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Editor’s
Column

IEEE Photonics Society

Lawrence Chen
With this issue, I will have completed my first year as
Editor-in-Chief of the Newsletter. Indeed, it has been
a tremendous experience to date. During this time, the
Newsletter has featured a variety of research highlight
articles, spanning topics from ‘neuromorphic photonics’
to broadband communications (optical, hybrid opticalwireless) to optical/biophotonic sensing to outreach. We
also featured the exciting activities and initiatives pursued by various photonics research centers around the
world. In this issue, we continue along these lines with
the following articles. The first, written by Prof. D
 avid
Sampson from the University of Western 
Australia,
describes efforts at developing methods in optical microscopy for use in medical imaging (a confluence of life/
medical sciences with the physical sciences/engineering).
The second, written by Prof. Tadao Nagatsuma and his
colleagues from Osaka University, reviews recent progress on THz systems (for communications, imaging,
and sensing) enabled by photonics. Finally, the third article describes the research activities in the Center for
Optical Fiber Technology, led by Prof. Perry Shum at
Nanyang Technological University (including work on
optical communications, fiber lasers, and optical coherence tomography).
I hope you find the highlight articles of interest. As
always, I welcome your feedback, comments, and suggestions, especially for topics of research highlight articles.
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President’s
Column
Dalma Novak
“Ideas do not always come in a flash but by diligent trial-and-error
experiments that take time and thought.”
— Charles Kao
2015 is a very special year for the photonics community, not
only because of The International Year of Light (IYL 2015)
which is taking place, but also because it marks the golden
(50th) anniversary of the founding of the IEEE Quantum
Electronics Council (QEC) which eventually became the IEEE
Photonics Society.
The origins of the QEC lie in the creation of the IEEE
Journal on Quantum Electronics (JQE) which was developed
to serve the technical interests of electrical engineers and
IEEE members; in the early 1960’s the majority of quantum
electronics papers were in physics-oriented publications. The
basis of a planned Special Issue of the IEEE Transactions of
Electron Devices (which started in 1954) on Quantum Electronics essentially became the first issue of JQE which was
published in April 1965. This new IEEE journal was initially
supported by the Electron Devices Group, the precursor to
the Electron Devices Society (EDS), and later co-sponsored
by the Group on Microwave Theory and Techniques (later
MTT-S). The co-sponsorship of JQE by MTT-S necessitated
that a Council be formed according to IEEE procedures and
so, following the appearance of the first JQE issue, the IEEE
Quantum Electronics Council was established. Dr Eugene
Gordon, who would go on to become Director of the Lightwave Devices Laboratory at Bell Labs, was the first Chair of
the Council. Sadly, Dr Gordon passed away late last year at
the age of 84.
The new JQE publication was adopted quickly by both
the engineering and physics communities and two years
later in 1967, the Quantum Electronics Council held its
first technical meeting which was called the Conference on
Laser Engineering and Applications (CLEA). Many of you
will know CLEA as the forerunner of CLEO. Ten years later
in 1977, the Quantum Electronics Council became an IEEE
technical society and was named QEAS, the Quantum Electronics and Applications Society. Dr Henry Kressel who was
to be the last QEC Chair became the founding President
of QEAS. Dr Kressel was another pioneer in the quantum
electronics community, known for his work at RCA Laboratories on developing and commercializing the first practical
laser diodes.
The Quantum Electronics Council also initiated another
very important meeting. Following the invention of low-loss
optical fiber and compact semiconductor lasers, the Council partnered with the Optical Society of America (OSA) to
hold the first Topical Meeting on Optical Fiber Transmission.
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A few years later in 1979 this topical meeting became the
Optical Fiber Communication (OFC) conference which now
also featured an exhibit. Subsequently in 1983, as a result
of the rapidly developing field of optical communications,
the Journal of Lightwave Technology was established which
led directly to QEAS changing its name to the IEEE Lasers
and Electro-Optics Society (LEOS) in 1985. The next few
years saw the first issue of the Society’s Newsletter appearing in 1987, the first LEOS Annual Meeting being held in
November 1988 and another LEOS publication, IEEE Photonics Technology Letters, was launched in early 1989. During the next two decades a number of new LEOS sponsored
conferences were launched, including the Summer Topicals
which started in 1990, CLEO Europe in 1994, and CLEO
Pacific Rim in 1995. New journals were also introduced
during this time with the IEEE Journal of Selected Topics
in Quantum Electronics debuting in 1995, the Journal of
Display Technology in 2004, and the Photonics Journal, the
IEEE’s very first open-access publication, was established in
2009. The last five years has seen the introduction of some
significant changes to the Society in order to better reflect the
broad scope of the interests and activities of its members and
community: in February 2009 the IEEE Board of Directors
approved LEOS changing its name to the IEEE Photonics Society, the LEOS Annual Meeting became the IEEE Photonics
Conference, and “Transforming Science into Technology” was
adopted as the Society’s tagline.
Five decades on from the early beginnings of the quantum
electronics field, the diversity and globalization of the IEEE
Photonics Society is reflected in all aspects of its activities and
membership base. Today we have approximately 6000 members in over 100 countries around the world, with 103 Chapters and 21 Student Branches. As we look back on the Society’s
history and the significant milestones in its evolution, it is fitting to pay tribute to the many technology pioneers and volunteers who dedicated themselves to serving the needs of our
community while also making major scientific contributions.
Throughout the year we will be recognizing the 50th anniversary of the IEEE Journal of Quantum Electronics and the
founding of the Society with special commemorative sessions
at our conferences along with member appreciation events. I
look forward to celebrating these memorable occasions with
you as the Society continues to shape photonics innovation half
a century after its inception.
With warm wishes,
Dalma Novak
Pharad, LLC
d.novak@ieee.org
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Research Highlights

