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The evolution of sum-chirp for an initially chirped Gaussian pulse is studied in the polarization multiplexed

communication system, with fibre attenuation considered. The sum-chirp is found to have the character of saturation.

Its value appears different along the two different polarization axes, determined by the incidence polarization angle. We

also find that sum-chirp is dominated by the initial chirp at a short distance, and by the cross-phase modulation effect

at long distance. And it is influenced apparently by a wavevector mismatch parameter below 10 ps/km. Further, its

saturation results from the effective distance determined by fibre attenuation.
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1. Introduction

Following the 10 Gb/s fibre communication sys-
tem that dominated the communication network, a
new system of 40 Gb/s communication speed has at-
tracted much attention. It shows an inevitable trend
for fibre communication systems: increase of capacity
and rate. However, new problems related to the polar-
ization mode dispersion (PMD) occur simultaneously.

Obviously, PMD will do harm to both analogue
and numerical communication systems. So far, sev-
eral approaches have been put forward to eliminate or
weaken the negative effect of PMD.['=5] Since PMD
results from the birefringence in the fibre, we wonder
whether it can be well offset by the cross-phase mod-
ulation (XPM) effect in the polarization multiplexed
system.[6’7]
soliton’s ability of

distortion-free propagation results from the interac-

As is well known, the

tion of group velocity dispersion (GVD) and self-phase
modulation (SPM), when zero sum-chirp is realized
by the resistance between GVD-caused chirp and the
SPM-caused chirp.®! Similarly, PMD may be resisted
by XPM, which results from the resistance between
the relative chirps. Hence, it is possible for distortion-
free communication to come to be truly realized in a

new high-speed system. In this light, the sum-chirp is

tE-mail: wjing@mail.ouc.edu.cn

studied.
2.Basic theory
When propagating in the strong birefringence fi-

bre, the incidence polarization pulse is found to satisfy

the equations [®]
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where A; and A, are the amplitudes of the pulse along
the = and y axes respectively, 81, and (1, are the re-
ciprocals of the group rates, 82, and B2, are the GVD
parameters, « is the fibre attenuation, v is the non-
linear parameter, z is the propagation distance, and ¢

is time.

2.1. SPM and XPM-caused chirps

To consider the nonlinear effects only, we choose

B22:=P24,=0. And by making the transformation T' =
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t — 281, we obtain
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where d = 31,~f1, is the wavevector mismatch.

One can introduce a normalized amplitude U by

%) Ua(2,T),

%) U, z,T), (3)

using the definition
T)= \/Pzexp< -
T) = \/Pyexp< -

where P, = P, cos?6, P, =P sin%6, P, and 6 stand
for the incidence peak power and polarization angle

respectively. Then Eqgs.(2) take the form

.0U,
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whose general solution is given by

Uy(2,T) = Uz(0,T)exp(i¢s),
Uy(z,T) =Uy(0,T — zd)exp(igy), (5)
where
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0

Equation (6) shows that the nonlinear phase is mod-
ulated due to SPM and XPM, and the initial nor-
malized amplitude also contributes to the modulation.

Here, the initial normalized amplitudes are given by
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U,(0,T) =Uy(0,T) = exp(

where Ty is the pulse width, and C is the initial chirp

parameter. By defining

T
T= 7,
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we have
fl@)=ef(r+2)—ef(r+2-9),
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where the function erf stands for error function. Then

Eq.(6) changes into the form
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If we define

g(z) = exp(—(7+ 3:)2) —exp(—(t+z— 5)2),

a; = —a, €1 = —¢, eo =€+ 6,

then the sum-chirps are given by
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2.2. GVD-caused chirp

As a matter of fact, Eq.(9) only shows the sum
of SPM-caused chirp and XPM-caused chirp. When
GVD is considered only and the negative 35 is chosen,
then Egs.(1) change into the form
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As a result, the GVD-caused chirp is given as 8]

— (14 C%z/L
Awp— —C-0F /o 7 gy
(1- C2/Lo)® + (z/Lp)’ To
When (5 < 0, C=0, the GVD-caused chirp will resist

the SPM-caused chirp, as long as Ly, = Lp, while

the fibre attenuation will diminish the pulse ampli-
tude along the fibre length, which in turn will affect
the SPM-caused chirp. Hence, with the initial chirp
considered, the sum-chirp under this circumstance will

surely take on new characters.
3. Analysis and discussion

According to Egs.(9) and (11), the sum of SPM-
caused and XPM-caused chirps will increase propor-
tionally to the nonlinear effect parameter v and the
incidence pulse peak power Pp, while the incidence
polarization angle 6, initial chirp C, fibre attenuation
a and wavevector mismatch parameter d affect the

sum-chirp in a complicated manner.
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We use the method of numerical simulation in
MATLAB to demonstrate the evolution of chirp for
an incidence pulse with a width of 10 ps inside a fibre

with the specification as Ly, = Lp=>5km.

