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All-optical time-domain demultiplexing of a
170.8 Gb/s signal in a chalcogenide
GeAsSe microstructured fiber

S. D. Le, M. Gay, L. Bramerie, T. Chartier, M. Thua
J.-C. Simon, L. Brilland, D. Méchin, P. Toupin,TJoles

We report on four-wave-mixing-based all-optical dhtlomain
demultiplexing of a 170.8 Gb/s signal down to 4Z5b/s in a
chalcogenide GeAsSe microstructured fiber. The highlinearity of
the fiber allows error-free and low power penalpemtion with only
56 mW of total input average power.

Introduction: All-optical signal processing is one of the key
technologies for future telecommunication networkkich require
high-bit-rate data signals. The limitation of etecic bandwidth makes
electronic components not suitable for bit rateghér than 100 GHz.
All-optical signal processing can, not only increabe capacity, but
also avoid the optical-electrical-optical conversjgrocess. It can thus
reduce the power consumption of systems. Amongrakedi-optical
functions, time-domain demultiplexing plays an intpat role. Several
schemes have been proposed to perform all-opticaé-domain
demultiplexing. They can be based on nonlinearceffen highly-
nonlinear fibers (HNLF) [1], waveguides [2], silitaanowires [3], or
nonlinear optical loop mirrors [4], etc. Devicessbd on four-wave
mixing (FWM) [1-3] offer a potential for ultrafagiperation owing to
the femtosecond response time of the Kerr nonlieafhe key
parameters of nonlinear devices used for demukipde are the
nonlinear coefficient, the loss and the dispersibhese parameters
must match the specifications of demultiplexersolthare in general
low power consumption, high bandwidth and compasnBue to their
recent growth, chalcogenide microstructured fitjg}offer now a great
potential to implement all-optical signal demuléiping at high bit rate.
In this letter, we experimentally demonstrate,tf@ first time to our
best knowledge, all-optical demultiplexing of a &0Gb/s on-off-
keying signal in a chalcogenide GeAsSe microstractiiber with a
total average power of 56 mW and low power peralti&#he
performances of the demultiplexer in terms of poaed penalty are
comparable or better than the state of the arerFébaracterization is
firstly described. The demultiplexing experimenttisn presented.

Chalcogenide microstructured fibeffhe fiber is fabricated by the
casting method described in Ref. [6]. The compasibf the glass is
GeAs:Sess. The structure of the fiber is designed with thriegs of
holes around a solid core as seen in Fig. 1. Tes fs fabricated with a
core diameter as small as possible to enhanceathienear coefficient
y, while the core diameter of input and output erd&ept larger to
reduce the coupling loss. The geometrical paramaitithe fiber are
summarized in the table of Fig 1.
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Fig. 1 Chalcogenide GeAsSe microstructured fiber.

The fiber is drawn with a core diameter of only i on a lengthr
of 30 cm. The external diameter is 48 um. The fiber loss is measured
to be 0.9 dB/m. Based on self-phase modulation (S&Mvell as FWM
experiments, the nonlinear coefficiet and the group-velocity
dispersionD are evaluated to be 25 000 Wm* and-310 ps/km/nm,
respectively. These values of length and disperaltow us to reduce

the temporal walk-off between two pulses propaggatm the fiber at
different wavelength and experiencing the fibepdision.

Experiment and resultgig. 2(a) illustrates the experimental setup for
the generation of both the 170.8 Gb/s signal aed4th7 GHz signal
and Fig. 2(b) represents the FWM-based demultiptesetup.
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Fig. 2 Experimental setup of 170.8-t0-42.7 Gb/s demeliplg:
(a) generation of the data clock signals and (b)N\akperiment.

Firstly, a 42.7 GHz optical clock signal is genethat a wavelength
of 1535 nm by a LiNb@Mach-Zehnder interferometer (MZI) from a
continuous wave laser and a 42.7 GHz electricalkckignal. It is then
injected in the cavity of a quantum-dash mode-lddkser diode (QD-
MLLD) through an optical circulator to generate 2.4 GHz optical
clock signal centered at 1553 nm. The spectrurhisfdock signal is as
broad as 13 nm, allowing thus its tunability byngsia tunable filter.
To compensate the chirp induced by the laser, m-20ag single-mode
fiber is used to obtain Fourier-transform-limitediges. The 42.7 GHz
optical clock signal is amplified and then dividedo two parts by a
3 dB coupler. One part is filtered by a 3.5 nm Gasfilter centered at
1556.2 nm and encoded with a pseudo-random bitesegu(PRBS) of
2’1 pattern length by a second LiNb®IZI. It is then optically time-
division multiplexed to generate the 170.8 Gb/s.dagnal. The second
part of the 42.7 GHz signal is passed through anJilber centered at
1550.8 nm and an optical delay-lirter}.
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Fig. 3 Spectra at the input (a) and at the output (b)hef GeAsSe fiber,
and (c) input eye-diagram of both 170.8 Gb/s and 42Hz signals.

As illustrated in Fig. 2(b), both signals are tlanplified by erbium-
doped-fiber amplifiers (EDFAs) and aligned in pdation by
polarization controllers (PCs). A programmable cgitifilter (POF) is
used to filter and to compensate for the residhapaf both signals. It
is also used as a coupler to combine both sigrkds.reject the
amplified spontaneous emission (ASE) noise due rplifiers, a
tunable filter with a bandwidth of 8 nm is used.eTpower launched
into the fiber is adjusted by an optical variabteemuator (VA) just
before the fiber. To perform light coupling in thbalcogenide fiber,
microlensed fibers with a mode field diameter df @m are used.



