Proceedings of the International Conference , “Computational Systems and  Communication Technology” 

 8th  , MAY 2010 -  by Cape Institute of Technology, 

Tirunelveli Dt-Tamil Nadu,PIN-627 114,INDIA

Analysis and Reduction of Stimulated Raman Scattering in DWDM Fiber Optic Communication System

T. Sabapathi                                         S. Sundaravadivelu                               G. Prabha                                                                                            Dept. of ECE                                        Dept. of ECE                                         Dept. of ECE                                                         Mepco Schlenk Engg College              S.S.N. College of Engineeing,              Mepco Schlenk Engg College           Sivakasi, Tamilnadu                             Chennai, Tamilnadu                              Sivakasi, Tamilnadu
sabapathi@mepcoeng.ac.in              sundaravadivelus@ssn.edu.in      prabha12111986@gmail.com
ABSTRACT

        Stimulated Raman scattering (SRS) effect is one of the Non Linear effects in Dense Wavelength Division Multiplexed (DWDM) fiber optic communication systems. The effect of  Stimulated  Raman  Scattering  is  that  shorter wavelengths  are robbed  of  power  and  that  power  feeds  the  longer  wavelength  channels. This will reduce the Signal to Noise Ratio (OSNR) for the high frequency channel or low wavelength channel. SRS effect is studied for different No. of wavelengths and for different wavelength spacing. SRS effect is reduced by using high pass filter. To eliminate this problem, channels are placed as close as possible. SRS has little impact on system performance for a single channel system. 
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I. Introduction: 

The need for more capacity in existing networks is driven by the exponential growth of bandwidth-hungry. Internet-based applications, that range from real-time (voice and video) to data services.  The capacity can be improved either by increasing the number of channels and/or by increasing the Capacity per unit bandwidth or Spectral efficiency [2].   In an Optical communication system, the term nonlinearity refers to the dependence of the system parameters on power of the optical beam(s) being launched into the fiber cable. Several experiments in the past have shown that the deployment of high-bit-rate multiwavelength 
systems together with optical amplifiers creates major non linear effects such as Stimulated Raman Scattering (SRS), Stimulated Brillouin Scattering, and Four Wave Mixing (FWM) [1,3].
         The system design engineers should not deploy high bit-rate (>10Gbit/s per channel) multiwavelength systems without considering the nonlinear effects and their impact on these systems. The advantages and disadvantages of the above mentioned nonlinear effects are to be seen in order to decide whether they affect the performance of these systems in a positive way or a negative way. Nonlinearities in optical fibers originate due to the third order susceptibility (X3).The nonlinear effects depend on the transmission length of the optical fiber. The longer the optical fiber and more optical power are available over its length, the more the light interacts with the fiber material and the greater the nonlinear effects. On the other hand, if the power decreases while the light travels along the optical fiber, the effects of nonlinearity diminish. 
II. DWDM Systems: 

Dense wavelength division multiplexing (DWDM) is a technology that puts data from different sources together on an optical fiber, with each signal carried at the same time on its own separate light wavelength. Using DWDM, up to 80 (and theoretically more) separate wavelengths or channels of data can be multiplexed into a lightstream transmitted on a single optical fiber. Each channel carries a time division multiplexed (TDM) signal. In a system with each channel carrying 2.5 Gbps (billion bits per second), up to 200 billion bits can be delivered a second by the optical fiber. DWDM is also sometimes called Wave division multiplexing (WDM).        Most WDM systems operate on single mode fiber optical cables, which have a core radius  of  around 9 µm.  Certain forms of WDM can also be used in multi-mode fiber cables (premises cables) which have core diameters of the order of  60 µm. 


DWDM technology utilizes a composite optical signal carrying multiple information streams, each transmitted on a distinct optical wavelength. Although wavelength division multiplexing has been a known technology for several years, its early application was restricted to providing two widely separated “wideband” wavelengths, or to manufacturing components that separated up to four channels. Only recently has the technology evolved to the point that parallel wavelengths can be densely packed and integrated into a transmission system, with multiple, simultaneous, extremely high frequency signals in the 192 to 200 terahertz (THz) range. By conforming to the ITU channel plan, such a system ensures interoperability with other equipment and allows service providers to be well positioned to deploy optical solutions throughout their networks. The 16 channel system in essence provides a virtual 16–fiber cable, with each frequency channel serving as a unique STM–16/OC–48 carrier.
[image: image1.png]


