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Abstract— In a discrete Raman fiber amplifier, the gain depends strongly on the difference between the pump and signal wave lengths. One of 
the major attractive characteristics of Raman amplification is that, it can be used over a very wide wavelength range by multiplexing different 
wavelengths together. This paper describes the net gain of the discrete Raman amplifier (DRA) as a function of the fiber length at different pump 
configurations: forward pumping (co-pumping), backward pumping (counter-pumping) and bidirectional pumping. Also, input pump power as 
function of span length is presented. The signal and pump wavelengths are, respectively, 1550 nm and 1450 nm. 

  
Index Terms—Discrete Raman Amplifier (DRA), Net Raman Amplifier Gain, Bidirectional Pumping, Counter pumping. 

——————————    —————————— 

1  INTRODUCTION 

he most important feature of fiber Raman amplifier is 
the stimulated Raman scattering, which is essentially 
based on Raman effect discovered by C.V. Raman in 

1928. He noticed the appearance of additional spectral 
lines after a monochromatic light passed through 
transparent materials [1]. 

In the elastic scattering, both the incident light 
frequency and the scattered light frequency are the same 
as in Rayleigh scattering, while for the inelastic scattering 
a portion of the scattered light appears at a different 
frequency from the incident light frequency, as it is in the 
Raman scattering and the Brillouin scattering. It was due 
to the fluctuations of the material atoms or molecules from 
their normal state that influenced this scattering. The 
interaction between photons and the material molecules 
results in the energy transfer. This energy conversion 
occurs when a photon undergoes an inelastic collision 
with a molecule and energy is obtained from the material 
[2-4]. 

In the inelastic scattering process, the energy of the 
incident particle is lost or gained. When a photon is the 
incident particle, the inelastic scattering process is called 
Raman scattering. 

Raman amplification exhibits the advantage of self phase 
matching between the pump and signal together with a 
broad gain bandwidth and high speed response in 
comparison with the other nonlinear processes [5]. There 
are two types of Raman amplifiers: discrete Raman 
amplifier (DRA) and distributed Raman amplifier. The 
distributed type utilizes a transmission optical fiber as an 
active medium [6]. If the amplifier is contained in a box at 
the transmitter or receiver end of the system, it will be 
called a discrete Raman amplifier. 

1.2   DRA Pumping Configurations  

The basic configuration of discrete DRA is represented in 
Fig. 1. It generally comprises a gain fiber, a directional 
coupler for combining the pump and the signal 
wavelength, and isolators at the input and output ends. 

 

 
Fig. 1. Schematic of an optical communication system employing 
Raman amplification [7]. 

 
There are three pumping schemes: 

1. Co-pumping, or Forward-pumping, where both 
signal and pump are propagating in the same 
direction. 

2. Counter-pumping or Backward-pumping, where 
signal and pump are propagating in opposite 
directions. 

3. The bidirectional pumping which includes both 
the co-pumping and counter-pumping, 
simultaneously. 

The paper is organized as follows, the mathematical 
model of net gain of DRA for different pumping 
configurations are presented in Sec. 2. Section 3 displays 
and discusses the obtained results, based on the described 
model This is followed by the main conclusions in Sec. 4. 

2  MATHEMATICAL MODEL 

2.1 Using Single-Pump 

The evolution of the signal pump power, PS, and the pump 
power, PP, propagating along the optical fiber can be 
quantitatively described by the following propagation 
differential equations [7], [8] 
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where gR(W−1.m−1) is the Raman gain coefficient of the 
fiber, normalized with respect to the effective area of the 
fiber, Aeff. s and p are the attenuation coefficients at the 
signal and pump wavelengths, respectively, ωs and ωp are 
the angular frequencies of the signal and pump. The signs 
of "+" or "–" correspond to forward and backward 
pumping. 

Equations (1) and (2) show that the signal receives a gain 
proportional to the pump power with a proportionality 
constant given by the Raman gain efficiency. It has a loss 
due to the attenuation of optical fiber. At the same time, the 
pump power receives a loss due to the energy transfer to the 
signal and the attenuation of optical fiber. 

Since PP >> PS, the first term in Eq. (1) is negligibly low 
compared with the second and therefore, its influence can 
be neglected. So, Eq. (1) can be solved by integrating both 
sides. 

This equation can be easily integrated to obtain [9]: 
 

                                             (3) 

where P0 is the pump power at Z= 0,  G(L) is the net 
signal gain, L is the amplifier length and Leff is an effective 
length defined as: 

 

        
     

     

 

 

    
            

  
 

  (4) 

     
            

  
 

 (5)                                

When using forward pumping, the pump power can be 
expressed as 
 

                     (6)                                               

In the backward pumping, the pump power is  
 

                         (7) 

where PP(0) is the value of the pump power at Z = 0.                           
 

