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Foreword
Welcome to the latest instalment of Optical Connections 
magazine, the only official magazine partner of the ECOC 
exhibition and the only title that is included in all attendee 
bags; conference delegates and exhibition visitors.

Optical Connections provides the latest news and 
developments from the fibre optic communications 
industry, with focus on the latest technologies, products 
and market prospects for  component, subsystem and 
system vendors, equipment manufacturers, installers, 
integrators, operators and end users.  

Inside this issue, Pauline Rigby explains how photonic 
integration for the masses can be delivered, Roy 
Rubenstein highlights how data centre operators are 
rushing to claim the middle ground in high-speed optical 
links and Hartwig Tauber, Director General of the FTTH 
Council Europe, tells us what the FTTH ranking really 
means. 

On page 18, Raj Nagarajan, Senior Product Line Manager 
at JDSU, discusses the density imperative for ROADM 
transport systems and on page 20 Carlos Lee, Director 
General, EPIC and Jose Pozo, Technology Consultant 
for PNO Consultants, look at the future of system-in-a-
package products. 

Kendrick Struthers Watson reports on the growth of ‘big 
data’ on page 22 and in our technical features Andy 
Cole, UK Business Development Manager & Applications 
Engineer, Anritsu (EMEA) forecasts testing times for 
network engineers on page 24, whilst Iñigo Artundo, CEO 
of VLC Photonics, explains why microwave photonics is 
set for a bright future on page 26. 

Our event focus for this edition showcases the must see 
exhibitors at ECOC 2014.

As always, we thank the contributing authors and 
supporting advertisers who have helped to produce this 
issue and continue the growth of Optical Connections. 
With special thanks to our sponsor, Anritsu Ltd.

To join over 11,000 industry professionals and receive the 
next instalment of our monthly eNewsletter, please visit 
www.opticalconnectionsnews.com 

Liam Taylor – Sales Manager 

Subscribe for free online at 
www.opticalconnectionsnews.com/subscribe 

Follow us   @opconsnews 

For advertising and editorial contributions, please contact  
liam.taylor@opticalconnectionsnews.com

Sponsored by:
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Message froM the sPonsor

By Alessandro Messina

Telecommunications are living 
a renewed push towards 
R&D and evolution of all 

networks from the core to the 
access, and Anritsu is at the edge 
of innovation, focusing on next 
to come customers needs for 
reduction in power consumption 
and cost efficiency. 

All of the Industry big players 
and Standardization Committees 
are looking at new technologies, 
such as OTN in metro and access 
networks, OTN Switching and 
SDN, to make future networks 
more efficient, easier to control, 
manage and reconfigure, and 
more interoperable. At the 
same time, lowering OPEX and 
CAPEX are also among the main 
priorities. The evolution to achieve 
these goals requires a managed 
migration, in which next generation 
and legacy technologies must co-

exist, and need to be maintained 
and exploited at best.

Looking at a greener, more 
efficient, and higher speed 
networking system, Silicon 
Photonics, Integrated Optics and 
Modulation Techniques are key 
players too, when high speed 
transmission enters Data Centres 
and runs on short reach links for 
Data Storage and High Speed 
Computing Services. 

Anritsu this year introduce 
innovative and future proven test 
platforms for Next Generation 
Networks, High Speed 
Interconnect, Signal Modulation 
and New High Speed Components 
and Devices testing.

Operators, Carriers and ISPs are 
all facing three key challenges: 
managing a mix of legacy and next 
generation network technologies 
by controlling CAPEX and OPEX, 
enforcing higher speed in metro 
and access where high value 
services are offered, deploying 
100G and larger aggregated 
broadband in metro and core. 

To support customers in 
achieving these goals, Anritsu 

launch the MT1000A Network 
Master Pro, a new “all-in-one” 
Ethernet/Transport Test Platform 
which offers a powerful set of 
testing functions to allow more 
efficient, easier and thorough 
testing of all network technologies 
in all sections of the network.

The MT1000A includes PDH/
SDH/SONET/OTN/FiberChannel 
testing capabilities for bit rates 
from 1,5Mbps to 11Gbps. Every 
Test Engineer will be able to 
count an all features anytime 
and everywhere in the network. 
Also, full OTN mapping and client 
testing is available, with Dual 
Port Simultaneous Testing, are 
available as unique and exclusive 
features, in the MT1000A Network 
Master Pro.

For R&D, System and 
Manufacturing Tests of new High 
Speed Devices, Components 
and Transmission Technologies, 
key players in this market need 
the capability to generate new 
and more complex stresses 
to be tolerated by the signals 
under evaluation, and higher 
quality reference transmitters and 

receivers to verify transmission 
quality. 

To continue to support these 
customers, and lead the market 
in terms of signal quality and 
flexibility with the MP1800A Signal 
Quality Analyser, Anritsu launch 
new features and enhancements 
to the MP1800A Platform, such as 
Embedded Wide Range and High 
Accuracy Clock Recovery, New 
Error Detectors with the Highest 
Sensitivity in the market, Enhanced 
Jitter Tolerance Test Features, and 
up to 1Terabit/s Synchronous 
Multichannel Generation and 
Analysis.

All these solutions have 
been designed and developed 
in cooperation with, and to 
support, Network Equipment 
Manufacturers, Operators and 
Installers who are leading the 
Telecom’s market to the next 
era of high speed, ubiquitous, 
greener and “always on” network 
connectivity.
Alessandro Messina,
EMEA Wireline Marketing 
& Business Development 
Director, Anritsu

Anritsu are looking forward to this year’s ECOC event, the major European Optics Exhibition, and we 
are all excited for the new Test and Measurement solutions we will launch at the show.

Message from the sponsor

INDUSTRY NEWS

MODE-GAP, the European 
collaborative R&D project, 
part of the European 

Commission’s 7th Framework 
Programme, comes to the end of 
its four-year mission in 2015 to help 
provide Europe with a lead in the 
development of the next generation 
internet infrastructure.

Visitors to this year’s ECOC 
conference and exhibition will 
see evidence of MODE-GAP’s 
achievements and progress in 
the shape of 18 papers being 
presented by the consortium. The 
project is one of a handful around 
the world that has been looking 
into mode division multiplexing 

(MDM) in few mode fibre (FMF) as a 
possible solution for the impending 
capacity crunch, as science battles 
to keep pace with more and more 
capacity demand from optical fibre 
led networks.

The project was conceived to 
address the problem of the capacity 
ceiling of single mode fibre currently 
in the ground. Investigating the 
space division multiplexing (SDM) 
approach required research and 
development into all aspects 
comprising the transmission link, 
from basic components through to 
system trials.

Earlier this year, part of the work in 
MODE-GAP led to create an official 

Guinness world Record when the 
project successfully achieved the 
world’s highest data transmission 
rate of 57.6Tb/s (gross rate of 
73.7Tb/s) over hollow core optical 
fibre which was astoundingly 50 
times faster than the previous 
record. 

Steering the success of the EU 
commissioned programme, Project 
Manager Dr. Ian Giles, says: “We 
are delighted that the work of the 
project has driven something so 
ground- breaking in the capacity of 
broadband core networks. Together, 
we have all achieved something that 
has advanced optical transmission 
technologies drastically”.

MODE-GAP plays vital role in helping Europe 
beat the capacity crunch

The project is addressing the 
problem through three strands; 
MDM over few mode solid core 
fibre, MDM over hollow core 
photonic bandgap fibre, exploration 
at a new transmission wavelength 
band around 2um.

A cross section of the hollow core
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Industry news

Ciena selected to support Bt’s 
openreach development
BT have selected Ciena’s packet 
networking solution to support 
the progression of its Openreach 
Ethernet services.
Openreach Managing Director for 
strategy, commercial, portfolio and 
policy, Jon Hurry, said: ‘We have been 
providing our Ethernet Access Direct 
products to the UK communications 
industry since 2009. During this 
time, market demand for secure, 
dedicated business connectivity 
has grown exponentially - literally 
underpinning the bread and butter 
of businesses right across the 
UK.  Maintaining a robust supply 
chain against this backdrop is of 
paramount importance to us and our 
customers. Choosing Ciena as our 
new dual NTE vendor will provide 
assurance of continuous supply 
while also maximising opportunities 
to further develop the capabilities 
we offer.’

Vivendi picks telefonica for 
gVt sale
French media group Vivendi has 
announced plans for exclusive talks 
with Spanish based Telefonica, over 
the sale of its Brazilian broadband 
unit, GVT.
Telefonica are said to have bid 
more than Telecom Italia to ensure 
the acquisition of the broadband 
provider, which it plans to fold 
into Brazil’s leading mobile carrier, 
Vivo.

optical Connections surpasses 
11,000 subscribers
The Optical Connections eNewsletter, 
which provides its readers with a 
monthly roundup of the latest news 
and developments in the optical 
communications industry, has now 
surpassed 11,000 subscribers. 
Emma Calland, Marketing Manager 
for Nexus Business Media, publishers 
of the Optical Connections magazine 
and newsletter, said the new figure 
was “Absolutely marvellous news”, 
adding “We are thrilled that the 
service has been so well received 
by the industry and look forward to 
continuing the growth of the Optical 
Connections news portfolio”.

Optical communications 
professionals can subscribe to the 
newsletter here via the  
www.opticalconnectionsnews.com 
website.

news In BrIefGoogle announce new 
submarine cable project
Google has announced its 

involvement in yet another 
major submarine cable 

project. In a bid to meet surging 
internet demands, the web giant 
will partner with five Asian telecom 
firms to build an underwater cable 
network across the Pacific Ocean. 

The ‘FASTER’ project would see 
9,000km of fibre optics cables, with 
an initial capacity of 60 terabits per 
second, connecting Los Angeles, 
Oregon, Portland, San Francisco 
and Seattle in the United States, with 
Chikura and Shima in Japan. The 
network also has the capabilities to 
connect with neighbouring cable 
systems, extending the capacity 
beyond Japan. 

Although several hundred 
underwater cables are already in 
place, chairman of the project’s 
executive committee, Woohyong 
Choi said “The FASTER cable 

system has the largest design 
capacity ever built on the Trans-
Pacific route, which is one of the 
longest routes in the world”. 

The system, which will be built 
by NEC Corp, is expected to be 
in service during the first half of 

San Francisco would be one of the major US cities linked to Japan

2016. 
The five partnering Asian 

companies will be China Mobile 
International, China Telecom 
Global, Japanese mobile carrier 
KDDI Corp, Singapore’s SingTel 
and Global Transit from Malaysia.

Inphi buys Cortina’s optical 
transmission chip business
S emiconductor developer 

Inphi has agreed to buy 
Cortina Systems’ high-speed 

interconnect and optical transport 
product lines for $52.5 million 
(€39.2 million) in cash and $73.5 
million (€54.9 million) in stock.

The acquisition does not include 
Cortina’s access and digital home 
business, which will continue as 
an independent company.

In an investor conference call, 
Inphi’s chief executive officer 
Ford Tamer called the acquisition 
“strategically and financially 
compelling”. He expects the 
acquisition to increase operating 
revenue by more than 50% 
compared to Inphi as a standalone 
company and to “supersize” the 
standalone operating margins.

The product ranges of the 
two companies are highly 
complementary. In networking 
interconnect, Inphi is known for 

its high-speed SerDes and clock-
data recovery silicon, while Cortina 
sells 10G/15G/40G physical layer 
chips. In the optical transport 
segment, Inphi’s 100G amplifiers 
and drivers are balanced by 
Cortina’s 10G/40G/100G framer 
mapper products.

The combined company will 
command more than 70% of 
forecasted revenue from the 
communications chip market, 
Ford asserts.

The two companies have similar 
cultures, he adds. Inphi was 
founded in 2000 and Cortina in 
2001, drawing on engineering 
talent from the likes of Nortel 
and Cisco. Together, the product 
development teams will create 
what they claim will be a world-
leading R&D organisation in 
high-speed analog circuits, signal 
integrity, digital signal processing, 
complex digital architectures and 

algorithms, low power mixed signal 
expertise, high-speed packaging 
and manufacturing at advanced 
semiconductor process nodes. 
The company has its sights set on 
the 400G and terabit markets.

