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WELCOME TO ECOC 2013

ECOC is the largest conference on optical
communication in Europe, and one of the
most respected and long-standing events
of its kind in the world. ECOC 2013 is the
39th of the series providing, as it has done
every year since its inception, a prime
forum to present and discuss the very
latest developments and results in optical
communication devices, subsystems,
transmission systems and networks.

ECOC travels around in Europe from
year to year and ECOC 2013 marks a very
significant event in that it represents the
first return to London, location of the very
first ECOC conference held back in 1975.
Few of those involved in organising this
original conference (which includes the
two chairs for 2013!) could have foreseen
the important role that the conference
they created would play in the future
evolution of optical communications, nor
indeed the impact the field would go on
to have on society itself. After 39 years
ECOC remains as relevant and vibrant
as ever. The fact that about 50% of the
conference delegates typically come from
Europe, about 30% from Asia/Pacific and
about 20% from North America, highlights
that ECOC is a truly global conference.

At ECOC 2012, held in Amsterdam, over
1100 delegates attended the conference
plus 329 exhibitors with around 4483
visitors to the exhibition, a slight increase
in numbers over the ECOCs of previous
years. All the indications are that ECOC
2013 will demonstrate yet further growth
with paper submissions up by 12.6% and
with a slight increase in exhibitor numbers
for 2013.

The latest advances in optical
communication technologies will be
reported at ECOC 2013. Leading-edge
technical progress will be presented
through a carefully selected blend of
keynote addresses, tutorial and invited
papers and contributed regular and
postdeadline papers.

The plenary session on Monday morning

(Monday, 21 September) features talks by:
Stephen Baily, General Manager, Research
and Development, BBC; Dr Peter Stassar,
Technical Director Optical Research,
Huawei Technologies; Dr Bernard

Barani, Deputy Head of Unit European
Commission, DG Connect (Talk Title);

Dr Tim Whitley, Managing Director,
Research and Innovation, BT Plc; Warren
East, Chief Executive Officer, ARM and
Professor Eli Yablonovitch, Director of the
NSF Center for Energy Efficient Electronics
Science, Berkley.

The bulk of the conference programme
is built on invited and contributed
technical papers, carefully chosen
through a rigorous and highly competitive
selection process for either oral or
poster presentation by an outstanding
Technical Programme Committee,
comprising around 100 well-known optical
communications experts. It is organised
into 6 sub-committees: “Fibers, Fiber
Devices and Amplifiers”, “Waveguides and
Optoelectronic Devices”, “Subsystems for
Optical Networks and Datacomms”, “Point
to Point Transmission Systems”, “Optical
Transport and Large Scale Data Networks”
and “Access, Local Area and Data Centre
Networks”.

Two full-day special symposia are
organised (Tuesday, 24 September)
covering two increasingly important
topics in the field. These symposia
bring together a list of well-known and
highly respected speakers and will cover
“Nanophotonics and Metamaterials
for Telecommunications” and “Next
Generation Datacenters”.

The Workshops on Sunday, 22
September provide the opportunity for
highly interactive discussions on some of
the very hottest research topics.

As a special feature this year, the TPC
chairs have organised a half-day workshop
aiming to showcase UK photonics
research. The workshop will take place
on Wednesday, 25 September in the

ECOC Exhibition Hall and will celebrate
achievements, highlight the impact and
discuss future directions of UK photonics
research. The event is admission free and
is open to ECOC delegates and outside
visitors.

The technical programme concludes
on Thursday, 26 September with a
Postdeadline session, arguably the
highlight of the conference, where the very
latest and most outstanding results will be
presented.

ECOC 2013 provides the ideal
opportunity for anyone interested in optical
communications, including researchers,
product developers, sales managers and
telecommunication analysts and market
developers, to develop an up-to-date
understanding of the field.

The ECOC 2013 conference organisation
committee has prepared an exciting social
programme to complement the technical
programme. These include a conference
reception at a traditional British Pub and
Restaurant and a Gala dinner at The
Painted Hall, Old Royal Naval College at
Greenwich which is often described as
the “finest dining hall in Europe’. Designed
by Sir Christopher Wren and Nicholas
Hawksmoor, it was originally intended as
an eating space for the naval veterans
who lived here at the Royal Hospital for
Seamen. Its exuberant wall and ceiling
decorations pay tribute to British maritime
power.

We encourage you to take the
opportunity whilst here to visit the city
of London, with the immense choice of
sightseeing, cultural entertainment and
dining experiences that it provides. You
might also like to consider extending your
stay and experiencing some of the other
exciting leisure and business opportunities
that the UK has to offer.

Further information on the conference
can be found at www.ecoc2013.org

Thank you for visiting London and
ECOC 2013.
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Subcommittee 1 (SC1)
Fibres, Fibre Devices and Amplifiers

This area focuses on optical fibres, their
design, fabrication and characterisation,
the physics of light propagation in

optical fibres, fibre amplifiers and fibre
lasers, as well as fibre based devices for
telecommunication, data communications
and other applications.

Chair:
Periklis Petropoulos, ORC- University
of Southampton, UK

Members:

Tim Birks, Bath University, UK

David DiGiovanni, OFS Laboratories, USA
Benjamin Eggleton, University of Sydney,
Australia

Tommy Geisler, OFS Denmark, Demark
Dag Roar Hjelme, Invivosense, Norway
Magnus Karlsson, Chalmers University of
Technology (CTH), Sweden

Sang-Bae Lee, KIST, Korea

Hans Limberger, EPFL, Switzerland
Hanne Ludvigsen, Aalto University, Finland
Koshiba Masanori, Hokkaido University,
Japan

Antonio Mecozzi, University of L’Aquila,
Italy

Patrice Megret, University of Mons,
Belgium

Michele Midrio, Universita di Udine, Italy
Pascale Nouchi, Thales, France

Stojan Radic, UCSD, USA

Christian G Schaeffer, Helmut Schmidt
Universitét, Germany

Pruneri Valerio, ICFO - Institut de Ciéncies
Fotoniques, Spain

Lianshan Yan, Southwest Jiaotong
University, China

Subcommittee 2 (SC2)

Subsystems for Optical Networks
and Datacomms

This area focuses on the design,
fabrication, performance testing, and
reliability of devices and components
used to generate, amplify, detect, switch,
or process optical signals for information
transport and processing, routing and
interconnecting. Technologies include
planar waveguides, bulk optics, and
photonic bandgap structures based on
various material systems.

Chair:
Graeme Maxwell, CIP Technologies, UK

Members:

Liam Barry, Dublin City University, Ireland
Romain Brenot, /Il -V Lab, France

Joe Campbell, University of Illinois, USA
Piero Gambini, Avago Technologies, Italy
Christian Lerminiaux, utt, France

Geert Morthier, IMEC — Ghent University,
Belgium

Pascual Mufioz, VLC Photonics, Spain
Yoshiaki Nakano, University of Tokyo,
Japan

Bert Offrein, IBM, Switzerland

Min Qiu, Royal University of Technology
(KTH), Sweden

Marco Romagnoli, CNIT, Italy

Leo Spiekman, Alphion, USA

Yikai Su, Shanghai Jiao Tong University,
China

Shinji Tsuji, Japan Science and Technology
Agency, Japan

Andreas Umbach, v?t Photonics AG,
Germany

Subcommittee 3 (SC3)

Subsystems for Optical Networks and
Datacomms

This area focuses on the modelling,
design, and implementation of optical,
optoelectronic, or electrical subsystems,
including algorithms for digital coherent
transceivers, performance monitoring,
optical signal processing, add-drop
multiplexing, optical switching, and optical
packet routing. In addition, the area
considers enabling optical interconnects,
switching and routing subsystems and
integrated interconnection architectures
that address the unique challenges of
Datacom and Computercom.

Chair:
Seb Savory, UCL, UK

Members:

Hercules Avramopoulos, National TU
Athens, Greece

Johan Bauwelinck, Ghent University,
Belgium

Laurent Bramerie, ENSSAT, France
John Cartledge, Queens University,
Canada

Ernesto Ciaramella, Scuola Superiore
Sant’Anna, Italy

Andrew Ellis, Aston University, UK
Roberto Gaudino, Politecnico di Torino,
Italy

Jeurg Leuthold, ETHZ, Switzerland
Nakazawa Masataka, University of Tohoku,
Japan

Werner Rosenkranz, Universitét Kiel,
Germany

Oded Raz, COBRA - Eindhoven Univ. of
Technology, Netherlands

Namiki Shu, National Institute of
Advanced Industrial Science and
Technology, Japan

Antonio Teixeira, Universidade de Aveiro
Portugal, Portugal

Moshe Tur, Tel Aviv University, Israel
Alan Willner, UCLA, USA
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Subcommittee 4 (SC4)
Point to Point Transmission Systems

This area focuses on the modelling, design,
and implementation of optical transmission
links of all scales, highlighting system-
level implications of physical impairments
and impairment mitigation techniques.
Contributions to this area are concerned
with aspects such as capacity, reach,
flexibility, or energy consumption of optical
transmission systems and solutions to
overcome the current limitations. Papers
illustrating the transmission benefits of
novel fibres, devices and subsystems are
encouraged but papers focused on fibre,
device or subsystem design and/or their
more general properties/performance
should be submitted elsewhere.

Chair:
Ekaterina Golovchenko, Tyco, USA

Members:

Sébastien Bigo, Alcatel Lucent, France
Huug De Waardt, COBRA - Eindhoven
Univ. of Technology, Netherlands

Rene Essiambre, Alcatel-Lucent, USA
Fabrizio Forghieri, Cisco Photonics, Italy
Yann Frignac, IT-SudParis, France
Helmut Griesser, ADVA Optical
Networking, Germany

Onaka Hiroshi, Fujitsu, Japan

Robert Killey, UCL, UK

Christophe Peucheret, Technical
University of Denmark, Denmark

Luca Poti, CNIT, Italy

Peter Krummrich, Technische Universitét
Dortmund, Germany

Miyamoto Yutaka, NTT, Japan

Wen-De Zhong, Nanyang Technological
University, Singapore

Subcommittee 5 (SC5)

Optical Transport and Large Scale Data
Networks

This area focuses on the modelling,
design, architecture, and scaling of optical
transport for telecommunications and

data networks. This includes circuit- and
packet-switched backbone, metro-core
and inter datacentre networks as well as
the control and management functions
and integration with higher layer services.
It also covers aspects of successful
commercial network deployments and
field trials. We particularly encourage
submissions that focus on new application
areas and cutting-edge network level
innovations.

