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We propose the sub-picosecond chirped soliton pulse propagation in concave-dispersion-flattened fibers (CDFF). The
effects of pulse characteristics and the fiber dispersion parameters on propagation characteristics of the chirped soliton
pulse are numerically investigated in the CDFF by the split-step Fourier method (SSFM). The unchirped soliton pulse can
stably propagate with unchanged pulse width in the CDFF. The temporal full width at  half maximum (FWHM) of the
chirped soliton performs a damped oscillation with the increase of propagation distance. The period and amplitude of the
oscillation increase with the increase of the chirp parameter |C|. The effect of high-order dispersion ( 3 6) on soliton
propagation characteristics can be neglected. The soliton pulse slightly broadens with the increase of propagation distance
and still maintains soliton characteristics when the fiber loss (ATT) is further considered. The variation of root-mean-
square (RMS) spectral width with propagation distance is opposite to that of the temporal width. The output spectrum of
soliton has a single peak for the unchirped case, while has multi-peak for chirped case. The temporal width of the soliton
obviously increases with the increase of the initial width, decreases with the increase of dispersion peak D0 of the fiber, and
slightly increases with the decrease of dispersion coefficients k1 and k2 of the fiber.
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In recent years, the supercontinuum (SC) spectrum in fibers
has been extensively studied for its important applications in
optical pulse propagation field, wavelength division multi-
plexing (WDM) system, generation of ultra-short pulse,
spectroscopy, and so on[1-6]. The SC spectrum is theoretically
and experimentally investigated in various fibers, such as dis-
persion-decreasing fiber (DDF), dispersion-flattened fiber
(DFF), dispersion-shifted fiber and photonic crystal fiber[1,6-10].
The SC spectrum characteristics in the DDF and DFF are
better than those in other fibers. It shows that the convex-
DDF, convex-DFF and concave-DDF are good propagation
media. Then, we further propose and investigate the round
propagation characteristic of optical pulse in the concave-
DFF (CDFF). Recently, much more attention on optical pulse
propagation has been paid in some special types of fibers,
such as photonic crystal fibers and micro-nano fibers[11-13].
However, the chirped soliton pulse propagation is studied
little in the CDFF. The investigation on pulse propagation in

the CDFF is an interesting and meaningful thing. It is con-
sidered that the optical pulse generally has frequency chirp
which has great effect on pulse propagation, and the frequency
chirp can be controlled by changing the input current of laser
or changing the length of input fiber, etc[14-19]. In this paper,
the optical soliton pulse propagation is proposed in the CDFF.
The effects of pulse characteristics and the fiber parameters
on chirped soliton pulse propagation characteristics are nu-
merically investigated by using the split-step Fourier method
(SSFM).

The sub-picosecond pulse propagation is described by
the normalized nonlinear Schrödinger (NLS) equation in fi-
bers[1]
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where u is the normalized complex amplitude of the pulse in
the NLS system,  is the propagation distance normalized to
the dispersion length, and =T/T0 is the time normalized to
T0 (half-width of the input pulse). The first term on the right-
hand side is the dispersion, and n is the dispersion parameter.
The second, third and fourth terms are the self-phase modula-
tion (SPM), self-steepening and Raman effects, respectively.
s=1/ 0T0, where 0 is the central angle-frequency. R = TR /T0

is the Raman parameter which is related to the Raman gain.
The last term is fiber loss = LD , where is the loss
coefficient, and LD= T0

2/ | 2| is the dispersion length. In this
paper, 6 is the maximum-order dispersion parameter.

The dispersion parameter D, n and pulse central wave-
length  satisfy the relation[1]
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The dispersion parameter D can be measured directly in
the practical applications. n can not be measured directly,
but can be obtained from D and Eq.(2). The dispersion pa-
rameter D of CDFF and the pulse central wavelength  sat-
isfy[9]
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where D0=0.2 ps/(nm·km), k1=-0.000115 ps/(nm3·km) and
k2=8.5×10-9 ps/(nm5·km) are dispersion parameters, D= 0 is
the wavelength for D( )=D0, and the fiber loss is 0.2 dB/km.

In this paper, we set pulse central wavelength 0=1550
nm, D0=0.2 ps/(nm·km), k1=-0.000115 ps/(nm3·km), k2=8.5
10-9 ps/(nm5·km), and =0.2 dB/km. n can be obtained from
Eqs.(2), (3) and the above parameters. Then, soliton pulse
propagation characteristics are numerically studied in the
CDFF using the SSFM according to Eq.(1). The input pulse is
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where C is the linear chirp parameter, and  is the time nor-
malized to half width T0=0.2 ps. We set the larger computa-
tional region =( 320, 320) and set the number of sampling
at 4096.

