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Abstract- In this paper, the XPM-induced crosstadls been evaluated in a SCM—WDM communication link.
Results show that XPM-induced crosstalk dominateaGD and comparatively decreases for higher oodler
dispersion. The present work analyzes the indalidund combined effect of second-, third-, fourtind fifth-
order dispersion parameters on XPM at differentuinphannel powers, transmission length. The limgitin
influence of XPM increases as the transmission tlenmodulation index and optical power increases bu
decreases as the core affective area of fiberasee

Index Terms-Sub-carrier multiplexing ; Wavelength division multiplexing ; Cross phase modulation, Higher-
order dispersion; Nonlinearity coefficient.

1. INTRODUCTION

Due to the exponential growth of wirelesswavelength, with a wavelength spacing of 25, 5@ an
communication in the past few years, the Infornmatiol00 GHz are studied in [5]. XPM induced crosstalk
is a key global resource and continued growth of owas one of the major limiting factor in high capgci
global economy relies on an ever-increasing capacitVDM networks with narrow channel spacing [6].A
to process and communicate information. Futurehirped fiber gratings reported as the dispersion
optical networks demand high capacity opticatompensating device to reduce the nonlinear
networks in support of a variety of applicationgdispersion and XPM-induced crosstalk  for bi-
including 3-D multimedia entertainment, telemedigin directional DWDM CATV system [7]. The deviation
and cloud computing [1]. It is necessary to achiave caused by XPM-induced phase shift is inversely
mature service with a high percentage of consumeroportional to the channel separation for a highly
use, lower and constant access charge, full tintispersive RZ differential phase-shift keying
connectivity to service providers and highetransmission system was reported by [8] .

bandwidth. In order to fulfill various demands,
networks operators are having great difficultyth e
accommodating the increasing traffic because, vehen

high-speed optical signal is transmitted in an aapti higher- order dispersions is essential in ordetesign

fiber,_ it_undergoes various distc_)rtions due to t.h nd develop an efficient high bit rate broadband

impairments caused by system noise, attenuatioex; fi ical ication svstem or network that hasidle

dispersion, and nonlinearities such as stimulate(H)tlca communica Y . -

Raman scattering (SRS), four wave mixing(FWM)an(ﬁpnvergmg requirements for subgcrlber mobll_lty and

cross phase modulation ('XPM) igh bandwidths[9]. The analysis reported in [10]

' considered second order dispersion (20D) and third-

When multiple wavelengths carrying SCM signalorder dispersion (30D) coefficients independently f

propagates in a single fiber, fiber nonlinearitem  different modulation frequencies at varied walk off

lead to crosstalk between subcarriers on differemarameters. This paper extends the work reported in

wavelengths. In a dispersive fiber, the dominaperfi [18] by including higher-order dispersion coeffitie

nonlinearity that causes crosstalk is cross-phagsdependently and combined at different transmissio

modulation (XPM). Cross phase modulation (XPM}engths, modulation index, core affective areajoapt

may generate significant amounts of nonlineapowers of optical fiber.

crosstalk between adjacent SCM channels because

they are very closely spaced.XPM generate sigmifica

amount of nonlinear crosstalk between very closely. THEORY

spaced SCM channels [2,4].

The impact of second-order dispersion (20D) for
combined effect of SRS and XPM-induced
crosstalk was evaluated and an expansion to the

The optical power at the fiber input is given by

The transmission limitation of multiple narrow p _ + P —
single-sideband subcarrier-multiplexed (SSB/SCM)Pi Rll+mcosat] where AL(Z’t)’I 12

signals with transport capacities of 10 or 20 Giets ~ denote the slowly varying complex field envelop of
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each wave, ) is nonlinearity coefficient. Therefore Where
optical power at the input of fiber can be exprdsse

(101, F=Brg Fo=Bie Fo= B Fum B
In this work we consider two optical waves with (8)

identical polarization, co-propagating in single dao

fiber and the investigation is done for pulse of 0B, 9B , 9B , 0B

duration < 0.1 pspropagating over the fiber. The B = Yy s _w"g‘l Y Ps= 9’

coupled equation for cross phase modulation under a 9)

slowly varying envelop are given by [9, 12].

