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Abstract
In this paper various configurations of raman amplifier have 
been studied. Hybrid Raman/erbium-doped fiber amplifiers are 
designed in order to maximize the span length and to minimize the 
impairments of fiber nonlinearities. In case A, raman amplification 
is observed on DCF, DS_anomalous fiber and SMF. We observed 
that DS_anomalous fiber gives better results as compared to SMF 
and DCF. In case B, we considered the combined effect of both 
EDFA and SOA on Raman Amplifier and observed that SOA as 
preamplifier and EDFA as post amplifier ( Type I ) configuration  
gives more output power than the configuration having EDFA as 
pre amplifier and SOA as post amplifier ( Type II ) configuration. 
In case C, we explored two configurations for Raman amplifier 
(Preamplifier or Postamplifier) in association with EDFA. We 
observed that Raman Amplifier is more efficient when used as 
preamplifier in association with EDFA. In case D, we explored two 
configurations for Raman amplifier (Preamplifier or Postamplifier) 
in association with SOA. We observed that Raman Amplifier is 
more efficient when used as preamplifier in association with SOA. 
In case E, we observed two configurations in which DCF is used 
as pre and post dispersion compensating fiber in accordance with 
FRA. In precompensation technique the DCF is used prior to FRA 
( Type I ) and in post compensation technique the DCF is used 
after FRA ( Type II ) in a optical system. We observed that DCF 
as pre compensation technique ( Type I ) is better than DCF used 
as postcompensation technique ( Type II ) when length of DCF 
is made equal to FRA length. In case F, we observed that DCF as 
post compensation technique ( Type II ) is better than DCF used 
as precompensation technique ( Type I ) when length of DCF is 
made constant and equal to 30 km for variable FRA  length. The 
results of these configurations are compared by Q graph, BER 
graph, output power graph and eye opening graphs.   
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I. Introduction 
With the increasing demand for transmission capacity on optical 
fiber communication network, Raman amplifiers have been of 
recent research hot topic due to their capability to synthesize a gain 
spectrum with wide bandwidth and multiple pump sources [1-2]. 
Hybrid Raman/erbium-doped fiber amplifiers are designed in order 
to maximize the span length and to minimize the impairments of 
fiber nonlinearities [3]. Dispersion compensated Raman amplifier 
especially has shown significant potential with a high signal gain 
and dispersion compensation of network. In order to get better 
results, the power and wavelength of pump diode with laser power 
should be carefully chosen [4-5]. The pioneer research of FRAs 
[6] faded out right after the invention of EDFAs over 15 years 
ago. However, it has recently made a successful comeback [7-8]. 
The renewed interest on FRA is mainly due to the availability of 
high power compact pump lasers [9] and the superior performance 

of Raman amplification, such as low noise, and suppressed 
nonlinearities performance in transmission systems. Nonlinear 
effects within optical fiber provide optical amplification and this 
is achieved by stimulated raman scattering, stimulated brillouin 
scattering or stimulated four photon mixing, by injecting a high 
power laser beam into undoped or doped optical fiber. Raman 
amplification exhibits advantage of self phase matching between 
the pump and signal together with a broad gain- bandwidth or 
high speed response in comparison with the other nonlinear 
processes [10]. The Distributed type Raman Amplifier (DRA) 
exploits the transmission optical fiber as an active medium [11] 
and in an experimental study, on the performance comparison of 
three different schemes of single pump dispersion-compensating 
fiber (DCF) based Raman/ EDFA hybrid amplifiers with respect 
gain, noise figure, stimulated brillouin scattering induced penalty 
has been studied [12-13].  The DRA improves the noise figure 
and reduce the nonlinear penalty of fiber systems, allowing for 
longer amplifier spans, higher bit rates, closer channel spacing, 
and operation near the zero-dispersion wavelength [7].