By monitoring the optical delay line, the eye dags of the
170.8 Gb/s and the 42.7 GHz signals are synchrbrosean optical
sampling oscilloscope at the input of the chalcadgefiber (Fig. 2(c)).
The pulse widths of the 170.8 Gb/s and 42.7 GHaadgyare 2.5 ps and
3.4 ps, respectively. Fig. 3(a) and 3(b) depictghectra at the input and
at the output of the GeAsSe fiber, respectivelye Bu FWM, an idler
wave, down-shifted with respect to the clock wamgth and
corresponding to one tributary channel at 42.7 Gis/gyenerated. A
maximum FWM idler power at the output of the chglewnide fiber is
found when both input signals are well synchroniZgy varying the
optical delay line by step of one bit time (5.9ipsur case), one can
choose which 42.7 Gb/s tributary channel is depleited from the
170.8 Gb/s signal. In the experiment, the totataye power is 56 mW
at the output of the microlensed injection fibewluding a 42.7 GHz
clock power of 32 mW.

At the output of the GeAsSe fiber, a 2 nm filteused to extract the
idler wave centered at 1545.4 nm. The power of ither wave is
measured to bel8.5 dBm. It is then amplified by an EDFA and then
re-filtered by a 1 nm Gaussian filter to reshape signal. The pulse
duration of the demultiplexed signal is measuredédo3.9 ps. Fig. 4
shows an example of the spectrum of one demuliéple2.7 Gb/s

tributary channel and its corresponding eye diagram
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Fig. 4 Spectrum of the 42.7 Gb/s demultiplexing signaé ifiset is the
corresponding eye-diagram.
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To assess the performance of our FWM-based altalpti
demultiplexer, the bit-error-rate (BER) has beerasueed for the 4
demultiplexed channels. Fig. 5 represents the BEBugon as a
function of the received power for the best charmedl the worst
channel. The back-to-back (B2B) cases at 42.7 @ius170.8 Gb/s are
also represented. We observe a maximum power pesfad5 dB with
respect to the 42.7 Gb/s B2B. The power penalty immttributed to
dispersion and nonlinear effects. Indeed chronwisigersion introduces
a walk-off delay of about 500 fs between the dagaad and the clock
signal after 30 cm of propagation. This can cawssenfluctuations on
the demultiplexed signal. Spectral broadening ef 42.7 GHz clock
due to SPM can also cause optical signal-to-noeggadiation of the
demultiplexed signal.
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Fig. 5 BER evolution of the demultiplexed signal and B2B.

Conclusion: We have presented a chalcogenide GeAsSe
microstructured fiber with a high nonlinear coeffiat and low losses.
All-optical time-domain demultiplexing of a 170.&(S signal down to
42.7 Gb/s has been experimentally demonstrated avitbtal average
power of only 56 mW. These results show the -cajppbiof
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chalcogenide microstructured fibers to perform opitical signal
processing at high bit rate.

AcknowledgmentsThis work is supported by the Conseil Régional de
Bretagne, the Conseil Général des Cotes d’Armer Blwropean Union
Feder program and the French government.

S. D. Le, M. Gay, L. Bramerie, T. Chartier, M. Thud.-C. Simon
(CNRS Foton (UMR 6082), 6 rue de Kerampont, BP 802P305
Lannion cedex, Frange

E-mail: sy-dat.le@enssat.fr

L. Brilland, D. Méchin PERFOS, R&D platform of Photonics
Bretagne, 11 rue Louis de Broglie, 22300 Lannioaree)

P. Toupin, J. TrolesGQNRS Institut des Sciences Chimiques de Rennes
(UMR 6226), Université de Rennes 1, 35000 RennescE

S. D. Le, M. Gay, L. Bramerie, T. Chartier, M. Thud.-C. Simon,

P. Toupin, J. Troles are also withiversité européenne de Bretagne, 5
Boulevard Laénnec, 35000 Rennes, France

References

1 B. Olsson and D. Blumenthal, “All-optical demplgxing using fiber
cross-phase modulation (XPM) and optical filterindfEE Photon.
Technol. Lett.2001, 13, p. 875.

2 T. Vo, H. Hu, M. Galili, E. Palushani, J. Xu, Oxenlgwe, S.
Madden, D. Choi, D. Bulla, M. Pelusi et al., “Phaito chip based
transmitter optimization and receiver demultiplgxiof a 1.28 thit/s
OTDM signal,”Opt. Express2010, 18, p. 17252.

3 F. Li, M. Pelusi, D-X. Xu, A. Densmore, R. Ma, $anz, and D.J.
Moss, “Error-free all-optical demultiplexing at 1&b/s via FWM in
a silicon nanowire,Opt. Express2010, 18, p. 3905.

4 T. Yamamoto, E. Yoshida, and M. Nakazawa, “Uétsafnonlinear
optical loop mirror for demultiplexing 640 Gbit/sDM signals,”
Electron. Lett, 1998, 34, p. 1013.

5 S. D. Le, D. Nguyen, M. Thual, L. Bramerie, M&Silva, K. Lengle,
M. Gay, T. Chartier, L. Brilland, D. Mechin, P. Tgia, and J. Troles,
“Efficient four-wave mixing in an ultra-highly nonlear suspended-
core chalcogenide AsSe;; fiber,” Opt. Express2011, 19, p. B653.

6 P. Toupin, L. Brilland, J. Troles, and J.-L. Adafismall core
GeAsSe microstructured optical fiber with singleelagpropagation
and low optical lossesOpt. Mater. Expres2012, 2, p. 1359.