Chair:
Andrew Lord, BT, UK

Members:

Achim Autenrieth, ADVA Optical
Networking, Germany

Carlo Cavazzoni, Telecom ltalia, Italy
Gabriel Junyent, Universitat Politécnica de
Catalunya, Spain

Andreas Gladisch, Deutsche Telekom,
Germany

Jean-Pierre Hamaide, Alcatel-Lucent,
France

Fernandez-Palacios Juan Pedro,
Telefonica Investigacion y Desarrollo,
Spain

Sato Ken-ichi, University of Nagoya, Japan
Fukuchi Kiyoshi, NEC, Japan

Suzuki Masatoshi, KDDI Labs, Japan
Naoya Wada, National Institute of
Information and Communication
Technology, Japan

Peter Ohlen, Ericsson, Sweden

Mario Pickavet, iMinds — Ghent University,
Belgium

Alexnadros Stavdas, University of
Peloponnese, Greece

Hidenori Taga, National Sun Yat-Sen
University, Taiwan

Jarek Turkiewicz, Warsaw University of
Technology, Poland

Ben Yoo, UC Davis, USA

Subcommittee 6 (SC6)

Access, Local Area and Data Center
Networks

This area focuses on networking aspects
of broadband optical access and local-
area networks. It covers FTTx, passive
optical networks, radio-over-fibre systems,
free space systems, hybrid wireless/optical
solutions, in-building and intra data-centre
networks. It also comprises aspects of
successful commercial mass deployments,
field trials, and applications of optical
communication technologies in public,
private and enterprise networks and
computer interconnect networks.

Chair:
Albert Rafel, BT, UK

Members:

lvan Adonovic, Strathclyde University, UK
Philippe Chanclou, Orange, France
Stefan Dahlfort, Ericsson, Sweden

Dirk Breuer, Deutsche Telekom, Germany
Bas Huiszoon, Genexis, Netherlands
Yuefeng Ji, Beijing Univ. of Posts and
Telecommunications, China

Christina Lim, University of Melbourne,
Australia

Idelfonso Monroy, Technical University of
Denmark, Denmark

Ken Reichmann, AT&T, USA

Sales Salvador, Universitat Politecnica de
Valencia, Spain

Sophie-Camille Bres, EPFL, Switzerland
Eduward Tangdiongga, COBRA

- Eindhoven Univ. of Technology,
Netherlands

loannis Tomkos, Athens Information
Technology Center, Greece

Ping-Kong Alex Wai, Hong Kong
Polytechnic University, Hong-Kong

Naoto Yoshimoto, NTT, Japan
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Workshop 1 - SDM: How to Migrate from Point-to-Point
Transmission to Full Optical Networking?

Room: A

Organised by
Georgios Zervas, University of Bristol, UK

Additional organisers

Periklis Petropoulos, ORC, University of Southampton, UK
Yoshinari Awaji, NICT, Japan

Hidehiko Takara, NTT, Japan

Abstract

We experience Internet traffic growth of 100 times every 10 years. The
capacity of existing standard single-mode fibre is approaching its limits
following significant progress on transmission technologies which allow
for high spectral efficiencies to be realised. Space Division Multiplexing
(SDM) has emerged as a solution to the problem of saturation of the
capacity of optical transmission systems and has effectively achieved a
10-fold increase in the overall fibre capacity within the space of just 2
years. The idea behind SDM is to transmit simultaneously over several
different spatial modes of propagation, and the research community is
exploring in parallel several different avenues that would allow this to
happen; the use of fibres comprising multiple cores, multimode fibres
and even the use of optical vortices are the prime examples. In order

to fully benefit from the advantages of SDM technologies in a complete
network scenario, the corresponding devices for the implementation of
optical nodes, transceivers and networks will also need to be developed.
However, clearly the relative benefits of the different SDM technologies
are not the same and several technical and economic challenges need to
be addressed before the wide adoption by service providers.

Part 1 - 14:00-15:30

Introduction Organizers

Recent Progress in SDM Transmission Technologies and Perspectives for
Optical Networking - Toshio Morioka, DTU, Denmark

High Capacity MCF Transmission Technology for Future Optical Transport
Networks - Akihide Sano, NTT, Japan

Key Technologies and Requirements for Space Division Multiplexing (SDM)
Networks - Takehiro Tsuritani, KDDI, Japan

Optical Nodes for SDM Networking: Challenges and Possible Approaches
Norberto Amaya, University of Bristol, UK

Multi-dimensional Spatial-spectral Switching Network Nodes

Dan Marom, The Hebrew University of Jerusalim, Israel

15:30 Coffee break (ICC Capital Suite Foyer)

Part 2 - 16:00-17:30

IBM SDN-VE: Software Defined Networking for Virtual Environment

Rami Cohen, IBM, Israel

Exploiting SDM Benefits in Optical Networks - Jun Sakaguchi, NICT, Japan
SDM: What's It Worth to You? — Scenarios for Price-Points of Components of
Multi-Core Fiber Systems - Steven Korotky, Alcatel-Lucent, USA

Panel Session - Moderator TBC

This workshop will discuss the following questions:

m Which is the most suitable SDM technology for networking?

m What are the benefits and challenges of using SDM in networks?

m What is the optimum casting of optical and electronic solutions for SDM
networking?

m How do the different SDM alternatives compare when considered for
backbone, metro/access and HPC / data-centre networking?

m What are the benefits and challenges of SDM for network virtualization?

Topics:

m SDM networking as well as their associated node, switching and
transmission technologies

m Wider audience from Operators to Vendors and research institutes

Target Audience: Wider Audience from Operators to Vendors and research
institutes

Workshop 2 - Low-Cost Access to Photonic ICs 5th European
Photonic Integration Forum

Room: B

Organised by
Professor Meint Smit, Eindhoven University of Technology, Netherlands

Additional organisers
Professor Roel Baets, University of Ghent, Belgium
Professor Mike Wale, Oclaro, UK

Abstract

In the last few years major progress has been made in the development

of a generic foundry infrastructure for low-cost access to design and
manufacturing of advanced Photonic ICs, in a similar way to how the
microelectronics industry is configured. The approach has been pioneered
in European projects like EuroPIC, PhotonFAB, HELIOS and ESSENTIALS.
It is further developed in the projects PARADIGM and PLAT4M and it

has a prominent place in the roadmap of the Photonics21 platform. The
generic photonic foundry approach includes development of standardized
fabrication processes, software design kits with component libraries,
generic packages and test facilities. This year novel foundry processes

with improved capabilities in both InP, Silicon Photonics and TriPleX
technology have been announced and will be discussed in the workshop.
The workshop will review the roadmap for the generic photonic foundry
approach and it will address the business opportunities that are created by
the large reduction of the entry costs for application of Photonic ICs in novel
or improved products. The present workshop is organized by the integration
technology platforms ePIXfab and JePPIX, it is the 5th event of the annual
European Photonic Integration Forum.

14:00 Introduction to Generic Photonic IC Technology
Meint Smit, COBRA TU/e, Netherlands

14:10 Roadmap for InP and TriPleX-based Photonic Integration
Mike Wale, Oclaro, UK

14:30 Silicon Photonics Roadmap - Maurizio Zuffada, STMicroelectronics,
Italy

14:50 Economics of PICs - Martin Schell, FhG-HHI, Germany

15:10 Photonic IC Design - Twan Korthorst, Phoenix Software BV, Netherlands

15:30 Coffee break (ICC Capital Suite Foyer)
Part 2: Packaging

16:00 Silicon PIC Packaging - Peter O'Brien, Tyndall National Institute,
Ireland

16:10 InP PIC Packaging - Bob Musk, Gooch & Housego, UK
Application Examples

16:20 The Eastern European Design Hub - Kasia Lawniczuk, Warsaw
University of Technology, Poland

16:30 Fiber Optic Sensing using Photonic Integrated Circuits
Rolf Evenblij, Technobis Fibre Technologies, Netherlands

16:40 Coherence Tomography Applications based on TriPleX Waveguides
Ton van Leeuwen, Academic Medical Centre, Netherlands

16:50 Silicon-organic Hybrid Integration
Christian Koos, /PQ Karlsruhe Institute of Technology, Germany
Part 3: Capabilities of Coming MPW Foundry Runs

17:00 InP & TriPlex technology / JePPIX - Luc Augustin, JePPIX, Netherlands

17:10 Silicon Photonics Technology / ePIXfab - Amit Khanna, ePIXfab,
Belgium

17:20 Silicon Photonics technology / OPSiS - Michael Hochberg, OPSIS, US

Topics:

m Generic InP & TriPleX Roadmap

m STM Silicon Photonics Roadmap

Economics of PICs

Present status of Photonic Foundry Design Kits

Photonic IC Design

Photonic IC Packaging

Business examples for low-cost Application-Specific Photonic ICs (ASPICs)
Capabilities of coming MPW foundry runs in InP, Silicon Photonics and
TriPleX Technology

Target Audience: Everybody interested in advanced devices and
subsystems for a broad range of applications, including data transport
systems and data networks.

ECOC 2013 - PROGRAMME

SUNDAY 22 SEPTEMBER 2013 WORKSHOPS

Workshop 3 - Integration of Optical Devices for SDM
Transmission

Room: C

Organised by
Dr Tetsuya Kawanishi, NICT, Japan

Chairs

Brian Corbett, Tyndall National Institute, Ireland
Dr Brian Kelly, Eblana Photonics, Ireland

Dr Hirotaka Ono, NTT, Japan

Abstract

Recently, space division multiplexing (SDM) based on multi-core or multi-mode
fibres has attracted a great deal of attention in huge capacity data transmission
technologies. Similar to conventional systems, SDM based transmission
systems are composed of transmitters, receivers, amplifiers and optical fibres.
Large scale integration is recognised as an important step towards reducing
costs in conventional systems and in SDM based systems there is the potential
to achieve even greater component consolidation. However this requires
dramatic improvement of the system components to increase total transmission
capacity. The purpose of this workshop is to discuss device requirements for
large-scale SDM systems which should have a high number of transmitters and
receivers, advanced modulation formats to increase the total capacity and
low power consumption to construct sustainable network systems. Crosstalk
should be suppressed in SDM systems to avoid degradation of advanced
modulation formats. Integration is the key technology for such optoelectronic
components and is important for the fibre itself as well as optical components
such as connectors, mux/demux devices and amplifiers. This workshop,
co-organised and sponsored by EU FP7 project MODEGAP and the

EXAT program, Japan, will review and discuss possible new technologies
including optoelectronic device integration, amplifiers for SDM, multi-core
and few mode fibres. The goal of this workshop is to achieve insights for the
future direction of research on components designed for SDM.