Bridging the Gap Between Medical Imaging and
Optical Microscopy: Translational Biophotonics at
the Optical+Biomedical Engineering Laboratory,
University of Western Australia
David D. Sampson, Director, Optical+Biomedical Engineering Laboratory,
School of Electrical, Electronic & Computer Engineering, and Director, Centre
for Microscopy, Characterisation & Analysis, The University of Western Australia,
Perth, Western Australia, obel.ee.uwa.edu.au
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In the late 1990s when I moved out of photonics for telecommunications and started working in biophotonics and biomedical optics, I would receive weekly job offers from the US in
the telecommunications area, and the photonics brain drain in
Australia was well underway. I had recently moved to Perth,
Western Australia. When I told my photonics colleagues the
new area of research I had chosen, they expressed amazement.
How times have changed! Biophotonics and biomedical optics
is now an established and vibrant field of comparable size to
that of photonics for telecommunications.
In many ways, biophotonics and biomedical optics (the two
terms are often used interchangeably and the boundaries are
not clear) has been ahead of the curve when it comes to emerging new trends in interdisciplinary engagement. A recent report by the US National Academy of Sciences champions the
notion of “Convergence”, the transdisciplinary integration of
life sciences, physical sciences, engineering and beyond. Biophotonics research has been in the vanguard of convergence
for a long time. In my own group, we work closely with biologists, pathologists, physiologists, and surgeons, and our own
disciplinary expertise spans electrical, mechanical and software
engineering, computer science, and physics. Our group’s mission is to: “invent and study new optical and imaging tech-
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Figure 1. Range and resolution of common medical imaging
and optical microscopy methods.
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niques and apply them in collaborations with researchers and
clinicians in medicine and biology.” By world standards, Perth,
Western Australia is a long way from the next big city – maybe
our isolation is what has driven us to forge such strong links
across the disciplines.
Our group has been largely driven by the desire to impact
positively on human health and wellbeing. In particular, we
are fixated on the dramatic gap in capability between medical imaging and optical microscopy. Medical imaging demonstrates the capacity to image and diagnose disease in living
humans non-invasively, but optical resolution imaging is generally not available. Optical microscopy, by contrast, demonstrates much higher resolution and functionality that allows
structure and function to be probed on the cellular and subcellular scales. Imaging at such high resolution allows disease
processes to be probed in more depth and at an earlier stage in
their progression. Our group has been broadly motivated by
the translation of optical microscopy methods into medicine—
medical microscopy. We have been largely doing this via the
sub-surface imaging technique, optical coherence tomography.
Figure 1 shows a schematic of the range and resolution of common medical imaging and microscopy techniques.
Optical coherence tomography has been one of the great
success stories of biomedical optics. The combination of lowcoherence interferometry with a weakly focused beam scanned
across the surface of the retina has dramatically advanced our
capacity to image beneath its surface and led to rapid commercialization, within a few years of discovery in 1991 [1].
Today, optical coherence tomography research and new commercial applications continue to grow strongly—including
new Australian start-up Cylite. Beyond ophthalmology, the
leading application area is cardiology, which has been set for
major success for some time now. But there are many other
emerging areas in dentistry, dermatology, gastroenterology and
surgery, particularly in the guidance of surgical procedures,
such as identification of tumor during cancer surgery or in surgical biopsy.
Optical coherence tomography (see Figure 2) is based on
low-coherence interferometry. Any source of broadband light
may be used, from an incandescent filament to a supercontinuum generated by a mode-locked laser. Currently, swept
April 2015

