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Abstract
The increasing demand for information transmission makes the problem of establishing a laser system is operating in
C-band (1530-1565nm) wavelength region is a significant task, which attracts a lot of researchers' attention lately. In
this paper, the ability to produce signals of multi wavelengths using a single light source was adopted to employ the
Raman scattering effect for establishing Raman shift configuration-based multi-wavelength fiber lasers, which is not
currently addressed in available schemes. This is what prompted to simulate the performance of C-band
multi-wavelength produced by Raman fiber laser that utilizing fiber Bragg grating (FBG) to amplify pumped power
and also utilizing the single-mode fiber (SMF) as the nonlinear gain medium. The proposed laser system is designed
by OptiSystem software. The resulted maximum output power was 22.07dB at Wavelength Division Multiplexing
(WDM) of 23.01dB input power. The achieved multi-wavelength that generated by Bragg grating and SMF was
containing six Stokes and anti-Stokes, they are: 1548.51nm, 1549, 31nm, 1550.116nm, 1550.91nm, 1551.72nm, and
1552.52nm, in which the resulted computed efficiency of the system was raised up to 80.23% at input power 20 dB
47
and dispersion fiber length of 0.2 km.
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Introduction
The light interaction with the molecule's vibrational
modes makes the matrix material causes Raman
scattering. Firstly, a photon of ℏ𝜔o energy is exciting
the system from E1=ℏ𝜔o vibronic state into E3= ℏ𝜔S
virtual state. Secondly, a photon of ℏ𝜔S energy is
emitted by an excited molecule and it is de-exciting
from E3 virtual state into E2=ℏ(𝜔o-𝜔S) final vibronic
state when E2 is identical to E1, then the resultant
photon have a frequency is identical to that of the
incident radiation, this phenomenon is called
Rayleigh scattering. On another side, when the E2 is
different from E1, the occurred scattering will be
inelastic and this phenomenon is called Raman
scattering. When there is a spontaneous scattering,

the energy of the scattered wave differ from those of
the excitation source (ℏ𝜔o) for each vibration of
molecular, which causes Stokes (ℏ𝜔S) and
anti-Stokes (ℏ𝜔AS) lines as shown in Figure (1)
(Chiara, 2016).
The nonlinear optical phenomena that occur inside
optical fibers are the topic of nonlinear fiber optics.
Despite the fact that nonlinear optics was founded in
1961 when the second-harmonic radiation inside a
crystal was initially generated by a ruby laser, the
fiber losses were lowered to less than 20dB/km
after 1970, where optical fibers are used as a
nonlinear media (Jun et al. 2021).
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Fiber Bragg grating (FBG) is a continuous change in
the index of refraction extended on the fiber length.
It is typically made by exposing the fiber to a strong
optical interference pattern created by an ultraviolet
laser.
In
1978,
the
first
experimental
implementation of a Bragg grating took place in
Canada. Single-mode fibers (SMF) with stimulated

Raman and Brillouin scatterings have been explored
since 1972 (Reshak et al. 2016) (Søren et al. 2017).
Analytic quantum techniques have indicated that
four mixed waves are forming Bragg scattering (BS)
enable to converts the frequency of quantum
noise-free (Young et al. 2020) (Sirleto et al. 2017).

Figure 1. Energy levels scheme shows Raman scattering (Young et al. 2020)