Part 1 - 14:00-15:30

Overview of Mode Gap - Dr lan Giles, Phoenix Photonics, UK

Overview of EXAT - Dr Itsuro Morita, KDD/ labs, Japan

Amplifiers for SDM - Dr Shaiful Alam, ORC — University of Southampton, UK
Fibre Splicing - Dr Shoichiro Matsuo, Fujikura, Japan

Fibers for Mode Multiplexing - Dr Lars Gruner-Nielsen, OFS, Denmark
Photonic Lanterns - Prof Tim Birks, University of Bath, UK

Selective Coupling to Higher Order Fibre Modes using Compact Silicon
Photonics Grating Devices - Prof Petermann Klaus, TU Berlin, Germany
Optical Couplers for SDM - Prof Yasuo Kokubun, Yokohama National
University, Japan

Photonic Lightwave Circuit - Dr Kenya Suzuki, NTT, Japan

Panel Session: Moderator - Dr Shu Namiki, AIST, Japan

15:30 Coffee hreak (ICC Capital Suite Foyer)

Part 2 - 16:00-17:00

Si Photonics Integration - Dr Sylvie Menezo, LET/, France

Photonic and RF integration - Dr Toshimasa Umezawa, NICT, Japan

High Density RF Connections - Dr Nobuhiro Kikuchi, NTT, Japan
Integration Strategies for Mode Mux - Prof Ton Koonen, TUE, Netherlands
Power Consumption of SDM Systems - Dr Peter Winzer, Alcatel-Lucent, USA
Panel Session: Moderator - (tbc)

Topics:

m Large scale integration of optoelectronic devices and component
performance criteria for SDM

m Implications of advanced modulation formats for the design of SDM
components

m Signal processing for MIMO

m Design and fabrication of multi-core and multi-mode fibres

m Novel optical devices for SDM including optical amplifiers

m Crosstalk reduction using fibre design and signal processing

m Lowering power consumption in transmission systems.

Target Audience: Researchers in optical device or signal processing
technologies; transmission system operators; manufacturers of
measurement instruments

Workshop 4 - Technologies for Short Reach Optical
Interconnects

Room: D

Organised by
Professor Richard Penty, University of Cambridge, UK

Additional organisers
Dr Terry Clapp, Dow Corning, USA

Abstract

Short-reach optical interconnects have recently attracted significant
interest due to the ever increasing demand for bandwidth and reduced
energy consumption in large-scale high-performance electronic systems.
Optical fibre technologies are now widely deployed in rack-to-rack
communications in such systems as they can offer high-capacity low-
power interconnections. Next generation supercomputers are expected
to require even larger interconnection capacities and reduced power
consumption. As a result, optics is increasingly being considered for use
in even shorter (<1 m) communication links such as for backplanes and
board-to-board, chip-to-chip and on-chip communications owing to the
performance advantages it offers with respect to electrical interconnect
counterparts when operating at high data rates: larger bandwidth,
immunity to electromagnetic interference, reduced power consumption
and relaxed thermal management requirements. However, the cost-
effective integration of optics into existing electronic systems constitutes
a significant technological challenge. Optical technologies need to be
compatible with existing electronic system architectures and conventional
manufacturing processes of the electronics industry and allow system
assembly and packaging at low costs.

This workshop will therefore consider the drivers and optical technologies
for next generation very short reach (sub metre) interconnects. This will
include guided wave and free space approaches, and will consider length
scales for on-chip (~mm), on board (~10cm) and backplane (~1m)
communications as well as interconnect architectures for the above
applications. Finally barriers to adoption of optical technologies over the
existing Cu incumbent technologies will be considered.

Trends in Optical Interconnects for Computing Applications
Dr Bert Offrein, IBM Zurich

Standards for Short Reach Optical Interconnect

Dr David Cunningham, Avago Technologies

Systems Partitioning for Future Optics on Board Applications
Dr Matt Traverso, Cisco

Short Reach Interconnects for Storage Networks

Richard Pitwon, Xyratex

Polymer Waveguides for on-board linterconnects

Dr Ziyang Zhang, HHI

Title TBC

Dr Marika Immonen, Meadville Group

Title TBC

Dr Felix Betschon, Vario-optics

Topics:

m Guided wave interconnects (including silicon, silica, polymer
waveguides)

2D and 3D free space interconnects

Interconnects for optical backplanes

On-board (chip-to-chip) optical interconnects

On-chip optical interconnects (including silicon photonics and I11-V
based PICs)

Integration of photonics and electronics and hybrid integration
Reconfigurable optical interconnects
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Workshop 5 - Architectures and Control for Elastic Optical
Networks

Room: E

Organised by
Juan Pedro Fernandez-Palacios, Telefonica I+D, Spain

Additional organisers
Dimitrios Klonidis, AIT, Greece

Abstract

Wavelength Switched Optical Networks (WSON) were designed with

the premise that all channels in a network have the same spectrum
needs, based on the ITU-T DWDM grid. However, this rigid grid-based
approach is not adapted to the spectrum requirements of the signals
that are best candidates for long-reach transmission and high-speed
data rates of 400Gbps and beyond. An innovative approach is to evolve
the fixed DWDM grid to a flexible grid, in which the optical spectrum is
partitioned into fixed-sized spectrum slices. This allows facilitating the
required amount of optical bandwidth and spectrum for an elastic optical
connection to be dynamically and adaptively allocated by assigning

the necessary number of slices of spectrum. Additionally, since optical
networks represent the core substrate responsible for inter-carrier data
transport, other key research topics addressed in this area include
possibly standardized multicarrier and multivendor control solutions to
make more effective and open (i.e. vendor-independent) the current
implementations. Furthermore new control plane solutions are necessary
to introduce dynamicity, elasticity and adaptation in flexi-grid DWDM
networks. This workshop aims to provide an overview of the objectives,
framework, functional requirements and use cases of elastic optical
network architectures and their control architectures. In particular some
the topics to be covered in the workshop are: architectural design and use
cases for Elastic Optical Networks, metro and core Flexgrid architectures,
IP/MPLS and Flexgrid integration, SDN application in elastic optical
networks, control architectures for cognitive optical networks, Flexgrid
control plane standardization.

14:00 Introduction
Juan Fernandez-Palacios, Telefonica I+D, Spain
14:05 Will Flexgrid Networks be worth?
Akira Hirano, NTT, Japan
14:25 Use Cases for Flexgrid Networking
Andrew Lord, BT, UK
14:45 IP Over Flexgrid Control Architectures
Ori Gerstel, Cisco, Israel
15:05 Carrier SDN Transport Networks
Chris Liou, Infinera, USA
15:25 Standardisation Activities on Flexgrid
Adrian Farrel, Juniper, UK
15:45 Coffee break (ICC Capital Suite Foyer)
16:00 Architecture on Demand
Norberto Amaya, University of Bristol, UK
16:20 FOX-C Network Architecture
Erwan Pincemin, Orange, France
16:40 CHRON Network Architecture
loannis Tomkos, AlT, Greece
17:00 Panel Discussion
17:20 Close

Topics:

Use cases for Elastic Optical Networks

Metro and core Flexgrid architectures

IP/MPLS and Flexgrid integration

SDN application in elastic optical networks

Control architectures for cognitive optical networks
Flexgrid control plane standardization.

Target Audience:

m Network operators
m System vendors

m Research groups

Workshop 6 - SDN Applications for Optical Network
Operating System: Challenges and Opportunities

Room: F

Organised by
Dr Hiroaki Harai, NICT, Japan

Additional organisers

Dr Reza Nejabati, University of Bristol, UK
Dr Diego R. Lopez, Telefénica I+D, Spain
Dr Inder Monga, ESnet, USA

Abstract

Software Defined Network (SDN) is becoming an established trend

in operation and management of today’s networks from Data Centre

to telecomm operators’ infrastructures. This trend has been recently
reinforced by the evolution of network services by means of Network
Functions Virtualisation (NFV) and the consolidation of the OpenFlow
protocol that support decoupling of network control and data plane. SDN
brings a promising solution to network operators and Data Centre providers
for reducing the complexity and costs of deploying and managing their
necessarily heterogeneous networks and services. However, a SDN-based
network operating system supporting existing and emerging optical network
transport that will lay the foundation for true network programmability

at all network layers is still missing. This workshop will attempt to shed
light on SDN'’s potentials and benefits as the basis of a network operating
system for control and management of optical network for telecom
network operators and Data Centre providers. It brings together leading
experts from research and industry to discuss solutions for extending
SDN frameworks, protocols and technologies to support new advances

in optical data plane technologies such as new photonic sub-wavelength
or grid-less technologies within context of data centre, access, metro
and core networks. Finally, this workshop will also focus on the role and
advantage of SDN on supporting large-scale optical infrastructures.

14:00 Opening Talk
Dr Hiroaki Harai, NICT

14:10 Supporting IP Services over Virtualized Transport Networks
Dr Ping Pan, Infinera

14:30 What Can SDN Bring to Transport Networks
Dr Maarten Vissers, Huawei

14:50 Expectations and Controversies of SDN Technologies in Optical Networks
Dr Ryutaro Kawamura, NTT

15:10 TBD
Dr Lyndon Ong, ONF

15:30 Coffee Break (ICC Capital Suite Foyer)

15:45 SDN: Typical Operator Use Cases
Prof. Andrew Lord, BT

16:05 Applicability of SDN Principles for the Control and Management
of Optical networks within the STRAUSS EU-Japan Project
Dr Ramén Casellas, CTTC

16:25 Software Defined Multi-dimentional Optical Networks
Prof. Dimitra Simeonidou, University of Bristol

16:50 Workshop Panel Discussion

17:25 Concluding Talk
Dr Reza Nejabati, NICT

Topics:

m Software defined optical networking for inter and intra Data Center
connectivity

m SDN-based network control and management for converged packet
over optical networks

m Decoupling of the optical transport from the control plane

m OpenFlow extensions for emerging optical transport technologies

m Coexistence of GMPLS and OpenFlow

m Transport formats, transponder, switching technologies supporting
software defined optical network

m Programmable and application-aware optical network enabled by SDN

m SDN role on supporting large scale experimental optical infrastructures

Target Audience:

m Network operators

m Data Centre Providers

m Network and Data centre Vendors
m Researchers and academic
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09:45
Fibre Broadband: beginning or end of the journey?

= W Dr Tim Whitley, Managing Director,
Research and Innovation, BT, UK

Biography
As MD for Research & Innovation, Tim is accountable for BT’s Global
research activities

Tim is also MD for Adastral Park, BT's Global Engineering HQ.

Prior to his current role Tim was BT’s Group Strategy Director,
accountable for guiding BT’s major strategic and investment choices.

He has been at the heart of BT's exciting Next Generation Access plans
which will see the next generation of broadband — Fibre Broadband —
deployed across the UK since their inception in 2008. Tim joined BT in
1981 as an apprentice engineer and during his 32 year career has held
many positions ranging from advanced optical-fibre device and network
research, technology consultancy and architecture to Director of techno-
economics analysis and Group technology Officer. He has published over
50 papers in the field of optical communications, holds a BSc in Physics
and a PhD in Electronic Systems Engineering. Tim is based at BT’s Global
Engineering and Research HQ, Adastral Park, Ipswich, Suffolk. Tim lives
in Felixstowe, England with his wife Teresa and four daughters.

