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Noise reduction in a multiwavelength distributed Bragg reflector fiber laser was demonstrated. A 20 dB re-
duction of in-phase intensity noise was achieved by using negative feedback to modulate the drive current of
the laser pump diode. Strategies for reducing antiphase noise components are discussed. © 2006 Optical
Society of America
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Multiwavelength lasers, i.e., in which all wave-
lengths are generated in a common cavity, are of in-
terest for applications in sensing and telecommunica-
tions. Fiber lasers are of particular interest because
of their potentially low noise and narrow linewidth.
Techniques for controlling laser dynamics and rela-
tive intensity noise (RIN) in single-mode lasers are
fairly well known1–3; however, the efficacy of these
techniques in multiwavelength lasers (i.e., in which
gain cross saturation complicates the laser dynamics)
has not been fully explored. Here we report the re-
sults of our investigations of controlling relaxation
oscillations in a short multiwavelength distributed
Bragg reflector (DBR) fiber laser by using negative
feedback.

The laser cavity used in our experiment was a DBR
fiber laser, consisting of 5 cm of highly doped erbium
fiber4 (80 dB/m at 1530 nm). One end of the doped fi-
ber had a gold mirror butt coupled, and the other end
was spliced to a 10 cm long sampled Bragg grating
comb filter. The comb filter had a free spectral range
of 0.4 nm, a passband width approximately 15 pm
(FWHM), and the reflectivity of each channel was ap-
proximately 70%. The laser was pumped with up to
136 mW at 980 nm from a semiconductor laser diode.
The length of the amplifying fiber and the bandwidth
of the grating were designed to ensure single longitu-
dinal mode lasing at each wavelength.5

Reduction in intensity noise has previously been
achieved by applying negative feedback to modulate
the pump power.3 In this scheme, the laser output
was detected and the signal was fed back to the pump
source of the laser, thereby canceling intensity fluc-
tuations of the laser output.

To design the feedback circuit the transfer function
of the laser was determined by measuring the open
loop phase-gain relationship between the pump diode
current and the optical output. This was accom-
plished by inducing a 5% peak sinusoidal modulation
on the average laser pump diode drive current of
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250 mA. The laser output power was measured as a
function of modulation frequency and found to have a
low-frequency pole at 20 kHz and two additional
complex-conjugate poles at 270 kHz, the relaxation
oscillation frequency. The feedback circuit was de-
signed to damp the laser’s natural relaxation oscilla-
tions and consisted of two differentiators and a lead-
lag filter. The compensation circuit implemented two
zeroes at origin and one zero at 21.8 kHz and poles at
70.7, 88.44, and 538 kHz, and the peak of the loop
gain was 22 dB. The frequency range over which the
feedback circuit was able to suppress laser’s in-phase
relaxation oscillation frequency was between 178 and
317 kHz, with maximum damping at 270 kHz for
pump power Pp=120 mW. Changes in average pump
power changed the laser dynamics and resulted in re-
duced damping. The block diagram of the feedback
loop for noise suppression is shown in Fig. 1.

With no feedback we obtained continuous-wave
lasing of eight modes at room temperature in the
DBR fiber laser as shown in the optical spectrum,
Fig. 2. The instantaneous intensity of the laser out-
put measured with a 300 kHz photodetector is shown
in Fig. 3, both with and without feedback applied.
The rf spectrum of the signals in Fig. 3 is shown in
Fig. 4. The peak RIN of the laser without feedback
was measured to be −78 dB/Hz at the relaxation os-
cillation frequency �270 kHz� and less than
−110 dB/Hz elsewhere; however, the peak RIN was
reduced to −98 dB/Hz (suppression by 20 dB) when
feedback was applied. This is comparable with values
of RIN reported for single-frequency fiber lasers,

Fig. 1. Block diagram of the laser with the noise-reduction

feedback system. LD, laser diode.

