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Abstract—A new scheme for a flexible modulation and bit ree
independent, polarization-insensitive optical wavength converter
(WC) based on four-wave mixing (FWM) in a highly nalinear
fiber (HNLF) is demonstrated and characterized for different
modulation formats and data rates. Its robustnesssidemonstrated
in a data transmission experiment in which the WC g
incorporated at the mid-point of a transmission lire based on
installed fiber. In addition, an optical feedback gstem designed to
prevent slow polarization drift of the pumps and casequently to
ensure the long-term stability of the system is imlpmented and
characterized. The WC is tested with the feedbackystem in place
enabling turn-key operation.

Index Terms— nonlinear optics, four wave mixing, wavelength
conversion devices

|. INTRODUCTION

IGNIFICANT advances have been achieved in the foéld

all-optical wavelength conversion over the last aths;

driven mainly by its importance in
optical-to-electronic-to-optical (OEO) conversion recon-
figurable optical add-drop multiplexers (ROADMSs)dathe
need to ensure more efficient use of the spectnunfibier
networks [1,2]. However, despite its importance,stnwork
reported in the literature to date has focused ptimizing
certain features of WCs [3-8] at the expense oémsthrather
than taking a holistic approach and ensuring thlateatures
required of a practical network device are consideand
incorporated.

For example, some schemes allow for a broad opekti
bandwidth, free of high-order mixing componentst duly at
the expense of low gains [3,4]; others maximizeciveversion
gain, neglecting the need for polarization insévigjt[5,6] and
different approaches allow very low conversion popenalties
but are not compatible with the standard ITU fregyegrid
[7,8]. Nevertheless, for a WC to be deployed in sgatems, it
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is important that it satisfies all the requiremententioned
above simultaneously. Furthermore, all-optical viewgth
conversion schemes should be able to support matiitel
operation in order to be economically viable andniprove
their practicality.

Developing a scheme capable of black-box operatiarreal
communication network involves establishing a traffe
between all the aforementioned features: broadwiaitid, high
gain, insensitivity to both polarization and modida format,
ease of filtering and multichannel operation.

In this work, we present a novel, flexible WC scleemhich
seeks to provide a compromise amongst all theséresgents
and characterize its performance for a 100-GHz-gliighed
implementation. Its configuration provides suffididlexibility
to allow it to be directly incorporated in an opti@dd-drop
multiplexer (OADM), or in a ROADM. Its operationlgsed on
FWM in a HNLF, pumped by two orthogonally polarized
widely frequency-spaced beams. The 100-GHz grighalil
WC showed a flat conversion gain (defined in tewhghe

avoiding signal power at the black-box WC output versusripet signal

power) over 10 nm that ranged between 0 and 9 dBeading
on the input signal power), a polarization dependtess (PDL)
of <0.64 dB and a conversion penalty of < 2.5 dB dn-off
keyed (OOK), binary phase shift keyed (BPSK), qaade
phase shift keyed (QPSK) and 16-quadrature amplitud
modulation (16-QAM) signals working at data ratésijp to 40
Gbit/s [9].

We characterized the performance of the WC in 20420
transmission experiment over installed fiber. TheCW
configured as a black-box device, was placed athidepoint of
the fiber link (part of the UK’s Aurora dark fibeetwork [10])
and its performance in transmission was measuredeto
essentially identical to that achieved in our earlab-based
experiments, even in the case of multichannel diperdl1].
Finally, a feedback system was introduced, whiahemted for
slow drifts of the relative states of polarizatmfrihe two pumps
and ensured that they remained orthogonally padriaver
extended (effectively unlimited) periods of time.

The paper is organized as follows: in Section H,describe
the WC scheme and characterize it under singlergian
operation for various modulation format signalsSktion IIl,
we assess its performance in both single- and +hétnnel
operation with the device placed within an instéfieer link. In
Section IV, the implementation of the automaticapiaation



alignment feedback system is described and chaizetien
data confirming correct and reliable operation isspnted.
Finally, we draw our conclusions in Section V.