Abstract: Demand for bandwidth rises inexorably, fuelled by over 30 years
of innovation and development in communications. This presentation

will reprise BT's latest fibre deployment plans and will describe how
optical technology, applied to both core and more recently access
networks, has played a huge role in delivering a society that enjoys widely
available broadband communications and the host of communications,
entertainment and transactional services we increasingly rely on for our
daily lives. Looking a little further forward as technologists, we can see how
exciting concepts such as flexgrid, virtualisation, SDN, and WDM PON will
enable the next wave of applications. And as future customers or policy
makers, we can envision how fibre communications powered concepts
such as eHealth, BigData and Machine to Machine will further revolutionise
the very society in which we live. This presentation will describe how we
got to this point and provide a few pointers as to where next.

10:10
The Controversial Challenges for Today’s Research
Towards Next Generation Optical Networks

Dr Peter Stassar, Technical Director Optical Research,
Huawei Technologies, Netherlands

Biography

MSEE Eindhoven University of Technology (1980)

Since 2011 Technical Director Optical Research at Huawei Technologies.
Previously: Senior Optical Product Manager on FTTH CPEs at Genexis

in the Netherlands (2004 — 2011) and consulting with Finisar Co. for
ITU-T representation (2004 — 2011). Senior Application and System
Engineer for optical interface specifications and applications for PDH,
SDH, OTN, DWDM, PON equipment, working at Lucent Technologies,
AT&T and Philips Telecom (1980 — 2003). Since 2006 Rapporteur of Q.6
in ITU-T SG15, “Characteristics of optical systems for terrestrial transport
networks”. Since 1989 participating in Q.6. Editor of Recommendations
G.664 (optical safety), G.693 (very short distances optical interface
specifications), G.695 (CWDM optical interface specifications). Since
2011 participating in IEEE 802.3: 100G and 400G client side optical
interface specifications.

10:35
Intelligence Everywhere
Warren East, Former Chief Executive Officer, ARM, UK

A

Biography

Warren East was chief executive officer for ARM Holdings plc from
October 2001 to July 2013. Warren joined ARM in 1994 to set up the
ARM consulting business. He later held the position of vice president
of business operations and was appointed to the board as chief
operating officer in October 2000. ARM is a constituent of the FTSE
100. Under Warren’s leadership, ARM matured into the world’s leading
Semiconductor IP licensing company with nearly 1000 Microprocessor
licenses sold to over 360 semiconductor companies worldwide,
collectively shipping approximately 10 billion ARM chips per year.

Warren is a chartered engineer, a companion of the Chartered Management
Institute and a Fellow of both the Institution of Engineering and Technology
and the Royal Academy of Engineering. He is also a Distinguished Fellow
of the British Computer Society. Warren holds a master’s degree in
Engineering Science from the University of Oxford and has an honorary
doctorate from Cranfield University. In 2007 Warren was named Business
Leader of the year at the National Business Awards, and was named in the
Barron’s list of the world’s best 30 CEOs in 2011 and 2013.

He is senior non-executive director and chairman of the audit committee
of De La Rue plc, and a non executive director of Micron inc, Dyson
limited, and the Connected Digital Economy Catapult. He chairs the ESCO
leadership forum and is a member of several advisory boards for venture
capital firms and their investee business, and for both Oxford University
and Cranfield University.

Abstract: Warren will discuss the business opportunity and wider societal
benefits promised by the internet of things and describe ARM'’s pivotal
role in realising these in a sustainable manner. He will examine several
key issues which will need to be resolved before this next wave of
computing can really take hold, together with some of the approaches
ARM is taking to address these, and present an optimistic view of the
future awaiting both companies and individuals.

11:30
A New Broadcasting System; how media will change in a
highly connected world

Stephen Baily, General Manager, Research and
Development, BBC

Biography

Stephen Baily was appointed General Manager of BBC Research &
Development in March 2011. Stephen is responsible for the overall
management of the BBC's research and development department located
at sites in London and Manchester, with activities across the media value
chain, and its engagement with wider industry and academia.

In recent years, Stephen has worked in a variety of roles in the BBC's
Future Media & Technology and Operations divisions, including a period as
Head of Distribution Technology, during which he represented the BBC's
interests in spectrum planning and Digital Switchover. Previously, Stephen
had worked for Research and Development for a number of years, initially
in radio frequency design and latterly broadcast system architecture.

During his career, Stephen has played a leading role in system
standardisation and launch of a number of key services, including
Freeview, Freesat and the BBC’s HD television services.
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11:55
The Energy Efficient Internet; Searching for the
Milli-Volt Switch

Professor Eli Yablonovitch, Director of the NSF Center
for Energy Efficient Electronics Science, Berkley, USA

Biography

Eli Yablonovitch is the Director of the NSF Center for Energy Efficient
Electronics Science (E3S), a multi-University Center based at Berkeley.
He received his Ph.d. degree in Applied Physics from Harvard University
in 1972. He worked for two years at Bell Telephone Laboratories, and
then became a professor of Applied Physics at Harvard. In 1979 he
joined Exxon to do research on photovoltaic solar energy. Then in 1984,
he joined Bell Communications Research, where he was a Distinguished
Member of Staff, and also Director of Solid-State Physics Research. In
1992 he joined the University of California, Los Angeles, where he was
the Northrop-Grumman Chair Professor of Electrical Engineering. Then
in 2007 he became Professor of Electrical Engineering and Computer
Sciences at UC Berkeley, where he holds the James & Katherine Lau
Chair in Engineering.

Prof. Yablonovitch is a Fellow of the IEEE, the Optical Society of America
and the American Physical Society. He is a Life Member of Eta Kappa
Nu, and is elected as a Member of the National Academy of Engineering,
the National Academy of Sciences, and the American Academy of Arts
& Sciences. He has been awarded the Harvey Prize (Israel), the IEEE
Photonics Award, the IET Mountbatten Medal (UK), the Julius Springer
Prize, the R.W. Wood Prize, the W. Streifer Scientific Achievement
Award, and the Adolf Lomb Medal. He also has an honorary Ph.d.

from the Royal Institute of Technology, Stockholm, and from the Hong
Kong Univ. of Science & Technology. In his photovoltaic research,
Yablonovitch introduced the 4n2 light-trapping factor that is in worldwide
use for almost all commercial solar panels. This factor increased the
theoretical limits and practical efficiency of solar cells. 4n2 is based on
statistical mechanics, and is sometimes called the “Yablonovitch Limit”.
Yablonovitch introduced the idea that strained semiconductor lasers could
have superior performance due to reduced valence band (hole) effective
mass. Today, almost all semiconductor lasers use this concept, including
telecommunications lasers, DVD players, and red laser pointers.
Yablonovitch is regarded as a Father of the Photonic BandGap concept,
and he coined the term “Photonic Crystal”. The geometrical structure of
the first experimentally realized Photonic bandgap, is sometimes called
“Yablonovite”.

Abstract: Energy efficiency in data centers, and in digital electronics
generally, tends to be ~1076 times worse than theoretical limits. In
electronics we need a more sensitive switch that could be controlled

by smaller voltages, measured in millivolts. In photonic Data-Comm we
need more sensitivity to reduce the number of photons/bit, by orders of
magnitude.

The US NSF Center for Energy Efficient Electronics http://www.e3s-center.org/
is taking a multi-faceted approach to these problems that includes
research toward a new more sensitive semiconductor switch, nano-
mechanical switching, magnetic switching, and new more sensitive
photo-receivers.

Key to Session Numbering
Example: Tu.3.C.4
= day

= room
= the order the paper is placed in the session

rbwE

12:30
European research in Network Technologies:
Horizon 2020 perspective

Dr Bernard Barani, Deputy Head of Unit European
Commission, DG, Connect, Belgium

Biography

Bernard Barani graduated from the Ecole Nationale Supérieure

des Télécommunications de Bretagne in 1982. He then served as
communications engineer in industry on military infrared systems and
then with the European Space Agency on advanced satcom programmes.
In 1994, he joined the European Commission Directorate General
“Information Society”, and was responsible for implementation of
research and policy issues of wireless communication, Internet, audio
visual systems, Software and Services.

He has been Deputy head of the unit dealing with research and policy in
the field of RFID, Internet of Things and networked enterprise systems
and is currently Deputy head of the unit in charge of research and
innovation on Network Technologies in the CONNECT Directorate General
of the European Commission.

Abstract: Research in network technologies has received significant
support under the currently running ICT programme of the 7th Framework
Programme of research sponsored by the European Union. About €600M
have been invested in these technologies, a significant part having

been invested to support optical technologies and all optical networks.
With the upcoming Horizon 2020 research and innovation programme
covering the 2014-2020 financial period, new approaches and topics

are being contemplated to support the European network industry. The
talk will hence focus on how it is envisaged to cover the sector at large
under Horizon 2020, including the optical network technologies, and the
retained priority themes for the first work programme.

= The quarter of the day the session is taking place: (1 = first session of the day, 2 = after morning coffee break, 3 = after lunch break, 4 = last session of the day)

So Tu.3.C.4, is being presented on Tuesday, after the lunch break, in room C and is the 4th paper being presented in the session
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Special Symposia 1 - Nanophotonics & Metamaterials
for Telecoms and Data Processing

Room: G

Co-Chairs

m Nikolay Zheludev, University of Southampton, UK & NTU, Singapore
m Nader Engheta, University of Pennslyvania, USA

m Harry Atwater, California Institute of Technology, USA

The fields of metamaterials and nanophotonics are closely interlinked.
Nanophotonics is now a major research direction in optical physics and
engineering. Driven by the dream of unprecedented device functionality,
nanophotonics studies the exciting science of the interaction of light with
nanostructures, at the size scale where optical, electronic, structural,
thermal and mechanical properties become deeply interdependent. The
aim is to control light in a minute device containing just a few layers of
atoms using signals carried by only a few photons and to do it very rapidly,
within just a few oscillation cycles of the light wave. Metamaterials are
artificial electromagnetic media achieved by structuring matter on a sub-
wavelength scale. This field of research was catalysed a few years ago by
the intriguing opportunity to develop media that refract light in the opposite
direction to that of normal media. The field of metamaterials is now a
major research direction in photonics. Today its meaning encompasses
linear, nonlinear, switchable and artificial gain media offering all manner

of unusual and useful functionalities, achieved by artificially structuring
matter at sizes smaller than the length scale of the external stimulus.
Nanophotonics and metamaterials currently represent two of the most
dynamic areas of physics, engineering and materials science and have
been facilitated by the recent proliferation of nanofabrication techniques
such as high-resolution optical and electron beam lithography, focused ion
milling and nanoimprinting. With much of the basic physics now properly
understood the new challenge is to develop nanophotonic devices and
metadevices and to establish practical applications of the technology. The
main purpose of the symposium is to bring together research leaders in the
nanophotonics, metamaterials and optical communications communities to
foster the exchange of ideas and to identify areas in which these potentially
technologies have the potential to have the greatest impact.

