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Editor’s
Column

IEEE Photonics Society

HON TSANG
This month we have a feature-packed issue which marks
the 50th Anniversary of the IEEE. The IEEE was established in January 1963 from the merger of the American
Institute of Electrical Engineers (AIEE) and the Institute
of Radio Engineers (IRE). In this issue we commemorate
the 50th anniversary of the IEEE with a special section
in which three distinguished 50-year members of IEEE
write about their work. Prof. Nick Holoynak Jr. writes
about the early work on the LED ultimate lamp and the
pn diode laser.
The year 2012 actually also happens to be the 50th
anniversary of the semiconductor laser as well. At the
IEEE Photonics Conference, which was held in Burlingame California, a special session on Sunday evening was
devoted to the diode laser which was first demonstrated
by Robert Hall at General Electric Research Labs in September 1962. Prof. Holoynak, who is widely recognized
for his pioneering work on light emitting diodes, was
also the first to demonstrate the visible diode laser in
1962, and his article in the special section of the 50th
anniversary of IEEE is an interesting account of the
work leading to the diode laser and LED. Dr. Richard
Soref also writes in the special section about the birth
of Group Four photonics. Another fifty-year member
of IEEE, Prof. Otto Schwelb describes the journey from
microwaves to photonics that he and many of the early
pioneers in the photonics society took in the days before
photonics became established.
In the Research Highlights section we have two interesting articles: Prof. M. Tsuchiya and T. Shiozawa describe a new imaging technique developed at NICT for
the visualization of microwaves using live electro-optic
imaging. Prof R. Gordon from the University of Victoria
describes a recent paradigm shift in optical trapping of
particles using nanoplasmonics which enables the manipulation of individual molecules with dimensions as
small as 4 nm.
Also in this issue we have highlights from the
Photonics in Switching conference held in Corsica in
September and a report from the IEEE Photonics Conference, with a focus on the Graduates of the Last Decade
(GOLD) and Entrepreneurialism in Photonics sessions.
In the Membership section we have a report from the
Calcutta Chapter, describing how they gained recognition as the most improved chapter of the year.
Finally I would like to congratulate Dalma Novak,
who was confirmed as the President-Elect of the Photonics Society at the Board of Governors meeting held in
Burlingame in September. I hope you enjoy this month’s
issue and, as always, we encourage readers to send us any
comments or suggestions by email.
Hon Tsang
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President’s
Column
HIDEO KUWAHARA

A Successful IPC 2012
The IEEE Photonics Conference (IPC) 2012, the flagship conference of the IEEE Photonics Society (IPS), was held September, 23–27, 2012, in Burlingame, CA, gathering about 590
participants. I had been somewhat worried about the possibility of fewer participants this year because another big event,
ECOC 2012, was held the previous week, but I need not have
worried. We had a total of 519 presentations, including 4 plenary, 4 tutorial, and 125 invited papers. We also had 5 postdeadline papers. We had several symposia, including a GOLD
(Graduates of the Last Decade) Session, a symposium on the
50th anniversary of the semiconductor laser. We enjoyed four
excellent plenary talks: “Large-Area, Flexible, Organic Photonics and Electronics” by Takao Someya, “Driving VCSELs
and Silicon Photonic Optical Interconnects to Brutal Area and
Energy Efficiencies for Future Computing Systems” by Ashok
Krishnamoorthy, “3D Photonic Metamaterials and Transformation Optics” by Martin Wegener, and “The Opto-Electronic
Physics that Just Broke the Efficiency Record in Solar Cells”
by Eli Yablonovitch. Some of IPC 2012 presentations were recorded and are accessible through our website for a limited
time. In the IPC2012, we also had a symposium on Harnessing
Light II. HL II is an initiative of the National Academy of Sciences that highlights the importance of optics and photonics
in our daily life as a social infrastructure. Former presidents of
our Society, Alan Willner, Milton Chang, and Rod Alferness,
participated in the committee that produced the HL II study. I
know this study was originally done for the US, as it says in the
title, “Optics and Photonics: Essential Technologies for Our
Nation,” but I think the technological points apply equally to
other countries, and can be read as “… for Our Globe.” As for
the details, please refer to the corresponding headline on our
IPS website. I think IPS should similarly formulate a common
vision that we can share between academia and industry and
between veteran researchers and young researchers.

IPS Activities
At IPC 2012, we also had several internal operational meetings within IPS, including the IPS Board of Governors (BoG)
meeting and meetings of the Conference Council, Publication
Council, and Strategic Planning Committee. Attendance at
IPS conferences, particularly on such topical areas as Optical
Interconnects, and Si-photonics (Group IV Photonics), and
Semiconductor Diode Lasers has risen this year. significantly
improved. Congratulations to our VP Conferences, Kent Choquette and Conference Manager, Christine Bluhm for a very
successful year. At the BoG meeting, newly elected BoG
members for 2013–2015 were announced. They are J. Stewart Aitchison of University of Toronto, Martin D. Dawson
of University of Strathclyde, Masataka Nakazawa of Tohoku
University, Ming Wu of University of California Berkley. At
this BoG meeting, Dalma Novak, serving as BoG member and
December 2012

Secretary/Treasurer, was elected as 2013 President-Elect. Congratulations!
There were also reports on several IPS activities. Results
of a member survey were reported by John McInerney, a BoG
member, and Tom Koch, VP of Technical Affairs, provided a
report on strategic Hot Topic List and our progress in covering
these topics. Vincenzo Piuri, the IEEE Division X Director,
attended this IPC and related IPS meetings, and he introduced
some IEEE wide activities. I also reported recent IEEE wide
activities on open access publication and some ongoing IBP,
ICX, ICP discussions at the IEEE Technical Activities Board
in June. As for the open access, please refer to the summary I
wrote in the October Newsletter. Our Photonics Journal was
the first online only journal in the IEEE, but it is also the first
all open access (from July 1, 2012) publication in the IEEE.

IPS Awards
IPS award winners were recognized at IPC 2012, including winners of the William Streifer Award, Engineering Achievement
Award, Quantum Electronics Award, Aron Kressel Award, and
Distinguished Service Award. It is always one of the best parts
of being a society president to recognize the recipients and hand
them their plaques and checks. The IEEE Photonics Award, an
institute level award, was also presented to Eli Yablonovitch by
Vincenzo Piuri on behalf of IEEE President Gordon Day.
“The First Optical Fiber Laser and Amplifier” was nominated by IPS as an IEEE Milestone achievement, celebrating
the work of Elias Snitzer, and this nomination was recently approved. This is another big milestone in photonics technology!
Nobel Prize winners were announced this October, and the
Nobel Prize in Physics for 2012 was awarded to Serge Haroche
and David J. Wineland “for ground-breaking experimental
methods that enable measuring and manipulation of individual quantum systems” This may not be directly connected to
IPS, but related technologies involve the manipulation of photons and using photons to control other things, i.e., quantum
photonics, which is precisely our technical field. I want to convey our congratulations to them and encourage you to develop
these technologies to be usable in practical applications.
The next big technological event in our area will be OFC
2013 on March 17–21 in Anaheim, CA. See you there! By the
way, the Asia Pacific region, where I belong, is planning to
jointly hold three conferences, CLEO-PacRim, OECC (OptoElectronics Communications Conference, which is the Asia
Pacific equivalent of OFC) and Photonics in Switching 2013,
on June 30–July 4, 2013, in Kyoto, Japan. The deadline for
paper submissions is February 4, 2013. I encourage you to submit your research results.
With warm wishes,
Hideo Kuwahara
Fellow
Fujitsu Laboratories Ltd.
IEEE PHOTONICS SOCIETY NEWSLETTER
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Research Highlights

Nanoplasmonics: Reaching
out to the Single Molecule
Reuven Gordon Ph.D. P. Eng.
Associate Professor and Canada Research Chair
Electrical and Computer Engineering, University of Victoria
I. Antennas for Light

II. Interfacing to the Single Molecule

The electronic devices inside your cell phone are much smaller
than the radio waves used to send information. This size mismatch
must be overcome to send and to receive information efficiently.
Antennas provide the solution by squeezing radio waves down to
dimensions much smaller than their free-space wavelength. With
antennas, it is possible to efficiently collect and transmit such freely propagating electromagnetic energy: they provide an interface
between electronic circuitry and free-space radiation.
Like their radio counterparts, optical antennas can take visible and near-infrared light, with below a micron free-space
wavelength, and shrink it to the nanometer scale of a single
molecule. Figure 1 shows an example of how a waveguide-
antenna can be scaled down to the optical antenna counterpart.
While not always referred to in antenna terms, the underlying
principle of nanoplasmonics is to squeeze light to the nanometer scale by the nanofabrication of metals.
The research field of nanoplasmonics has grown steadily in
the last decade (see Fig. 2). This sustained growth is due to a
number of factors, including: 1) the development of reliable
nanofabrication methods; 2) improvements in electromagnetic
computation at the nanometer scale; 3) cross-fertilization of
ideas across scientific disciplines; and 4) on-going success in
commercialization, including surface plasmon resonance sensors, home pregnancy tests, cancer therapies and spectroscopy
substrates. This research has led to new capabilities in interfacing to the single molecule limit, which may play a transformative role in the science and technology of the future.

Nanostructured metals have long been considered part of the
solution for interfacing light down to the single molecule
level [1]. One of the biggest steps forward for nanoplasmonics was the discovery of surface-enhanced Raman spectroscopy
(SERS) with single molecule sensitivity [2, 3]. To appreciate
the magnitude of the achievement in single molecule SERS,
it is helpful to compare Raman with fluorescence. Single molecule sensitivity is challenging, though possible, with fluorescence. Raman scattering, on the other hand, is typically more
than ten billion times weaker than fluorescence. Ten orders of
magnitude is a tall order, but this is exactly what was achieved
in reaching single molecule sensitivity in Raman spectroscopy
experiments.
Single molecule SERS was enabled by the broadband electric
field enhancements of nanoplasmonics. As mentioned previously, both received and transmitted electromagnetic energy are
enhanced by nanoplasmonics. For Raman, nanoplasmonics gives
both the incident photon and the Raman scattered photon four to
five orders of magnitude enhancement. Combined with comparably small chemical enhancements of a few orders of magnitude,
nanoplasmonics allows for single molecule sensitivity in Raman.

III. Antennas for Single Molecule Raman
Past demonstrations of single molecule SERS were limited
primarily to using randomly structured substrates. Such randomness is intrinsically unpredictable: it is not clear where
the electromagnetic hot-spots will be, how many will exist, or

90 nm

190

(a)

(b)

(c)

Figure 1. The nano-cantenna. The waveguide antenna is sometimes referred to as a “cantenna” because it can be made of a can. It has
a resonant cavity to enhance radiation efficiency and a single open end to provide directivity. a) Schematic of a radio cantenna with coaxial feed. b) Schematic of a scaled down version of the cantenna (i.e., the nano-cantenna) designed to operate at 800 nm wavelength.
The ground plane acts as the back-reflector and the length of the waveguide is reduced to a thin film in order to facilitate fabrication.
A hot-spot is seen in the feed-gap of the dipole feed. c) Scanning electron microscope (SEM) image of the as-fabricated nano-cantenna.
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how large the enhancement will be at each hot-spot. On the
other hand, reliable nanofabrication methods could not reach
the single molecule limit in Raman sensitivity, be it by topdown nanofabrication (e.g., using focused ion beam milling or
electron beam lithography), or by bottom-up methods (e.g.,
colloidal chemistry or self-assembly).
Our group was able to overcome this limitation and to
achieve single molecule sensitivity by using the antenna principle of directivity [4, 5]. Directivity is well-established in antenna theory to boost the signal strength by ensuring that the
electromagnetic energy is aimed in a particular direction, rather than being broadly distributed. While directivity gains are
typically only an order of magnitude, this enhancement is felt
twice for Raman, both for the incident photon and for the scattered photon. By using directivity then, we were able to boost
the Raman signal by an additional two orders of magnitude.
This is exactly the boost required to achieve single molecule
sensitivity in a predictable way from top-down nanofabricated
structures (see Fig. 3). We named this process Directivity Enhanced Raman Scattering (DERS).
An important feature of our “cantenna” design is that
it emits out-of-the-plane. In other words, it can be used in
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Figure 2. The growth of nanoplasmonics. Nanoplasmonics as a
research field has grown considerably in the last decade. One
indicator of this growth is the number of citations to the 1972
paper by Johnson and Christy on the “Optical Constants of Nobel Metals” [6], as shown in the figure above (*data acquired
in August 2012 from Web of Science). A closer look at those
citations will reveal commonly used terms in nanoplasmonics. Clearly, the growth in research activity in this field is yet to
show signs of slowing.
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Figure 3. Single molecule Directivity Enhanced Raman Scattering. a) The bi-analyte technique is used to verify single molecule sensitivity of the cantenna design in Fig. 1. Two different dyes are used in a dilute solution. Individual Raman spectra are recorded with
integration times of less than 1 second each. Each spectrum can be attributed to either: both molecules simultaneously; just one of
the two; or neither (i.e., a non-event). b) Raman spectra taken as a function of time show events from either one molecule or the other
at low concentrations. c) A histogram of the events shows a high probability of simultaneously detecting both dye molecules at high
concentrations. d) A histogram of the events shows a high probability of detecting only single molecule events at low concentrations.
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the light intensity transmitted through the hole can be seen,
literally [9]. In this way, we were able to overcome the third
power dependence of Rayleigh scattering by using the evenstronger fourth power dependence of Bethe’s aperture theory.
A schematic of the process is shown in Fig. 4.
To achieve trapping of even smaller particles, we have used
the double-hole aperture. The double-hole gives two sharp
nearly-touching cusps in the region where the two holes overlap. These two cusps act to focus the light and thereby give
a strong interaction with the particles to be trapped. The
double-hole approach allows for creating sharp features with a
relatively blunt tool; if you can create a single hole, chances are
that you can create a double hole almost as easily.
I believe that optical trapping using apertures is a “paradigm-shift” in optical trapping. This is a bold claim; however, consider that we have trapped 10 times smaller dielectric
spheres using the same power as past approaches [10]. Using
the conventional third-power scaling described above, this
means that our trap is a thousand times more efficient. This
is even a conservative estimate because it ignores the fact that
we used a longer wavelength and a lower dielectric-contrast
nanoparticle, which combine to make the scaling closer to ten
thousand. Clearly, the past perturbative Rayleigh scattering
approach is not valid for aperture-based optical traps. We have
confirmed that trapping with apertures enters a new regime by
numerical simulations of the trapping forces [9].
Optical trapping of nanoparticles shows promise for
many applications, ranging from the precise placement of
semiconductor quantum dots to the study of infection at the

c onventional Raman microscopes that are commercially available. Therefore, DERS may lead to a new class of Raman substrates with reliable and robust single molecule sensitivity.

