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Editor’s
Column

IEEE Photonics Society

HON TSANG
This month’s issue has a central theme, close to my own research interests, on energy efficiency in telecommunications
and silicon photonics. Professor Rod Tucker highlights
some conclusions from work at the Center of Energy Efficient Telecommunications at Melbourne University. Using
an assumption of 15% per year continued improvement in
the energy efficiency of network equipment, the global internet’s power consumption, not including the power used
by wireless networks, is projected to double by 2020, and
use 2% of the electrical power generated in the world. Many
groups are working hard to improve the energy efficiency
of the internet. If such research bears fruit, it could reverse
the historical trend of increasing relative power consumption in network equipment, and then the energy efficiency
of computer servers may become more important. According to Tucker’s article, computer servers today consume less
power than access networks, but their relative power consumption will rise until they surpass access network equipment in the two years’ time. This is one reason why silicon
photonics may become relevant in the power consumption
in the internet. Power consumption already constrain high
performance microprocessors to operate at lower clock frequencies (a few GHz) than that possible with state of the
art CMOS transistors (tens of GHz). The power consumed
by electrical interconnects accounts for a significant fraction of the power in today’s microprocessors. Reduction in
the power consumption of high speed interconnects can allow computers to operate at higher speeds or with lower
power consumption at the same speed. Potential improved
energy efficiency of on-chip photonic interconnects is one
of the motivations for research in silicon photonics (there
are others, including the prospect for low cost integration
of multiple photonic functions in telecommunications, and
photonic sensors). In this month’s issue Professor Lukas
Chrostowski summarizes the support of silicon photonics
research via workshops and foundry-like services under the
silicon EPIC programme, which is supported until 2018
by NSERC in Canada and which is typical of programmes
already established in Europe and Asia. Also in this issue
are highlights of recent work on monolithic integration of
III-V quantum dot lasers on silicon by the group at University College London led by Professors Alwyn Seeds and
Huiyun Liu. In the conference section, Professor Michael
Hochberg reports on the Rump Session on “Silicon Photonics: Disruptive Technology or Research Curiosity” at
this year’s OFC. The large number of people who attended
this session attest to the strong interest on silicon photonics
in the photonics community.
I hope you enjoy this month’s articles. Please feel free
post comments on http://www.facebook.com/PhotonicsSociety or send your comments by email to us.
Hon Tsang
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President’s
Column
HIDEO KUWAHARA
I am writing this column manuscript in San Jose, California,
while attending CLEO2013. The conference is exciting, as
always, gathering 1198 oral, 320 poster and 189 invited papers, as well as 24 tutorials and 20 short courses, with in-depth
presentations by experts, all covering new trends in photonics
technologies, such as novel materials and devices. I think one
of the highlights is the plenary session, and we had three splendid plenary talks: “Attosecond Photonics” by Paul Corkum,
“Parametric Down Conversion Over Fifty Years: From Microwave to X-Rays” by Stephen Harris, and “QCLs Revolutionizing MWIR and LWIR Applications” by Kumar Patel. Their
presentations will be posted on the CLEO website.
Another highlight of the plenary session was the report on
the National Photonics Initiative (NPI) by Prof. Alan Willner
of Southern California University, who is a former president of
IPS. He discussed the current status of the NPI, which is an
initiative designed to highlight the importance of photonics
technologies. The NPI was started based partially on a recommendation from the U.S. National Academies’ Report on Optics and Photonics and is a collaborative initiative sponsored by
five professional societies: APS, IEEE Photonics Society, OSA,
SPIE, and LIA. The core concept of the NPI is that photonics
is an essential technology enabling today’s ICT-based society,
on a par with semiconductor technology. For example, when
we click on a Google search item, the information is transmitted through photonic networks and is processed in data centers
in which millions of optical interconnects are used. Today’s
proliferation of cloud-based technologies would be impossible
without photonic networks. The important role of photonics
in our daily life is not well understood, or even given a moment’s notice, by the general public. Although the NPI was
originally conceived as a way to appeal to decision-makers in
the U.S., photonics technology, itself, has no national borders.
Therefore, given that the and the fact that IEEE is a global
organization, it is not a stretch to think of the global public
as being a natural audience for the NPI’s message. When I
assumed the role of IPS president in the beginning of 2012, I
had in my mind a similar notion that IPS should highlight the
importance of photonics technology to the general public, including students and researchers at large as potential IPS members. I think we should communicate the essential message of
the NPI globally, and we must think about what we can do to
educate the general public about photonics technology.
At the plenary session of CLEO2013, we also had a recognition ceremony, and this time four new Fellows associated with
IPS were recognized. The IPS Young Investigator Award was
presented to Alexandra Boltasseva of Purdue University. Congratulations to our new Fellows and Alexandra!
CLEO2013 highlighted progress in the area of nanophotonics, including plasmonics and metamaterials, seemingly an
area that is attracting even more attention than Si photonics.
Similar to the message conveyed in discussions at the Optical
August 2013

Interconnect Conference held in May in Santa Fe, New Mexico, there was an emphasis on lower power consumption and
higher spatial density as being the crucial needs from the system side. Recent reports in nanophotonics on the interaction
between photons and materials through plasmonics may represent a breakthrough in overcoming the weakness of photons
as a boson in interacting with matter. IPS is also increasing
our efforts in publications and conferences on these areas, with
the aim of transitioning nanophotonics from a lab curiosity to
a practical technology.
As for the issue of energy, I cannot help thinking about the
recent string of violent weather-related incidents around the
world, including tornados and hurricanes in US and flooding
in central Europe in May and June. Of course I hope this trend
will diminish. Unfortunately, however, the reality is that it will
probably increase, and I think the reason stems mainly from
global warming and the resulting elevated thermal equilibrium and dynamic range of climate change. Please refer to the
article “Global CO2 Concentration Reaches 400 ppm” by Bill
Sweet in the IEEE Spectrum Energywise Newsletter posted on
May 22, 2013. I have raised this issue several times in this
column, but I still feel we need to start serious discussions on
global warming. The Kyoto Protocol no longer appears to be
effective. In dry areas of the world, there are severe droughts,
and desertification is expanding, which can lead to food shortages and social instability. I realize this discussion exceeds the
bounds of the Photonics Society, but I think there is a pressing
need in the world for a broad discussion on renewable energy,
not just about photovoltaic energy. Of course, economic issues
are important, but the issue of global warming may be even
more important.

Photonics Society and IEEE Matters
On the occasion of CLEO2013, IPS had some internal committee/council meetings. Editor meetings of the Journal of Quantum Electronics and Photonics Journal were held, and many
opinions were discussed with the editors-in-chief and associate
editors to improve and strengthen our journals. A Technical
Affairs Council meeting was also held to discuss new technology trends for our future planning.
The IEEE Photonics Society started to use social media and
now issues the IEEE Photonics Daily e-newsletter. Please join
to get quick micro-blogs on IEEE Photonics Society programs,
photonics research and innovation news, publications and
membership information, and upcoming conference details.
Among the activities of the IEEE, the peer review process to
maintain high-quality standards for published papers is one of
the most important activities, and we must bear in mind again
the importance of the peer review process for submitted papers.
The process is supported by the volunteer efforts of reviewers
(continued on page 45)
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Research Highlights

Research at the University of Melbourne’s
Centre for Energy-Efficient Telecommunications
Rodney S. Tucker, Fellow, IEEE
Abstract—This paper provides an overview of research activities in the University of Melbourne’s Centre for Energy-Efficient
Telecommunications.
Index Terms—Telecommunications, photonics, energy
consumption, energy efficiency.

Background
In 2002, the Australian Research Council awarded me a
five-year research fellowship, titled “towards an all-optical
Internet”. I hoped that the research carried out under this fellowship would contribute to the dream that many researchers had been pursuing during the 1990’s and early 2000’s—an
optical communications network that would be freed from the
constraints and limitations of electronic devices. According to
the dream, this all-optical network would circumvent the need
for data to undergo endless optical to electronic and electronic
to optical conversions as it passed through the network, and
open the way to huge increases in bandwidth.
I was very enthusiastic about the concept of the all-optical
network. Over a number of years, I worked with students and
colleagues on a variety of all-optical enabling technologies, including all-optical wavelength converters, data format converters, serializers and deserializers, and optical packet switches.
Like many other researchers working on all-optical technologies, most of my work had been limited to small-scale demonstrations of devices, and lacked any careful considerations of
how these devices could scale to be usefully incorporated into
a full-size network.
My goal, for the five years of research under the fellowship,
was to figure out how to build full-size networks using the

available all-optical devices, and if this proved to be impossible, to develop an understanding of what new all-optical technologies would be needed to make the dream of an all-optical
network become a reality.
After a year or two of efforts to work out how to build a
scalable all-optical network, the penny finally dropped. It
slowly became clear to me that all-optical concepts do not scale
well to large continental or global-scale networks. One reason
is that because optical devices are analog rather than digital,
crosstalk between separate signals becomes a limiting factor
when it comes to scaling to large networks. But more important than crosstalk is the issue of energy consumption.
Like many of my colleagues in other research labs, I had
previously paid little or no attention to the energy consumption of the various all-optical devices I had been working on.
But when I started taking the energy consumption of various
all-optical devices into account, I realized that the viability of
the all-optical network might be fundamentally limited by
the fact that it could consume astronomically large amounts
of energy.
This insight into the importance of energy consumption
led me to focus my research on the issue of energy consumption in telecommunications. Together with a group of colleagues, I re-focussed my research on the energy efficiency
all-optical devices and circuits in comparison with the energy
efficiency of conventional optical and electronic devices and
circuits.
The Australian Research Council decided not to renew
my fellowship—I suspect that this might have been because
I had taken an about-face in my research direction. Nevertheless, together with Alcatel-Lucent and
with government support, the Centre
for Energy-Efficient Telecommunications
(CEET) was established at the University
of Melbourne in 2009, and a team of some
20 researchers was assembled to tackle the
question of how to quantify and improve
the energy efficiency of telecommunications networks. Fig. 1 shows the CEET
research team among Melbourne University’s cloisters.

Why is Energy Important?

Figure 1. CEET research team.
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Attempts to quantify the energy consumption of networks and data centres
began in the early 1990’s. Early work focused on an inventory-counting approach
that counts all purchased equipment and
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Power Consumption (W)

estimates how much of that equipment is in the network, and
adds up the power consumption of all the equipment. Our
group at the University of Melbourne decided to take a network-oriented approach. In this approach, we design a network
capable of providing a given bit rate to a given number of users
and then repeat this design for a range of user numbers and a
range of bit rates to each user [1].
Fig. 2 shows our estimates of the total power consumption
of the global Internet as a function of time (excluding the wireless access network), from 2010 to 2020. In this e stimate the
number of users is taken to be 1.5 billion in 2010, and increases
at 10% per annum. Likewise, our calculations are based on a
40% per annum increase in bit rates per user.
The lines in Fig. 2 represent power consumption for a
network in which the energy efficiency of all equipment in
the network (measured in terms of capacity in Gigabits per
second of throughput per Watt of power consumption) improves at 15% per annum. This improvement rate is representative of the improvements that are achieved in successive
generations of network equipment, but is a fairly optimistic
improvement rate for the entire network because most equipment in the network is replaced much less often than on an
annual basis.
The solid red line represents the total power consumption
of the network for a 15% per annum improvements in equipment efficiency. The broken red line represents the total power consumption of a (pessimistic) scenario where none of the
equipment in the network improves in efficiency over time and
maintains the same efficiency as 2010 technology. For comparison, the broken black line at the top of Fig. 2 shows the global
electricity supply, which is growing at about 3% per annum.
It can be seen from Fig. 2 that the total power consumption
of the network grows from about 1% of the global electricity
supply in 2010 to about 2% or 18% of the global electricity supply in 2020, depending on the rate of improvement of
equipment energy efficiency.
The purple line is the projected power consumption of the
access network. Our calculations are based on a Passive Optical
Network (PON) network, which is the greenest of all fixed access networks. Despite this conservatism, it is clear from Fig. 2
that the access network currently dominates the total power
consumption of the network, and will do so until about 2015.
Given that not all users have access to PON technology, the
data in Fig. 2 is conservative.
The green line in Fig. 2 represents the power consumed by
all servers in the data centres connected to the network. This
power consumption is increasing, due to the continuous rise in
applications that terminate on data centres. As shown in Fig. 2,
the server power consumption will exceed the access power
around 2015.
The next most important contributors to network power
consumption are the switches and routers in the core and metro
network (blue line), followed by the switches and routers located in data centers. Finally, the green line represents the total
power consumption of all optical transport equipment in the
network. The good news for optical transport engineers is that
their part of the network contributes only a small amount to
the total power consumption.