“We are truly excited about the 
interconnect market leader this 
merger creates for service provider 
and data centre customers,” 
said Tamer. “We are excited to 
add Cortina’s industry-leading 
products to our portfolio and 
talented employees to our team. 
We believe the combined entity 
will bring financial efficiencies 
in revenue, gross margin and 
operating income, that we expect 
will deliver significant value for our 
shareholders.”

The combined company will 
have 400 employees. Hojjat 
Salem, Cortina’s vice president 
and general manager, will join 
Inphi’s executive team.
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Industry news

Prysmian Group awarded Cyclades 
islands connectivity project
High Technology cable 

manufacturer, Prysmian 
Group, has been awarded a 

contract by the Greek Transmission 
System Operator IPTO 
(Independent Power Transmission 
Operator) for the interconnection 
of the Island of Syros (Cyclades) to 
the mainland power transmission 
system in Lavrion, Greece. The 
project, worth approximately €95m, 
will see Prysmian design, supply 
and install a turn-key HVAC (High 
Voltage Alternating Current) cable 
system which will supply a power of 
200 MVA along a route of more than 
110km, enabling Syros to integrate 

into the Greek network system. 
Production of both submarine and 

land cables will start in 2015, with 
installation due to be completed in 
2016. 

Prysmian Powerlink CEO, 
Massimo Battaini, said the project 
confirmed Prysmian’s leadership 
of deep water installations, adding 
“The Cyclades project further 
highlights Prysmian’s strategic 
role in supporting the realisation 
of the important development 
plans in the field of power grid 
interconnections”.

Future expansion is planned for 
the additional Cyclades islands.

ECOC Market Focus Addressing 
key optical changes

T his year’s ECOC Market 
Focus is set to address the 
key challenges the optical 

communications industry is facing, 
with presentations discussing 
mass market broadband, 
photonics integration, data 
centre networks, packet-optical, 
optical network agility and service 
providers.

The sessions, sponsored by big 
data experts, Inphi Corporation, 
will include some of the industry’s 
leading figureheads and will 
run across all three days of the 
exhibition. 

“This year we wanted the 
Market Focus to be bigger and 
better by attracting a variety of 
global speakers to reflect the 
growing spectrum of the optical 
communications industry,” said 
Beverley Lucas, Group Event 
Manager for Nexus Business 
Media Ltd, organisers of the 
ECOC exhibition. “We are thrilled 

to welcome back the return of a 
whole host of world class industry 
speakers and are excited to show 
our visitors a quality line up of 
presentations.”

Attendees can expect to receive 
presentations from Alcatel Lucent, 
FTTH Council Europe, Inphi 
Corporation, Orange Labs, Optical 
internetworking Forum, Ovum and 
RVA LLC Market Research and 
Consulting. 

Richard Ward, Director, Optical 
Interconnect at Inphi Corporation, 
this year’s Market Focus sponsors, 
said “Each year the Market Focus 
gets bigger and better, showcasing 
global industry perspectives on the 
latest optical technology. We look 
forward to sponsoring this year’s 
event and anticipate another great 
show.”

This year’s ECOC exhibition 
will take place at the Palais Des 
Festivals in Cannes on the 22-24th 
of September.

Sponsored by

Future expansion will connect additional Cyclades islands

MTN and Huawei announce 
completion of transport SDN and 
2.4Tbit/s WDM system trials

MTN, Africa’s largest telecoms 
operator, and Huawei 
recently announced the 

successful live trial of a transport 
software-defined networking (SDN) 
and 2.4Tbit/s wavelength-division 
multiplexing (WDM) system.

Currently the fastest and most 
intelligent network to date, the 
trial was conducted at MTN’s 
national fibre backbone network 
in South Africa. A transmission 
distance exceeding 300km 
was achieved using 16QAM 
(quadrature amplitude 
modulation), with over 1031km 
accomplished using quadrature 
phase shift keying (QPSK).

In additional to the large 
system capacity, the trials also 
tested new features and, using 
physical network modelling and 
resource abstraction, Huawei 
Transport SDN solutions have 
realised transmission pipe 
virtualisation - Advances that will 
allow traditional networks to be 
“IT-like”.  The companies have 
also successfully demonstrated 
bandwidth on demand (BoD), 
virtual transport service (VTS) 
and automatic O&M features.

Mr.Navi Naidoo, Group 
Technology Officer at MTN, 
said: “With this successful field 
trial, we have demonstrated 
our commitment to digital 
innovation.  MTN continues 
to invest in future-proof 
transport networks to realize 
world class technologies, not 
only to our existing markets, 
but to extend our technology 
offerings globally. We believe 
that networks such as cloud 
computing, streaming media 
and mobile broadband must 
be scalable, intelligent and 
flexible. To this end, Huawei’s 
next generation optical 
evolution concept ‘SDN-based 
flex optical network’ properly 
fits our requirements.”

Mr. Zha Jun, President of 
Huawei’s Fixed Network Business 
Unit, said, “Huawei will maintain 
cooperation and joint innovation 
with MTN, and continue to 
promote the commercialization 
process of SDN and ultra-high 
speed optical transmission 
technology, in order to jointly 
meet the challenges of a digital 
future”.
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the year In 12 storIes

In what it is calling “an important 
first step in restructuring our 
company”, optical components 

and subsystems vendor Oclaro has 
sold its Oclaro Switzerland GmbH 
subsidiary and associated laser 
diodes business to II-VI Inc. in a 
transaction valued at $115 million 
(€86 million).

In addition, II-VI has paid a further 
$5 million for an exclusive option to 
purchase Oclaro’s optical amplifier 
and micro-optics business for $88 
million in cash.

“We will use the proceeds from 
the sale to fully repay our bridge 
financing and to begin restructuring 
the company for the future.

 We intend to further simplify 
our operating footprint, reduce 
our cost structure and focus 
our R&D investment in the 
optical communications market 
where we can leverage our core 
competencies,” said new CEO Greg 
Dougherty, who took over from the 
retired Alain Couder in June.

Of the total transaction value of 
$115 million, Oclaro received $92 
million in cash immediately. Oclaro 
will retain the existing accounts 
receivable of the business, estimated 
at approximately $15 million and the 
remaining $8 million is being held by 
II-VI subject to closing conditions.

The gallium arsenide 

semiconductor laser business 
originated from IBM Zurich and was 
integrated with the gallium arsenide 
semiconductor laser assets in 
Tucson, Arizona, acquired from 
Newport Spectra-Physics in 2009. 
II-VI will operate the business as II-VI 
Laser Enterprise GmbH.

As part of the deal, Oclaro 
will continue the back-end 
manufacturing of the 980-nm pump 
and some high power laser diode 
products at its Shenzhen, China 
manufacturing facility and supply 
them to II-VI under a manufacturing 
services agreement.

II-VI has bought up a string of 
optical companies over the last few 

years. In 2010 it acquired Photop, 
a vendor of laser sources, optics 
and wavelength management 
devices; then in 2011, it purchased 
optical monitoring developer Aegis 
Lightwave in 2011, which was 
subsequently merged into the 
Photop brand.

This is the second piece of Oclaro 
to find its way into II-VI hands; the 
company bought Oclaro’s thin-film 
filter and interleaver product lines in 
late 2012.

The option to purchase Oclaro’s 
optical amplifier and micro-optics 
business, for which II-VI separately 
paid $5 million in cash, will expire if 
not exercised within 30 days.

Marlin Equity Partners has 
made another acquisition 
in the optical networking 

space, with an agreement to acquire 
network equipment maker Tellabs 
for $891 million (€647 million).

The price of $2.45 per share 
is a 4.3 percent premium on 
Tellabs’ share price on 18 October, 
the last trading day before the 
announcement. Tellabs’ board 
approved the deal, and Michael 
J. Birck, Tellabs’s co-founder and 
second-largest stockholder, says 
he supports the transaction. The 
takeover is expected to close before 

the end of the year.
The deal follows a strategic review 

of the company’s options, with more 
than 30 potential buyers contacted 
as part of the sale process, the 
company said in a statement. 
Tellabs said the takeover will enable 
it to invest in new technologies.

This is Marlin’s third deal in the 
optical networking sector. Earlier 
this year it acquired the optical 
networking business of Nokia 
Siemens Networks (NSN). It also 
acquired the intelligent optical 
switch business from Sycamore 
Networks, and the two companies 

have now been rolled into a single 
entity renamed Coriant. Although 
Marlin has not revealed its plans for 
Tellabs, Ron Kline, principal analyst, 
network infrastructure, at Ovum, 
expects Marlin to merge Tellabs with 
Coriant once the deal has closed.

“The greatest synergies would 
come from combining Tellabs 
with Coriant. That is not an 
easy task, but the alternative of 
leaving the companies to operate 
independently pits them against 
each other,” he said. While there is 
some overlap in optical networking 
technologies between the two 

vendors, e.g. ROADM and OTN 
switching, Coriant has been focused 
on the regional/core network while 
Tellabs has been focused in the 
metro, he notes.

Bob Leggett, an operating partner 
at Marlin, said: “As part of Marlin’s 
portfolio of telecommunications 
companies, the Tellabs business 
will expand and complement our 
existing set of customers and 
product offerings, allowing us to 
serve a broader market, harness a 
deeper pool of networking expertise, 
and create compelling cross-selling 
opportunities.”

Communications semiconductor 
manufacturer Mindspeeed 
Technologies has entered into 

an agreement to be acquired by 
M/A-COM Technology Solutions in a 
deal valued at $272 million.  

MACOM will acquire Mindspeed 
for $5.05 a share, nearly a 70% 
premium to its closing share price 
of $3.04 on November 4. This 
adds up to a transaction value of 
approximately $272 million in diluted 
equity value, or $246 million net 
of Mindspeed’s cash position of 
approximately $26 million.

MACOM supplies high-
performance RF, microwave, and 

millimeter-wave products, including 
devices for optical communications 
applications. The company 
anticipates that the acquisition 
will strengthen its position in the 
optical communications market, 
especially as a provider of 100G 
optical products, and expand its 
addressable markets to include 
data centers and metro markets.

“This acquisition will position 
MACOM as a leading global 
provider of 100G optical 
solutions which underscores our 
growth strategy in commercial 
communications markets,” 
said John Croteau, MACOM’s 

president and CEO. “Our interest 
in Mindspeed is the company’s 
high-growth, high-margin HPA [high 
performance analog] business as 
well as its cash-generating VoIP 
business. The addition of the HPA 
portfolio, which consists of the 
world’s fastest crosspoint switches, 
ultra low power signal conditioners, 
and industry-leading optical PMDs, 
aligns well with MACOM’s business 
model – offering non-GAAP gross 
margins approaching 70%, long 
product life cycles, and sticky 
customer relationships.”

The deal does not include 
Mindspeed’s wireless business, 

which it is attempting to sell 
separately before the deal with 
MACOM closes. Mindspeed 
is currently in “advanced 
discussions” with a potential 
buyer, according to a statement. 
If the business is not sold, it will 
be restructured and wound down.

Mindspeed also has a 
communications processor 
business, but MACOM said it will 
look at additional options for that 
part of the business as it doesn’t 
align with the long-term strategic 
focus.

The deal is expected to close by 
the end of the year.  

Oclaro sells gallium arsenide laser business to II-VI

Tellabs becomes next Marlin Equity purchase

Macom targets 100G markets with Mindspeed acquisition

September 2013

October 2013

November 2013
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the year In 12 storIes

Compass-EOS has closed 
a $42 million (€31 million) 
round of funding.

The latest round of investment 
takes the total amount of funding 
raised by the start-up to over $162 
million (€120 million). Investors in 
the latest round include Comcast 
Ventures and Cisco Systems.