IV. Grabbing Hold of a Single Protein with Light
Optical trapping is another area where nanoplasmonics can allow us to reach the single molecule limit. Typically, the gradient force used in optical trapping scales as the third power
of the size of the object to be trapped. This is due to the sizedependence of the polarizability of Rayleigh particles. In other
words, it takes a thousand times more laser power to trap an
object that is ten times smaller. A tightly focused laser with a
few Watts of power is required to trap a 10 nm dielectric particle in liquid at room temperature [7]. Large single proteins
of around 10 nm can be destroyed by such an intensely focused
laser beam.
Many researchers have used nanoplasmonics to focus light
below the diffraction limit and thereby create a smaller trapping region for nanoparticles (see for example, Ref. [8]). This
creates stiffer traps to effectively localize and study single particles. Unfortunately, that approach does not solve the high
intensity problem: those optical traps still require a huge intensity for smaller particles.
To overcome the Rayleigh scattering problem, we used a
nano-hole in a metal film. According to Bethe’s aperture theory, the hole has a fourth power size-dependence on light transmission so that it is also extremely sensitive to size variations.
When a particle enters the hole, the particle effectively makes
the hole larger by “dielectric loading”, and a strong change in
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Figure 4. Nano-aperture optical trapping. (a) A subwavelength aperture typically does not allow much light transmission, in accordance with Bethe’s aperture theory scaling as the inverse fourth power of the aperture radius (r), divided by the wavelength (m).
(b) Adding a nanoparticle into the aperture “dielectrically loads” the aperture, so that there is substantially more light transmitted.
(c) If a particle moves away from the aperture, there is a restoring force due to the change in intensity of light. (d) The change in
transmission, T, is shown as a function of wavelength without (green curve) and with (red curve) a nanoparticle. (e) Optical trapping
of a 100 nm polystyrene sphere with a circular aperture seen by a jump in the transmission, T, through the aperture (inset shows SEM
of the aperture, scale bar is 100 nm). (f) Optical trapping of a 20 nm polystyrene sphere is possible with a double-nanohole aperture
(inset shows SEM of the aperture).
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Figure 5. Trapping single proteins. a) Schematic of double-nanohole aperture trapping a BSA protein molecule. b) At 3.57 pH, the
BSA protein is unfolded already and does not show double-step. c) At 7.4 pH, the protein is folded and shows double step of unfolding from optical forces.

single virus (or viron) level. Recently, we demonstrated the
capability to trap individual proteins found in cow’s blood
called Bovine Serum Albumin (BSA), analogous to human
serum albumin, as shown in Fig. 5 [11]. BSA is roughly
an ellipsoid of 4 # 4 # 14 nm3 in dimension in its folded
state, so this is arguably the smallest biomolecule that has
been trapped optically, without tethering to a larger particle.
Even more remarkable, however, was that the optical force in
our aperture trap was strong enough to unfold the protein,
which was seen by a ubiquitous double-step in the trapping
data. We were initially puzzled by this double-step, but later
verified that it was indeed from protein unfolding by observing that BSA prepared in the unfolded state did not show
the double-step. The double-step in these trapping events is
shown in Fig. 5(c).

individual trapped nanoparticles and to understand their heterogeneous properties within a larger population. We are presently working on integrating these additional functionalities
into the optical trapping system. We have also incorporated
microfluidics to study protein-protein interactions. For this
on-going study, we aim to first trap a single protein and then
to flow in complementary proteins to see if we can detect individual binding events.
In addition, we are aiming to integrate single trapping apertures on the ends of a fiber probe. These apertures can act
like a nano-pipette, to pick up single nanoparticles and move
them to a different location. We have previously collaborated
to produce nano-aperture probes that are 100# brighter than
conventional aperture probes by using the process of extraordinary optical transmission [13].

V. Adding Functionality

VI. Research at the Single Molecule Limit

In addition to being able to hold onto and manipulate single
Nanoplasmonics gives us unprecedented capability for inparticles, the double-aperture trap shows remarkable sensiteracting with the world of single molecules. With optical
tivity in detecting the trapping event. We found the signal to
trapping, this capability goes beyond spectroscopy and adds
noise ratio to be 33 for trapping of a single BSA protein. This
the functionality of direct manipulation. There are many
means that we are already 10 times
above the limit of detection for single
proteins, which is impressive considering the early stage of this work. The
detection method in aperture trapping
is also trivial: it requires only a single
detector after the aperture. The optical
trapping setup is based on a standard
inexpensive inverted microscope trapping geometry, and so it may be integrated into many existing setups, or
built very quickly from scratch. Even
the nanofabrication required to make
the double-apertures can be performed
by inexpensive means [12].
By combining trapping with single
molecule Raman, as described above, Figure 6. Reaching out to single molecules: Yuanjie Pang (recent PhD graduate) and Ana
or other spectroscopic methods, we ex- Zehtabi-Oskuie (Master’s student) prepare double-nanohole aperture sample in optical
pect that it will be possible to identify trapping setup.
December 2012
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reasons for working in the single molecule regime. Aside
from being the ultimate limit of detection, single molecule
studies expose important heterogeneities in populations that
would otherwise be hidden. For example, virus populations
are remarkably heterogeneous, which alters their ability to
adapt and infect. Studying virus infection at the single particle level could help us to understand how adaptations make
particular virus particles infectious. This knowledge, as
well as the ability to handle individual virus particles with
the optical nano-pipette, may help in the fight against the
spread of infection.
Another reason for working at the single molecule limit
relates to removing interferences in biosensors. A common
problem in biosensors is the interference from undesired
particles within the sample. By working at the single molecule level, it is possible to identify which molecules are of
interest, and which molecules are “noise” in the detection.
In this way, it is possible to throw out the interfering data
and build up signal over multiple isolated detection events.
This is demonstrated clearly by our single molecule Raman
studies described above (Fig. 3), where it was possible to
distinguish between detection events of two different dye
molecules in solution.
Single molecule sensitivity also allows us to access the kinetics of molecular interactions at the equilibrium point. For
example, conventional protein binding sensors usually approach the equilibrium point exponentially from a non-equilibrium concentration. Once the equilibrium point is reached,
the signal is flat and no further information can be obtained
without disturbing the equilibrium once again. On the other
hand, by working at the single molecule level, it is possible to
observe individual “on” and “off” events in equilibrium, and
to build up the kinetics from the statistics of various single
molecule interactions. This capability is important because
molecular interactions are at the heart of biological function,
and biological events usually take place close to equilibrium.
For example, it may be possible to screen drug candidates from
individual cell-surface binding events for a cell close to its native environment. In addition, working in the single molecule
regime removes some of the synchronization issues in kinetics
studies [14].

VII. The Future Looks Bright (and Small)
There are many other nanoplasmonics applications involving single molecules and nanoparticles. For example, recent
works have shown single photon sources using scaled-down
Yagi-Uda antennas coupled to single quantum dots [13].
Another example is the extreme subwavelength version of
the laser called the SPASER (for surface-plasmon amplified
stimulated emission of radiation) [16, 17, 18]. These examples may too benefit from being able to trap and characterize
individual quantum dots in solution, and then place them
at a desired location at the feed of a nano-antenna. Clearly,
for nanoplasmonics and the single molecule/nanoparticle, the
future looks bright.

8
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Research Highlights

Photonics Makes Microwaves Visible
M. Tsuchiya1 and T. Shiozawa2
Abstract—A review is presented of a new photonic technique
called “Live Electrooptic Imaging (LEI)”, which makes propagating microwaves visible (Fig. 1). The LEI technique originates from the authors’ group and includes two remarkable
aspects of photonics: high speed and high parallelism. Incorporation of a high frequency electrooptic (EO) modulator and
a complementary metal oxide semiconductor image sensor provides two-dimensionally arrayed 10,000 measurement channels for amplitude and phase of radio frequency electric fields.
Microwaves propagating across an EO plate are hereby visually
displayed on a computer screen in real time, where amplitude
distribution and phase relationship both in the space and time
domains are intuitively given.

EO Plate

(a)

I. Introduction
We often speak of “Seeing is believing”. Needless to say, this
famous saying suggests that visual observation of a real object
or phenomenon is the best way for a human being to obtain the
most concrete information in the most efficient way. Indeed,
a visible result is most preferred for urgent decisions and an
image for a highly complicated issue helps us to deepen our
comprehensions for it. It is natural that a subject to visually
observe is visible or a thing to be visualized. A visualized invisible gives often wonder to a viewer as we see images and/or
videos taken by a microscope, a telescope, an infrared camera,
an X-ray camera, a high-speed camera, etc.
Consequently, we expect a technological impact from a new
technique to visualize an invisible, which may open a door to
a new paradigm. If the new technique accompanies real-time
visualization performance, its benefits are maximized due to
its agility. It would give a considerable impact on its related
fields of analyses, testing and diagnoses. Furthermore, even
non-specialists derive intuitions to their unfamiliar invisible.
Microwaves are inherently invisible. Therefore, its comprehensions by non-specialists are quite limited in spite of the
wide spread of smart phones and notebook computers that inevitably depend on the wireless access technology of microwaves. Furthermore, only a limited number of specialists can
ultimately utilize their intuitions and imaginations for microwave behaviors in novel or complicated systems.
Conventional techniques for microwave measurements in
the time and frequency domains are of course highly useful. A
network analyzer is sometimes more powerful and graphical
approach such as Smith chart give intuitions for microwave
M. Tsuchiya is with the National Institute of Information and Communications
Technology, Tokyo, 184-8795, Japan (corresponding author to provide e-mail:
mtsu@ nict.go.jp).
2
T. Shiozawa is with the Kagawa National College of Technology, Kagawa,
Japan (e-mail: shiozawa@cn.kagawa-nct.ac.jp).
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(b)
Real-Time Phasor Video Overlaid on CCD Image

RF

∆t = 0.1 ns
(c)

Figure 1. (a) A school student sees microwave propagation using the second prototype of live electrooptic imaging (LEI) camera in the laboratory. The inset shows the top of the prototype,
to which an EO plate is embedded and a device-under-test is
set by hand with its face down. (b) What the student sees on
the PC screen is captured. It contains two windows: EO images
and charge coupled device (CCD) images. The upper includes
three kinds of real-time EO video images: a phasor image (left),
a magnitude image (center), and phase image (right). The lower window contains a CCD image taken through the EO plate
(right). The left-hand image is the CCD image overlaid with the
phasor image. (c) An example of phasor video overlaying the
CCD image is shown as a stroboscopic image series with a temporal interval Tt of 0.1 ns. The sample contains a metamaterial
transmission line, where microwave travels backward against
the direction of radio frequency (RF) power injection (arrow).
Related movies are available at the LEI camera web site (http://
lei-camera.nict.go.jp/).
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transmission properties. However, there do exist limitations
in those well-established techniques since they are basically for subjects containing only a pair of ports for input and
output. In future situations where geometry of microwave
systems gets more sophisticated, what is highly needed is a
measurement technique, which quickly provides in the space
domain characteristic features of propagating microwaves or
even visualizes those.
Standard approaches to the demand are numerical simulations and electromagnetic field probes. Recent utility of the former is significant because of the increased computation power of
desktops. While it is rather interesting that the latter was used
already by Hertz in the 19th century (spark-gap dipole), its recent progresses based on photonic technologies are remarkable.
Absent in both of these is, however, the instantaneous intuition, which is probably the most important factor in imaging.
It takes sometimes long in the former to build an appropriate
calculation model as well as to confirm its validity. One cannot be free from time for mechanical scans in the latter, which
destroys its immediacy. Indeed, the concept “electrooptic (EO)
imagery” proposed in the last century could not obtain many
successors, in which two dimensional mechanical scan of laser
beam was indispensable.
In view of the success in the digital imagery, massive parallelization is effective to eliminate the mechanical scan. What
we have proposed on the basis of this idea is the live electrooptic imaging (LEI) technique, where EO measurements of

fRF
780 nm

E z (x, y, t) = A z (x, y, t) cos (k x x + k y y - 2rfRF t), (2)

640 nm
LED
CCD Camera

fIF

RF Synthesizer

[B]

Image Sensor
fIS

PC

[C]

δf = fIF – fIS/4

(a)
Sapphire or
PP Plate
EO Plate
z
x

DUT (Face Down)

y Laser Beam View
(b)

fRF

[A]
E(r,t )

25 mm
25 mm
(c)

Figure 2. (a) Optical and radio frequency (RF) configurations
in the second prototype of live electrooptic imaging (LEI) system are shown. (b) A close-up of the cross-sectional side view
of the electrooptic (EO) plate and a face-down planar circuit as
an example of device-under-test (DUT) is depicted. (c) A photograph of a ZnTe EO plate is shown. AR: anti-reflection coat,
CCD: charge coupled device, DM: dichroic mirror, HR: highreflection coat, LED: light emitting diode, LO: local oscillator,
PBS: polarization beam splitter, PC: personal computer, PP:
polypropylene.
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E (r, t) = A (r, t) cos (k : r - 2rfRF t), (1)

HR
AR
DM

Reference

A. LEI Concept
Electric field E(r, t) of propagating microwave is generally expressed by

DUT (Face Down)

Optical
LO
Source
PBS

II. What is LEI Technique?

where r = (x, y, z) is a spatial position, t is time, A is the wave
amplitude, k is the wave number, and fRF is the wave frequency.
If primary features of (1) are displayed on a screen in real time,
it is regarded that the microwave is visible.
Let us consider a plane across the wave of (1). We choose
the z = 0 plane for it without losing the generality. The
z-component of E, Ez, on the plane is expressed by

EO Plate
RF Synthesizer
Polarization Controller

fLO

 icrowave amplitude and phase are massively parallelized
m
(Figs. 1 and 2) [1]−[3]. In order to bridge a gap between a
commercially available high-speed complementary metal oxide semiconductor (CMOS) image sensor having a sampling
rate in the kHz range and the microwave frequency range, we
utilize a spatially coherent frequency down conversion technique as described later.
Here, we begin with description of the concept, principle
and system configurations of LEI technique in the next section. Then, several experimental demonstrations are presented,
which are categorized into three: microwaves on and around
planar circuits (i), in the air or in a dielectric sample (ii), and
forming a packet (iii). After prospects and problems of the LEI
technique are reviewed, a conclusion is given finally.
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where (x, y) and (kx, ky) are the position and the wave number in
the plane, respectively. In the present LEI technique, an Ez-sensitive EO plate is set in the plane and microwave expressed by
(2) is instantaneously visualized. Either Ex or Ey component is
also visualized with a different set of crystallographic orientation of EO plate and polarization state of laser beam, but their
visualization sensitivity depends strongly on the direction of
propagation. For this reason, we use the Ez-sensitive configuration whose sensitivity is independent of the wave propagation
direction in the z = 0 plane.
B. LEI System and Operation Principle
Fig. 2 shows the optical and radio frequency (RF) configurations
in the second prototype of LEI system in (a), a cross-sectional
side view in close up for the EO plate in (b), and a photograph of
a ZnTe EO plate in (c). The z = 0 plane described in the above
corresponds to [A] in Fig. 2(b). Here, a face-down planar circuit
is drawn as an example of device-under-test (DUT), to which
the EO plate is set intimately. This geometry is varied depending upon situations of microwaves to be visualized.
The wavelength of laser beam is 780 nm, to which a Sibased CMOS image sensor is sensitive. A 640-nm illuminator of light emitting diode (LED) and a charge coupled device (CCD) camera are set beneath a dichroic mirror so that
the DUT surface is monitored always. For this real-time CCD
December 2012

monitoring, the optical coats on the EO plate are set transparent at 640 nm.
The laser beam incident to the EO plate is originally intensity-modulated at a local oscillator (LO) frequency fLO by
a LiNbO3 modulator. Its modulation depth is approximately
100 %. The laser beam is reflected by the high-reflection coat
at the top surface of the EO plate and goes back to the polarization beam splitter (PBS). Phase modulation at fRF is added
to the laser light during its round trip, and is transformed to
an intensity modulation at its 45-degrees reflection in PBS.
Incorporation of the optical modulations at those two frequencies leads to a kHz-order difference frequency generation
Alz (xl, yl, t) at fIF (= fRF – fLO) in front of the CMOS image sensor ([B] in Fig. 2(a)), which is expressed by
Alz (xl, yl, t) = cA z (xl, yl, t) cos (k x xl+ k y yl- 2rfIF t), (3)
where (xl, yl ) is a position on [B] and c is a constant. Twodimensional distribution of the IF signal (3) is then photo-detected by the CMOS image sensor. The signal S(i, j) sampled at
fIS and analog-digital converted for a pixel (i, j) is expressed by
S (i, j, t) = c l Alz (x i, yj , t) cos (k x x i + k y y j - 2rdft), (4)
where df is fIF – fIS/4 and (xi, yj) is the corresponding pixel position on the computer screen. df is set to be a few Hz so as to
visualize the phase evolution. Four samplings in each IF period
provide simultaneous evaluations of amplitude and phase. df is
stable enough because of the phase-locking among the CMOS
image sensor, LO signal source, and RF signal source.
Note that (4) corresponds to a wave image having a phase
evolution frequency df with a spatial phase term {s = kx xi +
ky yj, which is an exact copy of that in (2). A real-time movie
corresponding to (4) on the personal computer (PC) screen (see
Fig. 1(b)) thus images a propagating wave that reproduces the
original microwave while its frequency is down-converted by
a ratio R = fRF/df.
A movie in which both amplitude and phase in (4) are expressed is called as a phasor movie. A movie in which either
amplitude term c l Alz (t) or phase term {(t) (= {s – 2rdft) is
expressed is called as a magnitude movie or a phase movie.
Whereas this is an extremely simplified case where a singlefrequency microwave propagates in a single direction, overlaps
of multiple waves can be visualized in the same way.
The optical system in Fig. 2(a) is designed so that the spot
size of laser beam is varied stepwise, which provides a selection
of optical zoom factor. Magnification of EO images is thus possible without degradation in the image definition.
As shown in Fig. 2, a planar DUT is set on the EO plate
in a face-down style for an easy-to-observe policy of the second LEI prototype. The installation area for the camera on a
desk is as small as an A4 paper. On the other hand, the first
LEI prototype (Fig. 3) is configured with a face-up style,
which provides a rather large space beneath the EO plate
and, therefore, is convenient for experiments with fragile
DUT and/or heavy/complicated instruments. In both cases,
the source of LO laser beam and two RF synthesizers are
externally configured.
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EO Plate

Figure 3. A photograph of the first prototype of LEI system.

