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Dual-Wavelength DBR Fiber Laser
Shilpa Pradhan, Student Member, IEEE, Graham E. Town, Senior Member, IEEE, and Ken J. Grant

Abstract—Stable continuous-wave lasing of two longitudinal
modes of a distributed Bragg reflector fiber laser is reported.
Intensity noise and coupling between the modes was characterized
for both 0.8- and 0.2-nm mode separations.

Index Terms—Dual wavelength laser, erbium-doped fiber laser.

I. INTRODUCTION

SPECTRALLY narrow multiwavelength fiber lasers are of
interest for a variety of applications including RF distribu-

tion and sensing systems. Fiber lasers can provide useful fea-
tures such as narrow linewidth, low noise, and compact in-fiber
construction. Continuous-wave multiwavelength generation in
fiber lasers usually requires the use of a filter to select the lasing
modes [1]–[8], and it is often necessary to reduce the effects
of gain cross-saturation, e.g., by cooling the fiber amplifier in
liquid nitrogen [1], [2] or by using a twin-core amplifier [3].

With the exception of some dual-wavelength distributed
feedback (DFB) lasers, the majority of multiwavelength lasers
demonstrated have been constructed with relatively long cav-
ities, and hence were not strictly single longitudinal mode
in operation at each lasing wavelength. The latter problem is
overcome in DFB lasers [4], [5]; however, the gain medium
and wavelength selective grating are physically collocated. The
latter can result in problems such as instabilities associated with
grating wavelength drifts (e.g., caused by changes in refractive
index due to pump-induced heating) and reduction in active ion
lifetime that results from UV exposure [9].

In this letter, we show that both the latter limitations may
be overcome in short-cavity distributed Bragg reflector (DBR)
fiber lasers, and demonstrate the generation of stable contin-
uous-wave lasing on two closely spaced wavelengths at room
temperature. Furthermore, we show experimentally that the dy-
namics of these lasers are independent of mode spacing.

II. EXPERIMENTAL SETUP

The laser configuration used in the experiment is shown in
Fig. 1. It was a Fabry–Pérot cavity incorporating a short length
(8 cm) of highly doped erbium-fiber amplifier (80 dB/m) with a
gold mirror butt-coupled at one end, and a 12-cm dual-channel
Bragg grating comb-filter spliced to the other end to select the
lasing modes around 1550 nm. The gratings were supplied com-
mercially and had two channels in reflection, one with 0.8-nm
and the other with 0.2-nm separation. The grating reflectivity
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Fig. 1. Schematic of the dual-wavelength DBR fiber laser.

was approximately 75% and the bandwidth of each channel ap-
proximately 11 pm. The length of the amplifying fiber and the
grating were chosen to ensure single-longitudinal-mode lasing
at each wavelength selected by the grating [10].

Up to 87 mW of pump power at 980 nm was coupled
into the laser, and the signal coupled out, via a 980/1550-nm
wavelength-division multiplexer (WDM). The WDM output
was passed through a circulator to prevent back reflections,
which tended to destabilize the laser. The output signal was
characterized using a variety of techniques, described in the
following sections. Two versions of the laser were built using
two different gratings, i.e., to test dependence of noise and
stability on lasing mode separation.

III. RESULTS

The optical spectrum of the laser output is shown in Fig. 2,
with wavelengths separated by 0.8 and 0.2 nm, respectively. The
output power for each wavelength with respect to pump power
is shown in Fig. 3. The laser’s output was passed to a 45-GHz
photodetector and RF spectrum analyzer; the RF spectrum is
shown in Fig. 4. There was no evidence of mode beating in the
RF spectrum at the estimated mode separation of 840 MHz, in-
dicating that both output wavelengths were operating on a single
longitudinal mode of the laser cavity. Using the self-heterodyne
technique [11], we observed the 3-dB linewidth to be 80 kHz in
both lasers.

