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SOLITON COMPRESSION IN DISPERSION DECREASING FIBERS
A.A. Sysoliatin, V.A. Bogatyrjov, S.V. Muraviev

Dispersion decreasing fibers (DDF) have been recognized to be useful for efficient
soliton pulse compression. High-quality pulse compression has been obtained in DDF and the
input power requirements are significantly lower than that for soliton- effect compression.
The maximum compression factor is determined by the ratio of input to output dispersion and
typically limited to about 20. Using DDF with optimum dispersion profile it is possible to
obtain pedestal-free pulses of less than 200fs duration.

There are several techniques to compress optical pulses, in particular it is possible
to utilize soliton effects. Earlier research focused on using the compression of high-order
solitons. This can provide rapid compression but suffers from residual pedestal.
Furthermore, the pulse quality at the optimum point of compression is poor, since a
significant proportion of the pulse energy is contained in a broad pedestal. A less rapid
technique but with better pulse quality is adiabatic amplification of fundamental solitons.
To avoid pulse distortion the amplification per soliton period cannot be too big. The
method to vary dispersion along the fiber length can be used to obtain the same effect as
adiabatic amplification, but the effect can be achieved in a passive fiber.

For optical soliton, a small dispersion varying perturbs soliton in the same way as
an amplification or loss. The fibers with varying dispersion can have a lot of application
in the soliton propagation control. Improved pulse quality with minimal or no pedestal
component can be achieved by the adiabatic compression technique using dispersion
decreasing fibers (DDF). High-quality pulse compression is possible and the input power
requirements are significantly lower than that for soliton-effect compression. The
maximum compression factor is determined by the ratio of input to output dispersion and
typically limited to about 20. Using DDF with optimum dispersion profile it is possible to
obtain pedestal-free pulses of less than 200fs duration.

In general, the single mode fibers with dispersion varying along the length are
attracting a considerable attention due to their value for soliton control and propagation.
Whether the group velocity dispersion (GVD) decreases exponentially along the fiber
length the fundamental optical soliton can propagate without broadening in this medium

[1]:
B,(z) = B,(0)exp(-Ez) M

where & is loss parameter. The varying along length dispersion is egivalent to
amplification from mathematical point of view. One is able to compensate the influence
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of optical loss in real fiber varying a chromatic dispersion along the fiber length. The
numerical simulations are showing that, if in real fiber with loss 0.2dB/km the optical
soliton doubles after a propagation on 30km, in the case of the fiber with varying along
length dispersion one may propagate without broadening up to 90km.

The practical way to develop fibers with varying dispersion had been established
[2]. This method performs a precise control of the fiber core diameter during the drawing.
This technology became possible owing to digital signal processing used for the control
of the drawing process. At present fibers with various dispersion functions can be
produced. In particular DDF have been using successfully for soliton compression and
soliton train generation. The method to draw fibers varying along the length from
standard preform had been developed. The length of fiber with varying dispersion may be
in the range from several meters to several kilometers. The dispersion deviation from the
prearranged value is less than 0.1ps/nm/km.

Tailoring the dispersicn along the fiber length could not only prevent loss-induced
soliton broadening, but also perform pulse compression. In a DDF of a certain length, the
dispersion is monotonically and smoothly decreased from an initial value to a smaller
value at the end of the length in accordance with some specified profile. Usually the
optimum fiber length to achieve the adiabatic compression is a few dispersion length Z
defined in terms of the pulsewidth, iy, (full width at half maximum or FWHM), and
GVD parameter B, (ps¥/km):

Zy = Ty /3111, )

The required pulse peak power increases in proportion to the square of the soliton
order. The peak power required for the formation of Nth order soliton is:

P, =NI(Z,), (3)

where v is the fiber nonlinearity coefficient in units of W-km-!.

For a DDF with length L the ratio of input to output dispersion determines the
maximum pulse compression factor for the case of no fiber loss and a constant
nonlinearity coefficient:

Weff = [32(0)/ Bz(L) (4)

The compression experiments have been carried out to confirm the theoretical
predictions. The experimental setup included a light source, the EDFA and DDF. The
light source was an actively mode-locked fiber laser, which outputs the 2ps fundamental
solitons at a center wavelength of 1551nm and repetition rate of 10.496GHz. The DDF
length was 1km and its dispersion value changes linearly from 10 to 0.5ps/nm/km. The
autocorrelations and spectra of output pulses after DDF (1km length, input pulse of 2ps)
are illustrated in Figures 1-2. The average power on DDF input P, was changing from
100 to 240mW.