Raman Scattering
Raman scattering occurs when electromagnetic
waves interact with molecules, causing vibrational
shifts. The interaction occurred between pump
photons and optical phonons. Thus, the
second-order perturbation theory can be used to
calculate the Raman scattering probability per unit
time. Understanding spontaneous Raman scattering
is important because it causes induced Raman
scattering when a high-power pump beam is
present. Where the number of Stokes photons (ns)
is proportional to the number of pump photons
(Np), a number of molecules (No) at the
fundamental state, and penetrated width (z) as
follows (Yongqian et al. 2021):
𝑛s ∝ 𝑁𝑃 𝑁𝑜 𝑧
(1)
When the incident light intensity surpasses Raman
threshold power of the fiber, the strength of Raman
scattering Stokes are rapidly increased in the media
of fiber, the majority of the input power is
transformed to the power of Raman scattering
Stokes. This event is named Raman scattering
simulation. The following formula can be used to
express the initial rise of Raman scattering power
(Hendrik et al. 2021):
𝑑𝐼𝑠
= 𝑔𝑅 𝐼𝑃 𝐼𝑠
(2)
𝑑𝑧
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Where gR is Raman gain coefficient, IP is pumping
light intensity, and IS is Stokes waves intensity. The
ultimate noticeable feature of optical fiber Raman
gain is gR, which occupies a wide frequency
framework (~40THz) and a huge line width of peaks
approximately 13.2THz. The gain of fiber-based
Raman amplifier is provided as:
𝐼𝑠 (𝐿)
𝐺𝐴 = (0)exp
= exp(𝑔𝑅 𝑃𝑜 𝐿𝑒𝑓𝑓 /𝐴𝑒𝑓𝑓 ) (3)
𝐼
(−𝛼 𝐿)
𝑠

𝑜

Where:
Po= Io Aeff is amplifier power of pumped laser
Leff is the fiber's effective dispersion length
Aeff is the fiber's effective cross section.
At operation frequency (ω), effective bandwidth of
fiber based Raman amplifier (FRA) is denoted as:
𝐵𝑒𝑓𝑓 = (

2𝜋
𝐼𝑜 𝐿𝑒𝑓𝑓

)1/2 |

𝜕2 𝑔𝑅
𝜕𝜔2

−1/2

|

𝛼=𝛼𝑜

(4)

The FRA's threshold condition might be written as
(Yongqian et al. 2021):
𝑒𝑓𝑓

𝑃𝑠𝑜 exp (

𝑔𝑅 𝑃𝑜 𝐿𝑒𝑓𝑓
𝐴𝑒𝑓𝑓

) = 𝑃𝑜

(5)

The shift frequency for Raman scattering is greater
than 10THz, and it is roughly 10GHz for Brillouin
scattering. In glasses of silicate that contain
scattering of Raman, Brillouin, and Rayleigh;
Rayleigh scattering is the strongest amplitude,
where amplitudes of Raman and Brillouin are
~30dB and ~20dB weaker respectfully. Figure (2)
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shows a typical spectrum of the light scattering
containing diffusion features in three types. Stokes
components are defined as those dispersed
components that are transferred into frequency of
lower value, while Anti-Stokes are ones that have
been transferred into frequency of higher value
(Chiara, 2016).

Figure 2. Typical spontaneous scattering spectrum (Chiara, 2016).