1012

Global Electricity Supply (3% p.a.)
Total (2010 Technology)
Total

1011
1010

Access (PON)
Servers
Core and Metro

109
Networking Within
Data Centers
8
10
2010
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in All Technology
2015
Year

2020

Figure 2. Projected power consumption of the global wired
internet.

Some Research in Energy-Efficient
Telecommunications
In collaboration with GreenTouch, CEET researchers are
pursuing a number of avenues that we believe will assist in
the understanding of where energy is consumed in the network, and how that energy consumption can be managed.
Here are three examples of projects in CEET that aim to better quantify, understand, and manage the energy consumption of the network.
Cloud Computing, Content Distribution
and Information Logistics
Cloud computing provides a range of on-demand applications
such as storage, software applications and social networking services, both to business and consumers. These services are hosted
in data centres and accessed remotely through a network connection by end users. Cloud services will see dramatic growth into
the future as more and more applications are delivered remotely.
The energy consumption of a cloud service or application is
based on the consumption of all of its components – computing resources, storage and network transport. An increasing
volume of cloud services will be accessed from mobile devices,
the least energy-efficient access network technology.
Previous research into the energy-efficiency of cloud services has compared the relationship between local and remote
processing. These analyses generally fail to include the energy
involved in the transport of data between the user and the
cloud. To address this issue CEET is working on a model of
cloud computing that takes into account the full energy costs
associates with data transport [2].
To illustrate why transport energy costs may be important
to cloud-based services, we have measured the data required
to serve simple operations on a cloud-based word-processing
application. Fig. 3(a) shows the measurement technique, using
the well-known packet sniffer Wireshark. Fig. 3(b) shows the
downstream, upstream, and total traffic as text is entered into
the user’s keyboard.
The top curve in Fig. 3(b) shows that the total traffic
(the sum of the upstream and downstream traffic) is about
IEEE PHOTONICS SOCIETY NEWSLETTER
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Figure 3. (a) Measurement of traffic required to serve a cloud-based word-processing application. (b) Measured traffic volume.

1000 times the size of the document. This has important
implications on the overall energy consumption of the service. We find that composing a document in MS Word on
a low end Netbook consumes about 0.2 W, while using the
cloud for the same task can consume as much as 6 W when
accessed using 3G/4G high-speed wireless technology [3].

r eceivers. The ratings enable consumers to access trusted, unbiased information about the energy efficiency of items assisting them in their purchases. Inspired by this rating system,
researchers in CEET are formulating a new energy rating system for Internet and telecom services. This new energy rating
system aims to empower Internet consumers by providing unbiased and easily-understandable information regarding the
Internet Services Energy Star Rating
‘greenness’ of Internet services that they are using. FurtherEnergy Star Ratings are widely used for a range of consummore, it also aims to reward and encourage Internet service
er products such as domestic refrigerators and television
providers (ISPs) and network operators to constantly improve
the energy efficiency of their services by
distinguishing between high and low
energy rating services. There are two
major components in this new energy
Cloud Computing
rating system: (i) computation models
to quantify the energy efficiency of InFile Download
ternet services and (ii) a benchmarking
system that calculates the Green Index
Video and Audio
Central
Ratings of individual Internet services
Streaming
Office
provided by an ISP.
Gaming
To quantify the energy efficiency of
Video
delivering an Internet service, we need
Conferencing
measurements of network power conConsumers
Internet Services
Telecom Networks
sumption and service traffic utilization.
Utilizing network measurements colQuantify Energy
lected from individual network nodes
Efficiency of Service
could provide the most accurate result
but the process of collecting network
Benchmark Energy
data from thousands or millions of netConsumption of Service
work nodes is complex and impractical.
Therefore, the research team in CEET
Green Index Rating
is developing a set of energy assessment
of Service
models, which provides the flexibility
for ISPs to select an appropriate model
based on the granularity of network
Figure 4. Conceptual diagram of Internet energy star rating system.
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Figure 5. Low-energy fiber access networks.

measurement information that can be collected from their
networks [4].
Once the energy efficiency of delivering the service is
known, the total service energy consumption can be determined and benchmarked against the best practice scenarios to
calculate the service’s green index rating [5]. The green index
rating represents the energy performance of provisioning an
Internet service. The concept is illustrated in Fig. 4.
Low-Energy Fiber Access Networks
Optical fiber access networks such as passive optical networks
(PONs) consume less energy than any other wireline access
network. However, the power consumption of today’s generation of fiber-to-the-premises (FTTP) access networks is about
10 W per user. Reducing this power consumption will have a
significant impact on the total carbon footprint of ICT infrastructure.
Together with GreenTouch colleagues, researchers in CEET
are participating in the development of a research roadmap of
energy saving concepts for wireline access networks. The demonstration of bit-interleaved passive optical network ( Bi-PON)
by Alcatel Lucent Bell Labs has shown the potential for achieving more than 30 times of power-saving, in optical access
networks [6].
CEET researchers are working at finding new solutions
that will reduce the power consumption of the access network by a factor of one hundred, i.e. to about 100 mW per
user, while providing user access rates up to 1 Gb/s. Fig. 5
is a schematic of a fiber wireline access network, showing
key components such as the aggregation switch in the central office, the optical front ends in the Central Office, and
August 2013

the user modem or Optical Network Termination (ONT).
We are investigating new approaches to aggregation switching and communications between the central office and the
home [7].
As shown in Fig. 5, two alternative connection techniques
between the central office and the home are the well-known
PON structure, which incorporates a fiber splitter in the field,
and a point to point (PtP) structure, which uses a single continuous connection to every home. We believe that in some circumstances, the PtP architecture may provide optimal energy
efficiency. This is because a PtP network requires the minimum number of transmitted photons per bit to achieve the required signal-to-noise ratio (SNR) at the receiver. In practice,
other considerations need to be taken into account, including
the cost and embedded energy associated with the additional
fibre plant required in a PtP network compared to a conventional Passive Optical Network (PON) structure incorporating
a splitter in the field.
CEET’s objective is to study solutions for the most energy
efficient PtP optical access network and experimentally demonstrate low energy consumption on the order of 100 mW/user
for 100 Mbit/s access rates. The project team is analysing the
lowest possible limit for each of the functionalities that contribute to the total power consumption, and providing solutions to minimise the total power consumption. As shown in
the figure, these functionalities include switching-fabrics, optical front-ends and interconnects at both the central office and
the optical fiber termination at the premises.
Additional opportunities for power savings in access networks can be achieved by putting the ONTs into a sleep-mode
operation during periods of inactivity. Currently, the CEET
IEEE PHOTONICS SOCIETY NEWSLETTER
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team is also developing new sleep-mode mechanisms for different fiber access networks, to further improve the power efficiency especially during times when traffic is light.

Where to From Here
Many research groups around the world are working on energy in telecommunications networks. At the time of writing, GreenTouch has announced that it is well on the way to
achieving its long-term objective of improving the energy
efficiency of ICT networks by a factor of 1000 [8]. An exciting implication of the GreenTouch announcement is that if
the technologies and architectures developed by GreenTouch
can be incorporated into the network, the rise in power consumption of the network projected in Fig. 2 could not only
be stopped, but could even be turned into a decrease in overall power consumption over time. Good progress is being
made, but there remains plenty of scope for further improvements in energy efficiency.
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Training in Silicon Photonics Research in Canada
By Lukas Chrostowski, Associate Professor, Electrical and Computer Engineering,
University of British Columbia; NSERC SiEPIC Program Director
The Silicon Electronic-Photonic Integrated Circuits (Si-EPIC)
NSERC CREATE research training program [1], funded until
2018, has been developed in response to the rapidly emerging field of silicon photonics. Globally, we are on the cusp of
revolutionary changes in communication and microsystems
technology through the marriage of photonics (manipulation
of information using light, or photons) and electronics (information processing using electrical current) on a single platform
(silicon). How is this relevant to society? The m
 iniaturization
of optical components onto silicon chips will enable tremendous developments and will play a ubiquitous role globally,
impacting such areas as high-speed communications for mobile devices, optical communications within computers and
within data centres, sensor systems, and medical applications.
Our training program emphasizes student design of “commercializable” single-chip systems for far-reaching industry-
relevant applications.
The Si-EPIC CREATE program builds on the success of
our pioneering nation-wide training workshops in silicon photonics, offered in partnership with CMC Microsystems, which
began as a pilot course at the University of British Columbia in 2008 [2]. Since then, over 100 participants have taken
our workshops from over 18 universities and from industry.
The emphasis is to train students to be innovative designers
using world-leading industrial CMOS foundry processes and
to engage in innovation and commercialization with industry partners. Si-EPIC uses a successful collaborative-teaching

model [2], which consists of week-long workshops taught by
up to 20 instructors and presenters, which are followed by design–fabricate–test cycles. Workshops provide students with
leading-edge interdisciplinary exposure to both electronics and
photonics, and to both devices and systems. Our program offers the following annual workshops, which are open to both
academics and industry:
1) Passive Silicon Photonics – topics including fibre grating couplers, resonators (rings, disks, Bragg gratings,
photonic crystals), splitters (Y-branches, directional
couplers), and various optical filters.
2) Active Silicon Photonics – with an emphasis on highspeed modulators and detectors. Next offered July
10-16, 2013, at McGill University.
3) CMOS Electronics for Silicon Photonics – with an
emphasis on analog circuit design for optical transmitter and receivers, and tuning circuits. It will be offered
for the first time during August 26–30, 2013, at the
University of British Columbia.
4) Systems, Integration, Packaging – including CMOS
and photonic integration strategies, and system-level
design and modelling. It will be offered in late 2013
or 2014.
The Si-EPIC program offers students from across Canada the
unique, coordinated design and test support by CMC Microsystems, with access to leading-edge industrial design software
and fabrication processes. As is the case in the microelectronics

SiEPIC Passive Silicon Photonics workshop and tour of the C2MI MiQro Innovation Collaborative Centre in Bromont, Quebec.
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Automated chip-scale optical probe stations facilitate the measurement of thousands of optical devices.

SiEPIC scholar Ms. Samantha Grist is testing silicon nanophotonic biosensors.