wavelength sources are emerging as the most popular. The coherence length of the source, i.e., the distance from the balance
point of the interferometer over which coherent interference
takes place, is inversely proportional to the optical bandwidth.
Whilst it is actually quite challenging to reduce this distance
to 1 micron, it is straightforward to achieve 10 microns, which
sets the axial sectioning resolution in depth. Scanning the optical section in depth in the sample is achieved either by scanning the delay in the reference path (as shown in Figure 2a)—
so-called time-domain optical coherence tomography [2], or
by scanning the wavelength of a narrowband source, or by using a continuum of wavelengths detected by a spectrometer (as
shown in Figure 2b). These latter two equivalent approaches
are known as spectral-domain or Fourier-domain optical coherence tomography, and have largely displaced time-domain
methods.
The final piece of the optical coherence tomography puzzle
is forming the image in the transverse dimensions. In freespace, this is usually done by scanning a point beam across
the surface of the sample, most commonly using galvanometer mirrors, but full-field options are possible, in which the
whole field of view is illuminated by a single beam. For imaging inside the body, scanning in the directions orthogonal to
the beam axis is done by rotation and translation of a point
beam [3].
Optical wavefields propagating through tissue are perturbed through refraction and scattering and sometimes by
absorption as well. The presence of one or more of distortion,
fragmentation, or destruction of the optical wavefront limits
the depth in tissue at which an image may be formed to usually
less than 1 millimeter, and often to less than half this value.
Commonly, maintaining an approximately constant lateral
resolution over this depth range requires optical focusing to be
weak, corresponding to low numerical apertures around 0.05.
A recent strong trend has been the move to 3D imaging,
which is enabling many innovations. This has driven the need
for much faster scanning, demanding higher speed acquisition
systems, and placing large demands on processing to achieve
real-time visualization. A typical current system with a 1000
points in each dimension scans at line rates of 100 kHz, leading to two-dimensional scans (B scan) rates of 100 frames per
second, and volume (C-scan) rates of 0.1 volume per second.
State-of-the-art high-speed systems are scanning in the few
MHz range and reconstructing volumes at 20 vol/s.
In the following, I will describe our work in exploiting
this new three-dimensional imaging capability to advance the
technology and applications of optical coherence tomography
in a variety of areas of human health, but mainly in cancer
detection.

Microscope-in-a-Needle: ThreeDimensional Imaging Deep in Tissue
Micro-scale imaging deep in tissue at depths in the centimeter
range has been an “open problem” that we have started to make
inroads into. Such versatile high-resolution micro-imaging
would provide a powerful new tool in medicine. One example
is in the guidance of surgery and biopsy, where better intraoperative identification of vessels, nerves and malignant tissues
April 2015
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Figure 2. (a) Simplest (time-domain) optical coherence tomography system employing reference mirror scanning. (b) Spectrometer-based optical coherence tomography system. [T. R.
Hillman, PhD Thesis]