 The Israeli start-up launched its 
r10004 IP core router in March and 
has announced two customers 
to date: NTT Communications 

and the China Education and 
Research Network, CERNET. It 
has a second tier-one operator 
customer which it has not yet 
announced. “There are a couple 
more smaller operators that we 
cannot disclose at this stage,” 
said Asaf Somekh, vice president 
of marketing at Compass-EOS.

 The r10004 router uses the 
novel icPhotonics chip that has a 
terabit-plus optical interface. The 
chip, which houses a merchant 

network processor, integrates 
168 x 8Gbps VCSELs and 168 
photodetectors for a bandwidth 
of 1.344Tbps in each direction. 
Eight chips are connected in a 
full mesh, removing the need 
for a router’s switch fabric and 
mid-plane used to interconnect 
the router cards. The result is a 
compact router platform with 
lower power consumption and 
cost.

 The company said the latest 

funding will be used to develop 
its next-generation icPhotonics 
design. “We’re also investing in 
innovative software and on the 
marketing side, focusing on the 
US market and Japan with a 
stronger presence there,” said 
Somekh.

 The company also announced a 
cut in staff. There are now around 
100 working at the company 
whereas the staff numbered 150 
in March.

BT has demonstrated the 
transmission of a 1.4-Tbps 
superchannel using a flexible 

spectrum grid. The transmission 
took place over a 410km optical 
fibre linking BT’s Adastral Park 
research campus in Ipswich and 
the BT Tower in London.

The field trial used Alcatel-
Lucent’s 1830 Photonic Service 
Switch (PSS) platform to transmit 
a superchannel comprising 
seven 200G channels. Instead of 
using the standard 50GHz ITU 
channel spacing, each 200G dual-

polarisation 16-QAM signal was 
squeezed into a 35-GHz channel, 
resulting in a spectral efficiency of 
5.7b/s/Hz. 

 To implement a flexible grid, 
Alcatel-Lucent’s Photonic Services 
Engine chip was used. The chip 
compromises coherent transmitter 
and receiver digital signal 
processors (DSPs) as well as soft-
decision forward error correction 
(SD-FEC). The transmit DSP 
generates the various modulation 
schemes, and performs waveform 
shaping to achieve the denser 

channel spacing. 
The high-speed optical 

transmission demo is the latest 
of several BT has conducted. In 
May 2013, BT demonstrated a 
series of 100, 200, 400, and 800G 
transmissions using WaveLogic 3, 
Ciena’s own coherent DSP-ASIC. 
The Ciena trial implemented both 
single and superchannel coherent 
transmissions between the same 
two sites using a high polarisation 
mode dispersion fibre unsuitable for 
traditional 10G operation. 

 According to Alcatel-Lucent, 

operators are already asking 
for higher capacity wavelengths 
than 100G for routes capable of 
supporting such performance.

 Meanwhile, the vendor expects 
to have shipped a total of over ten 
thousand 100G ports by the end of 
2013, and says it has shipped more 
100G ports in the first three quarters 
of 2013 than all the 100G ports it 
shipped in the previous three years. 

 Alcatel-Lucent says it has over 
360 customers for the 1830 PSS, 
of which 150 have deployed 100G 
lambdas.

ADVA Optical Networking is 
taking part in a WDM-PON 
trial in collaboration with 

Austrian utilities provider Energie 
AG Oberösterreich Data. The 
trial is designed to assess the 
potential of WDM-PON technology 
for residential broadband access 
by using the technology to offer 
uncontended gigabit connectivity to 
residential subscribers.

Using dedicated wavelength 
connections, the trial provides 
residents with symmetrical 
broadband speeds exceeding most 
current commercial offerings by a 
factor of 10 or more.

The network was deployed by 
Data GmbH, a subsidiary of Energie 
AG Oberösterreich, and systems 

integrator ELCON Systemtechnik, 
in the Austrian municipality of 
Allhaming. Allhaming was chosen 
for the trial because of its location in 
an underserved rural area with poor 
broadband access.

ADVA says WDM-PON technology 
is especially suited to such a 
scenario. It enables individual 
subscribers to be independently 
connected to a remote central 
office that can be tens of kilometers 
away. Dedicated wavelengths allow 
subscribers to share a common 
trunk fiber and eliminate the need 
for active field equipment.

“Residential WDM-PON 
technology is still in its infancy,” 
said Markus Fellhofer, head of fiber-
to-the-home (FTTH), Data GmbH. 

“Real-life trials such as this will help it 
to mature and are key in developing 
scalable and future-proof FTTH 
solutions. The residents of Allhaming 
are direct beneficiaries of this. They 
are already experiencing the impact 
that high-speed broadband access 
can have on their daily lives.”

The trial forms part of the 
collaborative European PIANO+ 
projects, TUCAN and IMPACT, 
which aim to foster the development 
of WDM-PON networks.

Data from the trial is continually 
being collated and analyzed 
and will help the utility company 
understand the full implications of 
a WDM-PON network, including 
capital and operating costs. 
Lessons learned from the trial 

will be used to expand optical 
broadband delivery to a further 30 
development areas in the Upper 
Austria region in 2014.

Elber says that in further stages 
of the trial, they will introduce 
improved technology developed 
with other collaboration partners, 
such as Oclaro. ADVA is leading 
the EU project IMPACT, which 
aims to develop an 80-channel 
WDM-PON system that is ready 
for mass market deployment, while 
Oclaro is providing the high-speed 
transmitters for the project. Oclaro 
is also leading the TUCAN project, 
to develop low-cost universal 
tunable laser devices for customer 
premises equipment (CPE) for high 
data rates.

Core router start-up Compass-EOS raises $42M

BT and Alcatel-Lucent show 1.4Tbps in flexible grid trial

ADVA launches WDM-PON field trial in rural Austria

December 2013

January 2014

February 2014
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I t’s probably too early to say 
whether Google’s foray into fibre 
to the home (FTTH) has been 

commercially successful. But that 
hasn’t stopped the internet search 
giant from stepping up the scope 
of its project – and the pressure 
on other operators to offer gigabit 
broadband speeds.

In a post on its Google Fiber 
blog on 19 March, the company 
said it is in early discussions with 
34 more cities across 9 markets 
in the U.S. to see if it can bring 
a new fibre-optic network to their 
communities.

“We’ve long believed that the 

Internet’s next chapter will be built 
on gigabit speeds,” proclaimed 
Milo Medin, vice president of 
Google Access Services. “Now 
that we’ve learned a lot from our 
Google Fiber projects in Kansas 
City, Austin and Provo, we want 
to help build more ultra-fast 
networks.”

Teresa Mastrangelo, founder 
and analyst at Broadbandtrends, 
thinks it “is unlikely that Google 
will ever become a major operator 
on the scale of AT&T, Verizon or 
Comcast, but they are a disruptor 
and a catalyst for change and their 
impact will likely be far and wide 

– from more innovation in pricing 
and packaging to the improved 
quality of broadband.”

Google Fiber, which launched 
services in Kansas City in 
September 2012, is currently 
being extended to Austin, Texas 
and Provo, Utah, and is expected 
to launch in those cities in 2014. 
In Provo, Google acquired the 
assets of existing municipal 
fibre network – an approach that 
allowed it to make faster progress 
than it might have otherwise. It 
appears that Google is looking 
for similar opportunities in the 
cities that it targets next.

“We’re going to work on a 
detailed study of local factors 
that could affect construction, like 
topography, housing density and 
the condition of local infrastructure. 
Meanwhile, cities will complete 
a checklist of items that will help 
them get ready for a project of this 
scale and speed. For example, 
they’ll provide us with maps of 
existing conduit, water, gas and 
electricity lines so that we can 
plan where to place fibre,” said 
Google’s Medin.

Google aims to provide updates 
by the end of the year about which 
cities will be getting Google Fiber.

A one terabit superchannel, 
crafted using orthogonal 
frequency-division multiplexing 

(OFDM), has been transmitted over 
a live research network. The OFDM 
demonstration is the result of a 
three-year project conducted by the 
Tera Santa Consortium, comprising 
Israeli companies and universities.

Current 100G coherent networks 
use a single carrier for optical 
transmission whereas OFDM 
imprints the transmitted data 
across multiple sub-carriers. The 
sub-carriers are tightly packed, 
with the spacing chosen to 
minimise interference between the 

sub-carriers at the receiver.
One Tera Santa project finding is 

that the OFDM optical performance 
matches that of traditional single-
carrier coherent transmission, but 
the amount of signal processing 
computation required is halved. 
“The real contribution [of OFDM] 
is implementation efficiency,” said 
Shai Stein, chairman of the Tera 
Santa Consortium and CTO of 
system vendor ECI Telecom.

The trial transmitted the one 
terabit superchannel using 
175GHz of spectrum, made up of 
seven 25GHz bands. Two OFDM 
schemes were trialled across each 

band: 128 and 1024 sub-carriers.  
The 128 or 1024 sub-carriers per 
band were modulated using either 
QPSK or 16-QAM. 

 The transmission took place at 
the Technische Universität Dresden, 
using the Deutsches Forschungsnetz 
e.V. X-WiN research network. Using 
a purpose-built simulator, the Tera 
Santa Consortium compared the 
OFDM trial results with single-carrier 
coherent transmission.  “Both 
exhibited the same performance,” 
said David Dahan, senior research 
engineer for optics at ECI. “The 
reach you get is 1,000km without 
a problem.” The system also 

demonstrated robustness to 
chromatic dispersion. 

 One terabit transmission will 
reach the marketplace in the next 
two years, the consortium says. 
As a result of the project, the 
consortium member companies are 
now well placed to understand the 
requirements, says Stein.

Set up in 2011, the Tera Santa 
Consortium includes ECI Telecom, 
Finisar, MultiPhy, Cello, Civcom, 
Bezeq International, the Technion 
Israel Institute of Technology, Ben-
Gurion University, the Hebrew 
University in Jerusalem, Bar-Ilan 
University and Tel-Aviv University.

U.S.-based optical components 
company Kaiam Corp. is 
moving its production facilities 

to Scotland from China. 
The move is expected to create 103 

new jobs in Livingston, Scotland’s 
First Minister Alex Salmond said. 
The project is being supported by 
a Regional Selective Assistance 
(RSA) grant of £850,000 from the 
development agency Scottish 
Enterprise.

Kaiam develops optical 
components based on photonic 
integrated circuits, using micro-
electro-mechanical systems 

(MEMS) technology to overcome 
the coupling issues getting light on 
and off the chip. Kaiam previously 
had an agreement with contract 
manufacturer Sanmina-SCI to build 
its products at Sanmina’s facility in 
Shenzhen, China.

A year ago, Kaiam bought the 
assets of GC Holdings, Inc., the 
parent corporation of Gemfire Corp. 
and Gemfire Europe, Ltd., and 
acquired Gemfire’s 8-inch wafer 
fabrication plant in Livingston as part 
of that deal.

Gemfire’s Livingston plant was 
originally set up in 1998 as Kymata, 

a manufacturing spin-out from 
the universities of Glasgow and 
Southampton, before being sold to 
Alcatel in 2001 and then to Avanex in 
2003. Now it looks as though Kaiam 
plans to crank up the factory’s 
output again.

Chief executive officer of Scottish 
Enterprise, Lena Wilson, said: 
“We’ve worked closely with Kaiam 
to support the expansion of their 
Livingston facility with a £850,000 
RSA grant which in turn will create 
103 new jobs and safeguard 
another 65.

“With Scottish universities 

undertaking about 50 per cent of 
the UK’s optoelectronics/photonics 
research we have no shortage of 
graduates in this area, making us 
an ideal location for optoelectronics/
photonics inward investment.

“We have 39 optoelectronics 
companies operating in Scotland, 
generating a turnover of £660 
million, making this a significant 
industry for Scotland’s economy. By 
investing in Kaiam’s future now, the 
firm can accelerate its growth plans 
in Scotland and create real value for 
the local community and Scotland’s 
economy as a whole.”

