
Abstract :  A new and complete analysis will be constructed to 
fine tune the Raman Amplifier parameters to obtain minimum 
Noise Fig. (NF). Our approach for work is to simulate Optical 
Fiber Raman Amplifiers and optimize its length to minimize 
noise. The amplified spontaneous emission (ASE) is calculated 
over the operating wavelength. In this paper we have designed 
procedure for selecting the wavelengths and associated power 
of pump used in Raman amplifiers.
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I. Introduction
Raman scattering, especially if it is stimulated, is a very 
important non-linear effect because it affects the SNR in a WDM 
system. The spontaneous Raman scattering was discovered 
by Sir C. V. Raman. Incase of spontaneous Raman scattering, 
a small portion of the incident light is transformed into a new 
wave with lower or higher frequency.  In the early 1970s, Stolen 
and Ippen demonstrated Raman amplification in optical fibers. 
However, throughout the 1970s and the first half of 1980s, 
Raman amplifiers remained primarily laboratory curiosities. In 
the mid-1980s, many research papers elucidated the promise 
of Raman amplifiers, but much of that work was overtaken 
by erbium-doped fiber amplifiers (EDFAs) by the late 1980s. 
However, in the mid to late 1990s, there was a resurgence of 
interest in Raman amplification. By the early part of the 2000s, 
almost every long-haul (typically between 300 and 800 km) 
or ultra-long-haul (typically longer than 800 km) fiber-optics 
transmission system uses Raman amplification. There are 
some fundamental and technological reasons for the interest 
in Raman amplifiers that this project explores.

A. Stimulated Raman Scattering 
Stimulated Raman scattering was first observed in one of the 
early Corning single-mode fibers. It is an example of inelastic 
scattering, which means that the frequency of the scattered 
light is downshifted. The energy difference between incident 
light and the scattered light appears in the form of optical 
phonons. Fig.1 shows an energy level diagram representative 
of the Raman process. Raman scattering process constitutes 
a loss mechanism for optical fibers. However, the scattering 
cross section is sufficiently small that loss can be ignored at 
low power levels.

Fig. 1 : Energy level diagram representative of the Raman 
process.

B. Fiber Raman Amplifiers
In fact, SRS is a nonresonant nonlinear phenomenon that does 
not require population transfer among energy levels. The pump 
and the signal beams at frequencies   and   are injected into 
the fiber through a WDM fiber coupler. The energy is transferred 
from the pump beam to the signal beam through SRS as the two 
beams co propagate along the fiber. Fig.2 shows schematically 
a fiber Raman amplifier.

Fig. 2 : Schematic of a fiber-based Raman amplifier in the 
forward-pumping configuration

C. Gain Saturation
When a weak signal is launched with a stronger pump, it will be 
amplified due to SRS. In the CW case, the signal amplification 
is described by the following equations[2].

                                            (1) 

                           (2)

pP  and sP  are the powers of waves at frequencies pω  and 

sω . sα  and pα  represent the fiber loss at frequencies pω  

and sω . Rg  stands for the Raman gain coefficient in a fiber. 

effA  is the effective core area of the pump. 
Effective area for Raman gain is determined by mode size and 
the overlap between pump and Stokes modes, and defined 
as [6]:
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Where SP ΨΨ ,  represent the mode fields at the pump and 
Stokes wavelengths. Since the pump supplied energy for signal 
amplification, it begins to deplete as the signal power increase. 
Let us first consider small-signal amplification. In this case, 
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pump depletion can be neglected (the last term in Equation 

(2)). By substituting )exp()0()( zPzP ppp α−=  in Eq. (1), 
the signal intensity at the output of an amplifier of length L 
is given by

                  )/exp()0()( 0 LALPgPLP seffeffRss α−=                                   
(4)

where )0(0 pPP =  is the input pump power and effL  is 
defined as

                ppeff LL αα /)]exp(1[ −−=                                       
(5)

Because of fiber loss at the pump wavelength, the effective 
length of the amplifier is less than the actual length L; 

peffL α/1≈  for 1>>Lpα .