in surgical procedures, such as tumour excision in the brain,
breast, lung and prostate, would improve patient outcomes.
A conceptually simple means to achieve deep-tissue optical micro-imaging is to deliver the optical imaging system to
the location of interest deep in the tissue, and well beyond the
millimeter reach of handheld probes, endoscopes and catheters.
Although invasive, such in situ microscopic imaging becomes
increasingly feasible as the delivery system is made more miniature. The scope for miniaturization of optical coherence tomography probes in a needle format was first demonstrated in
2000 [4], but to date there have been relatively few examples
of needle-based optical coherence tomography imaging [5].
Here, I describe our miniaturized needle probes and demonstrate their use in three-dimensional imaging of tissues at centimeter depths with micrometer-scale resolution.
A needle probe is an assembly of a single-mode optical
fiber terminated with focusing optics and a side-deflecting
micro-mirror inside a hypodermic needle, usually with a side
opening, as illustrated in Figure 3. It comprises a no-core fiber (NCF) spacer for beam expansion, a graded-index (GRIN)
fiber micro-lens for focusing, and a polished, angled no-core
mirror for side-deflection. All elements are fusion-spliced to
the delivery fiber and inserted into a needle (Figure 3). The
extreme miniaturization requires a trade-off between optimized optical function and manufacturability, so practical designs are largely limited to relatively simple geometries. For
IEEE Photonics Society NEWSLETTER
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Figure 3. Needle probes: (a) schematic; b) photo of bare probe;
(c) capillary-encased probe; and (d) probe inserted in a 24-G hypodermic needle. Adapted from [5].
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Figure 4. Examples of needle optical coherence tomography imaging. (a) Radial scan of the skin of a finger holding the needle
[6]. (D dermis, E epidermis, S sweat duct) (b) Three-dimensional
cut-away of a cucumber [6]. (c) Two-dimensional slice parallel
to, but offset from, the needle axis taken from a freshly removed
breast tumor specimen [10]. (d) Matching histology: a micrograph of a hematoxylin and eosin-stained thin section [10].

example, the simple design shown in Figure 3 comes at the
cost of some astigmatism which the beam acquires as it exits
sideways through the fiber cladding. To compensate for this,
we have shown how to take advantage of the change in the
6
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difference between geometric and wave-optic focal points that
occurs for beams with low Fresnel numbers to effectively remove this astigmatism, whilst at the same time attaining a
high sensitivity of 112 dB [6]. As a rule of thumb, a sensitivity
of 95 dB is required to achieve good-quality optical coherence
tomography images, and so this needle performs better than
many free-space imaging systems.
We have demonstrated the capacity of these needle probes
to perform three-dimensional imaging through scanning by
counter-rotation and translation, tracing out a helical scan pattern whilst in direct contact with the tissue (Figure 4). We
have found drag on the tissue can occur, but is readily minimized by reducing the needle probe size and ensuring saline
lubrication. We have fabricated an ultrathin version that fits
into a 30-gauge needle with 0.31-mm outer diameter (the
thinnest OCT imaging needle reported to date [7]). We have
also demonstrated higher speed push-pull scanning, which can
be used to increase scan speed when two-dimensional scans in
a plane containing the needle probe axis are sufficient [8]. Scan
speeds are currently limited by the mechanics to ~1 Hz for rotation scanning and ~3 Hz for push-pull scanning, but we have
just reported a much higher speed prototype scanner achieving 80 Hz push-pull (B-scan) scanning at this year’s Photonics
West conference.
We have applied the microscope-in-a-needle to various animal tissues, such as lung [7–10] and muscle [11], as well as
human breast tissues and lymph nodes [10, 12]. Among the
many possibilities, our main focus has been on the assessment
of breast cancer tissue margins, since the incomplete removal
of breast tumors during lumpectomy surgery currently results
in one in four women requiring a second procedure. Any improvement on this poor statistic will lead to better patient outcomes and save money for health systems.
There are many technical improvements that are likely to
lead to increased utility of the microscope-in-a-needle. We
have been working on improved optical designs that extend
the depth of focus of the optical beam [13, 14]. We have been
adding functionality to our needle probes: the capacity to deliver fluids, such as contrast or therapeutic agents [15], and the
combination of optical coherence tomography with wide-field
fluorescence imaging [16].
The microscope-in-a-needle has been shown to hold much
promise as a versatile platform uniquely capable of performing optical imaging at locations far from tissue surfaces. We
expect in the future that it will have major impact in medicine,
particularly as other capabilities are added to the basic optical
coherence tomography imaging.

