INTERNATIONAL

Int tional J | of Engi ing, Sci dHhol JOURNAL OF

MultiCraft nternational Journal of Engineering, Science aadhhology ENGINEERING,
Vol. 7, No. 3, 2015, pp. 52-57 SCIENCE AND

TECHNOLOGY

www.ijest-ng.com
www.ajol.info/index.php/ijest
[J 2015 MultiCraft Limited. All rights reserved

RAMAN amplifier gain dynamics with ASE : Numerical analysis and
simulation approach

Reena Sharma'*, Sanjeev Kumar Raghuwanshi?

¥ Department of Electronics Engineering, Indian School of Mines Dhanbad, INDIA
2 Department of Electronics Engineering, Indian School of Mines Dhanbad, INDIA
"Corresponding Author: e-mail: 174reena@gmail.com, Tel +91-9289869148

Abstract

Spontaneous Raman scattering add up with the detpkignal and reflect as a noise because of ranultases linked with
all spontaneously generated photons. The amplgfehtaneous emission noise in systems with diseitb&Raman gain for
single pump amplification is diagnosed numericalhgd simulated using MATLAB to obtain experimentat@me. The signal
gain of Raman Amplifier as a function of fiber I¢hgand pump power is elaborated. The noise accoynp@aran optically
amplified signal plays an important role for undansling the basic properties of the gain medium.irSthis work, we
demonstrate an analytical formalism and a numehoaizon of the amplified spontaneous emission (AS&se power for
distributed Raman amplifier (DRA).
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1. Introduction

Nonlinear effects within optical fiber proviamtical amplification, this achieved by stimulatBdman scattering, stimulated
Brillion scattering or stimulated four photon migiby injecting a high power laser beam into undopedoped optical fiber.
Raman amplification hold the advantage of self phastching between the pump and signal along whiload gain-bandwidth
or high speed response in comparison with the atbalinear processes (Parekhairal, 2009).An alternative approach to loss
management for wavelength division multiplexed (WpDdptical communication systems is the optical afieps, that amplify
the optical signal directly without requiring it®roversion to the electric domain. Optical ampldiere indispensable optical
components to compensate for fiber loss in long-transmission system(Agarwal,2002).Several kindsptical amplifiers were
developed during the 1980s, and the usage of ¢@ioalifiers in long-haul lightwave systems becawidespread during the
1990s (Agarwal,2005). .

Raman fiber amplifier (RFA) has merit of arbitragain bandwidth, which were recently being redegd as an enabling
technology for high capacity and long-haul dengivelength-division- multiplexing (DWDM) systems.can be used to amplify
not only the C-band, but also the S, L and othadbadepending on the usage of the pumped wavéke(gawet al, 2006).RFA
has several advantages including lower noise figi€), flexibility on the selection of gain mediurand wide gain bandwidth
(Taylor et al, 2002), especially that RFA has the capabilitydistribute” the gain over a long distance in th@ntsmission fiber.
The difference between maximum and minimum intgnisita span can be reduced without reducing the $gagth, avoiding
problems of noise and nonlinearity. DistributecefilRaman amplification entails creating a gain medwithin the transmission
fiber which amplifies the signal channel beforeytheach the optical receiver. This has been provedt time to improve greatly
the signal-spontaneous beat noise performanceiatiolanger transmission distances (Agarwal, 2005).

Raman amplification using the transmission fiagthe gain medium is a promising technologyHerdptical long haul DWDM
communication system. It require more pump power uwhich more amplified spontaneous emissionHAsoise and other
noises generated in the amplifier, also the ingytad power to the amplifier is decreased. Lowgnal power implies that the
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ASE noise is competing with the signal for achigvgain. So ASE plays an important role in degraaatif desired output at the
receiver. The variation of gain as a function gfnsil power at different pump configurations andefibkength were studied since
the important parameters representing discrete Rammgplifiers is input power level of the signal @gal, 2005).

