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Editor’s
Column

IEEE Lasers and
Electro-Optics Society

KRISHNAN PARAMESWARAN
April marks the start of spring in many parts of the
world, symbolizing the start of warm weather and new
growth. Following this theme, the April Newsletter
highlights the growth of FTTx (Fiber To The Home,
Curb, Premises, etc.). As the demand for communications bandwidth expands, optical fiber is making its way
closer to the end user throughout the world. We present
three articles about FTTx systems this month. Dr. André
Girard of EXFO Canada has written a nice overview of
where FTTx is going throughout the world. Dr. Gerlas
van den Hoven of Genexis in the Netherlands provides
perspective on FTTH networks in Europe. Prof. Chi Wai
Chow and colleagues from ITRI and National Chiao
Tung University in Taiwan describe FTTH networks in
Taiwan. We hope that you will find this series of articles
to be timely and informative.
We also continue our series of commentaries by LEOS
Leaders with an insightful column by IEEE Life Fellow
Dr. Ivan Kaminow. Many readers will be familiar with
his work and will surely find his experiences to be of
interest. A short preview of the Photonics North
Conference to be held in Montreal, Canada in June and a
summary of the recent IDRS conference are also included
this month.
As always, please feel free to send any comments and
suggestions to k.parameswaran@ieee.org. I would love to
hear what you would like to see in future issues.
Krishnan Parameswaran
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President’s
Column
JOHN H. MARSH
As I write this, the Conference on Optical Fiber
Communications is one week away. This year, OFC is
being held in San Diego, California, and the technical presentations and exhibition remain as strong as ever. The
presentations will cover the latest exciting developments
in optical communications technology and the trade show
will welcome both established players and new companies.
600 exhibitors are expected from 58 countries. Many of
the newer exhibitors will reflect the shift in the geographical focus of manufacturing industry that has taken
place over the last few years, a shift that is both welcome
and inevitable as the industry becomes truly global.
OFC is regarded as a bell-wether of the photonics industry, the communications sector of which has experienced
particularly painful and turbulent times in the last decade.
However, turbulence in the market masks major success.
Ultimately the telecommunications industry is sustained
because it is beneficial to society as a whole and individuals are prepared to pay for telecommunication services.
Growth in telecommunication service revenues has been
steady every year throughout the last decade, increasing
from $517 bn in 1996 to $1472 bn in
2006 [source ITU/ICT]. It is significant
that no year experienced a downturn in
revenue. If growth curves are extrapolated from the mid-1990s, they line up
almost perfectly with current growth.
Growth in internet traffic is often
highlighted as the key statistic, and
indeed the number of internet users has
grown 10 fold since 1997, reaching 1.2
billion today and accompanied by a
migration from slow to broadband
access. However, internet access shows
wide variation across different geographical regions and countries. In my view,
the more spectacular success is in mobile
communications, where the world penetration rate of paid subscribers is expected to reach 50% this month (February
2008) [source ITU/ICT]. This statistic is
tremendously exciting and should be
celebrated by all those attending OFC.
The engineering achievement should
also be celebrated, as it is a significant
challenge to deliver telecommunication
services of all types at an ever decreasing
cost per bit. In this context, reducing
cost in the optical fiber backbone is as
important as the development of ultralow-cost handsets.
April 2008

The anomalous event, of course, is the enormous
investment made in companies, licenses, and technologies
over a period of around three years centered on 2000. Back
in the 1990s, a sober, if unimaginative, extrapolation of
the growth curve would have led to the conclusion that
demand for capacity would be at the levels currently experienced. However, in the 2000 period the market was led
by emotion and fevered imagination! Those questioning
where the money would come from to support the aggressive growth predictions were told that individuals would
be prepared to spend a significantly higher proportion of
their disposable income on telecommunications services.
History shows that sudden changes in spending patterns
are very rare, so demand failed to match expectations and
telecom share prices collapsed. As a result investment and
pension funds (including IEEE’s own investments) lost
large amounts of money. The net result is that a real success of the worldwide engineering community is widely
perceived by the public to be a failure.
Through this period of turbulence, however, the OFC
conference has remained strong. It is a tribute to the
(continued on page 22)
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Special Feature on FTTx

Broadband and FTTx –
What has been done? Where is it going?
Dr. Andre Girard
Senior Member of Technical Staff
EXFO Electro-Optical Engineering Inc.
clearly the broadband FTTH PON transmission offers the
quickest option.
Largely due to this ability for high-speed transmission, fiberoptic wireline (FTTx) offerings, also known as fiber-to-the-home
Ever since their introduction, broadband and FTTx technologies
(FTTH), fiber-to-the-premises (FTTP), fiber-to-the-curb (FTTC),
have been growing. In fact, global broadband connections
and fiber-to-the-node (FTTN) or cabinet, are appealing to former
recently surpassed the 300 million mark (see Figure 1), and this
public telecommunication operators as future-proof and cost-effecfigure is expected to grow for all broadband technologies, at vartive network solutions. This is especially true for those offering
ious paces. Furthermore, as service diversity increases and the
services such as 3D video, personal video, high-speed Internet
number of broadband connections rises, the related bandwidth
gaming and, of course, high-definition television (HDTV), which
and transmission speed will proportionally follow.
is expected to reach 50 million sets worldwide by 2010. All these
The main benefit of a broadband connection is undoubtedservices lead to the need for 30 Mbit/s symmetrical transmission
ly its speed. For example, Table 1 below illustrates how long it
(see Figure 2).
takes for 660 MB of music to be sent from Palo Alto, CA, to
E-health and e-service convergence will also profit from
San Francisco, CA, using different transmission methods much more bandwidth in the near future. For example, e-health
will offer the opportunity for senior citizens
to remain in their home while their vital
signs are monitored in real time and the
data is sent upstream to a remote hospital,
Worldwide Broadband Subscribers
where a computer will register their health
313 Million
status. E-health applications can virtually
At June 30th 2007
eliminate the fear of dying that many senior citizens have when they are admitted to
Other Access
xDSL
Cable
FTTx
Satellite
Tech
a hospital. Eventually, e-health will provide
66% – 206 M
22% – 68 M
11% – 34 M
0.3% – 0.9 M
1.2% – 4 M
vital information to a nanotechnologySource: Data provided for the DSL Forum by Point Topic (www.point-topic.com)
based command-control-communication
(C3) system that will administer medicines,
following a medical procedure controlled
Figure 1. Worldwide broadband subscribers, per technology
from the hospital.
There are currently four transport technologies that can compete to support such
broadband services, digital subscriber line
(xDSL), hybrid fiber coax (HFC), cable distribution (CATV), and FTTx. Figures 3 and 4
50
Growth Potential
illustrate the distance-bandwidth limitations
Personal Video
for xDSL and FTTx.
40
MPEG4 ~9–10 Mbit /s
On a distance-bandwidth product
HS Internet Gaming +
basis, optical fiber cannot be surpassed,
30
10 Mbit/s
except when it comes to the cost of
Growth Potential
Recording HDTV5 Mbit/s
deploying the optical fiber cable (burying
20
Personal Video
the infrastructure), which still accounts
2nd
HDTV
MPEG4 ~9–10 Mbit/s
Channel
for most of the expense. As for xDSL, the
MPEG4 ~9–10
10
technology has largely improved its transHS Internet Gaming +
1st
Mbit/s
10 Mbit/s
Channel
port capacity, but in doing so has limited
its delivery range (see Figures 3 and 4).
Downstream Services
Upstream Services
Overall, ADSL is very cost-effective alternative, as the technology has improved and
can be upgraded; however, chip sets and
Figure 2. Downstream and upstream broadband services bandwidth requirements
Bandwidth (Mbit/s)

400 GODIN AVENUE, QUEBEC CITY, QUEBEC, CANADA G1M 2K2
TEL.: (418) 683-0913, EXT. 3138; FAX: (418) 683-2170; E-MAIL:
ANDRE.GIRARD@EXFO.COM
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Accelerating the pace of engineering and science

?

Hablas
MATLAB?

Over one million people around the
world speak MATLAB. Engineers and
scientists in every field from aerospace
and semiconductors to biotech,
financial services, and earth and ocean
sciences use it to express their ideas.
Do you speak MATLAB?

This example available at
mathworks.com/ltc

The language of technical computing.