Designed by scholar Mr. Xu Wang, waveguide Bragg grating
devices function as filters for on-chip signal processing applications, and as sensors for biomedical applications.

world, working together on a common foundry platform has
the following advantages:
1) Resource Efficiency – working in a “fabless” model
reduces the need for in-house cleanrooms and costly
process development.
2) Design Re-Use – the electronics industry benefits by
reusing building blocks termed Intellectual Property (IP) cores rather than designing systems (such as
processors) from the transistor up for each new design
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(over 1 billion transistors). Similarly, we are building
a shared library of Silicon Photonics IP cores. This
facilitates collaborative systems-level research and
development.
3) Transferability for commercialization – allows
industry to our library in a plug-and-play fashion to
design new products that will be fabricated by a common foundry.
4) Encourages collaborative design – facilitated by
common goals, language, workshops, and a library.
Our team conducts research in modelling tools and methods, design, fabrication, test and measurement, and packaging of both devices and systems. The research objectives are
to a) collaboratively develop new technologies, b) incorporate
these into the Si-EPIC library, and c) use the library to drive
further innovation, both academic and industrial. Some of the
systems-level research topics include communication systems
for data centers, fibre-to-the-home, and on-chip networks;
quantum-based, ultra-secure information networks using
non-classical light; and wireless communications. Device
level research includes optical detectors, high-speed modulators, lasers and their integration with silicon, a variety of passive optical components such as on-chip spectrometers, and
electronics.
More information about the program and the workshops
can be found at our web page, http://www.siepic.ubc.ca.
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Monolithic Integration of III-V Quantum-Dot
Lasers on Silicon for Silicon Photonics
Jiang Wu, Qi Jiang, Andrew Lee, Mingchu Tang, Alwyn Seeds, Huiyun Liu
Abstract—Silicon, the most popular material for electronic integrated circuits, has been widely investigated as a platform for
photonic integration since the 1980s. Silicon photonics holds
great promise to provide better systems in terms of speed, bandwidth, and energy efficiency while still remaining cost-effective
compared to current microelectronics. Although silicon is able
to fulfill the criteria of many photonic devices, the electrically
pumped laser based on silicon remains the ‘holy grail’ for Si
photonics. Could III-V semiconductors provide an answer for
efficient light sources on silicon platform? III-V semiconductors do afford excellent optical properties, but monolithic integration of III-V on silicon substrates is challenging. This article
presents a review of monolithic growth of III-V quantum dot
laser diodes on a silicon platform at University College London.
These results provide a feasible means for monolithically integrating III-V materials on Si platform for photonic circuitry.

I. Introduction

Over the last few decades, silicon-based integrated circuits
(ICs) have become faster, more compact, and more functional.
The boom in ICs has a high bandwidth requirement to keep
pace with computer chip performance. On the other hand,
it becomes increasingly challenging for copper interconnects
to meet the current data communication requirements. The
development of current information technology requires integration of photonic devices for the reasons of high bandwidth
demand and energy-efficient operation [1]. The maturity of
electronic IC technology makes silicon the most desired platform for advanced optoelectronic integrated circuits. Despite
great advances in silicon photonics over recent years, efficient
light sources on silicon platform remain one of the greatest
challenges facing silicon photonics because of the indirect
bandgap of silicon. In general, III-V materials are used for high
efficiency optical devices due to their superior optical properties. Direct growth of III-V materials on silicon substrates
could potentially revolutionize the development of silicon
photonics [2]. However, structural differences between silicon
and III-V semiconductors make the integration of III-V optical
devices on silicon platform non-trivial [3]. This article reviews
the recent progress and results of the Photonics Group at University College London (UCL) in fabrication of III-V quantum
dot lasers on silicon substrates.

II. Advantages of III-V Quantum Dot Lasers
on Direct Epitaxy of III-V on Si Substrates
The direct growth of III-V semiconductors on Si substrates
would be an ideal approach for III-V on silicon (III-V/Si) integration so that the production cost can be reduced and e xpensive
August 2013

substrates can be avoided. However, there are great challenges
for III-V/Si by direct epitaxial growth [4], [5], namely the formation of three types of defects: anti-phase boundaries (APBs),
threading dislocations (TDs) and micro-cracks.
(1) Anti-phase boundaries: III-V compound materials are
composed of two different atomic sublattices. Sublattice shifts
may nucleate during epitaxial growth of III-V on Si and Ge.
Sheets of wrong nearest neighbor bonds, i.e., APB or inversion
domain boundaries (IDBs) can occur. IDBs are planar defects,
which deteriorate device performance by acting as nonradiative
recombination centers. To solve the issue of APB, off-axis-cut
substrates can be used. A single domain surface can be formed
by choosing carefully the off-cut angle to obtain bi-atomic
steps. Such single domain surface have Si-Si dimers oriented in
the same direction and thus, GaAs growth on Si can be initialized with formation of arsenic/gallium dimmers with identical
orientation after with As/Ga prelayer deposition.
(2) Micro-cracks: A mismatch in thermal expansion between
the III-V epilayers and a Si substrate will result in tensile stress
in the III-V layer, and could lead to crack formation during
the cooling from growth temperature (>500 oC) to room temperature. Thin compressive materials, such as InAlGaAs layers with In<6% in the III-V buffer layers to compensate the
thermal expansion difference and a slow cooling down of the
substrates after the growth have been used to suppress the formation of micro-cracks.
(3) Threading dislocations: The primary challenge of III-V/
Si integration is the formation of high-density TDs due to
the lattice mismatch between III-V compounds and Si. The
lattice mismatch between GaAs (InP) and Si is about 4.1%
(7.5%). Typically, the TD density resulting from direct growth
of GaAs or InP on Si is of the order of 1010/cm2, which is much
higher than the residual TD density (~103/cm2) found in bulk
GaAs and InP wafers. TDs are well known to act as nonradiative recombination centers and to promote dark line defects in
the operation of semiconductor laser diodes, and may therefore
reduce optoelectronic conversion efficiency and device lifetime.
Despite the very great difficulties involved, a worldwide
effort has been devoted to the field for more than 30 years because of the massive potential if successful. To date, although
conventional III-V quantum well (QW) lasers have been demonstrated, their practicality is still a great challenge because of
their very high threshold current densities, Jths [4].
III-V quantum dots (QD) are zero-dimensional crystals
whose size is in the nanometer scale in three spatial directions.
This small size of QDs leads to the confinement of electrons and
holes in all three spatial directions giving unique properties
(a discrete energy spectrum) compared to other s emiconductor
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are formed at the GaAs/Si interface as
a result of the lattice mismatch. The
growth temperature of the GaAs buffer
layer plays a critical role in suppressing the formation of the dislocations
InGaAs QW
InAs QDs
and we have seen the lowest density of
GaAs
defects which are mainly confined in the
GaAs
interface region at a growth temperature
of 400 °C [2].
Figure 1. Cross-sectional schematic of threading dislocation propagating through
In order to keep the defects from
InGaAs/GaAs quantum well layer and InAs/GaAs quantum dots layer, respectively.
propagating into the III-V device active
region, InGaAs/GaAs superlattices are
structures, such as QWs. The QDs behave as artificial atoms
grown as dislocation filter layers (DFLs). These strained
with properties, which can be engineered by crystal growth
superlattices can work as dislocation stop layers by bending the
techniques, such as Molecular Beam Epitaxy (MBE). These
dislocations and confining them in the DFL region. Figure 2(d)
unique QD properties lead to revolutionary characteristics for
shows a TEM image of a few InGaAs/GaAs superlattice DFLs
QD lasers. These include temperature-independent operation,
grown on a Si substrate. Initially, a large number of threading
reduced drive current, and higher operating speeds [6], [7],
dislocations are generated at the interface between the GaAs
which are significantly superior to conventional semiconductor
layer and Si substrate. With four repeats of DFLs, the density
QW lasers. This unique attribute of QD technology leads us to
of threading dislocations is significantly reduced. After this
develop III-V QD lasers on the Si platform. Furthermore, QD
one set of DFLs, there is no dislocation observed in a number
structures offer other special advantages over QWs, not directof similar images, as shown in Figure 2(d). The misfit strain
ly related to their unique density of states, for the production
of the strained superlattices blocks the threading dislocations
of better III-V/Si photonic devices [8]–[10]. These include:
from propagating in the growth direction [16].
(1) Lower sensitivity to defects: Some of the TDs and APBs
By using the aforementioned growth techniques, a
generated at the III-V epilayers grown on Si substrates will
broad-area stripe laser was fabricated at London Centre for
propagate through the III-V layers. Every TD propagating
Nanotechnology. Electrically pumped laser at 1.302 nm was
through QWs will become a nonradiative recombination cendemonstrated with a low room temperature threshold current
ter, leading to dramatically degraded performance of III-V
density (JthS), 725 A/cm2 [see Figure 2(e)], and operation temQW devices. However, in the case of QD devices, one TD in
perature up to 42 °C [11].
the active region can only “kill” one or a few dots. It will not
affect the majority of dots, as shown in Figure 1. Furthermore,
IV. Quantum Dot Lasers on Ge Substrates
the electrons and holes within the active region are spatially
The direct epitaxy of III-V materials on Si substrates faces diflocalized in dots. This carrier localization could result in carrificulty in suppressing the formation of defects due to the large
ers not “seeing” the TDs. QD devices thus exhibit dramatically
lattice mismatch between III-V materials and Si. Compared
reduced sensitivity to defects.
with Si substrates, Ge has a much smaller lattice mismatch
(2) High resistance to degradation: The strain field of QDs
and thermal mismatch to GaAs. In addition, Ge has not only
gives greater mechanical strength to prevent the movement
higher carrier mobilities but also a higher absorption coeffiof dislocations, even in the presence of high-density nonradiacient at an optical communication wavelength region. Despite
tive recombination centers [10]. Consequently, in the case of
these advantages, the APBs caused by polar/non-polar heteroIII-V/Si devices with a relatively high density of TD, QD laepitaxy are still problematic. The same solution to eliminate
sers should exhibit much longer lifetimes and higher operation
APBs for III-V/Si heteroepitaxy does not work satisfactorily
temperature than QW devices.
as a self-terminating one-monolayer As cannot always be susThese advantageous properties of QDs led to the recent
tained on a Ge surface. As a result, III-V devices integrated
demonstrations of III-V QD lasers monolithically grown on Si
on Ge substrates have not been well established. A solution to
remove APBs at the III-V/Ge interface and grow high quality
substrates [11]–[15].
III-V buffer layers is critical for integration of III-V devices on
III. Quantum Dot Lasers on Si Substrates
Ge substrates.
A conventional GaAs-based InAs/InGaAs dot-on-a-well
At UCL, we have employed a Ga prelayer technique for
(DWELL) structure was first fabricated on silicon substrates
GaAs growth on miscut Ge (100) substrates. By using this
by a solid-source MBE. To reduce the density of threading
technique, we have demonstrated the first InAs/GaAs QD
dislocations nucleated at the interface between the GaAs buflasers grown on Ge substrates [13], [14]. In our investigafer and silicon substrate, the GaAs buffer growth temperature
tion, the As prelayer used for GaAs growth on Ge surface
results in quasi 3D structures because of APBs generated
is critical. To optimize the growth temperature of the GaAs
at the GaAs/Ge interface [6]. On the other hand, with an
buffer layer on Si, transmission electron microscopy (TEM)
initial deposition of about one atomic layer of Ga over Ge
measurements were carried out to compare the quality of III-V
surface, the GaAs epitaxial layer over Ge surface exhibits
material grown on Si substrates at different temperatures.
a much smoother surface. TEM measurements reveal only
[Figure 2(a)–(c)]. For all buffer growth temperatures, defects
Threading Dislocation
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Figure 2. Cross-sectional TEM images of GaAs nucleation layer grown on Si substrates at (a) 380 °C, (b) 400 °C, and (c) 420 °C. (d)
A cross-sectional TEM image of InGaAs/GaAs dislocation filter layers grown on the Si substrate. (e) Light output against current
characteristic for the InAs QD laser grown on Si substrate at room temperature. The inset in (e) is the laser emission spectrum and
optical image of the quantum dot/Si laser device.