Symposia 1 Programme

Tu.1.G
Plasmonics Devices
Chair: Nikolay Zheludev, University of Southampton, UK & NTU, Singapore

Tu.1.G.1 » 09:00

Hybrid Plasmonic Photonic Devices for Future Lightwave Circuits

H Atwater?!; !California Institute of Technology, USA

We discuss new developments in hybrid plasmonic/photonic device required by
future photonic circuit applications including 1) low insertion loss interconnects from
Si photonic to plasmonic structures 2) high bandwidth nanoscale conducting oxide
modulators and 3) ultracompact CMOS compatible photodetectors.

Tu.1.G.2 » 09:30

Active Plasmonics in True Data Traffic Applications

N Pleros'?, K Vyrsokinos!, D Apostolopoulos®, D Kalavrouziotis®, S Papaioannou'?,
H Avramopoulos®, F Zacharatos®, L Markey*, J-C Weeber4, K Hassan*, A Dereux®,
A Kumar®, S I. Bozhevolnyi®, T Tekin®, M Waldow’; Information Technologies
Institute, Center for Research and Technology Hellas, Thessaloniki, Greece, ?Dept.
of Informatics, Aristotle University of Thessaloniki, Greece, *School of Electrical and
Computer Engineering, National Technical University of Athens, Greece, *Institut
Carnot de Bourgogne, University of Burgundy, France, °Faculty of Engineering,
Institute of Technology and Innovation, University of Southern Denmark, Odense,
Denmark, ¢Fraunhofer IZM, Berlin, Germany, ’AMO GmbH, Gesellschaft ftir
Angewandte Mikro- und Optoelektronik mbH, Aachen, Germany

We review recent advances in the area of active plasmonics performing with true
WDM data traffic. We demonstrate results of a 2x2 Si-plasmonics switching platform
and report on the experimentally confirmed energy consumption and speed benefits
of thermo-optic plasmonic switches.

Tu.1.6.3 * 10:00

Active Surface Plasmon Photonics

P Berinil; tUniversity of Ottawa, Canada

Active structures enabling the amplification of (or oscillation with) surface plaons
are of strong current interest, as are active devices for the detection or surface
plasmons. Both types of structures are discussed within the context of optical
communications.

10:30-11:00 COFFEE BREAK

Tu.2.G
Metadevices
Chair: David Richardson, University of Southampton, UK

Tu.2.G.1 « 11:00

From Photonic Metamaterials to Photonic Metadevices

N Zheludev* ?; University of Southampton, UK, °NTU, Singapore

We overview the current state of research on metadevices where the exploitation of
changing balance of forces the nanoscale allows for reconfigurable nanostructures
and the use of liquid crystals, phase changing solids and superconductors offer all-
optical and electro-optical switching functionalities.

Tu.2.6.2 « 11:30

Nanoplasmonics: First sensing applications

H Giessen'; 'University of Stuttgart, Germany

Nanoplasmonics with its extreme field localization in combination with our ability to
detect the scattering spectrum of a single plasmonic nanostructure enables us to
sense minute refractive index or absorption changes either in the vicinity or in the
nanostructure itself. Plasmonic Fano or perfect absorber geometries, as well as the
combination of indirect sensing with hybrid materials, opens up a wide field of novel
sensor applications.

Tu.2.G.3 » 12:00

Active Terahertz Metamaterials

A J Taylor!, H-T Chen!, A K Azad!, N K Grady', J Heyes!, D R Chowdhury?,

Y Zeng', D A R Dalvit!, S Trugman!, Q Jia'; Los Alamos National Laboratory, USA
We present novel terahertz metamaterials with designed active functionality, enabling
dynamic tuning of the amplitude, frequency and polarization state. The dependence
of the resonant response on the substrate and/or the fabricated structure enables
the creation of active terahertz metamaterial devices.

12:30-14:00 LUNCH

Tu.3.G Computing and Data Processing with Nanophotonics
Chair: Harry Atwater, California Institute of Technology, USA

Tu.3.G.1 * 14:00

Computing and Processing with Metatronics and Metamaterials

N Enghetal; 'University of Pennsylvania, USA

Properly designed metamaterials and optical metatronics may be exploited to
perform signal processing, mathematical operations, and computation. We discuss
how various functionalities and operations may be implemented in metamaterial
and metatronic blocks, opening possibilities for wave-based ultrafast analog signal
processing and computing.
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Tu.3.6.2 * 14:30

Silicon Nanophotonics for Optical Interconnects

J C Rosenberg!; 1/BM Thomas J. Watson Research Centre, USA

Silicon nanophotonics enables high-performance optical and electrical components
to be combined on a single chip. By monolithically integrating silicon nanophotonic
devices within a current 90nm CMOS technology node, compact, high-speed, and
low-power elements are demonstrated for wavelength-division-multiplexed optical
interconnects.

Tu.3.6.3 * 15:00

Low Power On-chip Light Sources and Quantum Photonic Interfaces

S Buckley?!, K Rivoire!, B Ellis', G Shambat?, J Vuckovic!; 1Stanford University, USA
High quality factor, low mode volume optical microcavities greatly enhance light
matter interactions. We demonstrate enhanced x(2) nonlinear frequency conversion
at nW optical powers, electrically pumped ultralow threshold lasing, and ultrafast
direct modulation of an LED, on a photonic crystal cavity platform.

15:30-16:00 COFFEE BREAK

Tu.4.G New Nanophotonic Materials & Applications
Chair: Nader Engheta, University of Pennsylvania, USA

Tu.4.G.1 » 16:00

Graphene Nano-photonics and Carrier Dynamics

F Koppens!; !ICFO, Spain

In this talk | will review the new and strongly emerging field of graphene nano-
photonics. In particular, | will show how to exploit graphene as a host for guiding,
switching and manipulating light and electrons at the nanoscale. Additionally, | will
discuss novel types of hybrid graphene photodetectors and new excitating results on
carrier dynamics and carrier multiplication in graphene.

Tu.4.G.2 » 16:30

Computing With Fiber Networks

C Socil; ICDTP, Nanyang Technological University, Singapore

The worldwide optical fiber network already exceeds complexity of brains of primitive
living organisms. Could such network implement cognitive functions? We will give
examples of optical fiber oracle for solving NP-complete problems, matrix inversion,
and other computationally hard tasks.

Tu.4.G.3 » 17:00

Nano Sources and Detectors For Very Short Reach Data Communications

M Orenstein?; !/srael Institute of Technology, Israel

On-chip optical communications was proposed for solving excessive interconnection
power. To achieve the goal, ultra power efficient and sensitive miniature sources and
detectors should be implemented. Ultrafast LED and nanoscale atto-Farad detector—
both relying on nanoplasmonic- metamaterials are described.

Special Symposia 2 - Next Generation Data Centres
- Paving the way for the Zettabyte Era

Room: H

Co-Chairs

m Juan Pedro Fernandez-Palacios, Telefonica, Spain

m Harm J. S. Dorren, TU Eindhoven, Netherlands

m Jorg-Peter Elbers, ADVA Optical Networking, Germany

The global amount of digital information is growing at a staggering pace
of 50% p.a. and will exceed 60 Zettabytes in 2020. While storing and
processing of such massive data will offer new business opportunities, it
will also require new data centre and data centre networking architectures
to provide the necessary scalability, resource sharing, and automation.
Scalability is achieved by increasing the number of connected servers
and storage devices as well as their interface and processing speeds.
Warehouse-size data centres can easily host ten thousands of servers with
their associated storage. Using multiple geographically dispersed data
centres provides redundancy and further scalability. Server and storage
virtualization improve the data centre utilization by resource sharing
between multiple tenants or applications. Open source or vendor-specific
software frameworks allow an automated control of compute and storage
resources. One of the most challenging issues when scaling data centre
resources is the attached network infrastructure — inside the data centre,
between multiple data centres and between the data centre and the
user. A programmatic network control, a flexible allocation of networking
functions, and appropriate switching and interface technologies are
crucial to facilitate a seamless capacity adaptation and a coordinated
orchestration of computing, storage and network resources. This

special symposium provides a forum for service & content providers,
system integrators, equipment manufacturers, component suppliers

and academia to discuss requirements, challenges and solutions for
next-generation data centres. Key results from latest research as well as
practical findings from commercial deployments will be presented.

Symposia 2 Programme

Tu.1.H
Data Center Role & Applications
Chair: Jorg-Peter Elbers, ADVA Optical Networking, Germany

Tu.1.H.1 * 09:00
The Role of Data Centers and Cloud Services in Carrier Networks
M Finnie!, Yinteroute, UK

Tu.1.H.2 * 09:30
Network Function Virtualization: A Virtual DC Approach for Service Provider Networks
A Reid!, 1British Telecom, UK

18:00-19:30
Round Table: Nanophotonics & Metamaterials Ideas for Telecoms and Data Processing

Tu.1.H.3 * 10:00
Cloud Scale Data Centers with Programmable WAN Connectivity
Vijay Vusirikala!, 'Google, USA

10:30-11:00 COFFEE BREAK

Tu.2.H
Data Center Networking
Chair: Dimitra Simeonidou, University of Bristol, UK

Tu.2.H.1 « 11:00
Next-generation Data Center Networks
Chris Liou!, '/nfinera, USA
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Tu.2.H.2 « 11:30

Unifying Software Defined Transport and Datacenter Networking to Deliver Carrier
Class Cloud Services

Dominique Verchere, Alcatel-Lucent Bell Labs, France

Some challenges for enhancing SDN concepts from datacenter networks to control
large scale multi-layer transport networks are presented. These end-to-end connectivity
services automatically operated with the delivery of cloud services can improve
significantly the global usage of the underlying transport and datacenter networks.

Tu.3.H.3 ¢ 15:00
Opportunities for Photonic Packet/Circuit Switching in Large Scale Data Centers
S Spadaro?, *Technical University of Catalonia (UPC), Spain

15:30-16:00 COFFEE BREAK

Tu.2.H.3 « 12:00

Network Technologies for Next-generation Data Centers

Rami Cohen!, 1/BM Research, Israel

The practices of data center network management and configuration, which
involve control protocols, addresses, port properties, etc., have significantly grown
in complexity over the last few decades. In parallel, emerging workloads present

a growing demand for multi tenant network services. Altogether, these two trends
present a golden opportunity to revise network management state of the art. In
this talk, we present IBM’s comprehensive data center network solution: SDN-VE
(“Software Defined Network for Virtual Environments”), a network overlay solution
that provides a complete implementation framework for network virtualization. This
product, based on breakthrough technology developed by IBM Research, consists
of an overlay based virtual network platform and a novel intent-based modeling
abstraction for specifying the network as a policy-governed service.