©2007 The MathWorks, Inc. Data source: NASA

Mars Global Surveyor
altitude data, projected
on a sphere.
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electronics must be completely replaced when moving to VDSL,
which clearly changes the economic scenario. Of course, if the
copper cable infrastructure is still available and capable of transporting the new very high bit rates, then the cost of deploying
VDSL will still remain far lower than its corresponding fiber technology. However, if cities adopt legislation forcing every transport
technology to be buried in new neighborhoods, thus requiring
new infrastructure to be deployed (Greenfield), then the previous

Method

Speed

Duration

Modem

56 Kbit/s PC

~26 h 12 min

500 Kbit/s Cable

~3 h

T1 Line

1.5 Mbit/s

~1 h

By Car

~90 km/h

~40 min

FTTH
PON

10 Mbit/s

<9 min

100 Mbit/s

<1 min

Table 1. Example of the transfer time for sending 660 MB of data
over 60 km using different transmission methods

Central
Office

Remote
Terminal

cost-performance advantage of VDSL may not be so attractive
after all, especially if the life-cycle cost is taken into account.
Considering a very long life span and a strong and ongoing bandwidth demand, fiber would be the better option by far.
In North America, telecom companies have been pushed by
CATV transport technology (HFC , see Figure 3) to improve their
service offerings and increase the downstream speed of their broadband services. The situation is completely different in Europe and
Asia-Pacific (see Figure 1).
Several questions arise when looking at various parts of the
world, and the answers will differ according to the context. For
example, how much bandwidth are telecom companies willing to
provide to their subscribers? Will it match their current or potential wish to gain access to corresponding bandwidth-consuming
services (see Figure 2)? What price/service ratio can they establish
in order to ensure that subscribers can afford their services, while
still generating a profit and pleasing shareholders? In all these
instances, the answers will depend on the socio-economic values
and telecommunications culture in the various parts of the world.
For instance, in North America, owning a house as well as several television sets is quite common, and professional achievement
often goes hand-in-hand with extensive and continuous consumption of telecommunications services. Services such as TV and
HDTV are attractive business opportunities for telecom companies,

Node
(Neighborhood)

Subscriber’s
Premises

Curb
(Pole/Cabinet)

3 Mb (1-Play)

Telcos Initial Access Network
DSLAM/ADSL

DSLAM/ATM
Aggregation

ADSL
Modem

ADSL
≤ 3 km

~30 Mb (2–Play)

FTTN

DSLAM
100s Homes

Aggregation

ADSL2 +

30–40 Mb + (3-Play)

VDSL2
ONU
8–12 Homes

Aggregation

OLT

DSL Modem +
STB

≤ 1.5 km

FTTC

FTTP

≤ 1 km

≤ 300
m

DSL Modem
+ STB

30–40 Mb (3-Play)
BPON + Optional RF Overlay/EPON/GPON

ONT + STB +
Home Network

≤ 20 km of Fiber (One Fiber Only, P2MP)
HFC

O/E Node

Headend
CMTS/QAM

500–1500
Homes

30Mb
Cable(3-Play)
Modem + STB

Cable Modem + STB
Fiber

Copper

Coax

Note: DSL access multiplexer (DSLAM); asynchronous DSL (ADSL); set-top box (STB); optical network unit (ONU);
very-high-bit-rate DSL (VDSL); passive optical network (PON); broadband PON (BPON); Ethernet-ready PON (EPON);
Gigabit-capable PON (GPON); optical network terminal (ONT); point to multi-point (P2MP); cable modem termination system
(CMTS); quadrature amplitude modulation (QAM); optical-to-electrical or electronic conversion (O/E)

Figure 3. Various broadband transport technologies
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240
BPON (622M/1×32) (w RF Video Overlay)
GPON (1×32);
GPON (1×64); BPON (1.25G/1×32)
EPON (1×16)
EPON (1×32 w FEC)
VDSL2 (30 MHz)
VDSL (12 MHz)
ADSL2+ (2.2 MHz)
ADSL

220
200
180
160
140
120
100
80

20 km

Per Subscriber Downstream Line Rate (Mbit/s)
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60
40
20
0

0

1

2

3

4

5

6

7

8

9

10

11

12

Premises Reach (km)

Note: With radio frequency (w RF); with forward error correction (w FEC)

Figure 4. Distance-bandwidth limitations for various broadband transport technologies

as well as CATV operators, thus explaining
the fierce competition. The continuous housing development (also called Greenfield) also
ensures a permanent growth for operators.
Figure 5(a) illustrates typical successful broadband subscription conditions for the operators
in North America.
However, European culture presents
another context, where demand is not necessarily as strong as in North America (see
Figure 5(b)). Again, the situation is quite different in the Asia-Pacific region, telecommunications consumption (not always broadband) is massive due to the dense population
mostly living in multidwelling units (MDUs)
(see Figure 5(c)).
Figure 6 illustrates a typical network
topology for a FTTP-related MDU using
hybrid PON-xDSL architecture.
This variety of conditions for broadband
consumption offers some potential for FTTx,
especially FTTC, FTTP and FTTH but not
everywhere. Fiber still remains costly to

Mostly MDUs in Cities
Tendency to Go Outside and in Cafes
Individually Owned or Rented Apartment With:
Roughly One TV Set
Roughly One PC with SS Internet Connection
One Phone or Even Only a Mobile
Weak Telecommunication Consumption

Wealthy Middle-Class Neighborhood
Individually Owned Expensive House With:
Many TV Sets (At Least One HDTV Set)
Many PCs with HS Internet Connections
A Phone Everywhere
Large Telecommunication Consumption

(b) Situation in Europe (EU)

(a) Situation in North America
MDUs Everywhere
TV Sets, PCs, Mobiles Everywhere

HDTV in Rich Neighborhoods
Huge Telecommunication Consumption
300 M+ Internet Subscribers in
China Only and Growing

(c) Situation in the Asia-Pacific region

Figure 5. Typical subscription conditions for the operators in various continents
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30–40 Mb + (3-Play)

≤ 300 m Conduit

ernment incentives in areas perceived to be
expensive. The next two conditions imply
Central
Multi-Dwelling Unit
that demand and subscriptions for highOffice
bandwidth broadband services will soar if
DSL Modem
the country’s middle class is highly educat+ STB
ed, and maybe even wealthy and interested
DSL Modem
in the technology itself. This renders fiber
+ STB
optics, as a medium, very appealing to the
user, as they recognize how this technology
DSL Modem
can provide entertainment and improve
+ STB
their quality of life. In that context, FTTP
and FTTH developers would use fiberbased service access in their advertisements
and promotional material. The last condition is one of the most important as it
drives the substantial growth for bandwidth demand and, consequently, provides
O
FTTP PON
VDSL2
OLT
ONT E
the most impressive and visual use of
≤ 20 km of Fiber (One Fiber Only, P2MP)
broadband access.
Fiber
Copper
It would certainly be interesting to verify
if such conditions could apply to the FTTx
Figure 6. Typical FTTP topology for MDUs with hybrid PON and DSL architecture
market situation around the world as of 2007.
Figure 8 below provides a good overall indicator of market tendencies, although the numbers provided in the figures are approximate.
Until now, practically all TV channels have been transmitted
using analog RF, even for service providers that were early adopters
of FTTH and offering video services together with BPON (see
Figure 9).
However, the prospect of transporting video using the
Internet protocol (IPTV) is an interesting alternative to RF video
with some major benefits such as using the same wavelengths in
both downstream and upstream directions, without the need for
an EDFA, as shown in Figure 10. Once full digital telecommuniFigure 7. Example of installation of buried fiber-optic cable
cation transmissions become mandatory worldwide, IPTV will
open up the opportunity for video production in small office
deploy, especially if conduit infrastructures must be installed in
home office (SOHO) and video transport in both directions. This
the access network, up to the home. For example, in a Greenfield
deployment, FTTH becomes very expensive project, as more than
may then generate new business opportunities and new addition60% of the entire project cost must be allocated to digging
al bandwidth requirements. As a “killer telecommunication
trenches in order to install the fiber-optic cable (see Figure 7) and
application” may be defined as a high-speed upstream application
other infrastructure elements (cabinets, splice enclosures, etc.).
requiring even more returned bandwidth downstream, full digiIn such cases, the North American FTTH model and the Asiatal transport and IPTV may then enable such applications and
Pacific MDU-based FTTP model would tend to offer sufficient
bring about the opportunity that everyone in telecom business is
return-on-investment (ROI) for the telecom companies. In Europe,
waiting for.
however, because of the typically short distances between premises,
In 2007, there were approximately 10 million IPTV subthe classical FTTC and the MDU-based FTTP models would offer
scribers worldwide, and the growth rate seems to be constant.
This may be taken as an indication that much more IPTV
the same relative advantage.
business is yet to come.
Regardless of the specific country and context, a set of five main
In conclusion, there still remain other interesting quesconditions can be defined to ensure successful FTTP or FTTH
tions
that can be posed as to what the future holds for broaddeployment:
band and FTTx. Will IEEE802.16e WiMAX (worldwide
interoperability for microwave access) wireless transport ever
1.
Growing telecom market
become a serious alternative to deliver triple-play communi2.
Favorable government policies/regulations
cations—especially HDTV? Will it become part of the glob3.
Educated middle class, interested in using technologies
al telecommunication transport solution? Will wireless
4.
Optical fiber used as marketing incentive
become the communication technology of choice inside
5.
HDTV
homes in the future? Only time will tell with certainty, but
we can prepare ourselves with solid solutions that will serve
The first two conditions are a must, as in a recession context,
our purposes for the foreseeable future.
there is not much chance to see many new developments or govApril 2008

22leos02.qxd

4/8/08

1:15 PM

Page 11

Operator

Country
Country

Operator

USA

Verizon (BPON); AT&T (GPON)

Canada

Bell; Telus (Both GPON)

Number of
Subscribers
~6 M
(Essentially
US)

Japan

NTT, KDDI, USEN, TEPCO, Yahoo
SoftBank

South
Korea

KT

Singapore

Singtel

Chile

Number of
Subscribers
~7 M (EPON)

~4 M (BPON,
EPON)

China Netcom (EPON), Beijing Netcom
(BPON), China Telecom (EPON/GPON),
China Mobile (GPON)
Hong Kong PCCW, NOW (~0.7 M Active Ethernet
Subscr.)
Taiwan
Chunghwa Telecom (GPON)
China

Colombia

Telefonica
~0.3 M

Argentina
Brazil

Embratel
Total

Mostly BPON (Verizon); a Few GPON

Total

~7–8 M

Mostly EPON (Few BPON and GPON)