defects caused by strain-relaxation at
the GaAs/Ge interface but no APB is
observed when using Ga prelayers,
as shown in Figure 3. By using a Ga
prelayer growth technique a five-layer
InAs/InGaAs DWELL laser structure
was grown on Ge substrates. A broadarea laser cleaved to 1-mm long exhibits
electrically pumped lasing at ~1.29 nm
and a low threshold current density of
200 mA/cm2 at room temperature, as
shown in Figure 4. Such a low threshold
current density for 1-mm long QD laser
devices at room temperature confirms
the high growth quality III-V materials
on Ge substrates. This successful demonstration of long-wavelength III-V
quantum dot laser on Ge substrates
paves the way for the monolithic integration of efficient light source on Si
platform for Si photonics by the use of
Ge-on-silicon (Ge/Si) substrates.
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Figure 3. AFM (top) and TEM (bottom) images of GaAs layers grown on Ge substrates
with As prelayer (left) and Ga prelayers (right).
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Figure 4. Light output against current characteristic for a InAs/
GaAs quantum-dot laser diodes on Ge substrates at room temperature. The inset is the emission spectrum at a current of 120 mA.
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V. Quantum Dot Lasers on Ge-on-Si Substrates
With the solution to fabrication of high quality III-V materials
on Ge substrates, growth techniques can be straightforwardly
transferred to Ge/Si virtual substrates. Ge/Si has been e merging
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Figure 6. (a) Room-temperature PL spectra for InAs/GaAs quantum dots grown on Ge and Ge/Si virtual substrates, respectively.
The inset is the laser optical spectrum above the threshold current
at room temperature. (b) Light output against current characteristic for InAs/GaAs quantum dot laser grown on Ge/Si substrate
under pulsed condition for different operation temperatures.

100 nm

Figure 5. AFM (top) and TEM (botom) images of InAs/GaAs
QDs grown on a Ge/Si substrate.
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as an interesting candidate for advanced electronic devices as
well as photonic integration. Thanks to the development of
Ge/Si technology, high quality Ge/Si substrates are now commercially available [14]. The current compatibility of Ge with
Si-based IC technology makes it very attractive for bridging
III-V materials and Si substrates. The Ge/Si virtual substrate
used at UCL is formed by deposition of a 2-nm thick Ge layer
by using chemical vapour deposition on Si (100) substrates
with a 6° offcut towards the [111] planes. High quality InAs
quantum dots are formed on the Ge/Si virtual substrate by using the Ga prelayer growth technique. As shown in F igure 5,
rather uniform quantum dots with a sheet density of 3.5 #
1010 cm–2 are observed in an atomic force microscopy (AFM)
image. The laser active region with five periods of InAs/InGaAs DWELLs is defect free as confirmed by the TEM image
in Figure 5.
Figure 6(a) compares the photoluminescence spectra at
room temperature of identical InAs/InGaAs DWELL s tructures
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grown on Ge and Ge/Si substrates. In both cases, the quantum
dots have strong emission at an optical communication wavelength around 1.3 nm with a relatively narrow spectral width
about 30 meV. The photoluminescence intensity of InAs QDs
grown on Ge/Si substrate is slightly weaker than that of QDs
grown on Ge substrates. This difference may be due to the
dislocation density (5 # 106 cm–2) in the Ge epitaxial layer on
the Ge/Si substrate.
The same InAs/InGaAs DWELL laser structure as that
on the Ge substrates was then grown on Ge/Si substrates.
The inset of Figure 6(a) shows the lasing optical spectrum
of a InAs/GaAs quantum-dot laser on Ge/Si substrate with
a lasing wavelength about 1.28 nm above threshold current
at room temperature. A 3-mm-long Ge/Si based InAs/GaAs
quantum-dot laser demonstrates an operation temperature
as high as 84 °C with a characteristic temperature, T0, of
about 50 K (pulsed mode with 0.1 ns at 1.0% duty cycle),
as shown in Figure 6(b). Threshold current densities of as
low as 64.5 A/cm2 under pulsed condition and 163 A/cm2
under cw operation have been demonstrated at room temperature for a 3.5-mm-long device [15]. Given that the defect
density of the Ge/Si virtual substrate is about three orders
higher that of GaAs substrate (about 5 # 103 cm–2), the
performance of the long wavelength quantum dot lasers on
Ge/Si substrates can be further improved by exploiting
defect filtering technologies.

VI. Conclusion
We have demonstrated 1.3 nm InAs/GaAs quantum dot lasers directly grown on Si, Ge, and Ge/Si substrates. Miscut
substrates and Ga prelayers have been used to eliminate APBs
for direct epitaxy of III-V materials on Si and Ge surfaces.
In order to reduce the threading dislocation density, the
nucleation temperature of the III-V buffer layers has to be
optimized. An effective means of preventing threading dislocation from propagating into the quantum dot laser region
is using DFLs. With a few periods of InGaAs/GaAs DFLs,
threading dislocations can be confined in the buffer region.
By using these growth techniques, the state-of-the-art quantum dot lasers have been developed at UCL. QD laser diodes
monolithically grown on Si substrates with room temperature threshold current density of 725 A/cm2 and operation
temperature up to 42 °C have been demonstrated. We have
also demonstrated room-temperature lasing and low threshold current density of 200 A/cm2 for InAs QD lasers grown
on Ge substrates by using the Ga prelayer technique. Long
wavelength laser operation up to 84 °C and a low RT threshold current density of 64.5 A/cm2 have been demonstrated
on Ge/Si virtual substrates. These results provide strong evidence and directions for monolithically integration of high
performance III-V emitters on Si platform for advanced optoelectronic integrated circuits.
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Jiang Wu received his Ph.D. from the University of Arkansas-Fayetteville, USA, in
2011. After receiving his Ph.D., he joined
University of Electronic Science and Technology of China working on nanostructured solar cells in 2011. In December 2012, he
joined the Molecular Beam Epitaxy research
group at UCL as a Research Associate. He has co-authored over
50 peer-reviewed technical papers in the area of materials science and optoelectronic devices. His research interests are in
Molecular Beam Epitaxy growth and nanostructured optoelectronics, including quantum dot lasers, photodetectors and
photovoltaic cells.
Qi Jiang received the B.Sc degree in Electronics from University of Sheffield, UK,
in 2004. He then completed M.Sc in a
joint venture between University of Sheffield and University of Leeds in 2005. He
started his Ph.D. in the topic of quantum
dot laser and superluminescent diode in
2008 in Department of Electronic and Electrical Engineering after he worked for Department of Physics in University of Sheffield. He is currently a research assistant in UCL
where he is working the integration of Group IV and III-V
Photonics.
Andrew D. Lee received the B.Sc degree
in physics from Imperial College London,
UK, in 2008. He then enrolled in the Centre for Doctoral Training (CDT) in photonics systems development, a joint venture
between Cambridge University and University College London (UCL), receiving a
M. Res in 2010 and is now pursuing the Ph.D. degree at
UCL in the CDT. He has published in Optics Express, and
presented his work at Group IV Photonics, London.
His current research interests include III-V growth via
molecular beam epitaxy on Si, and fabrication of quantum
dot lasers.
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Mingchu Tang received the B.Eng degree in
Electronic and Electrical Engineering in University of Sussex, UK, in 2011. He is a currently Ph.D. student in University College
London, UK. His current research interest
includes III-V quantum-dot materials and devices and Molecular Beam Epitaxy growth.
Alwyn J. Seeds received the B.Sc., Ph.D.
and D.Sc. degrees from the University of
London. In 1980 he was appointed 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 at Queen
Mary College, University of London, moving to University
College London in 1986, where he is now Professor of Optoelectronics and Head of the Department of Electronic and
Electrical Engineering. He has published over 400 papers on
microwave and opto-electronic devices and their systems applications. His current research interests include III-V semiconductor devices, optical frequency synthesis, broadband
wireless over fiber access systems, coherent optical networks,
THz photonics and non-linear optical devices.
Professor Seeds has been elected a Fellow of the Royal Academy of Engineering (UK) and an IEEE Fellow (USA). He has
been a Member of the Board of Governors and Vice-President
for Technical Affairs of the IEEE Photonics Society (USA). He
has served on the programme committees for many international conferences. He is a co-founder of Zinwave, a manufacturer of wireless over fibre systems and founder of PhronTera, a
manufacturer of ultra-fast photonic devices and systems.
Huiyun Liu received the Ph.D. degree in
semiconductor science from the Institute of
Semiconductor, Chinese Academy of Sciences, Beijing, China, in 2001. After receiving his Ph.D., he joined the EPSRC
National Centre for III-V Technologies at
University of Sheffield in August 2001. In
2007, he was awarded Royal Society University Research Fellow and joined the Department of Electronic and Electrical
Engineering at University College London, U.K., where he is
now Professor of Semiconductor Photonics. Professor Liu has
published over 120 peer-reviewed papers on developing III-V
compound materials and devices. His current research interest concentrates on the nanometre-scale engineering of lowdimensional semiconductor structures (such as quantum
dots, nanowires, and quantum wells) by using molecular
beam epitaxy and the d evelopment of novel optoelectronic
devices including lasers, detectors, and modulators by developing novel device process techniques.
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News
IEEE Photonics Society Gets Social to Connect
with the Photonics Community Online
Piscataway, NJ (July 2013)—The IEEE Photonics Society (IPS) is now active on social media and ready to connect with members, academia and industry professionals on
Facebook, Twitter, LinkedIn, and through their new online
newspaper, the IEEE Photonics Daily. IPS is using these
social media channels to provide the photonics and optics
community with innovative ways to engage in conversation and share useful resources. Raising awareness is IPS’s
goal; providing education and outreach about the role of
photonics in technology, manufacturing, telecommunications, research, healthcare, energy development, security,
aerospace, and more.
“The IEEE Photonics Society is the professional
home for a global network of scientists and engineers
who represent the laser, optoelectronics and photonics community,” said Lauren Mecum, IPS Membership
Development Specialist. “We are continually searching
for new ways to provide our members with professional
growth opportunities and we plan to use social media as
yet another avenue of doing so. We hope to offer photonics community supporters a place to network with peers,
keep up with evolving tech news and have a voice in the
industry.”
Followers of IPS on social media will have immediate access to quick updates and micro-blogs on IPS
programs, educational opportunities, photonics research
and innovation, publications, membership news and
upcoming conference information. In addition, IPS followers on Twitter have the opportunity for their tweets
to be featured in IEEE Photonics Daily, which serves
to inform the readership of new products and technologies. Interested parties who are not active on Facebook
or Twitter can also subscribe to receive the daily online
newspaper, the IEEE Photonics Daily, via email, explained Mecum.
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Follow IPS on Twitter: @IEEEPhotonics
Like IPS on Facebook: Facebook.com/PhotonicsSociety
Join the IPS LinkedIn Group: http://linkd.in/10MW07o
Subscribe to IEEE Photonics Daily: http://bit.ly/IPSDaily

About the IEEE Photonics Society
The IEEE Photonics Society is one of the world’s leading
technical communities in the field of optoelectronics and
photonic materials, devices, and systems, with members
and activities engaged in research, development, design,
manufacture, and applications, as well as with the various
other activities necessary for the useful expansion of the
field. As part of this dynamic worldwide community, more
than 100,000 photonics professionals actively organize,
contribute to, and participate in Society technical conferences, journals and other activities covering all aspects of
the field. The IEEE Photonics Society has 80+ chapters
worldwide and is part of IEEE, the world’s largest technical
professional association. The IEEE Photonics Society (IPS)
is the current name for the former IEEE Lasers and ElectroOptics Society (LEOS). Learn more at http://www.photonicssociety.org and http://www.photonicsconferences.org/.

