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Abstract: Optical amplifiers have made a great achievement and a huge revolution in the world of optical 

communications, backward pump Raman amplifier suffers from decrease in gain. The main objective of this paper 

is to solve the problem of decrease that occurs in gain of backward pumped Raman amplifier.To solve this 

problem, models of two of backward pumped Raman amplifiers are used in a cascaded form to overcome the 

attenuation in gain. We present the results in the case of using one backward pumped Raman amplifier compared 

to the model that we designed to show the difference between the using one backward pumped Raman amplifier 

and two backward pumped Raman amplifiers. Three types of fibers with different gain parameters are used. We 

have obtained maximum gain 27.8989 dB for Truewave fiber type. 
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1.Introduction 

The optical amplifier has played a critical role in 

the telecommunication revolution that has begun 

two decades ago. Multi-wavelength pumped 

Raman amplifiers (RAs) have attracted more and 

more attention in recent years [1]. This type of 

amplification is widely used for high capacity 

long distance wavelength division multiplexing 

(WDM) transmission systems. was used. RAs 

are used it in many ultra-long haul dense WDM 

(DWDM) transmission systems [2]. RA supports 

high bit rate data transmission over long fiber 

spans, due to its advantages such as proper gain 

and optical signal to noise ratio (OSNR) [3]. In 

addition, it can be used for increasing the 

bandwidth of erbium doped fiber amplifiers 

(EDFAs) in hybrid systems [4].  

Another important feature of RAs is its gain 

bandwidth, which is determined by pump 

wavelength. Usually, multi-wavelength pumping 

scheme is used to increase gain flattening and 

bandwidth for WDM transmission systems with 

high capacity. Other noise sources, such as the 

relative intensity noise (RIN) transmission, are 

minimized in backward pumped fiber RAs [5]. 

Raman amplification is based on stimulated 

Raman scattering (SRS),the non-linear effect in 

fiber optical transmission that results in signal 

amplification if optical pump waves with the 

correct wavelength and power are launched into 

the fiber [6]. One of the most recent and 

interesting developments is the constructive 

usage of the so-called optical amplifier Raman 

effect[4]. To achieve signal amplification, RA 
Received:27 October, 2020, Accepted:28 October, 2020 

 uses the intrinsic properties of silica fibers. This 

means that the fiber of transmission can be used 

as an amplifier, and therefore the internal 

attenuation of data signals transmitted over the 

fibers within the fibers can be combated. The 

amplifier operating on this principle is known as 

the Distributed Raman Amplifier (DRA). The 

physical property behind DRAs is SRS. This 

occurs when a sufficiently large pump is co-

launched at a lower wavelength than the signal 

to be amplified. Raman gain depends strongly on 

the pump power and the frequency offset 

between pump and signal. Amplification occurs 

when the pump photon gives up its energy to 

create a new photon at the signal wavelength 

plus some residual energy, which is absorbed by 

the phonons (vibrational energy). When building 

DRAs designers face the question of using 

forward or backward pumping (or even both) 

with respect to signal propagation. The 

backward pumping scheme is most commonly 

used as it offers several   advantages. Pump 

noise greatly affects WDM signals that should 

be amplified by applying forward pumping as 

the Raman cycle is almost instantaneous [7, 

8].When the Raman pump wave has slight 

fluctuations in random power at the right time, 

which is always the case, individual bits may be 

differentially amplified, resulting in volatility or 

amplitude fluctuations. If it is backward 

pumped,the amplitude fluctuations will be 

averaged out [9]. 

The paper is organized as follows: Basic model 

and analysis in Sec. 2. Proposed model in Sec. 3. 

Results and discussion are shown in sec. 4, 
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followed by the conclusion in Sec. 5.The main 

objective of this paper is to solve the problem of 

attenuation that occurs in gain of backward 

pump RA. The design model of backward pump 

RA improves the attenuation gain, where two of 

pump RAs are used in a cascaded form to 

compensate and reach high gain.And we 

succeeded to get a gain with minimum 

attenuation; the parameters that affect the Raman 

gain of RA are investigated for three different 

types of fiber. 

 

1. Basic Model and Analysis   

A backward fiber RA system scheme is shown 

in Fig.1. When the pump energy propagates in 

the direction of the signal, it is called the co-

pumping or front pumping scheme, and when 

the pump moves in the opposite direction, it is 

called counter-pumping or backward pumping. 

The pump power marked as PSis placed at the 

end of the transfer period and is switched in the 

center of silica fibers using optical couplers [10-

12]. 

 

 
Fig. 1BackwardpumpRaman amplifier system scheme[11]. 