(a) Projects in the Americas
Operator

Country
Sweden
Italy

Bredbands Bolaget (Active Ethernet), Mälarenergi
Stadsnät AB (Active Ethernet), Koping Kabel-TV
(GPON), Stadsnäts (Network Association, 200 Cities)
Telecom Italia (GPON), Fastweb (Active Ethernet)

Netherlands

Citynet, Portaal, KPN, ETNL, Dansk Bredbaand,
Volker Stevin Telecom, Kenniswijk (All Act. Ethernet)

France

FT Group-Orange (GPON) and Erenis, PAU
Broadband Country & Free (All Active Ethernet)

UK

BT (GPON)

Denmark

Sydfyns Elforsyning (GPON), Trefor, Energimidt
(Active Ethernet)

Total

Mostly Active Ethernet; a Few GPON

(c) Projects in Asia

~5 M

~16–20 M

(b) Projects in Europe
Number of
Subscribers

~0.5 M

Country

Operator

Australia

Telstra

~0.5 M

New
Zealand
Pakistan

Telecom

~0.6 M

Russia

Center Telecom

Kuwait

Kuwait Telecom

~0.4 M
~2 M

Number of
Subscribers

Nayatel
~2 M

United Arab Etisalat; Dubai Internet City
Emirates
Total Mostly GPON; a Few EPON

~2 M

(d) Projects in the rest of the world

Figure 8. PON and active Ethernet FTTx worldwide projects in 2007 (~30M total subscribers)
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Figure 9. FTTP PON architecture with analog RF video overlay
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Special Feature on FTTx

Open Fiber-to-the-Home Networks in Europe
Author: Gerlas van den Hoven – CEO Genexis B.V.
At first glance, the idea of open communications networks
seems like an idealistic utopia, something that will always be
for the “next generation”. The reality is that such networks are
being deployed today in Europe! Fiber-to-the-home is revolutionizing the European communications market, giving the
end-user a real choice.
In many areas, the deployment of fiber-to-the-home
(FTTH) is seen only as the way to increase bandwidth. Indeed,
most of the passive optical network (PON) deployments in
Japan and the US are geared towards providing a higher bandwidth than current cable internet or DSL technology. In
Europe, the point-to-point (PTP) fiber deployments not only
provide an even higher bandwidth per user, they also enable
open networking. The key to this “openness” is Ethernet.
Based on Ethernet, transparent connections can be made
between the users in the network and the providers that offer
communication services.
Take the FTTH network of Amsterdam as an example:
40000 homes are currently being connected by optical fiber.
The fibers are terminated in Ethernet switches in one of four
central offices. Each home is provided with a 100 Megabit/s
home gateway that features multiple Ethernet ports in addition to telephony and broadcast TV ports. On each port, a
service provider can offer one or even a package of services. For
example, one user could take services from say four providers,
while his neighbor subscribes to perhaps four completely
different providers. Changing from one provider to another
takes no more than a single mouse click in the network
management system.
The Amsterdam example shows that it is the combination
of high bandwidth and flexibility in the network that makes
FTTH a viable business. The high bandwidth enables new
services like interactive IPTV in addition to the normal “triple
play” voice, internet, and broadcast TV services. The flexibil-

ity ensures that users get a choice and are therefore attracted
to subscribe to the FTTH network. In addition, the transparency of the network makes the management simple and
low-cost, making the operating cost of the network lower than
for a traditional copper-based access network.
From a technical point of view, Europe’s PTP networks are
simple. Bidirectional transceivers, sending and receiving
optical signals at 100 Megabit/s are installed into the central
office switches. High fiber-count cables, with up to 1000
fibers in a 1-inch diameter, lead the fibers from the central
switches towards the homes. Most of Europe’s networks are
buried, and ingenious methods have been developed to
deploy the individual fiber cables to each home, without
actually opening up the ground in front of the homes. At the
home gateway, the optical signal enters a similar bi-directional transceiver, and is converted directly to Ethernet.
Based on Ethernet tags containing VLAN and quality-ofservice information, the communication services are separated and are brought to the correct user ports. The simplicity
of this approach directly translates to high reliability, ease of
management, and upgradeability.
An often-heard remark is: why deploy fiber if you are only
doing 100 Megabit/s? The answer is obvious: the world is not
stopping at 100 Megabit/s! In fact, our company is introducing a 1 Gigabit/s home gateway this year to meet the needs of
the most bandwidth-hungry end-users. Targeting services
involving new standards such the new Blu-ray Disc and highdefinition (HD) video content, Gigabit/s home networking
will enable the distribution of (HD) content, both television
and gaming. Also here, the open network gives the user a
choice: while the most demanding users can benefit from the
highest speeds, the majority of the users can choose a moderate bandwidth that suits them best. It is a win-win for enduser and service provider. The end-user gets to choose, and the

Deployment of fiber in the Amsterdam Citynet project.

Home gateway installed in a Slovenian home (courtesy of Optisis d.o.o.).
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service provider can maximize its revenue since they provide
premium services to those users willing to pay.
It is interesting to compare the situation in Europe to the
FTTH deployment in the United States. Initiatives for FTTH
in the US started after the Federal Communications
Commission (FCC) released new regulations: the mandatory
requirement for operators to unbundle FTTH was removed.
This meant the operators deploying FTTH felt safe that their
investment was protected, and that they wouldn’t be opening
their newly built network to the competition. Good news for
the operator perhaps, but bad news in terms of the openness of
the network. A US subscriber to FTTH does not have a choice
on the FTTH network; if the user wants to change provider,
he has to change from fiber back to copper!
In Europe, such regulations protecting the operator do not
exist. Yet, many operators, including the large Dutch incumbent KPN, are deploying FTTH in significant volumes. Do
they run the risk of losing their investment? The answer is no!
More and more, Europe’s operators are choosing an open network model, where the operation of the network is clearly distinguished from the provision of services. In the Dutch city of
Enschede, users can choose between multiple service
providers, all being delivered on KPN’s FTTH infrastructure.
Based on PTP Ethernet, switching from one provider to
another simply means assigning a different VLAN to a port on
the home gateway. In a way, one could say that Europe’s operators are opening their networks even before regulations come
into play to force them!
On the one hand, this strategy seems idealistic, however,
from the point-of-view of the operator it makes prefect business sense. Europe’s operators have realized that there are really two distinctive businesses: first, selling Megabits to each
home and second providing differentiated services to the endusers. These roles are very different. Delivering bandwidth
implies building fixed infrastructure (fiber in the ground), lots
of equipment and servicing. Providing services on the other
hand means obtaining content, enabling communication functionality (Internet, telephony, etc), and advertising to end-

Close up of a typical FTTH home gateway showing the users ports
voice, broadband data and CATV.
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users. Essentially, a given home will take the bandwidth from
a single source, like today’s electricity network, but will use it
for a whole variety of services, just like the things that run on
electricity.
Coming back to how to realize such open service networks, Europe has been considering several networking
technologies. Rather than end-up in a technical discussion
on the pro’s and con’s of PON versus PTP, the operators
have considered which technology will get the maximum
numbers of users onto the network. In a PON network,
open networking is an issue, and PON is therefore only
suited to vertically integrated operators. This makes it difficult for an end-user to change from a trusted copper-based
network with a familiar operator, to a new – therefore untrusted – fiber network from a different operator. With
PTP, open networking comes naturally; the end-user has to
choose the provider he wants. This lowers the hurdle that
end-users have to overcome, and therefore strongly increases
the acceptance of FTTH.
Fiber-to-the-home is therefore not just a new exciting technology, but is much more a new way of providing and
enabling communication services in our 21st century communications society. Making the right technology choices that
enable this new way of communication, will be a crucial factor for network operators in the coming 5 years.
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Special Feature on FTTx

Recent Research on Fiber Access Systems for FTTH
Networks in Taiwan
C. H. Yeh1, C. W. Chow2, Y. M. Lin1, D. Z. Hsu1, and S. Chi2
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Abstract
We describe current research on FTTH for the last mile access
and discuss the M-Taiwan project, which has a target of providing broadband everywhere in Taiwan. Several related technologies, such as upstream signal power equalization, fiber
access network with self-healing functions, OFDM-based
PON and carrier distributed WDM-PON have been studied
by ITRI and NCTU.

Introduction

Project, which aims to eventually build 6,000 kilometers of
broadband pipeline across the island. These public ducts will
be leased to telecommunications operators for the deployment
of broadband Internet (such as optic fiber) networks. This will
greatly improve the bandwidth and quality of last mile connectivity in Taiwan.
Passive optical networks (PON) are considered as a promising candidate for FTTH to overcome the last mile bottleneck
in broadband optical access network [2], [3]. Time division
multiplexing PON (TDM-PON) systems such as Ethernet
PON (EPON) and Gigabit PON (GPON) have already been
standardized [4], [5]. They are currently operating at the
nominal line rates of 1.25 Gbit/s and 2.5 Gbit/s for EPON
and GPON, respectively. In Taiwan, the M-Taiwan project
was advanced by the government to supply the broadband
access. Chunghua Telecom Co. Ltd. will lend an impetus to
provide FTTH from 2007 to 2009. Industrial Technology
Research Institute (ITRI) not only develops GPON system for
commercial applications, but also works closely with the
National Chiao Tung University (NCTU) on PON related
research to provide the best choice and solution for FTTH. In
this paper we introduce several technologies for PON applications, including the upstream power equalization for high
speed TDM-PON, self protection PON system against fiber
cut, orthogonal frequency division multiplexing (OFDM)based PON and carrier distributed wavelength division multiplexing PON (WDM-PON) [6-10].

