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Abstract: We report the numerical and experimental studfea spectrally filtered-based all-
optical 2R regenerator at 170 Ghps. The fiber deisccombined with a fast saturable absorber.
BER assessment exhibits a receiver sensitivity avgment.

OCIScodes (060.4370) Nonlinear optics, fibers (060.7140&fhst processes in fibers.

1. Introduction

With the development of long haul optical teleconmication systems working at increasing repetitiates
(40 Gbps and beyond), performing an all-opticalereggation has become of a great interest to cortifeat
cumulative impairments occurring during the sigpabpagation and to overcome the electronics bartbdwid
limitations of the current devices [1]. Consequegritlis required to limit amplitude jitter and tmprove extinction
ratio, which can be achieved by using various apticethods taking advantage of the Kerr non-lireaponse of
optical fibers : non-linear optical loop mirrorguf-wave mixing, or self-phase modulation in nodym§R] or
anomalous [3] dispersive fibers (the two latesthods being known as “Mamyshev” (MR) and “spectréiltgred
solitons” respectively). Whereas many works, botipegimental and theoretical, have recently deathwhe
possibilities of MR devices, much less studies hiavestigated the performances of soliton-basednegators.

In the present contribution, we try to partiallydaglss this lack by reporting some general thealeggidelines
to optimize the choice of the device parametegsthe choice of the fiber length and initial powEne conclusions
are applied to the regeneration of a 170 Gbps staté@am. In order to simultaneously improve theretibn ratio
(ER) of the signal, a fast saturable absorber (8A)s also used and BER measurements finally destnate a
receiver sensitivity improvement.

2. All-optical fiber-based limiter design

The optical limiting function is provided by the mtinear propagation of the amplified incoming dateeam in a
highly-nonlinear anomalous dispersive fiber (HNLFhe expanded spectrum is then spectrally filtdrnganeans
of a centered optical bandpass filter (OBPF) hagispectral bandwidth directly related to the inpuises [3]. The
performance of the resulting device is highly aféecby the initial peak powd?, of the pulse as well as the fiber
length L. In this context, it is of interest to propose geh guidelines that can be applicable to a widgeaof
experimental situations (involving various temponradiths T, as well as various nonlineary— and dispersive —
5 - fiber parameters). A crucial stage is the noedir propagation that can be modeled by the stdmuar-linear
Schrddinger equation. In order to have a generahview of the dynamics, it is beneficial to intregutwo
normalized quantities : the usual dispersive lehgthand the soliton numbét defined respectively ds, = To? /
|3 andN?= Ly y Py [4, 5]. Considering initial Gaussian pulse traiithaa relative amplitude jitter of + 7.5 %, we
have carried out intensive numerical simulationshitain the two dimension map of Fig. 1a. It isdiBaapparent
that the amplitude jitter reduction is optimized &m initialN of 1.5 and a fiber length of 1.4%. For this choice of
parameters, the transfer function linking the otitpeak power to the input peak power exhibits aepla
(Fig. 1al). For longer fiber lengths (Fig. 1a2k transfer function is monotonously increasing eoxsequently is
not suitable for the targeted regeneration. Fortehdiber lengths (Fig. 1a3), a hon monotonoussfer function
can be achieved, which could be of potential irgiefer high initial amplitude jitters.

Normalized quantities are also helpful to carryas €omparison between the proposed solution aadViR
scheme. A crucial point is that working with freqog centered filters does not lead to any improvenoé the
extinction ratio. However, this potential drawbaslcompensated by several major advantages sush\esength
preserving operation, absence of additional tinjitigr, no sequence patterning due to pulse toepirteraction
and an improved energy vield [4, 5].



3. Experimental results

In order to validate our proposed design rules haee tested the optical limiter at a repetitiore rat 170-Gbps.
The experimental set-up is sketched in Fig. 1b. Tigal PRBS data stream is made of four tempgrall
multiplexed 1.5-ps pulse trains at 42.5 Gbps. Tpui optical signal-to-noise-ratio is adjusted bgams of an
additional amplified spontaneous emission noisec®@ulhe signal is then amplified by a 23-dBm embidoped
fiber amplifier (EDFA) before being injected in aromercially available highly non-linear fiber (920, second
order dispersion D = 0.7 ps/nm/km and a nonlinesfficienty of 11 W*.km™). After being filtered by a 3 nm
supergaussian filter, the signal is amplified befoeing reflected on the ultrafast saturable alesdf] through an
optical circulator (OC) with an input power of 8 @BThis second stage ensures the enhancement ektihetion
ratio. At the output of the regenerator, the 17(@&tata stream is optically demultiplexed down2db4Gbps and
bit error rate (BER) assessments are made ondhalsibtained after electrical time division derpléxing.
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Fig. 1. (a) Output amplitude jitter according to the normadizeropagation length and the initial soliton
number.(al,a2,a3) Typical transfer functions. (b) Experimental set-up. (c) Experimental transfer
function of the all-optical limiter stage.(d) Eye diagrams before and after the power limi{e) Receiver
sensitivity with and without the 2R regenerator.

Experimentally measured transfer function of theefibased stage is plotted of Fig. 1c and exhithies
expected plateau required for an optimal powertingibehavior. The ability to efficiently limit th@mplitude jitter
is confirmed by eye-diagrams measured on ultrajptital-sampling oscilloscope (Fig. 1d). BER measuwents
(Fig. 1e) confirm the receiver sensitivity improvemh brought by the optical 2R regenerator.

4, Conclusion

We have numerically and experimentally studiedpghgformance of a regenerator based on the spesniéred
filtering of a signal propagating in an anomaloigpdrsive fiber. We have proposed general guideltodind the
optimum fiber length and initial power of the regestor and we have quantitatively pointed out tbical limiting
features of the device enabling a significant réidncof the amplitude jitter of a degraded sigiesults have been
assessed by experiments carried out at a repetéterof 170 Gbps. The combination with a fastreditie absorber
enables extinction ratio enhancement so that tleestage regenerator has been experimentally foumehprove
the receiver sensitivity by 2 dB for a BER of®1@ith an OSNR of 16.5 dB at the input of the regatar [7].
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