II. Mathematical Modelling
In this section we analyze the theory of evolution of the signal 
and pump wavelengths in a Raman amplified system through the 
differential equations governing the same. Wave propagation in the 
backward pumped multipump Raman amplifier is characterized 
by a large number of effects, the most important of which, for 
the purpose of present consideration, are pump-to-pump and 
pump-to-signal stimulated Raman scattering, and wavelength 
dependent linear attenuation experienced by both the pump and 
signal waves. 
The evolution of the pump, Pp, and signal, Ps, powers along the 
longitudinal axis of the fiber z in a Raman amplified system can 
be expressed by the following equations 

    (1)
and

  (2)
Where gR(W−1m−1) is the Raman gain coefficient of the fiber 
normalized with respect to the effective area of the fiber Aeff , 
αs and αp are the attenuation coefficient at the signal and pump 
wavelength respectively, ωs and ωp are the angular frequencies of 
the signal and pump, Ps and Pp are signal power and pump power. 
The ± signs represent a co- and counter propagating pump wave, 
respectively. Equations (1) and (2) show that the signal receives 
gain proportional to the pump power with a proportionality 
constant given by the
Raman gain efficiency and loss due to the attenuation of optical 
fiber, while the pump power receives loss due to the energy 
transfer to the signal and the attenuation of optical fiber. In many 
practical situations, pump power is so large compared with the 
signal power that pump depletion can be neglected by setting gR 
=0 in Eq. (2), As an example, Pp(z) = P0 exp−αp(L-z) , where P0 is 
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the input pump power at z = 0. If we substitute this solution in 
Eq. (1), we obtain:

  (3)
This equation can be easily integrated to 

  (4)
Where G (L) is the net signal gain, L is the amplifier length, and 
Leff is an effective length defined as

   (5)
The relation between the on–off Raman gain and the Raman gain 
efficiency is given as 

 

    (6)
Where Ps (L) with pump on is assumed to be the amplified signal 
power without the amplified spontaneous emission (ASE) and 
thermal noise with pump on is assumed to be the amplified signal 
power without the amplified spontaneous emission (ASE) and 
thermal noise.

B. ASE Noise Figure (NF)
Equation (3.1) with the pertinent noise term 

 (7)
The pump power Pp has a simple exponential form in the co 
pumping scheme as

    (8)
While in the counter pumping scheme,

   (9)
The noise figure can be calculated based on Eqs. (7,8,9) through 
the following definition:

   (10)
Where S and N denote the signal and noise parts in optical power 
at the given frequency, respectively. The optical signal-to-noise 
ratio (SNR) of the amplified signal is given by:

   (11)

 (12)
Where Bopt is the bandwidth of the optical filter. The factor of 
2 in this equation accounts for the two polarization modes of the 
fiber, and ASE spectral density is defined as:

   (13)

III. Simulation and Results
In this work, different configurations have been designed using 
OptsimTM to investigate the hybrid amplifier based 10Gbps optical 
system to capitalize on the optical span. The pump frequency and 
Raman’s reference frequency used are 1452.38nm and 1000nm 
respectively at central frequency of 1500 nm. The bias current 
used in SOA is 100mA with physical longitudinal length of the 
active layer of 300μm. The physical width of the active layer is 
1.5μm with physical thickness of the active layer of 0.15μm. The 
effective confinement factor of the active layer is taken as 0.35. 
Case A. In this case, a comparison is made between three types of 
fibers (DCF, DS_anomalous, SMF) pumped by single pumping 
copropagating pump source of pump power 25 dbm of length 
varied from 10 km to 100 km. Various values of fiber Dispersion 
are - ( DCF, SMF, DS_anomalous fiber ):(-80ps/nm/km,16ps/nm/
km, 2ps/nm/km).  A Continuous Wave Lorentzian Laser at power 
10 mW is used here. The raman effect is observed on these three 
fibers by comparing their Q graph, BER graph, output power 
graph, eye opening and eye closing graphs. We observed that 
DS_anomalous fiber shows better Q value, good output optical 
power and least BER than other two fibers. The various values of 
Q for DS_amonalous fiber at different distances are as,  Distance 
– (25 km, 50 km, 70 km, 90km) : Q values (26.36 db, 26.55 db, 
26.69 db, 27.26 db ) respectively. The various values of Q for 
SMF at different distances are as,  Distance – (25 km, 50 km, 70 
km, 90km) : Q values (25.45 db, 23.26 db, 19.26 db, 16.63 db 
) respectively. The Q value for DCF becomes constant equal to 
6.20 db after 25 km distance. 