Recently, because of demand from high data rate triple-play
services, the deployment of fiber to the home (FTTH) and the
related standardizations are becoming increasingly important. At the end of 2006, there were 4.55 million broadband
Internet accounts in Taiwan, for an impressive penetration
rate of 78.72% [1]. Of these, 87% used DSL, 8% used cable
modem, 4% were on a fiber optic line, and the remainder
used leased lines to access the Internet. According to the
World Broadband Statistics 2006 Q2 report by Point Topic,
Taiwan ranked third in DSL penetration of phone lines at
29.3%, just behind France and Finland. In terms of DSL
accounts, Taiwan ranked 10th with 3,835,000 users. These
statistics confirm Taiwan's commitment to creating a worldTechnical Research
class communication environment for high quality e-services
We proposed a cost-effective power-equalized technique for
available at home, office, school and in the community or on
GPON using a Fabry-Perot laser diode (FP-LD) to serve as a
the move.
power equalizer, as illustrated in Figure 1. The equalizer conBroadband Internet infrastructure development programs
sisted of an optical circulator (OC) and FP-LD connecting the
were initially introduced in the government's Knowledge
receiver (Rx) in the optical line terminal (OLT). The upstream
Economy Project, National Information
Infrastructure (NII) Promotion Program
and e-Taiwan Program. Thereafter, the
Broadband Duct Construction Project was
established in 2003 to facilitate the creation of a seamless broadband Internet
environment, encourage fair competition,
and promote the telecommunications and
digital content industries. Later the MTaiwan (Mobile Taiwan) Program was
introduced with the aim of building an
environment for wireless broadband applications and to provide users with unfettered e-services. Under the M-Taiwan
Program, NTD30 billion has been allocat- Figure 1 Proposed power equalizer in GPON to equalize the entire uplink power of each
ed for the Broadband Duct Construction ONU. The equalizer is integrated in the OLT.
April 2008
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Received Upstream Power (dBm)

signals from LD-2 will pass through the 1310/1490 nm
WDM coupler and OC into the proposed equalizer (LD-1) to
−5
equalize the power level. The operating bias current (Ib) of
FP-LD @ Ibias = 9 mA
LD-1 was set at 9 mA, which was less than the threshold current (Ith). When upstream signals of power ranging from -1.5
−10
to -25 dBm were injected into the LD-1, the output power
only varied from -11 to -15.3 dBm, as shown in Figure 2. This
−15
is because the high injection upstream signal will be absorbed
while the low power signal will be amplified by the slightly
−20
under biased FP-LD inside the equalizer.
A novel self-protecting architecture for a ring-based PON to
prevent fiber failure in a single-path was proposed and demon−25
−30
−25
−20
−15
−10
−5
0
strated. Assuming the proposed self-healing architecture system
Input Upstream Power (dBm)
has four optical networking units (ONUs), as shown in Figure
3. The downstream signal of OLT was transmitted through the
path “a” (in clockwise) without any fiber failure (in normal
Figure 2 Received average output power of the proposed equalizer
versus different upstream injection powers from -1.5 to -25 dBm.
state). As illustrated in Figure 4, the OLT can determine two
different transmission paths for data traffics by the proposed
combiner integrating in the OLT. The proposed combiner consisted of two 1×2 optical couplers (CPRs) and a 1×2 optical
switch (OS). The switching direction of OS can be controlled by
the media access control (MAC). In normal state, the OS was
placed at point “1” for the downstream traffic through the fiber
path, “a” as shown in Figure 4(a). Figure 5 presents the proposed
ONU with bidirectional function to access the downstream and
upstream links. Physical layer of each ONU was constructed by
a 2×2 CPR and two line terminations (LTs). The upstream traffic will be transmitted from the LT(1) through path “a” (counterclockwise) without any fiber failure. LT(0) of ONU was prepared against the fiber failure. When a fiber fault occurs
between ONU2 and ONU3, then the data traffics of ONU3
and ONU4 cannot link with the OLT. At this time, the two
unreachable ONUs will start driving the LT(0) to reconnect the
data links simultaneously. And the OLT will switch the direction of OS to the “2” point by MAC, as shown in Figure 4(b).
Then, the downstream signal will be separated to pass through
the “a” (clockwise) and “b” paths (counterclockwise) simultaneously. As a result, the data links from OLT to ONU1 and
Figure 3 The data traffics of the proposed self-protecting ringbased PON with four ONUs in normal state.
ONU2 were routed through the “a” path (counterclockwise),
and the ONU3 and ONU4 were routed
through the “b” path (clockwise). This
restorable time was achieved within 7 ms in
the proposed access network. When the
fiber failure is restored, the operation mechanism of PON system will be restored.
Beside, before the transmission failure (normal state), this downstream signal was
passed the “a” path. However, in case of
fiber cut, it is no longer possible to receive
the upstream signals behind the fault point.
Thus, this downstream signal was split and
transmitted through the “a” and “b” paths
by switching the direction of OS to “2”
point, simultaneously. Bit error rate (BER)
performance was measured by a 1.25 Gbit/s
non-return-to-zero (NRZ) pseudo random
Figure 4 The proposed combiner in OLT to control the transmitted direction of downstream binary sequence (PRBS) with a pattern
signal, when the direction of OS is set to (a) the “1” point and (b) “2” point.
length of 231-1 for the downstream and
16
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upstream traffic between the OLT and ONU4 through “a”
(without protection) and “b” (with protection, fault between
ONU3 and ONU4) paths. The output power of 1490 and 1310
nm transmitters were 2 and 2.5 dBm, respectively. Figures. 6(a)
and 6(b) show the measured downstream and upstream BERs in
the self-protected ring-based PON against the received power
through “a” and “b” paths between OLT and ONU4. The
observed optical power penalties were smaller than ~0.2 dB.
We conducted a trial experiment of a new modulation format on the FTTH access networks and presented an OFDMbased 4 Gbit/s PON system that only use 1 GHz components in 2007, as shown in Figure 7. The study showed that
the OFDM’s inherent frequency domain equalizer can compensate the frequency response ripple. Besides, the high
spectral efficiency quadrature amplitude modulation (QAM)
format can be encoded on the subcarriers in OFDM signal, so
the bandwidth requirements of optoelectronics are greatly
reduced. In the study, we demonstrated that the wideband 4
Gbit/s 16-QAM encoded OFDM signal can be transported in
optical access networks with low cost 1 Gbit/s grade optical
components. The transmission BER was less than 10-9 after
20 km fiber transmission and the power budget was 19 dB,
as shown in Figure 8. The data rate and power budget can be
further enhanced if forward error correction (FEC) were
adopted. Since > 2 GHz high-resolution data converters
become commercially available recently, the OFDM signal is
a practical candidate for upgrading optical access networks
in the near future.
One great challenge in the WDM-PONs is the transmitter at the ONU, located in the customer premises, which
must have a wavelength that is precisely aligned with a
specifically allocated WDM grid wavelength. A cost-effective solution would ideally employ the same components in
each ONU, which should thus be independent of the wavelength assigned by the network – or “colorless”. Although
the carrier distributed WDM-PONs have many attractive
features, a key issue that needs to be addressed is how best to
control the impairments that can arise from optical beat
noise induced by back-reflections and Rayleigh backscattering (RB) of the optical carrier at the upstream Rx at the
head-end office. Figure 9 shows the two dominant contributions to the RB in carrier distributed PONs, which interfere
with the upstream signal at the Rx. The first contribution,
Carrier-RB, is generated by the backscatter of the CW carrier being delivered to the RONU. The second contribution,
Signal-RB, is generated by the modulated upstream signal at
the output of the RONU. Backscattered light from this
upstream signal re-enters the RONU, where it is re-modulated and reflected towards the Rx. The Carrier-RB has the
same spectrum as the CW carrier, while the Signal-RB is
modulated twice by the RONU and has a broader spectrum.
Theoretical and experimental characterization of the two RB
components have been performed. For efficient RB mitigation, it is important to minimize the spectral overlap
between the upstream signal and both types of RB, ensuring
that the majority of the frequency components of the resultant electrical beat noise fall outside the Rx bandwidth.
Advanced modulation schemes to mitigate RB interferometApril 2008

ric beat noise have been also proposed and demonstrated.
Recently, we applied the 4 Gbit/s 16-QAM encoded OFDM
signal into an electro-absorption modulator (EAM)-based
ONU. The performance of the signal was analyzed. Figure
10(a) and (b) show the radio frequency (RF) spectrum of the
16 subcarrier optical OFDM signal detected at the output of
the ONU and the constellation diagram after propagating
through 100 km single mode fiber without any dispersion
compensation, respectively. The optically pre-amplifier Rx
sensitivity was -22 dBm at the BER of 10-9 with 100 km
fiber transmission.

Figure 5 The proposed ONU module with the bidirectional function.

