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Introduction

In this paper, propagation of the optical signal at
A =1550 nm (the lowest fiber atenuation) is considered.

We supposed that DFB (distibuted feedback) laser makes
good distribution of wavelengths for different channels, so
we omitted the influence of interchannel crosstalk. The
influence of crosstalk due to reflection along the fiber, is
considered, too. In last few decades, fiber optics have
become main medium for transmission of different kinds
of signals. A new technology called WDM (Wavelength
Division Multiplexing) allows transmission of multiple
optical channels at different wavelengths along the fiber.

Multichannel WDM exists in two new technologies:
CWDM (Coarse WDM) and DWDM (Dense WDM).
DWDM has allowed transmission of at first 32 and 40
channels, and now, the most advanced fiber optic
communication systems offer simultaneous transmission of
100 to 150 channels at 10 Gb/s, in a single optical fiber.
DWDM system has a narrow channel spacing (100GHz —
0,8 nm or 50 GHz — 0,4 nm). As a source, temperature
stabilized DFB lasers are used. Well designed DWDM
systems show good performances and therefore present the
bases for the future all-optical networks.

In such a system, there are many degrading effects
that must be minimized or controlled. The most prevalent
effects are certainly chromatic dispersion, polarization-
mode dispersion, amplifier noise and crosstalk. Intramodal
dispersion results from frequency dependence of refractive
index and mode propagation constant, and it appears in
both linear and nonlinear optical fiber. Intramodal
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dispersion leads to pulse deformity, i.e. pulse broadening
during its propagation along the fiber.

Dispersion coefficient f , is parameter showing
magnitude of dispersion. It defines dispersive regime of
optical fiber. If f , > 0 then optical fiber works under
normal dispersive regime, otherwise, if #, < 0, the optical
fiber is exposed to anomalous dispersion regime [1].
Refractive index depends on intensity of pulse propagating
along the fiber. If signal is strong enough, Kerr's
nonlinearities  (self-phase = modulation,  cross-phase
modulation and four-wave mixing) can not be neglected. It
is found that these effects can decrease influence of
dispersive effects in anomalous dispersive regime of the
fiber, although can not annul them [1].

Crosstalk is a kind of disturbance in the optical
communication system. It can be coherent (the same
frequency as a useful signal) or noncoherent (different
frequencies). Coherent crosstalk can not be eliminated by
optical filtering in receiver [2,3], so in this paper we reffer
to it.

Equation of propagation

Pulse propagation along nonlinear-dispersive optical
fiber can be described as [1]:
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and y - nonlinearity coefficient:
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where 7, - nonlinear index coefficient, A - wavelength of
signal and 4, - effective core area.
We introduce the next normalization:
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where T, - half-width, i.e. the time when signal power
declines to 1/e of its peak value and P, - the peak power of
useful optical signal, and then we introduce:

Lp = T02/|ﬁ2|§ Ly =(r By) 7,

then equation (1) becomes:
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Equation (5) is well-known as nonlinear Schrodinger
equation. Optical losses are neglected, i.e. «=0. In  this
paper symmetrical split-step Fourier method is used for
solving Schrodinger equation because it is fast and
accurate method. Parameter defining working regime of
the optical fiber is:
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For N* <<I dispersion dominates, and for N* =1,
dispersive and nonlinear effects are balanced [1].

Influence of interference

In optical telecommunication systems useful signal is
Gaussian and it can be written as [1-3]:

U(O,z’):aexp(—rz/Z). (7

Parameter a depends on transmitted information ("1"
or "0"). At the beginning of the fiber useful signal is:

s(O,r)=U(O,T)cosa),r, (®)

where @, = T, is normalized frequency.

Coherent interference has the same frequency as
useful signal and it has Gaussian envelope, too. Crosstalk
is time and phase shifted in relation to useful signal. At the
place where the interference appears:

S; (zi,r) =U; (zi,r)cos (a)r T+ qo),

U, (zi,z'): a; exp(— (r—b)z)/Z, ®
where b — time shift and ¢ -phase shift, respectively. z;
denotes the place of arising of interference along the
considered optical fiber. Parameter a; depends on
magnitude of crosstalk. Envelope and phase of resulting
signal at the place of interference are [4, 5]:
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X=U?(z,r)+U? (z,7 )+
(1)
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Time shapes of signals along the optical fiber are
given by Schrddinger equation (5) solved by symmetrical
split-step Fourier method [1, 6, 7]. The following values of
parameters are used in all the cases: Ty=4 ps, #,=- 19 ps’
/km, Lp=0.85 km, L =23Lp, Aerr = 80 pm?*, A= 1.55 pm.

