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Abstract 

 This paper presents a realization of a high input pumping Raman 

Power (RP) multi-wavelength Brillouin Fiber Laser (BFL) with a 

single Brillouin spacing line at room temperature. A traditional ring 

cavity fiber of extremely nonlinear properties, as a Brillouin Gain 

Medium (BGM) of 2km length, and a 3-dB coupler are engaged for 

single line spacing (odd-ordered) and Brillouin frequency shift 

Stokes distinctions. A numerical simulation based on Finite Element 

Method of Multiphysics COMSOL software algorithms is conducted 

to discuss the obtained results theoretically. From the obtained 

results, it is indicated that at Brillouin Pumping (BP) power of 8 

dBm and RP power of 900 mW, 130 single spacing comb lines are 

formed with a channel wavelength spacing of 0.0782 nm. Moreover, 

it is noticed by reducing the RP power and the BGM length, an 

observable reduction is taken place in the lines number. 
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Nevertheless, it is observed that the proposed BFL can be widely 

tuned in C and L-bands within a wavelength sweeping from 1550nm 

to 1620nm. 

Index terms: BFL, multi-wavelength, nonlinear effects. 

1. INTRODUCTION 

Nonlinear effects in optical fibers were examined by different 

research societies extensively for wide ranges of applications 

including the multi-wavelength fiber lasers [1]. For example, a 

ring cavity based highly nonlinear fibers was used in [2] as a 

parametric amplifying medium at four different wavelengths. 

In [3], experimentally, an investigation was demonstrated to 

study the performance of L-band multi-wavelength Brillouin–

Raman fiber laser to utilize the nonlinear effects. A multi-

wavelength erbium-doped fiber laser based on a nonlinear 

amplifying loop mirror was examined experimentally in [4]. In 

[5], a simple Brillouin-Raman multi-channel fiber laser was 

proposed with Rayleigh scattering support in without 

employing a feedback mirror. An all‐fiber passively 

mode‐locked soliton fiber laser based a nonlinear polarization 

rotation was proposed in [6].  

Later, different approaches were proposed for producing 

multi-wavelength lasing effects at room temperature [7]. Most 

of these methods were conducted based Erbium doped fiber 



 2220 الثلاثون و ثامنال  العدد                         مجلة كلية المأمون                            

 

211 

amplifier [8], semiconductor amplifier [9], and/ or Raman 

amplifier [10]. The use if such amplification techniques were 

introduced inside the laser cavity to advance the nonlinear 

effects of the optical fibers such as stimulated Brillouin 

scattering (SBS) [11], Rayleigh scattering (RS) [12], and 

stimulated Raman scattering (SRS) [13] to achieve high comb 

lines [14]. In other word, the additional gain was provided by 

those amplification techniques in the cavity to compensate the 

cavity loses and to generate multiple Stokes lines [14]. For 

instance, multi-wavelength BFL takes the essential advantages 

of narrow line-width, fixed Stokes channel spacing, and wide 

tunable wavelengths [15]. Therefore, to increase the oscillating 

power in the cavity, multi-wavelength Brillouin erbium fiber 

laser was suggested in [15] to ensure a rapid reduction in the 

erbium gain depletion, Brillouin gain saturation, and Brillouin 

threshold of the single-mode fiber thereby leading to the 

generation of higher number Brillouin Stokes lines. The Multi-

wavelength Brillouin-Erbium Fiber Laser (MBEFL) uses a 

combination of Brillouin and erbium gains together in an 

optical fiber in order to generate multi-wavelength lasers [16]. 

Nonetheless, the MBEFL is a limited tuning range because the 

Stokes lines generation is only efficient within the free-

running cavity mode operation wavelength [7]. Recently, 

https://www.researchgate.net/publication/329112703_Multiwavelength_Brillouin-Erbium_Fiber_Laser_with_Quadruple-Brillouin-Frequency_Spacing
https://www.researchgate.net/publication/329112703_Multiwavelength_Brillouin-Erbium_Fiber_Laser_with_Quadruple-Brillouin-Frequency_Spacing
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tremendous interest was also directed on Brillouin-Raman 

fiber lasers (BRFL) [17]. These laser structures use both 

Brillouin and Raman gains for generating multi-wavelength 

lasers [18]. Another research on multi-wavelength fiber laser 

was applied on expanding the tuning range and increasing the 

number of pure channels with focusing on line spacing 

between the generated Stokes signals [19]. 

In this work, a realization of a high input pumping Raman 

Power (RP) multi-wavelength Brillouin Fiber Laser (BFL) 

with a single Brillouin spacing line at room temperature is 

proposed. Therefore, the experimental setup is discussed in 

section 2. In section 3, the authors discuss the obtained results 

from both numerical and experimental measurements. The 

paper is concluded in section 4. 