Figure 6 BER performance of (a) downstream and (b) upstream
traffics at 1.25 Gbit/s modulation. The distance between the OLT
and ONU4 is 20 km long.
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Figure 10 OFDM-16QAM (a) RF spectrum and (b) constellation diagram measured at the output of ONU with 100 km transmission.
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At age 78, I can look back on 56 years as an EE with nostalgia. To summarize, I retired from AT&T Bell Labs in 1996
after 43 years devoted to lightwave communications. I have
had the opportunity to continue my interest in technology as
an IEEE Congressional Fellow, OSA Senior Science Advisor,
and legal expert witness. Since 2004, I have been Adjunct
Professor in the EECS department at the University of
California Berkeley. Altogether, it has been a very satisfying
career; a time that has passed in the blink of the eye. At the
kind invitation of editor Krishnan Parameswaran, I’d like to
touch on a few highlights.
To start at the beginning, my grandparents came to the
United States from Eastern Europe; I imagine from shtetls, or
Jewish villages, similar to the one portrayed in “Fiddler on the
Roof.” Both my parents, who were born in New Jersey, had to
quit school at an early age to help support their respective families. Nevertheless, my brother and I went to the public schools
in Passaic, NJ with the clear understanding we were expected to
go on to college. Since I enjoyed math and science, I decided to
become an engineer, although I didn’t have a good idea of what
an engineer actually did. Civil was tempting because I could picture myself outdoors slogging through mud with a slide rule on
my hip, but finally I chose electronics, thinking I might become
a sales engineer. It turned out to be a good choice.
When I graduated from Union College in 1952, there was a
strong demand for EEs, particularly in California where the aircraft industry was gearing up to support the Korean War. Only a
few years earlier, EE graduates couldn’t find a job. I had offers
from Bell Labs in NJ and Hughes Aircraft in Los Angeles; I chose
the latter because California seemed more adventurous. The
Hughes job offered a higher salary and a Master’s degree from
UCLA. Six months after arriving in LA, I returned east briefly to
marry Florence Fischer, who I had met a few years earlier at
Skidmore College. I enjoyed the Hughes Research Lab. It had a
research atmosphere patterned after Bell Labs and was populated
by PhDs. I worked on slot array scanning antennas for airborne
radars. I wanted to get my PhD someday. In 1954, we decided to
return to NJ with our baby daughter, and to Bell Labs.
My job at Bell was in the military research lab in Whippany,
NJ, where I continued working on microwave aircraft antennas.
But Bell also had a terrific Communication Development Training
(CDT) Program for the new hires without PhDs. We spent 3 days
per week taking courses from Bell Labs research greats as well as
professors from NYU. We also had an opportunity to rotate
through three Bell Labs departments to learn what they were doing.
I selected a transistor circuit development department and a
microwave tube development department located in Murray Hill,
NJ, and a microwave telecommunications systems research department located in a small wooden building in rural Holmdel, NJ. All
were rewarding experiences but I liked the Crawford Hill lab in
20
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Holmdel best because of the lovely surroundings, small size, and the
connection with microwave devices, which I found quite fascinating.
In 1956, another great opportunity came my way. The Bell Labs
CDT Program was to last three years and required lots of homework. The students complained they were working as hard as if
they were in grad school but were not earning a degree. The Bell
Labs management responded by selecting two students from each
class to send for their PhDs. I was one. I wanted to go to MIT or
Harvard; I was accepted at both. I chose Harvard because it didn’t
require a written preliminary exam as MIT did. The MIT prelim
was legendary for containing tricky questions that would have
required a year of preparation. Harvard had a verbal prelim, which
I sailed through.
I moved with Florence and our two children, Paula and Leonard,
to Brookline, MA, from where I could bike to Harvard. By the time
I graduated, our third, Ellen, had arrived. I was able to manage
financially because Bell Labs still paid my regular salary. I enjoyed
grad school immensely but, as a father of three, I needed to graduate quickly. My thesis, completed in 1960, was on ferromagnetic
resonance at microwave frequencies and high pressures; my advisors
were C. Lester Hogan and, later, R. Victor Jones.
More good luck: just after I returned to the Crawford Hill Lab,
Ted Maiman at Hughes demonstrated the first laser, setting off a
frenzy of activity in the research departments. Most people tried to
reproduce Maiman’s result and then move on to more practical
lasers. I decided to leave the pack to work on microwave light modulators. A rule-of-thumb in microwave communication systems
was that the system bandwidth could be 5% of the carrier frequency. For a laser carrier at 1000-nm wavelength, or 330 THz, the
modulation frequency might be as high as 16 THz. This high frequency was out of the question then and we are still not there, but
I did look for means of reaching 10 GHz modulation frequencies
using the linear electro optic effect in KH2PO4. I worked on the
electro optic modulators for about 15 years, exploring materials and
device physics. Bell Labs was the perfect venue. In the Research
department, we had experts in all aspects of science and technology, and I collaborated with many. The most practical electro optic
material turned out to be LiNbO3, which was being grown and
studied by Kurt Nassau in the Murray Hill lab. One important
invention of mine (with Ron Schmidt) was the titanium-diffused
LiNbO3 waveguide and modulator, which has been used in many
commercial telecom systems.
Afterwards, I was able to find other interesting research topics,
such as semiconductor lasers, birefringent fibers and all-optical
networks. In 1984, I was promoted to Head of the Photonics
Networks and Components Research Department. In this job, I
was able to mentor and support some very creative people. As the
result of an anti-trust agreement, 1984 was also the year of the
divestiture of AT&T’s Bell System into local and long distance
service providers. We had to adjust to a deregulated, competitive
business environment. I retired from Bell Labs in 1996, the year of
a further separation into the long distance carrier AT&T and the
equipment vendor Lucent, which included Bell labs.
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22leos02.qxd

4/8/08

1:15 PM

Page 21

In 1996, a confluence of events was brewing the “telecom bubble”. Four different technologies happened to mature at about the
same time: optical fiber communications, the personal computer,
the Internet and the Web browser. Investors and entrepreneurial
engineers spawned an era of “irrational exuberance” in search of
fame and fortune in Information Technology (IT). The bubble
burst in March 2001, as measured by a peak in the NASDAQ
stock index, with a severe loss of jobs and wealth.
The old Bell Labs research department comprised about
1200 researchers nestled in a much larger development department, which, in turn, was nurtured in the bosom of the nationwide Bell System monopoly, entrusted by the government to
provide reliable telephone service to the US. Unfortunately,
when global competition became the norm, the staid telephone
mentality was no match for the nimble and aggressive mindset
of the new IT competitors. The academic atmosphere and innovative motivation that defined Bell Labs Research was no longer
viable in the absence of monopoly funding. Today a smaller,
more reactive Bell Labs survives as a component of the AlcatelLucent merger. Looking back now, I was very lucky to have
enjoyed the golden years of Bell Labs. I owe them my gratitude
for their generosity.
Over the years, I have benefited from many happy coincidences
and lucky choices. Indeed, luck plays an important part in any career.
Still, luck is not enough, I had to be in the right places at the right
times in order to have a chance to seize these opportunities. As the
old saying goes: it takes luck and pluck.

Congressional Research Service (Science Policy Research Division)
in the Library of Congress. From 1997 to 1999, he returned to
Lucent Bell Labs as a part-time Consultant. He also established
Kaminow Lightwave Technology to provide consulting services to
technology companies, and to patent and litigation law firms. In
1999 he served as Senior Science Advisor to the Optical Society of
America. He received degrees from Union College (BSEE), UCLA
(MSE) and Harvard (AM, Ph.D.). He was a Hughes Fellow at
UCLA and a Bell Labs Fellow at Harvard. He has been Visiting
Professor at Princeton, Berkeley, Columbia, and the University of
Tokyo, and Kwangju University (Korea). Currently, he is Adjunct
Professor in EECS at University of California, Berkeley, where he
has been teaching since 2004. He has published over 240 papers,
received 47 patents, and has written or co- edited 5 books, the most
recent being “Optical Fiber Telecommunications IV A&B,” coedited with Tingye Li and published in March 2002. “Optical Fiber
Telecommunications V A&B,” co-edited with Tingye Li and Alan
Willner will be published in March 2008.
Kaminow is a Life Fellow of IEEE and Fellow of APS and
OSA. He is the recipient of the Bell Labs Distinguished
Member of Technical Staff Award, IEEE Quantum Electronics
Award, OSA Charles Townes Award, IEEE/LEOS/OSA John
Tyndall Award, IEEE Third Millennium Medal and Union
College Alumni Gold Medal. He is a member of the National
Academy of Engineering, a Diplomate of the American Board
of Laser Surgery, and a Fellow of the New York Academy of
Medicine.

