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Abstract:

Fiber Raman amplifiers are important component of wavelength division multiplexed fiber optic
communication systems. The number of pumps, fiber attenuation, on-off Raman gain and
pumping schemes are main design criteria to operate these amplifiers. This paper investigates the
counter propagating pumping in fiber Raman amplifier. In this paper three pumping powers are
used and according to that the Raman gain is analysed when taken as a function of fiber length
and figure of merit (FOM).
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I. INTRODUCTION

In the early 1970s, Stolen and Ippen [1] demonstrated Raman amplification in optical fibers.
However, throughout the 1970s and the first half of the 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 EDFAs by the late 1980s [2].
However, in the mid to late 1990s, there was a resurged interest in Raman amplification. By the
early part of 2000s, almost every long haul or ultra-long haul fiber optic transmission system
uses Raman amplification. Modern lightwave communication systems have used full gain
bandwidth of EDFAS, and increasing capacity has resulted into the need of broader bandwidth
optical amplifiers in the systems [3]. Fiber Raman amplifiers are used nowadays as all Raman or
long haul wavelength division multiplexing optical communication systems [4]. The design
process of fiber Raman amplifiers involves the criteria of number of pumps, pumping schemes,
selection of their powers, frequencies and cost and complexity etc.

The novelty of the work is that it achieved a better gain of the amplifier for a appropriate
signal power. To analyze the model, three different signal powers are used to get the better result
from all. In this paper the Raman gain is taken as a function of fiber length and figure of merit.
Till now the Raman gain is observed as 35 dB [5]. Now from the model in this paper the Raman

gain is observed as the better performance.

The paper in the section 1, presents introduction of Raman fiber amplifiers, section 2 discusses
discrete Raman configuration. The section 3 describes the theoretical model prevalent in the
area. In section 4 the results are discussed and while in section 5, conclusions of the work done

has been drawn.

Il. DISCRETE RAMAN CONFIGURATION

In LRA highly nonlinear fiber with a small core is utilized to increase the interaction between
signal and pump wavelengths and thereby reduce the length of fiber required. Because of small
scattering cross section Raman amplification may better fit in a DRA rather than a discrete one.
Therefore, in designing LRAS, several challenges such as increasing efficiency and solving
fundamental trade offs are required. The important parameters representing LRAs are: the

wavelength and input power level of signal, the wavelength and input power level of pump and
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the type and length of the gain fiber. The length of the fiber in LRA is between 5 km to 40 km.
the following properties in signal and pump wavelengths bands are required to design the
amplifier in detail: the attenuation coefficient, the Raman gain coefficient for the given pump
wavelengths, the Rayleigh backscattering coefficient and the nonlinear coefficient.

The targeted optical characteristics of a LRA usually gain, noise figure, output signal power
level, optical signal to noise ratio, double Rayleigh backscattering noise power, nonlinear phase
shift, and pump to signal power conversion efficiency. In this thesis report the work is done on
the gain of the Raman amplifier. However, discrete Raman amplifiers have many attractive
aspects over rare-earth-doped fiber amplifiers such as an erbium-doped fiber amplifier (EDFA)
including arbitrary gain band, better adjustability of gain shape, and better linearity. The
principal advantage of Raman amplification is its ability to provide distributed amplification
within the transmission fiber, thereby increasing the length of spans between amplifier and
regeneration sites.

Fig.1 shows the basic configuration of discrete Raman amplifier. 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.

Disziabe Raman Anpitsr

Sl

Fig 1: Discrete Raman amplifier in counter propagation configuration

The orientation of the pump can be either forward or backward with respect to the signal
propagation, whereas the counter propagating one is called counter pumping; the copropagating
pumping scheme is called copumping. There is also an option of bidirectional pumping, in which

the gain fiber is pumped in both directions [6].
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I11. THEORATICAL MODEL

Under such conditions the saturated gain of the amplifier is given by:
Gs= Ga
1+roGa
where Iy is related to the signal to pump power ratio at the fiber input as and Ga is unsaturated

gain or we can say that G is the total amplifier gain or on-off Raman gain.

If we use the typical values [6] as gr= 3W*/km for a DCF, Le=1km, Po~1.5W then the signal
can be amplified by 20 db. Once the gain fiber and pump power are given, the net gain G(z) can

be written explicitly as a function of the fiber length z.
G(2)=exp(grPoLef-asz) (1)

The first term indicates the on off Raman gain and other is the fiber attenuation. After taking the
derivative of (1) with respect to z, seeking the condition for z in which the derivative becomes

zero. The net gain is maximal when

(o)
z=——In .
Up gr Py

where Py is the input pump power at z=0, ap is the attenuation constant for pump and gr is

Raman gain coefficient.

