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Abstract

Multi-wavelength fiber laser based on Brillouin scattering in optical fiber has the potential of application in dense wavelength division
multiplexing (DWDM) system. To enhance the performance of the fiber lasers, researchers proposed usages of erbium, or Raman ampli-
fication techniques. In an earlier work, it was reported that extracting residual Raman pump out of the laser cavity improves the perfor-
mance of a multi-wavelength Raman fiber laser. In this paper, we proposed a setup utilizing the residual Raman pump to pump an erbi-
um-doped fiber in multi-wavelength Brillouin-Raman fiber laser. Results show that the additional erbium-doped fiber is capable of am-
plifying the propagating Brillouin Stokes by more than 15-dB. This in turn helps in achieving lower stimulated Brillouin threshold and

subsequently allow for higher number of Brillouin Stokes lines to be generated.
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1. Introduction

Multi-wavelength fiber laser generation from a single source has
attracted many researchers in the past decades due to its potential
applications in several fields [1-4]. There are several techniques
applied to achieve multi-wavelength generations such as using
Sagnac loop filters [5,6], array waveguide gratings [7], Mach-
Zehnder interferometer [8] etc. However, due to its design sim-
plicity and narrow linewidth output, stimulated Brillouin scatter-
ing (SBS) based multi-wavelength generations gains the most
attention [9,10].

Multi-wavelength Brillouin fiber laser (MBFL) exploits nonlinear
Brillouin scattering phenomenon in fiber optic to generate multi-
ple signals using a single seed signal. The principle behind MBFL
can be explained with the help of Fig. 1. A Brillouin pump (BP) as
seed signal is injected into the laser cavity via a circulator. The
BP then propagates towards a Brillouin gain medium (typically a
single mode fiber). If the BP power exceeds the stimulated Bril-
louin scattering threshold (SBSTH), then first-order of Brillouin
Stokes line (BSL1) will be generated propagating at the opposite
direction of BP. BSL1 will then travels back towards the optical
coupler, where a fraction of its power is directed towards the Opti-
cal Spectrum Analyzer (OSA) as output, while rest of the power is
reflected by the mirror and travels back towards the Brillouin gain
medium. If the reflected BSL1 power still exceeds the SBSTH,
then second-order BSL (BSL2) will be generated and propagates
through the same route as BSL1. This process is repeated until
BSLn does not have enough power to generate higher order BSLs.
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Fig. 1: Multi-wavelength Brillouin fiber laser setup.

To improve the performance of multi-wavelength Brillouin fiber
laser, researchers proposes the use of additional amplifiers, name-
ly erbium-doped fiber amplifier (EDFA) [11,12] and Raman am-
plifier [13,14]. The usage of EDFA is known as multi-wavelength
Brillouin-erbium fiber laser (MBEFL), while usage of Raman
amplifier is known as multi-wavelength Brillouin-Raman fiber
laser (MBRFL).

In an earlier work, Abass et. al. proposed a simple modification to
conventional linear cavity MBRFL setup that extracts residual
Raman pump out of the laser cavity [15]. The proposed design
improves the number of BSLs compared to a conventional
MBRFL, at the expense of higher Raman pump intensity required
for Stimulated Brillouin Scattering (SBS) to take place.

In this paper, we investigate the effects of using the unutilized
residual Raman pump to pump an erbium-doped fiber (EDF). The
extracted residual Raman pump is connected to a wavelength divi-
sion multiplexer (WDM) on the left-hand side of the linear cavity
MBRFL. Hypothetically, this setup is able to amplify generated
BSLs before propagating back towards the Brillouin gain medium.
For comparison, the experiment in [15] was repeated to ensure
similar performances on all the components used. Results gathered
shows that our proposed setup is capable of achieving SBS at
lower Raman pump intensity and is capable of producing higher
number of BSLs at higher intensity of the Raman pump.
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2. Experimental Setup

Figure 2 depicts the experimental setup of this work. The setup
consists of a Tunable Laser Source (TLS) with maximum +6-dBm
between 1540 to 1610 nm which functions as Brillouin pump (BP)
source. An OSA is used to measure and record the output wave-
form. The Raman pump unit (RPU) with 2-W maximum output
power at wavlength of 1480-nm is used as Raman source. A dis-
persion compensating fiber (DCF) with length of 7.1 kilometer
(longest DCF available in our laboratory) functions as Brillouin
and Raman gain medium. A 2x2 3-dB optical coupler and two
Faraday mirrors (M1 and M2) form the linear laser cavity.