Fig. 1 shows Gaussian pulse along dispersive optical
fiber in case when N ? <<I, under dominant anomalous
dispersive regime without interference and with the
interference at different places along the fiber. The
influence of phase shift of interference on signal
propagation is obtained cosidering the reference signal
shown in Fig. 1 [6]. The influence of appearing place of
interference signal on output envelope broadening
compensation is greater when nonshifted signal
interference appears at the end of fiber.

The peak power increases with increasing the
distance of interference appearing place. Fig. 2 shows
Gaussian pulse propagation under dominant anomalous
dispersive regime in the presence of interference at
previously considered places along the fiber and in case of
phase shift ¢ =, compared to useful signal. In this case,
the output pulses are broadened and disturbed.

The largest pulse broadening occures when
interference signal appears at the end of the fiber. In case
of phase shifting the peak power decrease with the
increasing of the distance from the appearing place of

interference, because of  non-aditional interference
performance in this considered case.
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Fig. 1. Pulse shape at the end of the optical fiber in case of
propagation of Gaussian pulse: z =23 Ly, , (N ?<<1), SIR =10 dB,
¢= 0; dashed curve — absence of interference; dotted curve -
interference appears at z,,=3Lp; solid curve — z,,= 10Lp, dash-
dotted curve — z,,=20Lp

Fig. 3 and 4 show propagation of Gaussian pulse
along the nonlinear and dispersive optical fiber under equal
dispersion and nonlinearity influences, N > = 1, without
interference and with interference at different places along
the fiber. The peak power of output pulse is the highest
when interference signal appears at the input of the fiber.
There are pulse broadening and disturbances when the
interference signal appear at the end of fiber. The nonlinear



effects can reduce influence of crosstalk in such dispersion
regime. Results obtained for this case are ilustrated in Fig.3.
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Fig. 2. Pulse shape at the end of the optical fiber in case of
propagation of Gaussian pulse: z =23 Ly, (N ><<1), SIR =10 dB,
¢=m : dotted curve — interference appears at z,,=3Lp; solid curve

— Zap=10Lp; dash-dotted curve — z,,=20Lp

Fig. 3 depicts that in case of the opposite phase shift,
the peak power increases (i.e. the width of output envelope
decreases) when the distance of the interference appearing
place from the fiber input arises. The output pulse is
significantly disturbed compared to the case without
presence of interference.
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Fig. 3. Pulse shape at the end of the optical fiber in case of
propagation of Gaussian pulse: z=23 L, (N 2~ 1), SIR =10 dB, ¢
= m: solid curve — interference appears at z,,=3Lp; dotted curve —
Z,,=10Lp; dashed curve — z,,=20Lp

Obviously, the best characteristics of the output
envelope are obtained in case of nonlinear and dispersive
fiber. In this case, a nonshifted interference signal appears
at the end of the considered optical fiber.

The bit error probability

Py iz determined on the bases of field envelope
squared and IM-DD receiver variance, using Gaussian
aproximation. The decision is made with respect to the
signal

(13)

where n represents the number of electrons emitted from a
diode, and y represents Gaussian noise appearing at the
resistances and the amplifier inside the receiver:

z=kn+y,
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(14)

p(y) exp(—yz/(Zo"2 ));

1
N2 o
where o2 is variance of Gaussian noise. Conditional
probability density function for z is determined by:

p(z/n): exp(—(z—kn )2/(20'2)), (15)

1
N2 o

where n has the Poisson probability distribution:

p(n)=

n

exp (-4 )=
n!

‘ U,(Cfend, T ) ‘2

n!

exp (—‘ U,.(fend, z’)r), (16)

here U 1r(§end,7) i Uor(éend’r) are normalized total

envelopes at the entrance of the receiver depending on the
condition if "1" or "0 " is sent. Conditional probability
density functions are:

Po(n) po (z/n,0), (17)
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po (z/9p)=
(18)

pi(z/9)="3 pi(n) pi(z/n,0).

B Il
L8 =

Decision threshold for estimation of value of the sent
information is determined as:

Vp:(7100+551 )/(UO+U1)- 19)
For P(Hy) = P(H;) = 1/2, P, is obtained according to
[7,8]

VP
(z/@)dz+ [p1(z/9)dz]|. (20)
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P, is obtained for the worst case when p(@) is
uniform probability distribution.

Po= [ Pypp p (p)do. 1)

Fig. 4 shows the case of linear dispersive fiber
(N?<<1). It can be seen that in dispersive fiber interchannel
interference  causes performances degradations in
communication system. We can see that the worst
performances are obtained when interference appears close
to the input of the optical fiber. Also, the higher the noise
ratio, the higher is the bit error probability.

