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ABSTRACT

In this work, we report for the first time the exjpeental achievement of an all-fibered polarizatagtraction,
which can occur in optical fibers at telecommuraratwavelengths. More precisely, we have experialgnt
shown that is possible to all-optically control amsthbilize the state of polarization of a 10 Gbit/s
telecommunication signal through the injection ot@unter-propagating control pump wave. Eye diagram
recordings and bit error rate measurements hawerstimat this new type of all-optical function, alstdossless
and instantaneous has a promising potential fecéghmunication applications.

Keywords: Optical fiber, Nonlinear effect, Polarization ¢an, all-optical signal processing.

1. INTRODUCTION

In many photonics applications, especially in agtiiber based systems, the state of polarizatibtight
remains so far an elusive uncontrolled variable,ictvhcan dramatically affect the performances of
telecommunication systems and which one would tikecontrol as finely as possible. Indeed, polarizat
sensitivity of a large number of systems, such asliNear Optical Loop Mirror (NOLM]1], coherent detection
[2] or optical-fiber based transmission links arsdaciated polarization mode dispersion impairmgsit§4], is

a major drawback for both their implantation andddime stability. In this context, any device whican
repolarize or stabilize an arbitrarily polarizediogl signal by means of a lossless and instantaateraction
should be considered with a great interest. A Blpiand remarkable example of such a system is the
photorefractive crystal-based nonlinear polarizgorted by Heebner et al. in r§6] or Raman and Brillouin
pulling effect[6]-[9]. In a more recent work, we have identified dnawottype of polarizing process taking place
within an optical fiber pumped by two counter-prgang beams and based on a four-wave mixing approa
[10]. More precisely, it has been shown that autindy polarized pump could act as a lossless fration
attractor for a signal beam propagating in the gppodirection[10]-[11]. In this paper, we exploit this
phenomenon to experimentally demonstrate that jioissible to all-optically control and stabilizes thtate of
polarization of a 10-Gbit/s Telecommunication signa

2. EXPERIMENTAL SETUP

Figure 1 illustrates the experimental setup. Théanmation attractor consists of a 20-km long Naer&
Dispersion-Shifted Fiber (NZ-DSF, D=1.8 ps/km.nm1&50 nm) characterized by a low polarization mode
dispersion (PMD) of 0.03 ps/Kfii This weak value of PMD allows us to model theefilas a concatenation of
several ideal attractors such as described in[t€f. The key advantage of such a configuratiorthiat,

compared to preliminary results obtained in nanosdaegime11], increasing the nonlinear interaction length
by three orders of magnitude enables to signiflgadécrease the average powers required to obsbeve
attraction process. Moreover, because of the rabEMD of the fiber and its associated polarizatiandom
walk along the fiber length, the attraction phenoareis no longer restricted to circular polarizago

The fiber is then coupled to two optical circulatso as to inject and monitor the two counter-
propagating waves. The initial signal is made ofogtical 2*-1 return—to-zero pseudo random bit sequence
(PRBS) cadenced at 10 Gbit/s with 30-ps pulsesaandvelength of 1548 nm. A polarization scramblasw
also inserted in order to introduce random poléiormafluctuations. Finally, before injection intbe optical
fiber, an Erbium doped fiber amplifier (EDFA) wased to reach the suitable average power of 300 .
counter-propagating pump beam, defined to contndl stabilize the output polarization state of thgnal,
consists of a linearly polarized incoherent wavehwai spectral bandwidth of 30-GHz centered arous#bInm
and an average power of 600 mW. At the system outhe signal polarization state was analyzed @n th
Poincaré sphere by means of a commercially availgolarization analyzer. Finally, a 30-GHz bandtvidt
oscilloscope associated with a bit error rate (BERjlyzer allowed to monitor in real-time the irgigy profile
of the outcoming pulses and signal quality.
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Figure 1. Experimental setup. Pol: Polarizer

3. EXPERIMENTAL RESULTS

3.1 Polarization attraction process

Figure 2a shows on the Poincaré sphere, the palemizstate of the 10-Gbit/s signal at the inputhef system.
Because of the polarization scrambling processptiiets are uniformly distributed onto the sphakéen the
counter-propagating pump wave is injected into dpécal fiber with a 600-mW average power, we diear
observe that most of the points are localized mt&mall area, indicating an attraction and stadtilin of the
polarization state of the signal wave (Fig. 2b).

