3% Scientific
. J
+* Research

Proceedings of 14th Y outh Conference on Communication

Modulation Instability in Decreasing Dispersion Fibers

Yu-Qin Yao ', Hui Ju %, De-Quan Guo *
""" Chengdu University of Information Technology, Chengdu , China, 610225
1.e-mail yanhuayu_wo@yahoo.com.cn. 2.e-mail juhui@cuit.edu.cn 3. e-mail wwwguosky61@yahoo.com.cn

1,23

Abstract: Starting from the nonlinear Schrddinger equation governing the propagation of optical pulses in
optical fibers, modulation instability in decreasing dispersion fiber is analytically investigated. The syn-
thetic effects of dispersion parameter, slowly decreasing dispersion parameter, incident power, propagation
distance, loss coefficient, nonlinear coefficient, etc. on the gain spectrum of modulation instability are ana-
lyzed. Furthermore, gain spectra of modulation instability in the ideal fiber, loss fiber and decreasing dis-
persion fiber are calculated and compared. The gain spectrum of decreasing dispersion fiber is much
broader than that of ordinary optical fibers .The broad gain bandwidth can be obtained by selecting the
dispersion parameter of decreasing dispersion fiber. Accordingly, the decreasing dispersion fiber in
anomalous dispersion regime is good kind of fiber to produce modulation instability. This research result
shows that a new method can be obtained to generate the broadband spectrum of modulation instability in
the fibers with slowly decreasing dispersion which is promising to produce the ultra short pulses and so on.
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1 Introduction

Modulation instability is very important and universal in
physical phenomenon. It can be observed in Hydrody-
namics, Plasma Physics, Condensed Physics, Optics, and
so on . Modulation instability in optics result from the
interaction between dispersion and nonlinear effects. It
include time domain, airspace and the coupling between
time domain and airspace. The modulation instability in
time domain is usually in optical fiber. It registers as the
secondary lobe of spectral line in frequency domain and
a series of burst pulses in time domain™ . To solve the
fiber loss, people study out the decreasing dispersion
fiber whosesecond-order dispersion is not uniform in
transmission direction,, It can compensate fiber nonlinear
effect by same rate of decrease in fiber loss. modulation
instability in decreasing dispersion fiber is analytically
investigated in this paper, characteristics of the gain
spectrum are compared in deal fiber, loss of optical fiber
and dispersion-decreasing fiber %1

2 Theory Foundation of Optical Pulse in Op-
tical Fiber Transmission

We can get the transmission equation from Maxwell's
equations. Concrete steps are as follows ¥

Make the vorticity for both sides of
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VxE=-—2 (2.1)

then eliminate B,D with E,P in

VxH=J +@ 2.2)
ot
D=¢,E+P and (2.3)
B=u,P+M (2.4)
from above, we can get the equation :
2F 2p
WVxE:-CiZ%—ﬂO‘;—f (2.5)

Where uyey = %2 , C is vacuum speed of light.

Optical pulse shape and spectrum can be affected by
dispersion and nonlinear effect in optical pulse transmis-

sion [4], Transfer equation can be expressed into the fol-
lowing :

%P, %Py,
+ (2.6)
a2 M0 o2

1 02%E
c? ot?

V?E - = Ug

Where P_ is the linear part of polarization, Py _ is
Non-linear part of polarization.

Solution of equation (2.6) obtained under the formula:
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%2 +)/|A|2A:O (2.7) This equation is

called nonlinear Schrodinger equation (NLS). Where S,
is Optical second-order dispersion coefficient, o is
fiber loss coefficient, y is fiber nonlinear coefficient.

3 The Analysis of Modulation Instability

Transmission satisfied for the above nonlinear equation
Light waves in optical fiber s (2.7) type described in , the
steady-state solution for equation (2.7) is

A =[P, exp(iPy2)

Where PR, isinitial light intensity.

3.1)

(3.1)-type shows that the waveform remains un-
changed in optical fibers transmission with the increase
of its phase. We will consider the perturbation character-

istics of steady-state solution. MakA is /R, +a)exp(i/Pyz).

where a is perturbation parameter, and |a| << /R, 51,

We substitute (3.1)-type in (2.7)-type, only consider a
one-item, equations are simplified as follows:

da 1 d%a .
E:Eﬂz exp(az)ﬁ—yPo(a+a ) 3.2
Where o is Complex conjugation for a. Based equa-

tion (3.3) solution for

a(z,T) =g, coskz—QT) +a, sinkz—QT) (3.3)

Where k is perturbation wave number and Q is pertur-
bation wave frequency, a and a, are amplitude pa-
rameter of perturbation wave] (1 We substitute (3.2)-
type in (2.7)-type, the relation between k and Q are
simplified as follows:

47PO ]%
| B, | exp(az)

k=+-1| 2, |exp(az)[Q° +sgn S, (3.4)

N[0

(3.4)-type shows the dispersion relation. For some per-
turbance , when k becomes plural, then the modulation
instability generated. It shows that modulation instability
can only happen at the negative dispersion fiber region.
For conventional optical fiber, fiber dispersion is a con-
stant, so we can get that 3,(z) = 5,(0) (7] ,(3.4)-type can
become

k=+11 5, |exp(ar)(Q? - 02) 2

> (3.5)
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where Q? . L
| B, | exp(az)

For dispersion-decreasing fiber, make dispersion to
meet the conditions of f, = f3,(0)exp(-.z) where u

is longitudinal changes parameters of dispersion, from
above ,(3.6)-type can be getted:

k= r% | 55(0) | exp(az) exp(—2)( Q2 ~ %) 2 (3.6)

where Q2 S L
| 5,(0) | exp(az)