About IEEE
IEEE, the world’s largest technical professional association,
is dedicated to advancing technology for the benefit of humanity. Through its highly cited publications, conferences,
technology standards, and professional and educational activities, IEEE is the trusted voice on a wide variety of areas
ranging from aerospace systems, computers and telecommunications to biomedical engineering, electric power and
consumer electronics. Learn more at http://www.ieee.org.
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Past President, James Coleman
to move to the University of Texas
James J. Coleman, of the University of Illinois
at Urbana-Champaign, will be moving to the
University of Texas at Dallas to serve as the
next head of the Department of Electrical Engineering. He will also hold the Erik Jonsson
School of Engineering and Computer Science
Distinguished Chair.
Coleman, who currently holds the Intel
Alumni Endowed Chair in Electrical and Computer Engineering at Illinois and is also a professor of Materials Science and Engineering, said, “I am
pleased to be selected for this leadership position and I am
looking forward to joining a strong and growing young
engineering program.”
After receiving B.S., M.S., and Ph.D. degrees in electrical
engineering from Illinois, Coleman was at Bell Laboratories
in Murray Hill, N.J., where he worked on long-wavelength
semiconductor lasers for telecommunications. From 1978–
1982, Coleman worked at Rockwell International, Anaheim,
CA. While at Rockwell, he contributed to the development
of the metalorganic chemical vapor deposition (MOCVD)
growth method and to the design, growth and fabrication of
various high speed electronic and photonic devices.
In 1982, Coleman returned to the University of Illinois and
established a laboratory for the development of III-V semiconductor lasers and photonic devices grown by metalorganic

chemical vapor deposition (MOCVD). He and his
students are involved in the study of strained layer lasers, self-assembled and patterned quantum
dots, and low threshold and high power single
mode index guided lasers and arrays.
Coleman holds 9 US patents and has authored
more than 425 papers and presentations. He is a
member of the National Academy of Engineering
and a Fellow of IEEE, the Optical Society (OSA),
the American Physical Society, SPIE, and AAAS.
In 1997 and 1998, he won the IEEE Photonics Society’s Distinguished Lecturer Award and in 2000 the William Streifer
Award for Scientific Achievement. He was awarded IEEE’s
David Sarnoff Award in 2008, for leadership in the development of highly reliable strained-layer lasers and, in 2006 the
OSA Nick Holonyak, Jr. Award for a career of contributions
to quantum well and strained-layer semiconductor lasers
through innovative epitaxial growth methods and novel device designs. In 2013, he received the John Tyndall Award of
IEEE Photonics Society and the Optical Society of America.
Coleman served as vice president (publications) of the
IEEE Photonics Society from 2004–2006 and president in
2010 and 2011. He received the Society’s Distinguished
Service Award in 2008.
Coleman’s term at UTD will begin on September 1,
2013.

IEEE Photonics Society (IPS) Candidates
for the 2014–2016 Board of Governors
Ballots for the election of candidates to the Board of Governors will be distributed soon to all voting members. This year’s
candidates are:
Weng W.Chow
Sandia National Laboratories

Amr Helmy
University of Toronto

Anders Larsson
Chalmers University

Malin Premaratne
Monash University

Lukas Chrostowski
University of British Columbia

Sanjay Krishna
University of New Mexico

Xiuling Li
University of Illinois

Perry Shum Ping
Nanyang Technological University
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IEEE PHOTONICS SOCIETY—CALL FOR NOMINATIONS
2014 JOHN TYNDALL AWARD
2014 YOUNG INVESTIGATOR AWARD
NominaƟons are now being accepted for the 2014 John Tyndall Award.
This award, which is jointly sponsored by the IEEE Photonics Society and the
OpƟcal Society, is presented to a single individual who has made outstanding
contribuƟons in any area of lightwave technology, including opƟcal bers and
cables, the opƟcal components employed in ber systems, as well as the
transmission systems employing bers. With the expansion of this technology, many individuals have become worthy of consideraƟon. NominaƟon
deadline is 10 August, 2013.

NominaƟons are now being solicited for the 2014 Young Inves�gator Award.
The Young InvesƟgator Award was established to honor an individual who has
made outstanding technical contribuƟons to photonics (broadly dened) prior to his or her 35th birthday. Nominees must be under 35 years of age on
Sept. 30th of the year in which the nominaƟon is made. NominaƟon deadline is 30 September, 2013.
The nominaƟon form(s), awards informaƟon and a list of previous recipients are available on the Photonics Society web site:

h�p://www.photonicssociety.org/award‐info
h�p://www.photonicssociety.org/award‐winners
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Iga Received Franklin Medal and Award
Professor Kenichi Iga, IEEE Life Fellow and Professor Emeritus of Tokyo Institute of
Technology received 2013 Bower Award and Prize for Achievement in Science from
Franklin Institute. Prof Iga is also a receipent of the IPS William Streifer award (in
1992). Prof Iga’s citation for the Franklin Medal and award is for “the conception and
development of the vertical cavity surface emitting laser and its multiple applications
to optoelectronics”
http://www.fi.edu/franklinawards/13/bowersci.html

Professor Kenichi Iga

IEEE Fellow Prof. Russel Dean Dupuis
Receives Humboldt Research Award

Prof. Dr. Russel Dean Dupuis

August 2013

A faculty member of the Georgia Institute of Technology, School of Electrical and
Computer Engineering, Atlanta, USA—Prof. Dr. Russel Dean Dupuis (IEEE Fellow)—has been elected the recipient of a Humboldt Research Award after having
been nominated for this award by Prof. Dr. Michael Kneissl, Technische Universitaet
Berlin, Germany.
This award is conferred in recognition of lifetime achievements in research. In addition, the awardee is invited to carry out research projects of his own choice in cooperation with specialist colleagues in Germany. We hope that thereby the international
scientific cooperation will be further promoted.
The award is granted in recognition of a researcher’s entire achievements to date
to academics whose fundamental discoveries, new theories, or insights have had a significant impact on their own discipline and who are expected to continue producing
cutting-edge achievements in the future.
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OFC Rump Session on Silicon
Photonics—Standing Room Only!
Michael Hochberg, U. Delaware and NUS, Dan Kuchta, IBM Research
At OFC this year, we chaired a Rump Session, entitled “Silicon Photonics: Disruptive
Technology or Research Curiosity?” The OFC
rump session was formatted as a spontaneous
discussion among the audience m
 embers; as
session chairs, we tried to ask provocative questions and occasionally prompt specific audience
members for their reactions. A few brief presentations were given to kick things off, then the
fun started with questions and discussions from
the audience.
Seating was set for 200 and more than 300 Half of the standing room only crowd at OFC 2013 Rump Session on
people showed up! People were literally sitting Si Photonics.
in the aisles and stacked up outside the room
until almost 10 PM, more than two hours into
the session. The room was packed with students and redeveloped products containing more than a few devices.
searchers in academia, professionals from industry and Wall
• Kotura and Luxtera were mentioned, since they were
Street, venture capitalists and industry analysts. It was clear
showing 4 #28 G transceivers and/or AOCs at OFC.
from the discussion that there is broad, cross-cutting interest
• Skorpios and Aurrion had accepted papers in the Post
in silicon photonics, both domestically and internationally,
deadline session, but no public demos or product
and that the interest ranges from system integrators to deannouncements.
vice developers, and includes end-users in the datacenter and
• Cisco’s purchase of LightWire and the new CPAK prodtelecommunications spaces.
ucts were also mentioned as an indicator of support for
Chris Cole, of Finisar, commented: “To hold that many
silicon photonics.
people’s interest for 2 ½ hours, ending at 10 PM, after a
• Kotura, Luxtera, IBM, Intel and Cisco were cited as
long day, was a testimony to…the audience’s interest in
examples that both big companies and startups were
silicon photonics.” As session chairs, we’re pleased that this
able to build silicon photonics transceivers.
was such a success, and that the topic captured the audience’s imagination and interest.
Will Silicon Photonics be the Magic Solution to the
Several key topics emerged as points of discussion:
Transceiver Industry Financial Woes?
From the discussion, it was clear that silicon photonics is
Has the Hype has Outpaced the Technology?
not a magic solution to all the optical industry and transThe “Hype-cycle” about silicon photonics was discussed and
ceiver business’s profitability problems. Silicon photonics is
many mentioned it was a technology that has begun to manot new, with the early work occurring over 15 years ago.
ture at the same time when the optical industry is starting to
The field has recently matured to the point where system
need the benefits of photonic integration. This triggered an
level products can now be manufactured with moderate inintense series of debates about whether the silicon photonics
vestment and risk. Previous to ~2010, most research was in
was in fact mature enough and ready for production, or still
optimizing individual device performance—now it is about
linking devices and building integrated systems.
mainly in research and development.
The ecosystem for this has been under development for a
• Several people commented that InP is a serious challenglong time, but is just now maturing enough that truly faber to silicon photonics at 100 G in the datacenter. There
less projects are possible and relatively inexpensive.
are already InP products at 1310 and InP can emit light,
which means that any silicon photonic solution will
What are Silicon Photonic’s Strengths and Weaknesses?
necessarily integrate an InP source in the near term.
Silicon photonics has a specific set of strengths and weak• Photonic integration has been a topic of discussion and
nesses. It leverages the low cost CMOS semiconductor
presentations since OFC1999 but very few companies have
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(cont’d)
semiconductors to enable building very low cost, highcomplexity systems on chip. Ramping yield and complexity in silicon is going to be very quick.”

Center: Moderator Michael H
 ochberg.

infrastructure. It enables high levels of device integration
and devices have been shown that are capable of high-speed
line rates such as 25 G and 56 G, though not yet full links
at 56 G.
The III-V community members mentioned that unlike
GaAs and InP, silicon lacks the band gap to generate enough
usable light, hence lasers have to be attached which can be a
significant cost addition. Some members in the audience mentioned that recent advancement in laser attach using flip-chip
technology with a tuned external silicon cavity were being
used by Kotura and Cisco. Another approach was pioneered
by Luxtera with a MEMS micropackage. Lasers attached to
fibers and edge/butt coupled lasers were also mentioned as
manufacturable options.
Speaking as a moderator, Hochberg summarized some
of the comments as follows: “Silicon photonics’ strong
features are integration of many devices and high-speed
modulation. Silicon photonics is not the best solution at
everything and should be considered another tool in the
tool-box for photonics systems design.” He also commented that silicon photonics brings a special combination of
leveraging the tremendous capital investment in CMOS