Google Fiber tempts more cities with gigabit chatter

Tera Santa team tests terabit transmission via OFDM

Kaiam moves photonic integrated circuit production to Scotland

March 2014

April 2014

May 2014
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V erizon is readying its metro 
networks to carry significant 
amounts of 100G traffic. 

The operator says technological 
advances in 100G transmission 
and new packet-optical transport 
system (P-OTS) platforms will 
bring 100G to the metro in the next 
year or so. It has issued a request-
for-proposal and plans to use 
P-OTS for its metro and regional 
networks. 

“That is where we have very 
dense networks,” said Glenn 
Wellbrock, director of optical 
transport network architecture 

and design at Verizon. “The 
amount of 100 gigabit is going to 
be substantially higher than it was 
in long haul.”

Verizon announced in April that 
it had selected Fujitsu and Coriant 
for a 100G metro upgrade. The 
operator has already deployed 
Fujitsu’s FlashWave 9500 and 
the Coriant 7100 (formerly Tellabs 
7100) P-OTS platforms. “The 
announcement [in April] is to 
put 100-gigabit channels in that 
embedded base,” said Wellbrock.  

The operator has 4,000 
reconfigurable optical add-drop 

multiplexers (ROADMs) across its 
metro networks worldwide and all 
support 100G channels. But the 
existing networks are not tailored 
for 100G coherent transmission 
and, due to the cost, Verizon is 
adding 100G only when needed. 
However, next-generation P-OTS 
will use CFP2-based line-side 
coherent optics and support 
colourless, directionless, 
contentionless and flexible-grid 
ROADMs. “All in a package that 
fits in the metro, with a much 
lower cost, better density and not 
such a long reach [as long haul],” 

said Wellbrock. 
The latest P-OTS platforms from 

vendors feature such packet 
capabilities as carrier Ethernet, 
connection-oriented Ethernet 
using MPLS-TP, and high-capacity 
packet and OTN switching.  
Recently announced P-OTS 
platforms suited to Verizon’s metro 
request-for-proposal include Cisco 
Systems’ NCS 4000 and Coriant’s 
mTera.  

Verizon expects other vendors to 
introduce P-OTS platforms. “I think 
you will see those next year,” said 
Wellbrock.

Europe will be in the telecom 
capex driver’s seat this year, 
while North America can 

expect a slowdown. That’s the 
perhaps surprising conclusion 
of latest report from Infonetics 
Research.  The “Global Telecom 
and Datacom Market Trends and 
Drivers” report analyzes global 
and regional market trends and 
conditions.

“We’re forecasting global carrier 
capex to rise 4%, with EMEA 
as the growth engine despite 
unabated low-single-digit revenue 
declines all across Europe,” said 
Stéphane Téral, principal analyst 
for mobile infrastructure and carrier 
economics at Infonetics Research. 

“After waiting for so many years to 
upgrade their networks, Europe’s 
‘Big 5’ – Deutsche Telekom, 
Orange, Telecom Italia, Telefónica, 
and Vodafone – have decided it’s 
time to take the plunge.”

For instance, Vodafone has 
increased investments under 
its two-year £7 billion European 
network upgrade, dubbed Project 
Spring.

Co-author of the report Matthias 
Machowinski, Infonetics’ directing 
analyst for enterprise networks, 
adds, “Economic expansion in 
mature economies and falling 
unemployment in Europe is 
driving stronger growth in 
enterprise telecom and datacom 

expenditures this year. We expect 
the network infrastructure segment 
to be the main beneficiary of 
growing investments, followed 
by security. The communication 
segment will likely have another 
challenging year, as companies 
evaluate their deployment strategy 
going forward.”

The International Monetary 
Fund (IMF) anticipates the world 
economy will expand 3.6% in 
2014 (an improvement of 0.06% 
over 2013) helped by recoveries in 
the UK and Germany and in spite 
of growth in Japan, Russia, Brazil, 
and South Africa.

Mobile service revenue remains 
the main growth engine for telecom 

and datacom worldwide, as the 
demand for mobile broadband 
continues to accelerate, says 
Infonetics. To avoid falling into 
the role as a provider of “dumb 
pipes”, many service providers 
are deploying or considering 
deploying new architectural 
options such as content delivery 
networks, distributed broadband 
gateways, next-generation central 
offices, mini data centres, and 
video optimization.

In a separate study, Infonetics 
also predicts that operators around 
the world will spend a cumulative 
$1 trillion on telecom and datacom 
equipment and software over the 
next five years.

The high-speed optical 
communications (HSOC) 
team at DTU Fotonik has 

secured a new world record for 
the amount of data transmitted 
down a single optical fibre. The 
team managed to send 43Tbps 
over a new type of optical fibre 
containing seven optical cores 
rather than just the usual one.

The experiment was carried out 
in collaboration with Japanese 
telecoms giant NTT, which loaned 
the multi-core optical fibre. 

Despite the fact that it comprises 
seven cores, the new fibre does 
not take up any more space than 
the standard version.

The researchers say the result 
is noteworthy because they 
used a single laser to transmit 
the data down the seven cores. 
They point out that other high-
speed transmission records have 
used hundreds of lasers, which 
comes with a significant energy 
penalty. With the internet already 
responsible for more than 2% of 

man-made carbon emissions, 
and bandwidth growing at 
40% annually, it is important to 
identify new techniques that 
increase transmission bandwidth 
while simultaneously reducing 
the energy consumption, the 
researchers say.

However, while the experiment is 
clearly a tremendous achievement 
that demonstrates the potential of 
multi-core optical fibres, it is not 
clear how it could translate into 
the real world.

Details were presented in 
a post deadline paper at the 
Conference on Lasers and 
Electro Optics (CLEO) 2014 in 
San Jose, California, in June. 
The title of the paper, “Single 
Source 5-dimensional (Space-, 
Wavelength-, Time-, Polarization-, 
Quadrature-) 43 Tbit/s Data 
Transmission of 6 SDM × 6 
WDM × 1.2 Tbit/s Nyquist-
OTDM-PDM-QPSK, gives some 
clues to the techniques that the 
researchers used.

Verizon prepares the metro for 100 Gigabit

Infonetics: Europe to lead telecoms spending in 2014

Danish team claims 43T optical transmission record

June 2014

July 2014

August 2014
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PhotonIC IntegratIon

By Pauline Rigby

Photonic integration has always 
promised to deliver high 
volumes of optical chips at very 

low cost, mimicking the success of 
the microelectronics industry. But 
in practice, product development 
for photonic integrated circuits 
(PICs) has proven so expensive that 
companies have focused on high-
end, complex products.

For example, Infinera created its 
PIC out of indium phosphide and 
then built an entire system around 
the chip. This did not come cheap: 
the company had secured over $300 
million in venture capital. (Of course, 
this investment paid off handsomely 
when the company floated on the 
stock market.)

Major semiconductor vendors 
like Intel and IBM are close to 
commercialising products based 
on silicon photonics, which can 
more readily borrow or adapt 
processes from the silicon-based 
microelectronics industry. Intel 
is preparing to launch a silicon-
photonics optical interconnect 
system for disaggregated servers 
and switches inside the data centre.

But not every company has the 
funding and vision of Infinera or the 
market share and momentum of an 
Intel. How can smaller companies 
and start-ups ever hope to get 
their photonic integration ideas off 
the ground? The answer could be 
generic foundry services, which 
coordinate access to multi-project 
wafer (MPW) or “shuttle” runs at 
participating optical foundries.

“Despite similarities in the 
development of chip complexity 
there is a marked difference 
between today’s microphotonics 
and microelectronics,” explained 
Professor Meint Smit, who leads 
the Photonic Integration group at 
the COBRA Research Institute at 
Eindhoven University of Technology. 
“In microphotonics most integration 
technologies are developed and 
optimized for a specific application. 
As a result there are almost as many 
technologies as applications.” 
Owing to this huge fragmentation, 
the market for many of these 
application-specific technologies 
is too small to justify their further 
development into a low-cost 
industrial volume manufacturing 
process.

Generic optical foundry services 
break this cycle, and bring photonic 
integration technology within the 
reach of small and medium sized 
business and start-ups. This will 
lead to a dramatic reduction of the 
entry costs for companies that are 
interested in developing integrated 
chips, claims Smit.

Foundry services require a co-
ordinating body, which groups user 

designs from around the world 
into masks and sends them to the 
foundry. The costs of masks, wafers, 
processing and other overheads are 
shared between the participating 
users. Partnerships with optical 
design houses and software 
companies help to provide access 
to the necessary design tools 
and expertise. Firms that provide 
packaging services for optical chips 
are also part of the ecosystem.

Generic foundry services have 
become available across the 
various materials systems, and 
the majority are based in Europe. 
Silicon photonics foundry services 
are available through ePIXfab, 
an EU-funded platform set up to 
support the emergence of a fabless 
silicon photonics business model. 
The organisation co-ordinates 
multi-project wafer runs at several 
European facilities including IMEC 
in Belgium, LETI in France, IHP 
Microelectronics in Germany, and 
VTT in Finland.

Until recently, the OPSiS 
(Optoelectronic Systems 
Integration in Silicon) programme 
by the University of Washington 
provided a similar service in the 
US, giving companies access 
to silicon photonics fabrication 
at BAE Systems and Luxtera as 
well as Singapore’s Institute of 
Microelectronics (IME).

For indium phosphide-based 
devices, JePPIX (for Joint European 
Platform for Photonic Integration 
of InP-based Components and 
Circuits) coordinates shuttle runs 
at Oclaro in the UK, Fraunhofer HHI 
in Germany, and SMART Photonics 
in the Netherlands. JePPIX also 
organises foundry services based 
on TriPleX technology, a new 
materials system based on silicon 
nitride embedded in silica.

Back in 2009, the availability of 
MPW runs played a critical role 
in Teraxion’s decision to develop 
silicon photonics, according to 
Martin Guy, vice-president of product 
management and technology, 
Teraxion. The company, which is 
better known for its fibre Bragg 
gratings and tunable dispersion 
compensators, introduced a silicon 
photonics-based compact coherent 
100G receiver in 2012.

Larger vendors are also interested 
in techniques that can lower barriers 

to product development. Huawei 
Technologies has already acquired 
considerable silicon photonics 
expertise – it purchased the UK 
photonics research laboratory 
Centre for Integrated Photonics 
(CIP) in 2012 and Belgium start-up 
Caliopa in 2013 – but the company’s 
Canadian R&D centre uses optical 
foundry services to gain experience 
with new technology.

The lower overall cost and 
access to ecosystems of optical 
designers and researchers are the 
main advantages, says Huawei. 
The foundry system isn’t perfect, 
however. The processes and library 
are immature, so the customisation 
process – designing the product 
out of the available building blocks 
– can be difficult, and there are no 
performance guaranties. But the 
biggest constraint, says Huawei, is 
long cycles between shuttle runs. 
This means project plans are time-
constrained. Multi-project wafers 
are good for R&D but full wafer 
processes are needed for product 
development, the company says.

The generic foundry model can 
also provide a route to market that 
suits smaller companies. Because 
the PICs are developed in a 
qualified foundry process, scaling 
up to larger production volumes is 
relatively straight forward, says Smit. 
Once the user is happy with his 
design, he can order a number of 
wafers in the same process in which 
he developed his PIC, which he can 
now fill completely with his design. 
For example, for a PIC with 20 mm2 
design area, a single 3-inch wafer 
will contain more than 100 copies. 
A volume of 100,000 chips can be 
obtained with 1000 wafers, which 
can be easily handled by a medium-
sized foundry.

High-volume, low-cost applications 
for photonic integration may still 
be some way off, however. In the 
roadmap produced by JePPIX, it 
is anticipated that the initial market 
will comprise numerous small- 
or medium-volume applications 
with high added value rather 
than a small number of low-cost 
“killer” applications. Over time, 
hopefully, optical foundries can 
boost performance and reduce 
costs, which may eventually enable 
those dreamed-of mass-market 
applications.