Enhancing Image Contrast
With Parametric Imaging
A focus of our research has been the identification of cancer tissue using optical coherence tomography [17]. Whilst we can
sometimes very readily distinguish tumor from surrounding
tissues, this is not always the case, particularly when stroma
(connective tissue) is involved. Thus, we have been seeking
ways in which to improve the contrast. One interesting overall approach that has only become possible with the advent
of practical three-dimensional imaging in optical coherence
April 2015

Tissue Stiffness Imaging With Optical
Coherence Micro-Elastography
Parametric imaging can potentially exploit more than just the
optical parameters of tissue. The non-optical parameter, stiffness, is well known to correlate with many disease states. For
example, tumors are generally stiffer than surrounding tissues
and vulnerable atherosclerotic plaques are softer [26]. We have
been exploring how to image stiffness and for what applications it is best suited.
Elastography is a large and well-established field outside of
optics with its origins in the 1980s, and commercial medical
imaging systems, based on ultrasonography or magnetic resoApril 2015
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tomography is to trade off the axial imaging dimension in
order to determine a parameter which enhances this contrast
– so-called parametric imaging [18–21]. Parametric imaging
can potentially exploit a range of optical parameters of tissue,
such as attenuation [18–21] and birefringence [22–24]. A particular interest of ours has been in the characterization of burn
scars. Scarless healing is the “holy grail” of our collaborator,
burns surgeon Fiona Wood, who was made Australian of the
Year in 2005 for her work in treating the survivors of the 2002
Bali nightclub bombing in which 202 people died. Quantitative scar assessment, which currently does not exist, would be
an ideal tool for monitoring new healing treatments, such as
laser fractionation.
Scars are largely characterized by two components: the architecture and size of the blood vessels (vascularity), which determines how red they are, and the amount and arrangement
of collagen, which determines how stiff and “lumpy” they are.
We have developed the capacity to monitor both vascularity
[25] and collagen content and arrangement [21, 24] using optical coherence tomography. Vessels are mapped out by measuring the correlation between consecutive two-dimensional
scans. Optical coherence tomography images contain speckle,
the coherent interference of sub-resolution scatterers, and
this is largely the same between adjacent, sufficiently closely
spaced scans, unless scatterers move between scans, as do red
blood cells. Such motion alters the speckle pattern and the
resulting decorrelation is a sensitive measure of vasculature
(Figure 5). For collagen, we can use parametric imaging of either attenuation [21] or birefringence [24] to characterize the
amount of collagen and its arrangement. An important trick
in doing this is to mask out the effects of the blood vessels,
which otherwise can corrupt this assessment. Figure 5 shows
an example of the differing vasculature between scar and normal skin, and also the difference in birefringence – normal
skin has less ordered collagen and less collagen overall, so its
birefringence is lower. We have found the birefringence also
correlates with scar type [24].
Although parametric imaging must sacrifice axial resolution, typically by a factor of 5 to 50, this has not proven to be an
impediment in a range of scenarios that we have been investigating. And as methods evolve, the axial resolution has steadily
been improving. In particular, I predict that parametric imaging of birefringence with optical coherence tomography is set
for a renaissance as a means to characterize stroma in a range of
tissues, including in the cardiovascular and pulmonary systems.

4
0
1
2
3
Birefringence (x10–3)

(f)

Figure 5. Parametric imaging of the birefringence of normal and
burn scarred skin. (a) The subject. (b) and (c) En face vasculature maximum intensity project maps of scarred (left) and normal (right) skin. (d) and (e) Birefringence maps of scarred (left)
and normal (right) skin. Adapted from [24].