Where exactly is the need for Silicon photonics?
As the data rates escalate (eg 25 G, 56 G), the reach of
multi-mode fiber with VCSELs is dramatically shrinking.
At the same time, large datacenters and cloud datacenter are
becoming increasingly large requiring longer reaches than
100 m the VCSEL technology enables. This is spawning
a lot of interest in using silicon photonics for inexpensive,
high-speed modulation and to build transceivers that can
reach up to 2 km for the ever-expanding datacenter market.
This area is where the optics industry hopes it will see both
high unit numbers and decent prices. This application space,
which is driven by reach and uses SMF, is likely to be a major
entry point for silicon photonics.
Why not use InP for the 100 m–2 Km reach – a technology available now instead of building a new infrastructure for silicon photonics?
Members from the Indium Phosphide community asked
why the current LR and LR4 implementations could not
be scaled down to address the 100 m–2 km reach and
avoid large capital investments in silicon photonics. The
consensus among the audience seemed to be that for
10 G, 40 G and even 100 G, InP is certainly viable using
4 channels but that at 400 G, there will be significant
yield challenges in InP.
What are the roadblocks to low-cost Implementations?
Test and packaging was discussed as a key issue needing a
lot more research and effort. This was identified as a key
area needing more investment and research to drive down
costs. John Bowers (CEO Aurrion) provided a perspective
on hybrid integration strategies, commenting that the
temperature and lifetime performance of Aurrion’s chips
was turning out to be extremely impressive.
Several companies openly asked if there were
any test and packaging engineers in the audience looking for a job.
Members of the VCSEL community spoke
out that long wavelength VCSELs at 1060 or
1090 nm with new fibers could address the
100 m–500 m reach issue in datacenters.
Will it be reliable?
The topic of Reliability of Si Photonics
was brought up as there is little to no data
in the literature to support the reliability
claims. The InP proponents were quick to

Standing left: Moderator Dan Kuchta
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Nomination deadlines for the IEEE Photonics Society Awards are listed as follows:

Award

Nomination deadline

Distinguished Lecturer Awards
Aron Kressel Award
Engineering Achievement Award
Quantum Electronics Award
William Streifer Scientific Achievement Award
Distinguished Service Award
Graduate Student Fellowship
John Tyndall Award
Young Investigator Award

16 February
5 April
5 April
5 April
5 April
30 April
30 May
10 August
30 September

OFC Rump Session
(continued from page 24)
point out that reliability of InP has been well established.
A representative from Intel said that reliability concerns
were ‘spurious’ while admitting at the same time that
there was no data to support this just yet. John Bowers
responded by summarizing strong reliability results in
the Aurrion platform, and Luxtera representatives commented on the very low failure rate of their components
deployed in the field.
Power Consumption
There is no shortage of claims of low energy consumption
of Si Photonic devices but many of these claims neglect the
laser power needed for operation. Audience members generally agreed that the laser power needed to be included in
system metrics, although some argued that in certain cases,
i.e. high coupling losses in the lab, this would not be valid
to include. It was also noted that there are some applications

32

IEEE PHOTONICS SOCIETY NEWSLETTER

where the lasers are not part of the transceiver, where breaking out laser power budgets separately is appropriate.

Post Rump Session Feedback
The feedback received from the rump session was quite
positive. Audience members felt that the right technical
and business issues had been brought up and although, at
times, there was not much discussion of a particular topic,
that was an indication of a tacit agreement with the issue. The post-OFC attendee survey showed that more than
60% of the respondents rated the rump session between
somewhat and extremely important. Moving forward, it
is hoped that the Industry benefited from open discussion
and that this will be reflected in the publications. OFC
2014 is planning to have a workshop on Silicon Photonic
Packaging and Reliability. If attendance is anything like
this rump session, we hope that they provide more chairs.
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An IEEE Photonics Society Affiliate Membership is open all industry and
academic professionals interested in the fields of optics and photonics.
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Does Your Chapter have
an Interesting Story to Share?
Over the years the IEEE Photonics Society (IPS) has
come across many wonderful stories about our chapters’ experiences all around the world. Moving forward, we’d like
to feature these stories in the print & electronic IEEE Photonics Newsletter and IEEE Institute.
The members and chapters of IPS help advance our
mission of representing the laser, optoelectronics and
photonics community. You are the advocates and driving force of our society around the world. We want to
hear from you!
• Did your chapter hold a recent, innovative event you
are proud to share?
• Is your chapter actively involved in the community,
promoting the photonics profession or breakthroughs
in the field?
• How does your chapter educate students and foster
professional growth?

If you have a story to tell, submit an article with pictures, video, etc. to:

We want to hear your voice! Stories about your chapter’s
activities can help spark new ideas for other chapters!

ipsnewsletter@ieee.org
Attention: Lisa Manteria

How to submit an article to the IPS Newsletter:

Please note: That by submitting a story you agree to have
it featured in IPS material, such as membership and recruitment publications. For more information, please review the
newsletter Submission Guidelines at PhotonicsSociety.org

IPS will feature 1–2 stories in the bi-monthly newsletter
and share chapters’ best practices via e-blast monthly.
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IEEE First Year New Member Experience
IEEE has an outreach program, First Year New Member Experience, for newly inducted
members. It was designed to help each understand and navigate IEEE during their first
year experience. Whether a member joined to build a professional network, save money on
conferences or keep current with technology, this program can help.
It includes a website portal, a monthly
online orientation to help the new member
get connected to IEEE and basic services
on how to participate in various member
activities.
Please inform new members and chapter
participants of this program when they first
join the society.
To get started visit: www.IEEE.org/Start

Get Connected &
Stay Informed @:
@IEEEPhotonics
www.PhotonicsSociety.org / www.IEEE.org/Membership
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Conference Section
The 10th International Conference on Group IV
Photonics Will Feature the Latest Advancements
in Silicon Photonics, Advanced Materials &
Nano-Photonics
Officially known as the Seoul Special City, the capital and largest
metropolis of South Korea will host GFP 2013…
SEOUL, KOREA—The 10th International Conference on Group IV Photonics (GFP 2013) will feature
presentations spanning a broad range of topics focused
on silicon photonics and other Group IV element-based
photonic materials and devices. Professionals from industry, academia, and government around the world
will gather from 28–30 August 2013 for the GFP 2013
conference, held for the first time in Seoul, Korea at the
Grand Hilton Seoul.
Planned as a single-track conference, GFP 2013 will
feature both oral and poster sessions of contributed and
invited papers focused on silicon photonics and other
Group IV element-based photonic materials, applications, and manufacturing technology. In addition, a
post-deadline session will feature the most up-to-date
results involving Group IV element photonic materials and devices, including integration and fabrication
technologies.
Some of the major topic areas will include:
• Electro-Photonic Convergence on Silicon: mainstreaming industrial Si photonics; optical interconnect
technology, including light sources, modulators, and
detectors; technology platforms, design tools/rules, and
industrial fabrication concerns.
• Novel Materials and Structure: novel materials and
material combinations, and/or structures generating
scientific interest; graphene, complex oxides,

p hotonic crystals, gratings, as well as plasmonics and
its hybrids.
• Photonic Devices and Nanophotonics: devices and
systems that are at the stage of focusing on real applications but do not necessarily need/require integration
with electronics; couplers, (bio) sensors, Si photonics
for telecom applications.
“As one of the leading international conferences focused
on silicon photonics materials, devices and processes, the
10th International Conference on Group IV Photonics represents a unique venue for the exchange of ideas between
researchers, engineers and business leaders on the latest
developments in Group IV photonics devices,” said GFP
2013 General Chair, Jung Hoon Shin of Korea Advanced
Institute of Science and Technology. “Our program will
blend an impressive array of invited speakers, as well as
comprehensive technical presentations, in a format that encourages interaction between participants and presenters.”
Invited Speakers
• Mehdi Asghari, Kotura Inc., USA
• Jean-Marc Fedeli, Atomic Energy and Alternatives
Energies Commission (CEA), France
• Beomsuk Lee, Samsung Electronics, Korea
• Subal Sahni, Luxtera, Inc., USA
• Qiaoliang Bao, Monash University, Australia
• Hideo Issihki, The University of Electro-Communication (UEC), Japan
• Robert Halir, University of Malaga ETSI, Spain
• Volker Sorger, George Washington University, USA
• Hiroshi Fukuda, Nippon Telegraph and Telephone
Corporation, Japan
• Cary Gunn, Genalyte, USA
• Jie Sun, Massachusetts Institute of Technology, USA
• Dave Thomson, University of Southampton, UK
• Xuezhe Zheng, Oracle, USA
GFP 2013 Program-at-a-Glance Available for Download: http://www.gfp-ieee.org/documents/GFP-2013-
Program-at-a-Glance-6-4.pdf
(continued on page 43)
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10th International Conference
on
Group IV Photonics 2013

28-30 August 2013
Grand Hilton Seoul
Seoul, Korea
www.gfp-ieee.org
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IEEE Photonics Society’s 2013 Avionics,
Fiber-Optics & Photonics Conference to
Highlight the Latest Developments in Fiber
Optic Architectures, Networking & Mobile
Platform Development in Avionics, Naval
Vessels & Ground Vehicles
SAN DIEGO, CA—The IEEE Photonics Society’s 2013 Avionics, Fiber-Optics & Photonics Conference (AVFOP 2013)
taking place 1–3 October 2013, is an application-oriented
conference designed to cover all aspects of severe environment
fiber optic component systems and technology for avionics,
vetronics (vehicle electronics) and naval vessels. Each year,
the AVFOP provides an international forum for engineers,
researchers and manufacturers to meet and exchange ideas on
the latest developments in reliability, maintainability, producibility, supportability, as well as the future direction of these
critical systems for military and commercial applications.
Photonics professionals from industry, government and
academia will gather from for the tenth annual AVFOP
2013 Conference at the Wyndham San Diego Bayside Hotel in the Embarcadero harbor district of San Diego, California (USA). A program of more than 60 presentations will
cover a comprehensive range of topics, including:
• Integrated & WDM optical components for harsh
environments
• Fiber optic transceivers for digital avionics & vetronics
systems
• Avionics/vetronics fiber optics & photonics technology
synergies
• Fly-by-light & power-by-light components & systems
• Optical components for analog/RF signal transmission
& distribution
• Avionics architecture/networking & standardization for
aerospace systems
• Modeling & simulation of aerospace fiber optic components, links & systems
• Avionics/aerospace fiber optic component & system
reliability
• and a host of other topics presented by experts in avionics, fiber optics and photonics technology.
In addition to the paper sessions, there will be a panel
discussion on “Fiber Optics & Photonics Technology Inser-
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tion Forum,” to be held on 2 October. The discussion will
provide unique insight into the processes used by defense
agencies, aircraft, rotorcraft & spacecraft manufacturers,
subsystem suppliers & system integrators to create and accept new fiber optics and photonics technologies.
“The past ten years has seen significant growth in the
deployment of fiber optic and photonics technology in the
aerospace industry for both commercial and military platforms,” said AVFOP 2013 General Chair, Richard DeSalvo
of Harris Corporation, USA. “And these avionics fiber optic
system architectures, networking schemes and components
have grown more sophisticated. The AVFOP conference has
proven to be an indispensable international forum for the
academic, industry and government R&D professionals to
further these technology developments.”

Program Overview
The preliminary conference program and listing of events
are online at: http://www.avfop-ieee.org/program.

Supplier Exhibits & Sponsorship Opportunities
A supplier exhibition and a wide range of sponsorship opportunities are available for participating companies to promote awareness, discuss the latest new products, interact
with customers and develop new sales contacts. Individualized sponsorship opportunities can be tailored to meet any
budget by contacting conference planner Megan Figueroa
at +1 732 562 3895 or via email at m.figueroa@ieee.org.
For registration and other information about AVFOP
2013, visit http://www.avfop-ieee.org/ or contact:
Megan Figueroa
Conference Planner | IEEE Photonics Society
(formerly LEOS)
445 Hoes Lane | Piscataway, NJ 08854
Tel: +1 732 562 3895 | m.figueroa@ieee.org
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JOIN US!
Pre-Registration Deadline
30 August 2013

WWW.AVFOP-IEEE.ORG

1-3 October 2013
Wyndham San Diego Bayside
San Diego California, USA

10th Avionics, Fiber-Optics
&
Photonics Conference 2013
WWW.PHOTONICSCONFERENCES.ORG
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Preview of 2013 IEEE Photonics
Society Conference
“This year’s IEEE Photonics Conference (IPC 2013) will
be held from 8th–12th September in Bellevue, WA: www.
IPC-IEEE.org. The very full program of talks and events
for the meeting features 4 plenary talks, 6 invited tutorials, 3 special symposia, and invited and contributed talks
across 15 topic committees ranging from Biophotonics to
Semiconductor Lasers. Optical Micro and Nanoresonators
has been introduced as a dedicated conference topic for the
first time and the re-branded topic of Photonic Materials
and Metamaterials recognizes the rapidly growing interest in metamaterials. The plenary speakers are Roel Baets
on ‘Lab-on-chip and Point-of-Care Applications of Silicon Photonics’, John Rogers on ‘Digital Cameras in Bioinspired Designs’, Kim Roberts on ‘The flexibility of Coherent Optical Transceivers’ and Yasunobu Nakamura on
‘Microwave Quantum Optics in Superconducting Circuits’.