FBG is employed as a reflector with twin Raman
pumps (RP) at 1420nm are used to generate
Brillouin Stokes (BS) signals. Thus, such
configuration of two lasers is directed to a linear
cavity for producing six signals of BS. In
communications, regions of L-band and C-band have
been come in to meet increased demands for rapid
data transmission communication that employing
wavelengths in ranges of 1530-1565nm and
1565-1625nm, respectively. However, due to the
high demand for transferring data in the quickest
mode, the communication windows must be
expanded into the S-band of 1460-1530nm
wavelength. In conventional SMF, the short
wavelength regions of S-band have similar
characteristics of attenuation to that of L-band and
the C-band of regions: 1530-1565nm and
1565-1625nm
respectively.
Furthermore,
sensitivity to macro and micro bending losses is
substantially lower in S-band than that of the L-band
and the C-band regions. Also, the S-band wavelength
of silica fiber showed less dispersion comparing
with the L-band (Reshak et al. 2016).
Problem Statement
In the field of communications systems, regions
C-Band and L-Band have been introduced for rapid
communications to transfer data that use
wavelengths
within
(1530-1565nm)
and
(1565-1625nm) respectively. The use of SMF as a
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unit is characterized by its low attenuation in the
S-Band at short wavelength region compared to the
other two regions C-Bands and L-Bands, namely, but
in using long wavelengths, the attenuation and
dispersion increases in all regions with the
appearance of Brillouin scattering, stability and low
the efficiency of the system, and to overcome these
issues, the FBG in addition to the SMF may lead to
obtaining one area that is within the Raman
scattering and with high efficiency of the system at
the C-Band, which is very important in the
communication range with the property of
transmitting data quickly.
Research Objectives
1. To demonstrate the effect of the input power
with the Single Mode Fiber (SMF) length on
the Raman Scattering and the signal quality.
2. To enhance the efficiency of output signal via
using additional Fiber Bragg Grating (FBG),
and reduce the noise at a specific band of the
communication system.
Analysis of Related Work
The related work includes a number of published 49
papers that simulate the developments in fiber
communications; the following ones are presenting
the state of the art in the field of interest. In (Søren
et al. 2017), a quantum noise description is used to
account for the loss and stimulate spontaneous
Raman scattering, this includes the consequences of
such effects on Bragg scattering conversion
efficiency and quantum noise qualities according to
occurred noise figure (NF). The stimulated Raman
scattering (SRS) beside loss were incorporated in a
formula of closed-form of Bragg scattering
efficiency.
The semi-classical technique yielded clear formulas
for occurred NF. In (Djoko et al. 2021), the work
involves a previously unheard-of boost in
transmission capacity, different methods for
measuring the nonlinear coefficient in optical fibers
were used, as well as how to employ nonlinearities
to design switches and investigate some
measurements of various optical fiber properties. In
(Wenxi et al. 2021) (Abdulmoghni et al. 2021),
Raman scattering simulation was spectrally
developed in single-mode silica fibers in both
computer modeling and experimental work. As
pump power increases, the most remarkable feature
is the fast extension of a soft feature of 490cm-1 in
the 440 cm-1 broadband.
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Such experiments result is in good accord with the
simulated numerical results. Despite the fact that
neither calculations nor tests reveal spectrum
expanding of high ordered Stokes, they are often
look at infrared wavelengths and with large pump
powers. It is noticed that the spectral expansion
from a mixing of four-wave must be crucial in event
of generation the stimulated Raman spectrum. At
visible wavelengths, these investigations agreed an
input power of low relative range, where the mixed
four-wave are insignificant and the spectrum
simulation is solely determined by the form of the
Raman gain curve. In (Luigi et al. 2020), there are
challenges
reviewing,
perspectives,
and
achievements of both amplifier and laser belong to
fiber Raman. They show the ability for
communication technologies of high-capacity
systems beside production of fiber lasers with
high-power. Where, the increased need for fiber
optic communications in terms of transmission
capacity has been met by erbium-doped fiber
amplifiers that cover the full spectral spectrum
(EDFAs). EDFAs are no longer an option due to the
enormous rise in bandwidth that make fiber Raman
amplifiers (FRAs) working as a primary technology
for future needs. On the other side, there is a
particularly option is found in fiber Raman lasers
(FRLs) using the field of high-power fiber lasers,
because of their higher efficiency, high resulted
power and expanded bandwidth of gain, it often
covers the region of near-infrared totally. In (Meng
et al. 2017), SRS is used as a specific condition for
additional power scaling in fiber lasers. Chirped and
tilted fiber Bragg gratings (CTFBGs) were firstly
used to suppress SRS in a fiber laser amplifier. This
includes designing and fabricating a CTFBG to be
used for suppressing the output of SRS operated in
1090nm, which is establishing a system for testing
the suppression effect. The obtained ratio of
maximum suppression was about 25dB.

Experiments showed the CTFBGs raise the Raman
threshold and can improve overall system efficiency,
which is an important result can serves the future of
the problem of power scaling in both amplifiers and
high-power oscillators (Gaoce et al. 2021).
Overall Methodology
The
overall
methodology
here
applies
commensurate with the era of the modern network
design of fiber optical. The overall methodology
flowchart is depicted in Figure (3) shows:
1. Design a communication system that
contains SMF working through Ramman
scattering with a wavelength of 1550 nm.
2. Studying the effect of varying the SMF length
(0.2-1 km) at a specific input power (100 W),
and measure the output power by Power
Meter to compute the efficiency. Then, the
best SMF length that corresponds to the
optimal efficiency is determined.
3. Studying the effect of varying the input power
(100-200 W) at a specific SMF length
(0.2 km), and measure the output power by
PowerMeter to compute the efficiency. The
best input power that showed the optimal
efficiency of the stable system is determined. 50
4. Modify the Raman scattering system by
adding FBG with its transmittance units to
improve the output signal quality.
5. Repeat steps (2 and 3) on the modified
system (Raman scattering based FBG system)
to determine the optimal values of SMF
length and input power that show the best
efficiency and stability.
6. Using spectrometer (OSA) to find out the final
spectrum of the output signals that lies in the
C-band (1530-1565 nm) that is adopted in
most communication systems.