B is the phase constant at wavelengthsolving

oA | 1 aA&_( . a) .
A, - Sjyp -2 1) Eq. (5) we obtain
0Z V, ot R )A M)
0A, . 1 0A, 1_2F_6F%w_ oy
. a -
—2+ - 2= —jyP—-—— (2) R(z7,)=PR(07,) 2 2
0Z Vy, ot ( o ZJAZ 24F, %:'z// 12F, at"f x
Solving (1) and (2) of electric envelop by (10)

neglectingy for initial condition z =0 and t 7, ) _
Neglecting the value ¢§? g2 32 3.2 being very

az
A= AO7)ex{ 5 (3) small
By substituting the result ofAL(Z, t) in the P oy
. AT U T &
second coupled equation, | R(27,)=P07,) ; ot N atl,zll
A(zt) = A(0,7,)e We @2 ) 24F, at‘f’—lztr at(é/
Where (11)
r We define here the following dispersion
—-_ -az 5 i
y 2y_([Pl(0,r2+dlzz)e dz ) parameters [17].3 representi™ order dispersion
parameter.
And
A p
1,=7,+dz (6) pe= 2mc
Considering group velocity dispersion and higheggg_)l_[;l D +2)lD] (12)
order dispersion can be converted into intensity (2m)?
modulation via relation [13—16]. A2, )
i ,84:(2 )3[21 D,+64°D,+64D |
0+ az,:/ (awj F 41+ 24 . i
oz at B, = o )[)ID+12/1D+364D+244D]
0 0 0
[a:éj atléj a‘f’ J(alf/)]': +1 From (11) the effect ofg, in op,(z1,)/9z is
Yy _owdy_ [0 oY g?ven by U anq the effect ofg, .in a-Pé(z, 7,)/0z is
(2= POL), TR e -, given byV , g,in 0P,(z,)/dz is given byY and
ow oy, (0w " | the effect of g, in R, (z,7,)/dz is given by Z.
+ —_ —_
) ot ot l( ot j XPM-induced crosstalk is defined due to higher orde
_jazé/ az/fazﬁ/ 10 dispersion at wavelengthz.
1+ | ot ot ot F} o
%031,1/ 01//641/ (01//)5 4 Ueo 2yP.a#p, (aL-1)+coq ad,L)e" +
oot o ar et (i, —a)? | i{sin(awd,L) e —(cad,,L)}
(7) (13)
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3+20L+ 4" cogan,,L) -

2MBYPW || om
:_—(;1—8{11; ? e cog 2ud,L)+
VBl | s sin{anl, L) - 2l L
(14)

— + 6 -
iy | B

— _ TP ' c - 186('m12‘”)|- + 11+

3(iad,, - a)

A

5 - Wi
Yical,~a)"

ge?i i)t — peliesalt
(15)

12{iaal,) L-120- @é‘“"ﬂ“ - )

+36(62(iau12—a)t _]) _ 1¢e:{i’*ﬂ12“7)L _ ;L

+3(e4(i“-dlz‘a')'— _])

(16)

3. RESULT AND DISCUSION

In

recommendation

ps/nm/km, D, =0.0000025 ps/nm/km and |,

our

calculations, we assume

G.653  [ITU][18].

D=05

o
=]
1

-50

=70

Induced XPh Crosstalk (dB)

S0
-100

Aol

B0

80

Induced XP Crosstalk vs. Transmission Length

—&— 30D+40D+50D
20D+30D+40D+50D

40 50

i
30

i
20
Transmission Length (km)

Fig. 2. Induced XPM crosstalk versus transmistogth at for
20D+30D+40D+50D, 30D+ 40D+50D

Fig. 1

+ 30D

illustrates the XPM-induced crosstalk versus
transmission length in the presence of all combined
higher dispersion order 30D + 40D + 50D and 20D
+ 40D + 50D that lies in the range of
~ (-108.5t0-96.2) and (-56 to—-35.5) dB at 3 GHz
_ _ followingmodulation frequency respectively. Similar resaité
parameters as given below Referring to ITU: Theen reported for XPM-induced crosstalk versus
optical power in the presence of all combined highe
ps/nm/km, D, =0.085 ps/nm/km, D, = 0.00025 dispersion order 30D + 40D + 50D and 20D + 30D
+ 40D + 50D in Fig. 2, but it lies in the range of
the _146 t0-120.2) and (-60 to-47.5) dB at 3 GHz

channel spacing ofM = 4 nm, length of fibellL = 50 modulation frequency respectively.

km for the graph of the XPM-induced crosstalk versu
optical power , the fiber non-linear refractive éxd

n= 2.68e’m*/W, m

a = 0.25dB/km, A, = 1542 nm andl, = 1546 nm.
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Fig. 3 Induced XPM crosstalk versus optical poatgior 30D,
40D, 50D at different values of m
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TABLE I.