WDMI1

Fig. 2: Experimental setup: configuration-A, without EDFA block; con-
figuration-B, with EDFA block. OSA: optical spectrum analyzer, TLS:
tunable laser source, RPU: Raman pump unit, DCF: dispersion compen-
sated fiber, OC: optical coupler, WDM: wavelength division multiplexer,
EDF: erbium-doped fiber, M: Faraday mirror, BP: Brillouin pump, RRP:
residual Raman pump, ISO: isolator.

In this paper, we first repeat the experiment in [15] to ensure con-
sistent performance of the components and devices, named con-
figuration-A, where the erbium-doped fiber amplifier (EDFA)
block is absent and extracted residual Raman pump (RPP) by
WDM2 is unutilized. To reduce attenuation due to repeated cou-
pling, configuration-A output is measured at OSA1l. Configura-
tion-B on the other hand has the EDFA block connected in be-
tween point A and B, where the RRP is combined with oscillating
BP and BSLs by WDM3 (dashed line), and output is measured at
OSA2 through an isolator (ISO).

In this experiment, TLS power is fixed to +6-dBm and at wave-
length of 1580-nm.

3. Results and Discussions

We first investigate the gain provided by the EDFA block. This is
done by adding a circulator between point B and C as shown in
Figure 3. A circulator is used to ensure BSL1 does not propagates
back to the DCF to generate higher order BSLs. Reflected BP and
BSL1 will propagate through the circulator from port 1 to 2, re-
flected by M2 and directed to OSA3 by the circulator from port 2
to port 3.

Fig. 3: Experimental setup for amplification investigation

In this investigation, the Raman pump intensity was slowly in-
creased until BSL1 can be clearly seen at OSA3 in configuration-
A. Then, with the same Raman pump intensity, the output at
OSA3 is measured in configuration-B. Figure 4 shows the ampli-
fication results for both configurations at Raman pump intensity of
200-mW. The result shows that the additional EDFA block is able
to amplify the oscillating BP and BSL by about 15-dB at the same
Raman pump intensity. This additional gain may in turn help to
achieve lower SBSty.
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Fig. 4: Output spectrum of configuration-A and configuration-B at OSA3
with Raman pump intensity of 200-mW

Next, we compare the number of generated BSLs of configura-
tion-A and configuration-B at varying Raman pump intensity with
25-mW interval as shown in Figure 5. The number of BSLs for
configuration-A shows consistent result reported by Abass in [15]
with little discrepancies, where number of BSLs increases rapidly
after Raman pump intensity of about 200-mW, and reaches its
peak of 42 lines at 475-mW.

In terms of SBSyy, the results in 5 show that the Raman pump
required for configuration-B to generate its first BSL is as low as
50-mW, while configuration-A requires 125-mW. This shows that
the additional EDFA helped in achieving lower SBSty thanks to
the low pump requirement of an EDFA.

The result in Figure 5 also shows that configuration-B produces
higher BSLs at low Raman pump intensity due to the extra ampli-
fication provided by the EDFA block. The rapid increase in BSL
continues until around 325-mW, where the competition between
Raman and EDF amplification occurs within the laser cavity. The
number of BSLs in configuration-B however increases slowly,
until it generates up to 48 lines at Raman pump intensity of 600-
mW. Figure 6 shows outputs comparison of configuration-A and
configuration-B at its highest number of BSLs.
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Fig. 5: Number of Brillouin Stokes lines with varying Raman pump inten-
sity for configuration-A and configuration-B
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pump intensity of 475 and 600-mW, respectively.
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4. Conclusions

We proposed a multi-wavelength Brillouin Raman fiber laser that
utilizes residual Raman pump to pump a 10-m erbium-doped fiber.
Results were compared with an earlier reported work, where re-
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sidual Raman is extracted out of the cavity and left unused. The
results show that the additional erbium-doped fiber amplifier is
able to amplify oscillating signals by up to 15-dB. The proposed
design has lower Raman pump intensity requirement for stimulat-
ed Brillouin scattering to take place and increases the number of
Brillouin Stokes lines by 14% which may beneficial for applica-
tion in dense wavelength division multiplexing system.
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