Figure 3. The methodology path for steps of the work in this study
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Experimental Procedure
The present work looks for nonlinear effects
associated with Raman scattering that operated in a
low power regime (power input in watts). The
contribution is dealing with the use of fiber Bragg
grating in Raman scattering approach to describe
how the nonlinear effects are observed in optical
fiber at different fiber lengths, and also how
considering spontaneous Raman scattering at some
input powers, which are not currently mentioned in
previous techniques. Raman scattering experiment
was designed by using optiSystem software, such
design required first determining the input optical
source, which usually connected with Wavelength
Division Multiplexing (WDM) to provide the ability
of using different types of resources in the design
which is called Raman pump. Also, the output power
is measured by optical power meter (OPM) and
monitored by optical spectrum analyzer (OSA). The
proposed experimental work was carried out in two
stages: the first stage includes designing a Raman

scattering experiment with SMF, while the second
stage includes adding FBG to the first one. The
numerical specifications and conditions of each
experiment are given in the following subsections:
SMF Based Raman Scattering Design.
The designed SMF based Raman scattering
experiment includes the following items: continuous
wave (CW) laser sources, wavelength division
multiplexing (WDM), SMF, Raman fiber, OSA, OPM.
Figure (4) shows the setup of the proposed SMF
based Raman scattering experiment design, in
which the SMF is working as a media for producing
Brillouin-Raman gain. The function of the WDM is to
multiplexing input lasers and provides wide range of
input power. The measurements of each item is set
to be as follows:
The CW laser sources of 1550nm wavelength that
coupled in a 0.2-1 km SMF, where several spectrums
are taken in the range of 100-200W, and the ratio
power output/power input is observed in that
range.

51

Figure 4. Designed SMF based Raman Scattering experiment setup

FBG Based Raman Scattering Design
The designed experiment is a laser system of FBG
based Raman scattering includes two subsystems,
they are: Transmitter model, and Receiver model.
The transmitter model shown in Figure (5) consists
of SMF, Raman fiber, WDM, optical spectrum
analyzer (OSA), CW laser source, and power meter.
While the receiver model shown in Figure (6)
consists of Bit Error Rate (BER) analyzer, PIN
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photodetector, and Bessel low pass filter. Figure (7)
shows the generic structure of the proposed laser
system of FBG based Raman scattering setup
including both transmitter and receiver. The
measurement of each item in this setup is set to be
as that given in the first stage. FBG reflectivity and
Raman scattering are set to speed up the process of
Bragg scattering, in which, Raman and Bragg
scattering are nonlinear phenomenon concerning
with phonons and photons interaction.
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Figure 5. Transmitter model used in the proposed laser system
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Figure 6. Receiver model used in the proposed laser system.

Figure 7. Designed FBG based Raman Scattering experiment setup
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Results and Discussion
The proposed two SMF-FBG based designs of the
adopted stages were implemented in the
OptiSystem software environment, which can
provide some tools that enable to vary the
specification of each item in the experiment. Also, it
provides the ability to observe the quantitative and
qualitative results of the experiment outputs. The
most interesting parameters that were considered
to affect the experiment output were the dispersion
fiber length and the input power, the following
subsections present more details to experiments
output with the variation of the considered
parameters.
SMF based Design Results
It is found that the measured Raman shift was about
0.5nm is in good agreement with the literature.
Where the attenuation of SMF is 25dB and the
dispersion is 16.75ps/nm/km. The signal of the line
width of about 0.5nm is achieved using five input
lasers of 1550nm. The Raman shift wavelength was
in the range 1547-1552nm wavelength that gives a
maximum output power of 65.33W.
Table (1) presents the efficiency (Eff) and output
power (Pout) of the SMF based design that was
achieved when the input power (Pin) of lasers were
varied from 100W up to 200W, in which the length
of the fiber is set to be at 0.2km. The second column
represents the input power measured by decibel
(dB). This experimental test provides different
results are related to the value of the input power,
the optical spectrum was recorded for each case of
input power variation.
Table 1. Efficiency versus input power of SMF based system