Tu.4.H Optical Interconnect Technologies
Chair: Harm Dorren

Tu.4.H.1 « 16:00
Prospects of On-board and Intra-board Optical Interconnects
B J Offrein!, 1/BM Research, Switzerland

Tu.4.H.2 » 16:30
Optical Interconnects for next-generation Data Centers
P De Dobbelaere!, !Luxtera, USA

12:30-14:00 LUNCH

Tu.3.H Optical switching in Data Centers
Chair: Juan Fernandez Palacios, Telefonica, Spain

Tu.3.H.1 « 14:00
Optical Burst Switching in Data Centers
John Dunnel, YIntune, Ireland

Tu.3.H.2 ¢ 14:30

On the way to the Photonic Router

Kobi Hasharoni!, *Compass EOS, Israel

The bandwidth capacity of telecom and datacom routers is essentially determined by
the interconnect bandwidth between chips on different linecards via the backplane.
Conventional electrical backplanes are reaching the limit of their ability to handle very
high data-rate traffic resulting in high power consumption and large router size and
weight. We describe an alternative router design based on an optical chip to chip
interconnect in which a large parallel optical transceiver is assembled on a CMOS chip
with direct digital to photonic data conversion. This results in drastic reduction of the
power consumption and router size, weight and cost enabling significant scalability.

Tu.4.H.3 » 17:00

Photonic Interconnect Technologies in the EU Project Phxtrot

T Tekin!, 'Fraunhofer Institute for Reliability and Microintegration (Fraunhofer 1ZM),
Germany

PhoxTroT.eu is a large-scale research effort focusing on high-performance, low-
energy and cost and small-size optical interconnects across the different hierarchy
levels in data center and high-performance computing systems: on-board, board-
to-board and rack-to-rack. PhoxTroT tackles optical interconnects in a holistic

way, synergizing the different fabrication platforms in order to deploy the optimal
“mix&match” technology and tailors this to each interconnect layer.

17:30-18:00
Panel Discussion

QO

T =y

HUAWEI

Enriching life and improving efficiency
through a better connected world
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Monday 23 September @ 14:00 ® Room B

SC2: Waveguide and Optoelectronic Devices

Mo.3.B.1 Highly Integrated Monolithic Photonic Integrated Circuits
C R Doerr!; 'Acacia Communications, USA

A photonic integrated circuit (PIC) involves a collection of devices on a
single substrate that work together to create, guide, mold, or terminate
optical photons. Its distant cousin is a high-speed electrical analog (not
digital) circuit. PICs find their highest value when integrating many optical
components. The technology is finally here to integrate hundreds of
optical components together with high yield.

Biography:

Christopher R. Doerr earned a B.S. in aeronautical engineering
and a B.S., M.S., and Ph.D. in electrical engineering from the
Massachusetts Institute of Technology. Since joining Bell Labs
in 1995, Doerr’s research has focused on integrated devices
for optical communication. He received the OSA Engineering Excellence
Award in 2002. He is a Fellow of IEEE and OSA. He was Editor-in-Chief
of IEEE Photonics Technology Letters from 2006-2008. He was an
Associate Editor for the Journal of Lightwave Technology from 2008-
2011. He was awarded the IEEE William Streifer Scientific Achievement
Award in 2009. He became a Bell Labs Fellow in 2011. He joined Acacia
Communications in 2011.

Tuesday 24 September 2013 @ 09:00 ® Room A

SC1: Fibres, Fibre Devices and Amplifiers

Tu.1.A.1 Glasses for Infrared Fibre Applications
H Ebendorff-Heidepriem?; !/nstitute for Photonics and Advanced Sensing,
The University of Adelaide, Australia

This paper reviews the optical and thermal properties of glasses
transmitting light > 2 microns wavelength. The potential of the glasses for
high power and high nonlinearity fibre applications and recent progress in
fabrication of fibre from these glasses are also reviewed.

Biography:

Heike Ebendorff-Heidepriem received the Ph.D. degree in

chemistry from the University of Jena, Germany, in 1994,

where she continued her research on optical glasses until

v AL 2000. During 2001-2004 she was with the Optoelectronics

Research Centre at the University of Southampton, UK, working on novel
photosensitive glasses and soft glass microstructured optical fibres with
record high nonlinearity. Since 2005, she has been with the University
of Adelaide, Australia. Currently, she is one of the leaders of the Optical
Materials & Structures Theme at the Institute for Photonics & Advanced
Sensing at The University of Adelaide. Her research focuses on the
development of mid-infrared, high-nonlinearity and active glasses; glass,
preform and fibre fabrication techniques and surface functionalisation
of glass. She was awarded the Woldemar A. Weyl International Glass
Science Award in and a prestigious EU Marie Curie Individual Fellowship
in 2001. Her research has generated over 100 refereed journal papers
and conference proceedings.

Wednesday 25 September 2013 © 09:30 ® Room D

SC4 - Point-to-Point Transmission Systems

We.1.D.1 Spatial Multiplexing: The Next Frontier in Network Capacity Scaling
P J Winzer!; 1Bell Labs, Alcatel-Lucent, USA

We outline a smooth evolution path of optical networks to spatial
multiplexing by complementing deployed fiber infrastructure and
existing WDM components with new integrated technologies. We discuss
architectural consequences of spatial crosstalk and multiple-input
multiple-output (MIMO) signal processing.

Biography:

Peter J. Winzer heads the Optical Transmission Systems and

Networks Research Department at Bell Labs, Alcatel-Lucent,

in Holmdel, NJ. He received his Ph.D. in electrical engineering

from the Vienna University of Technology, Austria, in 1998.
Supported by the European Space Agency, he investigated photon-
starved space-borne Doppler lidar and laser communications using
high-sensitivity digital modulation and detection. At Bell Labs since
2000, he has focused on various aspects of high-bandwidth fiber-optic
communication systems, including Raman amplification, advanced
optical modulation formats and receiver concepts, digital signal
processing and coding, as well as on robust network architectures
for dynamic data services. He contributed to several high-speed and
high-capacity optical transmission records with interface rates from 10
Gb/s to 1 Tb/s, including the first 100G and the first 400G electronically
multiplexed optical transmission systems and the first field trial of live
100G video traffic over an existing carrier network. Since 2008 he has
been investigating and promoting spatial multiplexing as a promising
option to scale optical transport systems. He has widely published and
patented and is actively involved in technical and organizational tasks with
the IEEE Photonics Society and the Optical Society of America, currently
serving as the Editor-in-Chief of the Journal of Lightwave Technology.
Dr. Winzer is a Distinguished Member of Technical Staff at Bell Labs and
a Fellow of the IEEE and the OSA.

Wednesday 25 September 2013 @ 11:00 ® Room C

SC3 - Subsystems for Optical Networks and Datacoms

We.2.C.1 Status and Recent Advances on Forward Error Correction
Technologies for Lightwave Systems
A Leven!, L Schmalen!; 'Bell Labs, Alcatel-Lucent, Germany

Since the introduction of coherent transponders, forward error correction
based on soft decision is now established in optical communication. In
this tutorial, we give a descriptive introduction of one class of commonly
used codes, namely LDPC codes. Also we discuss new developments,
e.g. convolutional LDPC codes.

[ Biography:

Andreas Leven is head of the High-Speed Systems and

Processing Department at Alcatel-Lucent Bell Labs in

Stuttgart, Germany. He received his Ph.D. (Dr.-Ing.) degree
- & from Karlsruhe University, Germany. He spent four years
at the Fraunhofer Institute of Applied Solid State Physics, Freiburg,
Germany before joining Bell Labs in Murray Hill, New Jersey in 2000
where he worked optoelectronic components for high speed optical
communications as well as signal processing for coherent optical
systems. From 2008 to 2009, he was on leave with Alcatel-Lucent’s
Optical Networking Division in Nuremberg, Germany, supporting 100G
development activities. In 2009 he moved back to Bell Labs. His current
interests include signal processing and coding for high-data rate optical
communication systems and SDN for transport networks.
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Thursday 26 September 2013 © 09:00 ® Room E

SC5 - Optical Transport and Large Scale Data Networks

Th.1.E.1 Solving Routing and Spectrum Allocation Related Optimization Problems
L Velasco!, A Castro!, M Ruiz!; 'Universitat Politecnica de Catalunya
(UPC), Spain

We provide a comprehensible introduction to RSA-related problems in
flexgrid networks. Starting from its formulation, we analyze network live
cycle and indicate different solving methods for the kind of problems that
arise at each network phase: from the initial network planning to network
re-optimization, going through network operation.

Biography:

Luis Velasco received the B.Sc. degree in Telecommunications

Engineering from Universidad Politecnica de Madrid (UPM)

in 1989, the M.Sc. degree in Physics from Universidad

Complutense de Madrid (UCM) in 1993, and the PhD degree
from Universitat Politecnica de Catalunya (UPC) in 2009.In 1989 he
joined Telefonica of Spain and was involved on the specifications and first
office application of Telefonica’s SDH transport network. In 2004 he joined
UPC, where currently he is an associate professor at the Department of
Computers Architecture (DAC) and senior researcher at the Advanced
Broadband Communications Center (CCABA). He has co-authored more
than 80 papers in international journals and peer-reviewed international
conferences and is serving in the TPC of several international conferences,
as well as reviewer of international journals. He has participated in various
IST FP-6 and FP-7 European research projects such as NOBEL 2,
e-Photon/ONe+, DICONET, BONE, STRONGEST, IDEALIST, and GEANT.
His interests include both service and network layers, including planning,
CAPEX/OPEX issues, routing, and resilience mechanisms, with emphasis
on high performance computing for large-scale optimization.

Thursday 26 September 2013 ® 11:30 ® Room F

SC6 - Access, Local Area and Intra-Data Center Networks

Th.2.F.3 Advancements in Data-Center Networking, and the Importance of
Optical Interconnections
L Paraschis!, 1CISCO, USA

We review innovations in optical technology, system, and network
architectures that enable inter, and intra data-centers connectivity to cost-
effectively scale to the “cloud-era“ requirements for flatter networks, with
more flexible provisioning, and higher capacity scaling.