III. Microwaves above Planar Circuits
Here, representative demonstrations of the LEI observations
for microwaves on and around planar circuits are presented.
A. Antenna Array (Fig. 4)
An antenna is generally characterized by two factors; its return loss and far field pattern. Its intermediate property in
between, the near field pattern, is also important but there
exists no predominant method to promptly characterize it.
It would be especially demanded in cases of arrayed antennas since their network properties appear directly in their
arrays’ vicinities.
Fig. 4(a) shows demonstration of LEI observations for
18 GHz signals fed to an antenna array consisting of four
square patches and a feeding network. A CCD image taken in
real time for the patch array is shown in a face-down style with
a schematically drawn EO plate beneath it. An Ez-phasor video
overlaying the CCD image is shown stroboscopically with a
temporal interval Tt of 0.011 ns. Note that a real-time overlay image, which is also shown in Fig. 1(b), is fairly beneficial
since updated relationship between microwave behaviors and
DUT geometry is always grasped visually.
Characteristic features regarding the signal fed over
the network to each patch, standing wave formations on
the patches as well as on the feeding network, coupling of
waves generated at the patches, etc. are visually indicated in
Fig. 2(a) and more clearly in the movie, which is available at
the LEI-camera web site. The visualization results suggest
that those behaviors are quite different from those initially
designed: the signal is distributed equally, the standing
waves on the patches are symmetric, and the coupling of
patches is in phase.
Fig. 4(b) shows two sets of Ez-phasor videos stroboscopically, for which the EO plate is set perpendicularly to the array to visualize waves in the moment of emission. The upper
series shows clearly an interesting microwave behavior in the
very vicinity of the antenna surface. Above it, a distance between two field maxima in the y-direction is measured to be
17 mm. It agrees well with the wavelength of 18 GHz microwave in the air. The lower indicates a case where a dielectric
IEEE PHOTONICS SOCIETY NEWSLETTER
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Figure 4. Visual observation experiments for 18 GHz waves
emitted from an array of patch antennas. (a) A geometrical
configuration of the EO plate with respect to the arrayed patch
antennas is schematically drawn in the upper part, where the
antenna is set in a face-down manner as indicated in Fig. 2 (the
laser beam goes up and is reflected downward). In the lower
part, a stroboscopic image series of phasor video overlaying the
CCD image are shown with a temporal interval Tt of 0.011 ns.
(b) Experimental setup for the visualization of departing microwaves is shown in the upper part where the EO plate is set
perpendicular to the array. Corresponding two sets of Ez-phasor
video image series are included in the lower part, which depend
much on a dielectric plate placed in front of the left-handed
column of the array.

plate was set by hand in front of the left column of the array. It
is a pparent that the direction of wave propagation is “steered”
by the dielectric plate drastically. Thus, it would be convenient generally to quickly grasp a transition of microwave behaviors induced by a structural modification.
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B. CRLH Transmission Line (Fig. 5)
The scheme of metamaterials has attracted considerable attentions in the last decade. There have been plenty of trials to
manipulate permittivity and permeability of artificial materials and to apply their unique features to devices for performance improvements and new functionality syntheses. Most
of metamaterials contain periodical structures giving rise to
unique electromagnetic properties, which are usually expressed
by macroscopic material parameters. In reality of their practical application trials, however, their degrees of periodicities
are limited and/or wavelengths of interest are close to their
periods. In such cases, it is fairly attractive to characterize wave
behaviors in the space domain with resolutions in the unit-cell
scale or higher. The LEI technique seems quite suitable for the
purpose. In this context, we demonstrated LEI observations for
backward/forward waves propagating along one-dimensional
metamaterial structures named as composite left/right-handed
transmission line (CRLH-TL) [4].
The upper part of Fig. 5(a) shows a CRLH-TL sample. It
is not special at all but rather typical. It contains 9 periods
of unit cells, each of which consists of an interdigital capacitor in series and a shorted stab inductor in parallel. The area
of observation is shown by a green rectangle. The lower part
of figure contains an example of observed phasor image and
the concept of image-based wavelength (m) measurement. In
addition, wave behaviors were visually observed at boundaries between the CRLH-TL section and the ordinary microstrip
line sections. Here, we skip these boundary observation results
although wave behaviors at boundaries are always interesting
to observe; especially, the boundaries in the CRLH-TL sample
are structurally singular since its metamaterial periodicity ends
up abruptly. A related report is available in the literature [4].
As seen in Fig. 5(b), a variety of wave behaviors were observed, which depends much on the frequency. Backward waves
were observed in the fRF range of 1.4–2.3 GHz while forward
waves were at higher fRF than 3.2 GHz. In the range of 2.3–
3.2 GHz, the wavelength was too long to measure with the
present LEI view area, indicating the phase velocity increases
drastically and the propagation constant b gets nearly zero.
Since a transmission line is generally characterized by its
dispersion property, b was evaluated through the image-based
m measurements (|b| = 2r/m). The sign of b is determined by
the direction of wave propagation with respect to the direction
of RF signal injection. The dispersion diagram thus derived
is shown in Fig. 5(b). Solid curve in the dispersion diagram
indicates b evaluated from S21 phase data by a conventional
procedure with some assumptions. The S21 data were measured
separately by a network analyzer. The curve fits the LEI data
well, which indicates the validity of the LEI method. However,
one should note that the LEI method is potentially more suitable to analyses of more complicated systems because of its provision of detailed space-domain information such as position
dependent b and sub-unit-cell scale wave behaviors.
C. MMIC Module (Fig. 6)
Massive production of modules containing monolithic microwave integrated circuit (MMIC) is still challenging since oneby-one optimization of packaging processes is required, which
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Figure 5. Visual observation experiments for waves propagating
on a composite right/left handed transmission line (CRLH-TL). (a)
A photograph of fabricated CRLH-TL sample is shown together
with its unit cell pattern. It consists of 9 periods of the unit cells
in series. An example of phasor video image taken for the green
rectangle area is shown together with the concept of wavelength
measurement. (c) Experimentally evaluated propagation constant
b is plotted as a function of frequency. Solid diamonds indicates
negative b value while solid dots indicate positive b. The sign
of b was determined by the visually observed directions of wave
propagations. Corresponding wave images at characteristic frequencies are also attached for readers’ intuitions.

suppresses their production throughput considerably. Therefore, an agile tool to analyze and diagnose the in-case signal
transmission behaviors and cavity resonance phenomena seems
quite useful for improvement in the throughput and visualization of their defects would be more powerful. The LEI approach would potentially give rise to it.
An LEI observation demonstration for microwaves in an
MMIC module case is shown in Fig. 6 [5]. Here, a specially
packaged MMIC module was prepared for the demonstration
(Fig. 6(a)), where the present LEI observation window can be
December 2012
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Figure 6. Visual observation experiments for microwaves in
an MMIC module case. (a) Bonding configuration of a 35 GHz
GaAs traveling wave amplifier chip together with photographs
of mounted chip and the packaged module case. (b) Cross-sectional side view of the module case and the LEI observation window is shown. Phasor movie images around the chip are shown
in a plot of measured S21 parameter. The optical zoom (x3) was
utilized for the visualization of the area shown in (a).

inserted into its case (Fig. 6(b)). Note that modification of the
view window flexibly is indispensable for generalized LEI applications to MMIC modules.
A commercially available GaAs chip of 35 GHz traveling
wave amplifier was bonded in accordance to the vendor’s recommendation as shown in Fig. 6(a). The S21 parameter measured by a network analyzer in Fig. 6(b) suggests that the gain
and its frequency dependence are highly degraded from those
of original bare chip. Insets of Fig. 6(b) show the results of LEI
observation experiments performed at 15 and 28 GHz with
an optical zoom of x3. The area of observation corresponds to
the left-hand photograph and a red rectangle in the module
case photograph in Fig. 6(a). Whereas input and output traveling waves along the microstrip lines on alumina substrates
are apparent in the 15-GHz movie, some undesired coupling
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of signal to the Au bonding wire of Vdd supply is also indicated visually. It suggests a possible origin of the performance
degradation of the module. Furthermore, a cavity resonance is
recognized in the 28-GHz movie, which agrees well with the
depression in the S11 curve. The observed wave at 28 GHz is
quite different from that at 15 GHz as shown in Fig. 6(b); it is
widely spread and rotates counterclockwise.
It is thus demonstrated that the LEI approach provides agile
visual accesses to microwave behaviors inside a module case,
which is difficult to figure out by conventional external port
measurements. Improvements are required, however, for the
EO plate and its holder so that LEI observations for MMIC
modules get more flexible.

IV. Microwaves Traveling in Media
Here, we describe visual observations of microwaves traveling
in the air or in a dielectric medium. Whereas a similar example
is shown in the above, that is microwave emissions from arrayed patches, what we present in this section are microwaves
a little farther from their sources: propagation and reflection
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Figure 7. Visual observation experiments for 100-GHz waves in
a slab waveguide mode (a) and reflected at a Cu foil surface (b).
In (a), the experimental setup is schematically drawn together
with three static phasor images: one with a standard view area
of 25 mm square (left) and two with x3 optical magnification
(right). The view areas for the two magnified images are selected through manipulation of the laser beam position on the EO
plate. In (b), a styrene foam block with a Cu foil pasted on its
side surface is placed beneath the EO plate, i.e. in the space a.
Phasor video image was overlaid on to a CCD image in a post
process. The waveguide flange appears near the left hand side
of the CCD image.
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of 100-GHz wave [6] as well as negative refraction of microwave at a two-dimensional metamaterial sample [7]. These
experimental demonstrations were carried out with the first
prototype of LEI system (Fig. 3) and, therefore, the EO plate is
irradiated with the laser beam traveling downward.
A. 100-GHz Wave (Fig. 7)
Since the bandwidth of EO response in ZnTe is high enough
to reach the terahertz band, the upper frequency limit of the
LEI technique should be the same. However, it stays around
100 GHz in reality. This is because of the following two limiting factors; (i) the highest frequency available for the generation of optical LO signal and (ii) the laser light traveling time
in the EO plate. The former is partially given by the shorter
wavelength of laser light (780 nm), to which the CMOS image
sensor is sensitive while high-speed optical devices are less developed than in the optical communication bands. In the present demonstration, indeed, 100-GHz optical LO signal was
generated by a rather complicated method where two stages of
modulation frequency doubling processes, electrooptically first
and optically second, are cascaded [6]. The latter originates
from the geometrical configuration of EO plate with respect to
microwaves (Fig. 2). Since the propagation directions of light
wave and microwave are perpendicular to each other in the
most preferred case for LEI observations, the velocity matching
configuration is not applicable and, furthermore, the traveling time effect is maximized. The thickness of the EO plate is
1 mm presently because of the required mechanical strength
and visualization sensitivity, which dominates the operation
bandwidth of the system.
Fig. 7 shows representative experimental results for the LEI
observations of 100-GHz traveling waves. In (a), the 100-GHz
wave is injected from an opening of WR10 waveguide flange
into the EO plate and travels mostly within the EO plate as a
slab waveguide. The phasor image on the left shows concentric circles of wave fronts. Optically zoomed images are also
shown on its right-hand side. The wavelength is evaluated to
be approximately 1 mm, which corresponds fairly well to the
wavelength in the slab waveguide mode and is one third of the
wavelength of aerially traveling 100-GHz wave.
It is noticeable that a wave traveling backward is included
in the upper part of the right-hand image whose propagation
direction is indicated by an arrow. This is caused probably by
the wave reflection at the right edge of the EO plate. Another
noticeable point is the periodic emphasis of the concentrically circular wave image. The periodicity of emphasis is approximately three times longer than the wavelength of the slab
waveguide mode. This can be ascribed to possible interference
between the wave in the slab waveguide mode and the wave
traveling aerially around the EO plate.
Another example of 100-GHz wave visualization is shown
in Fig. 7 (b). Here, a spherical 100-GHz wave is launched into
the space a, which is beneath the EO plate as shown in the
figure, and is reflected by 45 degrees on a Cu foil pasted on a
block of styrene foam. A phasor video overlaid on a top view
CCD image indicates clearly the event: an incident wave to the
Cu foil surface, a reflected wave, their mutual interference, and
even a wave surpassing the Cu foil are visualized. The phase
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relationship of those waves is also apparent. This clear image
is brought about under the condition of EO plate where the
aerially traveling components are much more intense than the
slab waveguide component that leaves, however, some marks
on the image.
In addition to those in Fig. 7, we performed several textbook experiments in order to visualize fundamental 100-GHz
behaviors in the space a: experiments with Young’s double
slits, a diffraction grating, a mirror with an ellipsoid surface
for focusing, etc. Those results [6], not described here, suggest that the LEI technique is a potentially powerful tool to
visualize aerially traveling microwaves. Theoretical work is in
progress so as to rigorously clarify requirements to visualize
aerially traveling waves clearly. One achievement at present
is that their wavelength should be longer at least than eight
times an EO plate thickness [8].
G. Negative Refraction (Fig. 8)
While the one-dimensional metamaterial case is described in
the previous section, what we present here is a case of a twodimensional metamaterial sample. A negative refraction event
is visually observed with phase relationship clarified for an incident forward wave and an internal backward wave. Whereas
negative refractions have been experimentally observed and reported so far, they have been mainly expressed as ray refractions.
Such a phase-resolved visual observation as described below is
quite rare and could be the first demonstration of real-time
video access to phase relationship of waves in a refraction event.
Figs. 8(a) and (b) show a photograph of the metamaterial
sample and a drawing of its unit cell structure, respectively. The
sample is prism-shaped and consists of standard unit cells, each
of which includes double split ring resonators on one side of
printed circuit board material and a line on the opposite side.
The sample is set in the space a again as shown in Fig. 8(c)
with its primary surface against a horn antenna. The antenna
emits a z-polarized plane wave toward the sample. The antenna
is slightly tilted upward so that the plane microwave travels
across the sample slightly upward. The tilt angle i is 4 degrees.
Fig. 8(d) shows top views of the experimental configuration
both schematically and photographically as well as the visualization result of the negative refraction. In the schematic diagram,
incident plane wave and internally generated backward wave are
drawn conceptually on the basis of simple theoretical prediction.
The wave front relationship in between is thus expected to be
“V-shaped” and to move upward along the surface. The observed
result is shown by two phasor video images overlaid on a CCD
image of the sample. The phase difference between two images
is r. Both the external forward wave and the internal backward
wave are clearly visualized. Furthermore, the V-shaped wave
fronts moving upward along the primary surface is confirmed.
In addition to these observation results, the real-time visual
accesses have been successfully made to various kinds of waves
in and around the sample: for example, internal backward
plane waves, waves at side surface, waves beyond the output
surface, etc. These demonstration results suggest that it is possible to visualize internal waves in a dielectric material sample
if appropriate geometric configurations of wave source, sample,
and EO plate are provided.
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Figure 8. Visual observation experiments for a negative refraction event at a surface of two-dimensional double negative
metamaterial sample. (a) A photograph of the sample is shown
with a magnified picture of its components at a corner. (b) The
unit cell structure of the sample is drawn. Double split ring
resonators are on one side of 0.3-mm thick printed circuit board
material and a line on the opposite side. (c) A side view of the
experimental setup is shown for the vicinity of the sample. (d)
Top views of the sample are shown schematically and photographically together with phasor video images overlaid on a
CCD image for two phases 0 and r. g and h are incidence and
refraction angles of external forward (FW) wave and internal
backward (BW) wave, respectively. PP: polypropylene.