nance imaging, are available [26]. On a much smaller length
scale, there are also well-established methods in biology, e.g.,
atomic force microscopy, used to examine the mechanics of
cells and their constituents. Optical elastography has, to date,
been a much less studied area, but conveniently sits between
these two in terms of resolution. And this length scale, between 10 and 100 microns, is highly relevant to many disease
processes, such as early-stage cancer.
The use of optical coherence tomography to perform elastography was first demonstrated in 1998 [27] and since then
various ways to perform it have been explored [26]. All methods apply some form of mechanical load to perturb the tissue
and then image the effects. In our chosen approach, a load is
applied to the whole area to be imaged using an annular piezoelectric actuator to push a glass plate against the tissue. Imaging through the hole in the actuator, we use phase-sensitive
optical coherence tomography to measure the effect (Figure 6).
The applied perturbation is very small, typically in the range
of 1 micron, and applied at a rate of tens of hertz to avoid mechanical wave propagation. By using the phase of the interference signal, we can detect motions smaller than 1 nanometer.
This allows us to map the axial strain (change in length per
unit length) in a tissue in three dimensions. Figure 7 shows
an example comparing optical coherence tomography, optical
coherence elastography, and histology images of breast tissue
[28]. Although the reading of such images requires the expertise of a highly trained pathologist, the untrained eye can still
detect the enhancement of contrast in the elastography over
the optical coherence tomography images. We have collected
more than fifty such data sets from a wide range of breast cancers and the early indications are extremely promising. Optical
coherence elastography could well be the advance that makes
inroads into intraoperative tumor margin assessment.
IEEE Photonics Society NEWSLETTER
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Figure 6. Schematic of optical coherence micro-elastography. a, Sample arm. RP, rigid plate; SP, structured phantom; RA, ring actuator and window; L, Lens; X-Y GM, xy-scanning galvanometer mirrors. b, Displacement of the ring actuator and x-scanning pattern.
c, Illustrations of displacement and local strain at two locations in the phantom. d, Three-dimensional OCT perspective view of the
phantom. e, Corresponding perspective view of the three-dimensional micro-elastogram displaying the local strain, and a cutaway
view revealing a B-mode micro-elastogram through the central region of the inclusion. Scale bars, 0.5 mm. Adapted from [28].
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Figure 7. Optical micro-elastography of malignant human breast tissue. a, En face OCT image. b, Corresponding en face micro-elastogram. c, Haematoxylin and eosin-stained histology. A, adipose; D, duct; M, smooth muscle; T, region densely permeated with tumour;
and V, blood vessel. In the micro-elastogram, the scale is in millistrain, mf. The insets show a 2.5X magnification of the blue-dotted
boxes. Scale bars: in the main figure, 1 mm; in the inset, 0.25 mm. [28]

We have also been active in other aspects of elastography,
particularly in seeing beyond the shallow depths that can be
reached with optical coherence tomography. We have experimented with delivering optical coherence elastography deep
in malignant tissue by use of a needle (Figure 8) [29], and
we have developed an optical imaging version of the sense of
8
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touch, optical palpation [30] that produces a map of stress
on the surface of a tissue and has been shown to be sensitive
to stiffness at depths of 5 mm below the sample surface. This
method shows promise for application to scar monitoring, as
we have very recently shown [31]. We are very excited about
the prospects of optical coherence elastography. The field is
April 2015
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growing rapidly and has now attracted its own sub-conference for the last two years at Photonics West. Applications
are emerging in dermatology, ophthalmology, cardiology and
cancer surgery.

Conclusion
Biophotonics and biomedical optics represents an appealing
combination of challenging physics and optics, interdisciplinary engagement across the life and medical sciences and the
promise of translation to make a difference in our society. Ultimately that difference requires translation to practice and, in
turn, such translation inevitably requires that ideas are turned
into commercial products. Commercialization remains a challenging space within a university context, and medical devices
frequently require more than five years to go through the many
stages required to finally represent an approved, reimbursed
April 2015

medical procedure. We are currently in the initial phases of
that journey and excited by the prospects.
Biophotonics and biomedical optics is a relatively new discipline, with its origins in the late 1980s. It represents an excellent
vehicle to drive “convergence” science, in which ultimately a new
generation of scientists trained in disparate discipline will emerge.
Biophotonics and biomedical optics already trains such researchers: there is a growing pool of biophotonics researchers who have
both a physics/engineering PhD and medical degree. At the same
time, Masters programs and intensive summer schools are on the
rise. In the 21st century that many have labeled the era of biology,
we will see a continuing growth in the application of photonics
technologies in biology and medicine. I am pleased to say that the
slight alarm I felt all those years ago, as my colleagues chose different paths, and as I seemed to be swimming upstream, has turned
into a great ride as the tide of biophotonics research gathers pace.
IEEE Photonics Society NEWSLETTER
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Empowering Terahertz System
Applications by Photonics
Tadao Nagatsuma, Fellow, IEEE, Masayuki Fujita, Member, IEEE,
and Shintaro Hisatake, Member, IEEE
Abstract—Electromagnetic waves at frequencies from 0.1 THz
(100 GHz) to 10 THz is referred to as terahertz (THz) waves,
which are located between microwaves and infrared light waves,
and have remained unutilized for our life. There are tremendous efforts of research and development over two decades,
THz technologies have proven lots of capabilities which are not
available with conventional radio waves and/or light waves in
applications to wireless communications, spectroscopy, and imaging. Our research group is aiming at making such THz systems more practical by developing new system architectures as

well as key components and their integration technologies. In
particular, we introduce telecom-based photonics technologies
to efficiently enhance the performance of THz systems, taking
full advantages of extremely broadband nature of photonics.
Index Terms—terahertz, photonics, generation, detection,
communication, spectroscopy, imaging, measurement