Figure 2. State of polarization of the 10-Gbit/grsl plotted on the Poincaré sphere (a) At the
input of the system (b) At the system output wiB®@mW signal average power and 600-mW
pump power

The efficiency of the polarization attraction presds more striking when directly monitored in the
temporal domain. To this aim, we have insertedlaration depending device, i.e. a polarizer ataltput of
the system (Pol in Fig. 1). We have then recorded1i0-Gbit/s output signal eye diagrams by meares 30-
GHz bandwidth oscilloscope. Figure 3 representetfeediagrams of the initially polarization scraetlksignal
monitored after the polarizer without (Fig. 3a) amgiresence (Fig. 3b) of the counter-propagatimgp beam.

In the pump-free configuration (Fig. 3a), the pidation fluctuations are transformed into intensity
fluctuations through the polarizer, leading to anptete dramatic closure of the eye-diagram. Bycitijeg the
counter-propagating pump wave (Fig. 3b), a cledanmation stabilization is obtained. As can bersed| the
outcoming pulses have now almost identical poléiona, so that the opening of eye-diagram is ndwiehtly
recovered.
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Figure 3. Eye-diagrams of the 10-Gbhit/s signal la¢ tsystem output and monitored behind a
polarizer (a) without and (b) in presence of theter-propagating pump beam.

3.2BER measurements
We have also measured the corresponding bit-eater{BER) of the 10-Gbit/s signal as a functiontlud
average power incoming on the receiver (Fig. 4ag fleference is illustrated by the back-to-backigonation
(i.e. at the fiber input) in crosses. At the outptithe system, when the polarization of the sigaalcrambled,
corresponding to the eye-diagram of Fig 3a, the BERnited to 10 (triangle). When the counter-propagating
pump wave is injected (circles), the quality of trensmission is greatly improved and low BER peesiwere
obtained on the receiver.
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Figure 4. (a) Evolution of the bit error rate asfanction of average power in back-to-back
configuration (crosses); at the output of the systevith polarization scrambling and after a
polarizer with (circles) and without (triangle) theounter-propagating pump beam (b) Intensity
profile of the 6-ns polarization burst observedeafa polarizer by means of a low bandwidth
oscilloscope, without (dashed line) and with (sditié) counter-propagating pump wave

3.3 Burst annihilation

Finally, we have monitored the ability of our systéo annihilate a polarization burst, i.e. a str@amgl fast
variation of the polarization signal stdfi?]. Such a dramatic event is fortunately raredmuld be observed in a

telecommunication line and is difficult to avoidtivipresent systems based on active electronic &édb3].
To this aim, a polarization burst, having a tempuwiidth of 6 ns, was introduced into the initial-Bbit/s signal
by means of a 15-GHz bandwidth optoelectronic fmddéion modulator.

Figure 4b shows the intensity profile of the pdation burst, observed with a low bandwidth
oscilloscope at the output of the system and dedeafter a polarizer. In absence of counter-profragg@ump
beam (Fig. 4b dashed line), we observe a stronigti@ar of the intensity, which could be disastrdas any
polarization-sensitive component. When the pumprbés injected (solid line), the polarization bursas
efficiently absorbed by the attraction processgilegto an error-free transmission (BER210



4. CONCLUSIONS

In conclusion, we have reported the first experitakobservation of an all-optical polarization atiion

process allowing control and stabilization of thates of polarization of a 10-Gbit/s optical sig@l1550 nm
thanks to the injection of a counter-propagatinmpwave, involving average powers below 1 W. Weehalgo
demonstrated that our optical device could stromgfluce intense and fast polarization variationshest as 6
ns. Based on these observations, we hope thaptvierful system could foresee the state of poltioma
neither as an elusive detrimental variable which ttabe combated, but as a new parameter whicld dmail
tuned at will.
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