N

N

Scaling guidelines of a soliton-based power limiter for
2R-optical regeneration applications
Julien Fatome, Christophe Finot

» To cite this version:

Julien Fatome, Christophe Finot. Scaling guidelines of a soliton-based power limiter for 2R-optical
regeneration applications. 11th International Conference on Transparent Optical Network, Jun 2009,
Ponta Delgada, Portugal. pp.We.P.2, 10.1109/ICTON.2009.5185274 . hal-00470026

HAL Id: hal-00470026
https://hal.science/hal-00470026
Submitted on 29 Jul 2010

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00470026
https://hal.archives-ouvertes.fr

Scaling guidelines of a soliton-based power limiter for 2R-optical
regener ation applications

Julien Fatome and Christophe Finot
Institut Carnot de Bourgogne, UMR 5209 CNRS-Unit&ide Bourgogne, 9 Av. Savary, 21078 Dijon, France

Tel: 33 (0)3 80 39 59 82, e-mail: Julien.Fatome @uHgogne.fr

ABSTRACT

In this work, we report scaling rules for the desg all-fibered soliton-based power limiter foareplification
and reshaping (2R) regeneration process. In péaticwe propose general guidelines to fix the optimfiber
length and initial power of the regenerator. Weehguantitatively pointed out the optical power timg effect
of the device enabling a significant reduction loé tamplitude jitter of a degraded signal. Finabalistic
numerical simulations in the context of 160 Ghdignals show that an efficient improvement of signaality
could be achieved by means of such a device.

Keywords: Optical regeneration, Nonlinear optics, Optiéaéf, Optical Telecommunication.

1. INTRODUCTION

With the development of long haul optical telecomnmiation systems working at high repetition rates
(40 Gbit/s and beyond), performing an all-opticadeneration of the transmission signal has becdraegoeat
interest to combat the cumulative impairments agegrduring the signal propagation and overcoming t
electronics bandwidth limitations of the currenvides [1]. Indeed, during its propagation, the aigimdergoes
various degradations such as amplified spontanepussion noise accumulation, chromatic dispersomell

as intra-channel non-linear effects. Among all tlegradations, the jitter affecting the “one”-bivéé of the
signal appears as the most detrimental. Consegquénib required to limit this amplitude jitter,hich can be
achieved by using various optical methods takingaathge of the Kerr non-linear response of opfiitedrs :
non-linear optical loop mirrors (NOLMSs) [2], fourave mixing [3], or self-phase modulation (SPM) armally

[4] or anomalous [5] dispersive fibers (the twoekit methods being known as “Mamyshev”’ (MR) and
“spectrally filtered solitons” respectively). Whaemany works, both experimental [3, 6] and thézak{see
[7, 8] and reference therein), have recently dedh the possibilities of MR devices, much lessd#ts have
investigated the performances of soliton-basednegdor [9, 10].

In the present contribution, we try to partiallydagiss this lack by proposing some general theaietic
guidelines to optimize the choice of the deviceapaters. After having described our model, we ddtail
several significant conclusions that can be dramch\&e will discuss the advantages and drawbacksiofy a
soliton-based configuration compared to the nowewsgread MR technique. We finally illustrate thesiga
rules by presenting numerical simulations dealiiit) & RZ-25 signal at a repetition rate of 160 Gbit

2. TYPICAL SET-UP AND MODEL
We consider in this section the evolution of cHimge Gaussian pulses with a full width at half nmacim
(FWHM) Tum = 2 4/ In2 T,. A typical set-up of the soliton-based regener&mketched in Fig. 1(a). The

incoming pulsed signal is first amplified by an Em Doped Fiber Amplifier (EDFA) in order to readhe
adequate peak powd?,. During the propagation in an anomalous disperdibar, the degraded signal
experiences self-phase modulation (SPM) providpersal broadening. The resulting signal is théeréd by
means of a centered Gaussian optical bandpags(@#PF) having a spectral bandwidthyy directly related
to the input Gaussian pulsds-gnv= 0.441 Tawnw)-
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Figure 1 (a) Set-up of the soliton-based regenerdtd) Spectrum at the output of the fiber and