Photonic integration for the masses

How can 

smaller 

companies and 

start-ups ever 

hope to get 

their photonic 

integration 

ideas off the 

ground?
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the MIddLe ground

link budget to span 500m and 
more for leaf and spine, or to 
connect the spine to the data 
centre’s edge router.

the optical industry has 
heeded the web companies’ 
request. 
The IEEE 802.3bm Task Force 
attempted to address the mid-
reach demand by creating a 
specification for a cheaper 
500m interface. Four proposals 
emerged: parallel single mode 
(PSM4), coarse WDM (CWDM), 
pulse amplitude modulation, and 
discrete multi-tone. But none of 
the proposals passed the 75% 
voting threshold to become a 
standard.  

The optical industry then pursued 
a multi-source agreement (MSA) 
strategy to bring solutions to 
market. No fewer than four single-
mode interfaces have emerged: 
the CLR4 Alliance, and the 
CWDM4, PSM4 and OpenOptics 
MSAs. 

“The MSA-based solutions will 
have two important advantages,” 
said Murray. “All will be much 
less expensive than a 10km 
100Gig LR4 module and all can 
be accommodated by a QSFP28 
form factor.” 

The 100GbE PSM4, backed by 
leading optical module makers, 
differs from the other three in 
using parallel ribbon fibre and 
having a 500m rather than a 2km 
reach. The PSM4 uses four 25Gig 

channels, each sent over a fibre, 
such that four fibres are used 
in each direction. The PSM4 is 
technically straightforward and 
will likely be the most economical 
up to 500m. In contrast, the CLR4, 
CWDM4 and OpenOptics use 
4x25Gig WDM over duplex-fibre. 
Thus while the PSM4 will likely be 
the cheapest module, the link’s 
cost advantage will be eroded 
with distance due to the ribbon 
fibre cost. 

The PSM4 is also attractive for 
other applications; the 25Gig 
channels could be used as 
individual ‘breakout’ links. Already 
there is industry interest in 25GbE, 
while the module could be for 
32Gig and high-density 128Gig 
fibre channel.  

The OpenOptics MSA, backed 
by Mellanox and start-up Ranovus, 
operates in the 1550nm C-band 
and uses dense WDM, whereas 
the CLR4 Alliance and CWDM4 
operate around 1310nm and use 
CWDM. The 100GbE OpenOptics 
also uses four 25Gig wavelengths 
spaced apart, but DWDM 
promises closer spacing and a 
higher-speed module roadmap.     

The CLR4 Alliance is an Intel-
Arista initiative with wide industry 
backing, but it is not an MSA. The 
specification is very similar to the 
CWDM4. Both designs include 
forward error correction (FEC) but 
whereas FEC is fundamental to 
the CWDM4, it is a CLR4 option.

“We have focussed on the 

FEC-enabled [CWDM4] version 
so that optical manufacturers 
can develop the lowest possible 
cost components to support the 
interface,” said Mitchell Fields, 
senior director, product marketing 
and strategy, fiber-optics product 
division at Avago Technologies. 
FEC adds flexibility, he says, 
by relaxing the components’ 
specification and simplifying 
module testing. 

The backers of CWDM4 and 
CLR4 are working to align their 
specifications and while it is likely 
the two will interoperate, it remains 
unclear whether they will merge. 
The CWDM4 specification is set 
for completion in September with 
products appearing potentially 
one or two quarters later. Arista 
says its latest 7280E switch could 
use CWDM4/ CLR4 modules now, 
were they available.  

John D’Ambrosia, chairman of 
the Ethernet Alliance, regrets that 
four specifications have emerged. 
“My own personal belief is that it 
would be better for the industry 
overall if we didn’t have so many 
choices,” he said. “But the reality 
is there are a lot of different 
applications out there.”

LightCounting expects the 
PSM4 and a merged CWDM 
offering will find strong market 
traction. “Avago, Finisar, JDSU 
and Oclaro are participating in 
both categories, demonstrating 
that each has its own value 
proposition,” said Murray.

The rush to claim the middle ground

Multi-source 
Agreement/ 
Consortium

Wavelength/ 
fibres

Form 
factor

Distance Players

CLR4 Alliance 
Duplex single-mode fibre 
(SMF), 1310nm window, 

20nm spacing 
QSFP28 1-2km 

3ality Technica, Altera, Arista, Aurrion, Brocade, Ciena, 
ColorChip, Dell, ebay, Fabrinet, Fujitsu, HP, Huawei, Intel, 
Juniper Networks, MACOM, NeoPhotonics, Netronome, 

Oclaro, Oplink, Oracle, SAE Magnetics, Semtech, Skorpios 
Technologies, Source Photonics, VMware and Kaiam

CWDM4
Duplex SMF 4x25G 

lambdas, 20nm spacing 
around 1310nm

QSFP28 2km Avago Technologies, Finisar, JDSU, Oclaro and Sumitomo.

PSM-4 
1295-1325nm 8 ribbon 
SMF (1 25G lambda per 
fibre, 4 in each direction)

QSFP28 500m

Avago Technologies, Brocade
Delta Electronics, Finisar, JDSU

Juniper Networks, Luxtera,
MACOM, Microsoft, Oclaro

Panduit, and US Conec

OpenOptics
1550nm C-band, 4x25G 

lambdas, duplex SMF
QSFP28 2km+ Mellanox Technologies and Ranovus

By Roy Rubenstein

You may give little thought 
as to how your Facebook 
page is constructed each 

time you log in, or the data centre 
ramifications when accessing 
Gmail. But for the internet giants, 
what is clear is that they need 
cheaper, higher-speed optical 
links to connect their equipment 
spread across increasingly large 
data centres.  

For the web players, existing 
100Gig links are either too short 
or too expensive. Ten and 40Gig 
multimode interfaces span 
300m, but at 100Gig the reach 
plummets; the IEEE 100GBASE-
SR10 and 100GBASE-SR4 multi-
mode standards are 100m only. 
Meanwhile, the 10km reach of the 
next IEEE option, the 100GBASE-
LR4, is overkill and expensive; the 
LR4 being sevenfold the cost of 
the 100GBASE-SR10. 

“The largest data centre 
operators will tell you less than 
1km, less than 500m, is their 
sweet spot,” said Martin Hull, 
director of product management 
at switch vendor, Arista. Hyper-
scale data centres house a 
flatter switching architecture 
known as leaf and spine. “The 
flatter switching architectures 
require larger quantities of 
economical links between the 
leaf and spine switches,” said 
Dale Murray, principal analyst at 
LightCounting. 

A ‘leaf’ can be a top-of-rack 
switch connecting servers to 
the larger-capacity ‘spine’ of the 
switch architecture. Operators 
want 100 gigabit ethernet (GbE) 
interfaces with sufficient optical Comparison of four single-mode interfaces
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ftth ranKIng

By Hartwig Tauber

If you combine Japan, South 
Korea and the United States 
they have roughly the same 

population as Europe, but they 
have over eight times more fibre-
based broadband than we do 
here in Europe. And the gap is still 
increasing. That is a troublesome 
statistic. Europe cannot afford to 
get left behind while more well-
developed digital economies 
maximise the advantages of high-
speed connectivity.

Japan, South Korea and the US 
are also leaders in the global FTTH 
ranking, which orders countries by 
the percentage of households that 
subscribe to a fibre to the home 
or building (FTTH/B) connection. 
Until recently, Japan could boast 
the highest number of FTTH/B 
subscribers in the world: some 24.7 
million at year-end 2013. (Japan has 
since been overtaken by China as a 
result of massive FTTH deployment 
programmes there.)

In contrast, there were just 7.8 
million fibre subscribers in the 
European Union at the last count; 
9.5 million if you include non-
member countries like Norway 
and Switzerland; and a further 10.6 
million subscribers in Russia and 
the Commonwealth of Independent 
States (CIS). The figures are 
updated annually by researchers 
from IDATE, who monitor FTTH 
deployment around the world on 
behalf of the FTTH Council Europe.

Overall, Europe has seen steady 
but slow growth in the number of 
FTTH/B connections over the past 
few years. Economic woes have 
not helped, by reducing funding 
for capital intensive infrastructure 
projects like fibre access networks; 

but many countries are now 
emerging from recession. We hope 
this will lead to renewed energy in 
FTTH markets, but the reality is that 
the race towards Europe’s fibre 
future is a marathon not a sprint. 
Even in countries where FTTH 
deployment started a decade ago, 
such as Sweden, there is plenty of 
room to expand. FTTH networks 
may be well-established in urban 
areas, but rural areas have yet to be 
fully connected. Tackling the urban-
rural digital divide will require a more 
determined effort by operators and 
governments alike.

Publishing the FTTH ranking, as 
the FTTH Council Europe does 
every year, is no more than an 
academic exercise. The ranking 
helps broadband stakeholders to 
position their country in comparison 
to others in Europe and the rest of 
the world. The ranking does not 
simply report network availability; 
it counts actual subscribers to 
FTTH connections and thus shows 
whether a country is actively 
reaping the rewards of advanced 
communications. Policy makers 
can easily see where more intensive 
action is required. 

Within Europe we find huge 
variation. The European Union 
is a diverse mix of 28 member 
states with 28 different sets of 
market conditions, 28 different 
national strategies and 28 different 
regulatory environments. Indeed, 
the European FTTH ranking 
and five-year forecast published 
annually by the FTTH Council 
Europe highlight the growing gap 
between the “winners” – countries 
that have been steadily growing 
their FTTH footprint – and the 
“losers” – those progressing at a 
snail’s pace.

Lithuania has emerged as one of 
the winners, leading the European 
FTTH ranking with a household 
penetration rate of better than 30% 
at year-end 2013. FTTH pioneer 
Sweden comes second, with 
penetration of around 22%; the 
remaining members of the top five 
are Bulgaria, Latvia, and Norway, 
which all had household penetration 
of approximately 17%. 

At the other extreme are Western 
European countries like Germany 
and the UK, which still do not meet 
the 1% threshold for inclusion in the 

ranking. In the UK, for example, the 
national strategy favours non future-
proof fibre to the cabinet (FTTC) 
and VDSL using outdated copper 
telephone lines. The result are low 
“up to” speeds and limited upload 
capacities due to the asymmetric 
nature of those solutions.

The European Commission 
wants to encourage high-speed 
broadband roll-out and coordinate 
policy across Europe with its Digital 
Agenda and, more recently, the 
Connected Continent legislative 
package. The Digital Agenda for 
Europe aims to provide download 
data rates of 30 Mbps for all citizens 
and see at least half of all European 
households subscribing to Internet 
connections with speeds 100 Mbps 
or greater by 2020.

Tackling the first Digital Agenda 
target is mainly a question of 
investment to make high-speed 
Internet connections available. 
We think European policy makers 
should do more to encourage FTTH 
as the only future-proof approach. 
There should also be an open 
discussion about the Digital Agenda 
impact on digital divide. Who gets 
to decide whether a household gets 
100 Mbps or 30 Mbps.

The first objective is that all 
European citizens have access to 30 
Mbps, and 63% of them are already 
connected, but 30 Mbps broadband 
will already be outdated by 2020!

The second objective – to see 
half of consumers on 100Mbps 
subscriptions by 2020 – will prove 
harder to reach. To date, a mere 
3% of European broadband 

subscribers have 100 Mbps 
connections. Strong actions are 
necessary to ensure progress on 
the roll out of fibre access, which 
can easily guarantee the 100 Mbps. 
FTTH Council Europe therefore 
calls for clear statements, for 
instance that public money should 
only be used for real future-proof 
broadband infrastructure instead 
of wasting it on short term solutions 
that will need to be replaced in a 
few years.