Il. WAVELENGTH CONVERTERSCHEME

Fig 1 shows the schematic of the WC. It incorpaateo
arrayed waveguide gratings (AWGS) to combine tlwerining
data signals to be converted with two orthogonplarized
pump beams (with linewidths of about 100 kHz eaahjhe
input of the HNLF, and an output filter to allowrsiltaneous
re-transmission of only the generated idlers. Theme
presents the following key characteristics: (i) gpation-
insensitive operation with respect to the inpuhalg, ensured
by the two orthogonally aligned pumps; (ii) eadtefing of the
converted signals, allowed by the wavelength atlooeof the
two pumps, which ensures that any polarizationiteas
mixing components are separated with high extinchiom the
polarization-insensitive idlers; (iii) high and fl@aonversion
gain across the whole conversion band, guarantedtehuse of

the AWG allow a single amplifier to be used evendperation
with multiple channels. The second AWG also faaféts
filtering of the ASE of the pumps, which were arfiptl so that
the power of each of them was 21.5 dBm at the HMb#Et. It is
to be noted that while the use of the first AW@as needed for
single channel operation, it is essential for racinnel
operation. Therefore, it has been included in tlaious
measurements presented in this paper, to emphdbee
flexibility of the scheme.

At first, the polarization alignment of the two ppsawas
performed manually by adjusting their corresponding
polarization controllers (PCs) depicted in Fignbnitoring and
minimizing their mutual nonlinear interaction usiag optical
spectrum analyzer (OSA). Subsequently, we automdiisd
polarization alignment, as we will discuss in SawctlV. The
302m-long HNLF used was a germanium-silicate disper
shifted strained fiber with a nonlinear coefficieot 11.6
(W-km)?*, a dispersion slope of 0.018 ps/fmkm) and an
average zero-dispersion wavelength (after strajnofgl555

a dual-pump FWM process in conjunction with a statexm. The strain gradient was applied along the Hii Broaden

of-the-art HNLF; (iv) grid-aligned, black-box opém,
allowed by the combination of an erbium-doped fiaeplifier
(EDFA) at the WC input, followed by an AWG,; finallyv)
multi-channel operation as the system is resilierftigh-order
(HO) mixing components. Furthermore, the undesitd
mixing components that are not at the convertechasig
wavelengths can be easily filtered out at the dutgfuthe
system, so that new signals can be added withilMB8eoutput
bandwidth (at different wavelengths as comparedthe
converted ones) without extra penalty. Indeed Vil output
can be fed to a wavelength-selective switch (W®8jiltering
and combined with other channels, as will be dbsckiin the
following section, which is the standard procedused in
ROADM architectures.
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Fig. 1. Wavelength converter set-up. EDFA: Erbiuoped fiber amplifier,
AWG: Arrayed waveguide grating, HNLF: Highly nordiar fiber, PC:
polarization controller, OSA: optical spectrum auzat.

At the WC input, the various signals were amplifigrito a
total power of 12 dBm and filtered by the AWGSs irder to
remove amplified spontaneous emission (ASE). Thgalin
removal of ASE within the bandwidth of the convdrsignals is
critical, since without this the conversion powesnplty is
increased by 5-6 dB. The channelized filtering aehteristics of

the Brillouin gain bandwidth and reduce its peakgthereby
increasing its stimulated Brillouin scattering (9Bi&eshold to
27 dBm [12]. Finally, the (flat-top) coarse outffilter was
tuned to cover the entire output bandwidth.

Significant performance degradation due to FWM-petl
pump depletion in the HNLF was avoided by keepirggEDFA
used for the amplification of the input signals dantomatic
power control (APC) mode. In this mode, the ovealtput
power of the EDFA remained constant, so that
pump-to-signal(s) ratio of at least 15 dB was nzired at the
input of the HNLF.
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Fig. 2. An example of a multi-channel nonlineaenaction, as observed at the

output of the HNLF. HO mixing: Higher order mixin§SE noise: Amplified
spontaneous emission noise.

An example of a typical nonlinear interaction foméxed
signal scenario (one OOK, one BPSK and one QPSkaBigs
shown in Fig. 2, where the optical spectrum atdimput of the
HNLF is plotted. Due to the equal spacing betwdeninhput
signals some of the higher order (HO) mixing congris were
generated at the same frequencies as the outpoalsig
Nevertheless, if all the input channels have similgput



powers, the level of cross-talk from these comptsean be
kept below 20 dB, causing negligible signal degtiadain
multi-channel operation.

