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Abstract speed time-division demultiplexing of 320 Gb/s silgn
We review the latest advances in dispersion-shiftedare shown. The photonic chip is also applied tdR&n
Chalcogenide waveguides enabling highly nonlinest a spectrum analyzer system enabling characterizatiwh

low dispersion planar rib circuits of centimetreadéh. dispersion monitoring of 320 Gb/s data signals.
Its performance advantages for more broadband and
higher speed nonlinear signal processing are shown. Waveguide char acteristics
The primary advance over previously reported,SAs
I ntroduction planar rib waveguides is its design for highgr and

All-optical signal processing is a key technology f tailoring of D toward zero at the 1550 nm wavelength.
enabling various functions applicable to future Hhig This was realized by thinning the /& film during
speed optical communications such as optical switgh deposition [5], by nearly a factor of 3 to 0.88.
wavelength conversion [1], and performance moniri  photolithography and dry-etching [5] produced rés
[2]. These can be performed on an ultra-fast timlesby  parrow as 2im with a reduced\g approaching jm?
harnessing  the optical . Kerr effect of an optical rpig jncreased both and waveguiding dispersion which
waveguide exhibiting & nonlinearity, whereby its  has a sign countering the large material compooént
refractive index changes in proportional to the As,S; (= —364 ps/nm/km at 1550 nm wavelength). A

instantaneous optical intensity, and the nonlinear yypical device schematic is shown in Fig. 1. Waveesi
refractive index,n,. This gives rise to the nonlinear

effects of cross-phase modulation (XPM) and foureva

mixing (FWM), which can underpin many all-optical

signal processing functions [1]. The efficiency lewer, @)
depends on the waveguide nonlinearity coefficient
determined byy = (2 7/ A){h/A«), WhereAg is the

effective mode area at the signal wavelength,The

nonlinear phase shift also scales with waveguidegtte

which dictates the need for kilometers of standzndle

mode fiber (SMF), whosey is low, or hundreds of

meters for silica based highly nonlinear fiber (HNi].

Recent advances in fabricating planar rib waveegiid (b)
from high index glasses such as silicon [4] and 200 :
Chalcogenide (ChG) [1] have shown the capability fo _
reaching much highey through their combined highy E o /
and smallAg allowing much shorter circuits on the order = ' )
of centimeters. This translates to reduced dispersi E.-zou- :.,—--" """""
effects, which otherwise degrades the FWM and XPM = _,--"': -
efficiency through the phase and group velocity I L Gl
mismatch respectively between co-propagating waves. 80017 =7 ] jg

In this paper, we review the development of a = i i As2S3
dispersion-shifted planar rib waveguide based an th -600 " '
ChG glass, AsS; whosen, = 31078 m2/W (i.e. =100 1300 1400 1500 1600 1700 1800

times of silica). Its design for a small@g; produces Wavelsnoth [ien]

both an increased and tailoring of the net dispersion Fig. 1. a) Device illustration of a 6 cm lengthma rib ASS;
parameterD, to near zero at the 1550 nm wavelength. \yayequide and bcalculated group velocity dispersion
Its performance advantage for both wavelength fyndamental TM and TE modes compared to ma
conversion of 40 Gb/s signals across the S-C-Lcapti  dispersion of AsS; highlighting the dispersioshifted desig
bands of the optical communication spectrum, agti-hi enabled by the thinner AS; film thickness, as reported in [6].



with y as high as 9900 Wkm™ (more than quadruple Realizing this on a planar platform rather thamhwi
that of previous AsS; chips and over 6000 times larger multiple optical fibers allows parallel demultipleg of
than standard single mode fiber) were producedHer  all channels on a single photonic integrated circAs a
narrowest 2im wide rib. Furthermore, the enhanced preliminary step in this direction, all-optical #m
waveguiding dispersion of the TM mode redud@dy  division demultiplexing of a single 10 Gb/s tributa
over an order of magnitude to as low as 28 ps/nngikm  from a 320 Gb/s signal was demonstrated by FWM in a
the anomalous regime) as shown in Fig. 1(b). 6 cm length waveguide. The 320 Gb/s RZ signal at th
The propagation loss for the waveguide TM mode 1561 nm wavelength was combined with a 10 GHz pulse
varied between 0.2 to 0.65 dB/cm for rib widthstaind ~ train of 2 ps duration at 1550 nm wavelength. Tétalt
2 um respectively. This was more than previous (thicke average power at the waveguide input connector was
film) As,S; rib waveguides [1] due to the increased mode 100 mW. The spectrum at the waveguide output redeal
penetration of the core/cladding interface, which an idler pulse at 1539 nm produced by FWM, whicls wa
enhances the scattering losses associated wishriiace ~ subsequently filtered to extract the 10 Gb/s tabyt
roughness. Coupling to SMF was achieved by lensed )
fibers of 2.5um spot diameter which raised the device Broadband RF spectrum analysis . _
insertion loss by a further3 to 5 dB per facet for 4 and 1he performance advantages of dispersion-shifte@ Ch
2 um wide ribs respectively. This can be improved by Waveguides are emphasized when applied to an all-