The Connected Continent 
package is another attempt 
to accelerate next generation 
broadband availability in Europe. 
Described as “the single biggest 
thing the European institutions 
could finalise in 2014 to boost 
growth and jobs”, it aims to create 
a single market for electronic 
communications across Europe. 
The package discussed today 
is just a small and weak left-over 
of the original attempt of the 
European Commission to rush 
through a package that should help 
to create pan-European broadband 
networks. Still it contains some 
measures to improve transparency 
in broadband advertising, and allow 
content and applications to flow 
across national borders, helping 
to create economies of sale in the 
development and distribution of 
new and innovative digital services. 
While this might be another 
small step to accelerate FTTH 
deployments, it is a lost opportunity 
as it leaves out financing issues as 
well as the important topic of fibre-
broadband for rural areas.

What the FTTH ranking really tells us

Economies with the Highest Penetration of Fibre-to-the-Home/Building + LAN
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the densIty IMPeratIVe

By Raj Nagarajan

Today’s metro transport 
networks carry a mix of traffic. 
From IP data originating at data 

centers and fixed wireline services to 
enterprise, TDM data from wireless 
services and legacy PSTN.  The 
transport networks of the future will 
most likely be converged, carrying 
IP traffic from various services that 
will eventually migrate to a common 
IP infrastructure.  In a converged 
network, making the network 
programmable enables efficient 
resource usage. Large data-centre 
operators have proven the benefits 
of a programmable network by 
reconfiguring WAN based on traffic 
flow. 

Adopting a colourless, 
directionless and contentionless 
(CDC) transport layer is one of 
many steps towards the goal of 
a dynamic network that can be 
reconfigured through automated 
orchestrators for policy-based 
provisioning, restoration, and 
network virtualization. While 
reconfigurable transport networks 
demand additional functionality, 
boundary constraints imposed by 
real estate and power consumption 

limits in a central office have not 
fundamentally changed. Maximizing 
density and minimizing cost and 
power is, therefore, a prerequisite for 
operating efficient CDC networks. 
Functional integration—a holistic 
approach that brings together 
diverse transport functionality such 
as optical switching, amplification, 
and monitoring—has been a critical 
enabler of achieving this requirement 
through multiple generations of 
ROADM transport systems.  

three generations of roadMs
Over the years, ROADMs have 
evolved to incorporate CDC 
within a remarkably efficient form 
factor. The first generation of 
ROADM transport nodes had the 
following attributes:

A broadcast and select nodal • 
architecture with a single 
wavelength selective switch 
(WSS) per degree
Variable-gain erbium doped • 
fiber amplifer (EDFA)  with 18 
– 20 dBm output power as a 
preamplifier 
N-degree ROADM with a 40-• 
channel, 100 GHz 1xN WSS for 
add/express and a 1:N power 
splitter for drop/express 
Optical channel monitor • 
(OCM), enabling WSS 
switching and power control
Fixed-gain EDFA, with 18-20 • 
dBm of output power, as a 
post amplifier 

A nodal degree using 
conventional design approaches 
typically consumed 3-4 slots to 
fit in all the above functionality. 
The density imperative drove 
the industry to innovative, out-
of-the-box approaches that 
broke down modular boundaries 

and constraints, minimized 
redundancies (particularly 
electronic / mechanical / 
control functions), focused on 
maximizing usage of space, and 
streamlined assembly and test 
processes.  In 2008, the first 
generation of ROADM transport 
blades delivered all the elements 
required per degree in a single 
slot envelope. 

The second generation followed 
a similar broadcast and select 
topology but had to support over 
twice the number of channels on 
a 50 GHz grid. The pre and post 
amplifiers had to support 23 dBm 
in total output optical power. The 
EDFAs thus migrated from a 
single-pump topology (600 mW) 
to a multi-pump topology (1300 
mW) per amplifier. As before, all 
this had to fit in a single slot with 
legacy shelf cooling systems 
that could only support 70 watts 
of dissipation per 1 in wide slot.

The third generation of ROADM 
transport nodes, now supporting 
CDC architecture, are in early 
stages of deployment. The 
route-and-select configuration 
required at CDC nodes demands 
two WSSs per degree as well as 
20 ports per WSS for high add/
drop scalability. The WSS also 
requires flexibility to spectrally 
optimize channel widths to 
support gridless operation. The 
amplifiers provide switchable 
gain functionality to extend the 
dynamic range and allow for 
easy optimization with Raman 
amplifiers. This third generation 
again leverages functional 
integration to support the 
evolution to CDC within a single-
slot envelope, meeting the 
density imperative.

the future
With predicted growth in the metro 
core, SDM is viewed as a possible 
next step in the evolution of the CDC 
transport network, with multiple fibre 
pairs per degree being supported 
by a single ROADM transport 
blade. The expectation to support 
SDM architectures within a single-
slot envelope will surely remain 
unchanged. The functionality that 
could be called for may include 
quad 1x20 WSSs, amplifiers with 
multi-emitter pumps and higher 
operating temperatures to reduce 
power dissipation, OCM with multiple 
input feeds for parallel operation to 
reduce time, and multi-fiber push on 
(MPO) connectors on the faceplates 
to maximize fibre density.

Conclusion
Consolidating diverse transport 
functions onto a single-slot blade 
through functional integration is no 
longer an option. It is an absolute 
necessity to minimize shelf 
space and power requirements. 
This can yield more than 50% 
savings in space and power 
and more than 30% savings 
in cost. Functional integration 
encompasses innovations at the 
optical device level, in packaging, 
in thermal management, and a 
holistic approach to the solution. 
It has proven to deliver cost 
and density value over multiple 
generations of ROADM transport 
systems of increasing complexity 
and functionality. The business 
case for adopting such ROADM 
transport blades is compelling 
for service providers who are 
constrained by real estate and 
power feeds when deploying in 
congested metro central offices or 
at co-location huts. 

the density imperative for roadM transport systems

Figure 1. The number of slots required to support an 8-degree node, through different generations of 
ROADM transport blades, with and without functional integration. Gen 3 and 4 assume a CDC node 
with the ROADM transport blade subtending to an add/drop structure, supporting 33% add/drop.  

Figure 2. Total power dissipation for an 8-degree node, through different generations of 
ROADM transport blades, with and without functional integration.
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CIrCuIts standardIsatIon

By Jose Pozo & Carlos Lee

It is commonly accepted by the 
photonics community that the 
future of system in a package 

(SiP) products fully depends 
on the technology evolution of 
photonic integrated circuits (PICs). 
The key selling point for PICs is 
that they allow electro-optical 
systems to be more compact and 
offer higher performance as well 
as potential lower cost than those 
resulting of the integration of 
discrete components. During the 
last decade, the key technology 
platforms for the realization of 
PICs, namely silicon photonics, 
indium phosphide (InP) and 
TripleX, have been developed to 
the extent that they are already 
globally used in an increasing 
number of applications with an 
ever increasing functionality 
according to Moore’s law. 
Increasingly, the new enabled 
market products do not only stem 
from the big companies (such as 
IBM, Intel, TE Connectivity) but are 
also developed by SMEs. It is the 
latter where the PIC technology 

encounters one of the major 
hurdles: the lack of low cost 
standardized packaging concepts, 
both for testing purposes as well 
as for the low, medium and high 
volume production of application 
specific SiP products.

Dealing with the standardization 
of the packaging for optoelectronic 
components is not a first-hand 
issue; during the last couple 
of decades a similar problem 
has been dealt with in the 
standardization of the small form-
factor pluggable (SFP), used for 
both telecoms and datacoms 
as an interface between the 
network device motherboard to 
an optical fibre or copper cable, 
or its counterpart for 10 Gigabit 
data communication, the XFP 
(10 Gigabit small form Factor 
Pluggable). In both cases, these 
transceivers modules are not 
standardized by any official 
standards bodies, but specified by 
a multi-source agreement (MSA) 
among competing manufacturers, 
users, and, in general, members of 
the supply chain. EPIC, and their 
members, are aiming for a similar 
move in the PICs word, hoping 
for a similar effect, resulting in 
cheaper packaging services 
available more readily, with limited 
tooling costs. One of the most 
critical aspects for improving cost, 
delivery and performance.

With that goal in mind, and 
making use of the fact that 

the full supply chain of PICs is 
represented at EPIC, a workforce 
is being organized. The workforce 
counts with PIC design software 
providers, design houses, wafer 
level manufacturers, customized 
and generic packaging providers 
for the low and high volume 
manufacturers, equipment and 
tooling manufacturers and end-
users. The goal is to find joint 
solutions to some of the current 
key challenges for packaging 
PICs for any of the 3 technologies 
above mentioned. The first step 
has been to identify some of 
those challenges such as the 
coupling and assembly of fibre 
to chip concepts, the DC and RF 
electronic interfacing and their 
resulting thermal related issues, 
the choosing of common materials 
and bonding agents and their 
suppliers, as well as common flip 
chip processes for the complex 
assembly and placing on printed 
circuit boards (PCBs).

When it comes to fibre to chip, 
the optical mode size matching 
between the PIC waveguides 
and one of the fibres still remains 
an issue. For that, the spot size 
converter (SSC) as a standardized 
building block is being currently 
addressed by design houses 
and PIC manufacturers. This will 
result in a significant reduction 
of component and assembly 
costs, especially as it can allow 
for the use of passive alignment, 

and hence, reducing the cost of 
the equipment for the volume 
manufacturing and increasing the 
throughput.

An open issue remains on 
the evaluation of the need for 
hermetic packaging solutions. 
While a hermetically sealed 
package has certain advantages 
in terms of protection, durability 
and reliability of the PICs, in 
certain cases it increases costs 
without bringing sufficient added 
value to the system. A top-down 
level evaluation is currently being 
performed to determine which 
applications are benefited by that 
hermetic packaging, and for which 
ones a lower cost open package 
solution satisfies the customer 
driven specifications.

In addition, one of the most 
costly sections of the supply 
chain of PIC-based products is 
the characterization and testing 
of devices. In some cases, wafer 
level testing is not possible – i.e. 
when the light is coupled through 
the chip facet –, or costly – 
requiring active alignment of fibres 
and testing of component by 
component. One of the solutions 
currently evaluated is to introduce 
a standard additional light source 
into every PIC, in order to perform 
a simpler active alignment process 
between the PIC and the outside 
world, possibly enabling the use 
of free space optics for a quick, 
though reliable characterization 
of the chip. In other cases, 
the complex characterization 
needs to be performed after 
the PIC device and all their 
subcomponents are packaged.  
When using these packages, the 
designers are provided with a set 
of design rules, which should be 
also standardized, increasing the 
market and applicability of the test 
package as well as decreasing the 
effort for an optimized design.

In conclusion, formal standards 
should aim for a reduction in 
the manufacturing cost with the 
immediate effect of a market 
expansion. A very important part 
of the task is not to duplicate 
efforts and to engage and 
align with the work currently 
being developed for instance in 
ITRS (International Technology 
Roadmap for Semiconductors) 
and SEMI Standards.

Photonic integrated circuits standardisation

EPIC members discuss Photonic Integrated Circuits Packaging Standardization at workshop hosted by TE Connectivity in 
‘s-Hertogenbosch, The Netherlands.
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BIg data

By Kendrick Struthers Watson

I n the automotive industry, much 
can change in a very short time. 
You buy a new car and within 

six months it is superseded by a 
new model with better facilities 
and more technology, it’s more 
fuel-efficient and it costs more! 
Fortunately, communications 
networks are not the same and 
are less likely to quickly become 
obsolete as they evolve in a 
technically sympathetic manner.

Once uPON (sic) a time when 
the average household and SME 
(small to medium enterprise) was 
using dial-up internet access at 
around 300Kbps, the perception 
was that having the ability to 
transmit data at high speed was 
the preserve of multi-national 
organisations with big IT budgets. 

The introduction of public fibre 
networks changed all that and now 
the race is on to provide country 
populations with exceptionally fast 
internet access and transmission 
times and in many cases, to catch 
up with the explosive growth of 
smartphones and tablets with Wi-
Fi capability.

