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Suppression of beating noise of narrow-linewidth
erbium-doped fiber ring lasers

by use of a semiconductor optical amplifier
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Beating noise in narrow-linewidth erbium-doped fiber ring lasers puts severe limitations on applications of the
lasers. We demonstrate the suppression of beating noise in fiber ring lasers by using a semiconductor optical
amplifier in the laser cavity, which acts as a high-pass filter. Two different ring structures are presented
as examples to demonstrate this beating noise suppression. © 2003 Optical Society of America

OCIS codes: 140.3500, 060.4510.
Low-noise, narrow-linewidth fiber ring lasers that
use erbium-doped fiber amplif iers (EDFAs) as the
gain medium have attracted much research interest
because of their potential applications such as optical
sensors and light sources for optical communica-
tions. However, intensity noise from these f iber ring
structures can put severe limitations on the lasers’ ap-
plications. Sources of output intensity noise include
beating noise, environmental perturbations, thermal
noise, and f luctuations in pump power. Various
methods for partially reducing output noise have
been proposed.1 – 3 Beating noise, which is generated
as a result of beating between the lasing mode and
amplified spontaneous emission in the strongly sup-
pressed side modes, causes large f luctuations in the
intensity of the laser output.4 Eff icient suppression
of the beating noise is crucial for a f iber laser used
as a continuous-wave light source. Sanders et al.
reduced beating noise from an erbium-doped fiber
laser by intracavity spectral f iltering. However, this
filtering resulted in a decrease in the output optical
power.1 Here we demonstrate the suppression of
beating noise in narrow-linewidth erbium-doped fiber
ring lasers by using a semiconductor optical amplif ier
(SOA). The SOA acts as a high-pass f ilter because of
its relatively fast carrier recovery rate (several hun-
dred picoseconds to a couple of nanoseconds) and the
gain saturation effect.5 Inasmuch as the frequency
of the beating noise is related to the fundamental
longitudinal mode of the laser cavity, and the length
of the f iber ring cavity is typically several meters to
tens of meters, the noise spectrum is primarily in
the low-frequency region. Thus the introduction of a
SOA into the laser cavity dramatically suppresses the
low-frequency intensity noise of the laser. We demon-
strate this suppression for two ring structures: one
based on a Lyot filter structure6 – 8 and the other based
on a fiber Bragg grating.9

The first laser structure in our experiments is
shown in Fig. 1. The EDFA (Princeton Optics) has
an erbium-doped fiber length of �10 m. A polariza-
tion-maintaining (PM) fiber, a rotating polarizer, and
a polarization controller in the cavity form a Lyot
filter, which provides filtering and a wavelength-
0146-9592/03/100780-03$15.00/0
selection mechanism.6 Ten percent of the light is
coupled out of the laser through an optical coupler.
Adjusting the polarization controller allows the laser
to work in a state of narrow-linewidth lasing.7 When
a SOA is not used in the laser cavity, the optical spec-
trum of the output light is as shown in Fig. 2. The
3-dB spectral bandwidth is less than 0.01 nm, which
is the minimal resolution of the optical spectrum
analyzer. By changing the polarization controller
and the rotating polarizer we can tune the wavelength
of the output light in a 25-nm range.8

To look at the intensity noise we convert the
laser output signal into an electrical signal through
a 20-GHz photodetector (New Focus 1414), and
the rf signal is shown with a rf spectrum analyzer
(HP70004A). The optical input to the photodetector is
kept at �23 dBm. Figures 3 and 4 show the rf spec-
tra of the laser output signal in the ranges 0–6 GHz
and 0–100 MHz, respectively. When the SOA is not
included in the laser cavity, the laser output shows a
strong intensity noise [Fig. 3(a)]. From Fig. 4(a) we
can see that the noise frequency peaks are a harmonic
frequency sequence, and the f irst one is at 16 MHz,
which corresponds to a laser cavity length of �12.5 m.
These harmonic frequency components are caused by
beating of the lasing mode and the amplif ied stimu-
lated emission of the strongly suppressed side modes.
With the SOA in the laser cavity, we can see that
the intensity noise is dramatically suppressed, as is
shown in Figs. 3(b) and 4(b). The SOA (Alcatel 1901)

Fig. 1. Experimental setup.
© 2003 Optical Society of America
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Fig. 2. Output optical spectrum from the laser in Fig. 1
without a SOA.