Biography:

Loukas (Lucas) Paraschis is senior solution architect in cisco’s
Americas next generation network group, primarily responsible
for the evolution of converged transport architectures, WAN
optimization, routing and optical technologies, business
models, and market development efforts in Service Providers, large
Enterprise, and Public Sector infrastructure. Prior to his current role,
Loukas worked as an R&D engineer, product manager, technical leader,
and business development manager for cisco’s optical networking

and core routing. He has been (co)author in next-generation transport
networks of more than 50 peer-reviewed publications, invited, and

tutorial presentations, two book chapters, two patents, and was an IEEE
Distinguished Lecturer on this topic. Loukas received his Ph.D. from
Stanford University, is a senior member of IEEE, and a Fellow of OSA.
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Monday 23 September 2013

Mo.3.A.1 » 14:00

A Review of Few-Mode Fibers for Space-Division Multiplexed Transmissions
P Sillard!, D Molin; *Prysmian Group, France

A review of the most recent advances on both weakly-coupled and strongly-
coupled few-mode fibers is presented. The challenge of increasing the
number of LP modes that can actually be used is also discussed.

Mo.3.C.1 » 14:00

Spectrally-Sliced Coherent Receivers for THz Bandwidth Optical
Communications

N K Fontaine!; 1Bell Labs, Alcatel-Lucent, USA

Spectrally-sliced coherent receivers measure wideband signals in many
narrowband slices using efficient optical wavelength demultiplexing, an
optical frequency comb (OFC), and an array of coherent receivers. We will
show measurements of 214~GBd QPSK after 3200~km transmission.

Mo.3.F.1 « 14:00

Heterogeneous Access Fiber Networks Enabled by Multi-wavelength

PONs and Virtualization

R Heron!, !FTTH Technologies, Alcatel-Lucent, Canada

Once devoted solely to FTTH, access fiber must increasingly support
enterprises, G.FAST nodes, multi-operator uses and mobile backhaul/
fronthaul for small cells. These heterogeneous networks will be supported
in an operationally efficient way by multi-wavelength PONs and increasing
virtualization.

Mo.3.C.2 » 14:30

Progress in InP-based Photonic Components and Sub-systems for Digital
Coherent Systems at 100Gbit/s and Beyond

W Forysiak!; 'Oclaro Technology Ltd, UK

Digital coherent technology has enabled a new generation of WDM
transmission systems with increased capacity and robust performance.
We review recent progress in InP-based photonic components and sub-
systems to enable cost-effective, compact and scalable new transceiver
solutions for 100Gbit/s and beyond, and discuss future directions and
challenges.

Mo.3.F.4 « 15:00

Small cell Optical Mobile Backhauling: Architectures, Challenges and
Solutions

K Laraqui'; 'Ericsson Research, Sweden

Small cell optical backhauling brings forth new challenges and
opportunities in connecting radio access to service edge. These relate
in particular to macro cells and optical distribution networks, network
demarcation, control and management architectures, and convergence
with fixed broadband access.

Mo.4.A.1 » 16:00

Orbital Angular Momentum Transmission

A E Willner, University of South California, USA

This paper will discuss recent advances in using orbital angular
momentum as a domain for multiplexing multiple data channels to
increase capacity and spectral efficiency. We will describe Thit/s
transmission results as well as basic demonstrations of switching and
networking functions.

Mo.4.B.1 » 16:00

Heterogeneous integration of active semiconductors with silica-based PLC
Y Kuratal; *NTT Photonics Labs., Japan

We review recent advances on the heterogeneous integration of active
semiconductors for a silica-based PLC platform. We present the key
fabrication techniques and describe the performance of a compact DP-
QPSK receiver with heterogeneously integrated high-speed PDs.

Mo.4.B.4 » 17:00

Recent Advances in Electrically Pumped Ge Lasers

J Michel'; !Massachusetts Institute of Technology, USA

Electrically pumped Ge lasers, integrated on a CMOS platform, are
promising candidates as integrated lightsources for on-chip photonic
systems. The wide gain spectrum from 1520 nm to 1700 nm makes the
Ge lasers ideal light sources for WDM applications. There are two main
challenges for efficient electrically pumped Ge lasers, high n-type doping

concentration and low-loss coupling from Ge waveguides to Si waveguides.
The high n-type doping is necessary to overcome the indirect bandgap

of Ge and reach gains comparable to other compound semiconductor
lasers. We will show that an in-situ delta doping process will yield active
Phosphorous concentrations of about 5 x 10719 cmA-3. The first
demonstrated lasers were made from Ge waveguides and did not couple
light to Si waveguides, commonly used for on-chip photonic systems. Due
to the large refractive index difference between Ge (4.0) and Si (3.5) low
loss coupling from a Ge waveguide to a Si waveguide is challenging but

a requirement for efficient Ge lasers. We will discuss the different device
designs to provide low loss coupling for low threshold lasing.

Mo0.4.D.5  17:00

Challenges and Opportunities of MIMO Processing for Optical Transport
Systems

S Bigo!, M Salsi!, O Bertran-Pardo?, J Renaudier!, G Charlet!; 'Alcatel-
Lucent Bell Labs, France

We recall the basics of digital MIMO processing for polarization-division
demultiplexing and mode-division demultiplexing and draw some
similarities/differences with radio applications. We illustrate the impact
of nonlinearities on the mitigation of mode coupling and discuss the
challenges of mode-dependent gain in a multimode optical amplifier.

Mo.4.E.1  16:00

Optical Packet and Circuit Integrated Networks and SDN Extensions

H Harai'; *NICT, Japan

An optical packet and circuit integrated network (OPClnet) provides
high-speed inexpensive service and dedicated bandwidth service to end
users. It provides large switching capacity, low energy consumption and
high flexibility to network service providers. This paper addresses OPClnet
development and extension to GUI-based software-defined network.

Mo.4.F.4 « 16:45

High-Speed Electronics for Short-Link Communication

J Bauwelinck!, R Vaernewyck!, J Verbrugghe!, W Soenen?,

B Moeneclaey!, C Van Praet!, A Vyncke!, G Torfs!, X Yin!, X-Z Qiu?,

J Vandewege!, N Sotiropoulos?, H De Waardt?, R Cronin3, G Maxwell3,

T Tekin“, P Bakopoulos®, C P Lai®, P D Townsend®; }INTEC/IMEC, Ghent
University, Belgium; ?Eindhoven University of Technology, Netherlands;
3CIP Technologies, UK; *Fraunhofer IZM, Germany; °National Technical
University of Athens, Greece; ®Tyndall National Institute, Ireland
High-speed electronic integrated circuits are essential to the development
of new fiber-optic communication systems. Close integration and co-
design of photonic and electronic devices are becoming more and more a
necessity to realize the best performance trade-offs. This paper presents
our most recent results and a brief introduction to our research in recently
started EU projects.

Tuesday 24 September 2013

Tu.1.B.1 » 09:00

Advanced Optical Components for Access and Datacenters

D Piehler!; *NeoPhotonics, USA

The development of advanced optical technologies for broadband access
networks is compared to current development of advanced optical
interconnects for datacenter networks. Based on identified parallels and
synergies, predictions are made.

Tu.1.D.1 » 09:00

Spectral Shaping for High Spectral Efficiency in Long-Haul Optical
Transmission Systems

M Mazurczyk!; *TE SubCom, USA

We transmit 30 Tb/s capacity over 7,200 km and 21 Tb/s capacity over
10,300 km at high spectral efficiency using EDFA only amplification.
Advanced digital signal processing including spectral shaping is used to
achieve these results.

Tu.1.D.4 » 10:00

Ultra-Long-Haul MCF Transmission Systems

H Takahashi!, T Tsuritani'; *KDD! R&D Laboratories, Japan

The multicore fiber (MCF) transmission technologies is a promising
candidate for next generation optical fiber communication system. In this
paper, we review the feasibility of the MCF transmission repeatered by
multicore EDFA for ultra-long-haul transmission.
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Tu.1.E.3 ¢ 09:30

DSP for High Spectral Efficiency 400G Transmission

X Zhou!; 'AT&T Labs Research, USA

This paper presents an overview of several advanced digital signal
processing (DSP)- enabled technologies recently demonstrated for
high spectral efficiency (SE) 400Gb/s-class transmission, including the
SE-adaptable time-domain hybrid QAM, transmitter-side digital spectral
shaping, and training-assisted carrier phase recovery.

Tu.1.F.5  10:00

Integrated Microwave Photonics for Access Systems

J Capmany!, P Mufioz!?; }/TEAM Research Institute, Universitat
Politecnica de Valencia, Spain; ?VLC Photonics S.L, Universitat Politecnica
de Valencia, Spain

We review the recent advances in integrated microwave photonics.
Desired functionalities for access systems and converged fiber-wireless
networks are identified. Some of the relevant progress in the principal
technology platforms is described.

Tu.3.A.1 * 14:00

Precise Tailoring of Longitudinal Acoustic Property of Optical Fibers by
a Hydrogen-loading Technique

Liang Dong!, Fanting Kong!, T Hawkins!; 'ECE/COMSET, Clemson
University, USA

We have demonstrated for the first time a post-processing technique
using hydrogen loading and subsequent UV exposure to implement
precise longitudinally-tailored acoustic property along a fiber for
optimal SBS suppression. Local acoustic velocity can be modified by
~3%, leading to ~500MHz change in Brillouin frequency at ~1micron,
equivalent to ~10dB SBS suppression.

Tu.3.B.1 » 14:00

High Performance MEMS-based Micro-optic Assembly for Multi-lane
Transceivers

B Pezeshkil; 'Kaiam Corp., USA

Advanced transceivers generally require multi-lane approaches, which
necessitates the integration of multiple subcomponents. The use of
mature, generally available, and low-cost single element components
such as EMLs, silica PLCs, and direct-mod DFBs, integrated in a hybrid
fashion and optically aligned with MEMS, provides a practical solution.

Tu.3.C.1 » 14:00

Bandwidth-Variable Transceivers Based on 4D Modulation Formats for
Future Flexible Networks

J K Fischer!, S Alreesh?, R Elschner?, F Frey!, M Noelle!, C Schubert?;

! Photonic Networks and Systems, Fraunhofer Heinrich Hertz Institute,
Germany; ? Technische Universitat Berlin, Fachgebiet Nachrichtentechnik,
Germany

We discuss technology options for bandwidth-variable transceivers
which are key components for the realization of flexible software-defined
optical networking. In particular, we focus on recent advances in four-
dimensional modulation formats and in modulation format transparent
data-aided digital signal processing.

Wednesday 25 September 2013

We.1.B.1 « 09:00

Optical Modulators for Advanced Digital Coherent Transmission Systems
H Yamazaki!, T Goh!, T Saidal; !NTT Photonics Laboratories, Japan
Advanced optical modulators for future digital coherent transmission
systems are being explored. In this paper, a dual-carrier modulator for
400-Gbps transmission, a linear IQ modulator suitable for a DAC-based
transmitter, and a simple PS-QPSK modulator are reviewed.