In our implementation, the WC bandwidth was ultiehat
determined by the bandwidth of the AWGs. This barid
wavelengths where the converted signals could loeaéd,
was about half the spacing between the two pumgscanld
easily be tuned by reconfiguring the connectionghef AWG
input ports for the pump beams. For this charazaédn, the
two pumps were set at 1562.23 nm (191.90 THz) &%D12
nm (193.30 THz), and the input channels were tlretdieen

1559.79 nm (192.2 THz) and 1556.55 nm (192.60 THAZz).

case of orthogonally polarized pumps. For the sikdarity,

the signal is drawn co-polarized with pump 1 irsteketch,
however it is to be appreciated that its polar@atcan be
arbitrarily set. Figure 3 (Bottom) reports the awerization of
these FWM interactions in the HNLF in terms of tieta power
of the wavelength converted signals as a functioihe signal
wavelength. The normalized signal power at the tirgduthe

HNLF is also shown for completeness. The figurensha flat
conversion gain (1 dB gain fluctuation) for the p@cess. In
contrast, the gain of the UC and DC processes degteongly
on the signal wavelength and exhibit a variatiomofe than 6
dB within the conversion band we studied, due &ofttt that

1-nm guard band was used around the pump wavekemngth phase matching plays a critical role in these adtons. On the

facilitate filtering of the idlers.
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Fig. 3 Top: Schematic representation of the phasgugated (PC),

up-converted (UC) and down-converted (DC) firstesBWM processes in the
HNLF. (Note that the signal polarization needs betaligned to that of the
pumps). Bottom: Characterization of the convergfiitiencies at the output
of the HNLF for the three different types of idleas a function of the
wavelength of the signals.

In general, a dual-pump parametric interaction gamerate
three distinct first-order FWM processes referreds: phase
conjugation (PC), Up-Conversion (UC) and Down-Casian
(DC)[13]. These processes are sketched in Fig.op)Tor the

other hand, the frequencies of the PC idlers areoneid (and
their phases conjugated) with respect to the inphéreas the
UC and DC processes do not conjugate the inputseéPha
conjugation of the idlers does not constrain rdoapof any
single-channel modulation format, although it dgesvent
transparent wavelength conversion of multicarri@doiation
formats (since the subcarrier allocation is invertieiring the
parametric interaction).

In our work, the PC idlers were chosen as outpgrtads due
to their constant conversion gain across the sigaabwidth
rendering them suitable for multi-channel operatibmerefore,
the converted signal wavelengths lay between 155%5m
(192.70 THz) and 1552.52 nm (193.10 THz).
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Fig. 4 Wavelength converted signal output powe amction of the signal
input power at the EDFA input for various inputrsadjwavelengths. Only one
signal is considered at a time.
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We next characterized the wavelength converted ubutp
power of the whole black-box WC system (which inies the
EDFA, two AWGs, the HNLF and the output filter) ftire PC
idlers as a function of the input signal power.slimeasurement
was repeated for several input signal wavelengtlis4). Since
the EDFA operated in APC mode and as long as weatp
the small signal regime, the signal power at thmitrof the
HNLF changed in step with the power at the inputhef WC
system. Then two different regimes could be idadifin the
operation of the WC, which in turn were mainly degent on
the EDFA operation: (i) a linear output power regifoonstant
gain regime), corresponding to input signal powerswhich



the EDFA operated in a linear fashion and (ii) astant output
power regime, corresponding to input signal poviersvhich
the EDFA operated in gain saturation. In the foperating
regime, the power of the wavelength converted $sgrexied as
a function of the input signal wavelength by 2 diinly due to
the non-uniform gain of the EDFA across these wenvgths.
The small power variations (less than 0.5dB) olexdrin the
second operating regime, were due to non-unifoesiitn the
insertion loss of the various ports of the AWGs jchihwere
later shown to have a negligible effect on the eyst
performance. It is worth emphasizing again
pump-to-signal ratio was at least 15dB for all ¥heous input
signal powers, so that significant performance dégtion due
to FWM-induced pump depletion in the HNLF was aeaidin
all the subsequent experiments the input powehefvarious
signals was configured so that the WC operatetigrconstant
output power regime and yielded a conversion gaiilalB.

# Back-to-back
& After Wavelength Converter

-log(BER)

20 25 30

OSNR (dB)
Fig. 5 BER curves and constellation diagrams ferdhiginal (full circles) and
wavelength converted (empty circles) 10 Gbd 16-Qg#iyhal.

The polarization sensitivity was characterized wathslowly
varying polarization scrambler (polarization modiaa
frequency of about 1kHz) connected at the inpuhefWC and
the response to a continuous wave (CW) signal wastored

o

BPSK

that th@OSNR) obtained for

on a digital scope. Measurements were carried o o
hundreds of seconds and showed a peak-to-peak HDL o
0.64 dB.

