
Abstract : In this paper, we have investigated the operating 
temperature and pumping power level of Rayleigh-assisted 
Brillouin-Raman comb laser in a linear cavity in which feedbacks 
are formed by high-reflectivity mirror. The optimization of 
Brillouin pump power and wavelength is very crucial in order 
to obtain a uniform power level between Stokes lines. The 
Brillouin pump must have a relatively large power and its 
wavelength must be located closer to the Raman peak gain 
region. A flat-amplitude bandwidth of 30.7 nm from 1527.32 
to 1558.02 nm is measured when Raman pumping level is set 
to 30dBm and operating temperature to 300K. The Q value of 
29.93[dB] is obtained for all the Brillouin Stokes lines at data 
rate of 9.953Gbps.

Key-words : Erbium-doped fiber amplifier (EDFA), Bit error rate 
(BER),Constant Wave (CW).

I. Introduction
Multi wavelength fiber lasers are one of the attractive solutions 
to support dense wavelength division multiplexed systems. 
There are two common techniques commonly utilized; external 
channel filtering and internal channel generation. The former 
technique is based on slicing a broadband spectrum from a 
super continuum source [1]. The latter technique is to produce 
multiple channels using any means of filtering Within a laser 
cavity internally. A physical narrowband filter can be utilized 
as one of the options in this technique [2]. On the other hand,  
a group of laser lines can be generated from a seed channel. 
This approach is commonly known as hybrid-gain configuration, 
which manipulates narrow bandwidth of Brillouin gain in optical 
fibers. The idea is first demonstrated in Brilloun-erbium fiber 
laser cavity [3]. Later on, it was extended to incorporate the 
nonlinear Brillouin scattering in Raman fiber laser cavity [4]. 
Since the Raman amplification has wide gain bandwidth, the 
generation of Brillouin Stokes lines is higher compared to its 
counterpart of Brillouin-erbium fiber lasers. Brillouin-Raman 
fiber laser requires a relatively long nonlinear fiber owing to 
the nature of Raman amplification. In addition, the proposed 
laser structure in [4] is based on linear cavity in which the 
signal travels bi-directional in the amplifying fiber. Therefore, 
Rayleigh scattering assists the generation of Brillouin Stokes 
lines. This complicated nonlinear interaction is well explained 
in the follow-up research work [5]. Referring to the proposed 
laser structure, only one high reflectivity mirror is used and at 
the other cavity end, a virtual mirror is formed taking advantage 
of Rayleigh double-scattering. Owing to the process of Rayleigh 
scattering, this virtual mirror has weak reflectivity compared to 
the physical mirror. Thus, the proposed laser cavity is driven into 
deep saturation to push Rayleigh component to reach the same 
saturation level set by the Brillouin components. On the other 
hand, the distinctive power level discrepancy is clearly observed 

when the Brillouin-Raman fiber laser cavity is constructed from 
two virtual mirrors (no physical mirror at both cavity ends) [6]. 
Later on, a linear cavity formed by the high reflectivity element 
at both ends of the laser cavity was proposed [7]. Gain flattening 
of single-pump fiber Raman amplifiers is possible by use of 
non-linear broadening of the pump spectrum [8]. It suggests 
that, pump broadening of a continuous-wave Raman fiber laser 
tuned at 1455 nm is achieved by propagation in a non-zero 
dispersion-shifted fiber with small anomalous dispersion at 
the pump wavelength. The broadened pump spectrum can 
reach a full width at half maximum of as much as 28 nm. A 
novel method was proposed for designing multi wavelength 
pumped fiber Raman amplifiers with optimal gain-flatness 
and gain-bandwidth performance constitutes a substantial 
improvement in gain flatness compared to the existing wide - 
band optical fiber amplifiers [9]. A high Raman gain fiber has 
been developed that is applicable to Raman amplification over 
a wide wavelength region [10]. 
In this paper, we have reported the optimized values of operating 
temperature and pumping power level for hybrid amplified 
system. The problem of power level discrepancy is successfully 
resolved. Further, we have exploited the amplitude flatness 
issue based on the Brillouin-Raman linear-cavity fiber laser. 
The behavior of Stokes lines that produces flat power level is 
investigated in details for single-wavelength pumping scheme. 
In this work, a counter measure to produce flat-amplitude 
Stokes lines in a wider wavelength range is suggested.

II. Theory
Optical amplifiers are indispensable for realizing a long-distance 
and large-capacity optical communication system. The optical 
amplifiers are also effective as a means for compensating for a 
decrease in light signal intensity in a metro/access system and 
are widely used in various optical communication systems.
One of the representative optical amplifiers is a rare-earth-
doped optical fiber amplifier such as an erbium-doped fiber 
amplifier (EDFA) that is mainly applied to a signal band of 1.55 
micrometer that is an amplification band of the EDFA. However, 
in recent years, since a transmission capacity required of an 
optical communication system has been increasing rapidly, 
a significant increase in a signal band is required. Therefore, 
it is difficult to secure a sufficient signal band only with the 
rare-earth-doped optical fiber amplifier. An optical amplifier 
applicable to optical signals in a wider band is demanded. 
 
A Raman amplifier makes use of stimulated Raman scattering 
that is caused by pumping light lead into a silica fiber. Therefore, 
it is possible to set an amplification wavelength freely by 
changing a pumping light wavelength and realize a desired gain 
wavelength characteristic by adjusting an output distribution of 
pumping light consisting of a plurality of wavelengths. These are 
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characteristics advantageous for an optical amplifier used for 
broadband wavelength multiplexing transmission. The rare-earth-
doped optical fiber amplifier does not have the characteristics.  

