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ABSTRACT

We present an experimental method for straight forward dual wavelength Erbium doped fiber linear cavity laser
characterization based in laser line spectrum behavior due to the Hi-Bi FOLM transmission spectrum wavelength
displacement by temperature variations in the fiber loop. The laser operation is for a single and dual mode, obtained
through the adjustment of the cavity losses by the Sagnac interferometer spectrum wavelength displacement due to the
temperature variation of the fiber loop. The method allow determine the laser operation from a single emission line and a
two emission lines simultaneously through the Sagnac transmittance spectrum optical power variations measurement due
to wavelength spectrum shifting for each laser wavelength generated separately and overlapping these obtained
spectrums.

1. INTRODUCTION

Multi-wavelength fiber lasers with simultaneous and selectable laser lines have attracted interest in the last decade
because of their potential applications as light sources for optical systems applicable in optical fiber sensors, optical
instrumentation and communication systems [1-3], among others, due to its advantages such as operation at multiple
wavelengths, low cost and compatibility with optical fiber systems [1-4]. Moreover, optical fiber Bragg gratings (FBG)
are widely used as narrow bandwidth reflectors for generated laser wavelength selection in optical fiber lasers design and
implementation, making them ideal devices to perform this task because of its advantages including fiber compatibility,
easy to use and low cost. Several single or simultaneous multiple-wavelength fiber lasers have been reported, including
FBGs cascade arrangements [1], two separate cavities using FBGs as a medium gain [4], FBGs written in multimode
fiber [5] and recently the use of FBGs written in high birefringence fiber [6-8], due to its special characteristics suitable
for the simultaneous generation of laser lines. Furthermore, fiber lasers that use Erbium-doped fiber (EDF) have
difficulty obtaining simultaneous emission lines, because EDF is a homogeneous gain medium at room temperature
causing a competition mode between the emission lines. Different methods for adjusting the competition between laser
wavelengths based on the setting of the losses in the cavity have been reported [1-10]. We have previously reported a
cavity loss adjusting method incorporating an optical fiber Sagnac interferometer with high birefringence (Hi-Bi) fiber
optical loop mirror (FOLM) within the fiber laser cavity to obtain a dual-wavelength fiber laser (DWFL) [11-14].The
FOLM acts as a wide bandwidth reflector with a periodic wavelength reflection spectrum used to adjust the losses within
the laser cavity. This technique have been theoretically and experimental analyzed and implemented [14]. This
experimental setup requires very expensive measurement systems, such as optical spectrum analyzers (OSA),
monochromator, and RF analyzer spectrum. In this paper we propose the experimental verification of dual-wavelength
simultaneous laser emission lines through the measurement and results characterization of Hi-Bi FOLM transmission
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spectrum due spectrum wavelength displacement by temperature variations for both separately wavelengths with in
within the cavity and the overlap of both measurements, using a single optical power meter.

2. EXPERIMENTAL SETUP

Figure 1 shows the linear cavity fiber laser experimental setup. The linear cavity is form by a Hi-Bi FOLM, used as a
broadband reflector at the end of the cavity and a pair of fiber Bragg grating with a reflectivity of 60% at 1538-nm and
1548-nm for FBG1 and FBG2. FBGs act as reflectors to the center wavelength. The cavity is completed by a WDM
980/1550 and 1-m of EDF. The Hi-Bi FOLM is formed by a 50/50 coupler and a 28-cm Hi-Bi fiber segment forming a
loop between the coupler output ports. The FOLM acts as a periodical wide band reflector due to the Hi-Bi fiber. The
period of the spectrum is determined by the loop fiber length and the FBG selected wavelength through the FOLM
resulting in a 20.8 nm wavelength and 13°C temperature periods. The wavelength spectrum can be displaced by
temperature variations applied in the Hi- Bi loop by a Peltier device using a temperature controller. The FOLM
wavelength spectrum shift is used to adjust the losses within the laser cavity equalizing reflectance gains of both FBGs,
allowing the simultaneous emission of laser lines at center wavelengths of the FBGs. The EDF is pumped through the
WDM coupler with a 60mW laser diode at 980nm. The laser emission spectrum is measured at 50/50 coupler output port
by a monochromator, measured by a photodetector and finally the laser output is monitored by an oscilloscope.
Similarly, this output port is used to measure the optical power spectrum of transmittance of the Hi-Bi FOLM, due to the
temperature shifted.
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Fig. 1. Experimental setup of the laser with selectable dual wavelength, based on Bragg gratings and a Hi-Bi FOLM

3. EXPERIMENTAL RESULTS AND DISCUSSIONS

Figure 2 shows the Hi-Bi FOLM transmission spectra with 60 mW of pump power, which stands above the threshold for
EDF amplification. The measurements were performed by removing one FBG at time to obtain single laser
measurements FBG from the experimental setup resulting in a Hi-Bi FOLM spectra for individual laser generation
measurement of each generated wavelength. The measurements were performed with an optical power meter at the
50/50 coupler output port and at the center wavelength of the measured FBG. Hi-Bi FOLM transmission spectrum is
wavelength shifted by temperature variations in the range of 10°C to 32°C and the optical power was measured at 0.2°C
intervals of temperature variations in the loop. We know from the Hi-Bi FOLM characterization the displacement is
1.71-nm/°C [11]. Figure 2a shows the optical power measured points for the 1538 nm generated laser line using only
FBG1 within experimental setup. Similarly, Figure 2b show the results of the single laser wavelength measured at 1548
nm generated using only FBG2 within the setup. As it is shown, the reconstruction of the spectra obtained is similar to
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the cosine profile characterization reported in Ref. [14], taking into account that the results of Fig. 2 shows an optical
power spectra in a function of the temperature instead of power spectra respect to the wavelength. The measurement is
wavelength fixed to the center wavelength of each FBG where the laser emission is generated. The temperature period is
approximately 13°C, similar to the results obtained for the Hi- Bi FOLM characterization.
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Fig. 2.Hi-Bi FOLM transmission spectrum due to the Hi-Bi fiber loop temperature variations for a single wavelength laser emission,
(a) With FBGI1 at 1538nm and (b) at 1547 nm with FBG2.