V. Microwave Packet Visualization
We have so far dealt with the LEI observation demonstrations
with microwaves of single frequencies. Whereas such a ‘monochrome’ movie gives us certain amount of visual information
about its characteristic features in the space domain, it is worth
trying to clarify the potential of packet wave imagery. Indeed,
microwaves used in the real world accompany nonzero bandwidths and broadband applications such as the ultra-wideband
scheme are recent topics.
For this purpose, a preliminary trial was performed using the present LEI setup: visualization of microwave packet [9]. While a wave packet is, in a sense, one of specials
among nonzero bandwidth microwaves, its simplicity seems
advantageous in the first demonstration.
Fig. 9 shows the trial. A phasor movie for a microstrip line
sample with a gap was recorded for fRF = 1 GHz (Figs. 9(a)
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Figure 9. Microwave packet composition experiment and its conceptual summary. (a) A CCD image of the microstrip line sample
with a gap in the upper-left corner. (b) Phasor images of Fourier
component wave videos are listed. (c) A stroboscopic phasor images series with a temporal interval Tt of 0.1 ns is shown for the
wave packet. Open triangles indicate positions of wave packet.
(d) Schematically drawn concept of three procedures for the
wave packet image composition based on Fourier-wave videos.

and (b)). The frequency was increased by 1 GHz up to 7 GHz.
Among these 7 phasor movies, the frequency ratio R = fRF/
df was kept constant so that the velocity of light in the movies is common. Subsequently, the 7 phasor movies were piled
together in an in-phase relationship. The resultant packet wave
movie is shown in Fig. 9(c) stroboscopically with Tt of 0.1 ns.
Note that a packet moves toward the gap and returns from the
gap while each of the single-frequency movies shows just an
immobile standing wave.
The result suggests that spatial localization of the waves is
introduced by the Fourier composition of the phasor videos, in
which all the amplitude and phase information are embedded.
This approach would lead to possible applications in reflectometry in the space domain [10].
Note that the Fourier composition is carried out along procedure (A) depicted in Fig. 9 (d). While nonlinear phenomena
are excluded from its list of subjects to visualize, there exist
some advantages in this procedure; for example, it provides a
degree of freedom in composition of a wide variety of waveforms. Procedures (B) and (C) provides their own merits and
demerits, whose description is available in the literature [9].
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Here, we discuss on some prospects and issues of the LEI
technique.
The maximum view area of the present LEI system is 25 mm
square. This rather small area originates from the start-up design for the optical systems and EO plates in the prototypes.
Therefore, it is possible and necessary to expand it.
A possible expansion of the view area without an increase
of total pixel number leads to a degradation of spatial resolution. In spite of this drawback, the following merits of a
larger view area are fairly attractive. A larger view area allows
the LEI technique to visualize microwave behaviors in a larger spatial scale, which leads to higher degrees of acceptable
complexity in events. Furthermore, one can deal with lower
frequency ranges, in which its applications to issues in the
electromagnetic compatibility or electromagnetic immunity
are highly interesting. Regarding the total pixel numbers, its
extension up to 65,536 pixels has been demonstrated in our
preliminary study [11] although there remains much room
to improve.
The second prototype of the LEI system was designed as
an instrument used on a desk, whose installation area and
weight are an A4-paper area and 15 kg, respectively. While
this is highly down-sized from the first prototype (90 kg on
1 m2), further reductions in size and weight are attractive. A
possible target is a handy-type system, which may increase
the agility of the LEI system and, therefore, number of observation targets.
The EO plate is a dielectric material and, therefore, the LEI
observation inevitably accompanies insertion of dielectric plate
into microwaves to be observed. Such an insertion should affect the microwaves themselves somehow. While methods to
minimize this invasiveness are needed, there is a thought that
the outstanding agility in the microwave visualizations override sacrifices of 100-% reproducibility in images. A method
to subtract field disturbances not from real microwaves but
from their images could be another solution.
There exists much room to improve in the sensitivity of
the LEI technique. Generally, an EO measurement is less sensitive than measurements with metal-based electromagnetic
probes although the EO methods are better in bandwidth and
noninvasiveness. The LEI technique is not an exception. If the
LEI sensitivity could be improved, it would lead to multiple
improvements in other aspects: bandwidth and invasiveness.

VII. Conclusion
The authors seek steadily for improvements in the LEI system so
as to reach the following two goals. The first goal of the present
work is to establish a new microwave measurement scheme in
the space domain and add it to the menu of microwave instruments. It would give rise to possible sophistication of microwave devices and systems such as antenna systems and planar
circuits. The second goal is to make LEI cameras come into wide
use, which is much farther than the first. It would help nonexpertized microwave users to get intuitions easily about their
important media (Fig. 1). There must be so many obstacles to
overcome before the latter goal, our dream in other words, but
the authors will keep making their best endeavors for it.
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Special Section

Special Section on 50th Anniversary of IEEE
The IEEE was established on 1 January 1963 by the merger of
the American Institute of Electrical Engineers (AIEE) and the
Institute of Radio Engineers (IRE). The AIEE was formed in
1884 and the IRE was formed in 1912. Although IEEE currently has more than 415,000 members only a small number
have been members since the establishment of IEEE 50 years
ago. In this month’s special section on the 50th Anniversary of
IEEE we have three articles from some of these distinguished
50 year members of IEEE.
Nick Holonyak, Jr. (Urbana) was John Bardeen’s first Ph. D.
student (1951–1954), and later was at Bell Labs (1954–1955),
U. S. Army 1955–1957 (Yokohama), GE Syracuse (1957–

1963), and U of I (Urbana, 1963- ).
He is credited as being the inventor
(1960–62) of the first practical LED—
the red III-V alloy GaAsP LED. He is a
member of the U. S. National Academy
of Sciences, the National Academy of
Engineering, the American Academy of
Arts and Science, and a foreign member
of the Russian Academy of Sciences. He
has received a number of awards, including the U.S. National
Medal of Science, U. S. Medal of Technology, the Japan Prize,
the Global Energy Prize (Russia), MIT-Lemelson Prize, and the
IEEE Medal of Honor.