Biography
Ivan Kaminow
retired from Bell
Labs in 1996 after
a 42-year career
(1954-1996),
mostly in lightwave
research. At Bell
Labs, he did seminal studies on elecIvan Kaminow
tro optic modulators and materials,
Raman scattering in ferroelectrics, integrated
optics (including titanium-diffused lithium
niobate modulators), semiconductor lasers
(including the DBR laser, ridge waveguide
InGaAsP laser and multi-frequency laser),
birefringent optical fibers and WDM lightwave networks. Later, as Head of the Photonic
Networks and Components Research
Department, he led research on WDM components (including the erbium-doped fiber
amplifier, waveguide grating router and the
fiber Fabry-Perot resonator), and on WDM
local and wide area networks. Earlier (19521954), he did research on microwave antenna
arrays at Hughes Aircraft Company.
After retiring from Bell Labs, he served as
IEEE Congressional Fellow on the staffs of
the House Science Committee and the
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President’s Column
(continued from page 3)
organizing societies – OSA, IEEE
Communications Society and LEOS –
that competition to present papers has
always been healthy and quality has
remained high. Moreover, even in
times of financial stringency (which
are by no means over) industry has
continued to send delegates to OFC,
valuing the education, training and
professional interactions associated
with the event.
Optical communications is one
industry sector where LEOS plays a
leading role, and it does so in cooperation with other societies both within
and outside IEEE. Another event that
is taking place at OFC is the second
LEOS Strategic Planning Workshop.
Although this will only be attended by
a handful of individuals, its deliberations are likely to be important for the
future development of LEOS. I wrote
about the first of these meetings in the
February column and described how
LEOS had already made changes to the
membership administration to reflect
the priorities set by those attending
the Strategic Planning Workshop last
year. This year’s workshop will contin-

ue to develop a holistic view of the
Society’s objectives and follow this by
defining specific actions within and
cutting across the responsibilities of
individual Vice-Presidents.
It is always dangerous to predict
the outcome of a future event, but one
area where LEOS is likely to decide to
focus effort is in building more links
with users of photonics technology.
Photonics is a truly pervasive technology, covering areas as diverse as welding and cutting systems, printing,
medical, avionics, military and
defense, displays, solid state lighting,
solar power and communications. In
the last of these areas, and undoubtedly in some of the others, LEOS can
justifiably claim to be a world leader.
I believe LEOS can and should build
activity in more application areas. In
most cases we can do this from the solid
base provided by existing conferences,
the summer and winter series of topical
meetings, and sessions in the LEOS
Annual Meeting. Furthermore, the
issue of broadening into more areas of
application is an issue of serving the
LEOS membership. Two thirds of our

“Nick” Cartoon Series
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members currently work in industry,
but, with the exception of OFC, the
majority of those attending our conferences are academics. A similar situation
applies to our volunteers – the composition of the Board of Governors and most
technical committees is almost directly
inverted from that of our membership.
Of course the Strategic Planning
Workshop has yet to take place, and it
will set its own priorities and actions.
Assuming we do decide to focus on
more fields of application, I believe
OFC provides an outstanding model
for the way forward. It is an industrially focused meeting recognized internationally as being of the highest
quality. Its participants include a
large fraction from industry. Its foundations are based on collaboration
with other societies.
Whatever priorities emerge from
the workshop, I look forward to discussing them with the entire LEOS
community, in this Newsletter, at
LEOS meetings and via e-mail. Please
do not hesitate to contact me if you
have ideas for the future shape of the
Society.

by Christopher Doerr
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News
2008 IEEE/LEOS Award Reminders!!
The deadline for submitting nominations for the following awards is
30 April.
William Streifer Scientific
Achievement Award
Engineering Achievement Award
Aron Kressel Award
Distinguished Service Award
The IEEE/LEOS William Streifer
Scientific Achievement Award is
given to recognize an exceptional single
scientific contribution that has had a significant impact in the field of lasers and
electro-optics in the past 10 years. It may
be given to an individual or to a group for
a single contribution of significant work
in the field. No candidate shall have previously received a major IEEE award for
the same work. Candidates need not be
members of the IEEE or LEOS.
The IEEE/LEOS Engineering
Achievement Award is given to

recognize an exceptional engineering contribution that has had a significant impact on the development
of laser or electro-optic technology
within the past 10 years. It may be
given to an individual or to a group
for a single contribution of significant work in the field. No candidate shall have previously received a
major IEEE award for the same
work. Candidates need not be members of the IEEE or LEOS.
The IEEE/LEOS Aron Kressel
Award is given to recognize those individuals who have made important contributions to opto-electronics device
technology. The device technology
cited is to have had a significant impact
on their applications in major practical
systems. The intent is to recognize key
contributors to the field for developments of critical components, which
lead to the development of systems
enabling major new services or capabilities. These achievements should have
been accomplished in a prior time
frame sufficient to permit evaluation of

their last impact. The work cited could
have appeared in the form of publications, patents, products, or simply general recognition by the professional
community that the individual cited is
the agreed upon originator of the
advance upon which the award decision
is based. The award may be given to an
individual or group, up to three in
number.
The IEEE/LEOS Distinguished
Service Award was established to recognize an exceptional individual contribution of service which has had significant benefit to the membership of the
IEEE Lasers and Electro-Optics Society
as a whole. This level of service will often
include serving the Society in several
capacities or in positions of significant
responsibility. Candidates should be
members of LEOS.
The list of previous winners and
nomination forms can be found on
the LEOS Home Page http://www.iLEOS.org.
See page 25 for Nomination Form for
IEEE/LEOS awards

Graduate Student Fellowship Program
The IEEE Lasers & Electro-Optics Society established the Graduate Student Fellowship Program to provide Graduate
Fellowships to outstanding LEOS student members pursuing graduate education within the LEOS field of interest (electrooptics, lasers, photonics, optics, or closely related fields). Up to twelve Fellowships of $5000 each will be awarded, based on
the student membership in each of the main geographical regions:

Americas - Europe/Mid-East/Africa - Asia/Pacific
Prize: Up to twelve Fellowships of $5,000 each will be awarded every year. A travel grant of up to $2,500 towards travel
and lodging expenses plus a complimentary conference registration, will be available to each Fellowship recipient to attend
the LEOS Annual Meeting for the award presentation.
Eligibility: Fellowship applicants must be an IEEE LEOS student member pursuing a graduate education within the LEOS
field of interest. Students should normally be in their penultimate year of study at the time of application and be planning
to submit their thesis on a timescale of 6 to 18 months after the application is submitted (i.e. those applying in May 2008
would normally expect to defend their thesis during 2009).
Schedule: In a given year, application packages will be due at the LEOS Executive Office by 30 May and recipients will be
notified by 30 July of the same year. The Fellowships will be presented at the LEOS Annual Meeting.

April 2008
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(cont’d)

Fellowship Application Package Requirements:
• Cover letter to include name, address, email, IEEE member number, expected date of submission of the thesis, names
and contact information of two references.
• A one-page CV, including all degrees received and dates.
• One copy of educational transcripts.
• A 300-word statement of purpose describing the student’s research project and interests. The statement is to include the
background to the project, what the student has achieved so far and how the research will be continued and developed
by the student over the rest of the project
• A list of the student’s publications with the most significant paper indicated and a 100-word description of the significance of the paper.
• Two reference letters from individuals familiar with the student's research and educational credentials.
• Note that additional information and submissions over the specified word count will not be forwarded to the evaluating
committee.
Guidelines have been established for the 2008 application process. Please check the LEOS web for more details (www.ileos.org).Submission information is now available
For more information contact: soc.leo@ieee.org

Petition for Candidates
for Election to the LEOS Board of Governors
Petitions for candidates for the next
LEOS Board of Governors election
must be received by the LEOS
Executive Office no later than 15

April 2008. The Petition must bear
the signatures of one percent of the
members of LEOS as of 31 December
2007 and an indication by the candi-

date of his/her willingness to serve if
elected. Printed name, signature and
IEEE member number are required
for all individuals signing the petition

2009 Tyndall Award Nominations
Deadline: 10 August 2008
Nominations are now being accepted for the 2009 Tyndall
Award, which will be presented at OFC/NFOEC 2009.
This award, which is jointly sponsored by the IEEE
Lasers and Electro-Optics Society and the Optical Society
of America, is presented to a single individual who has
made outstanding contributions in any area of lightwave
technology, including optical fibers and cables, the optical

components employed in fiber systems, as well as the
transmission systems employing fibers. With the expansion of this technology, many individuals have become
worthy of consideration.
For more information contact soc.leo@ieee.org or
check the LEOS web for more details: www.i-leos.org –
click Awards.

ICO
The twenty-first Congress of ICO will meet in Sydney,
Australia at the ICO-21 Congress, July 7-10, 2008. The
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lemma of the congress is: Optics for the 21st century. For
more information: http://www.ico-optics.org/
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Career Section
2008 IEEE/LEOS Quantum Electronics Award Winners
The IEEE Lasers & Electro-Optics Society announced the winners of the IEEE/LEOS Quantum Electronics Award for 2008. The
Award will be presented during the Plenary Session at CLEO/QELS 2008 to:
Jeffrey H. Shapiro and Horace P. Yuen – “for pioneering and seminal contributions to the theory of the generation, detection, and
applications of novel states of light.”
For more information on the award, check the LEOS web site (www.i-LEOS.org).

2008 IEEE/LEOS Young Investigator Award Recipient:
Jose Azana
The Young Investigator Award was established to honor an individual who has made outstanding technical contributions to photonics (broadly defined) prior to his or her 35th birthday. Nominees must be under 35 years of
age on September 30th of the year in which the nomination is made. Candidates need not be members of the
IEEE or LEOS.
José Azaña received the Telecommunication Engineer degree (six years engineering program) and Ph.D.
degree from the Universidad Politécnica de Madrid (UPM), Spain, in 1997 and 2001, respectively. He
completed part of his Ph.D. research at the University of Toronto (Canada) and University of California,
José Azaña
Davis (USA).
From September 2001 to mid 2003 he worked as a Postdoctoral Research Fellow at McGill University (Montreal, Canada).
In 2003, he was appointed as an Assistant Professor at Institut National de la Recherche Scientifique (INRS) in Montreal. He
was promoted to Associate Professor in 2006. His research interests focus on fiber and integrated technologies for ultrafast
optical signal processing and optical pulse shaping, for various applications, including optical telecommunications, ultrafast
metrology, biomedical imaging and microwave waveform generation and manipulation. His research work has resulted in
more than 150 publications in top scientific and engineering journals and leading conferences, including more than 80 publications in high-impact ISI journals and various (co-)invited presentations.
Prof. Azaña is a member of IEEE and OSA. He has served as a Guest Editor of the only two monographs entirely devoted
to the emerging area of Optical Signal Processing, published by EURASIP Journal of Applied Signal Processing (2005) and
IEEE/OSA Journal of Lightwave Technology (2006). Prof. Azaña was awarded with the XXII national prize for the “best doctoral thesis in data networks” from the Association of Telecommunication Engineers of Spain (2002) and with the “extraordinary prize for the best doctoral thesis” from his former university, UPM (2003). He is also the recipient of two Strategic
Projects grants (2004 and 2007 competitions) by the Natural Sciences and Engineering Research Council of Canada (NSERC).