 

The fiber signal propagates in the fiber using the 

power signal according to a differential equation. 

This equation not only describes the attenuation 

of the signals due to propagation, but, also the 

power transmission from the power signal as 

follows [13-16] 

 

±
∂P𝑟

∂Z
= −

𝜔𝑟

𝜔𝑖

𝐺𝑅𝑃𝑟𝑃𝑖 − 𝛼𝑟𝑃𝑟                             (1) 

 
∂P𝑖

∂Z
= 𝐺𝑅𝑃𝑟𝑃𝑖 − 𝛼𝑖𝑃𝑖                                             (2) 

 

Where GR is the Raman gain coefficient 

associated with the fiber type (W-1.m-1), αi and αr 

are the attenuation coefficients associated with 

the optical signal and the pumping power, 

respectively, ωiandωrare the angular frequencies 

of the optical signal and the pumping 

power,respectively [5]. 

The pump power at point z,Pr, is defined by 

 

Pr(Z) = SPr(0). e−αrZ(1−s)  

= Pr(0). e−αr(L−Z)                                                      (3) 

 

If Pr values are substituted in Eq. (2), and are 

combined from 0 to L for the signal power at the 

forward and back pump, this yields [17-19]: 

 

P𝑖(Z) = Pi(0). e
(GRP0(

(1−exp(−αrZ))

αr
)−αiZ)

 
= GF. Pi(0)                            (4) 

 

P𝑖(Z)  = P𝑖(0). e
(GRP0(

exp(−αrL)(1−exp(−αrZ))

αr
)−αiZ)

= GB. P𝑖s
(0)                                                        (5) 

 

Where GF, GBare the gain for forward and 

backward pumping, respectively, PO is the pump 

power at the end of the input, αi and αr are the 

linear signal and pump energy attenuation 

coefficients in the optical fibers expressed as 

[20, 21]: 

 

𝛼𝑖,𝑟 = 𝛼
4.343⁄                                                      (6) 

 

where α is the attenuation coefficient in dB/km. 

 

2. Proposed Model 

A typical DRA scheme using twoRAs with 

backward pumpingin a cascaded form to boost 

the Raman is shown on Fig. 2.  

The marked pump sources PS1 and PS2are placed 

at both ends of the transfer period and their 

strength is changed in the center of silica fibers 

using optical couplers. 

 

 
Fig. 2 Design model of two amplifiers are cascaded. 

 
The overall gain of the RA can be obtained from 

Eqs.(4) and (5) by using two Raman pump 

amplifiers in a cascaded form to enhance the 

Raman gain which can be expressed as: 

 

𝐺𝑇 =  
𝐺𝐵

𝑖(𝐺𝐵)
                                                          (7) 

 

where GTis the total gain of backward pump RA 

and i, indicates the number of units from 

backwardpumpedRA then, 
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𝐺𝑇

= 𝑒𝑥𝑝 [gR𝑃0  ×  
exp(−𝛼𝑃𝐿1)(exp(𝛼𝑃 𝑧) − 1)

𝛼𝑃

− 𝛼𝑆𝑍]

/ 𝑒𝑥𝑝 [gR𝑃0  ×  
1 − exp(−𝛼𝑃𝐿2)

𝛼𝑃

− 𝛼𝑆𝑍]   (8) 

 

 

𝐺𝑇

= 𝑒𝑥𝑝 [gR𝑃0 ×
exp(−𝛼𝑃𝐿1)(exp(𝛼𝑃  𝑧) − 1)

𝛼𝑃

− 𝑖(gR𝑃0 ×
exp(−𝛼𝑃𝐿2)(exp(𝛼𝑃  𝑧) − 1)

𝛼𝑃

)] (9) 

 

𝐺𝑇 = 𝑒𝑥𝑝[gR𝑃0  ×  (𝑊 − 𝑖(gR𝑃0 × 𝐻)]      (10) 

 

where; 

 

𝑊 =
exp(−𝛼𝑃𝐿1)(exp(𝛼𝑃  𝑧) − 1)

𝛼𝑃

             (11)  

and 

𝐻 =
exp(−𝛼𝑃𝐿2)(exp(𝛼𝑃  𝑧) − 1)

𝛼𝑃

               (12)  

 

The signal power at the output of the amplifier is 

determined by [22]: 

 

𝑃𝑖(𝐿) = 𝑃𝑖(0) exp (
𝑔0 𝑃0𝐿

𝐴𝑒𝑓𝑓

− 𝛼𝑖𝐿)               (11) 

 

The effective length, Leff, is the length at which 

nonlinear effect or SRS still occurs in fibers and 

is defined as 

 

Leff =
1 − exp (−αrL)

αr

                                      (12) 

 

The amplifier gain defined as the power signal 

ratio with or without Raman amplification is 

therefore obtained by [4] 

 

𝐺𝐴 =
𝑃𝑖

𝑃𝑖(0) exp(−𝛼𝑖𝐿)
(13) 

 

3. Results and Discussion 

The resultsare simulated in two cases:  

Case one:  using one backward pumpedRA. 