D. Sources of noise in Raman Amplifiers
There are several primary sources of noise in Raman amplifiers. 
The first is the double Rayleigh scattering (DRS), which 
corresponds to two scattering events (one backward and the 
other forward) due to the microscopic glass composition non-
uniformity. 
The second source of noise arises from the short upper-state 
lifetime of Raman amplification, as short as 3 to 6 fsec. A third 
primary source of noise in Raman amplifiers is the usual ASE. 
For example, the ASE power spectral density can be written 
as[10]

                                 (6)
and the noise Fig. as

                                   (7)
where N2 is the upper state population and N1 is the lower 
state population. For Raman amplifiers the N2/(N2-N1) term is 
always equal to one, whereas, in EDFAs it is usually greater than 
one. Finally, a fourth source of noise arises from the phonon-
stimulated optical noise created when the wavelength of signal 
is near the pump wavelength. 

II. Results and Discussion

The results of the simulation are in the form of traces of Noise 
Fig. v/s Amplifier length for various values of pump power. 
The Fig. 3  shows Noise Fig. v/s Alphap for various values of 
length at pump loss =0.00345 to 0.0024 db/m. The value of 
noise Fig. decreases with increasing the value of pump loss 
at various length. 
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Fig. 3 : Noise Fig. v/s Alphap (αP) for various values of Amplifier 
length  at pump loss = 0.000345 to 0.0024 db/m

The first trace shows Noise Fig. v/s Alphap for the value of 
pump power=1w at pump loss = 0.000345 db/m. The first 
trace shows that the value of noise Fig. is zero at pump loss 
=0.00345 for  length=0 km . After increasing the length of 
0.150 km and pump loss = 0.000575 db/m the value of noise 
Fig. = 1.3 db.
Here after increasing the length of 0.300 km and pump 
loss = 0.000805 db/m the value of noise Fig. = 2.0 db. 
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Fig. 4 : Noise Fig. v/s Alphap (αP) for various values of Amplifier 
length more than 5 km at pump loss = 0.000345 to 0.0024 
db/m

The Fig. 4 shows the pump supplied energy for signal 
amplification, it begins to deplete as the signal power increase. 
Variations of pump and signal powers along the amplifier length 
can be studied by solving the above two coupled equations. 
It can be seen for that for low values of pump power if the pump 
loss increases still the noise Fig. decreases.
The next sets of traces were obtained to see the effect of gain on 
SNR. Fig. 5 shows the Noise Fig. v/s GainR for various values of 
Amplifier length at pump loss = 0.000345 to 0.0024 db/m.
The value of noise Fig. increases with length and the increase 
is more appreciable for larger values of pump power. 
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Fig.5 : Noise Fig. v/s GainR(gR)for various values of Amplifier 
length at pump loss = 0.000345 to 0.0024 db/m

The third trace shows Noise Fig. v/s GainR for the value of 
pump power=1w at pump loss = 0.000345 db/m. The first 
trace shows that the value of noise Fig. is zero at pump loss = 
0.00345 for length=0 km .
After increasing the length of 0.150 km and pump loss = 
0.000575 db/m the value of noise Fig. =1.5 db. Here after 
increasing the length of 0.300 km and pump loss = 0.000805 
db/m the value of noise Fig. more than  2.0 db.
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Fig. 6 : Noise Fig. v/s Amplifier gain for various values of Amplifier 
length at GainR = 1.02*10-13  to 1.92*10-13 m/w.

Fig. 6 shows when a weak signal is launched with a stronger 
pump, it will be amplified due to SRS. Since the pump supplied 
energy for signal amplification, it begins to deplete as the signal 
power increase. Variations of pump and signal powers along the 
amplifier length. Because of fiber loss at the pump wavelength, 
the effective length of the amplifier is less than the actual length 

L; peffL α/1≈  for 1>>Lpα .

III. Conclusion

It can be seen clearly difference between distributed and a 
discrete Raman amplifier from the Fig. 1.3 to 1.4. After crossing 
the length of around 350 m the value of noise Fig. flattens off 
and reaches a maximum of around 3db and start decreasing 
with increasing the value of pump loss. When we increase 
the value of effective pump area the Noise Fig.s increase 
consistently up to the value 3db when the length of fiber optic 
is 1.45km. It is thus evident from the results for improving the 
noise Fig. of the Raman amplifier it is more effective to keep 
the length of the amplifier short by compromising on the pump 

power loss. The reduction in Noise Fig. cannot be achieved by 
varying the signal of pump wavelengths. 
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