The p-n Diode Laser and LED Ultimate Lamp
N. Holonyak, Jr.
Electrical Engineering Research Laboratory and Center
for Compound Semiconductor Microelectronics
Department of Electrical and Computer Engineering
University of Illinois at Urbana-Champaign, Urbana, Illinois 61801
At the end of WWII I studied and learned vacuum-tube electronics in Urbana (U of I) with GI-bill WWII veterans. I was
already familiar with the electronics of free-electron devices
(vacuum tubes), but not with the new dual-conduction (bipolar) minus-plus (−/+) electron-hole (n-p or p-n) semiconductor electronics, the transistor, that John Bardeen brought from
Bell Labs to Urbana in 1951---- the electronics of the active
device and conducting charge all contained and manipulated
inside the solid. Why put the charge, the electron, in vacuum
if not necessary? Furthermore, is it possible a better device and
electronics geometry can be rendered totally in the solid than
in vacuum? The transistor was revolutionary. It was to lead
to a new electronics “geometry” (p-n, ΔEg, etc.) fully embedded in the semiconductor, eventually patterned in many forms
and shrunk ultra-small, and then still smaller, approaching
now atomic size, today’s integrated circuit. The semiconductor became and remains the unique substance of electronics.
Because of John Bardeen and what I was learning from him
(1951–1954), I had reason and the opportunity to switch from
vacuum tube research (a microwave multipactor) to transistor
and semiconductor research (now 60 years).
The transistor changed electronics, and the world. It taught
us about the hole, in the beginning just a quantum construct,
and made it real. It taught us (Bardeen’s statement often repeated, but not often enough, and for the last time at an NHK
Urbana office interview, June, 1990) that current, as revealed
by the transistor the essential base current (IB) could generate
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excess e-h pairs, a non-equilibrium population. It taught us
about excess e-h pairs and recombination, a vital part of the
transistor, and as a result in time how to generate light electronically (recombination radiation), in fact, how to realize an
“ultimate lamp,” basically a p-n junction (Am. J. Phys. 68,
864 (2000)). After the transistor, in fact, because of the transistor, solar cell and LED research made sense. Earlier it was
“Edisonian”, trial and error, guessing. The transistor changed
everything. The transistor, based so solidly on quantum science, marked the beginning of the modern era in electronics.
The semiconductor came alive. It suddenly (1947) had purpose. Electronics as known today began with the transistor,
including the diode laser and LED. Earlier work didn’t matter.
It didn’t lead step-by-step (causally) and connect scientifically
and technically to today’s LED. It couldn’t, not before quantum science revealed the semiconductor had an energy gap.
But why leave Si and transistor research (transistors, p-np-n switches, thyristors, IC’s, etc.) and turn to III-V’s? Why
speculate and risk failure with more complicated, less available
man-made materials? Bob Noyce (Philco, Shockley, Fairchild,
Intel) and I argued about this at the 1962 IRE (IEEE) DRC,
he that Si offered still more, and I that it was time to look at
III-Vs, at new devices, LED’s, heterojunctions, etc.—and who
cared if a less knowledgeable boss (my boss in Syracuse) told
me if I couldn’t get funding support from the Air Force and the
manager of GE rectifier department, then “there’s the road”? In
other words, work on Si or else go elsewhere, leave or get fired.
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There is more to this, a long story, but cut short, everything changed after the 1962 DRC and Rediker’s Lincoln Lab
group’s report (Keyes and Quist) that they had broadcast an
infra-red (IR) signal 100’s of yards from a simple Zn-diffused
GaAs diode, meaning that a GaAs p-n junction was a good
recombination radiation generator. How good, good enough
perhaps to become a laser? Could a semiconductor, in fact, be
a laser? Most speculation, mostly wrong, was that somehow
“discreteness” must be introduced into the GaAs p-n junction
to emulate, somehow copy the narrow spectral line behavior
of the 1960–1962 Maiman-style of laser. A small number of
us were not misled by these speculations, knowing direct-gap
band-to-band recombination in an atomically dense continuous
high gain system, a semiconductor, should not be compromised
with discrete deep levels (to somehow make it behave like a
dilute system laser, narrow line width but low gain). All that
was needed was some form of augmentation to help the autocatalytic behavior, the spatial self-adjusting and self-tuning
in energy, of the electron-hole-photon recombination interaction in a direct-gap semiconductor, the GaAs class of material.
Maybe all that was needed was higher level excitation of the
semiconductor and the help of a cavity, a resonator as generally
true of oscillators, something I knew from my student days.
While others were concerned with GaAs I was concerned
with direct-gap GaAs1–xPx (x K 0.45), which for larger energy
gaps I had learned to grow (1960–1962) and make into p-n
junctions. I wanted light I could see, not GaAs infra-red (IR)
radiation. Although “correct” that GaAs1–xPx was stochastic in
As-P arrangement on column V lattice sites, randomness, as
such, did not make the crystal “rough and lumpy”. Random
As-P arrangement was not a crystal defect in the usual sense.
I knew this because my red GaAsP diodes were well behaved
and electrically as good in performance as GaAs diodes. When
our GE Syracuse crystal growers, laughing and swearing at me
and claiming because I was not a chemist and didn’t know better, and got away with using presumably an impossible method
to make GaAs1–xPx (x K 0.45), I returned their swears in kind
(maybe stronger), and made bright red III-V alloy diode light
emitters. I knew enough about GaAs1–xPx to know I could compete with GaAs. Also I beat back arguments of competing biglab managers convinced (so wrong!) that LEDs would eventually all be made in indirect-gap GaP (2.26 eV energy gap, green).
When DRC ended (July 1962), Hall didn’t know I planned
to extend (direct-gap) diode performance and make a red
GaAs1–xPx (x K 0.45) laser, nor did I know he planned to make
an IR GaAs diode laser. We were busy at DRC and did not
discuss the possibility (questions) of a semiconductor laser: Big
project vs. little project? The question (specious) of “discreteness”? How to overcome the broad spectral width of e-h recombination radiation? The current path itself across the gap
the light generator? The goal of an “ultimate lamp”, a100%
conversion of electrical to optical energy, realistic or not? What
else? Hall didn’t know what I was thinking and doing, and I
didn’t know what he was thinking and doing till I talked with
him in Aug (1962). I was going to use an external cavity on
my III-V red alloy diode laser, and Hall had decided to use his
diode crystal itself as the cavity by polishing the crystal edges
into a Fabry-Perot configuration. I found out later he was a
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telescope builder in the past and liked polishing. I immediately suggested (GaAs) crystal cleaving to Hall (and to a lackadaisical GE patent attorney), and at home tried unsuccessfully
to cleave my large-grain “poly” GaAs1–xPx. Who knows how
much time (and crystal) I wasted because of the random orientation of my GaAs1–xPx? In the meantime Hall was successful
with polishing, and could see his diode laser diffraction pattern
with a “snooperscope”, which I had overlooked until Hall’s
boss (Apker) called me one fall day to tell me of their success
and urged me to hurry-up and polish the edges of my diodes
into the form of a Fabry-Perot resonator. Apker earlier on a GE
visit to Syracuse had seen my red alloy diodes and knew I must
be close to operating a visible-spectrum III-V GaAs1–xPx alloy
laser. We did not know who the competition might be and felt
the need to hurry. I immediately devised a polishing method,
as it happened simpler than Hall’s but as good, and immediately had red III-V alloy GaAs1–xPx diode lasers.
Besides Hall proving a semiconductor (GaAs) could operate
as a diode laser, I had gone further showing with my “homemade” crystal, not “off-the-shelf” GaAs, that the visible-spectrum (red) III-V alloy GaAs1–xPx could operate as a diode laser.
This proved the important point that III-V alloys were viable
device materials, no longer to be dismissed, in fact, necessary
for many purposes. Both forms of diode lasers (GaAs and GaAsP
1962) established at once, because of their high external photon
extraction efficiency and thus easily measurable external quantum efficiency (" 100 %), that the internal direct-gap bandto-band recombination radiation efficiency was equally as high
(or higher). It was no longer a DRC guess but a fact. The 1962
GaAs1–xPx laser proved III-V alloys were electrically and optically smooth enough to be useful visible-spectrum p-n “ultimate
lamp” diode lasers and LEDs, and that the future of indirectgap materials, say, GaP, was limited, maybe just useful for substrate purposes. It should have been clear that the III-V alloy
was needed not just for bandgap and wavelength “tunability”
but also for index steps for photon as well as carrier confinement.
Also, since the composition, x, of GaAs1–xPx could be varied, we
quickly established in crossing the direct-indirect transition,
x a 0.45, that indirect-gap crystal was a poor choice for light
emitters. It no longer made sense to keep emphasizing work on
GaP (indirect gap) as an LED material, and nonsense for proponents of GaP to be arguing with us for a long time (as happened)
that alloys were hopeless and a poor choice for devices.
Our 1962 lasers pointed the direction, the path to the p-n
“ultimate lamp” (laser or LED). And after Russell Dupuis
(1977 DRC) proved the point of his powerful (electronically
controlled) cold-wall MOCVD crystal growth reactor and success in universal Al-Ga substitution in III-V alloys, and then
helped us make the quantum well useful in all III-V alloy lasers
and LEDs, the future of the “ultimate lamp” was assured, indeed, is happening. Everything in science and technology does
not just erupt, happen suddenly, happen by political decree
(even with “politiking” among scientists), but might take 50
years, even if properly in sight maybe from the beginning, but
still might take more time than 50 years. We have known about
a p-n “ultimate lamp” for 50 years and now it is happening.
The semiconductor, transistor, and p-n “ultimate lamp” LED
are here to stay.
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Anecdotes drôles—Trials and Tribulations from
Microwaves to Optoelectronics
Otto Schwelb, Professor Emeritus, Department of Electrical & Computer Engineering,
1455 de Maisonneuve Blvd. W., Montreal, QC, Canada, H3G 1M8
In the waning days of the 1950’s our primary preoccupation was
microwaves and the ubiquitous scattering matrix. I was a freshly
minted engineer, working for the now defunct Northern Electric
Company. They gave me a dollar when they hired me for forfeiting
all my future patents. I could be seen often toiling on a rooftop of
a Montréal skyscraper trying to establish a microwave link with a
distant hilltop repeater station some 30 km away. It was the new
TJ Radio, operating at 10 GHz which we were introducing in Canada. Our instructions with a thick stack of blueprints arrived from
friendly Western Electric Co. in the States.
Somewhere there were also a couple of ferrite isolators in the
works which had to be fabricated. The ones with two ports. The
three port circulators came later. It wasn’t easy to assemble them to
obtain less than half a dB loss, 20 dB isolation and a decent VSWR
over the band, so my boss and I were sent to Murray Hill to pick
the brains of the Bell Labs ferrite experts. It was an exhilarating
journey. During that week in Murray Hill I learned more than during the previous two years with Northern. Those engineers were
sharp like razor blades. I got dizzy just to see them work and interpret test results.
A few years later I found myself in the glittering new headquarters of Northern’s Research and Development Division on the
Western outskirts of Ottawa. It was located way out West, so far
from downtown, that when we moved out there the wife of my former colleague famously complained that ‘the only place in walking
distance is the drive-in movie’.
There my colleagues and I were trying to evaluate and select
a suitable traveling wave tube amplifier to be used in a future
6 GHz repeater station. These TWT’s were quite heavy beasts in
those days with a long stack of periodically polarized ring magnets
(PPM) to confine the electron beam to the axis of the tube and prevent even a fraction of the beam to hit the helix. This was no mean
task. We had to fiddle with the PPM adjustments all the time to
maintain beam alignment.
The TWT was ‘invented’ by an Austrian architect – that is
right, an architect – Rudi Kompfner, and ‘discovered’ by an American physicist John Pierce, both of whom worked at Murray Hill in
those days. The disk magnets were stacked with opposite polarity,
thus they repelled each other and had to be held together within a
rigid frame to prevent the rings from flying apart. We found out
the hard way how forcefully they did fly apart when we carelessly
disassembled a stack one day.
I also remember another incident involving very strong Ushaped permanent magnets, used to force a laminar electron beam
into a cylindrical path in military magnetrons. We found several
of these in the microwave laboratory at Sir George Williams University which I joined in 1967. Wristwatches were absolutely ‘non
grata’ in that lab. When my brother-in-law bought an old farm
in the Eastern Townships littered with car wrecks, broken windshields and a derelict well with a metal pipe sticking out, I had the
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bright idea to stick one of these magnets to the pipe to pull it out.
I climbed down into the ice-cold water of the well to attach the
magnet to the pipe, threaded a heavy chain though it, and tied the
chain to my brother-in-law’s tractor. To keep a long story short the
chain broke when he started the tractor. The magnet is still there.
Electromagnetics was also high on our mind. We constructed
a magnetohydrodynamic pump to demonstrate the Lorentz force,
using a thin channel milled out of plexiglas, filled with liquid
mercury as the conductive liquid and bracketed on both sides by
a strong permanent magnet. Everything went well until we somehow lost a screw and the mercury spilled out into a thousand tiny
pellets running like headless chickens in all directions on the table
and on the floor. You never heard people laughing so hard when
they saw us, students and instructor on their hands and knees with
tissue paper in their hands trying to chase tiny beads of mercury.
We were well aware that ingesting some of this mercury would
condemn us to sit on the toilet till hell freezes over.
Microwaves, I was forced to conclude, was a hazardous business; that I would be well advised to gravitate towards a more ‘user
friendly’ discipline. And that is how I ended up, like many of my
erstwhile colleagues, doing photonics; optoelectronics as it was called
in its maiden days. But this is a long story, a bumpy road through
ultrasonics, anisotropic media, and other assorted diversions, trials
and tribulations which I shall remember to you some other time.
Otto Schwelb was born in Budapest, Hungary in 1931. He received the Diploma
degree in telecommunication engineering
from the Technical University of Budapest
in 1954, and the Ph.D. degree in electrical
engineering from McGill University, Montréal, Québec, Canada, in 1978. From 1957
to 1967, he was with the Research and Development Division, Northern Electric Company, Montréal, and
Ottawa, Canada where he worked on microwave communication
systems. In 1967 he joined the Department of Electrical and Computer Engineering, Concordia University, Montréal, and remained
there until his retirement in 1997. In 1985–86 he spent a sabbatical
year with the Optical Sciences Center, University of Arizona, and in
1990 a sabbatical year at the Department of Electrical and Electronic Engineering, University of Melbourne, Victoria, Australia. He
has been invited to work on diverse research projects at Northwestern University, Evanston, IL, The University of Technical Sciences,
Budapest, Hungary and at the Institute of Radio Engineering and
Electronics, Czechoslovak Academy of Sciences, Prague, Czechoslovakia. He continues his affiliation with Concordia University as
Professor Emeritus. His research interests include optical microring
resonators, guided electromagnetic wave propagation in anisotropic
media, optical and surface acoustic wave gratings, and the design
and modeling of interferometric sensor circuits.
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The Birth of Group IV Photonics
Richard Soref, Research Professor of Engineering, University of Massachusetts at Boston
College of Science and Mathematics, 100 Morrissey Blvd., Boston, MA 02125-3393
It gives me an “ancient” and almost eerie feeling to have been
an IEEE member for 50 years. Did I really witness so much history? Evidently, I did. When I drove across the country in 1959
to enter Stanford University, I was reading a book on “masers”
because the laser had not yet been invented. Post-laser, when Peter Franken gave a lecture at Stanford about changing red light
into blue light, it stimulated me to write a 1963 Ph.D. thesis on
converting near-infrared into green light using II-VI semiconductor platelets. That work launched me into an unexpectedly
long photonics career. I see now that the “science of light” has tremendous diversity and depth that captivated me over the years.
Materials science also has endless attraction. I have always worked
in research, basic and applied (but not too applied because I did
not want to become involved in stressful product cycles). Years
before my silicon insights, I studied electro-optical effects in
liquid crystals, and I refereed the first paper on LCD flat-panel
displays (mercifully, I said yes, publish it). The optics community gave a cool reception to Stewart Miller’s seminal 1969 paper
on “integrated optics”. “What’s it good for?” they said. Despite
the seeming dearth of applications, I kept this integration information filed for future use. With the 1980’s emergence of fiber
optics, I felt that FO needed on-chip adjuncts. Silicon’s transparency at FO wavelengths signaled a waveguide opportunity to me,
but I had to figure out the approaches to lower-index cladding.
Aware of the CMOS industry and Moore’s law, I visualized a synergistic marriage of microelectronics with microphotonics, and I
sketched a complete suite of integrated photonic components on
a “transistorized” Si chip, leaving aside the “unworthy” Si light
source. This chip concept provided a framework for subsequent
research and helped me “surround” the PIC problem by targeting
key components and novel group IV materials. Silicon, lacking a
Pockels effect, seemed deficient. To remedy that, I felt that the
manipulation of free electron and free hole concentrations in Si
could give practical modulation effects. This free-carrier approach
proved to have terrific application in photonic devices, and my
paper on these effects has been cited nearly 1000 times. Early
on, I felt that group IV alloys such as SiGe, SiGeSn, SiGeC, and
GeSn as well as tensile-strained Ge had a host of possibilities for
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EO and OE devices. However, the epitaxial growth of such alloys and heterostructures has been slower-than-I-thought to mature. Happily, now we are seeing more vigorous growth efforts
and a few LED/PD devices. When founding the IEEE Group IV
Photonics conference, I coined the phrase “group IV photonics”
to include (beyond Si) the other elements and alloys (essential
for ultimate success) under the photonics umbrella. Because of
foundries like Opsis, Epixfab and IME, and because of its true
potential for high-volume low-cost production of ultralow-energy PICs, group IV photonics will, I think, capture significant
markets in optical interconnects, active optical cables, and handheld devices. However, I estimate that there will always be a coexistence with InP integrated photonics which currently holds
the record for the largest number of integrated components. It’s
clear today that the InP and Si “worlds” can really join in a practical way by the bonding (hybrid integration) of III-V laser diodes,
optical amplifiers, VCSELs and LEDs to a silicon PIC. Regarding
monolithically integrated light sources and detectors, the mid infrared and longwave regions are truly promising for heterodevices
employing GeSn multi quantum wells; but at 1550 nm, it is an
open question as to whether band-to-band group IV laser diodes
can be invented (or optimized in the Ge LD case) to attain efficiencies matching those of III-V devices. There is a chance that
the ternary GeSnC and the quaternary SiGeSnC will contain a
direct bandgap material for telecom wavelengths. Thus, the outlook for group IV photonics continues sunny.
Richard Soref is currently a Research
Professor at the University of Massachusetts at Boston. He has investigated
photonics, semiconductor physics, nonlinear optics, liquid crystals (and more)
at MIT Lincoln Laboratory, Sperry Research Center and Air Force Research
Laboratory where he was awarded the
Outstanding Civilian Career Service
Medal for 27 years of achievements as a scientist. He is a Fellow
of IEEE, OSA, AFRL, and the Institute of Physics UK.
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Dalma Novak is the 2013
President-Elect of IEEE Photonics Society
Dalma Novak was confirmed as president-elect of the society at the Board of
Governor’s meeting held in Burlingame
in September 2012. She will serve as
president-elect in 2013 and take office as
president in 2014–15. Dalma Novak is
a Vice President at Pharad, LLC in Glen
Burnie, MD. Dalma Novak received the
degrees of Bachelor of Engineering (Electrical with First Class Honors) and PhD
from the University of Queensland, Australia, in 1987 and 1992, respectively.
In 1992 she joined the Department of
Electrical and Electronic Engineering
(EEE) at The University of Melbourne, Australia. From
July to September 2000 she was a Visiting Professor in
the Department of Electrical Engineering at UCLA, and
was a Visiting Researcher at the Naval Research Laboratory, Washington, DC from October 2000–January 2001.
From June 2001–December 2003 she was at Dorsál Networks, Inc. and later at Corvis Corporation, where she led
cross-disciplinary R&D teams developing WDM hard-

ware for long-haul transmission systems.
From January–June 2004 she was Professor and Chair of Telecommunications in
the EEE Department at The University
of Melbourne. In 2004 she co-founded
Pharad, where she develops technologies
for realizing high performance RF-overfiber systems. Dr. Novak is a Fellow of
the IEEE and has published more than
250 papers in journals and international
conferences, including six book chapters.
She founded the Victorian Chapter of
IEEE LEOS in 1999 and served as Chapter Chair until 2001. From 2003–2007
she was an Associate Editor of the IEEE/OSA Journal of
Lightwave Technology and since 2009 has been an Associate Editor of IEEE Photonics Technology Letters. From
2006–2009 she was Chair of the IEEE Photonics Society Technical Committee on Microwave Photonics and
is Technical Program Chair for the 2010 IEEE Photonics
Society Annual Meeting. She most recently served as the
General Chair of the IEEE Photonics Conference in 2012.

Nominations for IEEE Awards
The IEEE Awards Program provides peer recognition to
individuals whose contributions to the art and science of
electro- and information technologies worldwide have improved the quality of life.
IEEE Photonics Society members may be particularly
interested in the following 2014 Technical Field Awards,
whose nomination deadlines are 31 January 2013.
IEEE Cledo Brunetti Award for outstanding contributions to nanotechnology and miniaturization in the electronics arts.
IEEE Electromagnetics Award for outstanding contributions to electromagnetics in theory, application or
education.
IEEE Reynold B. Johnson Information Storage Systems Award for outstanding contributions to information storage systems, with emphasis on computer storage
systems.
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IEEE Photonics Award for outstanding achievement(s)
in photonics.
IEEE David Sarnoff Award for exceptional contributions to electronics.
IEEE Eric E. Sumner Award for outstanding contributions to communications technology.
IEEE Frederik Philips Award for outstanding accomplishments in the management of research and development resulting in effective innovation in the electrical and
electronics industry.
IEEE Daniel E. Noble Award for Emerging Technologies for outstanding contributions to emerging technologies recognized within recent years.
The IEEE Awards Board administers IEEE-level awards
on behalf of the IEEE Board of Directors. These consist
December 2012
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of IEEE Medals, IEEE Technical Field Awards and IEEE
Recognitions.
Nominations are initiated by members and the public,
and then reviewed by a panel of peers. Their recommendations are submitted to the IEEE Awards Board prior to
final approval by the IEEE Board of Directors.
For nomination guidelines and forms, visit http://www.
ieee.org/about/awards/information.html. Questions? Contact IEEE Awards Activities, 445 Hoes Lane, Piscataway,
NJ 08854 USA; tel.: +1 732 562 3844; fax: +1 732 981
9019; e-mail: awards@ieee.org.