Case two: using two backward pumpedRAs in a 

cascaded form. 

The gain and the affecting parameters, in the two 

cases are studied for comparison. 

 

3.1 Relation of Raman Gain on Pump Power 

Figure 2, (a,b)shows the variation of the gain 

with the pump powerfor different types of fibers 

at a constant input power. In this simulation, a 

distance of 80 km is used for three different 

types of fiber and the supplied pump power 

increases from 0 to 2 W. It is clear that, gain of 

FRA linearly increases with pump power.  As a 

result, the gain coefficient increases for high 

pump powers.  In  addition,  a  higher  gain  can  

be  obtained  at  a  longer fiber  with  sufficient  

pumping. 

 

 
Fig. 2a Raman gain against the pumping power for 

different fiber types according to basic model. 

 
Fig. 2b Raman gain against the pump power for different 

fiber types according to proposed system. 

 

Again Raman gain is linearly increased with the 

pump power using both basic model and 

proposed system. 

 

3.2 Raman Gain Fiber Length with 

Specific  pumping Capacity 

In this section, we show the gain variationwith 

the fiber length at different pumpingschemes for 

the three different fiber types (SMF, Freelight 

and Truewave) at a fixed signal input power. 

 

4.2.1 Relation between Raman Gain and 

Fiber Length for SMF Fiber Type with 

different pumping power 

Figure 3, (a, b) show the obtained gain for three 

different pump power levels: 400, 600, 

800mWfor an 80 km fiber length. The results are 

simulated by using one backward pumpedRAand 

using two backward pumpedRA in a cascaded 

form according to the proposed system. 
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Fig. 3 a Raman gain against the fiber length at different 

pump powers for SMF according to basic model. 

 
Fig. 3 b Raman gain against the fiber length at different 
pump powers for SMF according to proposed system. 

 

From obtained result we get gain with minimum 

attenuation from feedback pump Raman 

amplifier. 

 

4.2.2 Relationship between Raman gain and 

Fiber Length for Freelight Fiber Type 

at different pumping power 

Figure (4, b) display the obtained gain at the 

three different pump powers 400, 600 and 

800mWfor a 80 km fiber length, for the two 

mentioned cases. 

 
Fig. 4 a Raman gain against the fiber length at different 

pump powers for Freelight according to basic model. 

 
Fig. 4 b Raman gain against the fiber length at different 

pump powers for Freelight according to proposed system 

 

The result simulated by using of two cases:  

Case one:  using one feedback pump Raman 

fiber amplifier according to basic model and 

analysis as show in figure 4, a in this case 

attenuation in gain is appeared. 

 

Case two: using of two feedback pump Raman 

fiber amplifiers in cascaded form according to 

the proposed system in this case gain without 

attenuation as show in figure 4, b. 

 

4.2.3 Raman gain Against Fiber Length at 

different pumping power for 

Truewave Fiber Type 

Figure (5, b) the obtained gain from an amplifier 

for three different pump powers400, 600 and 

800mW are given for a 80 km fiber length. 

 
Fig. 5 a Raman gain against the fiber length at different 

pump powers for Truewave according to basic model. 

 
Fig. 5, b Raman gain against the fiber length at different 

pump powers for Freelight according to proposed system. 
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By compare the obtained results in figure 5, a, 

and figure 5, b we get attenuation in occurs in 

case of basic model but in case of proposed 

system the gain without attenuation.  

 

4.3 Relationship between Raman Gain and 

Fiber Length 

The variation of the gain with the fiber length of 

the three different fiber types (SMF, Freelight 

and Truewave) is investigated as follows. 

 

4.3.1Relationship between Raman Gain and 

Fiber Length at 800mW Pumping 

Power for Different Fiber Types  

Figure 6(a, b) shows a comparison between three 

different fiber types (SMF, Freelightand 

Truewave) at different Raman gain coefficients, 

fixed signal input power and 800mW stationary 

pump power. 
 

 
Fig. 6 a Raman gain against the fiber lengthfor different 

fiber types at 800mW pump power according to basic 

model. 

 
Fig. 6 b Raman gain against the fiber length for different 

fiber types at 800mW pump power according to proposed 

system. 