OBPF corresponding to the initial pulse spectru)(lmput and output temporal profiles.
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The longitudinal evolution of the complex electiield ¢(z,t) can then be modeled using the standard non-linear
Schrédinger equation (NLSE) including a second odigpersions, and a non-linear coefficiept [11] :
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In order to make our results applicable to a widage of experimental situations (i.e. for differemput
temporal widths as well as for various nonlinead aispersive fiber parameters), it is beneficiatrimsform
Eqg. (1) into the following normalized form [11] :
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whereu, 7 andé are the normalized parameters defined as
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Lp, Nin, Nout @and & are the dispersion length, the “soliton” ordensg ahe normalized fiber length defined as
follows :
T/ L
I‘D = To Nin = y I:i)n I'D ’ Nout = y Pout I‘D ’ <rL =T (4)
|5 Lo

3. REGENERATION PERFORMANCE AND OPTICAL LIMITING PROPERTIES

In order to assess the ability of the device teigfitly perform the expected optical limiting fuion, a widely
used parameter is the transfer function (TF) whiitks the input and output peak powers (or equiviyewith
our normalized\,, andN,,, parameters). Depending on the fiber lenf§ithwe have identified that the interplay
between nonlinearity and chromatic dispersion letwdshree possible regimes for the TF, as graplyical
illustrated in Fig. 2a. Fof_ < 1.55, the TF is characterized by a Rise and &adlution (regime ‘A’). On the
contrary for& > 1.55, the TF become purely monotonous (regimg Which should obviously be banned for

the purpose regeneration. The most interestingui@hiz observed fog, = 1.55 where the TF exhibits a locally
flat region called plateau (regime ‘B’).
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Figure 2 (a) lllustration of the three possible Tpes for the soliton-based regenerator : Rise and
Fall evolution (A), locally flat evolution (B) anchonotonous variation (C) (b) Output signal
amplitude jitter as a function of the fiber lengthd input peak power for an input amplitude jitter
of 10%. The circles represent the inflexion points.

In order to better quantify the limiting propertiefsthe optical device, we have computed the oudppuplitude
jitter (defined as the amplitude of the peak powariations of the regenerated signal) for a giveput
fluctuation of 10% of the initial signal. Resultseashown of Fig. 2b on a two-dimension map thab&rsaus to
quickly determine the optimum set of parameterd. use note for the MR design, a more complex map was



required since an additional parameter, i.e. thectspl offset of the OBPF, had to be taken intooant [8].
From map of Fig. 2b, we have found that a fibegtarf, = 1.4 combined with an initial pow& = 1.45 gives
the best amplitude jitter reduction. This also aoné that the B-shape is very well suited for regation. But
from those measurements, we can also conclude whateas using a C-type TF clearly provide any
improvement, it can be worthy to use a A-type TFidiich the non-optimum point does not translat® in
severe penalty. It seems on the contrary that audhd of TF offers a range of working powers largeat B-
type, which can constitutes an attractive advanitagfee practical design of the device.

4. IMPACT OF THE REGENERATOR ON OTHER PARAMETERS

As it has been shown in previous papers [7, 8],itlgact of an optical 2R regenerator based onpdedfe
modulation is not restricted to amplitude jitteduetion and other pulse parameters are affectdtidyonlinear
propagation followed by spectral filtering. We hasaaried out a similar analysis as the one repartgd, 8]
where several points had been investigated inaheegt of MR and we compare the two configurations.

We have first investigated how the soliton-like eegrator affects the extinction ratio of the sigri&r an
input extinction ratio of -10 dB, the resulting iextion ratio after regeneration is -9.5 dB. Inathvords, our
device does not provide any enhancement or degoadaf this point and the transmission through the
regenerator for low powers is close to linear.

