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Key resulting market forces
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Introduction
Optical networks to provide the transport Infrastructure

» Key questions and challenges for Optical Infrastructures:
 Provide capacity: Bandwidth efficiency is approaching fundamental limit
 Provide networking functions: Intelligence is spreading in the optical layer

» Provide economical and energy efficient solutions
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High-speed fiber optics, all around the World

« Long distance optical networks support the majority of the traffic (>99%).
« Successors of telegraph technology and of the first submarine cables
« All-in-one networks: data, video, internet, voice données, video, internet, voice,

» More than 40 years of research & development and ... still active field of research!

The First Word Across the Atlantic

August 16, 1858
Message from Queen Victoria
to president James Buchanan

Cyrus Field, Lord Kelvin, Samuel Morse

High-speed fiber optics has enabled this network growth
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év(, WDM: Wavelength-division multiplexing

i
Key Technology #1: WDM = solution to reach multiterabit/s capacity
Key Technology #2: Reconfigurable Nodes = Flexible Networking
Key Technology #3: Format, Coding, DSP and Coherent technologies
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WDM transmission
Some key investigations
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WDM transmission
Increasing the information spectral density
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WDM transmission
The Coherent/DSP-based systems breakthrough
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Building the future of WDM transmission
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The wall: the non-linear Shannon limit

S 10 T 1 =
b= .
IS 9| Distance = 500 km
2 8 X N\Nonlinear Shannon limit
a 7 S -
o N 6 / N\
B \
% 5 \
O & \
58 4
S <, S/ \\
E
9 M
s 4 \ Experimental results
b 0 (Y2009, the year of this discovery)
& 0 5 10 15 20 25 30 35 40

At&t, NEC, and Corning, ECOC 2008 (106-Gb/s PDM-RZ-8PSK, distance = 662 km)
KDDL, ECOC 2008 (50.5-Gb/s PDM-OFDM-16QAM, distance = 640 km)
KR GEES05 (96- Gy PO LM T2GAM Alstance n 540 oy <™
i -Gb/s - - | distance = m _ .
Alcatel-Lucent, OFC 2009 (104-Gb/s PDM-16QAM, distance = 630 km) R.-J. Essiambre et al., OFC 2009

0oe%

13
ALCATEL-LUCENT — PROPRIETARY AIcateI-Lucent@
COPYRIGHT © 2015 ALCATEL-LUCENT. ALL RIGHTS RESERVED

WDM transmission: Breaking the wall with S™M
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*The dream: 10Tbit/s optical interface and 10Pbit/s transport capacity

«Combination of Hardware — Systems — Networks - Mathematics research —
PRIETARY AIcateI-Lucent@

14

7
COPYRIGHT © 2015 ALCATEL-LUCENT. ALL RIGHTS RESERVED.



Intelligent Optical Networks
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Intelligent Optical Networks
Example of revolution: Elastic Optical Networks
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Intelligent Optical Networks
Example of revolution: Elastic Optical Networks
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» Expected benefits of elastic optical networks:

- Better use of available fiber bandwidth - Increased network capacity
- Adaptation of resources to actual demand - Better energy efficiency
- Pro-active operation and decision
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Hardware technology

* Electronics everywhere N

- Mature CMOS fabrication process (based on Silicon material)
- Cost reduction through mass production, high integration density

* Current optical communication technology:

- Based on a dedicated IlI-V platform (material : InP, GaAs ...)

- High bit rate, transmission over long distance, immunity to electromagnetic interference, high energy
efficiency

* New paradigm : New llI-V/Si integration platform combining best of bqth worlds

- IlI-V : providing optical gain (Silicon can’t compete for light emission)

- Silicon : Available key building blocks (low loss passive waveguides, wavelength s
multiplexers/demultiplexers, detectors, modulators)

- Key point : molecular bonding of 1lI-V wafers to 200/300mm SOl wafers
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Silicon Photonics revolution
From a hybrid SOA structure to a tuneable laser
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Video — Transoceanic cable installation
meeting point of many sciences, technologies and knowledge

* From research

. :

*To Innovation

. :

*To Product

*TO Ins!llation
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Summary

« Data services are still fueling an exponential traffic growth & energy consumption

- Human-generated traffic; Machine-generated traffic
- Impact of video, cloud computing, wireless services & backhauling, new applications, etc...

 Optical Technologies has enabled traffic growth over the last 40 years
- 100-Gb/s and 400-Gb/s research translated into innovation and is product-ready
- Physical limits are approaching, Bandwidth should no longer be taken for granted
* Four evolutionary questions; revolutionary answers needed

- Large space for innovation find the ideal Routing / Switching / Transport configuration

- Physics, optics, information theory, digital signal processing, communication protocols and
trans-layer networking

Optical Transport is an active part of the full Network
Exciting challenges in front of the research community !
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Additional information
YouTube - BL Prize

 https://www.youtube.com/watch?v=Wqg1-1g9Vm28

- The Shannon Limit - Bell Labs
* A nice paper on a earth quake in 1929 along the Canadian coasts : what an adventure

- http://www.slate.fr/story/94779/tremblement-terre-cables-1929

 Bell Labs Prize: https://www.bell-labs.com/prize/

- Win the 2015 Bell Labs Prize - Deadline April 22", 2015

- The Bell Labs Prize is a competition for innovators from participating countries around the globe that
seeks to recognize proposals that ‘change the game’ in the field of information and communications
technologies by a factor of 10, and provides selected innovators the unique opportunity to collaborate
with Bell Labs researchers to help realize their vision.
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