2. Mathematical M odeling

It has been assumed that field-mode profilegarly the same for both the pump and the Stokesh Wibde profile as a
Gaussian function, the coupled pump and Stokestiegsaare solved for predicting the performancdRafnan amplifiers. The
most important parameter characterizing Raman #iengliis the Raman gain coefficientgjgrelated to the cross section of
spontaneous Raman scattering (Brometgal,2003).1t describes how the Stokes power growsuaspppower is transferred to it
through SRS. Consider the simplest situation incha single CW pump beam is launched into an dfileer used to amplify a
CW signal. The signal gain of RAMAN amplifier witind without ASE is calculated.

2.1 Gain without ASE

The power evolutions of signal and pump wavesiglan optical fiber for forward pumping includif@gsses can be described
using following coupled equations

dP
s =-aP +iPpPS (1)
dz A,
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dZ Aeff a)s

wherePs andPp are the signal and pump powers, respectivelys ghe Raman gain efficiency for the wavelengthghe signal
and pumpws andw, are the frequencies of signal and pump waves, cdsply, andas anda, are the attenuation coefficients of
the optical fiber at the signal and pump wavelesgtbspectivelyAy; is the fiber effective area. Fog g 0 the pump equation can
be written as
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Integrating with respect to z over the limits (_to
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Similarly using equation (1)
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Using equation (3) in equation (1) for analyticaligion and rewriting, we get
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Where effective amplifier Ieng(H_erf )is defined as

- 1- exp(—apL) (5)

a

3

So the net signal gain of the Raman Amplifier ina® be described as

P (0)L
LG ( 10 j-(—mug“ () j ©)
P() \ 23025 A

The quantityGs represents the net signal gain and can be<€l€net loss) if the Raman gain is not sufficienot@rcome fiber
losses. So the On—Off Raman gain is defined as
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P (L) with pump on

P (0) with pump off g = 0)
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whereL is the physical length of the optical fiber aglL) with pump on is assumed to be the amplified sigraver without
the amplified spontaneous emission (ASE) and thenwise. Using equation (5)
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2.2 Gain with ASE

Noise in Raman amplifiers stems from spontand®asan scattering. It can be included in Equatigrbf replacingPs in the
last term with P + P_,where P_ = 2n_hv AV, is the total spontaneous Raman power over theeeRaman-gain bandwidth. The

factor of 2 accounts for the two polarization diieos.

dP
S=-aP+ 9. P(P+P) (1)
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P = 2nsphusAVR (12)
1 (13)
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K,T = Thermal Energy at room tempeture 251
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Using equation (3), equation (4) and equation @) taking integration with respect to z for 0 tonle have
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So the signal gain of the Raman Amplifier with ABEIB can be described as
P (O)L,  2huAVI P (0
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3. Simulation Resultsand Analysis

In addition to the pumping configuration, the amobahnoise transferred will depend on the gain #length of fiber used.
For longer lengths of fiber, more averaging of plienp noise may occur. However, for typical transmis spans wherey is 17
km, the actual length of the span has little efféctdiscrete Raman amplifiers in which the effeetlength is 5 km, the fiber
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length becomes important. So we are analyzing andlating the variation of gain as a function ofhgupower and fiber length.
The various parameters taken are defined withabpective specification in Table (1).

Table 1. Parameters

S.No. PARAMETER SYMBOL VALUE(unit)
1 RAMAN gain Coeff g, 9.5*10"-14 (1/mW)
2 Initial Pump Power Pp(0) 500mwW
3 Effective Length Loy Calculated
4 Effective Area A Calculated]Ir*
5 Length L 0-50 km
6 Fiber losses at Stokes wavelength as 018dB/km
7 Fiber losses at Pump wavelength ap 260dB/km
8 Planck’s constant h 6.6260*10"-34m2kg/s
9 BandWidth AV 6THz
10 Initial Signal Power Ps(0) 1mw
11 Signal Wavelength As 1550nm
12 Pump Wavelength Ap 1450nm
13 | Core Diameter d 124m
14 Spontaneous Scattering factor ng, 1.13