 

It clear from comparison between figure 6, a, 

and figure 6, b the attenuation in gain appears in 

case of basic model but doesn't appearsin 

proposed system design. 

 

4.4 Output Power Signal Characteristics for 

Backward Pumping 

This section describes how the output signal 

power varies with the fiber length of the 

different pump and the fiber span of 80 km at a 

fixed signal power, –5 dBm, applied to the three 

fiber types. 

 

4.4.1 Output Signal Power Characteristics for 

800mWBackward Pump Power 

Figure 7(a, b) show output signal power versus 

fiber length at pump power of  800 mW and a 

fixed signal power, -5 dB, for the three fiber 

types. 
 

 
Fig. 7aOutput signal power against fiber length at 800mW 

pumping power and -5dBm input signal power according 
to basic model. 

 
Fig. 7 b Output signal power against fiber length at 

800mW pumping power and -5dBm input signal power 

according to proposed system. 

 

From Fig. 7the proposed system is better 

performance than the basic model in terms of 

attenuation. 

 

4.5 Relation between the Effective Length 

and Fiber Length for Different Fiber 

Types 

In this section, we study the variation of 

effective length with fiber length for the three 

different fiber types (SMF, Freelightand 

Truewave) having different Raman gain 

coefficients as shown in Fig. 8. 
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Figure 8 Relation between the Effective Length and Fiber 

Length for Different Fiber Types 

 

From Fig.8, the effective length increases with 

fiber length linearly for three different fiber 

types, and then it tends to saturation at around 

50Km. 
 

5 Conclusion 

We design a model of two of backward pumped 

Raman amplifiers are used in a cascaded form to 

overcome the attenuation in gain. The result of 

proposed system design gives gainwithout 

attenuation of distributed backward pumpedRA 

and solves the problem of attenuation that occurs 

in gain of backward pumped RA. From study we 

obtained the main numerical values as in table 1. 

 
Table 1, Comparison between different fibers and maximum 

gain 
Type of 
Fiber 

Maximum gain 
(gmax) 

for one backward 

pumped Raman 
amplifier 

Maximum gain 
(gmax) for two 

backward pumped 

Raman amplifier 

SMS gmax= 7.9084 dB 

at L= 80 km and 

Pp= 800 mW 

gmax= 16.9819 dB 

at L= 80 km and 

Pp= 800 mW 

Freelight gmax= 15.0785 dB 

at L= 80 km and 

Pp= 800 mW 

gmax= 21.8339 dB 

at L= 80 km and 

Pp= 800 mW 

Truewave gmax= 24.3060 dB 
at L= 80 km and 

Pp= 800 mW 

gmax= 27.8989 dB 
at L= 80 km and 

Pp= 800 mW 
 

 

We also simulate and analyze the parameters 

that affect the Raman gain of fiber Raman 

amplifier for three different types of fiber. The 

gain depends heavily on the length of the fiber 

and the pumping power, according. 
 

References 
1- J. Nagel, V. Temyanko, J. Dobler, E. Dianov, A. 

Sysoliatin, A. Biriukov, R. Norwood, and N. 
Peyghambarian, “Narrow Linewidth Continuous 

Wave Fiber Raman Amplifier for Remote 

Sensing of Atmospheric O2 at 1.27 μm,” 
Technical Digest FILAS, 22(2), 16-17, 2011. 

2- J. Nagel, V. Temyanko, J. Dobler, E. Dianov, A. 

Sysoliatin, A. Biriukov, R. Norwood, and N. 
Peyghambarian, “High Power, Narrow Linewidth 

Continuous Wave Raman Amplifier at 1.27 μm,” 

IEEE Photonics Technology Letters, 23(9), 1-3, 
2011. 

3- Fathy M. Mustafa, Ashraf A. Khalaf and F. A. El-

Geldawy, “Improvement the Flatness, Gain and 

Bandwidth of Cascaded Raman Amplifiers for 

Long- Haul UW-WDM Optical Communications 

Systems,” International Journal of Computer 
Science Issues, 8(6), 377-384, 2011. 

4- M. Wasfi, “Optical Fiber Amplifiers Review,” 
International Journal of Communication 

Networks and Information Security, 1(1), 42-47, 

2009. 
5- Mohamed M. E. EL-Halawany, “Efficient Raman 

Amplifiers within Propagation and Multiplexing 

Techniques for High Capacity and Ultra Long 
Haul Transmission Systems,” International 

Journal of Computer Science and 

Telecommunications, 2(3), 16-24, 2011. 
6- Clifford Headley and GovindAgrawal, "Raman 

Amplification in Fiber Optical Communication 

Systems", Academic Press, 1St edition, 2004.  