The last decade has experienced 
the rise of social networks, OTT 
(over the top) media distribution, 
and mobile overtaking fixed/
desktop broadband and this has 
led to the arrival of huge data 
centres across the globe. Such is 
the ‘data rush’, data centres are 
now becoming Global content 
data bases to cope with the need 
for the massive amount of data 
to be transported across the 
globe, hence the term ‘big data’. 
In the early days, data centre 
interconnection networks just 
made the best use of whatever 
network resources were available 

and as the transport bandwidth 
consumed by data centres has 
eclipsed traditional methods, 
performance, efficiency and 
transport capacity had to be 
increased. This has been achieved 
by utilising 10Gbps optical links, 
although the number of higher 
speed links, such as 40G and 
100G, are growing quickly, with 
400G arriving in the near future. In 
this mix, the telco needs the best 
optical performance mix between 
bits/sec/km/Hz and the DCO (data 
centre operator) wants the best 
performance for given efficiency 
on bits/sec/wattage. Every Watt 
consumed by the data centre also 
has to be thermally dissipated and 
in some geographic areas, taxes 
can be levied to compensate 
for the additional environmental 
burden this causes.

Big data is Big business
As a result of the growing use of 
the cloud and the number of new 
content providers in the market, 
it became necessary for data 
centres to expand. This led to 
big data becoming an increasing 
percentage of a developed 
nation’s GNP and, apart from 
some concerns covering cloud 
security, big data has become big 
business. There are mandatory 
regulations covering the 
geographic dispersal of stored 
information, as well as minimum 
data retention periods that can 
reach decades, depending on the 
industry/market sector involved 
and both these require specific 
applications within the optical 
network transport.

optical backhaul
However, it’s not just multi-
national organisations in financial 
services, insurance, production, 
manufacturing, travel and transport 
logistics that need big data. 
Billions of smartphone/mobile 
device users across the world are 
using immense amounts of data 
too. It was estimated that by the 
end of 2013, the amount of digital 
content consumed would reach 
4Zb1 (Zettabytes – Kb 10007). The 
sheer volume of content and data 
is on the rise, with a 50% year-on-
year increase in content being 

created, shared, and consumed 
by global audiences. And this 
is just the beginning. By 2016, 
there will be an estimated 13Zb of 
information produced in the digital 
landscape and this is more than 3 
times the amount produced just a 
year ago.

The rollout of 4G (LTE – long 
term evolution) networks is 
advancing rapidly across the 
world and already there is a focus 
on LTE Advanced which offers 
considerably higher data rates 
aided by the use of MIMO (Multiple 
Input Multiple Output) technology 
with OFDM (Orthogonal Frequency 
Division Multiplexing). This will 
mean considerably more mobile 
digital content will be consumed, 
attracted by the higher uplink and 
downlink speeds available. With 
the data speeds accelerating 
on the mobile networks, mobile 
backhaul needs to be enhanced 
to match and this is where the 
many optical network backhaul 
solutions come into play.

accelerating growth
In the European Union (EU) with 
a current population of 741.2m, 
the growth of optical networks is 
accelerating across both FTTH 
(Fibre to the Home) and FTTB 
(Fibre to the Building), although 
there is more work to be done 
before the market is recognised 
as ‘mature’, with a country only 
reaching fibre maturity when 

20% of households are FTTH/B 
subscribers. This indicates 
the country has a subscriber 
base large enough to sustain 
development of new services 
for high-speed networks. So far, 
only nine countries in the world 
have achieved this and, as you 
may have seen from the graph 
on page 16, only three of these 
are European – Lithuania (34%), 
Sweden (26%) and Latvia (23%).

When countries outside the 
EU are included, the growth was 
even higher. Russia alone counts 
for almost 9m subscribers, of 
which 1.4m were added in 2013. 
In the EU, the largest markets 
are France and Sweden (1.2m 
subscribers), Ukraine (1.3m 
subscribers) and Turkey (1.1m 
subscribers). 

Of course, new optical networks 
require substantial funding and 
with EU funds being slashed, it’s 
up to national governments to 
provide the financial impetus to 
encourage the necessary growth. 
In the UK, the government has 
allocated £250m to its ‘superfast 
broadband’ programme, wherein 
England will receive £184.34m, 
Wales £12.11m, Scotland 
£20.99m (pre-Independence 
referendum in September 2014) 
and Northern Ireland £7.24m. 
This is in addition to the £1.2bn 
already invested by central and 
local government in superfast 
broadband across the UK.

Big data needs a high fibre diet

A high fibre diet is a critical component of data centre success
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testIng tIMes

By Andy Cole

C ontinuous improvement in 
mobile access technologies 
facilitates an ever growing 

demand for instant media such 
as streamed video, social media 
and on-line gaming, anywhere, at 
any time and without degradation 
of service. Fourth generation 
mobile (4G), long term evolution 
(LTE) and Wi-Fi technologies can 
deliver mobile connections with 
performance that rivals some fixed 
wire services; you no longer need 
to sit at a computer, as tablets and 
smartphones make it possible to 
access high bandwidth media on 
the move.  

However, fixed wire technologies 
continue to play a major role.  
Immediate access to bandwidth 
hungry media relies on having a 
strong robust backhaul network 
and as a result 10GigE is 
becoming more widely used in 
access networks.

The Cisco VNI Global Forecast 
predicts that IP traffic will reach 110 
exabytes (110 billion gigabytes) 
by 2016, an increase of 250% over 
2012.  However, while network 
traffic has continued to grow 
in recent years, global carriers’ 
revenues have decreased.  
The market demands access 
to content at low prices, and 
operators must therefore develop 
efficient networks that meet market 
expectations profitably.  

Cost per bit is widely used as 
a measure of network efficiency 

and is becoming one of the most 
important targets to meet.  The 
backhaul network is expected to 
maintain a high quality of service, 
but deliver more capacity at 
less cost, in order for carriers to 
maximise profit.

Equipment manufacturers are 
attempting to square this circle 
by increasing the number of 
wavelengths used on a single 
optical fibre. This might be done, 

for instance, by increasing the 
number of channels in a DWDM 
system from 40 at 50GHz channel 
spacing to ultra-dense WDM 
having 80 channels at 25GHz 
spacing, and/or using modulation 
schemes such as DQPSK 
(differential quadrature phase 
shift keying) to upgrade 10Gbps 
data links to 40Gbps, or DP-QPSK 
(dual polarisation - quadrature 
phase shift keying) to provide a 
100Gbps data rate, and recently 
64QAM (quadrature amplitude 
modulation) to reach transmission 

speeds up to 400Gbps per 
wavelength. 

In the future SDN (software 
defined networks), currently 
being defined by the standards 
bodies and developed by 
systems vendors, and enabled 
mainly by managed ethernet and 
OTN technologies, will provide 
the flexibility needed to allocate 
bandwidth to meet a client’s 
demand, but release it to be used 

elsewhere when it’s not required.  
Operators will benefit from more 
efficient use of their network 
while the client only pays for the 
bandwidth they use. 

As a result, the trend is for 
exponential growth in ethernet 
and OTN, but at the same time 
networks must continue to support 
legacy technologies, such as PDH, 
SDH, SONET, and fibre channel. 
Testing the network will become 
more complex and demanding, 
and network engineers are 
expected to be proficient in all 

these technologies (see Figure 1).  
Newer ITU standards released 

between 2009 and 2012 have 
seen OTN moving from submarine 
and core networks to metro and 
even access networks. The core 
areas of these newer releases 
included ODU0, ODUflex and 
multi-stage mapping (see Figure 
2). With these newer technical 
abilities and OTN moving into this 
much larger market segment, it’s 
very important that operators not 
only test at the OTN level but also 
the client traffic over the different 
OTN layers.

40G/100G ethernet and OTN 
(OTU3/4) is now a requirement for 
many operators as demand for 
network capacity continues to grow. 
OTN is essential for operators to 
ensure efficient network resource 
management, easy and flexible 
transport of any access signal and 
enhanced QoS in their client SLAs.

The size and cost of the optical 
transceivers for 40G and 100G 
(CFPs) have been a major 
limiting factor for network and test 
equipment vendors; the cost per 
port has often been prohibitive.  

Testing times for network engineers
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Figure 2. Operators’ field 
testers must be able to test the 
flow of client traffic over OTN 
infrastructure now that it supports 
ODU0, ODUflex and multi-stage 
mapping

IP

ATM

TDM

SDH/SONET

1550 nm

IP TDM

SDH/SONET

DWDM

IP
TDM

and IP

SDH/
SONET

DWDM

OTN

FEC

IP
TDM

and IP

S
D
H

DWDM
ROADM

OTN

FEC

All IP network 
minimum legacy 

TDM

DWDM
ROADM

OTN

FEC

19
95

20
15

Figure 1. The proliferation of backhaul network technologies makes for more complex field testing requirements
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A second generation CFP2 has 
a smaller form factor (about half 
the size) and requires much less 
power to operate.  They can be 
produced for a fraction of the price 
and can revolutionise the design 
of network and test equipment 
alike.

Although CFP2 is now available 
from several manufacturers, 
we are yet to see them in mass 
rollout in switching equipment.  
The CFP2 will eventually be 
superseded by an even smaller 
and more efficient CFP4, at which 
time it will be possible to design 
100G test capability into smaller 
test instruments.

Today, however, it is already 
important for operators and 
network technicians to be able to 
inject client traffic into the Ethernet 
or SDH/SONET layer, and monitor 
or receive it in another part of the 
OTN: this is the only way for the 
operator to truly understand what 
is happening in their network. It 
is particularly important in fault 
finding and throughput testing. 
This capability has not previously 

been a feature of the rugged field 
test instruments used by network 
technicians responsible for the 
installation or maintenance of 
optical networks (see Figure 3). 

The new requirement for field 

testing of signal traffic, however, 
is seeing the emergence of a new 
generation of field testers, and 
network engineers can now deploy 
handheld testers with Ethernet, 
fibre channel and SDH/SONET 

capability, supporting signalling 
testing at rates up to 10Gbps.
Andy Cole
UK Business Development 
Manager & Applications 
Engineer, Anritsu (EMEA)

Figure 3. Rugged field test instruments such as Anritsu’s new MT1000A now enable technicians to inject 
client traffic into the Ethernet and SDH/SONET layers
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MICrowaVe IntegratIon

By Iñigo Artundo

Microwave photonics (MWP) 
is the discipline which 
brings together the worlds of 

radio-frequency (RF) engineering 
and opto-electronics, by exploiting 
the unique capabilities of optics 
in terms of bandwidth, flexibility 
and power consumption. It has 
attracted great interest from the 
research community over the past 
30 years and is now set to have a 
bright future with the introduction 
of MWP enabled products in the 
market. The added value of MWP 
stems from the fact that it directly 
exploits all the advantages of 
optical fibre communications 
(huge bandwidth and minimum 
losses over long distances) and 
at the same time, enables the 
realization of key functionalities 
for very high RF and microwave 
systems (e.g. 10 to 300 GHz) that 
are either too complex or even 
not directly possible to implement 
directly in the RF domain. This 
gives birth to a whole new set of 
architectures and opportunities 
for wireless information and 
communication (ICT) systems and 
networks.

Initial MWP developments 
were focused towards defence 
applications, like radar or military 
communications, but recent 
expansion has addressed a 
considerable number of civil 
applications, including 4G & 5G 
cellular backhaul, WiFi, WiMax & 
WiGig, satellite communications, 
cable television, distributed 
antenna & pico/femto cell systems 

and even medical imaging. Many 
of these applications demand 
ever-increasing values for speed, 
bandwidth and dynamic range, 
whilst at the same time requiring 
devices that are small, lightweight 
and low-power, yet able to 
demonstrate large tunability and 
strong immunity to electromagnetic 
interference. 