Finally, we measured the conversion penalty ofwhe for
different signal modulation formats (OOK, BPSK, @®&nd
16-QAM), repetition rates (10 to 40 Gbit/s) and ivas
wavelengths. The WC showed similar performancdliofahe
cases we examined, and a power penalty at thevezdatlow
2.5 dB (at a bit error ratio (BER) of ¥ An example of the
BER curves as a function of the optical signal-tisa-ratio
the original (back-to-back) and
wavelength converted 10 Gbd 16-QAM signal at 15613 is
displayed in Fig. 5, together with the correspogdin
constellation diagrams.

After having characterized the WC as a stand-attnéce,
the system was introduced in the middle of an llestdiber link
(the UK’s Aurora dark fiber network) to assesgsformance
as a black box device (see Fig. 6). Six data cHanmere used
in the transmission experiments, three of which ewer
wavelength converted after transmission over 600daupled
with the original six channels and re-transmitte@drathe same
distance. The fiber link comprised twelve spansslaswvn in
Fig. 6, with distances ranging between 40 and 6&&oh. The
chromatic dispersion in the link was not fully coengated in
order to optimize the OSNR achieved at the recelvstead, a
receiver with chromatic dispersion estimation and
compensation was used to properly receive and ctegize the
signals after the first loop and after the WC. Nbtwvever, that
digital dispersion compensation was not requiredtifie WC
signals after the second passage through the $iroge the PC
idlers conjugated the phase of the original sigatlthe
mid-point of the system after the first circulatictherefore
resulting in close to zero net dispersion after fezond
circulation in the same fiber link [14].

In order to test the performance and robustnesiseo$etup,
two distinct network scenarios were consideredplving the
simultaneous conversion of three channels, whichrewe
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Fig. 6 Experimental set-up of the transmissioreeixpent.
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dynamically reconfigured thanks to the flexibilipyovided by
the WSS. Different modulation format signals atfetint
wavelengths and bit rates were considered in eash, @iming
at highlighting different features of the WC.

Three different modulators were used at the trassion side
to generate 10 Gbd OOK, BPSK and QPSK signals, tatetu
using a 3%-1 pseudo-random binary sequence (PRBS). (It
noted that the high optical signal-to-noise radiquirements of
16-QAM modulation prevented us from using the sigraf
Fig.5 in any of the transmission experiments). Tise of a
partially dispersion-compensated transmissiondimgured that
the signals at the various wavelengths appearedrdgated
when reaching the WC. The signals were amplifiedi fdtered
using a WSS with a filter bandwidth of 50 GHz. Thenched
power per channel at the fiber link input was 2 dBiwllowing
wavelength conversion and after traversing the lacggecond
time, the converted signals were received, chaiiaetd in
terms of constellation diagrams and BER and theifgpmance
was compared to that of the signals both aftersa dirculation
around the loop and after passage through the WC.

Multi-Channel Operation: Scenario 1

00K
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Fig. 7 Spectral allocation of the various signafthe output of the transmission
link for Scenario 1. Frequency references are gineFHz.

The first scenario we considered highlights
modulation-independence and the multichannel ojperaf the
scheme. In this scenario four non-return-to-zer@INOOK
signals at frequencies 192.1, 192.3, 192.7 and51BBz, one
NRZ-BPSK signal at 192.4 THz and one NRZ-QPSK digha
192.5 THz were transmitted through the link. Thie raf all
signals was 10 Gbd. The signals at 192.3, 192.4188cb THz
were chosen to be converted to 193.0, 192.9 and31Bdz,
respectively, as shown in Fig. 7. One of the nonvected OOK
signals was intentionally located in an unused pathe WC
output bandwidth to prove negligible channel irgeghce after
further transmission.

The OSNRSs required to achieve a BER of 1d the signals
that were wavelength converted are summarizecdjingior the
back-to-back (B2B), after the first transmissio@@&m), the
wavelength conversion (600 km + WC) and the sedoog
transmission (600 km + WC + 600 km). This figurewh that
the OSNR degradation due to wavelength conversiba (
difference between circles and up-triangles in Bjgwas very
similar for the cases of BPSK and QPSK signalsveawsl of the
order of 2 dB.