7- A.N.A. Mohammed, M.M.E. El-Halawany, A.N. 

ZakiRashed and M.M. Eid “Recent Applications 

of Optical Parametric Amplifiers in Hybrid 

WDM/TDM Local Area Optical Networks,” 

International Journal of Computer Science and 

Information Security, 3(1), 14-24, 2009.  

8- J.W. Nicholson, “Dispersion Compensating 

Raman Amplifiers with Pump Reflectors for 

Increased Efficiency,” Journal of Lightwave 

Technology, 21(8), 1758-1762, 2003.  

9- M.C. Fugihara, A.N. Pinto, “Low-Cost Raman 

Amplifier for CWDM Systems,” Microwave and 

Optical Technology Letters, 50(2), 297-301, 

2008.  

10- Ahmed H. Toeima and Moustafa H. Aly," Gain 

and Noise Performance of Fiber Raman 

Amplifiers", 5th International Computer 

Engineering Conference, December 2009. 

11- Fathy M. Mustafa, Saber H. AbdElbaki and 

Tamer M. Barakat,"Performance of Backward 
Pumped FiberRaman Amplifier with Different 

Fiber Types", International Journal of 

Engineering Trends and Technology (IJETT), 
67(5), 79-84, 2019. 

12- Eman Salah, Fathy M. Mustafa and Adel 

Zaghloul, "Performance Optimization of 
Backward Pumped Fiber Raman Amplifiers", 

International Journal of Research in Engineering 

& Advanced Technology, 7(2), 28-33, 2019. 

13- A. N. ZakiRashed, "New Trends of Forward 

Fiber Raman Amplification for Dense 

Wavelength Division Multiplexing (DWDM) 

Photonic Communication Networks", 

International Journal of Soft Computing, 6(2), 26-

32, 2011. 

14- Felinsky and P.A. Korotkov, “Raman Threshold 

and Optical Gain Bandwidth in Silica Fibers,” 

Journal of Semiconductor Physics, Quantum 

Electronics, and Optoelectronics, 11(4), 360-363, 

2008. 

15- Fathy M. Mustafa, Saber H. A. and Tamer M. B. 

,"Performance of Backward Pumped FiberRaman 
Amplifier with Different Fiber Types," 

International Journal of Engineering Trends and 

Technology, 67(5), 79-84, 2019. 

16- Jordanova LT. and Topchiev VI. “Improvement 

of the Optical Channel Noise Characteristics 

using Distributed Raman Amplifiers,” ICEST, 

12(5), 20-23, 2008. 

17- Er. JyotiDhir and Er. Vivek Gupta," Improvement 

of Gain with Fiber Length and Figure of Merit in 

0 10 20 30 40 50 60 70 80
0

2

4

6

8

10

12

14

16

18

Fiber Length, L, Km

E
ff

e
c
ti
v
e
 L

e
n
g
th

, 
L
, 

K
m

 

 

Freelight

Truewave

SMF



Vol.41, No. 1. January 2022 

 
 

89 
 

Discrete Raman Amplifier", International Journal 

of Engineering & Scientific Research, 2(1), 73-

80, 2014. 

18- Parul Singh, "Analysis of Noise Figure of Fiber 

Raman Amplifier," International Journal of 

Science and Research, 3(8), 997-999, 2014. 

19- Abd El–Naser A. Mohamed, Ahmed 

NabihZakiRashed and Mahmoud M. A. Eid, 

"High Performance Efficiency of Distributed 

Optical Fiber Raman Amplifiers for Different 

Pumping Configurations in Different Fiber Cable 

Schemes", International Journal of Computer 

Science and Network,2(1), 21-43, 2012. 

20- S. Makoui, M. Savadi-Oskouei, A. Rostami, and 

Z. D. Koozehkanani, "Dispersion Flattened 

Optical Fiber Design for Large Bandwidth and 

High Speed Optical Communications Using 

Optimization Technique," Progress In 

Electromagnetics Research B, 13(3), 21-40, 2009. 

21- M. El Mashade, M. B. and M. N. Abdel Aleem, 

"Analysis of Ultra Short Pulse Propagation in 

Nonlinear Optical Fiber," Progress In 

Electromagnetics Research B, 12(3), 219-241, 

2009. 

22- A.  A. Mohammed and A. N. ZakiRashed," 

Efficient distributed Raman gain amplification 

technique in modern metro passive optical 

networks", International Journal of Academic 

Library and Information Science, 1(1), 10-23, 

2013. 