Pin (W)
100
120
140
160

Pin (dB)
20
20.79
21.46
22.04

Pout (W)
32.66
39.19
45.73
52.26

Pout (dB)
15.14
15.93
16.60
17.18

Eff %
32.66
32.65
32.66
32.66

Figures (9,10,11,12,13, and14) show the optical
spectrum of the proposed SMF based Raman
Scattering experiment for the considered input
powers: 100-200W, once before input SMF and
another after that. The behavior of such optical
spectrum is shown as peaks, each represents one
laser spectrum and located at specific wavelength.
Thus, figures (9-14.a) shows six peaks of the input
lasers before using SMF that located at wavelengths:
1547nm, 1548nm, 1551.5nm, 1550nm, 1551nm,
and 1552nm, which same as that of input lasers. The
height of each peak indicates the input power of that
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peak. Whereas, figures (9-14.b) shows a number of
output peaks after SMF, the output peaks are the
input ones plus that comes from Raman scattering
occur in the laser beam when passing through the
SMF, each peak is raised with a specific power and
located at a specific wavelength.
These additional output laser peaks are reflecting
the effect of nonlinear dispersion of SMF on the
present experiment, which they were formed as a
result of the wavelength shift occur in the input laser
of 1550nm wavelength due to Raman scattering
happen in the WDM. Where, it noticed that the
amount of this wavelength shift was in between
(1547-1552nm). The relation between the output
powers versus input power showed a direct
relationship between the output and input powers.
The average efficiency that represents the ratio
between the outputs to the input powers was found
equal to 32.36% at SMF dispersion length (LF)
0.2km, which may be varied with the variation of the
SMF length. Table (2) presents the efficiency of the
SMF based experiment with the variation of the SMF
length from 0.2-1km when the input power is fixed
at (100w, 120w, 140w, 160w, 180w, 200w), this
achieved efficiency is shown in Figure (8). It is
noticed that the efficiency decreases with increasing 53
the length LF of the used fiber, where the average
efficiency was computed to be equal to 25.121%.
Table 2. Efficiency versus length of SMF at different input powers
Pin (W) LF (Km) Pout (W) Pout (dB) Eff %
0.2
32.36
15.01
32.36
0.4
32.06
15.05
32.06
100
0.6
31.77
15.02
31.77
0.8
31.48
14.98
31.48
1
31.19
14.94
31.19
0.2
35.892
15.549
29.91
0.4
35.852
15.545
29.87
120
0.6
35.812
15.540
29.84
0.8
35.772
15.535
29.81
1
35.732
15.530
29.77
0.2
36.562
15.630
26.11
0.4
36.522
15.625
26.08
140
0.6
36.482
15.620
26.05
0.8
36.442
15.616
26.03
1
36.402
15.611
26.00
0.2
37.142
15.698
23.32
0.4
37.102
15.693
23.18
160
0.6
37.062
15.689
23.16
0.8
37.022
15.684
23.13
1
36.982
15.679
23.11
0.2
37.653
15.757
20.91
0.4
37.613
15.753
20.89
180
0.6
37.574
15.748
20.87
0.8
37.533
15.744
20.85
1
37.493
15.739
20.82
0.2
38.110
15.810
19.05
0.4
38.071
15.805
19.03
200
0.6
38.031
15.685
19.01
0.8
37.990
15.796
18.99
1
37.951
15.792
18.97
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(A) PIN = 100 W (B) PIN = 120 W
Figure 8. Efficiency of the proposed SMF based Raman Scattering experiment with the variation of SMF Length at (100w, 120w, 140w, 160w, 180w,
200w) input powers
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(c) Pin = 140 W (d) Pin = 160 W

(e) Pin = 180 W (f) Pin = 200 W
Figure 9. Optical spectrum of the proposed SMF based Raman Scattering experiment at input laser = 100W
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(a) Before using SMF