2. EXPERIMENTAL SETUP AND MEASUREMENTS 

Figure 1 illustrates the setup of the proposed BFL which is 

based on RP with dual multi-wavelength outputs of different 

channel spacing. A tuning laser source (TLS) of 200 kHz line 

width is introduced to act as an external BP power. Then, a 12 

m long Erbium doped fiber (EDF) is conducted to the TLS and 

pumped with maximum 2 W at 1455 nm RP through a 

Wavelength Division Multiplexing (WDM) to realize the 

Brillouin pump signal amplification. The 3-ports circulator is 
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conducted to launch the BP signal into a BGM in the fiber ring 

cavity and to perform unidirectional BP power lunching. The 

generated BS signal is monitored directly to the Optical 

Spectrum Analyzer (OSA). The circulator provides 54 dB 

isolation with an insertion loss of 0.5 dB during the operation 

wavelength range from 1520 nm to1620 nm. The fiber ring 

cavity is constructed from a 3-dB coupler and two different 

HNLF pieces length of 2 km and 500 m as BGM for multi-

wavelength production. The HNLF pieces properties are listed 

in Table I for both 2 km and 500 m length.  

Properties 2 km length 500 m length 

Nonlinear coefficient 10.8(w.km)-1 11.5 (w.km)-1 

Attenuation factor 0.75 dB/km 0.82 dB/km 

Effective area 12.4 µm² 11.6 µm² 

Cut off wavelength 1250 nm 1180 nm 

Dispersion constant 0.5 ps/(nm.km) -0.1 ps/(nm.km) 

Table 1. The HNLF properties. 

 

 

Figure 1. The proposed configuration for MWBFL setup. 

From the proposed setup, the promised achievements can be 

described as follows: The 1st Brillouin Stokes line (BS1) can 

be generated when the amplified Brillouin input power goes 
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beyond the Brillouin threshold condition inside the BGM. 

Next, the BS1 is circulated in a clockwise (CW) towards the 3-

dB coupler to operate at new wavelength when is shifted by 

0.08 nm from the BP wavelength with the opposite direction of 

the input BP signal. Therefore, the BS1 is divided into two 

parts symmetrically when propagating through the 3-dB bi-

directional coupler; one part is coupled to OSA. The second 

part of the Stokes line propagates inside the ring cavity for the 

BFL generation by feeding it back into the BGM in CW 

direction with 0.08 nm frequency downshift from the BP 

wavelength to initiate BS2 after the BS1 power exceeds the 

Brillouin threshold condition of the BGM. The BS2 is 

subjected to another Brillouin frequency downshifter of 0.08 

nm and oscillates in counter clockwise (CCW) direction in the 

ring cavity mode to generate SB3 in the opposite direction. 

The process repeats continuously to eliminate the high order 

modes below the threshold condition for the SBS effects. 

In the ring cavity, four-wave-mixing (FWM) is amplified by 

Raman gain. Therefore, when the EDF gain reaches the 

saturation, the residual RP power will be inserted inside the 

BGM through the 3-dB coupler. During the circulation inside 

the BFL cavity and due to the bi-directional circulations for 

BP and the backscattering lines inside the BGM, FWM 
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process is excited and amplified. Hence, all the circulated SBS 

Stokes lines in the CW direction and the reflected power 

signals from terminal fiber are monitored on OSA. Thus, the 

output Stokes lines at OSA are single spacing. RS is normally 

generated with same frequency of the pump wave at the 

opposite direction, but it is buried by SBS in the fiber because 

the gain coefficient of SBS for both direction inside the ring 

cavity is higher than RS [20]. Due to the bi-directional 

circulations for BP and the backscattering lines inside the 

BGM, FWM process is excited and contributed to generate the 

higher-order of Stokes and anti-Stokes channels consecutively. 

3. RESULTS AND DISCUSSION 

In Figure 2(a), the output power of BS1 signal with respect to 

the input BP power for the two different used BGM lengths is 

illustrated. During the experiment, the BP wavelength is fixed 

to 1560.9 nm and the output power is 8 dBm; while, the RP 

power is changed from 10 mW to 1000 mW, with a step of 

100 mW. It is noticed that the threshold level for SB1 line 

decreases as the fiber length increases. For example, the BFL 

thresholds are found 40 mW and 10 mW for 500 m and 2 km 

of the HNLF, respectively, as seen in Figure 2(a). 

Nevertheless, it is found in case of exceeding the injected 

power over the Brillouin threshold value, the BS1 power 
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follows an exponential increase. Moreover, the maximum 

archived BS1 peak is found about 14.5 dBm for 500 m length 

and 14 dBm for 2 km length. Such difference in the obtained 

output power between the two used lengths is attributed to the 

difference in the characteristics between these two lengths 

with less cavity losses for the shorter BGM. The wavelength 

Brillouin shift of the first amplified RS signal with various 

input RP power is presented in Figure 2(b). It is found a 

wavelength shift fluctuation at low injected RP power; 

however, the single spacing in the wavelength shifts is more 

stable as the RP power increases over the threshold level. In 

this part of the research, a numerical simulation based on 

Matlab formulation using Finite Element Method (FEM) of 

Multiphysics COMSOL software technology is invoked to 

obtain the numerical results. As seen in Figure 2, a good 

agreement is obtained between the simulated and the measured 

results. 
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Figure 2. BS1 generated characteristics from the used HNLFs; (a) BS1 power change and (b) 

Wavelength shift. 