III. System Description
The simulation set-up for modeling of Raman amplifier’s 
operating temperature and pumping level determination 
method using standard fibers is shown in Fig.1.

The transmitter section as shown in the Fig. 1 consists of 
data source, electric driver, and laser source and amplitude 
modulator. The data source is modulated using different data 
formats at bit rates varying from 2Gb/s to 15 Gb/s. The laser is 
of the type CW Lorentzian with laser center emission frequency 
1550nm (193.4145 THz). The amplitude modulator is of type 
sine square with excess loss of 3 dB. The output of modulator 
is fed to optical link consisting of two optical spans of varying 
length having booster, optical splitter and a standard optical 
fiber. The optical splitter is connected to correlate the signal at 
input and output of two optical spans using optical spectrum 
analyzers. The optical amplifiers are of fixed output power type 
each with noise Fig. of 5 dB. The output is detected at the 
receiver by PIN detector with responsivity 0.875 and is passed 
through electric filter and output is observed on electroscope. 
The electric filter is of the Bessel type with -3dB bandwidth equal 
to 8GHz. The electroscope gives eye diagram, Q value, bit error 
rate and eye closure penalty. The effects of fiber non-linearities 
and polarization mode dispersion are also considered in the 
simulative analysis and Iterations has been taken for power, 
temperature, pumping and fiber length as shown (Table 1)
                                                   
Table1: Iteration for different parameters

 

IV. Results and discussion
In the simulative analysis, single pump wavelength at 1550 
nm is activated in order to investigate the impact of operating 
temperature, wavelength and power on the generation of 
multiple Brillouin Stokes lines. To investigate the optimum 
values for operating temperature and pumping power level, 
we correlate the power with temperature varying from 100K 
to 600K and power with pumping power level varying from 
10dBm to 60 dBm. It is observed from Fig.2 (a) and Fig. 2(b) 
that power level remains constant up to temperature level of 
300K and pumping power level of 30dBm. Now by adjusting 
such optimum values of operating temperature and pumping 
level, we investigate that signal propagate up to 350km with 
almost constant power level (Fig. 2(c)).

(a)

The electroscope gives eye diagram, Q factor, and bit error rate 
(BER) and eye closure penalty. Since the Raman amplification 
is gradually increased from short wavelengths to longer 
wavelengths (until its peak gain around 1551 nm), thus the 
amplification of Brillouin Stokes lines is also increased within 
this wavelength range.

Fig. 1: System setup for Hybrid Amplifier system
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(b)

(c)
Fig. 2: At 9.953 Gbps for NRZ raised cosine (a) Power   verses 
temperature (b) Power verses pumping (c) Power value verses 
length.
Based on the optimization process, the optimum-operating 
wavelength is found at 1540 nm. The widest flat-amplitude 
bandwidth is obtained when the operating wavelength is set at 
1540 nm and its power is cranked up to 30dBm The measured 
flat-amplitude bandwidth is from 1527.32 to 1558.02 nm, 
which is about 30.7 nm bandwidth .The noise floor is also 
improved to almost flat across this bandwidth.

Table 2: Operating parameters at different data rates
S.
No.

Parameters Power
Level
(dBm)

O p e r a t i n g 
Temperature
( K)

Optical
Length
(km)

Data Rate 
[Gbps]
2.5 Gbps 20 200 300
3.0Gbps 20 200 300
4.0Gbps 20 200 300
5.0Gbps 10 100 200
6.0Gbps 10 100 200
9.953Gbps 30 300 350
12 Gbps 20 200 300
15 Gbps 10 100 200

Table 3: Simulation results at different data rates
S.
No

Param-
eters

Q
value
[dB]

Jitter
[ns]

BER Eye
opening

Data
rate
[Gbps]
2.5 28.59 0.011 1e-o40 0.03199
3.0 12.91 0.018 0.0063
4.0 11.11 0.014 0.0037 0.0019
5.0 26.21 0.032 1e-040 0.0096
6.0 6.02 0.0045 0.0022 2.267e-005
9.953 29.93 0.0045 1e-040 0.01772
12 6.02 0.0228 0.0081 8.188e-005
15 6.02 0.027 0.022 2.26 e-005

A pseudo random sequence length of bits taken one bit 
per symbol is used to obtain realistic output values at the 
receiver. Firstly, to observe the impact of data rate upon system 
performance, simulation results are obtained for different data 
rates varying from 2Gbps to 15Gbps. It was observed that for 
the data rate up to 8Gbps, Q factor for the system remains 
independent of operating temperature and pumping power 
level. As we increases the data rate further, impact of operating 
temperature and pumping power level  upon the Q factor, jitter, 
eye opening etc. comes into play. It is investigated that system 
provides optimum results at data rate of 9.953 Gbps (refer 
Table 2 & 3).

Fig. 3: Eye diagram 
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V. Conclusion
In conclusion, we have investigated the amplitude flatness of 
Rayleigh-assisted Brillouin-Raman linear-cavity fiber laser. High-
reflectivity mirrors used at both ends of the laser cavity create 
strong oscillation of cavity modes around the Raman peak 
gain. The optimization of power and operating temperature 
has great influence in determining the uniformity of the Stokes 
lines amplitude. The number of Raman pump wavelength 
used in the laser structure also governs the flat amplitude 
bandwidth. The maximum Q value of 29.93[dB] is obtained 
when the laser cavity is pumped by single wavelength pumping 
scheme at 1527.32 to 1558.02 nm with total pump power of 
30 dBm. The flexibility and scalability of Raman pumped laser 
cavity has great promise to provide multiple channels in larger 
bandwidths.  
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