incorporating on-chip tapers as reported for silig4). optical RF spectrum analyser [2]. This is a techaifpr
capturing the power spectrum of the signal’s intgns

(rather than its electric field as measured on ptical
spectrum analyser (OSA)). The original demonstraitio
HNF [7], showed the possibility for a measurement
bandwidth exceeding an order of magnitude greatar t
conventional opto-electronic techniques (using ghhi

Broadband wavelength conversion

All-optical wavelength conversion is a key functifor
enabling optically transparent communications netwo
with fewer OEO conversions. One approach is to use

either XPM or FWM of the signal co-propagating . .
through a nonlinear optical waveguide with a cwefas speed photodetector with electrical spectrum aeslys

acting as a probe tuned to the desired convertgthisi The implementation is conceptually the same adtfer
wavelength. Optically filtering of either the XPM all-optical wavelength converter described aboxegpt

: : . it uses a lower signal power to ensure a phasé shif
sideband or the FWM idler spectrum recovers a capli It -

of the signal at a different wavelength. This hgsdally radian so that the XPM sidebands obse'zrved'an OSA
required hundreds of metres of HNF to achieve sieffit correspond to the power spectrum of the signahaitg.

nonlinear phase shift [1]. Consequently, the maximu While original experiments using HNF reported a
wavelength conversion range has been limited byPandwidth of=800 GHz [7], the use of the dispersion-
dispersion effects due to the increased phase enbg shifted ChG waveguide has demonstrated both a broad

velocity mismatch between the co-propagating waes multi-terahertz measurement bandwidth and distertio
their wavelength separation is increased. free trace even for very short optical pulses [2].
The performance advantage of using dispersion_Furthermore, “colorless” operation is achieved ower

shifted ChG waveguide was highlighted by wavelength Proader ranging signal wavelength. Its effectiventes
conversion of a 40 Gb/s return-to-zero signal oser characterizing 320 Gb/s signal and features nafesi

80 nm wavelength range [6]. The signal used a 2 IDSfrom a conventional OSA were highlighted along with

pulse width compatible with a 160 Gb/s bit rated &ne its powerful capability for dispersion monitoring.

total average power at the waveguide input conmecto .

was 100 mW. Despite using such short pulses, thsfFw Conclusions , _ .

and XPM observed in the optical spectrum at thewtut ~ Dispersion-shifted Chalcogenide waveguides designed

of the waveguide showed little variation with for combined high nonlinearity and low dispersi¢row

wavelength when tuning the cw laser from 1545 to Significant performance advantages for broadbaguasi

1570 nm. Bit error rate measurements of the opyical Processing in terms of a wider wavelength tuninugea

filtered idler from FWM showed error free performan ~ @nd reduced signal distortion. These, together With
monolithic structure capable of integrating mukipl

functions on a single chip, highlight its potentfalr

High-speed time-division demultiplexin
an-<p ! V1S LHipieing application to future high-speed optical commurng.

All optical gating of a signal provides a meangiofe-
division demultiplexing a signal of bit ratBg, into itsN
lower bit-rate tributaries even wheBy is beyond the  References

: L ko 1. M.Pelusi et al, IEEE J Sel. Top. Quant. 14 (3G0829
conventional 40 Gb/s switching speed of opto-etettr 2. M. Pelusi et al, Nature Photon, 3 (2009) p. 139

modulators. This can be performed by co-propagatings v raiahashi et al, J. Lightwave Technol. 220@)®. 3615
the signal with a synchronized optical pulse train 4\ Foster et al, Nature Photon., 456 (2008)p. 8
repetition Bo/N. This acts as a pump such that its 5 s Madden et al, Opt. Express, 15 (2007) p. 4441
coincidence with each signal pulse generates aputse 6. F. Luan et al, Opt. Express, 17 (2009) p. 3514

by FWM, allowing its extraction by optical filtergn[1]. 7. C. Dorrer et al, J. Lightwave Technol., 22 (2004266