Figure 3 shows the lasing spectrum for each wavelength of the single wavelength lasers presented in Fig. 2. The
measurement of the emission line spectrum is measured at the output port of the 50/50 coupler through a monochromator
with a resolution of 0.2 nm, a photodetector and a digital oscilloscope. The monochromator sweeps in wavelength range
from 1536 to 1551 nm. Fig. 3a shows the laser line generated for the FBGI reflection with a center wavelength at 1538
nm. Fig 3b shows a similar result for FBG2 at 1548 nm laser line generation.
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Fig. 3. Laser emitting a single wavelength, (a) to FBG1 to 1538nm and (b) to 1547 nm for FBG2.

Figure 4 shows the simultaneous dual-wavelength laser emission with similar optical power, adding both FBGs in the
experimental setup. As it is shown emission lines at 1538 nm and at 1548nm due to the FBG1 and FBG2 reflections
respectively are presented. To obtain simultaneous dual-wavelength emission lines is necessary perform a Hi-Bi FOLM
wavelength spectrum displacement adjustment by varying temperature of fiber loop, as a result a temperature in which
the losses within the cavity are compensated for both laser lines is set. The temperature in which Hi-Bi FOLM
wavelength displacement generates the dual-wavelength laser emission is 21.3°C. The measurement of Fig. 4 is useful to
proof that there is dual-wavelength laser emission specifically at this temperature.
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Fig. 4.Simultaneous dual-wavelength laser optical power at 21.3°C.

Figure 5 shows the Hi-Bi FOLM transmission spectrum measurement, this procedure was also used to obtain the graphs
of Fig. 2. In Fig. 5 for measurements, we used both FBG1 and FBG2 in the same side forming the laser cavity, by Fig 4
results the Hi-Bi FOLM loop temperature required to obtain simultaneous dual-wavelength laser emission is 21.3°C. As
Fig. 5 shows, a periodical optical power spectrum dependent of temperature (in the range from 10°C to 32°C with 0.2°C
step) is obtained. The transmission spectrum obtained maintains a period in which optical power peaks is present. The
second peak is located around 21.3°C in which maximum optical power represents the temperature at which two laser
lines are generated simultaneously.
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Fig. 5.Hi-Bi FOLM Transmission spectrum due to temperature variation in Hi-Bi loop for dual-wavelength laser emission.

Figure 6 shows the overlapping of Hi-Bi FOLM transmission spectra due to Hi-Bi FOLM fiber loop temperature

variation for individual laser emission lines obtained in Fig. 3(a) and Fig. 3(b) and for simultaneous dual-wavelength
laser emission obtained in Figure 5.
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Fig. 6. Overlap of Hi-Bi FOLM transmission spectrums due to variation of temperature loop operation of a single laser wavelength for
FBGI (square), FBG2 (rhombus) and dual operation (triangle).

As can be seen, the optical peak power of emission spectrum for a simultaneous dual emission lines is approximately
located at the same temperature of the point of intersection between both single laser emission spectra. We can also see
that this behavior is consistent in the first half period intersection and dual laser emission line spectrum at approximately
16°C, where simultaneous dual emission and a balance between emission lines is present. The second half of the
corresponding period line with the laser line generated by FBG1 which is winning the competition in this temperature
range until it returns to equilibrium exist at the next intersection which has already been shown near 23°C. As it is
shown, a third equilibrium point occurs when the peak power for dual-wavelength laser emission around 29°C, where
single lasing for FBG1 and FBG2 is also obtained. These temperatures in which simultaneous dual-wavelength laser
emission occurs have been experimentally verified by the monochomator wavelength sweeping method to proof the

proposed method is reliable to determine a specific Hi-Bi FOLM fiber loop temperature in which dual-wavelength laser
emission is obtained.
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4. CONCLUSION

Determination of the Hi-Bi FOLM fiber loop temperature in which simultaneous dual-wavelength laser emission for a
EDF linear cavity dual-wavelength fiber laser occurs is experimentally demonstrated by the characterization and
overlapping of separately Hi-Bi FOLM transmission spectrum by Hi-Bi loop temperature variation for single laser line
emission generated by FBG1 and FBG2. The temperature in which simultaneous dual laser emission is obtained, is
located in the intersection of both single laser Hi-Bi FOLM transmission spectrums. This simple and straight forward
method can be determined the Hi-Bi loop temperature in which the losses within the cavity are adjusted to generate two
laser emission lines simultaneously when both FBGs are introduced into the experimental setup. Similarly, measure of
Hi-Bi FOLM transmission spectrum with both FBGs introduced into the experimental setup determine Hi-Bi fiber loop
temperature in which dual-wavelength laser emission is generated and it occurs at the Hi-Bi loop temperature where the
measured optical power is maximal. It is also observable that the necessary conditions to obtain simultaneous dual-
wavelength laser emission are periodical and the results shown three different loop temperatures in which it is present, at
approximately half of the Hi-Bi FOLM spectrum period of 13°C. The presented work also represents a simple method to
understand and characterize a continuous wave dual-wavelength linear cavity EDF fiber laser behavior with similar
characteristics to the proposed design without the use of expensive and specialized equipment.
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