For the last 25 years, basic 
MWP links and systems have 
relied almost exclusively on 
discrete optoelectronic devices 
and standard optical fibres. These 
configurations are bulky, expensive, 
power-consuming and lacking in 
flexibility. The  advent of mature 
photonic integration technology 
platforms offers the required 
framework for MWP systems to be 
miniaturized and deployed into the 
market in the form of robust, cost-
effective and scalable photonic 
integrated circuits (PICs). 

Furthermore, such PICs can 
directly interface with optical fibres, 
or have only purely electronic 
(RF and/or DC) connections but 
internally operate in the opto-
electronic domain. Hybridization 
of different optical integration 
technologies is also being 
proposed, combining the unique 
feature of indium phosphide (InP) 
- light generation/amplification - 
with the small footprint and easier 
electronic compatibility of silicon 
photonics, or to the low-loss 
properties of PLC and TriPleXTM 
waveguides.

There are already a multitude 
of additional functions PICs 
are implementing - arbitrary 
waveform generation, analog-to-
digital conversion, optoelectronic 
oscillation, tunable broadband 
phase shifting & true-time delay, 
frequency multiplication & up/
down conversion, optical phase 
locked loops, RF transceivers, 
instantaneous frequency 
measurement and optical 
beamforming – For this article, we 
will focus on the last two. 

Beamforming or beam steering 
networks are used in radiant 
systems with multiple antennas 
(arrays) both to shape and steer 
the beam by applying different 

phase retardation or true time 
delays to samples of the same 
RF signal. Among the techniques 
employed to implement this, one 
includes using phase retardation 
(narrow band beamforming) of the 
RF sub-carrier on a single-side 
band modulated optical carrier. 
Other possible architectures use 
a set of tunable lasers which are 
multiplexed using an arrayed 
waveguide grating (AWG) followed 
by a Mach-Zehnder modulator. 

This way all the lasers are single-
side band modulated with the 
same signal. The following AWG 
demultiplexes the lasers and 
each one passes through a 
different ring-resonator in all-pass 
configuration. By tuning each laser 
within the free spectral range of 
the ring, the phase retardation of 
each RF sub-carrier with respect 
to the others is set to be different.

On a different application 
domain, instantaneous frequency 
measurement subsystems are  
used as modules for electronic 
warfare and intelligence.  
They provide sub-microsecond 
estimation of the central frequency 
of a received microwave signal  
over a broad bandwidth, which 
serves as the first step toward 

characterizing activity and 
detecting threats (RADAR 
warning, for example). The 
photonic architecture to build 
such an IFM subsystem consists 
of using an optical carrier 
introduced into a low-biased 
Mach–Zehnder Modulator (MZM) 
and driven by a CW microwave 
signal with unknown frequency. 
Since the optical carrier is greatly  
suppressed because of the 
low bias, a double-sideband 

suppressed-carrier (DSB-SC) 
modulation, with two sidebands 
that are at a certain distance from 
the optical carrier, is generated. 
This signal is then introduced 
into a complementary optical 
filter. Assuming perfect optical 
carrier suppression, it can 
indeed be shown that their ratio 
is independent of both laser and 
input RF power. 

In conclusion, integrated 
microwave photonics has reached 
a maturity and cost level where it 
is enabling multiple products, in 
several high-frequency domains. 
In addition, several promising 
applications are also in the works 
and will surely play an important 
role in upcoming technology 
developments and roadmaps.

Mobile and radio telecommunications enabled 
by microwave photonic integration

Several Mach-Zehnder interferometers on a silicon photonic chip
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FibreFab’s FirstLight™ ultra 
high density chassis are 
available in 1U, 2U or Zero 

U configurations. The system 
density is industry leading, with 
capacity to house up to 288 LC 
ports and 1152 fibres using 12 
fibre MTP/MPO interface in a 2U 

space. 
These are designed together 
with fibre management products 
to perform a core installation 
platform for the UHD modular 
system.

The UHD solution is suitable 
for data centre storage area 

networks, central office, POP, 
LAN and enterprise campus 
applications.
Visitors to ECOC will be able to 
see live UHD demonstrations 
along with presentation videos, 
and can find FibreFab on stand 
507.

Fraunhofer HHI´s PolyBoard 
platform enables the hybrid 
integration of a colourless 

transceiver for its potential use as 
an Optical Network Unit in WDM-
PON. A C-band tunable transmitter 

comprised by a Dual InP/Polymer 
Bragg Grating Tunable Laser 
allows tuning over 40nm and 
direct modulation up to 10 Gb/s, 
whereas achieving a power ex-
fiber of +0 dBm. The receiver in the 

L-band consists of an InP planar 
Photodetector integrated into the 
polymer PLC via a 45° mirror. The 
C/L band splitting is achieved by 
integrating a dielectric Thin Film 
Filter into the polymer waveguide 

by means of an etched slot. Such 
integration concept proves the 
suitability of HHI´s PolyBoard 
hybrid technology for high-
performance yet potentially low-
cost components for WDM-PON. 

Hybrid Integration from Fraunhofer Heinrich Hertz Institut

T he IEEE Photonics Society’s 
(IPS) new Women in 
Photonics initiative supports 

the engagement and advancement 
of women in the photonics and 
optics community. 

Women make a profound impact 
on optics and photonics innovation 
and IPS has started the initiative to 
recognize the talents of its female 
members and create an inclusive 
networking environment for all. 
The AVP of Women in Photonics, 
Dr. Arti Agrawal, enhances this 
spirit of photonics innovation by 
supporting educational programs 
and professional development 
activities that celebrate diversity.   

If you are interested in making a 
positive impact in the photonics 
community, you can join the 
initiative, by visiting the IEEE 
on stand 525, or by emailing 
PhotonicsSociety@ieee.org.

IEEE Women in Photonics 
is Seeking VolunteersUltra High Density Solutions from FibreFab
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Kamaxoptic pre-terms and 
multicore cable assemblies 
are the ideal solution for high-

density connectivity applications. 
A leading cable terminator for over 

a decade, the company has a wealth 
of experience in manufacturing 
multicore assemblies to individual 
project specifications, with solutions 
100% IEC and RoHS compliant for 
both singlemode G.652D or 657 
(A1, 2 or B3) and multimode OM1, 
2, 3 & 4. Full engineer drawings and 
specifications are provided for SOC 

and approvals processes. 
Production capacity exceeding 

500k terminations per month 
means all orders are processed 
with effortless efficiency and the 
company’s products are utilised by 
telecom operators and data centres 
worldwide, something KamaxOptics 
says provides their clients with the 
confidence to “offer our products in 
their projects, without hesitation”.

A full range of panels for standard 
SC and LC are also provided, as well 
as a range of MPO/MTP panel and 

cassette 
products.

ECOC 2014 attendees can 
meet the KamaxOptic team on 
stand 236.

I ntroducing Luceda 
Photonics…

Just three months ago, 
the Photonics Research Group 
at Ghent University and the 
B-PHOT team at the Free 
University of Brussels (VUB) 
launched Luceda Photonics, 
a company created to 
provide software and services 
for integrated photonics 
designers.

Their new IPKISS design suite, 
a complete design framework 
for photonic integrated circuits, 
includes a state-of-the-art 
component library, versatile 
python scripting and centralised 
data management. 

The team’s expertise in the 
development of process design 
kits (PDK) and the design and 
validation of photonic integrated 
circuits have already been 
utilised by several research 
institutes and industrial R&D 
teams worldwide.

To meet the Luceda team, visit 
stand 234.

T he new C BERT is a complete 
Bit Error Rate Tester in one 
compact box, dedicated for 

100G Ethernet applications. Four 
independent channels, operating 
between 24 and 29 Gb/s, enable 
traffic on all lanes and simultaneous 
four channel testing, to reduce 
test time. The C BERT’s key 
features are an integrated clock 

source, a clock data 
recovery (CDR), an 
auto decision point 
alignment and a BERT 
eye scan function for diagnostics. 
Besides a version with differential 
outputs and a version with single-
ended outputs for EML direct 
drive Munich Instruments offer the 
world’s first 100G BERT with optical 

modulated outputs for 
convenient ROSA testing.

Visit Munich Instruments on 
stand 167 to find out more.

High Density Connectivity Solutions

Munich Instrument’s new C BERT family
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L ive testing of 100G links along 
with thermal optimization at 
ECOC 2014

Once again the OIF will feature 
live demonstrations at ECOC 
that highlight the industry leading 
Implementation Agreements the 
OIF has issued to the marketplace.  
This year’s nine demos feature 
advances beyond what has been 
seen at the exhibition before.   

The OIF members participating 
in the demos include Amphenol, 
Finisar, Fujitsu Optical 
Components, Inphi, JDSU, Molex, 
MoSys, Semtech, TE Connectivity, 
Xilinx and Yamaichi Electronics 
along with Agilent Technologies 

and Tektronix providing testing 
equipment.

Visit OIF Stand #525 to see and 
discuss the following: 

CFP4 optical modules from • 
multiple suppliers with CEI-
28G-VSR electrical channels 
interoperating over a range of 
single mode fibre lengths, 
A CFP4 active copper cable • 
assembly operating with CEI-
28G-VSR links with multiple 
ASIC suppliers, 
Testing and validation of chip • 
to module “VSR channels” with 
compliance boards per CEI-
28G-VSR, 
Interoperation of various QSFP28 • 
direct attach copper cables 
(DAC) from multiple vendors 
over CEI-25G-LR channels,
Three different connector • 
supplier’s electrical backplane 
connectors showing CEI-25G-
LR operation with multiple 
SerDes suppliers,
A demonstration of the effects • 
of variations in surface condition 
on thermal performance with the 
400G CDFP Style 2 pluggable 
module per the on-going OIF 
thermal interface development 
project.

The OIF has been an industry 
leader in developing and 
delivering documentation called 
Implementation Agreements 
that enable a next generation 
interoperable ecosystem of 
hardware based on 25 to 28Gb/s 
electrical and optical channels.  
All of the demonstrations at ECOC 
are validation of the OIF’s work 
of either completed or in-process 
Implementation Agreements that 
ensure interoperability of multiple 
vendor’s hardware.

Visitors to the event can meet with 
member companies to discuss 
work taking place, whilst viewing 
the demonstrations. Currently the 
OIF is engaged in development 
work necessary to support use of 
SDN over carrier networks (ECOC 
Market Focus presentation, 
Wednesday 2th September, 
10:20am), definition of 56Gb/s 
electrical channels, and a 400Gb/s 
optical transport white paper.  

Visit stand 525 at ECOC to find 
out more.

OIF Interoperability 2014 – Accelerating Momentum 
on the Road to Next-Generation Architectures

Y amaichi Electronics 
have announced the 
release of their eQSFP+ 

product series solution for next 
generation 40Gb/100Gb Ethernet 
applications.

The CN120-038 connector 
and its cage accessories are 
100% footprint compatible with 
existing 10Gbps & 25Gbps QSFP 
standards. The connector is also 
compatible with many existing 

and new generation InfiniBand 
& Ethernet QSFP modules. 
With these features, CN120-
038-000 provides maximum 
signal performance, with the 
convenience for designing and 
upgrading systems, and achieves 
ultra high-speed performance, 
with up to 32Gbps transmission 
speed per channel. 

ECOC Visitors can find Yamaichi 
on stand 163.

Yamaichi announce eQSFP+ 
connector and kit

Tektronix Delivers New BERTScope 
Model Addressing 100G Optical 
Receiver Test Requirements

New BSA286CL BERTScope 
Bit Error Rate Tester offers 
the industry’s broadest 

precision jitter impairment 
capabilities with exceptionally 
low intrinsic jitter levels. The 
BSA286CL is designed for the 
low intrinsic jitter and precision 

impairments required for 
testing a broad set of 100G 
communications standards 
including OIF-CEI, CAUI, and 
InfiniBand Standards. The 
BSA286CL system will be 
showcased publicly at the 
ECOC, stand 495.
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