 Fig. 1: Dense Wavelength Division  
Multiplexing

 In a simple DWDM system (Fig. 1), each laser must emit light at a different wavelength, with all the lasers light multiplexed together onto a single optical fiber. After being transmitted through a high bandwidth optical fiber, the combined optical signals must be demultiplexed at the receiving end by distributing the total optical power to each output port and then requiring that each receiver selectively recover only one wavelength by using a tunable optical filter. Each laser is modulated at a given speed, and the total aggregate capacity being transmitted along the high-bandwidth fiber is the sum total of the bit rates of the individual lasers. An example of the system capacity enhancement is the situation in which ten 2.5-Gbps signals can be transmitted on one fiber, producing a system capacity of 25 Gbps.
III. Scattering:

                Stimulated scattering has three major components: Threshold power (pth), gain (g), and the range of frequencies (∆f), within which scattering process is effective if the power of incident light at which the loss due to stimulated scattering is half over the fiber’s length, L. The intensity of scattering light grows exponentially when the power of incident light exceeds (pth). Gain (g), refers to the peak gain of the stimulated scattering at the given wavelength.
Stimulated Raman Scattering:

   
 Raman scattering describes the parametric interaction of light with molecular vibrations. Incident light scattered by molecules experiences a downshift in optical frequency. The change in optical frequency is just the molecular- Vibrational frequency (called the Stokes frequency). Note that the gain coefficient increases approximately linearly with pump-probe frequency separation up to a separation of about 500 cm-1. This means that any channels separated by up to 15 000 GHz will be coupled via SRS [6, 7]. SRS scattered light moves mostly forward and the phonons associated with this process are optical in nature. Scattering of light takes place from vibrating silica molecules of the core of the fiber.

[image: image2.emf]
   Fig. 2:   Plot for Raman Gain Versus Freq shift     

               The magnitude of the gain coefficient shown in Fig 2 is for a pump wavelength of 1 pm. The gain coefficient scales inversely with wavelength so that at1.55 pm, which is the wavelength region under consideration, the peak Raman gain coefficient is about 7 x 10'~cm/w.

SRS is a nonlinear parametric interaction between light and molecular vibrations. SRS is similar to SBS, but its threshold is close to 1W nearly 1000 times higher than for SBS.SRS can couple different channels in a WDM system and give arise to cross talk. The effect of SRS is usually first seen as that the shorter wavelength channels are robbed of power, and that power feeds the longer wavelength channels.  
[image: image3.emf]
Fig. 3(a) shows the typical transmit spectrum or a six-channel DWDM system. Note that all of the six wavelengths have identical amplitudes. These signals are all in the 1550 nm window.

[image: image4.emf]
Fig. 3(b) illustration of SRS effect 
 It can be seen that the short wavelength channels have much smaller amplitude compared to the longer wavelength channels [8].

The degradation due to SRS for a two-channel system is schematically shown in Fig. 4[9, 11]. Suppose channel 1 and channel 2 are spaced such that SRS couples the two channels. This assumption will usually be satisfied in the 1.5-µm region because the broad stimulated Raman gain profile of silica will couple channels that are separated in wavelength by up to 100 nm.


Let channel 1 (pump) operate at a wavelength X1, which is shorter than X2, the wavelength of channel 2 (probe).Assume initially that both channels have equal optical power injected into the fiber. Suppose that in a return-to zero (RZ) modulation format the bit pattern of the two channels is shown in Fig. 3(a). Schematically, the effect of SRS is to produce bit patterns as shown in Fig. 3(b). Thus far we have ignored the effects of dispersion. Note that whenever there is a mark in both channels the pump channel (1) is depleted and the probe channel (2) is amplified. If a space (zero light intensity) appears in either
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Fig. 4. (a) Bit pattern in two-channel   wavelength-multiplexed system with no stimulated Raman interaction between channels.    (b) Bit pattern with SRS Channel, no intensity change occurs. (In conventional crosstalk a mark in channel 1 can produce a signal in channel 2 even if there is no mark in channel 2). Furthermore [10], the effects of SRS on the two channels are not symmetric. Channel 1 experiences a partial closing of the eye pattern due to the depletion of individual bits, and therefore degradation in signal-to-noise ratio. The opening of the eye in channel 2 is, in principle, unaffected because in the worst case some of the bits are amplified while the rest of the bits are unaltered. However, in practice this can also lead to degradations, especially in receivers with automatic gain control.

