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Abstract: A flexible modulation-, bit rate- independent goolarization insensitive wavelength
converter based on a highly nonlinear fiber is destrated in the middle-point of a field trial

transmission experiment.
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1. Introduction

Wavelength conversion is a functionality of primaimportance in optical networking, especially aftde
introduction of automatically switched optical netkw (ASON) meshes. However, for any optical wavgtan
conversion solution to be considered practicalustbe easily reconfigurable, insensitive to theupzation of the
signals and operate with minimal degradation ofesyisperformance [1].

Polarization insensitive wavelength conversion se® based on four-wave mixing (FWM) have recendigrb
reported [2,3], however they have typically reqditeght filtering at the idler wavelengths to adatgly eliminate
the pump radiation, compromising their suitabilioy any real system use. This limitation can bercome by
placing the pumps of the FWM system further apad #his has been demonstrated, albeit to date Warsignals
only [4]. Of course, in this case it is far moreltbnging to achieve phase matching in the FWM g@ssc

In this paper we demonstrate a black-box, multick§mmodulation format and bit-rate independent elevgth
converter (WC) that can be used directly with wemgth division multiplexed (WDM) signals alignedad 00GHz
ITU grid, and measure its performance in a 12004kansmission experiment over installed fiber. ThE W based
on the use of FWM in a highly nonlinear fiber (HNLsumped by two orthogonally polarized, widely foeqcy-
spaced pump beams placed outside the signal waythtermhe large spacing between the two pumpsrijunction
with the use of two different arrayed waveguidetiggs (AWGSs) allows simplified filtering of the sigls and
multichannel operation. This configuration alsovpdes sufficient flexibility for the WC to be incporated in an
optical add-drop multiplexer (OADM), or in a recapfrable OADM (ROADM).

For our transmission experiments the black-box W&3 placed at the mid-point of an installed fibakliThe
WC performance in transmission was identical td #ehieved in purely lab-based experiments, progdi flat
conversion gain of -2 dB across the whole convarsiand of 10nm and a polarization dependent loBa ) ®f
0.64 dB.

2. Experimental Set-up

The schematic of the WC is shown in Fig 1. It cosgat two AWGs which were configured to couple thlgnals
together with two orthogonally polarized pump bedtirewidth of 100kHz) into a HNLF and an outputei to
allow all the filtered idlers through simultanegusThe two pumps were set at 1562.23 nm (191.90) Tatz
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Fig. 1. Experimental Setup



1550.12 nm (193.30 THz), and the input channelsewsstween 1559.79 nm (192.2 THz) and 1556.55 nm
(192.60 THz) so that the wavelength converted $sghey between 1555.75 nm (192.70 THz) and 155252
(193.10 THz).

The input signals were amplified together up texal of 5dBm per signal and filtered by the AWGsédmove
the amplified spontaneous emission (ASE). Theahittmoval of ASE within the bandwidth of the waemdth
converted signals is critical since without thig ttonversion power penalty increases by 5-6 dBe Nt just a
single amplifier could be used for all the inpugrsls due to the channelized filtering charactiessbf the AWG.
The second AWG also facilitated filtering of the BA®f the pumps, which were amplified up to a poakR1.5
dBm each at the HNLF input. The (flat-top) coaragpat filter was tuned to cover the entire outpamdwidth.

The 302m-long HNLF used was a germanium-silicatgpelision-shifted, strained fiber with a stimulated
Brillouin scattering (SBS) threshold of 27 dBm. Thenlinear coefficient of the fiber was 11.6 (W-Km}he
dispersion slope 0.018 ps/(fikm) and the zero-dispersion wavelength after tfaning was 1555 nm.

The WC was used as a black-box device at the mmfdhm installed link (the UK Aurora dark fiber matrk) to
assess its performance (see Fig.1). Six data sigvede used in our transmission experiments, tbfeehich were
wavelength converted after transmission over 60Qiaupled with the original six channels and regraitted over
the same distance. The fiber link comprised twepans, as shown in Fig 1, with distances rangimgden 40 and
60 km each. The data signals were modulated usirgg tdifferent modulators to generate on-off ke{f@®K),
binary phase shift keyed (BPSK) and quadrature gpkh#t keyed (QPSK) signals. The signals were diagland
filtered using a wavelength selective switch (WS&h a filter resolution of 50 GHz. The launchedwmss per
channel was 2 dBm. After traversing the loop a sddime, the converted signals were received, darzed in
terms of constellation diagrams and bit-error (BER) and their performance was compared to théhefsignals
both after a first circulation around the loop aifittr passage through the WC. The chromatic digpeis the link
was not fully compensated to reduce nonlinear &ffgo that a receiver with chromatic dispersioimegion and
compensation was used to properly receive the lsiftea the first loop and after the wavelength\center.