In the SRS process noise is added to the aegbldignal because of random phases associatedspgtitaneous generated
photons. The noise incurred by the spontaneous Racettering across the length of the fiber is andated and is known as
amplified spontaneous emissions (ASE). Figure éhanstrates the Amplifier signal gain for a givermp power with respect to
Amplifier length. The pump signal is taken of 1450with pump power of 500mW.The gain is calculatedvarious amplifier
length from O to 50 km .1t is apparent , from flist glance that the amplifier gain increaseswprn specific length of fiber ( 14
Km), and then begins to decrease after a maximgmakiain of 5.8dB . The reason behind the deer@again is insufficient
stimulated Raman scattering due to excessive puemgbetion and getting higher losses than the pralvigain at the signal
wavelength, while the fiber attenuation plays a enonportant role for longer fiber length and thé gain decreases. Further the
situation is analyzed in the presence of ASE. iitloa observed that the gain increase for all resefiber lengths after 2.50 Km.
In this case the peak gain is 6.0dB.This increasgain is of 0.2 dB. The difference will get aceated when multiple amplifiers
will be employed and will influence the amplificai process.
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Figure 1.The Variation of Signal Gain (Gs) of Raman Amplifieith Amplifier Length (L).
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Figure 2.The Signal Gain (Gs) characteristic for varying pupower (Pp).

The important parameters representing discrat@d® amplifiers are (a) wavelength of the sigrigl,irfput power level of the
signal,(c) wavelength of the pump (d) input powerel of the pump, and (iii) the type and lengthtled gain fiber. An optimal
discrete Raman amplifier is designed and found lgnging these parameters for various configuratiOre of the foremost
optical characteristics of a discrete Raman angplif usually gain .For WDM signals, the dependefdée gain on pump signal
should also be optimized. The case of single pumplification is reviewed here with L=10Km. The pumppwer is varied from
100 mW to 1000mW and it is observed and showniguiié (2) that the signal draw gain proportionathie pump power with
loss due to the attenuation of optical fiber. Ae fump power receives loss due to the energy wamsfthe signal and the
attenuation of optical fiber causes pump depletimthe signal gain is proportionally get effecte@r the fiber length that leads
to the gain saturation. It is also reflected inUfeg(2) that the gain is increasing in the presefiddSE .However the ASE effect is
negligible at the low pump power but get significas the pump power increases.
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Figure 3. Evolution of Signal Gain (Gs) for different Afféace Area.

N

Different fibers have different nonlinear strémgThis is mainly due to different content of gamum and different effective
areas. So effective area is an important desiganmpeter. Large effective areéd) fibers reduces the effects of fiber non-
linearities when signal power is high. On the canty in the case of Raman pumping, sn#a}j fibers increase the Raman
efficiency and therefore give higher gains for apgemp power (Tayloet al, 2002).For the current study ,the fiber core radeu
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applied from 2 m to 104 m. The sole purpose of Figure (3) is to show tigmicant impact of the ASE generated within the

Raman amplifier on amplifier gain for certain rangfeeffective area. Figure (3) shows that theyr@ fiber will provide 5dB
more Raman gain in for the same pump power thanl#@eum? fiber. Theoretically, the effective area and itavelength
dependence may be evaluated by assuming a Gamssamprofile. Here using this assumption effectivea is calculated ay

=TI r* (Agarwal, 2005).Around a signal wavelength of 1,88, a typical transmission fiber has an effectiveageff around 75
um?. A very slight variation in gain is observed fockmnge in effective area in the presence of ASE.

4. Conclusion

In this paper, it is indicated that the desieattharacteristics of a fiber are small effectiveaaishort length of the fiber to obtain
high net gain and for less effect of ASE on Ramaim.grhe net gain increase with increasing fiber lengphto 14km, and then
begins to decrease .The maximum gain obtainedt&inlfiber length is 5.8dB.However a difference (2 dB occur when ASE is
included. It is found that the signal receives gain propordl to the pump power. However, under the infleen€ ASE an
increasing difference in comparison with the calaithout ASE is observed in the signal gain fospective higher values of
pump power. For a given pump power, the Raman igailBs is approximately inversely proportional ke ffiber effective area.
The Raman gain in a fiber with an effective are@®fim? is about 5dB more than in a 1467 fiber. Though this higher Raman
gain is more effected by ASE. Therefore, an optinlength and small effective area need to be consileshen selecting fiber
types for Raman amplified systems to reduce thecetif ASE over the Raman gain.
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