The invited tutorials feature optical micromanipulation,
optical sensors in life science, semiconductor optical amplifiers, photonic microwave to digital conversion, VCSELs for
green high performance computing and interconnects, and
nonlinear propagation effects in multi-mode transmission.
Special symposia will cover ‘Optogenetics’, ‘The Internet
of Things’ and ‘Optical Data Storage’, featuring invited
and contributed talks from leaders in these fast-developing
fields. The conference begins with a Sunday Program featuring a panel discussion on ‘Silicon Photonics’ and a reception on ‘Photonics in the Pacific Northwest’ showcasing
the diversity of photonics interests and capabilities in this
region. We look forward to seeing you at this ‘must-attend’
conference.”
Martin Dawson

Preview of Group IV 2013
(continued from page 39)

Supplier Exhibits & Sponsorship Opportunities
A supplier exhibition and a range of sponsorship opportunities are available for participating companies to promote
awareness, discuss the latest new products, interact with
customers and develop new sales contacts. Individualized
sponsorship opportunities can be tailored to meet any budget by contacting conference planner Megan Figueroa at +1
732 562 3895 or via e-mail at m.figueroa@ieee.org.
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For registration and other information about GFP 2013,
visit http://www.gfp-ieee.org/ or contact:
Megan Figueroa
Conference Planner | IEEE Photonics Society
445 Hoes Lane | Piscataway, NJ 08854
Tel: +1 732 562 3895 | Fax: +1 732 562 8434
m.figueroa@ieee.org
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IEEE Photonics Conference to Spotlight
Breakthroughs in Many Lightwave-Related Technologies
SEATTLE, WA (June 27, 2013)—The unveiling of breakthroughs in photonics—the use of light waves in electronic
systems as opposed to electrical currents and voltages—will
top the agenda when the world’s leading technologists in
the field convene in the Seattle area this September for the
annual IEEE Photonics Conference (IPC-2013), formerly
called the IEEE LEOS Annual Meeting.
Some 600 scientists, engineers and technical managers
will gather from September 8–12 at the Hyatt Regency
Bellevue Hotel for an IPC-2013 program of invited talks,
paper presentations, panel sessions, special symposia, networking opportunities, and a product showcase.
Since 1988, the IEEE Photonics Conference and its predecessor the IEEE LEOS Annual Meeting have been the
premier autumn gatherings for the presentation and discussion of research in photonics technologies and applications,
including: lasers, biophotonics, displays, photodetectors,
sensors, imaging systems, integrated optics, photovoltaics,
optoelectronics, interconnects, microwave and nanophotonic devices and systems, non-linear and ultrafast optics,
optical fiber communications, planar waveguide technology and optoelectronic materials.
This year’s conference comes in the wake of the launch
this spring of the National Photonics Initiative, a collaborative alliance among industry, academia and government
experts seeking to raise awareness of the impact of photonics on our everyday lives, and of the field’s compelling
business opportunities, as well as the potential barriers to
growth. “While more than a thousand companies have
sprung up in recent years to produce the photonics devices
and systems we all depend on, there’s a need to overcome
financial and other barriers to growth in order to enable
continuing progress, and that’s what this initiative is all
about” said Richard Linke, executive director of the IEEE
Photonics Society, sponsor of IPC-2013 and co-sponsor of
the National Photonics Initiative along with four other
leading industry groups.
“The IEEE Photonics Conference represents a fusion of
cutting-edge scientific research and leading industrial innovations for photonics engineers, technologists and suppliers from around the world,” said Dr. Martin Dawson,
IPC-2013 Program Chair and Professor and Director of
Photonics Research at the University of Strathclyde in Scotland. “Thought-provoking technical talks, numerous special events and a product exhibition will provide attendees
with the insights and ideas they need to advance the use of
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light to address many of today’s most important technological challenges.”
Highlights of the IPC-2013 program include:

Plenary Sessions
• Lab-on-Chip and Point-of-Care Applications of Silicon Photonics by Roel G. Baets, Ghent University/IMEC
• Microwave Quantum Optics in Superconducting Circuits by
Yasunobu Nakamura, University of Tokyo
• The Flexibility of Coherent Optical Transceivers by Kim
Roberts, Ciena
• Digital Cameras in Bio-Inspired Designs: From Humans to
Flies by John Rogers, University of Illinois

Tutorial Speakers
Tutorial talks, which provide a broad view of a photonics
field starting from the basics, have been scheduled at various times throughout the conference on these topics:
• Semiconductor Optical Amplifiers by Ivan Andonovic,
University of Strathclyde
• VCSELs for Green High Performance Computers and Computer Interconnects by Dieter Bimberg, TU Berlin
• Photonic Microwave-to-Digital Conversion by Thomas
Clark, Johns Hopkins University
• Optical Sensors in Life Science and Medicine by Brian
T. Cunningham, UIUC
• Tutorial on Optical Micromanipulation by Kishan
Dholakia, University of St Andrews
• Nonlinear Propagation Effects in Multimode Transmission
by Antonio Mecozzi, University d’Aquila

Panel Sessions and Special Symposia
• There will be two panel discussions on Sunday, September 8: Silicon Photonics and Photonics in the Pacific Northwest
• There will be three Special Symposia at various times
during the conference on the following topics: Optical
Data Storage, Optogenetics and The Internet of Things

Post-Deadline Papers
A limited number of exceptional and timely papers reporting the latest breakthroughs may be submitted as postdeadline papers. They must be submitted to the Speaker
Check-In Desk onsite by 9 a.m. on September 9. The purpose of post-deadline papers is to enable participants to hear
new and significant material in rapidly advancing areas. See
http://www.ipc-ieee.org/call-for-papers.
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Supplier Exhibits and Sponsorships
Supplier exhibits are included as an integral part of
IPC-2013, and the conference also offers a variety of
financial sponsorship opportunities to those who wish
to highlight their offerings to this highly targeted
audience of industry professionals. These sponsorships can be either pre-defined or individualized. For
sponsorship information, registration questions and

other event information, visit http://www.ipc-ieee.
org/ or contact:
Tracy Holle
IEEE Photonics Society (formerly LEOS)
445 Hoes Lane
Piscataway, NJ 08854
+1 732.562.3863
t.holle@ieee.org

President’s Column
(continued from page 3)
and editors (the associate editors and editor-in-chief). I deeply
respect their efforts and the time they spend. Researchers submitting papers should be conscious of this volunteer process
and the value it brings to their papers published in IEEE publications. Researchers should, in turn, participate in the review
process to contribute to the publications of other researchers.
In addition to contributing to the field in this way, the experience of reviewing the papers of others will help improve the
quality of one’s own papers.
On the subject of our journals I’d like to mention that the journal Impact Factors for 2012 were just released and I’m pleased to
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say that our Journal on Special Topics on Quantum Electronics posted a
value of 4.08 which is the highest of any IPS journal in more than
10 years. Congratulations to Editor-in-Chief John Cartledge and
the JSTQE Editorial Board and Staff!
Finally, please remember that the IEEE annual election is
approaching. Please do not miss your chance to vote.
With warm wishes,
Hideo Kuwahara
Fellow
Fujitsu Laboratories Ltd.
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26th IEEE
JOIN US!
PHOTONICS
CONFERENCE 2013
8-12 SEPTEMBER 2013
Hyatt Regency Bellevue, Bellevue Washington USA

FEATURED TOPICS

General Chair
David Plant , McGill University, Canada

Biophotonics
Displays & Lighting
High Power/Intensity Sources
Microwave Photonics
Nanophotonics
Optical Communications
Optical Fiber Technology
Optical Interconnects
Optical Networks & Systems
Photodetectors, Sensors, Systems and Imaging
Photonic Integration and Packaging
Photonic Materials and Metamaterials
Semiconductor Lasers
Optical Micro/Nano Resonators & Devices
Non-Linear and Ultrafast Optics

Member-At- Large
Susumu Noda, Kyoto University, Japan
Program Chair
Martin Dawson, University of Strathclyde, Scotland

For more information visit
www.PhotonicsConferences.org
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2013 IEEE Photonics Society
Co-Sponsored Events

NUSOD August 19—22, 2013
13th International Conference on Numerical Simulation of Optoelectronic Devices
University of British Columbia
Vancouver, Canada
http://www.nusod.org/2013/
CAOL September 9—13, 2013
6th International Conference on Advanced Optoelectronics and Lasers
Sanatroy Complex
Sudak, Crimea, Ukraine
http://caol.kture.kharkov.ua/
NLP September 10—11, 2013
2nd International Workshop on Nonlinear Photonics
Sanatroy Complex
Sudak, Crimea, Ukraine
http://lfnm.kture.kharkov.ua/page-nlp.html
LFNM September 11—13, 2013
12th International Conference on Laser and Fiber-Optical Networks Modeling
Sanatroy Complex
Sudak, Crimea, Ukraine
http://lfnm.kture.kharkov.ua/
MOC October 27—30, 2013
18th Microoptics Conference
Tokyo Institute of Technology
Tokyo, Japan
http://www.moc2013.com
MWP October 28—31, 2013
2013 IEEE International Topical Meeting on Microwave Photonics
Hotel Monaco
Alexandria, VA, USA
http://www.mwp2013.org
ICP October 28—30, 2013
4th International Conference on Photonics
Meleka, Malaysia
http://www.icp2013.net
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Forthcoming Meetings with ICO Participation
ICO, THE PLACE WHERE THE WORLD OF OPTICS MEET
Responsibility for the correctness of the information on this page rests with ICO, the International
Commission for Optics; http://www.ico-optics.org/.
President: Prof. Duncan T. Moore, Biomedical Engineering and Business Administration, University of Rochester, USA; moore@optics.rochester.edu.
Associate Secretary: Prof. Gert von Bally, Centrum für Biomedizinische Optik und Photonik, Universitätsklinikum Münster, Robert-Koch-Straße 45, 48149 Münster, Germany; Ce.BOP@uni-muenster.de