One should take into account the dispersion profile, i.e. dispersion function along
the DDF length, to achieve both high-quality pulse compression and a large compression
factor. Earlier experimental works have insisted upon using a hyperbolic dispersion
profile since adiabatic soliton pulse compression in this case is expected to be linear.
However, numerical simulations and consideration of the higher order effects indicate
that the linear and Gaussian dispersion profiles are nearly optimum to obtain efficient
pulse compression, especially for subpicosecond pulse compression. High-quality
compression with compression factors over 50 can be achieved by launching pulses with
input soliton order 1<N<2 into a DDF with an approximate length equal to one soliton
period. On the other hand, soliton-effect compression in fibers with constant dispersion
can achieve comparable compression factors of 40, however, a much higher input soliton
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Fig. 1. Autocorrelation plots, input pulse 2ps

Pulse Compression in DDF: Optical Spectra
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Fig. 2. Optical spectra of compressed pulses

order of N=10 is required. It means significantly higher peak power requirements from
the pulse source and approximately 70% of output energy contained in the pedestal
component, i.e. the pulse quality in this case is poor. It had been shown that higher order
soliton pulse compression in DDF can achieve both high-quality compression and large
compression factors [3]. In comparison with the adiabatic compression of a fundamental
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soliton, the required DDF length is significantly less and much larger compression factors
can be achieved. The pulses of 15ps can be compressed down to 200fs using practical
fiber lengths (<3km).

In the case of short (<3ps) solitons it is necessary to take into account the higher-
order nonlinear and dispersive effects. In particular intrapulse Raman scattering results to
the shift of the soliton mean frequency. This frequency shift leads to the change in GVD
due to third-order dispersion §,. These effects result to the soliton corruption. However
the stable compression of ultrashort solitons in DDF can take place in the presence of the
Raman effect and third order dispersion.

Theory and experiments point to the purposefullness of the application of
longitudinally inhomogenous fibers in various areas: input and output of radiation,
shaping of the radiation wavefront in graded-index fibers, fiber sensors, optical amplifiers
(such fibers allow spontaneous emission to be decreased and thereby the gain raise),
femtosecond pulse compression in the infrared and visible region. In particular, multi-
soliton fission and quasi-periodicity were predicted in fibers a periodically modulated
dispersion [4].

The soliton pulse compression in DDF can achieve both large compression factors
and high quality compression. The dispersion profile of the DDF is an important design
consideration. In comparison with the soliton-effect compression in fibers with constant
dispersion, comparable compression factors can be achieved with significantly lower
power requirements. To design the proper dispersion profile along the span length the
dispersion slope and mode size changes should be taken carefully into account. The
approach to control the chromatic dispersion along the fiber length has the practical
advantage of providing optical soliton stability in a way that is completely automatic and
passive.
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CKATHE OITUYECKUX COJIMTOHOB B CBETOBOJAX
C YMEHBIIAWIIEVICA 1O JIIVHE INCIEPCUEN

A.A. Coiconamun, B.A. bozamvipes, C.B. Mypasves

CeeTOBOIB! ¢ U3MEHSIOMIEHCS NO NIHHE Jucliepcueil NpefcTaBsioT coOoM
3(pEKTUBHBIH HHCTPYMEHT [ CXKaTUs ONTHUYECKUX HMIYIBCOB NUKOCEKYHAHOU H
CYOIMKOCEKYHOHO! [IIUTENbHOCTH. B STHX CBeTOBOMaX BO3MOXKHA KOMIpeccHs C
BBHICOKHM KAYECTBOM, B TO 3Ke BpeMs TpeGOBaHMS K YPOBHIO MOITHOCTH CYIIECTBEHHO
HIKE, YeM [JI METONa COJIMTOHHOIO cxaThi. MakcumameHeii K03 dunuenT
KOMIIPECCUH OIPEReNIAETCA OTHOLIEHUEM BEJMWMH MUCIEPCHM HAa BXONE M BBIXONE U
oObITHO ero 3HaueHue He Ooznee 20. B cBeToBOJax ¢ ONTHMANBHLIM NPOdHIEM
JHUCTIEpCHH O JUIMHE MOKHO IOJNYYUTh MMIYIBCHI 6e3 IbelecTala AIMTENBHOCTHIO
meree 200dc.
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