Fig. 3. rf spectrum of the light output from the laser in
Fig. 1: (a) without and (b) with a SOA in a 0–6-GHz span
(vertical scale, 10 dB�division).

Fig. 4. rf spectrum of the light output from the laser in
Fig. 1: (a) without and (b) with a SOA in a 0–100-MHz
space (vertical scale, 10 dB�division).

injection current is 81 mA. For comparison with
Fig. 2, the output optical spectrum is shown in
Fig. 5. Although the optical spectra in Figs. 2 and
5 both have narrow linewidths, their rf spectra can
be quite different. Therefore it is important to look
at both the optical and the rf spectra to evaluate a
narrow-linewidth laser.

We further studied the output power of the laser
under several EDFA and SOA currents (Fig. 6). The
current of the EDFA refers to the current for the pump
diode, and it can be varied from 0 to 190 mA. When
there is a small SOA injection current, the SOA acts
as an absorbing material, and the output power of the
laser is decreased. When the SOA current increases,
the increased saturation power and the gain of the
SOA result in improved output power. When the
EDFA current is increased further, the maximum
output power will be limited by the saturation power
of the SOA. In our experiments we found that the
SOA injection current has to be larger than 35 mA for
efficient reduction of the intensity noise. When the
SOA instead of the EDFA is used solely as the gain
medium in the cavity, the laser output does not have
noticeable beating noise, and the output power is at
24.9 and 21.9 dBm for SOA injection currents of 100
and 180 mA, respectively.

To show that the beating noise phenomenon and its
suppression by a SOA are independent of the structure
of the fiber ring laser, we used another structure,
based on a fiber Bragg grating (FBG).9 The laser
structure is shown in Fig. 7(a). The FBG has a 3-dB
bandwidth of 0.3 nm. The optical spectrum of the
laser without the SOA is shown in Fig. 7(b). The
rf spectra of the laser without and with the SOA
are shown in Figs. 8(a) and 8(b), respectively. In
Fig. 8(a) the frequency of the first noise spectral peak
is at 14 MHz. In comparison with the previous laser

Fig. 5. Output optical spectrum of the laser in Fig. 1 with
a SOA.

Fig. 6. Optical power of the laser output light under sev-
eral EDFA and SOA currents.

Fig. 7. (a) FBG-based f iber ring laser and (b) output op-
tical spectrum without a SOA.
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Fig. 8. rf spectra from a FBG-based erbium-doped
fiber ring laser: (a) without and (b) with a SOA in a
0–100-MHz span (vertical scale, 10 dB�division).

structure, the period of the harmonic frequency
sequence is different and the change corresponds to
the difference in the lengths of the two laser cavi-
ties. This cavity-length-dependent change in noise
spectrum, unlike other noise sources such as pumping
f luctuations, is characteristic of beating noise. Fig-
ure 8(b) shows that the beating noise is dramatically
suppressed by a SOA with an injection current of
80 mA.

Compared with an EDFA, a SOA has a relatively
fast carrier recovery rate and low gain saturation
power, resulting in high-pass filter characteristics.
In the experimental measurements5 the SOA response
decreases in the low-frequency region, which is as
much as several gigahertz for high input intensity
levels. This is enough to suppress the beating noise
of an erbium-doped fiber ring laser.

In conclusion, beating noise in erbium-doped fiber
ring lasers puts severe limitations on the applications
of such lasers. We have demonstrated suppression of
beating noise by use of a semiconductor optical ampli-
fier. This SOA acts as a high-pass f ilter in the laser
cavity. Two ring structures have been presented to
demonstrate beating noise and its suppression, show-
ing that beating noise is a common consequence of a
ring structure that can be suppressed by a SOA.
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