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Abstract—We describe a technique for achieving polarization-
independent nonlinear interactions in a short nonlinear ber,
through the residual bir efringence of the ber. We apply this
method to all-optical demultiplexing of high data rate signals.

Fibernonlinearitiessuchascross-phasenodulation(XPM)
and four-wave-mixing (FWM), are of interestfor all-optical
device applicationsincluding wavelengthcorvertersandtime
division demultiplecers. Due to the ultrafast responsetime,
nonlinear ber-baseddevicescanoperateat high bit ratesand
do not suffer from patterndependenceHowever, a serious
obstacleremainsin their sensitvity to the statesof polariza-
tion (SOP) of the interacting elds. A numberof different
techniquesfor mitigating this polarizationdependencewith
varying degreesof complity, have beendemonstratedSome
examplesinclude polarizationdiversity schemeg1], depolar
ized clock pulses[2], polarization-modedispersionin long
bers [3], and twisted, circularly birefrigent ber combined
with a circularly polarizedpump pulse [4]. Recently a rela-
tively straightforvard techniquehas been demonstrated5],
which used the residual birefringenceof a short nonlinear
ber itself to reducethe polarizationsensitvity of an XPM-
baseddemultiplecer. This techniquehassincebeenappliedto
wavelengthcorversionby XPM [6] andFWM [7], [8] aswell.
In this talk, we will review the detailsof this techniqueand
its recentexperimentaldemonstrations.

In this method, the physical length of the ber must
be shorterthan the birefringencecorrelation length, so that
the birefringent axes can be considereduniformly oriented
throughoutthe ber length. Hence,this methodis especially
suited to the shorter nonlinear bers which have recently
becomeavailable,suchasphotoniccystal ber (PCF).In these
bers, if the pump eld polarizationis aligned so that its
power is equally launchedinto eachof the ber axes, then
its polarization state will rotate periodically betweenlinear
andcircular statesasit propagtes.The datapolarizationwill
evolve in a similar way, but with a differentperiodbecausef
its differentoptical frequeng. If thereis a sufcient frequeng
separationbetweenthe incident elds, the integrated XPM
signal averagesto a result that is independentof the data
polarization.This requirementanbe expressedn termsof the
ber' s differentialgroupdelay( ) andthe optical frequeng
differencebetweerntheclock anddata( !) as 2.
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Fig. 1. (a) Simpli ed schematicof the experimentaldemultiplexing setup.
PC:polarizationcontroller;PS:polarizationscramblerOBF: opticalbandpass
Iter. (b) Optical spectraat various points along the demultiplecer [5].

A simple schematicof our demultiplexing measuremenis
shavn in Fig. 1(a). The clock anddatasignalsweregenerated
by a pair of 10 GHz mode-locled ber ring lasers. For
the time-division multiplexed data channel,the pulse train
was amplitudemodulatedwith a 10 Gb/s pseudo-randonit
sequencethen passiely multiplexed to the desireddatarate.
The resultsshovn here were obtainedfor an 80 Gb/s data
channel.A high speedpolarizationscrambler(PS) was used
to vary the SOPof the dataat the demultiplexer input. In the
demultiplexer, the signal was combinedwith the clock pulse
train,andthenbothwereampli ed usinga high-paver erbium-
doped ber ampli er (HP-EDFA) andlaunchednto the 30 m
of nonlinearPCF (Crystal-FibreNL-1550-NEG-1).The PCF
had a speci ed nonlinearcoefcient 11 (W km) 1, and
a attened dispersionpro le in the wavelengthregion near
1550 nm. Birefringence measurementshav that the ber
behaes as a single waveplate,with x ed birefringenceaxes,
andhasa birefringenceof n 10 ° [5].

Fig. 1(b) compareshe optical spectraobsered at several
points in the setup. The blue dotted curve shaws the clock
and data at the input of the PCFE The separationusedhere
leadsto I 10, sufcient for polarizationindependent
operation. At the output of the PCF (red solid line), the
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Fig. 2. Dependencef the XPM-inducedshift on the datapolarization,when
the clock SOPis (a) alignedto one of the birefringentaxes, and (b) aligned
to coupleequallyto both axes.

clock hasexperiencedself-phasenodulation while in the data

channel,the 10 Gb/s tributary that was temporally aligned

with the leading edge of the clock pulseshas experienced
a spectralred-shift due to XPM. Subsequentitering of this

shifted spectralcomponentby meansof an optical bandpass
Iter (OBF), yielded the demultiplexed 10 Gb/s data stream
(greendashline) [9].

To investicate the polarization dependenceof the XPM
effect, the clock SOP at the PCF input was x ed to one
of two states,and the output spectrawas measuredas a
functionof input dataSOPR The spectrashaving the maximum
and minimum XPM-inducedshifts were recordedIn the rst
case,shavn in Fig. 2(a), the clock is alignedto one of the
birefringentaxesof the PCFE TheresultingXPM shift is highly
dependenbn the SOPof the data;consideringa x edspectral
position of 1556.5nm, the polarizationdependenceesultsin
a power variation of 11 dB. In the secondcase,the clock
is alignedto equally excite both birefringent axes. As seen
in Fig. 2(b), this greatlyreduceghe polarizationdependence,
althoughat a costto the overall efciency. At the spectral
position of 1556.5nm, the resultantpower variation is how
0.6 dB.

The quantify the systemimpact, the demultiplexed signal
was input to an optically pre-ampli ed 10 Gb/s recever for
bit error rate (BER) testing. Fig. 3(a) shavs the measured
recever sensitvities for the baselinel0 Gb/sdata(black dots)
and the eight demultiplexed channelsFor the demultiplexed
casesthe datais polarizationscrambledand the clock SOP
is always alignedto couple equally to both ber axes. The
power penaltyassociateavith thedemultiplexeris < 2.5dB for
all eightchannelsgvenwith polarizationscrambling.Finally,
we measuredhe effect of the clock SOP on the polarization
dependenceThe datawas again polarizationscrambled.and
the BER measuredfor one of the demultiplxed channels.
This was repeatedfor 1000 different clock SOPs.Fig. 3(b)
shavs a Poincaé spherepnwhich we have plottedthoseclock
SOPswhich yielded polarization-independerdemultiplexing
(BER< 10 °). As predicted,thereis a circle of stateswhich
yield polarization-independePM, which would correspond
to having equalclock power alongeachof thebirefringentaxes
of the ber.
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Fig. 3. (a) Recever sensitvity curvesfor the baselinel0 Gb/sdata,andeight
channelsafter demultiplexing. (b) Clock SOPswhich yield a demultiplexed
BER< 10 9, with blue circlesindicating points on the oppositeside of the
sphere.The datais polarizationscrambledfor all casesAdaptedfrom [5].

In order to scalethe demultiplexer to higher data rates,
a numberof factorsmust be consideredsuch as the trade-
off betweenthe acceptableDGD level and the minimum
clock-dataseparationand the effect of the birefringenceon
the switching window of the device. In this talk, additional
measuredand simulatedresultswill be presentedo address
someof theseissues.In addition,as XPM-baseddevices are
generallynot suitedfor systemswhich use phase-modulated
signals,we will also presentresultsshaving the application
of this methodto FWM.

This work was performedat and supportedby the Labora-
tory for Physical SciencesCollege Park, Maryland, USA.
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