2006 Optical Society of America



2964 OPTICS LETTERS / Vol. 31, No. 20 / October 15, 2006
typically in the range of −75 to −133 dB/Hz.1–3,6 For
a multicavity multiwavelength DFB fiber laser the
total RIN was found to be around −125 dB/Hz.7 The
linewidth of the total output of the laser was mea-
sured by using the self-heterodyne method8 and
found to be 85 kHz.

To investigate temporal relationships between
pairs of lasing wavelengths the laser output was
passed through a 3 dB coupler into two tuneable fil-
ters tuned to two of the lasing wavelengths, i.e.,
1548.5 and 1548.9 nm. Two fiber-coupled photodiodes
were used in photovoltaic mode to monitor low-
frequency (i.e., �300 kHz) variations in output power
at both wavelengths simultaneously. The power spec-
trum of the two ac-coupled signals corresponding to
the two selected wavelengths is shown in Fig. 5. The
intensity variation of individual lasing wavelengths
shows antiphase relaxation oscillations at discrete
frequencies around 25–50 kHz. The differences in
magnitude between the antiphase noise components
are due to differences in gain of the individual
modes,9 which in our laser can occur if the cavity
modes selected by the sampled Bragg grating do not
coincide with the center of the grating’s passbands.

The antiphase relaxation oscillations result from
9

Fig. 2. Output spectrum of the laser without feedback,
showing eight lasing wavelengths.

Fig. 3. Total instantaneous intensity of the multiwave-
length DBR fiber laser output monitored with a 300 kHz
bandwidth photodiode, showing the effect of feedback con-
trol on the laser dynamics.
gain competition between different wavelengths,
and so do not appear in the total multiwavelength
output signal shown in Figs. 3 and 4. Consequently,
the negative feedback circuit that stabilizes the la-
ser’s total output power could not reduce the an-
tiphase variations, i.e., the dominant source of inten-
sity noise at individual wavelengths. We therefore
investigated the effect of cavity parameters on the
antiphase relaxation oscillation frequencies and
damping. Analysis of a two-mode laser has shown
that the antiphase relaxation oscillation frequencies
are dependent upon pump power and cavity loss pa-
rameters in the same way as the in-phase relaxation
oscillation frequency.10 We tested whether the damp-
ing rates had the same dependence on cavity param-
eters by numerically modeling the temporal dynam-
ics of a dual wavelength laser by using the Tang–
Statz and deMars rate equations for multimode
lasers with spatial hole burning.8 We investigated
the effect of intracavity loss and gain on the an-
tiphase relaxation oscillations and found that in-
creasing the reflectivity of the outcoupling grating or
increasing the pump power caused an increase in
damping and reduction in peak amplitude of both the

Fig. 4. rf spectrum of the total output, showing 20 dB sup-
pression of RIN at the in-phase relaxation oscillation
frequency.

Fig. 5. Power spectrum of the individual laser output
without feedback. In-phase components are around
270 kHz, and antiphase components are around

25–50 kHz.
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antiphase and in-phase relaxation oscillations. The
effect of cavity parameters on in-phase relaxation os-
cillations in multiwavelength lasers is consistent
with the behavior of single-mode lasers11 but has not
previously been recognized as providing a way to re-
duce the effects of gain cross saturation in multi-
wavelength lasers.

We have demonstrated noise reduction in a multi-
wavelength laser by using electronic feedback. The
feedback was able to suppress relaxation oscillations
in the total output of the laser (i.e., the in-phase com-
ponents of the multiple lasing wavelengths), but
there was no noticeable effect on the low-frequency
antiphase relaxation oscillations, which were the
dominant source of noise at each wavelength. An-
tiphase relaxation oscillations resulting from cross-
saturation dynamics between the multiple lasing
wavelengths may be reduced as a group only by ap-
propriate laser cavity design, i.e., to increase the
damping of all relaxation oscillations by increasing
the cavity lifetime, for example, by using higher
pump power and reducing intracavity loss.

S. Pradhan’s e-mail address is pradhan
@ics.mq.edu.au.
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