3.1. Influence of incidence polarization angle on

the chirp derived from SPM and XPM

By numerical simulation, the incidence polariza-
tion angle 6 is found to make the chirp have different
values along the z and y axes, with the exception of
0 = m/4. The evolutions of the chirp along the z-
axis are shown in Fig.1. We observe that the value of
the chirp decreases as the angle increases. The reason
for this is that the incidence polarization angle deter-
mines the distribution of the pulse power along the
two polarization axes. When 6 = 7/4, the power is
distributed equally. But there is a common trend for
the chirps to be saturated at corresponding levels as

the distance increases beyond 20 km.
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Fig.1. Evolution of the chirp for a pulse with certain incidence polarization angles inside a fibre of d=7 ps/km, a=0.25dB/km.

3.2. Influence of initial chirp on the sum-chirp

According to Fig.2, when the distance z is below
20 km, we find that whether the sum-chirp is positive
or negative depends on the sign of the initial chirp pa-
rameter. The instantaneous sum-chirp increases from

the leading to the trailing edge (up-chirp) for C > 0,

while the opposite occurs (down-chirp) for C' < 0, and
the sum-chirp will look like a sine profile for C=0.
When the distance is longer than 20km, GVD will
be offset by SPM, while XPM will be dominant; as
a result, the sum-chirp is mainly determined by the

degree of mode coupling effect.
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Fig.2. Evolutions of sum-chirp for a pulse with certain initial chirp parameters inside a fibre of d=7 ps/km,

a=0.25dB/km at 6 = 7 /4.

3.3. Influence of fibre attenuation on the chirp
derived from SPM and XPM
We find that the fibre attenuation mainly af-
fects the saturation and value of the chirp. How
it works is demonstrated in Fig.3. It shows that

the chirp increases continuously over the distance of
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100km, when a=0. However, when a=0.25dB/km,
the chirp becomes saturated as the distance reaches
20km. And at z=100km, the value of the sum-chirp
for =0.25dB/km is only 5% that of the sum-chirp

for a=0.
The variation of fibre attenuation and sum-chirp

0.05 1

Fig.3. Evolution of the chirp for a pulse inside a fibre of d=7 ps/km, with certain attenuations, at § = n/4.

is shown in Fig.4. In the figure, at distance z=50km,
for T=0.25T}, the sum-chirp will decrease quickly as
a increases gradually when a lies in the range of 0—
3dB/km; and when « is in the range of 3-5dB/km,

the sum-chirp becomes constant.

3.4. Influence of wavevector mismatch on the

chirp derived from SPM and XPM

The wavevector mismatch parameter d affects the

degree of mode coupling, so it also contributes to
the value of the chirp. At a distance of z=50km,
for T=0.25Tp, @=0.25dB/km, when the wavevector
mismatch parameter d <3 ps/km, the absolute value
of the chirp increases as d increases until a peak
value is approached, as shown in Fig.5. Then, when
d > 3ps/km the absolute value of the chirp decreases

slowly and approaches a constant.
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Fig.4. Variation of fibre attenuation and the chirp.
The parameter values are identical to those used in
Fig.3.

4. Conclusions

1) The sum-chirp has the character of saturation,
which is caused by the fibre attenuation.

2) The values of the sum-chirp are slightly differ-
ent between the two polarization axes caused by the
incidence polarization angle 6.

3) Whether the value of sum-chirp is positive
or negative depends on the sign of the initial chirp

parameter C during the early stage of the pulse

Fig.5. Variation of wavevector mismatch parameter
and the sum-chirp. The parameter values are identical

to those used in Fig.3.

propagation.

4) Both the saturation and the value of the sum-
chirp are affected by fibre attenuation a.

5) The value of the chirp derived from SPM and
XPM is related to the wavevector mismatch parameter
d, but only when 0 < d < 30 ps/km does the wavevec-
tor mismatch effect influence the chirp evidently.

6) The study of sum-chirp confirms and explains
the physical mechanism for the phenomenon of pulse

propagation mentioned in the work of Schéfer et al.l]
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