2008 IEEE David Sarnoff Award Recipient:
James Coleman
The IEEE David Sarnoff Award was established in 1959 through agreement between the RCA Corporation
and the American Institute of Electrical Engineers, and continued by the Board of Directors of the IEEE.
In 1989, sponsorship of the award was assumed by the Sarnoff Corporation. It may be presented each year
to an individual or team up to three in number for exceptional contributions to electronics. Recipient
selection is administered through the Technical Field Awards Council of the IEEE Awards Board.

James J.
Coleman
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James J. Coleman is an expert in laser design and leader in the field of optoelectronics. He is currently the Intel Alumni Endowed Chair in Electrical and Computer Engineering at the University
of Illinois at Urbana-Champaign. His study of strain-layered lasers led to the development of the
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Career Section

(cont’d)

980 nm pump laser used throughout fiber-optic telecommunications systems. Prior to his current position, Dr.
Coleman worked at Rockwell International, where he helped develop the metalorganic chemical vapor deposition
(MOCVD) process used to grow III-V semiconductor lasers and photonic devices, which are used for optical storage and medical applications. An IEEE Fellow and co-author of 375 journal publications and 7 patents, Dr.
Coleman has received several awards and honors, including the IEEE William Streifer Scientific Achievement
Award and was an IEEE LEOS Distinguished Lecturer. He holds a Bachelor’s of Science, Masters of Science and
Doctorate, all in Electrical Engineering, from the University of Illinois, Urbana-Champaign.

Board of Governors New Vice Presidents:
Amr S. Helmy is an
Assistant Professor in
the department of
Electrical and Computer Engineering at
the University of
Toronto. Prior to his
Amr S. Helmy academic career, he
held a position at
Agilent Technologies Photonic Devices,
R&D division, in the UK between 2000
and 2004. At Agilent his responsibilities
included developing distributed feedback lasers, monolithically integrated
lasers, modulators and amplifiers in InPbased semiconductors. He also developed high-powered submarine-class 980
nm InGaAs pump lasers. He received his
Ph.D. and M.Sc. from the University of
Glasgow with a focus on Photonic
Fabrication Technologies, in 1999 and
1994 respectively. He received his B.Sc.
from Cairo University in 1993, in
Electronics and Telecommunications
Engineering.
For his Graduate studies, Amr has
been awarded the Francis Morrison
Award form the University of Glasgow.
In 2007 he was awarded an Early
Researcher Award from the Ministry of
Research and Innovation in OntarioCanada for his leading work on nonlinear frequency conversion in III_V semiconductors. His research interests
include photonic device physics and
characterization techniques, with
emphasis on nonlinear optics in III-V
semiconductors; applied optical spectroscopy in III-V optoelectronic devices
and materials; III-V fabrication and
monolithic integration techniques.

April 2008

Amr is a senior member of the IEEE
and a member of the Optical Society of
America. He has served as the Chair of
the Nano-technology Sub-committee in
the IEEE Communications Society since
2005, as the Associate Editor - Canada
for the IEEE Laser and Electro-Optics
Society Newsletter since 2006 and is
currently the Chair of the Optical
Materials and Processing Sub-committee for the same society.
As the VP membership Amr aims to
overhaul membership benefits within
LEOS and realign the society to better
serve the current and emerging needs of
its members from academia, industry
and otherwise.
Alwyn Seeds was
born in Amersham, near London,
England in 1955. He
read Electronics at
Chelsea College (now
part of King’s
Alwyn Seeds
College), University
of London and
received the BSc degree with First Class
Honours in 1976. He moved to
University College London (UCL) to
carry out research on the optical control
of avalanche diode oscillators, receiving
the PhD degree for this work in 1980.
From 1980 to 1983 he was a Staff
Member at Lincoln Laboratory,
Massachusetts Institute of Technology,
where he worked on GaAs monolithic
millimetre-wave integrated circuits for
use in phased-array radar. He returned to
England in 1983, to take up a lectureship
in telecommunications at Queen Mary

College, University of London, moving
to UCL in 1986, where he is now
Professor of Opto-electronics and Head of
the Department of Electronic and
Electrical Engineering. He has published
over 250 papers (more than 60 of them
invited) on microwave and opto-electronic devices and their systems applications
and filed 10 patents in this area. He was
awarded the DSc degree of the University
of London in 2002 for his research in
microwave photonics. His current
research interests include THz photonics,
tuneable semiconductor lasers, quantum
confined optical modulators, optical control of microwave devices, mode-locked
lasers, optical phase-lock loops, optical
frequency synthesis, broadband wireless
over fibre access systems, uncooled dense
WDM technologies and non-linear processing in optical transmission.
Alwyn Seeds has been a Program
Committee member for the LEOS
Annual Meeting since 2002 and was
Sub-committee Chair for Microwave
Photonics for 2007, he was a Program
Committee member for the 2006 IEEE
LEOS/MTT International Topical
Meeting on Microwave Photonics
(MWP) and is an Advisory Committee
member for the IEEE/IEICE AsiaPacific Microwave Photonics Meetings.
He served as Program Chair for the
2006 IEEE LEOS/EDS Indium
Phosphide and Related Materials
Conference, as Co-Chair for the 2005
LEOS Summer Topical Meetings, as
editor of Special Issues in Microwave
Photonics for the IEEE/OSA Journal of
Lightwave Technology and IEEE
Journal of Selected Topics in Quantum

IEEE LEOS NEWSLETTER

29

22leos02.qxd

4/8/08

1:15 PM

Page 30

Career Section
Electronics, as Program Chair, General
Chair and Steering Committee Chair
for the IEEE LEOS/MTT MWP meeting series, as Special Session and
Workshop Organiser for the IEEE/OSA
OFC conference, as a Short Course
Presenter for both ECOC and OFC and
as a committee member of the UKRI
LEOS/MTT/APS Joint Chapter.
In addition to his LEOS activities
Alwyn Seeds has served as Chairman of

(cont’d)
the Photonics Professional Network of
the Institution of Engineering and
Technology (UK), is a Fellow of the
Royal Academy of Engineering, an IEEE
Fellow and a Liveryman of the
Worshipful Company of Engineers. He
is a co-founder of Zinwave Inc., a manufacturer of wireless over fibre systems,
and a director of or consultant to a number of other companies.
Outside work Alwyn Seeds is inter-

ested in music, particularly opera and
church music, audio technology and the
cultural and social pleasures of living in
central London with his wife, Angela
and teenage daughter, Caroline.
As Vice-President for Technical
Affairs Alwyn Seeds hopes to contribute
to growing LEOS activity in emerging
areas of photonics working with the
other VPs and the LEOS Technical
Committees.

2008 IEEE Donald G. Fink Prize Paper Award Winners
The 2008 IEEE Donald G. Fink Prize
Paper Award, sponsored by IEEE Life
Members Committee, will be presented to Thomas J. Naughton (LEOS
member), Bahram Javidi (LEOS
member), Yann Frauel and Enrique

Tajahuerce for their paper entitled,
"Three-Dimensional Imaging and
Processing Using Computational
Holographic Imaging", Proceedings
of the IEEE, Volume 94, No.3, March
2006.

The award will be presented during
the Awards Banquet at the LEOS
Annual Meeting (November 9-13,
Newport Beach, CA). Our congratulations to all of the winners!

2007 International Semiconductor Device
Research Symposium (ISDRS)
The 2007 International Semiconductor
Device Research Symposium (ISDRS)
was held at the Stamp Student Union
of the University of Maryland, College
Park, on December 12-14, 2007. This
student-centric technical symposium
held in the Washington, DC area
immediately following the IEDM was
attended by more than 360 people representing 25 states and 27 countries.
Technical areas included wide-bandgap
materials and devices, optoelectronics,
sensors and biosensors, nanoelectronics,
space applications, oxides and
dielectrics, and modeling and simulations. Four parallel sessions included
330 contributed, invited, and plenary
presentations. The plenary session had
three excellent presentations by:
1) Dr. Robert Chau, Intel Corporation,
“The Challenges and Opportunities
of Emerging Nanotechnology for
Future VLSI Nanoelectronics”,
2) Dr. Mark S. Lundstrom, Purdue
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University, “The Ultimate MOSFET
and the Limits of Miniaturization”
and
3) Dr. Mark Rosker, Defense Advanced

Photograph of Symposium Chair Dr. Phillip
E. Thompson presenting 2007 van der Ziel
Award to Dr. Dieter Schroder, Professor of
Electrical Engineering at the University of
Arizona, for his distinguished career as an
educator and researcher

Research Projects Agency (DARPA),
“The Coming Revolution in RF
Electronics.”
Dr. Dieter Schroder, Professor of
Electrical Engineering at the University
of Arizona was presented the van der Zeil
Award for his distinguished career as an
educator and researcher. The financial
sponsors of the Symposium are the Air
Force Office of Scientific Research, the
National Science Foundation, the
National Institute of Standards and
Technology, the Army Research Office,
the Electrical and Computer
Engineering Department of the
University of Maryland, and the
Nanocenter at the University of
Maryland. The Symposium is under the
technical sponsorship of the IEEE
Electron Devices Society and the IEEE
Lasers and Electro-Optics Society.
Selected papers from the symposium
will be published in a special edition of
the journal Solid-State Electronics.