It is to be noted that the coherent receiver usdidestime of
the measurements did not support OOK signals asssilge
modulation format, so BER measurements could oalgasried

out at the end of the second loop, where digitapelision
compensation was not required. For this case atilgct
detection was used. Examples of eye diagrams amsted@tion
diagrams observed at the input and at various rireson
points are plotted in Fig. 9 for OOK signals (tapvj, BPSK
(middle row) and QPSK S|gnals (bottom row).
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Fig. 8 OSNR values for a BER of ‘@t different transmission points for
scenario 1.

600 m+WC+600km

600km+WC  600km+WC+600km
Fig. 9 Eye diagrams for the OOK signal (top rovime scale: 20 ps/div) and
constellation diagrams for BPSK (middle row) andSBRbottom row) signals
at different transmission points for scenario 1.
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Multi-Channel Operation: Scenario 2
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Fig. 10 Spectral allocation of the various signalsthe output of the
transmission link for Scenario 2. Frequency refeesrare given in THz.
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The second scenario highlights both the wavelength
selectivity and multichannel conversion of the sobeln this
scenario the same four NRZ-OOK signals as in tleipus
case, as well as two NRZ-QPSK signals at frequsncie
192.5 THz (QPSK1) and 192.6 THz (QPSK1) were trattech
through the link. The symbol rate of all signalsswagain
10 Gbd. The signals at 192.3, 192.5 and 192.6 Tétewhosen



to be converted to 193.0, 192.8 and 192.7 THz ecsly as
shown in Fig. 10.

As before, the OSNRs required to achieve a BER)Gffar
the signals that were wavelength converted are suined in
Fig. 11 for the back-to-back (B2B), after the firgtnsmission
(600 km), the wavelength conversion (600 km + W] ¢he
second loop transmission (600 km +WC+600 km). Asuksed
previously, the OOK signals were not characteriz¢dthe
intermediate stage, however their performance #fieisecond
passage through the loop was similar to that im&de 1.

Itis to be noted that, in this scenario, the OSMgradation
undergone by QPSK2 was over 2.5 dB. This was aetpesice
of the lower power used for this signal as compamedhe
remaining signals at the input of the WC. This edso be
appreciated in Fig. 10, showing a power differente-5 dB
between the two signals, QPSK1 and QPSK2. As mesiio
earlier, under these conditions the correspondimgep ratio
between QPSK2 and the generated HO mixing was |tvesr
20 dB, causing an increase in the power penalty tiiet
particular channel. The corresponding constellatd@grams
for QPSK2 are shown in Fig.12.
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Fig. 11 OSNR values for a BER of ‘i@t different transmission points for
scenario 2.

IV. AUTOMATIC PUMPPOLARIZATION ALIGNMENT

As mentioned earlier, during the aforementionedstése
polarization adjustment of the two pumps was pemnéat and
maintained manually using the polarization conér@ldepicted
in Fig. 1. This alignment was susceptible to vaithwime due
to the slow and random polarization drifts induckg
temperature changes and mechanical vibrations 715-1
making it an impractical solution for real commuation
networks. This motivated the analysis and develapré an
automatic pump-alignment stabilization mechanisrat tfs
reported in this Section.

In order to overcome the polarization sensitivitf o
FWM-based schemes, several approaches have bestectin
the literature. For example, the large polarizatitapendent
gain (PDG) of single-pump FWM schemes in low-birgfence
HNLFs can be compensated for through the use aifrizakion
tracking devices to dynamically align the polariaatof the

input signals to that of the pump. However, in incittannel

operation, even if a polarization tracker was tabed for each
channel (with significant implications for the omélrsystem
cost) the dependence of birefringence with respgecthe

wavelength might lead to different conversion gdmseach
input signal, thereby reducing its potential fuontlity.

600km 600km+WC  600km+WC+600km

Fig. 12 Constellatlon diagrams for QPSK2 at différgansmission points in
for scenario 2.

On the other hand, if a high-birefringence HNLF wade
used in a single-pump FWM approach to allow po&ion
insensitive operation of the parametric process differential
group delay (DGD) effects induced on the convedigdal(s)
would restrict its practical implementation in higpbeed
systems [18].
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Fig. 13 Degenerate nonlinear pump interaction famalom (top) and optimum
(bottom) alignment of the pumps.