Fig.1 shows that the temporal full width of half maxi-
mum (FWHM) of the chirped soliton varies with propaga-
tion distance. The horizontal coordinate is the propagation
distance which is normalized to dispersion length. The verti-
cal coordinate is the temporal FWHM of soliton pulse. In
this paper, the higher-order nonlinear self-steeping and Raman
effect are neglected because the second-order dispersion is a
little and the power of soliton formation is low. Propagation

characteristics of the soliton are numerically investigated for
considering second-order dispersion (

2
) and self-phase

modulation (SPM) in the CDFF. In the case of considering

2
 and SPM, the unchirped soliton is a stable propagation

mode in the anomalous the CDFF, and its temporal width
remains unchanged. The temporal FWHM damply oscillates
with the propagation distance for the chirped case. The pe-
riod and amplitude of the oscillation increase with the in-
crease of |C|. For a given magnitude of the initial chirp, the
temporal widths of the chirped soliton damply oscillate in
the same way with the increase of propagation distance after
the initial compressing at =1 for the positive chirp. In the
case of considering 2 6 and SPM, the soliton propagation
characteristics are consistent with those for considering 

2

and SPM. It shows that the effect of higher-order dispersion

3 6 on propagation characteristics can be neglected. In the
case of considering 2 6 , SPM and the fiber loss, the soliton
pulse is slightly broadened.

Fig.1 Variation of temporal width with propagation dis-
tance

Fig.2 shows temporal waveforms after propagation over
100 dispersion lengths for considering all the terms of Eq.(1).
Temporal FWHM of output soliton is 0.77 ps for C=0.5. It is
slightly wider than the width 0.72 ps for C=0, is slightly less
than the width 0.84 ps for C=-0.5, and is about twice of the
initial width 0.2 ps 1.763. Temporal waveform after trans-
mission over 100 dispersion lengths is consistent with the
hyperbolic secant curves. It shows that the soliton pulse still
remains the hyperbolic secant shape.

The optical spectrum of the pulse is very complicated
when the pulse propagates in the CDFF. The full width of
half maximum (FWHM) of the spectrum is not a true mea-
sure of the spectral width. The spectral width is generally
described by the root-mean-square (RMS) width RMS de-
fined by
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Fig.3 shows that the RMS spectral width RMS of the
soliton pulse varies with propagation distance for different
chirp cases. Fig.4 shows the optical spectrum after propaga-
tion over 100 dispersion lengths. It can be seen from Fig.3
that the spectral width RMS of the soliton pulse in the CDFF
decreases with the increase of propagation distance. The spec-

Fig.4 Optical spectrum after propagation over 100 disper-
sion lengths

The dispersion parameters of the fiber have great impact
on the pulse propagation characteristics. Fig.5 shows that
the temporal width varies with different pulse widths, dis-
persion parameters D0, k1and k2 for considering all the terms
of Eq.(1). It can be seen from Fig.5 that the temporal FWHM
of soliton pulse increases obviously with the increase of the
initial width for the same propagation distance in CDFF. The
temporal FWHM decreases with the increase of D0, and de-
creases slightly with the increase of k1 and k2. It shows that
the effects of k1 and k2 on pulse characteristics are little and
the soliton pulse can propagate effectively in the CDFF. One

Fig.2 Temporal waveforms after propagation over 100 dis-
persion lengths for considering all the terms of Eq.(1)
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Fig.3 Variation of RMS spectral width with propagation
distance for different chirp cases

tral width damply oscillates with the propagation distance
for the chirped case. The period and amplitude of the oscil-
lation increase with the increase of |C|. The variation of spec-
tral width with the propagation distance is opposite to that of
the  temporal width. It shows from Fig.4 that the output spec-
trum still has a single peak for C=0. Multiple peaks occur for
the chirped case. The spectral width for the positive chirp is
wider than that for the negative chirp, and the temporal width
for the positive chirp is less than that for the negative chirp.
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should select suitable parameters T0 and D0 in the practical
application of the pulse propagation.

The unchirped soliton can stably propagate with un-
changed pulse width in the CDFF. The temporal width of the
chirped soliton performs a damped oscillation with the in-
crease of propagation distance. The period and amplitude of
the oscillation increase with the increase of the chirp param-
eter |C|. The effects of high-order dispersion ( 3 6) on soliton
propagation characteristics can be neglected. The soliton
slightly broadens with the increase of propagation distance

Fig.5 Variation of the temporal FWHM with transmission
distance in the cases of different pulse widths and fiber
parameters for considering all terms of Eq.(1)
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and still maintains soliton characteristics when the fiber loss
is further considered. Variation of RMS spectral width with
the propagation distance is opposite to that of the temporal
width. The output spectrum of soliton has a single peak for
the unchirped case, while has multiple-peak for chirped case.
The temporal width of the soliton obviously increases with
the increase of the initial width, decreases with the increase
of D0, and decreases slightly with the increase of dispersion
coefficients k1 and k2 of the fiber.
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