The intensity noise on each lasing mode was monitored by
passing the laser output into a 50 : 50 coupler with a tunable
grating filter (0.25-nm full-width at half-maximum) in each
output arm. Two fiber-coupled photodiodes were used in
photovoltaic mode to monitor low frequency (i.e., 300 kHz)
variations in intensity simultaneously at each of the two lasing
wavelengths. The photodiode voltages were monitored on a
dual-channel ac-coupled digital oscilloscope. A typical plot
representing the instantaneous intensity variations is shown in
Fig. 5(a) and (b) for the two lasers tested. In both cases, the dc
offset was 400 mV.

In-phase and anti-phase relations between the intensity of the
two modes are apparent as expected [12]. Fig. 6 was obtained by
taking the Fourier transform of the signal in Fig. 5(b), and shows
the frequencies of the laser’s in-phase and anti-phase relaxation
oscillations.

The in-phase relaxation oscillation frequency was
kHz and a larger anti-phase relaxation oscilla-

tion at low frequency was kHz. In both lasers,
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Fig. 2. Laser output versus wavelength with pump power 87 mW for two dif-
ferent wavelength separations (optical spectrum analyzer resolution 0.08 nm).

Fig. 3. Dual-wavelength laser output power as a function of pump power for
both 0.8- and 0.2-nm wavelength separations.

the peak relative intensity noise (RIN) (i.e., measured at the
in-phase relaxation oscillation frequency) was found to be 74
and 82 dB/Hz for the 0.8- and 0.2-nm channel separations,
respectively.

The low-frequency anti-phase relaxation oscillation results
from gain cross-saturation; however, spatial hole-burning also
limits the amount of gain cross-saturation and thereby allows
stable simultaneous lasing on two discrete longitudinal modes

Fig. 4. RF spectrum of the laser output (�� = 0:2 nm) confirming single-
longitudinal-mode operation at both lasing wavelengths. The inset with an ex-
panded frequency scale only shows evidence of an in-phase relaxation oscilla-
tion at 152 kHz.

Fig. 5. Photodiode voltages representing instantaneous intensity variations at
the two lasing wavelengths. (a) 0.8-nm separation; (b) 0.2-nm separation.
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Fig. 6. Power spectrum of Fig. 5(b) showing the in-phase and anti-phase re-
laxation oscillation frequencies of the laser with two wavelengths separated by
0.2 nm.

of the cavity [13]. Lamb’s coupling constant relating the anti-
phase and in-phase frequencies is given by [14]

(1)

We obtained approximately the same coupling constant
for both lasers, i.e., with 0.8- and 0.2-nm mode

separations. Consequently, the coupling constant and gain
cross-saturation was not dependent on spacing between lasing
wavelengths; however, the in-phase relaxation oscillation fre-
quency and hence coupling did depend on pump power as
the in-phase relaxation oscillation frequency increased with
increase in pump power.

IV. DISCUSSION

Multiwavelength lasing is theoretically possible in DFB
lasers due to incomplete overlap of standing waves at different
wavelengths within the gain medium, thereby reducing compe-
tition for gain between wavelengths. The same arguments apply
to any Fabry–Pérot laser, such as the DBR laser presented here.
At some locations in the cavity, the standing wave of the two
modes intensity overlap and localized competition for gain oc-
curs; however, at locations where the standing wave maximum
intensity for one wavelength coincides with a standing wave
null for the other wavelength, there will be little competition
for gain.

The net result is that gain-competition is reduced sufficiently
for more than one mode to oscillate. However, the finite overlap
of the standing waves for the two modes means that gain satu-
ration is not eliminated completely, and results in a large anti-
phase component in the intensity noise at the two wavelengths.

Measurements of the laser dynamics confirm that in DBR
laser the standing wave overlaps allowing multiwavelength gen-
eration and Lamb coupling constant are independent of wave-
length separation.

V. CONCLUSION

Stable dual-wavelength continuous-wave fiber lasers with
narrow wavelength spacing have been demonstrated. The
lasers’ intensity noise contained both in-phase and anti-phase
components at widely separated frequencies, associated with
relaxation oscillation and gain-competition. The RIN in the
laser output at either wavelength was dominated by the low
frequency anti-phase component caused by gain competition
between the two lasing modes. Measurements of the cross-cou-
pling coefficient between the two wavelengths for different
mode separations confirmed expectations that the standing
wave overlap and hence laser dynamics are independent of
mode separation.
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