In a dual-pump FWM scheme, such as the one we have

considered in this work, where orthogonally-poladzpumps
are employed to ensure operation that is insepditivhe signal



polarization, the difficulty lies in maintaining eh pump
orthogonality at the input over time and along ldmgth of the
HNLF [3,15]. Thus, the outcome of the wavelengthvarsion
is determined by averaging all the possible redatiignments
of the pumps during the propagation in the HNLFSuasing
that the polarization of each pump can
three-dimensional random walk over the Poincaré&sp[il6].
Note that this evolution can vary in time due taftdlrin
environmental factors, such as temperature, stnaghacoustic
perturbations.

In order to overcome this limitation, we modifiediro
implementation of Fig.1 to include a feedback dirdhat
monitored just the performance of the nonlineaeriattion
between the two pumps in the HNLF without interigrivith
either of the original or the converted signalse Tfaedback
circuit then dynamically readjusted the polarizatmf one of
the pumps to maintain the desired performance twex.

Since a low-birefringence HNLF was considered (with

is worth mentioning that it was observed that fittg and
minimizing the power of only one of the idlers woulot lead to
the desired alignment between the two pumps. Titered
signal was then detected using the photodetectdr tha
corresponding electrical signal was subsequentplified by a

follow dransimpedance amplifier and used as a feedbacklsigo the

polarization tracker.

Unfortunately, the commercial polarization trackieat we
had available at the time of our experiments resti the
maximum optical power allowed at its input to o2 dBm,
thereby preventing us to launch the same pump ptovéne
HNLF as before (now only 16.5 dBm per pump was usedtie
input of the fiber, as opposed to 21.5 dBm in tkpegiments
reported in previous sections). Therefore, the eosign gain
obtained at the output of the system was compraimisehis
instance by 8 dB. (Inverting the order betweenEB#-A and
the polarization tracker in the path of Pump2 ia Hetup of
Fig.14 would not solve the problem due to the ngaslidPDG of

PMD of 0.58 ps- kifl”), each pump did not have to be aligned tethe amplifier used. Indeed, in that configuratiba polarization

a preferred fiber polarization axis and only thdatiee

polarization alignment between the two pumps hadbéo
controlled and adjusted. The average power of dgederate
idlers generated by the nonlinear interaction i HNLF

between the two pumps was monitored at the oufighediber.

Then the feedback circuit targeted minimizatiortref sum of
the average powers of the two idlers, which wonrgly that the
length over which the two pump waves were cross#xed

inside the HNLF was maximized. Examples of this limear

interaction, when no signals were launched in tiNLIF are

displayed in Fig.13 for two different (relative)atts of
polarization of the two pumps.

HNLF

INPUT
WAVELENGTHS

INPUT @ W 99% |~
SIGNALS G ——
1%  OUTPUT
SIGNALS

Fig. 14 Modifications performed in the wavelengtbneerter scheme to
provide polarization stability. The feedback citaonsists of a dual-frequency
filter, a photodiode (PD), a transimpedance anglifand a polarization
tracker.

The required modifications on the WC scheme arevehio
Fig. 14. The modified system comprised a polar@atiacker,
a dual-frequency optical filter, a slow photodiodad a
transimpedance amplifier. 1% of the power at the.AMutput
was tapped off and filtered by a dual-frequencyasetlike filter
of 0.1-nm bandwidth for each peak, allowing only tivo idlers
generated from the pump-to-pump interaction tohgough. It

tracker would tend to align the pump polarizatian the
polarization axis that yielded minimum gain in EBBFA rather
than to the polarization that would be orthogooahie second

pump.)
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Fig. 15 Experimental characterization of the purignanent system: response
time after switching on the automatic feedback.

The best polarization tracker settings were fowrfokta fixed
step size of 1° on the Poincaré sphere and angingraver 15
samples to effectively reduce the noise bandwidihe
bandwidth of the polarization tracker (without aaging) was
500 kHz, so that any possible polarization driftildobe easily
followed with inexpensive discrete elements.

The performance of the feedback circuit was asdassgerms
of (a) the response time required to lock to theirde
polarization alignment and (b) the stability in mtaining the
correct pump polarization alignment when operathmg WC.
Fig.15 shows the switch-on time of the feedbackuiir The
pumps were initially co-polarized (representing Werst-case
scenario) corresponding to a maximum PD curreng. fidure
shows a response time of 3.5 milliseconds, indigathe time



required by the system to find the desired aligrirbetween the unchanged. We believe that our experiments highlight
pumps. This time scale is much faster than anyrizalion drift ~ all-optical wavelength conversion solutions havected a
induced by temperature changes and mechanicaltisibsato ~ sufficient level of technological maturity to bensidered for

any of the system components. deployment in real systems.
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