Complete List of IEEE Technical
Field Awards
IEEE Cledo Brunetti Award for outstanding contributions to nanotechnology and miniaturization in the electronics arts
• Award consists of a certificate and honorarium
IEEE Biomedical Engineering Award for outstanding
contributions to the field of biomedical engineering
• Award consists of a bronze medal, certificate, and
honorarium
IEEE Component Packaging Manufacturing Technology Award for meritorious contributions to, the advancement of components, electronic packaging or manufacturing
technologies.
• Award consists of a bronze medal, certificate, and
honorarium
IEEE Control Systems Award for outstanding contributions to control systems engineering, science, or technology.
• Award consists of a bronze medal, certificate, and
honorarium
IEEE Electromagnetics Award for outstanding contributions to electromagnetics in theory, application or
education.
• Award consists of a bronze medal, certificate, and
honorarium
IEEE James L. Flanagan Speech and Audio Processing
Award for outstanding contribution to the advancement of
speech and/or audio signal processing.
• Award consists of a bronze medal, certificate, and
honorarium
IEEE Andrew S. Grove Award for outstanding contributions to solid-state devices and technology.
• Award consists of a bronze medal, certificate, and
honorarium

December 2012

IEEE Herman Halperin Electric Transmission and
Distribution Award for outstanding contributions to
electric transmission and distribution.
• Award consists of a certificate and honorarium
IEEE Masaru Ibuka Consumer Electronics Award for
outstanding contributions in the field of consumer electronics technology.
• Award consists of a bronze medal, certificate, and
honorarium
IEEE Internet Award for network architecture, mobility
and/or end-use applications.
• Award consists of a bronze medal, certificate, and
honorarium
IEEE Reynold B. Johnson Information Storage Systems Award for outstanding contributions to information storage systems, with emphasis on computer storage
systems.
• Award consists of a bronze medal, certificate and
honorarium
IEEE Richard Harold Kaufmann Award for outstanding contributions in industrial systems engineering.
• Award consists of a bronze medal, certificate, and
honorarium
IEEE Joseph F. Keithley Award in Instrumentation
and Measurement for outstanding contributions in electrical measurements.
• Award consists of a bronze medal, certificate and cash
honorarium
IEEE Gustav Robert Kirchhoff Award for outstanding
contributions to the fundamentals of any aspect of electronic circuits and systems that has a long-term significance or
impact.
• Award consists of bronze medal, certificate, and
honorarium
IEEE Leon K. Kirchmayer Award for Graduate Teaching for inspirational teaching of graduate students in the
IEEE fields of interest.
• Award consists of a bronze medal, certificate and
honorarium
IEEE Koji Kobayashi Computers and Communications Award for outstanding contributions to the integration of computers and communications.
• Award consists of bronze medal, certificate, and
honorarium
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IEEE William E. Newell Power Electronics Award for
outstanding contribution(s) to the advancement of power
electronics.
• Award consists of bronze medal, certificate, and h onorarium
IEEE Daniel E. Noble Award for Emerging Technologies for outstanding contributions to emerging technologies recognized within recent years.
• Award consists of bronze medal, certificate, and
honorarium
IEEE Donald O. Pederson Award in Solid-State
Circuits for outstanding contributions to solid-state
circuits.
• Award consists of bronze medal, certificate, and h onorarium
IEEE Frederik Philips Award for outstanding accomplishments in the management of research and development resulting in effective innovation in the electrical and
electronics industry.
• Award consists of bronze medal, certificate, and h onorarium
IEEE Photonics Award for outstanding achievement(s) in
photonics.
• Award consists of bronze medal, certificate, and
honorarium.
IEEE Robotics and Automation Award for contributions in the field of robotics and automation.
• Award consists of bronze medal, certificate, and
honorarium
IEEE Frank Rosenblatt Award for outstanding
contribution(s) to the advancement of the design, practice, techniques, or theory in biologically and linguistically motivated computational paradigms including
but not limited to neural networks, connectionist systems, evolutionary computation, fuzzy systems, and hybrid intelligent systems in which these paradigms are
contained.
• Award consists of bronze medal, certificate, and
honorarium
IEEE David Sarnoff Award for exceptional contributions
to electronics.
• Award consists of bronze medal, certificate, and
honorarium
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IEEE Marie Sklodowska-Curie Award for outstanding
contributions to the field of nuclear and plasma sciences
and engineering.
• Award consists of a bronze medal, certificate, and
honorarium
IEEE Innovation in Societal Infrastructure Award for
significant technological achievements and contributions
to the establishment, development, and proliferation of
innovative societal infrastructure systems through the application of information technology with an emphasis on
distributed computing systems.
• Award consists of bronze medal, certificate, and
honorarium
IEEE Charles Proteus Steinmetz Award for exceptional
contributions to the development and/or advancement of
standards in electrical and electronics engineering.
• Award consists of bronze medal, certificate, and
honorarium
IEEE Eric E. Sumner Award for outstanding contributions to communications technology.
• Award consists of bronze medal, certificate, and
honorarium
IEEE Nikola Tesla Award for outstanding contributions
to the generation and utilization of electric power.
• Award consists of a plaque and honorarium
IEEE Kiyo Tomiyasu Award for outstanding early to
mid-career contributions to technologies holding the
promise of innovative applications.
• Award consists of bronze medal, certificate, and
honorarium
IEEE Transportation Technologies Award for advances
in technologies within the fields of interest to the IEEE as
applied in transportation systems.
• Award consists of bronze medal, certificate, and
honorarium
IEEE Undergraduate Teaching Award for inspirational
teaching of undergraduate students in the fields of interest
of IEEE.
• Award consists of bronze medal, certificate, and
honorarium
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Call for Fellow Nominations
Nominations are being accepted for the IEEE Fellows class
of 2014. The rank of IEEE Fellow is the institute’s highest member grade, bestowed on IEEE senior members who
have contributed “to the advancement or application of engineering, science and technology.” The deadline for nominations is 1 March 2013.
Senior members can be nominated in one of four categories: application engineer/practitioner, research engineer/
scientist, educator or technical leader. The Fellows Web
site contains additional information on the nomination

process including access to the Fellows Nomination Kit,
lists of Fellows who may be available as references as well
as the history of the IEEE Fellows program. Please visit the
Fellows website at < http://www.ieee.org/fellows>.
The online Fellow Nomination Process must and can
only begin with a nominator. Strict adherence to the Fellow
nomination instructions is essential; otherwise, a nominee
may be placed at a serious disadvantage and possibly even
disqualified from consideration.
Begin the Online Fellow Nomination Process (EFNP)

Call for Nominations Reminder!
IEEE Photonics Society 2013
Distinguished Lecturer Awards
The Distinguished Lecturer Awards are presented to
honor excellent speakers who have made technical, industrial or entrepreneurial contributions of high quality to the
field of lasers and electro-optics, and to enhance the technical programs of the Photonics Society chapters. Consideration is given to having a well-balanced variety of speakers
who can address a wide range of topics of current interest in
the fields covered by the Society. The term for the Lecturers

is July 1 of the year of election until June 30 of the following year. Candidates need not be members of the IEEE or
the Photonics Society.
The deadline for submitting nominations for the Distinguished Lecturer Awards is 16 February.
A list of previous recipients, awards information and
the nomination form are available on the Photonics Society
web site:
http://www.photonicssociety.org/award-winners
http://www.photonicssociety.org/award-info

Petition for Candidates for Election to the
Photonics Society Board of Governors
Petitions for candidates for the next Photonics Society
Board of Governors election must be received by the Photonics Society Executive Office no later than February 1,
2013. The Petition must bear the signatures of one percent
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of the members of Photonics Society as of January 1, 2013,
and an indication by the candidate of his/her willingness to
serve if elected. Printed name, signature and IEEE member
number are required for all individuals signing the petition.
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Life after the PhD: Careers, Choices and
Other Thoughts from the GOLD and
Entrepreneurship Sessions at IPC 2012
Scott S.-H. Yam
IEEE Photonics Society GOLD Session Coordinator, Department of Electrical and
Computer Engineering, Queen’s University, 19 Union Street, Kingston, ON K7L 3N6
The IEEE Photonics Conference 2012 took place from September 23rd to 27th in Burlingame, California, USA with
over 500 participants from the global community of photonics research. The first day of events started on Sunday afternoon, featuring a speaker from the GOLD (graduate of the
last decade) session and poster display by the winners of the
2012 IEEE Photonics Society Graduate Student Fellowship.
The IEEE GOLD was started in 1996 to help student members transit to professionals within the broader IEEE community. In the IEEE Photonics Society, the GOLD sessions
have been organized since 2009 at the Annual Meetings of
IEEE Photonics Society (Antalya, Turkey, in October 2009,
Denver, Colorado in 2010, and Washington, DC, in 2011).
The GOLD session had roughly fifty in the audience,
with students, professors, industry participants, as well as
Dr. Hideo Kuwahara, the current president of the IEEE Photonics Society. The featured speaker was Dr. Odile LiboironLadouceur (Dr. L) from McGill University, who related her
personal career decisions on an academic career after an initial period in the industry. Dr. Liboiron-Ladouceur received
her bachelor degree in in electrical engineering from McGill
University (Montreal, Canada), and the masters and doctorate degrees in electrical engineering from Columbia University (New York, USA). Her research thesis focused on the
physical layer of optical interconnection networks for high
performance computing. Prior to her graduate studies, she
worked one year in the industry for Teradyne in Boston as an
applications engineer and two years for Texas Instruments as
a test engineer. During her Ph.D., she spent four months as
an intern at the IBM T.J. Watson Research Center in Yorktown Heights, NY working on optical chip-to-chip interconnection. In 2007, she took her post-doctoral fellowship
from the Natural Sciences and Engineering Research Council of Canada in McGill University and subsequently became
an assistant professor there in 2008. The talk was followed
by a spirited Q&A session, where she was asked what has
made it possible to juggle the commitments between fund
raising, research, student supervision, teaching and family
life. Her answer was a very patient, understanding and supportive husband, who shares her interests in the great Canadian outdoors and also, conducts an active research/ teaching
career at the neighboring Concordia University in Montreal.
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The session on entrepreneurship that followed featured
seasoned members of the photonics community such as Scott
Hinton, Dean of the College of Engineering from Utah State
University and Dr. Raymond Beausoleil, an HP Fellow from
the Hewlett-Packard Laboratories. There was also a presentation by Dr. David Rolston (Dr. R), founder, vice-president and
chief technology officer of Reflex Photonics, a Montreal based
outfit that focuses on high performance interconnects for next
generation optical and semiconductor connectivity solutions.
A native Montrealer who also attended McGill University
around the same time as Dr. L, his career decisions and trajectory could not have been more different as he retraced his journey
that tracked the roller coaster ups-and-downs of the NASQAD
stock index and the photonics sector during the boom and bust
of the technology bubble. Immediately upon his graduation,
Dr. R was involved with various photonics start-ups in Montreal, and during the lush time, he oversaw the expansion of research, development, and production facilities and an engineering team. It was also up to him to make those hard decisions to
disperse company assets and workforce as funds were drying up
along with the crashing stock market. Today, Reflex Photonics is a healthy organization with products and customers in
various parts of the world, providing employment to the local
community. His advice on staying sane in an ever competitive
technology environment was something that rings familiar, a
supportive wife and delightful children, and a trusted business
partner to act as mutual support and sounding board, be it in
the board room with an army of venture capitalists, or in the
home garage coming up with the next technology that everyone would be interested in.
While the details of these two career paths after the PhD
degree seem miles apart, both speakers made it perfectly clear
the importance of positive and supportive human network during one’s career, and for that matter, life. Dr. L talked about
how her technical supervisors had become her best professional
allies, and Dr. R pointed out how he and his business partner
took turns to keep each other focused and in good spirit during
hard times. Both lauded the strength in family and friends,
along with the commitments and perspectives they bring.
So no guilty feelings the next time you get invited to a
social or a date, you might just be investing in your human
capital!
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Careers and Awards

Nomination deadlinesfor the IEEE Photonics Society Awards are
listed as follows:

Award
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Nomination deadline

Distinguished Lecturer Awards

16 February

Aron Kressel Award
Engineering Achievement Award
Quantum Electronics Award
William Streifer Scientific Achievement Award

5 April
5 April
5 April
5 April

Distinguished Service Award

30 April

Graduate Student Fellowship

30 May

John Tyndall Award

10 August

Young Investigator Award

30 September
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2013 John Tyndall Award
Recipient: James J. Coleman
The John Tyndall Award is jointly sponsored by the IEEE Photonics Society and
the Optical Society. The award is presented
annually to a single individual who has
made outstanding contributions in any
area of optical-fiber technology, including
optical fibers themselves, the optical components used in fiber systems, as well as
transmission systems and networks using
fibers. The contributions which the award
recognizes should meet the test of time
and should be of proven benefit to science,
technology, or society. The contributions
may be experimental or theoretical. This award Nominees
need not be members of the sponsoring societies. Corning
Inc. endorses the award which consists of a glass sculpture,
a scroll, and an honorarium.
The 2013 John Tyndall Award will be presented to
James J. Coleman, “For contributions to semiconductor lasers and photonic materials, processing and device designs,
including high reliability strained-layer lasers.” The presentation will be made during the Plenary Session at OFC/
NFOEC 2013 which is taking place 17–21 March 2013, at
the Anaheim Convention Center, Anaheim, CA USA.
James J. Coleman received the B.S., M.S., and Ph.D. degrees in electrical engineering from the University of Illinois, Urbana. At Bell Laboratories, Murray Hill, NJ, he
contributed to the development of long wavelength 1.3 nm
InGaAsP CW room temperature diode lasers grown by
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liquid phase epitaxy (LPE). At Rockwell
International, Anaheim, CA, he studied
MOCVD-grown heteroface AlGaAs solar
cells, low-threshold single mode AlGaAsGaAs double heterostructure lasers and
quantum well heterostructure laser devices. He presently holds the Intel Alumni
Endowed Chair in Electrical and Computer
Engineering at the University of Illinois,
Urbana. He and his students were the first
group to define experimentally the ranges
of wavelength, threshold current density,
and reliability of 980 nm strained-layer
InGaAs lasers. They are presently involved in developing
high performance narrow linewidth DBR lasers, integrated
lasers and other photonic devices by selective-area epitaxy,
and the growth processes for quantum dot lasers.
Professor Coleman has published more than 425 papers
in technical journals and 13 book chapters. He has 8 US
patents and has given more than 100 invited presentations.
He was president of the IEEE Photonics Society in 2010
and 2011 and was awarded the Society’s Distinguished Service Award. Professor Coleman has won the SPIE Technical Achievement Award, the IEEE David Sarnoff Award,
the OSA Nick Holonyak, Jr. Award, the ISCS Heinrich
Welker Award, and the IEEE Photonics Society William
Streifer Scientific Achievement Award. He is a member of
the US National Academy of Engineering and a Fellow of
the IEEE, OSA, SPIE, the American Physical Society, and
the American Association for the Advancement of Science.
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IEEE Photonics Society – Calcutta Chapter
The IEEE Photonics Society (IPS) Calcutta Chapter has been identified
as the Most Improved Chapter of the Year.
Formed in 2004 by Dr. Nikhil R
Das, with its office located at the Institute of Radio Physics and Electronics,
University of Calcutta, the then LEOS
Chapter organized regular technical
lectures by eminent researchers working in India and abroad, students’ paper contest, exhibition of electronic
and photonic models developed by undergraduates and postgraduates recognizing the best three exhibits/models
by awards and certificates. The Chapter also is conducting outreach programmes in schools where application
of photonics in day-to-day life as well
as development in newer areas are explained with demonstrations. The National Science Day:
February 28 of each year is celebrated by the Society by arranging popular lectures, which is attended by pupils from
different schools. The activities of the Chapter attracted
a large number of student volunteers, who themselves
formed the Calcutta University Students Branch (CUSB)
of the IEEE-Kolkata.
The PS Chapter-Kolkata bagged the Most Improved
Chapter of the Year for the first time in 2006 with Prof. P.
K. Basu as Chairman and Dr. N. R. Das as the Secretary.
Under the Chairmanship of Prof. Somnath Sarkar with Dr.
(Mrs.) Gopa Sen as the Secretary, this Chapter again got
this award in 2009. This time in 2012 the Chairman and
Secretary are Prof. J. B. Roy and Dr. (Mrs.) Bratati Mukhopadhyay, respectively.
This year 8 technical lectures had been arranged. The
titles (speakers) are: 1. Charge transport in low dimensional semiconductor: effect of the dielectric environment
(Dr. A. Konar, Physics & EE, Univ. Notre dam, USA); 2.
Fiber Bragg Grating for structure health monitoring ( Mr.
Kamal Dasgupta, CSIR-CGCRI, Kolkata); 3. Nanoprobe
antenna: Nanophotonics to optical tweezers (Dr. Samir K.
Mondal, CSIR-CSIO, Chandigarh); 4. Photonics in technical education and activities in NITTR-Kolkata (Prof.
(Mrs.) Anuradha De, NITTTR-Kolkata); 5. Self assembled
Quantum Dot based devices for biomedical imaging (Prof.
Richard Hogg, EEE, Univ. Sheffield, UK); 6. Fabrication
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of integrated Bragg grating for DWDM (Prof. Utpal Das,
EE, IIT-Kanpur); 7 & 8. Ophthalmic use of Lasers (Dr.
Manish Singh and Dr. Krishnendu Nandy, Aditya Birla
Shankara Netralaya, Kolkata).
IPS Calcutta Chapter has been celebrating the National
Science Day every year uninterruptedly since its inception.
Each year students of some schools or colleges are invited and
the importance of studying science and the role of students
in community are explained. Regular members give lectures
and student members show the participants some hands-onexperiences of them on science topics are explained.
This year an outreach program was arranged at Ashokenagar Banipith Girls’ Higher Secondary School, 24 Parganas (North), some 50 kms away from Kolkata. After inaugural session, two popular lectures were given by Profs. P.
K. Basu and N. R. Das. The following models (name of the
demonstrator) were shown: 1. Sound activated Flip Flop
(Sankhabrata Bandyopadhyay); 2. Optical link set up (Himadri Dutta); 3. Rain water conductivity measurement
(Piu Ghosh); 4. Magnetic needle in E-field (Tania Das); 5.
Electronic quiz (Suchismita Mitra); Seven segment display
(Shampa Guin).
The award of $200 and the citation have been received
by Mr. Rikmantra Basu, former Chairman IEEE-CUSB,
in the award ceremony held on September 23, 2012 during 2012 IEEE Photonics Conference, Burlingame, CA, in
which Mr. Basu presented his paper.
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2012 IEEE Photonics Society
Awards and Recognition