Now, the final proposed model is as follows:

Gain =- Wspp(o)Gs/Wst(o)'WpPs(o)Gs
exp[-as/ap(In(as/g:Po))]
From my work, we can see the improved gain of Raman amplifier. According to the equations

given above we can obtain better results of gain.
where ws = angular frequency of signal

Pp = pump power

w, = angular frequency of pump

Ps = signal power
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Equations are taken from [7].

Also we can conclude the figure of merit as the ratio of Raman gain coefficient to the pump
attenuation constant. By knowing figure of merit, the efficiency of the fiber for LRAs can be

estimated and compared. Mathematically,

FOM= g/op

IV. RESULTS AND DISCUSSION

For broadband amplification, one pumping power is not enough; big gain ripples makes it
impossible to achieve large Raman gain. By appropriately choosing the multiple values a wide
gain is obtained. In this paper, we will investigate LRAs with three values of signal power. So

Raman gain is analysed in terms of fiber length and in FOM respectively.

Table 1:

Common set ups of simulation cases

Optical frequency of 980 nm
pump

Optical frequency of 1350
signal nm
Saturated gain 19dB
Pump power 200 mW
Signal attenuation 0.4
constant dB/km
Pump attenuation 0.65
constant dB/km
Raman gain coefficient | 0.45 dB

Case 1: Raman gain with fiber length
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Fig 2: Raman gain with fiber length

In fig 2, it is quite clear that Raman gain is better than [5] at the length of 9.6 km. Three signal
powers used are 155, 165, 175 and the respective Raman gain obtained is 39.6, 37.5, 34.5. So as
we start increasing the power the value of Raman gain start decreasing. But, we have one
advantage that at the same length we get the better Raman gain.

In case of fiber length , it takes some distance for the orthogonally polarized signal to
adjust its state of polarization through polarization mode dispersion before it can experience the
full Raman gain. Within the polarization mode dispersion diffusion length, fiber loss dominates
and the signal power decreases beyond the diffusion length, Raman gain dominates and the

signal power increases.

Case 2: Raman gain with FOM
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Fig 3: Raman gain with figure of merit

In fig 3, three signal powers used are 33, 35, 40 and the respective Raman gain achieved is 39.9,
27.5, 15.2. So as we start increasing the power the value of Raman gain start decreasing. FOM
is totally dependent on Raman gain coefficient and pump attenuation coefficient so with change
of one parameter figure of merit changes. Highest the value of FOM efficiency of the system
increases. At the same FOM i.e. at 75 (1/W) we get highest Raman gain as 39.9 dB. Attenuation
constant for signal is varied if signal power is varied. And Raman gain gain is dependent on

attenuation constant.

V. CONCLUSION AND FUTURE SCOPE

With the use of lumped Raman amplifier in the counter propagation configuration we are
successful to achieve a better gain performance which can increase the efficiency of system and
the overall performance of the system is improved. With the increase or decrease of such values
in our model we can further increase the value of Raman gain. As in this paper our motive is to
increase the Raman gain, so it is accomplished with a factor of 4.9 dB when taken FOM as a
variation with Raman gain and signal power is varied only and all other parameters are remain

same as in case 1.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



SR JESREEVETT PR SSN: 2347-6532

2014

REFERENCES

[1] R.H.Stolen and E.P.lppen, “Raman gain in glass optical waveguides”, Appl. Phys. Lett.,
vol.22, no.6, 1973.

[2] G.P.Agrawal, “Nonlinear fiber optics”, 2™ ed. New York: academic,1995.

[3] Jonathan Hu, B.S.Marks and C.R.Menyuk, “Flat gain fiber Raman amplifiers using equally
spaced pumps ", J. of lightwave technology, vol 22, no.6, pp 1519-1522, june 2004.

[4] L X Ming, L Y He, “Optimal bandwidth for distributed multipump Raman amplifier based
on hybrid genetic algorithm”, china Phys. Letters vol 21, no. 1, 2004.

[5] Nigel Taylor and Jim Grochocinski, “The impact of fiber effective area on systems using
Raman amplification”, Jan (2002)

[6] J.D. Ania-Castanon, A.A. Pustovkikh, S.M. Kobtsev and S.K. Turtisyn, “Simple design

method for gain flattened three pump Raman amplifiers”, Opt quant electron, 2007

[7] Clifford Headley, Govind P. Aggarwal, “Raman Amplification in fibre optical

communication systems,” 1% edition Elsevier Academic Press 2005.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