We have also evaluated the temporal impact of ewice. From Fig. 3, we can make out that the tealpor
width after the regenerator for the optimum workpuajnt is close to the initial temporal width. Hoves, there
is a slight power-dependence of this data, whicly nead to some temporal width fluctuations of the
regenerator. An additional potential drawback thed been highlighted in MR configurations is theg bffset
spectral filtering induces a delay which can pa#diyt translate into detrimental temporal jitter].[As our
configuration is based on central filtering, we aot affected by such a negative point.
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Figure 3 FWHM at the output of the regenerator dsirgction of N.

Other interesting differences with a device relyimg a normally dispersive fiber is that in the emtof
soliton regeneration, the power involved in thegess is significantly lower : whereas MR set-upsallyg
require N > 8 for convenient operation, N closelthas been found enough. Moreover, the centrairifilty
combined width relatively modest spectral broadgi@ads to a very good energy yield with more th@ro of
the initial energy remaining in the filtered signahich has to be compared with a typical yield6f% for MR
configurations [8]. The soliton-based device isréfi@re much power efficient. Using lower power imet
regenerator has also the additional beneficial @pusnce of limiting the temporal broadening of psibefore
filtering and therefore to limit the nonlinear irdetion between adjacent pulses of a sequenceaspdkterning
effects that have been observed in Mamyshev regtmsrare avoided.

5. REGENERATION OF A 160 Gbit/s SIGNAL

In order to validate our proposed design rules,haee tested the present regenerator on a 160-@b&/ps
pseudo-random bit sequence (PRBS) degraded aftgragation into a 500-km long dispersion-managed
transmission line. Figure 4a illustrates the résgldegraded signal. We can observe a large ardplifiter
calculated to be 14% (rms value) of the averagé&-peaver. The regenerator is made of a highly nealirfiber
(HNLF) having the following parameters, D = 0.7rpe/km,y = 10.5 /W/kmand L =1 km § =1.3).

Figure 4b represents the calculated rms amplitittr pt the output of the regenerator as a functbthe
input average power. We can achieve a huge decodabe intensity fluctuations with an optimum wirg
power of 14.6 dBm for which the output jitter isethreduced to only 4.7%. Moreover, as shown by the
statistical distribution of the amplitude peak-powhe extreme events of peak-to-peak variatioesraduced
from more than 40% to less than 20% of the aveppk-power. The resulting regenerated eye-diageam i
plotted in Fig. 4c and shows a very good improvemainthe signal quality with a clear eye opening,
corresponding to an increase of the usual Q-fdoton Q=8 to Q=27 at the output of the regenerator.
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Figure 4 (a)lnput degraded signal (b) Output rms amplitudeejiths a function of average power
(c) Output signal for an average power of 14.6 dBm.

6. CONCLUSIONS

We have numerically studied the performance ofgemerator based on the spectral centered filteriragsignal
broadened in an anomalous dispersive fiber. We Ipagposed general guidelines to find the optimuberfi
length and initial power of the regenerator andhaee quantitatively pointed out the optical limgifeatures of
the device enabling a significant reduction of #rmaplitude jitter of a degraded signal. Results hbheen
assessed by realistic numerical simulations ircthrext of 160 Gbit/s signals.

Compared to existing techniques such as Mamyshehnigues, the present approach does not provide any
extinction ratio enhancement of the data. Howethés, noticeable drawback can be quite easily ovascby an
additional stage based on a saturable absorbewfil¢h have now become suitable for high speedassgup to
160 GHz [12]. We have also shown that this apprgaelsents several beneficial features, such asowegr
yield or the absence of additional timing jitter the process. Moreover, compatibility with waveldng
multiplexed signals has already been investigé@gdrd can also benefit from bidirectional schefés

We would like to thank T. Chartier and T. Nguyem fauitful discussion. This work has benefited frahe
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