It can be seen that the relation between k and Q s
not only with the fiber loss, but also with the fiber-optic

exp(rz) .

vertical dispersion parameter. For the purposes of the
general fiber, fiber loss is a constant, so (3.6)-type can be

simplified as

=421 B0 lexpla- 2@ -2 @)
here QF = 270 ~a)z.
where : |ﬂ2(0)|eXp(y a)z

To do further study of optical properties of modulation
instability, we usually adhibit gain g(Q) ,it can be de-

fined as

9(©) =2Imk =0 ,0) [expla - )2(@2 -0 2 (3.8)

(3.8) —type shows that the gain spectrum is not only in
the frequency range, but also with the parameter x and

the transmission distance z , if

_. Q9 2P H—a
S (N A I

the gain have maxima, its value is

(3.9)

1
Omax = 9(Quax) = E|ﬂ2 | exp( aZ)QE = 2yP, (3.10)

From (3.10)-type,we can know that peak of gain spec-
trum has nothing to do with the fiber dispersion parame-
ter, but has a linear proportional relationship with the
power of light waves .

4 Simulation Analysis

From the theoretical analysis ,we can get that modulation
instability only arises from the anomalous dispersion fib-
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er area. Gain spectra of modulation instability in the ideal
fiber, loss fiber and decreasing dispersion fiber are cal-
culated and compared.

4.1 Gain Spectra of Modulation Instability in the
Ideal Fiber

Figure 4.1 shows the change curve between gain spectra
of modulation instability in the ideal fiber and optical
power. Figure 4.2 shows change curve between cut-off
frequency and optical power. From the Figure 4.1,we can
get that gain spectrum are symmetrical and it is zero at
Q =0, and with the increase of fiber power, the peak of
gain spectrum increases and the gain spectrum will also
be widened, And only frequency instability less than the
cut-off frequency, it will produce modulation instability.
Figure 4.2 shows the relation between Q. and F,.
With the increase of optical power Py, the cut-off fre-
quency almost linear increase. From the two Figure, we
can get that the more big fiber power is, the more easy to
produce modulation instability.

Figure 4. 1. the change curve be tween gain spect ra of modulation
instability in the ideal fiber and optical power.

Figure 4.2. chan ge curve betw een cut-of f fr equency and optical
power.
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4.2 Gain Spectra of Modulation Instability in the
Loss Fiber

Figure 4.3. the change curve be tween gain spect ra of modulation
instability in the loss fiber and loss coefficient

Figure 4.4. t he change curve be tween cut-of f frequency and loss

coefficient

Figure 4.5. the change curve be tween cut-off frequency and trans-
mission distance.

Figure 4.3 shows the change curve between gain spec-
tra of modulation instability in the loss fiber and loss
coefficient. Fig.4.4 shows the change curve between
cut-off frequency and loss coefficient .Fig.4.5 shows the
change curve between cut-off frequency and transmission
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distance. From Figue 4.3,we can get that the peak of gain
spectra gradually reduce and the wide of gain spectrum is
gradually narrowed with the loss coefficient increased
gradually. From Figure 4.4, we can get that the peak of
gain spectra almost linearly decreases with the loss coef-
ficient increases when the transmission distance fixed. It
can also be getted from (3.7)-type, mainly because of the
fiber loss reduces the optical power, the cut-off frequency
exponentially decay with the fiber loss. From Figure
4.5 ,we can get that the peak of gain linearly decrease
with the transmission distance increases when the loss
coefficient keep a constant. By the above Fig,it can be
seen that the more big iber loss is, the more difficult to
produce greater modulation instability because of the
existence of fiber loss .

4.3 Gain Spectra of Modulation Instability in the
Decreasing Dispersion Fiber

Figure 4.6. the ch ange gain spectra curve of modulation instability
in the decreasing dispersion fiber

Figure 4.7. the change curve between cut-off frequency and vertical
dispersion parameter
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Figure 4.8. the change curve be tween cut-off frequency and trans-
mission distance in the decreasing dispersion fiber.

Figure 4.6 shows the change gain spectra curve of
modulation instability in the decreasing dispersion fiber.
Figure 4.7 shows the change curve between cut-off fre-
quency and vertical dispersion parameter. Figure 4.8 sho-
ws the change curve between cut-off frequency and tran-
smission distance in the decreasing dispersion fiber. Fig-
ure 4.6 shows that the peak of gain has nothing to do
with the GVD parameter, it can also be getted from
(3.10)-type, the peak of gain remain unchanged with ver-
tical dispersion parameter changes and the wide of gain
spectrum will be widen with the vertical dispersion pa-
rameter increases. From Figure 4.7, we can get that the
smaller Loss coefficient is, the greater the cut-off fre-
quency is. From Figure 4.8, we can get that the cut-off
frequency will be extended in the decreasing dispersion
fiber. It shows that decreasing dispersion fiber can pro-
vide the wide range which can make modulation instabil-
ity effect.

5 Conclusion

Starting from the nonlinear Schrédinger equation gov-
erning the propagation of optical pulses in optical fibers,
modulation instability in decreasing dispersion fiber is
analytically investigated. gain spectra of modulation in-
stability in the ideal fiber, loss fiber and decreasing dis-
persion fiber are calculated and compared. The synthetic
effects of dispersion parameter, slowly decreasing dis-
persion parameter, incident power, propagation distance,
loss coefficient, nonlinear coefficient, etc. The results
show that self-phase modulation instability generate in
anomalous dispersion and anomalous dispersion region
of decreasing dispersion fiber is better dispersion me-
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dium chich can generate modulation instability effect.
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