XPM-induced crosstalk (in dB) at 2mW at various

08

1 12

Optical Power (W)

values of Modulation Index

Induced XPM crosstalk versus optical poat for
30D+40D, 40D+50D at different values of core affestarea

m 30D 40D 50D 30D+40D | 40D+50D
-230.6 -313.5 -146.2 to

07 (141 to t(o EO §120.2) (-230.6 to
-120.2) -191.6) | -261.4) -191.6)
(-144.7 | (2275 | (-308.8 | (-144.710 | ,

1 | to to to -118.6) 51%7'55) to
-118.6) | -188.5) | -256.8) :
(-141.7 | (-221.5 | (-299.8 | (-141.7t0 | ,

2 1o to to “115.6) 512;3221'55) to
-115.6) | -182.5) | -247.8) :

TABLE II. XPM-induced crosstalk (in dB) at 2mW at various

values of Modulation Index

30D+40 40D+5

At 30D 40D 50D D oD
(-141.7 | (-230.6 | (-3135 | (-146.2to]| (-230.6

50e-6 | to to to -120.2) to
-120.2) | -191.6) | -261.4) -191.6)
(-144.7 | (2275 | (-308.8 | (-144.7to]| (-227.5

80e-6 | to to to -118.6) to
-118.6) | -188.5) | -256.8) -118.5)
(-141.7 | (2215 | (-299.8 | (-141.7to]| (-221.5

140e-6 | to to to -115.6) to
-115.6) | -182.5) | -247.8) -182.5)

The comparison of XPM-induced crosstalk

reduction due to individual and different combipati

of higher order dispersion is given in table | .3be
values are calculated for different values of
modulation index (m=0.7, 1, 2) at fiber length 50km
Fig. 3 depicts the XPM-induced crosstalk versus
optical power at varied higher order dispersion and
shows that the XPM induced in the presence of 30D,
40D and 50D at3 GHz modulation frequency. Fig. 4
depicts the exponential growth in the XPM-induced
crosstalk versus transmission length at variedbidifit
combined dispersion order and in the presence of
combined dispersion order like 30D + 40D and 40D
+ 50D at 3 GHz modulation frequency.

Table 1l shows the variation of XPM-induced
crosstalk reduction due to individual and different
combination of higher order dispersion for differen

affective core ared\, of optical fiber at length of

50km.The Fig. 5 indicates the graph of the XPM-
induced crosstalk versus optical power at varigthdsi

order dispersion and shows that the XPM induced
crosstalk in the presence of 20D, 30D, 40D and 50D
at3 GHz modulation frequency. Further, in Fig. 6 we
calculated the XPM-induced crosstalk in the presenc
of combined dispersion order like 20D + 30D, 30D +
40D and 40D + 50D at 3 GHz modulation frequency.

4. CONCLUSION

From the above result, it is clear that the impct
30D, 40D and 50D is small as compared to with
20D but still contributes when the combined terms
are considered, for Fig. 1 to 3 the XPM-induced
crosstalk more effective in the first 15 km of cpti
fiber after that it experiences very low variatiohss
also observed that the higher-order dispersion term
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has significant impact on XPM-induced crosstalkeTh[12] K. Peterman, “FM-AM noise conversion in
effect of XPM-induced crosstalk at different values
input channel powers can be observed Fig. 4 th6. T

effect  of

XPM-induced crosstalk

exponentially with optical power. It is evaluatdtht

XPM-induced crosstalk increases for the m =1 and m

= 2 as compared to m=07. Moreover it is investigate
that as core effective area increases XPM-induced (1997) 415-426.

crosstalk decreases. Fig. 5 and 6 shows the imgfact[14] A.K. Sharma, R.K. Sinha, and R.A. Agarwala,
core effective area (é?f‘) when length of fiber is

constant .it is observed as core effective are@ases
XPM-induced crosstalk decreases.

dispersive single mode fiber transmission lines,
Electron. Lett. 26 (25) (1990) 2097-2098.

increaseqg13] A.K. Sharma, R.K. Sinha, and R.A. Agarwala,

“Improved analysis of dispersion compensation
using differential time delay for high-speed long-
span optical link,” Fiber Integr.Opt., USA 16 (4)

“Higher-order dispersion compensation by
differential time delay,” Opt. Fiber Technol.,
USA 4 (1) (1998) 135-143.

[15] V. Kumar, A.K. Sharma, and R.A. Agrawala,
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