In the general case, when a bidirectional pumping [10] is 
used (0.0 < S < 1.0), the laser sources work at the same 
wavelength and at different pump power. Therefore, to 

calculate the pump power at point Z, one can use 
 

                       

                         (8)                                            

If the values of pp are substituted in Eq. (2) and then 
integrating from 0.0 to L, the signal power in the forward 
and the backward pumping can be written, respectively, as 
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where Gf and Gb are the net gain of the forward and the 
backward pumping. 

The net gain is one of the most significant parameters of 
the DRA. It describes the signal power increase at the end of 
the transmission span and presents the ratio between the 
amplifier accumulated gain and the signal loss. It can be 
simply described by [11] 
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(12) 

It is useful to introduce the concept of the amplification 
factor, GA, using the following definition [7] 
 

   
                  

                  
                

    (13) 

3 RESULTS AND DISCUSSION 

3.1 Validation 

Figure 2 shows the variation of GA with pump power 
P0. The amplification factor GA increases with P0, as 
predicted by Eq. (13), but starts to deviate for P0 > 1 W. 
This is due to gain saturation occurring because of pump 
depletion. This is in a fair agreement with the data found 
in Ref. [9].  
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Fig. 2. Variation of the amplifier factor, GA, with pump power P0. 

 

 
We observe from Fig. 3 that, in forward pumping the 

pump power decreases exponentially versus span length, 
but in backward pumping the pump power increases 
exponentially versus span length. 
 

 
Fig. 3. Variation pump power versus span length. 

 

In Figure 4, the simulations are accomplished with the 
main pumping schemes forward, backward and 
bidirectional versus span length. 

As predicted by Eq. (10), Eq. (11) and Eq. (12) when  
(S = 0) Ppf is equal to zero and Ppb is equal to 100%, which 
gives higher gain. This case is called backward pumping. 

Also, we observe that, when (S = 0.5), Ppf is equal to 50% 
and Ppb is equal to 50%, which gives a lower gain .This 
case is called bidirectional pumping. 

When (S = 0.75) Ppf is equal 75% and Ppb is equal 25%, 
resulting in higher gain than bidirectional pumping. 

 

 
Fig. 4. Net gain versus span length in several pumping regimes. 

 

 

Figure 5 presents the three cases of pumping within  
S = 0, S = 0.5 and S = 0.65. 

 

 
Fig. 5. Net gain versus span length for several pumping schemes. 

 
In backward pumping, the higher gain occurs when (S = 

0) and in bidirectional pumping, it occurs at (S = 0.5).  
Based on the mathematical model, when (S = 0), Ppf  

equals zero and Ppb  equals 100%, which gives a higher 
gain in the backward pumping , as shown in Fig. 6. When 
(S = 0.5, bidirectional pumping) Ppf equals 50% and Ppb 
equals 50%, which gives a lower gain than backward 
pumping. 
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Fig. 6. Net gain versus span length for different values of S for the 

different pumping schemes. 

 

When (S = 0.10) Ppf equal 10% and Ppb equal 90% which 
give a lower gain than bidirectional pumping and 
backward pumping as indicated in Fig. 6.  
 

 
Fig. 7. Net gain versus span length for different values of S for the 

different pumping schemes. 

 
Figure 7 shows that, (S = 0) Ppf equals zero and Ppb  

equal 100% which give a higher gain so, this case called 
backward pumping and equals 102 dB. 

 When (S = 0.5) Ppf  equal 50% and Ppb  equal 50% which  
give a lower gain than backward pumping, this case called 
bidirectional pumping. 

The case of forward pumping was reached when (S = 1) 

Ppf  equal 100% and Ppb  equal zero which give the lowest 

gain than bidirectional pumping and backward pumping 

Fig. 7.  
 

 

 
Fig. 8. Net gain versus span length for different values of S for the 

different pumping schemes. 

 
When (S = 0.90) Ppf equals 90% and Ppb equal 10% 

which give the lowest gain, when (S = 0.80) Ppf equal 80% 
and Ppb equal 20% which gives a higher gain than previous 
case, when (S = 0.70) Ppf  equal 70% and Ppb  30% which 
give the highest gain of these cases Fig. 8. 

4 CONCLUSION 

In this study, we described the net gain of DRA as a 
function of fiber length at different pump configurations: 
forward pumping (co-pumping), backward pumping 
(counter-pumping) and bidirectional pumping. 

We studied the important parameters representing the 
net gain of discrete Raman amplifiers as a function of 
different fiber length which gives the highest and lowest 
gain. The simulation has been done by using matlab 7.0 
software simulations at the signal and pump wavelengths 
1550 nm and 1450 nm, respectively.  

Finally, we reach the maximum Raman gain which 
equal 102 dB when (S = 0) counter pumping and minimum 
Raman gain which equal 10-2 dB when (S = 1) Co-
pumping. 

We reached a lower gain in case of forward pumping, a 
higher gain in backward pumping and a medium gain in 
bidirectional pumping. 
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