(b) After using SMF

Power (dBm)

Figure 10. Optical spectrum of the proposed SMF based Raman Scattering experiment at input laser = 120W
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Wavelength (µm)

(a) Before using SMF

(b) After using SMF

Power (dBm)

Power (dBm)

Figure 11. Optical spectrum of the proposed SMF based Raman Scattering experiment at input laser = 140W

Wavelength (µm)

Wavelength (µm)

(a) Before using SMF

(b) After using SMF

Figure 12. Optical spectrum of the proposed SMF based Raman Scattering experiment at input laser = 160W
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Wavelength (µm)
(b) After using SMF

Wavelength (µm)

(a) Before using SMF

Figure 13. Optical spectrum of the proposed SMF based Raman Scattering experiment at input laser = 180W
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Wavelength (µm)
(a) Before using SMF

Wavelength (µm)
(b) After using SMF

Figure 14. Optical spectrum of the proposed SMF based Raman Scattering experiment at input laser = 200W

SMF with FBG Based Design Results
Throughout the use of the second experiment
design, Raman scattering was shown arise because
of the interaction between the light and vibrational
modes of medium's molecules, which is regarded as
a light scattering from optical phonons. In order to
notice the effect of FBG on the Raman scattering, the
input power was set to be varied from 100-200W,
which prepare to study the measured output power
and efficiency of the experiment system. Table (3)
presents the adopted values of power input and
measured power output that determine system
efficiency. In such case, the measured attenuation of
the SMF was 25dB and the dispersion value was
16.75ps/nm/km. The used laser provided the signal
with a line width of approximately 0.8nm. The laser
wavelength was in between (1548-1552nm) was
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gave a maximum output power of 161.1W.
(22.07dB) at 200W (23.01dB) input power.
Table 3. Efficiency versus input power of FBG based system

Pin (W)
100
120
140
160
180
200

Pin (dB)
20
20.79
21.46
22.04
22.55
23.01

Pout (W)
80.56
96.66
112.84
128.89
145.04
161.10

Pout (dB)
19.06
19.85
20.52
21.10
21.61
22.07

Eff %
80.56
80.55
80.60
80.56
80.58
80.55

Figures (16-21) show the optical spectrum of the
proposed FBG based Raman scattering experiment
for the considered input powers: 100-200W for both
cases: before and after using FBG. The behavior of
such optical spectrum before using FBG given in
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(16-21.a) are shown as aligned peaks, where it
appears that the shape of the spectrum contains
small adjacent peaks that begin to grow until the
wavelength of the input laser source is reached, at
which point the peak is large, high powered, and can
be observed between other adjacent peaks. The
spectrum behavior in the output power increasing
region is concave with an exponential increase. As
the wavelength advances, the amount of the peaks
spectrum gradually decreases until it reaches the
lower level, then it starts increasing again until it
reaches the value of the power of the second input
laser. Thus, the output power spectrum of the
system continues with the wavelength amounts
until the end of the used wavelength range.
Whereas, the behavior of the output optical
spectrum after FBG is given in (16-21.b) are also
shown as aligned peaks representing the power
distribution along the grating within 1546-1555nm
wavelength. The generic behavior of such case is
similar to that before using FBG except the rising
interval; where the behavior of the spectrum in this
case is convex in the region of the output power
increasing. During the passage of the laser in the
FBG, there were a small number of reflections that
occurred whose spectrum had been recorded as
given in the figure (16-21.c), the behavior of such
reflections is similar to that after using FBG.
Figures (16-21.d and e) show the optical spectrum
using the considered input powers: 100-200W for
both cases: before and after using FBG. It is
noticeable that the behavior of the output power
before using FBG became different from that given
in Figures (9-14) for same dispersion length of fiber,
this behavior was look like that given in Figures
(16-21.a) that greatly affected by the FBG. Whereas,
the spectrum behavior of the output power after
SMF was shown contain dense aligned peaks comes
from multiplication occur due to summing the total
reflected beams in the SMF with that reflected from
FBG. Thus, values of such peaks appeared clearly
along the considered wavelength.
This represents a positive case that can be exploited
to obtain amplified signals. Where at 100W input
power, the generated peaks were located at the
wavelengths: 1548.51nm, 1549.31nm, 1550.116nm,
1550.91nm, 1551.72nm, and 1552.52nm, these
peaks are called Raman shifts and represented the
Stocks and Anti-Stocks signals, these shifts were
about 0.5nm. It is found that the change of the input
power does not affect the locations of peaks (with
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same shift), but it just affect the output power and
then efficiency of the system directly. Thus, the
average value of the efficiency was found about
80.566%, which is sufficient to achieve greater
number of output signals, which indicates that the
use of FBG in the SMF laser system leads to increase
the efficiency of that system. Table (4) presents the
efficiency of the SMF with FBG based experiment
with the variation of the SMF length from 0.2-1km
when the input power is fixed at (100w, 120w,
140w, 160w, 180w, 200w), this achieved efficiency
is shown in Figure (15). It is noticed that the
efficiency decreases with the increase of the length
(LF) of the used fiber, where the average efficiency
was computed to be equal to 38.359 %.
Table 4. Efficiency versus length of SMF at different input powers
SMF+FBG