Note, however, that digital dispersion compensatias not required for the WC signals after the sdco
passage through the loop since the WC conjugategltiase of the original signal at the mid-pointred system
after the first circulation [5].

3. Experimental Results

In order to test the performance and robustnetiseasetup two different kinds of tests were perfedntirst, the
WC was tested under single channel operation. Sulestly, the system was characterized for two mistnetwork
scenarios involving the simultaneous conversiothode channels, which were dynamically reconfigutrethks to
the flexibility provided by the WSS. Different mddtion format signals at different wavelengths &itdates were
considered in each case.

Single Channel Performance

Under single-channel operation, the WC was tess@swarious modulation formats (OOK, BPSK, QSPI{ a6-
QAM) and different symbol (Gbd) and net data rdtekit/s). We found that signals operating up ta3tit/s QPSK
could be clearly detected after wavelength conwvarsind re-transmission. Wavelength conversion @D 16-
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Fig. 2. Spectral traces and diagrams after the link trassion for the two proposed scenarios.



QAM signals was also achieved but, due to its higignal-to-noise ratio requirements, it could hetused in our
field trial experiments. Changes in the state ofapmation of the incoming signal caused a variatia the
conversion gain of just 0.64 dB. The WC was testeder two different scenarios of multi-wavelengreration

(Fig.2).

Scenario 1

The first scenario highlights the modulation-indegeence and the multichannel operation of the schémthis

scenario four non-return-to-zero (NRZ)-OOK signaildrequencies 192.1, 192.3, 192.7 and 193.5 THe,MRZ-

BPSK signal at frequency 192.4 THz and one NRZ-QRgjdal at frequency 192.5 THz were transmittedugh

the link. The rate of all signals was 10 Gbd. Tigmals at 192.3, 192.4 and 192.5 THz were chosdre tconverted
to 193.0, 192.9 and 192.8 THz respectively. Onéhefnon-converted OOK signals was intentionallpedted in
the output bandwidth of the WC to prove that angsilde interference from the WC did not affect ttemsmission
performance.

The bit error rate (BER) measurements of the BPSKQ@PSK signals for the back-to-back (B2B), after first
transmission (600km), the wavelength conversiol®48UC) and the second loop transmission (1200km¥kaosvn
on the left of Fig. 3. The BERs of the OOK signedaild not be assessed at the intermediate stageidmof the
residual chromatic dispersion. After the secongltheir BER was below the FEC threshold of10

Scenario 2
The second scenario highlights both the wavelesglbctivity and multichannel conversion of the sobkeln this
scenario the same four NRZ-OOK signals and two NEZSK signals at frequencies 192.5 and 192.6 TH2 wer
transmitted through the link. The rate of all signaas again 10 Gbd. The signals at 192.3, 19205182.6 THz
were chosen to be converted to 193.0, 192.8 and/ 32z respectively.

The BER measurements of the QPSK signals for tlek-treback (B2B), after the first transmission (861,
the wavelength conversion (600+WC) and the secoag transmission (1200km) are shown on the righ%igf3.
As discussed previously the OOK signals were nadradterized at the intermediate stage, however thei
performance after the second passage throughdipenas similar to that in scenario 1.
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Figure 3.BERSs of transmitted signals at various points sngfistem for both scenarios: BPSK and QPSK sidoaBcenario 1. QPSK 192.50
and QPSK 192.60 signals for Scenario 2
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4. Conclusions

A new wavelength conversion scheme capable of anatinel operation and independent of the configamatt the
input has been presented and experimentally teistethe mid-point of an installed transmission linkhe
performance of the WC is identical to that achieirethboratory experiments, exhibiting flat conversgains of
-2dB across the whole conversion band of 10nm fgichonly by the choice of pump wavelengths) and RBlues
of 0.5 dB. These experiments demonstrate thatpaital wavelength conversion solutions have reachsdifficient
level of technological maturity to be considereddeployment in real systems.
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