Fig. 1: Comparison Between Q Values of DSF, DCF and SMF 

Fig. 2: Comparison Between Output Optical Power of DSF, DCF 
and SMF
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Fig. 3: Comparison Between BER Values of DSF, DCF and 
SMF

Fig. 4: Comparison Between Eye Opening of DSF, DCF and 
SMF

Case B : In this case, we  first configured the SOA as pre amplifier 
and EDFA as post amplifier ( Type I ) and then in the second raman 
hybrid configuration we congifured SOA as post amplifier and 
EDFA as pre amplifier (Type II  ) . We are using 25 db EDFA and 
varying length of DSF fiber from 20 km to 100 km. For introducing 
raman amplification we used 25 dbm single counter propagating 
pumping. Here we used 100 mW Continuous Wave Lorentzian 
Laser.  Parameters - (Laser Power, EDFA Gain, DS_anomalous 
fiber Dispersion, Raman Constant) : (20 dbm, 25 db, 2 ps/nm/km, 
0.3). The various values of Q for type I at different distances are as,  
Distance – (35 km, 70 km, 100 km) : Q values (23.82 db, 17.93 
db, 14.53 db ) respectively. The Q value of type I decreases from 
23.82 db to 14.53 db continuously with the increase in distance. 
The Q values of type II configuration remains constant to 6.02 
db for distance from 20 km to 100 km.  We observed that Type I 
gives better result than Type II configuration.  

Fig. 5: Single Channel System Showing Type I Configuration of  
Raman/EDFA Hybrid Amplifier 

Fig. 6: Comparison Between Q Values of Type I and Type II

Fig. 7: Comparison Between Output Optical Power Values of 
Type I and Type II

Fig. 8: Comparison Between BER Values of Type I and Type II

Fig. 9: Comparison Between Eye opening of Type I and Type II
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Case B.  In this case, we made a comparison between two 
configurations of Hybrid Raman amplifier (EDFA as post amplifier 
(Type I), EDFA as pre amplifier (Type II)). Here we used 25 
db EDFA amplifier and DS_anomalous fiber of length varying 
from 20 km to 100 km pumped by single pumping counter 
propagating pump source of pump power 25 dbm or 316.22 mW 
at system wavelength 1550 nm. Parameters – (DS_anomalous 
dispersion, EDFA gain, Raman Constant) : (2ps/nm/km, 25db, 
0.3). We observed that EDFA as post amplifier gives best results 
as compared to other configuration. The results can be further 
improved by the aid of filters. The various values of Q for type I 
at different distances are as  Distance – (30 km, 40 km, 60 km) : 
Q values (25.61 db, 25.97 db, 25.53 db ) respectively. The various 
values of Q for type II at different distances are as  Distance – (30 
km, 40 km, 60 km) : Q values (18.77 db, 15.69 db, 14.72 db ) 
respectively.    

Fig. 10: Comparison Between Q Values of Type I and Type II

Fig. 11: Comparison Between Output Optical Power of Type I 
and Type II

Fig. 12: Comparison Between Eye Opening of Type I and Type 
II

Fig. 13: Comparison Between BER Values of Type I and Type 
II

Case C: In this case, we made a comparison between two 
configurations of Hybrid Raman amplifier (SOA as post amplifier 
(Type I), SOA as pre amplifier (Type II)). Here we used DS_
anomalous fiber of length varying from 10 km to 100 km pumped 
by single pumping copropagating pump source of pump power 25 
dbm at system wavelength 1550 nm. Parameters – (Laser Power, 
DS_anomalous fiber Dispersion, Raman Constant) : (20dbm, 
2ps/nm/km, 0.3). Parameters of SOA – (Bias Current, Amplifier 
Length, Active Layer Width, Active Layer thickness, Confinement 
Factor) : (100mA, 300*10^-6 m,1.5*10^-6, m, 0.15*10^-6 m, 
0.35). We observed that SOA as post amplifier gives best results 
as compared to other configuration. The various values of Q for 
type I at different distances are as, Distance – (30 km, 60 km, 
85 km) : Q values (18.40 db, 17.80 db, 23.82 db ) respectively. 
The various values of Q for type II at different distances are as, 
Distance – (30 km, 60 km, 80 km) : Q values (15.52 db, 12.24 
db, 11.05 db ) respectively. 

