Financial support from the Spanish Ministerio de Educación
y Ciencia, project TEC2010-20224-C02-01, ECOAL-MGT
Project corresponding to the E.U. SUDOE Program and to
Liekki for the highly Er-doped fiber is acknowledged.

References

1. J. Jung et al., “Simultaneous measurement of strain and temperature by
use of a single-fiber Bragg grating and an erbium-doped fiber ampli-
fier,” Appl. Opt. 38(13), 2749–2751 (1999).

2. B. O. Guan et al., “Simultaneous strain and temperature measurement
using a superstructure fiber Bragg grating,” IEEE Photonics Technol.
Lett. 12(6), 675–677 (2000).

3. H. J. Patrick et al., “Hybrid fiber Bragg grating/long period fiber
grating sensor for strain/temperature discrimination,” IEEE
Photonics Technol. Lett. 8(9), 1223–1225 (1996).

4. G. A. Ball, W. W. Morey, and P. K. Cheo, “Single- and multipoint
fiber-laser sensors,” IEEE Photonics Technol. Lett. 5(2), 267–270
(1993).

5. J. Mandal et al., “Bragg grating-based fiber-optic laser probe for tem-
perature sensing,” IEEE Photonics Technol. Lett. 16(1), 218–220
(2004).

6. S. Kim et al., “Multiplexed strain sensor using fiber grating-tuned
fiber laser with a semiconductor optical amplifier,” IEEE Photonics
Technol. Lett. 13(4), 350–351 (2001).

7. S. M. Melle et al., “A Bragg grating-tuned fiber laser strain sensor
system,” IEEE Photonics Technol. Lett. 5(2), 263–266 (1993).

8. L. Talaverano et al., “Multiwavelength fiber laser sources with Bragg-
grating sensor multiplexing capability,” J. Lightwave Technol. 19(4),
553–558 (2001).

9. A. Bellemare, “Continuous-wave silica-based erbium-doped fibre
lasers,” Progr. Quantum Electron. 27(4), 211–266 (2003).

10. J. M. López-Higuera, Handbook of Optical Fibre Sensing Technology,
John Wiley & Sons, New York (2002).

11. S. Pan and J. Yao, “Awavelength-switchable single-longitudinal-mode
dual-wavelength erbium-doped fiber laser for switchable microwave
generation,” Opt. Express 17(7), 5414–5419 (2009).

12. S. Pan, Z. Xiaofan, and L. Caiyun, “Switchable single-longitudinal-
mode dual-wavelength erbium-doped fiber ring laser incorporating
a semiconductor optical amplifier,” Opt. Lett. 33(8), 764–766 (2008).

13. K. Zhang and J. U. Kang, “C-band wavelength-swept single-longi-
tudinal-mode erbium-doped fiber ring laser,” Opt. Express 16(18),
14173–14179 (2008).

14. M. A. Quintela et al., “Stabilization of dual-wavelength erbium-doped
fiber ring lasers by single-mode operation,” IEEE Photonics Technol.
Lett. 22(6), 368–370 (2010).

15. G. Yin, B. Saxena, and X. Bao, “Tunable Er-doped fiber ring laser with
single longitudinal mode operation based on Rayleigh backscattering
in single mode fiber,” Opt. Express 19(27), 25981–25989 (2011).

16. X. Chen et al., “Single-longitudinal-mode fiber ring laser employing
an equivalent phase-shifted fiber Bragg grating,” IEEE Photonics
Technol. Lett. 17(7), 1390–1392 (2005).

17. S. Diaz and M. Lopez-Amo, “Dual-wavelength highly doped fiber
laser for temperature measurements,” Proc. SPIE 8794, 87943K
(2013).

18. S. Rota-Rodrigo et al., “Low noise dual-wavelength erbium fiber laser
in single-longitudinal-mode operation,” Appl. Phys. B 106(3), 563–
567 (2012).

19. E. Achaerandio et al., “New WDM amplified network for optical
sensor multiplexing,” IEEE Photonics Technol. Lett. 11(12), 1644–
1646 (1999).

Silvia Diaz received her telecommunications engineering and PhD
degrees from the Public University of Navarra, Spain, in 2002 and
2007, respectively. In November 2004, she became an assistant pro-
fessor at the Electrical and Electronic Engineering Department of the
Public University of Navarra. Currently, she is an associate professor
at the Electrical and Electronic Engineering Department of the Public
University of Navarra. Her research interests are in fiber-optic net-
works, optical amplifiers, fiber-optic sensors, and fiber lasers.

Manuel Lopez-Amo received his PhD telecommunication engineer-
ing degree from the Polytechnic University of Madrid, Spain, in 1989.
Since 1996, he is a full professor at the Electrical and Electronic
Engineering Department of the Public University of Navarra. He
has been a leader of more than 30 research projects, and he has
coauthored more than 200 works in international refereed journals
and conferences related to fiber-optic networks, fiber-optic sensors
and lasers, and integrated optics.

Fig. 4 (a) Output power fluctuation for the emission line centered at
1550 nm when the laser works in single-longitudinal-mode (SLM) and
multiple-longitudinal-mode (MLM) operation. (b) Fluctuation for the
emission line centered at 1535 nm during 120 min when the laser
operation is SLM.

Fig. 5 Wavelength variation with temperature for the fiber Bragg gra-
ting at 1550 nm.
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