Singh and Hudiara [1, 3] have given model to calculate SRS with out any assumptions ignoring walkoff effects. In Eqn (1), first term gives the total power transmitted to the kth channel, second term gives the total power depleted from the kth channel by the higher wavelength channels and third term indicates the total power received by the kth channel from the lower wavelength channels. In Eqn (2), grmax is peak Raman gain coefficient (cm/W); λj, λi are the wavelengths (nm) of jth and ith channels; fj, fi are the centre frequencies (Hz) of the ith and jth channels; Ae is effective core area of optical fibre in cm2 and value of b varies from 1 to 2 depending upon the polarization state of the signals at different wavelength channels.
  Modified power due to SRS is given by [1, 3]
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(2)


For multiple-channel systems the interactions are complicated .In general, the longer-wavelength channels will be amplified at the expense of the shorter-wavelength channels. The degradation can be estimated [5, 6] by assuming that the Raman gain profile (Fig. 2) between 0 and 500 cm-1 is the triangular. The result is that in a system of N channels with channel spacing ∆f and power p per channel, no channel will experience a 1-dB penalty provided.
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Note that NP is the total optical power injected into the fiber and (N-1) ∆f is the total occupied bandwidth [11]. Therefore, Eqn (3) is for a very result.  The product of total power and total optical bandwidth must be smaller than 500 GHz. W to reduce degradation due to SRS To acceptable levels.

IV.   Reduction of SRS in DWDM     

       System description:


A model of optical communication link is stimulated using OPTSIM software. OPTSIM supports two simulation engines. They are Block mode simulation engine and Sample mode simulation engine. In Block mode simulation engine, signal data is represented as one block of data and is passed between block to block. In sample mode simulation engine, signal data is represented as single sample that is passed between block to block. Here eight continuous wave (CW) semiconductor lasers modulated externally by different format [Non-Return to Zero (NRZ) and Return to Zero (RZ)].Then the signals are passed through the multiplexer and finally passed through the fiber.
Simulation result for eight Channels:
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                                                                                    Fig. 5: Eight DWDM channels (with 1nm & 0.5nm spacing)


Consider the eight wavelength channels, these are combined using multiplexer. The Simulation setup for analyzing the SRS effect with channel spacing 1nm and 0.5nm is shown in Fig. 5.  Optical spectrum analyzer is used to see the output spectrum.  Fig. 8 shows the Mat lab results of SRS effect. So it is placed after the Multiplexer, after the Fiber and after the Filter. Multiplexer output is shown in fig.6a & 7a (1nm & 0.5nm spacing). When the optical signal propagates through the fiber, the shorter wavelength channels are robbed of power and that power feeds to the longer wavelength channels and this is shown in fig.6b & 7b (1nm & 0.5nm spacing).  After this, SRS Effect [4, 9] is reduced by using high pass filter as shown in fig. 6c & 7c (1nm & 0.5nm spacing).    
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Fig. 6 (a): Optical Spectrum before the fiber
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Fig. 6 (b): Optical Spectrum After the fiber.
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   Fig. 6(c): Optical Spectrum After the filter
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Fig.  7 (a): Optical Spectrum Before the fiber
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Fig. 7 (b): Optical Spectrum After the fiber
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Fig. 7(c): Optical Spectrum After the filter

      Fig. 5 shows the 8-channel DWDM transmitter.  Assuming a set of N contiguous equally spaced DWDM channels ranging from fmin to fmax. Input channels Wavelength ranges from 1547 nm, 1548 nm, 1549 nm, 1550 nm,1551 nm, 1552 nm, 1553 nm, 1554 nm. The minimum frequency channels are operated in the frequency of fmin = 192 THz .The maximum frequency channels are operated in the frequency of fmax = 193.4 THz.
V. Numerical Results:

Table.1: Effects of SRS Vs N for various Channel spacing: 
	Number of channels
	Power Tilt ‘∆’

without filter
	Power Tilt ‘∆’ with filter

	
	For  1 nm Channel Spacing
	For  0.5 nm Channel Spacing
	For 

1 nm
	For

 0.5  nm

	4
	17
	10
	0.4
	0.07

	8
	27
	20
	0.5
	0.16

	16
	45
	38
	0.65
	0.24

	32
	48
	43
	0.70
	0.28

	64
	50
	37.2
	1
	0.4
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   Fig. 8:  Power vs. Wavelength

  Fig.8 represents the graph for Matlab expressions for SRS in [3].

VI. Conclusion: 

 
Optical fiber exhibits a variety of nonlinear effects. Nonlinear effects are feared by telecom system designers because they can affect system performance. These nonlinear effects can be managed through proper system design.  There are many ways by which these SRS can be reduced one of the way is spectral inversion technique and another way is dispersion techniques. In long haul fiber optic systems, the difference in the power tilt due to SRS with wavelength independent fiber loss coefficient and the power tilt due to SRS with wavelength dependent fiber loss coefficient is much more than the expected difference.
However, nonlinear effects are also useful for many devices and system applications: optical switching, solution formation, wavelength conversion, broadband amplification etc.        
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