Fig. 14: Comparison Between Q Values of Type I and Type II

Fig. 15: Comparison Between Output Optical Power of Type I 
and Type II
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Fig. 16: Comparison Between Eye opening of Type I and Type 
II

Case D: In this case, we compared two configurations in which 
DCF is used as pre and post dispersion compensating fiber in 
accordance with FRA. The DCF and DS_anomalous fiber used here 
is pumped by single pumping counter propagating pump source of 
pump power 25 dbm or 316.22 mW at system wavelength 1550 
nm. For compensating dispersion DCF is used and DS_anomalous 
fiber is used as FRA. Parameters of system – (Laser Power, DS_
anomalous fiber Dispersion, DCF Dispersion, Raman Constant) 
: (100 mW, 2ps/nm/km, 3 ps/nm/km, 0.3).  In precompensation 
technique the DCF is used prior to FRA ( Type I ) and in post 
compensation technique the DCF is used after FRA ( Type II ) 
in a WDM system. We observed that DCF as pre compensation 
technique ( Type I ) is better than DCF used as postcompensation 
technique ( Type II ) when length of DCF is made equal to FRA 
length. In this the length of fiber is varied from 10 km to 160 km. 
The various values of Q for type I at different distances are as, 
Distance – (30 km, 40 km, 70 km) : Q values (23.40 db, 25.70 
db, 25 db ) respectively. The various values of Q for type II at 
different distances are as, Distance – (30 km, 40 km, 70 km) : Q 
values (22.10 db, 24.15 db, 22.08 db ) respectively. 

Fig. 17: A Pre-Dispersion Compensation ( Type I ) Single Channel 
WDM System Having Length of DCF Equal to Length of FRA 

Fig. 18: Comparison Between Q values of Type I and Type II

Fig. 19: Comparison Between Eye opening values of Type I and 
Type II

Fig. 20: Comparison Between BER Values of Type I and Type 
II

Case E: In this case, we compared two configurations in which DCF 
is used as pre and post dispersion compensating fiber in accordance 
with FRA. The DCF and DS_anomalous fiber used here is pumped 
by single pumping counter propagating pump source of pump 
power 25 dbm or 316.22 mW at system wavelength 1550 nm. 
For compensating dispersion DCF is used and DS_anomalous 
fiber is used as FRA. Parameters of system – (Laser Power, DS_
anomalous fiber Dispersion, DCF Dispersion, Raman Constant) 
: (100 mW, 2ps/nm/km, 3 ps/nm/km, 0.3).  In precompensation 
technique the DCF is used prior to FRA (Type I) and in post 
compensation technique the DCF is used after FRA (Type II) in a 
WDM system. We observed that DCF as post compensation (Type 
II) technique is better than DCF used as precompensation (Type 
I) technique when length of DCF is kept constant and is equal 
to 30 km. In this the length of fiber is varied from 10 km to 160 
km. The various values of Q for type I at different distances are 
as, Distance – (50 km, 60 km, 80 km) : Q values (23.75 db, 23.80 
db, 24.70 db ) respectively. The various values of Q for type II at 
different distances are as, Distance – (50 km, 60 km, 80 km) : Q 
values (25.50 db, 25.21 db, 25.90 db ) respectively.

Fig. 21: Comparison Between Q Values of Type I and Type II
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Fig. 22: Comparison Between Eye Opening Values of Type I 
and Type II

Fig. 23: Comparison Between Output Optical Power Values of 
Type I and Type II

IV. Conclusion
From the above observation we concluded that: 

DS_anomalous fiber shows better Q value, good output 1. 
optical power and least BER than DCF and SMF fibers.
Raman Amplifier is more efficient when used as preamplifier 2. 
in association with EDFA and SOA each. 
SOA as preamplifier and EDFA as post amplifier give more 3. 
output power than configuration having EDFA as pre amplifier 
and SOA as post amplifier. 
DCF as pre compensation technique (Type I) is better than 4. 
DCF used as postcompensation technique (Type II) when 
length of DCF is made equal to FRA length.  
DCF as post compensation technique is better than DCF used 5. 
as precompensation technique when the length of DCF is made 
constant and equal to 30 km and this configuration is even 
better than configuration employing raman as preamplifier 
and EDFA as postamplifier. 