We.1.E.1 » 09:00

Evolution of Traffic Grooming from SDH/SONET to Flexible Grid

S Zhang!, M Tornatore?, G Shen®, B Mukherjee!; *University of California,
Davis, USA; ?Politecnico di Milano, Italy; 3Soochow University, China

We review the evolution of traffic grooming from SDH/SONET to
evolutionary flexible-grid and elastic-rate technologies and summarize
the relevant issues. Sliceable optical transponder is identified as a novel
technology that could potentially impact the future grooming paradigm.

We.1.F.1 « 09:00

Access Networks Based on Tunable Transmitters

K Grobe!; 'ADVA Optical Networking SE, Germany

State-of-the-art, prospects and problems of access based on tunable
lasers are discussed. Potential advantages over competing approaches
(seeded reflective transmitters) include higher bit-rate x reach products.
Main problem is the lack of availability of low-cost tunables. Here,
protection of other tunable-laser markets is required.

We.2.A.1 » 11:00

X3 Processes in High Numerical Optical Fibers and Fiber Tapers

T Lee!, M | M Abdul Khudus!, R Ismaeel!, C A Codemard?,

N G R Broderick®, G Brambillal; 'Optoelectronics Research Centre,
University of Southampton, UK; ?Advanced Laser Laboratory, SPI Labs,
Optoelectronics Research Centre, University of Southampton, UK;
3Dept. of Physics, University of Auckland, New Zealand

Intermodally phase matched up- and down-conversion processes based
on the third order nonlinearity can be used to efficiently generate UV and
mid-IR wavelength regions in solid core silica optical fibers and optical
fiber tapers.

We.2.B.1 ¢ 11:00

Monolithic Silicon Photonic Circuits Enable 112-Gb/s PDM-QPSK
Transmission over 2560-km SSMF

P Dong!, X Liu!, S Chandrasekhar!, L L Buhl!, R Aroca!, Y Baeyens!,

Y K Chen!; 'Bell Labs, Alcatel-Lucent, USA;

Using silicon photonic integrated circuits (PICs), we demonstrate the
generation, transmission over 2560-km standard single-mode fiber,
and detection of 112-Gb/s polarization-division-multiplexed quadrature
phase-shift keying signals. These silicon-based PICs promise compact,
low-power-consumption, and low-cost coherent transceivers.

We.2.D.3 « 11:30

Multi-core Fiber Transmission Technologies for Peta b/s per Fiber Capacity
H Takara!; !NTT Network Innovation Laboratories, NTT Corporation,
Japan

Recent development on transmission technologies based on multi-core
space-division-multiplexing is described, enabling well over Peta bit/s per
fiber link capacity.

We.2.E.1 » 11:00

What is the Benefit of Elastic Superchannel for WDM Network?

T Zamil; 'Alcatel-Lucent, France

We discuss the benefits and compromises of elastic spectral efficiency
implemented with Nyquist superchannels for the WDM mesh networks
featuring static or incremental traffic.

We.3.B.3  14:30

High-Speed Silicon-Organic Hybrid (SOH) Modulator with 1.6 fJ/bit and
180 pm/V In-Device Nonlinearity

R Palmer!, S Koeber!, W Heni!, D L Elder?, D Korn!, H Yu?, L Alloatti?,

S Koenig!, P C Schindler!, W Bogaerts®, M Pantouvaki*, G Lepege?*,

P Verheyen*, J Van Campenhout?, P Absil*, R Baets?, L R Dalton?,

W Freude!, J Leuthold®!, C Koos'; 'Karlsruhe Institute of Technology,
Institutes IPQ and IMT, Germany; ?Dept. of Chemistry, University of
Washington, USA; 3IMEC Photonics Research Group, Ghent University,
Belgium; 4IMEC vzw., Belgium; °Electromagnetic Fields & Microwave
Electronics Laboratory, ETH-Zurich, Switzerland

We report on a 40Gbit/s silicon-organic hybrid (SOH) modulator with
11dB extinction ratio. A novel electro-optic chromophore with record in-
device nonlinearity of 180pm/V leads to VwlL=0.5Vmm and a low energy
consumption of 1.6fJ/bit at 12.5Gbit/s.

We.3.B.4 ¢ 15:00

High-speed Silicon Modulators

T Chut, X Xiao?, H Xu?, X Lit, Z Lit, J Yu!, Y Yu!; 'Key Laboratory of
Integrated Optoelectronics, Institute of Semiconductors, CAS, China
Several high-speed silicon modulators are demonstrated, including a
60-Gbps MZI modulator with 1.6-dB optical loss, a 25-Gbps microring
modulator with misalignment-tolerant interleaved PN junctions, a 60-Gbps
microring resonator modulator and a 4x50 Gbps WDM modulator.
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We.3.D.3 « 14:30

Nonlinear Equations of Propagation in Multi-Mode Fibers with Random
Mode Coupling

A Mecozzi', C Antonellit, M Shtaif?; *University of L’Aquila, Italy; > Tel Aviv
University, Israel

We review the fundamental equations describing nonlinear propagation in
multi-mode fibers in the presence of random mode coupling within quasi-
degenerate groups of strongly coupled modes. Our results generalize to
the multi-mode propagation regime the Manakov equation describing
mode coupling between polarizations in single-mode fibers.

We.3.E.1 » 14:00

Control plane solutions for dynamic and adaptive flexi-grid optical networks
R Munoz!, R Casellas!, R Martinez!, R Vilaltal; Optical Networks and Systems,
Centre Tecnologic de Telecomunicacions de Catalunya (CTTC), Spain

We present an overview of control plane architectures for dynamic and
adaptive provisioning and rerouting of elastic optical connections. First,
distributed control plane architectures combining GMPLS with stateless
and stateful PCEs are discussed. Next, we detail different deployment
models of the PCE in the OpenFlow centralized control plane

We.4.A.1 ¢ 16:00

Multicore Erbium Doped Fiber Amplifiers for Space Division Multiplexed
System

K Abedin!, T Thierry?, J Finit, Man F. Yan!, B Zhu!, E Monberg!,

F V Dimarcello!, V R Supradeepa?, D DiGiovanni'; 'OFS Laboratories, USA
We report on recent development of core- and cladding-pumped
multicore fiber amplifiers suitable for amplifying space division
multiplexed signals. Amplification, noise properties of these amplifiers are
shown, and scopes for further development will be discussed.

We.4.C.3 « 16:30

100 Gbit/s Using Intensity Modulation and Direct Detection

J C Cartledge!, A S Karar!; ! Dept. of Electrical and Computer Engineering,
Queen'’s University, Canada

Recent advances in short reach 100 Gbit/s intensity modulation and
directed detection systems are reviewed with a focus on 16-QAM
half-cycle Nyquist subcarrier modulation, generated using a directly
modulated passive feedback laser and polarization multiplexing
emulation.

We.4.D.3 « 16:30

Nonlinear Fiber Capacity

E Agrell'; 'Dept. of Signals and Systems, Chalmers University of
Technology, Sweden

In this semi-tutorial presentation, we review fundamental information
theory for links with and without memory, in the linear and nonlinear
regimes. A comparison between channel models with long (but finite)
memory and infinite memory yields an unexpected result.

We.4.F.3 ¢ 16:30

Photonic-assisted RF transceiver

A Bogonil, P Ghelfi!, F Laghezza!, F Scotti!, G Serafino?, S Pinna?, 'CNIT,
Italy; ?Scuola Superiore Sant'/Anna, Italy

The concept of photonics-assisted RF transceiver will be detailed. It
provides extremely stable multiprotocol signals up to the millimeter
waveband, and it optically samples directly at RF multiple heterogeneous
RF signals, with increased resolution.

Thursday 26 September 2013

Th.1.A.4 « 09:45

Parallel Optical Interconnects for Data Centre Applications

M Fields!; Avago Technologies, USA

The MicroPOD 12x10G transmitter and receiver board-mounted optical
modules were released in 2010. Today, more than 1.5 million units are
deployed across a variety of applications. We provide an update on the
MicroPOD experience including lessons learned. We introduce a 12x25G
board-mounted optics platform that incorporates these lessons.

Th.2.A.1 « 11:00

Multi-Band OFDM Transmission with Sub-band Optical Switching

E Pincemin!, M Song!, J Karaki!, A Poudoulec?, N Nicolas?,

M Van der Keur?, Y Jaouen®, P Gravey*, M Morvan*, G Froc®; 'Orange Labs,
France; ?Yenista Optics, France; 3Télécom ParisTech, France; * Télécom
Bretagne, France; *Mitsubishi Electric Research Center Europe, France
We demonstrate that optical add-drop of OFDM sub-bands as narrow

as 8 GHz inside a 100 Gbps DP-MB-OFDM signal constituted of four
sub-bands spaced by 12 GHz is feasible in the middle of a 10x100-km
DCF-free G.652 fibre line.

Th.2.C.5 « 12:00

Modal Statistics in Mode-Division-Multiplexed Systems

J M Kahn!, Keang-Po Ho?; 'Stanford University, USA; Silicon Image, USA
The performance and complexity of mode-division-multiplexing systems
depend on the statistics of modal gains/losses and group delays. Under
strong mode coupling, these statistics may be derived from the eigenvalue
distributions of random matrices. Strong coupling optimizes performance
and minimizes complexity.

Th.2.D.1 « 11:00

1306-km 20x124.8-Gh/s PM-64QAM Transmission over PSCF with Net
SEDP 11,300 (b km)/s/Hz using 1.15 samp/symh DAC

A Nespola!, S Straullu!, G Bosco?, A Carena?, Y Jiang?, P Poggiolini?,

F Forghieri®, Y Yamamoto®, M Hirano*, T Sasaki, J Bauwelinck®,

K Verheyen®; PhotonLab, ISMB, Italy; ?DET, Politecnico di Torino, Italy;
3Cisco Photonics, Italy; *Sumitomo Electric Industries, Japan; °INTEC/
IMEC, Ghent University, Belgium

We demonstrated PM-64QAM, 20x124.8-Gb/s Nyquist-WDM over 1306
Km of PSCF in an EDFA-only system configuration. The raw SE was
10.4b/s/Hz, thanks to digital spectral shaping. The Tx DACs operated at a
record-low 1.15 sample/symb. The SEDP was 11,327 (b km)/s/Hz.

Th.2.E.1 » 11:00

Synthetic Photonic Nodes for the Future Photonic Network

M Fukui!, A Hiramatsu?, T Tsuritani?, K Kitayama® !NTT, Japan; ?KDDI/
R&D Laboratories, Japan; 3Osaka University, Japan

A synthetic photonic node consists of an array of the photonic network
processors and reconfigurable optical interconnections. It enables to
dynamically synthesize variety of optical node functions by software on
the processors. Its concept and some use cases are presented.
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