The William Streifer Scientific Achievement Award was
presented to Qing Hu, “For pioneering contribution in the
development of high-temperature, high-power, and broadly
tunable THz QCLs, and applications in imaging and sensing.”

Govind P. Agrawal received the Quantum Electronics
Award, “For sustained contributions to fiber-optic telecommunication technology through innovative research and authorship of numerous widely-respected books.”

Unil Perera was presented his IEEE Photonics Society Fellow
plaque in recognition of his elevation to IEEE Fellow grade.

Kent Choquette was recognized for his service to the IEEE
Photonics Society as Vice-President, Conferences, 2010–2012.

Tom Koch was recognized for his service to the IEEE Photonics Society as VP of Technical Affairs.

Lynn E. Nelson completed her term as an elected member of
the IEEE Photonics Society Board of Governors.

PHOTO COURTESY OF HAGOP’S PHOTOGRAPHY
PHOTO COURTESY OF HAGOP’S PHOTOGRAPHY

PHOTO COURTESY OF HAGOP’S PHOTOGRAPHY

PHOTO COURTESY OF HAGOP’S PHOTOGRAPHY

PHOTO COURTESY OF HAGOP’S PHOTOGRAPHY

vice to the Society. The awards were presented during
the Awards Reception at the 2012 IEEE Photonics
Conference in Burlingame, California, USA.

PHOTO COURTESY OF HAGOP’S PHOTOGRAPHY

Hideo Kuwahara, Photonics Society President, recognized the recipients of the 2012 IEEE Photonics Society awards and several of our volunteers for their ser-
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Careers and Awards

The Chapter reflecting the Largest Membership Increase
was presented to the Malaysia Chapter. Fairuz Abdullah,
Chapter Chair was present to accept the award.

The Most Improved Chapter was presented to the Calcutta
Chapter. Rikmantra Basu accepted on behalf of the Calcutta
Chapter.

The Graduate Student Fellowship recipients from l to r,
Photonics Society President, Hideo Kuwahra, Yue Zhou,
Jin Yan, Yan Shi, Tingyi Gu, Domaniç Lavery, William Loh,
and Ke Wang. Recipients also include: Jens Hofrichter, Hiva
Shahoei, and Dan Luo

The IEEE Photonics Society staff at the IEEE Photonics Conference in Burlingame, California, USA.
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The Most Innovative Chapter was presented to the Boston
Chapter, Paul Juodawlkis accepted on behalf of the Boston Chapter.

PHOTO COURTESY OF HAGOP’S PHOTOGRAPHY

The Chapter of the Year award was presented to the Singapore Chapter. Perry Shum Ping received the award on behalf of the Singapore Chapter.
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in photonics. This year’s recipient is IEEE Fellow, Eli
Yablonovitch, professor with the Electrical Engineering and Computer Sciences at the University of California, Berkeley.

PHOTO COURTESY OF HAGOP’S PHOTOGRAPHY
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The IEEE Technical Field Awards are bestowed to those
whose work is seminal in their respective fields. The
IEEE Photonics Award, sponsored by the IEEE Photonics Society recognizes outstanding achievements

The IEEE Division X Director, Vincenzo Piuri, was in attendance to present the IEEE Photonics Award to Eli Yablonovich,
“For pioneering contributions to photonic crystals, the photonics bandgap, and photonic bandgap engineering.”

IEEE PHOTONICS SOCIETY 2012
Best Student Paper Award Recipients:
tion and monetary awards ranging from $100 up to $1000
for the first place.
The recipients of the IEEE Photonics Society 2012 Best
Student Paper Awards:

PHOTOS COURTESY OF HAGOP’S PHOTOGRAPHY

The IEEE Photonics Society Best Student Paper Awards are
open to students from universities whose papers have been
accepted for presentation at the IEEE Photonics Conference. The top five finalists receive certificates of recogni-

1st Place - Siddharth Tallur, Cornell University

Finalist - Christopher Martin, University of Glasgow
Finalists also include, Qi Guo, University of Melbourne, and
Zu Wang, The Australian National University.

2nd Place - Jared Bauters, University of California
December 2012
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Benefits of IEEE Senior Membership
There are many benefits to becoming an IEEE Senior Member:
• The professional recognition of your peers for technical and professional excellence
• An attractive fine wood and bronze engraved Senior Member plaque to proudly display.
• Up to $25 gift certificate toward one new Society membership.
• A letter of commendation to your employer on the achievement of Senior member grade (upon the request of the
newly elected Senior Member.)
• Announcement of elevation in Section/Society and/or local newsletters, newspapers and notices.
• Eligibility to hold executive IEEE volunteer positions.
• Can serve as Reference for Senior Member applicants.
• Invited to be on the panel to review Senior Member applications.
The requirements to qualify for Senior Member elevation are a candidate shall be an engineer, scientist, educator, technical executive or originator in IEEE-designated fields. The candidate shall have been in professional practice for at least ten
years and shall have shown significant performance over a period of at least five of those years.
To apply, the Senior Member application form is available in 3 formats: Online, downloadable, and electronic version.
For more information or to apply for Senior Membership, please see the IEEE Senior Member Program website: http://
www.ieee.org/organizations/rab/md/smprogram.html

Photonics Society Poland Chapter—ICTON 2012
The Poland Chapter of the IEEE Photonics Society successfully organized the 14th International Conference on
Transparent Optical Networks ICTON 2012 at The University of Warwick, England, July 2–5, 2012. The University of Warwick is located in Coventry, at the heart of
England. Famous home of William Shakespeare, Stratford
is yet another beautiful jewel in Warwickshire crown.
ICTON addresses applications of transparent and all
optical technologies in telecommunication networks, systems, and components. ICTON topics are well balanced
between basic optics and network engineering. Interactions
between those two groups of professionals are a valuable
merit of conference. ICTON combines high level invited
talks with carefully selected regular submissions.
ICTON Scientific Committee is chaired by Professor
Elzbieta Beres-Pawlik from Wroclaw University of Technology, Poland, IEEE Photonics Society Poland Chapter
Chair, and it appreciates the Honorary Chairmanship by
Professor Hans Georg Unger from Technische Universität Braunschweig, Germany, one of the Great Founders
of the optical fiber technology in the second half of the
20th century.
ICTON 2012 was jointly organized by the IEEE Photonics Society Poland Chapter, The National Institute of
Telecommunications, Department of Transmission and
Optical Technologies in Warsaw, and the Communications
Systems Laboratory at the University of Warwick School
of Engineering, upon the Technical co-sponsorship by the
34
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IEEE Photonics Society. Prof. Roger J. Green, ICTON
2012 General Chair and his co-workers, Prof. Mark Leeson
and Ms. Sarah Pain amongst others, have shown an excellent organization and charming hospitality to make the
event a big success both in technical and social terms.
ICTON 2012 hosted several associated topical events:
1st Optical Wireless Workshop (OWW) was organized
and jointly chaired by Fary Ghassemlooy from Northumbria University, UK, Roger J. Green from the University of
Warwick, UK, and Erich Leitgeb from Graz University of
Technology, Austria. That Workshop is a successful continuation of the former ICTON sessions on Free-Space Optics
FSO organized by Erich Leitgeb the previous years.
2nd Workshop on Green Optical Communications
(GOC) initiated and chaired by Carmen Mas Machuca from
Technische Universität München, Germany, and Lena Wosinska from Royal Institute of Technology (KTH), Sweden
3rd Special Session on Intelligent Systems for Optical
Networks Design (ISOND) chaired by Yousef Kavian from
Shahid Chamran University, Iran, and Fary Ghassemlooy
from Northumbria University, UK
4th Special Session on Microwave Photonics (MP)
jointly chaired by Hovik Baghdasaryan from State Engineering University of Armenia, Erevan, and Eszter Udvary from Budapest University of Technology and Economics, Hungary
5th Workshop on Communication in Transportation Systems (CTS) organized and chaired by Otto Strobel ( Honorary
December 2012
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Chair) from Esslingen University of Applied Sciences, Germany, Vladimir Rastorguev (Chair) from Moscow Aviation
Institute, Russia, and Ridha Rejeb (Co-Chair) from the Institute for Advanced Engineering and Research, Germany
6th Sub-Wavelength Photonics (SWP) Conference
chaired by Trevor Benson from The University of Nottingham, UK
7th ACCORDANCE Workshop on Broadband Access
organized and chaired by Jose Lázaro and Josep Prat, both
from Universitat Politecnica de Catalunya UPC, Barcelona,
Spain
8th Special Session on Market in Telecommunications
(MARS) initiated and chaired by Giorgio M. Tosi Beleffi
from Ministry of Economic Development, ISCTI, Italy, and
Antonio L. J. Teixeira from Instituto de Telecomunicacoes
de Aveiro IT, Portugal
9th Special Session on Novel Glasses for photonic devices initiated and organized by Angela Seddon and David
Furniss, both from The University of Nottingham
10th Nanophotonics for All-Optical Networking Workshop (NAON) organized by Judy Rorison from Bristol
University, UK, Trevor Benson from University of Nottingham, UK, and Wlodek Nakwaski from the Technical
University of Lodz, Poland
11th Special Session on Photonic Atoms & Molecules
(PAM—former MPM) organized and chaired by Svetlana
Boriskina from Boston University (presently with the Massachusetts Institute of Technology), USA, and Vasily N.
Astratov from the University of North Carolina in Charlotte, USA. This session focuses on latest developments
in theory and design of artificial (photonic , plasmonic &
hybrid) atoms and molecules as well as their applications
in biomedical research, communications, environmental
sensing, and classical and quantum optical information

processing. Both, confined photon states in microcavities
and localized surface plasmon resonances on metal nanoparticles have properties resembling those of confined electron
states in atoms, giving rise to the terms ‘photonic atoms’
and ‘plasmonic atoms’, respectively. Interaction between
light and matter in photonic & plasmonic atoms can be enhanced and manipulated via their mutual electromagnetic
coupling when individual atoms are arranged into artificial
molecules, which paves the way to a variety of exciting applications in basic science and technology.
12th Special Industrial Session jointly organized and
chaired by Uri Mahlab from Holon Institute of Technology, Israel, and Karin Ennser from the University of
Swansea, UK
13th Reliability Issues in Next Generation Optical Networks Workshop (RONEXT), chaired by Lena Wosinska
from Royal Institute of Technology, Kista, Sweden, Erich Leitgeb from University of Technology Graz, Austria,
and Carmen Mas Machuca from Technische Universität
München, Germany
14th Photonic Integrated Components & Applications
Workshop (PICAW) chaired by Stefano Taccheo from The
University of Swansea, UK
15th Global Optical & Wireless Networking Seminar
(GOWN) chaired by Carmo Medeiros from University of
Algarve, Portugal
16th European Symposium on Photonic Crystals
(ESPC), chaired by Bozena Jaskorzynska from Royal Institute of Technology, Kista, Sweden, and Richard De La Rue
from University of Glasgow, Scotland, UK
17th Workshop on All-Optical Routing (WAOR),
jointly chaired by Josep Solé-Pareta from Universitat Politecnica de Catalunya UPC, Barcelona, Spain, and Anna
Tzanakaki from Athens Information Technology, Greece

ICTON 2012 delegate group photo at ‘The Piazza’ square, University campus (DSCF0355)
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In addition, the Special Sessions have been organized by
two European Union research projects:
EU FP7 Project SOFI Special Session on Silicon Photonics Based Components organized by Panos Zakynthinos
from Athens Information Technology AIT, Greece, Juerg
Leuthold from Karlsruhe Institute of Technology KIT,
Germany, and Ioannis Tomkos from AIT
EU FP7 Project NAVOLCHI Special Section on Plasmonics Based Components proposed by Manos Fitrakis
from AIT, Juerg Leuthold from KIT, and Ioannis Tomkos
from AIT
The impressive ICTON 2012 agenda was completed
with two Tutorials presented by high-level international
experts:
Tutorial on “Optical Interconnects for Future Data
Center Networks” by Christoforos Kachris from Athens
Information Technology, Greece
Tutorial on “Optical OFDM” by Jean Armstrong from
Monash University, Victoria, Australia.
ICTON 2012 was particularly well attended by almost
four hundred researchers from 41 countries and six continents; 379 contributions were presented in 63 technical
sessions, and the poster session included 38 posters. All ICTON 2012 papers are available via IEEE-Xplore at http://
ieeexplore.ieee.org/xpl/conhome.jsp?punumber=1000766#.
The UK national attendance has to be especially emphasized. The main research centres working on photonics