These results can be further improved by the aid of filters. 
These Raman amplifier configurations are designed in order to 
maximize the span length and to minimize the impairments of 
fiber nonlinearities.

References
[1] H. Masuda,“Review of wideband hybrid amplifiers”, 

Technology Digest OFC’00, pp. 2-4, 2000.
[2] P. B. Hansen, L. Eskildsen, S. G. Grubb, A. J. Stentz, T. 

A. Strasser, J. Judkins, J. J. DeMarco, R. Pedrazzani, D. J. 
DiGiovanni,“Capacity upgrades of transmission systems by 
Raman amplifier”, IEEE Photonic  Technology Letter, Vol. 
9, pp. 262-264, 1997

[3] A. Carena, P. Poggiolini,“On the Optimization of Hybrid 
Raman/Erbium-Doped Fiber Amplifiers”, IEEE Photonics 
Technology Letters, Vol. 13, No. 11, 2001.

[4] M.-S. Kao, J.Wu,“Extending transmission distance of high-
density WDM systems using post transmitter fiber Raman 
amplifiers”, Journal Lightwave Technology, Vol. 9, pp. 394-
399, 1991

[5] D. N. Christodoulides, R. B. Jander,“Evolution of stimulated 
Raman crosstalk in wavelength division multiplexed 
systems”, IEEE Photonic Technology Letter,  Vol. 8, pp. 
1722-1724, 1996

[6] L. F. Mollenauer, J. P. Gordon, M. N. Islam,“Soliton 
propagation in long fibers with periodically compensated 
loss”, IEEE Journal Quantum Electronics, Vol. QE-22, No. 
1, pp. 157-173, 1986

[7] M. N. Islam,“Raman amplifiers for telecommunications”, 
IEEE Journal Selected Topics in Quantum Electron., Vol. 
8, No. 3, pp. 548-559, 2002

[8] J. Bromage,“Raman amplification for fiber communications 
systems”, Journal Lightware Technology, Vol. 22, No. 1, pp. 
79-93, 2004

[9] D. Garbuzov, R. Menna, A. Komissarov, M. Maiorov, V. 
Khalfin, A. Tsekoun, S. Todorov, I. Connolly,“1400-1480 
nm ridgewaveguide pump lasers with 1 watt CW output 
power for EDFA and Raman amplification”, in Proceedings 
of Optical Fiber Communications Conference, Anaheim, 
CA, pp. PD-18-1-PD-18-3, 2001

[10] John N. Senior,“Optical Fiber Communications principles 
and practice”, New Delhi, 2005.

[11] H. S. Seo, Y. G. Ghio, K. H. Kim,“Design of transmission 
optical fiber with a high Raman gain, large effective area, 
low nonlinearity, and low double Raleigh back scattering”, 
IEEE photonic technology letter, Vol. 16, 2004

[12] Jin Shangzhong et.al,“Research of Gain and Bandwidth 
in Hybrid Fiber Raman Amplifier”, ACTA PHOTONICA 
SINICA, Vol. 33, No. 4, 2004 

[13] Ju Han Lee et.al,“Performance comparison of various 
configurations of single-pump dispersion compensating 
Raman/EDFA hybrid amplifier”, IEEE Photonics Technology 
Letters, Vol. 17, No. 4, 2005 

[14] Parekhan M. Jaff,“Characteristic of Discrete Raman Amplifier 
at Different Pump Configurations”,World Academy of 
Science, Engineering and Technology 54, 2009.

Sunil Gautam received his B.E (EECE) 
from Chandigarh College of Engineering 
and Technology (Panjab University), 
Chandigarh, India. Currently he is pursuing 
his M.Tech (ECE) from Shaheed Bhagat 
Singh State Technical Campus, Punjab, 
India. His research interests are amplifiers 
and WDM systems.