Fig. 5 shows that the presence of the phase opposite
crosstalk significantly increases the bit error probability.
Similarly in case of nonlinear dispersive fiber without the
phase shift, the worst case of interference influence, is for
Zyp = 3Lp. Although the interference appears close to the
fiber input, the system performances are better due to
balance of dispersive and nonlinear effects. If the phase
shift is present the phase opposite crosstalk causes
significant increasing of the bit error probability.



propagation along the fiber. In this paper phase shift
influence of interference on propagation of Gaussian pulse
is considered.The phase shift of ¢ = 7 has the biggest
influence on pulse propagation. The negative influence of
opposite phase is the worstwhen signal interference
appears at the end of linear dispersive fiber. In the case of
propagation along a nonlinear and dispersive fiber, the
negative influence of opposite phase is the biggest when
signal interference appears at the input of fiber.
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If signal propagates along optical communication system at high data rate and for long distance, influence of nonlinear effects on
signal propagation should be taken into consideration. Nonlinear effects are desirable, if system works under anomalous dispersion
regime, because they decrease negative influence of dispersive effects. Interference could appear at any point along the fiber. We
compared the cases of crosstalk appearing at the fiber input and at the different points along the fiber. The influence of phase shift of
interference on propagation of Gaussian signal along dispersive and nonlinear-dispersive optical fiber, as well as on peak power that is a
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CHUTHAJIA 10 ONITHYECKOMY NYYKY // DJIeKTPOHHMKA U JIeKTpoTexHuKa. — Kaynac: Texnousorus, 2007. — Ne 2(74). — C. 29-32.

Eciu curHanel pacpocTpaHsIOTCs 0 ONTHYECKOH KOMMYHHUKAIIMOHHOM cUCTeMe Ha OOJIBIINX PAcCTOSIHUSX, HEOOXOUMO OLICHUTD
BIMAHUE HENMHEHHBIX BO3JCHCTBMM Ha paclpoCcTpaHeHHe curHana. HesuHelinble BO3AEHCTBUSA SABISAIOTCA JKEIATEIbHBIMHM, KOIIa
cucTeMa paboTaeT MpU aHOMAJILHOM IHCIEPCUOHHOM PEXHMME, TaK KaK OHM yMEHbBIIAIOT OTPHLATENbHOE BIUSHUE TUCHEPCHOHHBIX
BO31eHCcTBI. MHTEp(hepeHIys MOXKET MPOSBUTHCS B JTI0OOOM MECTE ONTHYECKOrO MydkKa. BelM CpaBHEHBI CIydau, KOTJAa B3aWMHAs
UHTEpQEpEeHINs IPOUCXOINT BO BXOJE B ONTHYECKHH KaHAI WM B PA3HBIX TOUKAX HA MPOAODKHTEIBPHOCTH KaHANA. AHAIU3HPYETCS
BIMSIHAE cMemeHus (a3sl uMHTepdepeHIMH Ha CHTHAIBI [ayca, KOrja CHTHAJl paclpoCTPaHSAETCS II0 ONTHYECKOMY ITy4Ky C
IUCHEPCHOHHBIMY U HEJTMHEHHBIMH JUCIICPCHOHHBIMHU CBOHCTBaMHU. PaccMoTpeHO BimsHHE NMUKOBOH MomHocTH, koraa SIR = 10 dB.
Wn. 5, 6ubn. 8 (Ha aHrmiickoM si3bIKke, pedepaThl Ha aHTTIMHCKOM, PYCCKOM U JIUTOBCKOM 513.).
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Elektronika ir elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 2(74). — P. 29-32.

Jei signalai sklinda optine komunikacijy sistema dideliais atstumais ir didele sparta, biitina atsizvelgti { netiesiniy poveikiy itaka
signalo sklidimui. Netiesiniai poveikiai pageidautini, kai sistema veikia anomalios dispersijos rézimui, nes jie sumazina neigiama
dispersiniy poveikiy itaka. Interferencija gali pasireiksti bet kurioje optinio pluosto vietoje. Lyginome atvejus, kai tarpusavio
interferencija pasireiskia optinio kanalo é¢jime bei skirtinguose taskuose iSilgai kanalo. Nagrinéta interferencijos fazés poslinkio jtaka
Gauso tipo signalui, kai jis sklinda dispersinémis ir netiesinémis dispersinémis savybémis pasizyminciu optiniu pluostu. Taip pat
analizuota pikinés galios jtaka, kai SIR = 10 dB. kuri Il. 5, bibl. 8 (angly kalba; santraukos angly, rusy ir lictuviy k.).
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