April 2008

22leos02.qxd

4/8/08

1:15 PM

Page 31

Membership Section
Benefits of IEEE Senior Membership
There are many benefits to becoming an IEEE Senior Member:
• The professional recognition of your peers for technical and professional excellence
• An attractive fine wood and bronze engraved Senior Member plaque to proudly display.
• Up to $25 gift certificate toward one new Society membership.
• A letter of commendation to your employer on the achievement of Senior member grade
(upon the request of the newly elected Senior Member.)
• Announcement of elevation in Section/Society and/or local newsletters, newspapers and notices.
• Eligibility to hold executive IEEE volunteer positions.
• Can serve as Reference for Senior Member applicants.
• Invited to be on the panel to review Senior Member applications.
The requirements to qualify for Senior Member elevation are, a candidate shall be an engineer, scientist, educator, technical executive or originator in IEEE-designated fields. The candidate shall have been in professional practice for at least ten years and shall have
shown significant performance over a period of at least five of those years.”
To apply, the Senior Member application form is available in 3 formats: Online, downloadable, and electronic version. For
more information or to apply for Senior Membership, please see the IEEE Senior Member Program website:
http://www.ieee.org/organizations/rab/md/smprogram.html

New Senior Members
The following individuals were elevated to Senior Membership Grade thru January - February:
Ali Adibi
Craig A. Armiento

Wallace C.H. Choy
Arjun Kar-Roy

Stan Lumish
Marek Z Barylak

Tony F. Heinz
Kostantyn V. Ilyenko

Daniel M. Kuchta
Nikolai M. Stelmakh

Visit the LEOS web site for
more information:

www.i-LEOS.org
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Publication Section
Call for Papers
JOSA B/JLT – NEW FEATURE ANNOUCEMENT
SLOW LIGHT AND ITS APPLICATIONS
Submission Deadline: April 15, 2008
The Optical Society of America and IEEE-LEOS
are soliciting original papers for a feature issue coordinated between the Journal of the Optical Society of
America B and the Journal of Lightwave Technology on
fundamental and applied aspects of slow light that is
to be published in December 2008. This joint issue
between the two journals reflects the tremendous
breadth of the field.
We have been accustomed to thinking of the speed of light
as being a fundamental constant, as it is for propagation
through vacuum, or of having a value close to the vacuum
speed, as when light propagates through ordinary optical materials. Yet it has recently become clear that tools exist that can
allow one to slow down, speed up, or even completely stop light
propagation. This realization has had a profound impact on the
optics community, both from the point of view of fundamental
science and in that it has led to the exploration of a number of
practical applications within modern optical technology.
The goal of this feature issue is to define the state
of the art in slow light. The following is a representative and nonexclusive list of areas in which papers are
solicited:
Physics of Light Control
• Electromagnetically induced transparency
• Coherent population oscillations
• Four-wave mixing and parametric processes
• Absorption or gain saturation
• Stimulated Brillouin and Raman scattering
• Passive and active manipulation in periodic structures
and resonators
• New schemes and physical effects
Materials and Engineered Structures for Light Control
• Photonic crystals and other periodic structures
• Metamaterials, including plasmonic structures
• Optical fibers including holey fibers
• Semiconductor nanostructures, including quantum wells
and quantum dots
• Saturable optical amplifiers and absorbers
• BEC, cold atoms, and hot atomic vapors
• Crystals and other solid-state materials
Applications
• Optical communications; all-optical buffers, routers, etc.
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• Microwave photonics; microwave filters, and phased
array systems
• Sampling systems
• Sensors and improved measurement systems
• Figures of merit and fundamental limitations
• Coherent processing including quantum information
processing with slow light
• Other applications
The table of contents for the complete coordinated feature
issue will be published in both journals. The feature issue
of the Journal of the Optical Society of America B (JOSA B)
will contain papers related to the fundamental physical
processes related to generation of slow light. The companion issue in the Journal of Lightwave Technology (JLT)
will focus on papers dealing with devices, applications,
and engineering-related aspects of slow light.
Manuscripts must be prepared in standard format for
either JOSA B or JLT and submitted to the corresponding websites; see Information for Contributors
instructions in any recent issue. Each paper should be
identified as a Slow Light feature paper. Please submit
your manuscript electronically and select "Slow Light
and Its Applications" in the appropriate field of the
electronic submission form.
JOSA B Submission Instructions
The OSA Style Guide for manuscript preparation can be
found at (http://josab.osa.org/submit/style/jrnls_style.cfm).
Instructions for electronic manuscript submission can be
found at (http://josab.osa.org/journal/josab/author.cfm)
JLT Submission Instructions
Please submit your paper online at: http://mc.manuscriptcentral.com/leos-ieee
(Manuscript Type: ‘Slow Light’) Instructions for manuscript
preparation and electronic submission via Manuscript
Central can be found at http://www.ieee.org/web/publications/authors/transjnl/index.html.
Since a manuscript must be prepared according to the submission procedures of the particular journal, potential authors
may wish to consult with the Coordinating Editor before submitting their paper. Papers selected for each of the two journals will appear separately in the respective print and online
editions, but they will also appear together as a virtual special
issue accessible from the JOSA B and JLT websites. Each
paper should be submitted to one journal only.
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Publication Section

(cont’d)

Feature Editors

Robert W. Boyd,
Coordinating Guest Editor
University of Rochester
Rochester, New York, USA
boyd@optics.rochester.edu

Susumu Noda
Guest Editor, JLT
Kyoto University
Kyoto, Japan
snoda@kuee.kyoto-u.ac.jp

Gadi Eisenstein
Guest Editor, JLT
Technion Israel Institute of Technology
Haifa, Israel
gad@ee.technion.ac.il

Hailin Wang
Guest Editor, JOSA B
University of Oregon
Eugene, Oregon, USA
hailin@uoregon.edu

Lene Hau
Guest Editor, JOSA B
Harvard University
Cambridge, Massachusetts, USA
hau@physics.harvard.edu

Jesper Moerk
Guest Editor, JLT
Technical University of Denmark
Lyngby, Denmark
jm@com.dtu.dk
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ADVERTISER’S INDEX
The Advertiser’s Index contained in this issue is
compiled as a service to our readers and advertisers. The publisher is not liable for errors or omissions although every effort is made to ensure its
accuracy. Be sure to let our advertisers know you
found them through the IEEE LEOS Newsletter.

Advertiser’s Index . . . . . . . . . . .Page #
R Soft . . . . . . . . . . . . . . . . . . . . . CVR2
Tempo Plastics . . . . . . . . . . . . . . . . . 3

IEEE Lasers and Electro-Optics
Society Newsletter
Advertising Sales Offices
445 Hoes Lane, Piscataway NJ 08854
www.ieee.org/ieeemedia

Impact this hard-to-reach audience in their own Society
publication. For further information on product and
recruitment advertising, call your local sales office.

Mathworks . . . . . . . . . . . . . . . . . . . . 5
IEEE Marketing . . . . . . . . . . . . . CVR3
IEEE MDL . . . . . . . . . . . . . . . . . . . . . 9
OEpic . . . . . . . . . . . . . . . . . . . . . . . . 11
Optiwave . . . . . . . . . . . . . . . . . . . . . . . . . 7
Third Millenium . . . . . . . . . . . . . . . 21
General Photonics . . . . . . . . . . . CVR4

LEOS Mission Statement
LEOS shall advance the interests of its members and the laser, optoelectronics, and photonics professional community by:

• providing opportunities for information exchange, continuing education,
and professional growth;
• publishing journals, sponsoring conferences, and supporting local chapter
and student activities;
• formally recognizing the professional
contributions of members;
• representing the laser, optoelectronics,
and photonics community and serving
as its advocate within the IEEE, the
broader scientific and technical community, and society at large.
LEOS Field of Interest
The Field of Interest of the Society shall be
lasers, optical devices, optical fibers, and
associated lightwave technology and their
applications in systems and subsystems in
which quantum electronic devices are key
elements. The Society is concerned with the
research, development, design, manufacture, and applications of materials, devices
and systems, and with the various scientific
and technological activities which contribute to the useful expansion of the field
of quantum electronics and applications.
The Society shall aid in promoting close
cooperation with other IEEE groups and
societies in the form of joint publications,
sponsorship of meetings, and other forms of
information exchange. Appropriate cooperative efforts will also be undertaken with
non-IEEE societies.
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Freedom
TO INNOVATE
IEEE Member
Digital Library
The information you need to succeed can
be at your fingertips when you subscribe
to the IEEE Member Digital Library.
■
■
■
■

The only way for individuals to access any
IEEE journal or conference proceeding
Over a million full-text documents
The latest online research, plus a 50 year
archive for select titles
Access to the top-cited publications you
need to make your project a success

Free 30-day Trial:
www.ieee.org/ieeemdl

703-Qb MDL Freedom FP Trial.indd1 1
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