At the poster session
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have contributed with their recent results. The Opening
Plenary session under an excellent chairmanship of Professor Polina Bayvel from University College London has been
filled-in entirely by brilliant talks from UK:
• Peter Cochrane from Cochrane Associates shared with
the audience his exciting visions about ‘Clear sighted
transparency’,
• Allan D. Boardman from Joule Physics Laboratory,
University of Salford reported great advances in ‘Nonlinear and Magnetooptic Light Control in Photonic
Metamaterial Waveguides and Superfocusing’
• and Mauro F. Pereira from Materials and Engineering Research Institute, Sheffield Hallam University
reported on ‘Impact of Intersubband Dispersive Gain
in Semiconductor Quantum Optics’.
• On the same day, an excellent review on ‘The Optical
Fiber Internet: Where Next?’ was presented by David
N Payne, Director of Optoelectronics Research Centre,
University of Southampton.
ICTON is a collective effort and a collective success.
We have to specially acknowledge the spirit of cooperation the General Chair and the Warwick team have
shown to Warsaw Organising Committee, to IEEE Photonics Society Poland Chapter, and to ourselves. Owing
to the devotion of ICTON 2012 General Chair Professor
Roger Green as well as of his colleagues: Prof. Mark Leeson, Ms. Sarah Pain, Debbie, Nicola, Belvie, and finally
Warwick students ICTON 2012 was extremely successful in view of technical contents, excellent logistics, and
an extensive social programme. We have not to forget
the valuable opportunity to see Olympic torch passing
by Warwick offered to ICTON participants at the beginning of the Conference.
ICTON is known to be a community, not just a conference. The technical success of Warwick event together with
the offered opportunities of informal and friendly interactions during extensive social programme has strengthened
that community and allowed new opportunities to enhance
the international cooperation in Transparent Optical Networking field.
Finally, we are pleased to announce the coming 15th
International Conference on Transparent Optical Networks in Cartagena, Spain, June 23–27, 2013, http://
www.itl.waw.pl/icton2013 upon a kind invitation of
Professor P
 ablo Pavón Mariño representing the Department of Information Technologies and Communications
of the Technical University of Cartagena, who also acts as
ICTON 2013 General Chair.
Elzbieta M. Beres-Pawlik,
IEEE-PS Poland Chair
Marian Marciniak,
IEEE-LEOS Past-Chair 2001–2003, ICTON Originator
December 2012
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IEEE PHOTONICS SOCIETY
CONFERENCE CALENDAR
WWW.PHOTONICSCONFERENCES.ORG

2013

2nd Optical Interconnects Conference

5-8 May 2013, Eldorado Hotel and Spa, Santa Fe, New Mexico USA
Submission Deadline: 11 January 2013
www.oi-ieee.org

Summer Topicals Meeting Series

8-10 July 2013, Hilton Waikoloa Village, Waikoloa, Hawaii USA
Submission deadline: 1 March 2013
www.sum-ieee.org

10th International Conference on Group IV Photonics
28-30 August 2013, Hilton Seoul, Seoul, South Korea
Submission dealine: 15 March 2013
www.gfp-ieee.org

10th Avionics, Fiber-Optics & Photonics Conference
1-3 October 2013 Holiday Inn on the Bay, San Diego, California USA
Submission Deadline: 10 May 2013
www.avfop-ieee.org

26th IEEE Photonics Conference 2013

8-12 September 2013, Hyatt Regency Bellevue, Bellevue, Washington USA
Submission Deadline: 12 April 2013
www.ipc-ieee.org
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Photonics in Switching 2012
September 11–14th, 2012, Ajaccio, Corsica
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tilayer Network Design. Then we had Dr. Alan Benner, Sr.
Technical Staff Member in the IBM systems and technology, IBM, USA, who gave a talk on the role of optics in
super computing and data centers in a rack. And finally the
plenary session ended with a talk of Dr. Moray McLaren,
Distinguished Technologist at HP Labs, with a talk focused
on Nanophotonics and Computing.
The singularity of this plenary session was probably the
strategic directions presented by Japan, to really make the
network more robust, envisaging cross technologies, self
supplied systems and more robust protocols to protect the
network in case of a disaster.
The high scientific quality of the papers submitted in
different domains, have addressed the technologies of tomorrow. One example is the optical digital memory. Even
if the digit capacity remains very small, these works pave
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The Photonics in Switching 2012
was held in the Palais of Congress
of Ajaccio, Corsica, France, from
September 11th to September 14th,
2012. More than 200 registrations
have been recorded.
This year 155 speakers equally
shared between invited and regular
speakers, representing more than 23
countries and covering ASIA, USA and
Europe have presented their most advanced and promising research works
in the field of optical communications.
Figure 1a shows the repartition of
the contributors shred between ASIA,
USA and Europe whereas figure 1b
shows. We note a large participation of ASIA; and in particular form Japan.
The conference PS2012 included three workshops, one
symposium on data computing and one telecom and Energy
forum.
Almost all the key topics were addressed, from the transmission systems, to the networking aspects, including the
switching technologies. A special emphasis was made on
the DATA computing, DATA centers, and on Green Networking.
This year, the keynote speakers were all from the Industry. The first speaker was Dr. Atsushi Takahara, Executive
director of NTT Network Innovation Labs, Japan. He addressed The Future Network: its prospects and challenges.
The second speaker was Dr. Patrice Robert, R&D project
manager at France Telecom-Orange. He gave a talk on Mul-

(a)

Country

(b)

Figure 1. a) Repartition per continent (ASIA, USA and Europe), b) repartition per country.

38

IEEE PHOTONICS SOCIETY NEWSLETTER

December 2012

Conference Section

(cont’d)

the way to a new generation of systems targeting higher
capacity and lower power consumptions than all-electronic
systems.
The main messages of this conference were:
• a need to work on the access part to reduce the power
consumption and give degree of freedom for the network infrastructure to grow in capacity, with a same
global power consumption figure.
• an urgent need to find solutions for ultra-high capacity
routers. The arguments were a traffic growing faster
than the capacity offer of routers, and an asymptotic
limit reached in electronics. In particular, optical
switching was identified as a key technology for the
next generation of switches.
• A need to control the power consumption of DATA
centers, through environmental actions or through
new technologies better adapted to a large percentage
of local traffic (80%), and addressing high switching
capacities for the aggregation node.

• A need to be focused on Green Approaches at the network infrastructure.
This conference addressing a wide scope (from transmission systems to new generation of networks) was a success,
at the scientific level but also at the organizational level.
This conference was possible thanks to the collaborative
participation of key partners. The organizers thank the efficient collaborative work made by Alcatel-Lucent, SEE, OpticsValley, OSA & IEEE Photonics for the logistic part, thank
the local sponsors: CCI, CTC and the City Hall of Ajaccio
and congratulate the chairs of this conference composed by
Alcatel-Lucent, France Telecom, NTT, University of DAVIS,
University of Corsica, University of Sant’Anna, Columbia
University and Technical University of Eindhoven.
For more information: www.ps2012.net
Dominique Chiaroni
PS2012 General Lead Co-Chair
Bell Labs France
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CALL FOR PAPERS

2nd OPTICAL INTERCONNECTS
CONFERENCE
2013

Eldorado Hotel & Spa Santa Fe
Santa Fe New Mexico
5-8 MAY 2013

Submission Deadline
11 January 2013

For more information visit
www.OI-IEEE.org
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26th IEEE
Submission Deadline
12 April 2013
PHOTONICS
CONFERENCE 2013

CALL FOR PAPERS

8-12 SEPTEMBER 2013
Hyatt Regencey Bellevue, Bellevue Washington USA

General Chair
David Plant , McGill University, Canada
Member-At- Large
Susumu Noda, Kyoto University, Japan
Program Chair
Martin Dawson, University of Strathclyde, Scotland

December 2012
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10th Avionics, Fiber-Optics &

Photonics Conference 2013
CALL FOR PAPERS
Submission Deadline
10 MAY 2013

1-3 October 2013
Holiday Inn by The Bay, San Diego CA USA
FOR MORE INFORMATION VISIT
WWW.AVFOP-IEEE.ORG
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ANNOUNCING
IEEE Photonics Society

2013 SUMMER TOPICALS
Meeting Series

8-10 JULY 2013 HILTON WAIKOLOA VILLAGE, WAIKOLOA HAWAII
The IEEE Photonics Society is soliciting ideas and volunteers for the 2013 Summer Topical Meetings. The Summer
Topicals are composed of three or more meetings organized around a specific theme or topic. We are especially
interested in emerging new areas in which a focussed meeting of interested researchers will help sustain and grow
new topical areas.

FOR FEATURED TOPICS
VISIT

www.SUM-IEEE.org
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10th International Conference
on

Group IV Photonics 2013

28-30 August 2013

Grand Hilton Seoul
www.gfp-ieee.org
CALL FOR PAPERS
Submission Deadline:15 March 2013
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PLANNING A CONFERENCE?
WE CAN HELP!
IEEE PHOTONICS SOCIETY CONFERENCES CAN
PROVIDE THE SERVICES YOU NEED!

•Conference Attendee Registration Management & Reporting
•Paper Process Management

•Conference Website development and maintenance
•Design and production of Call For Papers
•Production of Conference CD Proceedings to include IEEE Xplore
•Full conference Management

TALK TO US TODAY!

CONTACT Mary Hendrickx for more information
TEL:(732-562-3897) m.hendrickx@ieee.org
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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

Beginning of 2013
1st EOS Topical Meeting on
Photonics for Sustainable Development - Focus on the Mediterranean
(PSDM 2011)
Tunis, Tunisia
Contact: Julia Dalichow,
phone: +49 511 2788 155,
fax: +49 511 2788 117
dalichow@myeos.org
www.myeos.org/events/psdm2011
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anand.asundi@pmail.ntu.edu.sg
http://www.icopen.com.sg/

mfcosta@fisica.uminho.pt
http://www.optica.pt/etop2013/

15–18 April 2013
SPIE Optics + Optoelectronics 2013
Prague, Czech Republic
Contact: Karin Burger,
phone: +442920894749,
fax: +442920894750,
karin@spieeurope.org
http://spie.org/optics-optoelectronics.
xml

16–19 September 2013
Information Photonics 2013,
Warsaw, Poland
Contact: Marian Marciniak,
phone: +48 22 5128715,
fax: +48 22 5128715,
marian.marciniak@ieee.org

4–15 February 2013
ICTP Winter College on Optics:
Trends in Laser Development and
Multidisciplinary Applications to
Science and Industry
Trieste, Italy
Contact: ICTP Secretariat,
phone: +39-040-2240-9932;
fax: +39-040-2240-7932;
smr2132@ictp.it
http://cdsagenda5.ictp.it/full_display.
php?email=0&ida=a12164

22–26 July, 2013
8th Iberoamerican Optics Meeting/
11th Latinamerican Meeting on
Optics, Lasers and Applications
(RIAO/OPTILAS 2013)
Porto, Portugal
Contact: Manuel Filipe P. C.
Martins Costa,
phone: 00351967642732,
mfcosta@fisica.uminho.pt
http://riaooptilas2013.inescporto.pt

9–11 April 2013
icOPEN2013 (International
Conference on Optics in Precision
Engineering and Nanotechnology)
Singapore
Contact: Anand Asundi,
phone: 67905936, fax: 67924062,

23–26 July, 2013
Education in Optics and Photonics
“ETOP 2013”
Porto, Portugal
Contact: Manuel Filipe P. C.
Martins Costa,
phone: 00351967642732,
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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/
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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IEEE Photonics Society Co–Sponsored Events

2012

PHOTONICS December 9 —12, 2012
The International Conference on Fiber Optics and Photonics
Indian Institute of Technology
Madras, India
http://www.photonics2012.in/
PGC December 13—16, 2012
2012 Photonics Global Conference
Nanyang Technological University
Suntec City, Singapore
http://www.photonicsglobal.org
CODEC December 17—19, 2012
2012 International Conference on Computers and Devices for Communication
Hyatt Regency Kolkata
Kolkata, India
http://www.codec-rpe.org

2013
MWP October 27—31, 2013
2013 IEEE International Topical Meeting on Microwave Photonica
Hotel Monaco
Old Town Alexandria, VA, USA
http://www.mwp2013.org

“Nick” Cartoon Series by Christopher Doerr
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Publication Section
Call for Papers
Announcing an Issue of the IEEE J OURNAL
OF SELECTED TOPICS IN QUANTUM
ELECTRONICS on Optical Modulators –
Technologies and Applications
Submission Deadline: March 1, 2013
The IEEE Journal of Selected Topics in Quantum Electronics
(JSTQE) invites manuscript submissions in the area of Optical
Modulators – Technologies and Applications. The purpose of
this issue of JSTQE is to document leading-edge work in this field
through a collection of original and invited papers that encompass
different material systems including (but are not limited to):
• Si
• LiNbO3
• PLZT
• InP
• polymer
• organic crystal
• GaAs
Papers are solicited on the science, technologies and applications
of modulators for the amplitude, phase, frequency and state-of-polarization of optical signals. All modulation frequencies and operating wavelengths relevant to quantum electronics are of interest.
The Primary Guest Editor for this issue is Graham Reed, University of Southampton, UK. The Guest Editors for this issue are Sakellaris Mailis, University of Southampton, UK, Mike Wale, Oclaro,
UK, and Alan Willner, University of Southern California, USA.
The deadline for submission of manuscripts is March 1, 2013. 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 copyedited and XML-tagged version of a manuscript is posted on IEEE
Xplore as soon as possible once page numbers can be assigned. This
version replaces the preprint and is usually posted well before the
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hardcopy of the issue is published. Hardcopy publication of the issue is scheduled for November/December 2013.
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
IEEE/Photonics Society
445 Hoes Lane,
Piscataway, NJ 08854, U.S.A.
Phone: 732-465-5813,
Email: c.tanlutz@ieee.org
The following supporting 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. You may find the Tools for Authors link useful:
http://www.ieee.org/web/publications/authors/transjnl/
index.html
2) Completed Color Printing Agreement/Decline form.
Please email c.tanlutz@ieee.org to request this form.
3)	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.
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(cont’d)

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

UK, Frank Koppens, Institute of Photonic Sciences (ICFO),
Spain, Fengnian Xia, IBM Watson Research, USA, and
Xiaodong Xu, University of Washington, USA.

Submission Deadline: April 1, 2013
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area
of Graphene Optoelectronics. Graphene, a one atom thick
sheet of carbon, has already led to many breakthroughs in
diverse areas of physics and engineering. Due to its unique
combination of electronic and optical properties, it has
recently also been recognized as a promising material for
applications in optoelectronics. The absence of a bandgap
and the linear dispersion of the Dirac fermions in graphene
enable devices operating at wavelengths from the terahertz
to the ultraviolet regime. Graphene enables a number of
applications in optoelectronics, ranging from solar cells and
light-emitting devices to touch screens, photodetectors and
optical modulators. The purpose of this issue of JSTQE is to
present the state of the art and recent developments in the
field, from both experimental and theoretical perspectives.
Topics include (but are not limited to):
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Transparent conductors
Photovoltaic devices
Light-emitting devices
Photodetectors
Optical modulators
Flexible smart windows and displays
Saturable absorbers and ultrafast lasers
Optical limiters
Optical frequency converters
Polarizers
Touch screens
Optical isolators
Terahertz devices
Plasmonic devices
Metamaterials
Nano-photonics components
Optical and plasmonic waveguides
Multi-layered 2D hybrid structures

The Primary Guest Editor for this issue is Thomas Mueller,
Vienna University of Technology, Austria. The Guest Editors
for this issue are Andrea Ferrari, University of Cambridge,
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The deadline for submission of manuscripts is April 1, 2013.
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
possible once page numbers can be assigned. This version
replaces the preprint and is usually posted well before the
hardcopy of the issue is published. Hardcopy publication of
the issue is scheduled for January/February 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
IEEE/Photonics Society
445 Hoes Lane,
Piscataway, NJ 08854, U.S.A.
Phone: 732-465-5813,
Email: c.tanlutz@ieee.org
The following supporting 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. You
may find the Tools for Authors link useful: http://
www.ieee.org/web/publications/authors/transjnl/
index.html
2) Completed Color Printing Agreement/Decline form.
Please email c.tanlutz@ieee.org to request this form.
3)	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.
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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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