 

This observation is attributed to the wavelength Brillouin 

frequency shift (vB) which can be calculated from: 

𝐯𝐁 =
𝟐𝐧𝐩𝐯𝐀

𝟐𝛌𝐩
    (1) 

where vA is the acoustic velocity through BGM,  np is the 

effective mode index at pump wavelength (λp). It is found that 
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the Brillouin frequency shift is significantly affected with the 

fiber material factors vA and np. Thus, the output channels in 

Figures 2 are shifted slightly, about 0.078nm, in HNLF. 

Nevertheless, an observable difference in the frequency shifts 

between different fiber lengths is attributed to the difference in 

the effective refractive index which is very sensitive to the 

fiber strain [15]. The output optical spectra for the odd Stokes 

lines are presented in Figure 3 as measured from OSA. In this 

experiment, the wavelength, BP, and RP power are fixed at 

1560.9 nm, 8 dBm, and 1000 mW, respectively. As it is clearly 

seen, Figure 3 display a comb spectrum with single Brillouin 

frequency spacing of 0.0782 nm. The number of channels is 

observed to be increased as the HNLF lengths increase. For 

instance, 130 single spacing (70 Stokes and 60 anti-Stokes 

lines) are achieved at the 2 km HNLF lengths while 46 single 

spacing (27 Stokes and 19 Anti-stokes lines) are obtained as 

illustrated in Figure 3(a) and (b), respectively. This is 

attributed to the longer HNLF which has higher nonlinearity to 

promote the FWM effect and enhance the multi-wavelength 

generation process. It was also observed that each subsequent 

Stokes channel always has smaller power level than the 

previous one. This is due to the fact that the subsequent Stokes 

channels are initiated from the previous Stokes channels, the 
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background levels of Figure 3 is observed to be relatively 

different. 

 

Figure 3. Output spectra of odd channels of the proposed MWBFL: (a) at 2 km and (b) at 500 m. 

 

Figure 4 shows the number of output channels achieved by 

fixing the BP power at 8 dBm and varying the input RP power 

from 0 mW to 1000 mW on OSA. Experimentally, the comb 

lines with peak power above -30 dBm are considered only, 

while, all lines below this condition are considered noise. It is 

found from Figure 4, the order number of the Stokes lines 

increases as the RP increases; where, at RP power = 1W, 130 
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Stokes lines is obtained when the HNLF length is 2 km. 

However, the lines number is reduced to 40 lines when the 

HNLF length is 500m. This is attributed to Raman gain which 

is significantly is reduced by the gain medium length 

reduction. A Matlab code is based on Multiphysics COMSOL 

software algorithms is conducted to realize the number of 

stokes with RP power change according to the same 

measurement setup. It is found that the obtained numerical 

results agree very well with those measured results as 

presented in Figure 4. 

 

 

Figure 4. Number of output channels against RP powers for order BS. 

 

Now, the profile gain range of RP based MWBFL is examined 

by tuning the BP wavelength from 1550 nm to 1620 nm with a 

step of 10 nm. Experimentally, at 1455 nm RP and BP powers 
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are fixed to 1000 mW and 8 dBm, respectively. It is observed 

that the multi-wavelength fiber laser can be tuned within 70 

nm wavelength without the presence of free-running EDF laser 

in the cavity. Figure 5 indicates a fixed BS provided by Raman 

pump and shows the number of Stokes of a MWBFL against 

BP wavelength for two different BGM lengths. At the HNLF 

length of 2 km, more than 110 odd-Stokes lines are obtained 

within a wavelength range from 1560 nm to 1610 nm. It is also 

observed that the Stokes lines disappear as the BP wavelength 

is tuned away from 1550 nm or 1620 nm wavelength. This is 

attributed to the Brillouin gain which is very low at this 

wavelength region and cannot support cascading process, 

accordingly.  

 

Figure 5. Gain spectrum. 

 

 

 



 2220 الثلاثون و ثامنال  العدد                         مجلة كلية المأمون                            

 

222 

4. Conclusions 

A compact RP based MWBFL with widely tunable output of 

Brillouin frequency shift is experimentally and theoretically 

demonstrated in this article. The cascading of SBS and SRS 

play important roles with a simple ring cavity to generate the 

Stokes signal. It is concluded that the lower Stokes signal 

order modes are achieved by SBS. However, the high order 

channels are obtained from the multiple FWM process through 

the cavity mode. In comparison with various length of HNLF-

based BFL, the 2km length is found to produce higher output 

lines number that the one based 500 m length. At BP power of 

8 dBm and RP power of 900 mW, 130 lines of single spacing 

comb are generated along with a wide profile gain with a 

channel wavelength spacing of 0.0782 nm at the BGM length 

of 2km. The lines number is reduced by the RP power and the 

BGM length reduction. These findings are tested numerically 

to validate the archived results to find excellent agreements 

with measured results. 
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