Pin (W) LF (Km)
0.2
0.4
100
0.6
0.8
1
0.2
0.4
120
0.6
0.8
1
0.2
0.4
140
0.6
0.8
1
0.2
0.4
160
0.6
0.8
1
0.2
0.4
180
0.6
0.8
1
0.2
0.4
200
0.6
0.8
1

Pout (W)
80.23
76.48
72.87
69.63
66.45
53.61
48.06
45.23
41.44
39.19
54.28
50.00
48.78
45.76
43.10
54.86
52.65
49.76
46.54
43.76
55.40
53.53
50.60
48.67
45.99
55.88
53.02
50.51
48.38
45.93

Pout (dB)
19.04
18.83
18.62
18.02
18.22
17.292
16.817
16.554
16.174
15.931
17.346
16.989
16.882
16.604
16.344
17.392
17.213
16.968
16.678
16.410
17.432
17.285
17.041
16.872
16.626
17.468
17.244
17.033
16.846
16.620

Eff %
80.23
76.48
72.87
69.63
66.45
44.67
40.05
37.70
34.53
32.65
38.77
35.71
34.84
32.68
30.78
34.28
32.90
31.10
29.08
27.35
30.77
29.73
28.11
27.03
25.50
27.94
26.51
25.25
24.19
23.00
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Figure 15. Efficiency of the proposed SMF with FBG based Raman scattering experiment with the variation of SMF Length (100w, 120w, 140w,
160w, 180w, 200w) input powers

Wavelength (µm)
(a) Before using FBG by OSA1
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Figure 16. Optical spectrum of the proposed SMF with FBG based Raman Scattering experiment at input laser = 100W
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(a) Before using FBG by OSA1
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Figure 17. Optical spectrum of the proposed SMF with FBG based Raman Scattering experiment at input laser =120W
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Figure 18. Optical spectrum of the proposed SMF with FBG based Raman Scattering experiment at input laser = 140W.
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Figure 19. Optical spectrum of the proposed SMF with FBG based Raman Scattering experiment at input laser = 160W
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Figure 20. Optical spectrum of the proposed SMF with FBG based Raman Scattering experiment at input laser = 180W
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Wavelength (µm)
(e) After using SMF by OSA
Figure 21. Optical spectrum of the proposed SMF with FBG based Raman Scattering experiment at input laser = 200W

Conclusions
It can be concluded that the laser system based on
Raman scattering and containing FPG after SMF is
capable to be used in the signal generating that is
used in communications systems. The peaks of the
output laser were formed as a result of shifting the
wavelength of the input laser due to Raman
scattering happen in the WDM. Raman shift was
about 0.5nm; it causes to change the output power
and system efficiency directly. The use of FBG leads
to an increase in the efficiency of the laser system,
while the increase of the dispersion length of SMF
leads to a negative effect on the system efficiency. It
is found that the best value of the SMF of Ramman
scattering based communication system through
C-band was 0.2km. Moreover, the best input power
that makes the communication system enjoyed
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more stability and higher efficiency was 100W,
where the efficiency was approaching 80.56%.
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