16–19 September 2013
Information Photonics 2013
Warsaw, Poland
Contact: Marian Marciniak,
phone: +48 22 5128715,
fax: +48 22 5128715,
marian.marciniak@ieee.org
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18–21 September 2013
The Eleventh International
Conference on Correlation Optics
“Correlation Optics’13”
Chernivtsi, Ukraine
Contact: Oleg V. Angelsky,
phone: (380-3722)44730,
fax: (380-3722)44730,
angelsky@itf.cv.ua,
www.itf.cv.ua/corropt13/
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27–30 October 2013
ICO Topical Meeting: 18th
Microoptics Conference (MOC’13)
Tokyo, Japan
Contact: Tomoyuki Miyamoto;
phone: +81-45-924-5059;
fax: +81-45-924-5059;
tmiyamot@pi.titech.ac.jp
http://www.comemoc.com/moc13/
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Silicon Photonics
Submission Deadline: October 1, 2013
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Silicon
Photonics. Silicon photonics has been the subject of intense research activity in both industry and academia as a compelling
technology paving the way for next generation energy-efficient high-speed computing, information processing and communications
systems. The trend is to use optics in intimate proximity to electronic circuits, which implies a high level of optoelectronic
integration. This evolution towards silicon-based technologies is largely based on the vision that silicon provides a mature
integration platform supported by the enormous existing CMOS manufacturing infrastructure which can be used to cost-effectively
produce integrated optoelectronic circuits for a wide range of applications. The solicited areas include (but are not limited to):
• Silicon photonic physics, theory, modeling and simulations
• Active and passive devices (waveguide structures, modulators, switches, photodetectors, resonators, sensors, subwavelength
structures, wavelength multiplexers, spectrometers, photonic crystals, nanoplasmonics, amplifiers, light sources, etc.)
• Integrated optical circuits for datacom, WDM networks and coherent communications
• Strategies for optoelectronic integration (e.g., III-V lasers, organic-Si devices, isolators, etc.)
• Cost efficient packaging and testing solutions
• Applications in aerospace, bioimaging, biophotonics, photovoltaics, quantum communications, sensing, and
telecommunications
The Primary Guest Editor for this issue is Laurent Vivien, CNRS - University of Paris Sud, France. The Guest Editors are Pavel
Cheben National Research Council, Canada; Patrick Lo Guo-Qiang, Institute of Microelectronics/A*Star, Singapore; Lorenzo
Pavesi, University of Trento, Italy; and Zhiping (James) Zhou, Peking University, China.
The deadline for submission of manuscripts is October 1, 2013. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for July/August 2014.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
IEEE/Photonics Society
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are
justified by clearly stating the distinction between a submitted paper and previous publications.

50

IEEE PHOTONICS SOCIETY NEWSLETTER

August 2013

Publication Section

(cont’d)

Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Fiber Lasers
Submission Deadline: December 1, 2013
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Fiber
Lasers. The purpose of this issue of JSTQE is to document leading-edge work in this field through a collection of original and
invited papers ranging from fundamental physics to applications. This special issue will be solely devoted to the most recent
achievements in fiber laser technology and serve as universal resource for future development. The scope of the issue covers all
aspects of theoretical and experimental laser research including:
• Fiber design and fabrication
• Ultra high power fiber lasers
• Fiber-processing techniques
• Wavelength tunable fiber sources
• Laser architectures and pumping methods
• Ultra narrow-linewidth fiber laser
• Fiber frequency comb sources
• Picoseconds and femtosecond fiber sources
• Beam combination of fiber lasers.
• Fiber supercontinuum sources
• Photonic crystal fibers and lasers
The Primary Guest Editor for this issue is Sulaiman Wadi Harun, University of Malaya, Malaysia. The Guest Editors are Shaif-ul
Alam, University of Southampton, UK; Andrey S. Kurkov, Russian Academy of Science, Russia; Mukul Chandra Paul, Central
Glass and Ceramic Research Institute, India; and Zhipei Sun, Aalto University, Finland.
The deadline for submission of manuscripts is December 1, 2013. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for September/October 2014.
All submissions will be reviewed in accordance with the normal procedures of the Journal.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
IEEE/Photonics Society
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are
justified by clearly stating the distinction between a submitted paper and previous publications.
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Optical Detectors – Technology and Applications
Submission Deadline: February 1, 2014
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Optical
Detectors – Technologies and Applications. Pure electronics cannot satisfy all application fields. Photonics and optoelectronics
complement electronics for many of them. Photonics and optoelectronics demonstrate a large progress and may promise a larger,
longer lasting growth than electronics alone. Within optoelectronics, stand alone and integrated optical detectors are a wide field of
research. Since about two decades optical detectors have been integrated together with electronics in optoelectronic integrated
circuits or photodiode ICs. This evolution towards silicon-based technologies is based on the existing mature (Bi)CMOS
manufacturing infrastructure which can be used to cost-effectively produce photodiode integrated circuits for a wide range of
applications. The solicited areas include (but are not limited to):
• High-speed and ultrahigh-speed photodetectors
• Infrared, visible, UV detectors
• Single-photon detectors, silicon photomultipliers
• Monolithic, heterogenous or hybride integration of detectors in III/V semiconductor and silicon technologies
• Cost efficient packaging and testing solutions
• Applications in optical receivers, optical storage systems, 3D-sensors, infrared cameras, thermography, quantum
communications, sensing, spectroscopy, medical diagnostics and tele-communications.
The Primary Guest Editor for this issue is Horst Zimmermann, Vienna University of Technology, Austria. The Guest Editors are
Edoardo Charbon, Technical University of Delft, The Netherlands; Y. C. Chung, Korea Advanced Institute of Science and
Technology, Korea; and Hooman Mohseni, Northwestern University, USA.
The deadline for submission of manuscripts is February 1, 2014. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for November/December 2014.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
IEEE/Photonics Society
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are
justified by clearly stating the distinction between a submitted paper and previous publications.
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Publication Section

(cont’d)

Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Solid-State Lasers
Submission Deadline: April 1, 2014
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Solid-State
Lasers. Advances in solid-state lasers and nonlinear frequency conversion provide powerful tools for an increasingly broad range of
applications including spectroscopy, metrology, remote sensing, security, material processing, astronomy, medicine, biology,
display, and ignitions. Especially, the high-brightness as achievable with giant pulses from Q-switching and amplified mode-locking
enable fruitful nonlinear interactions for materials. The purpose of this issue of JSTQE is to highlight the recent progress and trends
in the development of leading-edge Solid-State Lasers. The solicited areas include (but are not limited to):
• Solid-state laser physics, spectroscopy, theory, and modeling for materials and cavities
• Tunable and new wavelength solid-state lasers, including nonlinear frequency conversions
• High-power lasers and power scaling strategies (oscillator, amplifier, injection seeding/locking, and beam combining)
• Short-pulse lasers (mode-locking, Q-switching, and their pulse gap)
• Laser and nonlinear materials (single crystal, glass, semiconductor, and ceramics)
• Laser structures (slab, disk, fiber, waveguide, microchip, and other micro-structures)
• Pump sources for lasers such as high-power and wavelength-stabilized diode arrays
• Narrow-linewidth, frequency-stable, and low-noise lasers
• Applications in science, medicine, remote sensing, industry, display and ignitions
The Primary Guest Editor for this issue is Takunori Taira, Laser Research Center, Institute for Molecular Science, Japan. The
Guest Editors are Tso Yee Fan, MIT Lincoln Laboratory, USA; and Guenter Huber, University of Hamburg, Germany.
The deadline for submission of manuscripts is April 1, 2014. Unedited preprints of accepted manuscripts are normally posted online
on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for January/February 2015.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
IEEE/Photonics Society
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are
justified by clearly stating the distinction between a submitted paper and previous publications.
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Publication Section

(cont’d)

Announcement of an Issue of the IEEE/OSA
Journal of Lightwave Technology on:

MICROWAVE PHOTONICS
** Submission Deadline: January 1st, 2014**
The IEEE/OSA Journal of Lightwave Technology invites manuscript submissions in the area of
Microwave Photonics. This special issue of the Journal of Lightwave Technology covers all topics in the
field of microwave photonics, including radio-over-fiber systems, microwave photonic technologies for
biomedical applications, broadband photonic devices, and photonic techniques for the generation,
distribution, and processing of microwave signals. A portion of this issue will feature expanded versions of
accepted papers presented at the 2013 International Topical Meeting on Microwave Photonics (MWP 2013)
in Alexandria, Virginia, USA on October 28–31, 2013. It is therefore likely that the topic of the in-depth
workshop held on the first day of MWP 2013, which was integrated photonic devices and subsystems, will
be discussed in some of the papers assembled in this issue.
The Guest Editors for this issue are: Edward Ackerman, Photonic Systems Inc., USA; Tadao Nagatsuma,
Osaka University, Japan; Stavros Iezekiel, University of Cyprus, Cyprus
The deadline for submission of manuscripts is January 1st 2014. Please submit your paper to:
http://mc.manuscriptcentral.com/jlt-ieee and under Manuscript Type select “Microwave Photonics
2014”. Unedited preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1
week of authors uploading their final files in the ScholarOne Manuscripts submission system. The final
copy-edited and XML-tagged version of a manuscript is posted on IEEE Xplore as soon as proofs are sent in
by authors. This version replaces the preprint and is usually posted well before the hardcopy of the issue is
published. Hardcopy Publication is scheduled for September/October 2014.
All submissions will be reviewed in accordance with the normal procedures of the Journal.
All questions should be sent to:

IEEE Photonics Society
Doug Hargis
445 Hoes Lane
Piscataway, NJ 08854 USA
d.hargis@ieee.org

The following documents are required using online submission at: http://mc.manuscriptcentral.com/jlt-ieee
1.

PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 7
pages for a contributed paper). Manuscripts over the page limits will have an overlength charge of
$260.00 USD per page imposed. Biographies of all authors are optional, author photographs are
prohibited. See Tools for Authors at
http://www.ieee.org/web/publications/authors/transjnl/index.html
2. MS Word document with full contact information for all authors.
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2013 IEEE International Topical Meeting on

Microwave Photonics (MWP)
October 28 - 31, 2013
Alexandria, Virginia, USA

Call For Participation

General Chair

Microwave Photonics (MWP) is an inter-disciplinary field of study
that concerns the interactions between microwave and optical
waves for the generation, processing, control and distribution of
microwave, millimeter-wave and THz-frequency signals. Microwave
photonics serves as an enabling technology in a wide variety of
applications such as signal generation and distribution, high-speed
wireless communication networks, radar systems, sensors, and
modern instrumentation. The 2013 International Topical Meeting on
Microwave Photonics (MWP 2013) will provide a forum for the
presentation of new advances in this multi-disciplinary research
area, ranging from novel devices to system field trials. MWP 2013
is now soliciting papers for the conference.

Edward Ackerman
Photonic Systems, Inc.

Conference Scope:

Adil Karim
Johns Hopkins University

• Radio-over-fiber systems
• Photonic techniques for microwave backhaul
• Photonic systems for antennas and beamforming
• Optical technologies for high-frequency wireless systems and
UWB systems
• Microwave photonic technologies for biomedical applications
• High-speed and/or broadband photonic devices
• Integration technologies for microwave photonic devices
• Optical analog-to-digital converters
• Optical probing and sensing of microwave properties
• Optical generation of RF, microwave, millimeter-wave and THz
waves and optoelectronic oscillators
• Optical processing and control of analog and digital signals
• Optical distribution of subcarrier multiplexed voice, data, and video
• Innovative applications of microwave photonics

TPC Chair

Paul Matthews
Northrop Grumman Corp.

Finance

Robert Alongi
IEEE Boston Section

Publicity

Yifei Li
UMass Dartmouth

Sponsorship

Exhibit Coordinator

Vincent Urick
Naval Research Laboratory

Student Paper Contest
Tom Clark
Johns Hopkins University

Website

Kathleen Ballos
Ballos Associates

Local Arrangements:
Dalma Novak
Rod Waterhouse
Pharad USA

Conference Venue
Hotel Monaco - Alexandria
480 King Street
Alexandria, VA 22314 USA
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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 Photonics Society
Newsletter.
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IEEE Photonics
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.
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Photonics Society
Mission Statement
Photonics Society 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.

Photonics Society
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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