I. Introduction

2015 has been designated by the United Nations as the International Year of Light (IYL), marking a large number of
anniversaries of significant d iscoveries
such as al-Haytham’s early works of
optics (1015), Fresnel’s wave nature of
3 THz
light (1815), Maxwell’s electromagnetic
Radio wave
Light wave
theory of light (1865), Einstein’s theory
10 THz 100 THz
Frequency 10 GHz 0.1 THz 1 THz
1 PHz 10 PHz
100 PHz
of general relativity, exploring light
through space and time (1915), Penzias
Terahertz
mm
Visible
UV
IR
Microwaves
X-Ray
waves
waves
Light light
light
and Wilson’s discovery of cosmic microwave background, and Kao’s pioneering
Wavelength 30 mm 3 mm
300 µm
30 µm
3 µm
300 nm 30 nm
3 nm
development of fiber optics (1965).
Over the 20th century, humankind
Figure 1. Definition of terahertz (THz) wave region, which is located between micro- became able to utilize most regions of
waves and light waves. This region can be approached by both electronics and photon- the spectrum of light waves and/or raics, and their efficient combination.
dio waves. The recent explosive growth
in communications has been brought
about by fiber-optic and wireless communications technologies, transmitting
light waves and radio waves, respecCore device technologies
tively. However, we see that there is a
Generation/detection
Platform/
Generation/detection
large gap in industrial utilization on the
+
photonic devices
integration +
electronic devices
boundary between radio waves and light
waves, i.e., the frequency band between
MEMS, metamaterials,
Photodiode,
RTD, SBD,
photonic crystals,
photoconductor,
plasma-wave
100 GHz and 10 THz as shown in Fig. 1.
antenna, filter,
EO sensor,
device, etc.
This untapped region is referred to
transmission lines, etc.
noise source, etc.
as terahertz (THz) waves, and represents
a major resource for humankind in the
21st century. Research on exploring THz
Application technologies
waves has lately increased since the nature
Communications system
Sensing/Measurement system
of these electromagnetic waves is suited to
Spectroscopy
Imaging
High speed (bit rate)
spectroscopic sensing as well as to ultralong distance,
Self-heterodyne,
Tomography,
broadband wireless communication [1].
compact/low power/
frequency
visualization of
Figure 2 summarizes our THz relow cost
domain
electromagnetic waves
search map towards future industrial as
well as scientific applications. We not
Figure 2. Concept map of our research. We focus on core devices and their integration only investigate core device technolotechnologies which effectively enhance performances of each system application. EO: gies for developing smart THz compoelectro optic, RTD: resonant tunneling diode, SBD: Schottky barrier diode.
nents and integrated circuits based on
12
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II. Wireless Communications
Figure 3 shows a relationship between
the data rate and the carrier frequency
used for wireless communications available in the marketplace including our
R&D-level 300-GHz band link. Even
though existing microwave and millimeter-wave wireless technologies will
enhance their data rates by improving the spectral efficiency with use of
multi-value modulation schemes such as
16QAM or MIMO (multiple input multiple output) techniques, the THz communications will promise a data rate of
100 Gbit/s using relatively simple modulation schemes like ASK and QPSK
because of their broad bandwidths.

Particularly, frequency bands above
275 GHz have not yet been allocated
at specific active services, and there is
a possibility to employ extremely large
bandwidths for ultra-broadband wireless
communications [7, 8].
Introduction of photonics technologies for signal generation, modulation
April 2015

100

Data rate (Gbit/s)

p hotonics and electronics, but also develop novel approaches
for practical system applications, such as communication, imaging and spectroscopy systems.
The basic structure of our research group was established
in 2007, in close collaboration with NTT Laboratories, since
one of coauthors (T.N.) was with them before joining Osaka
University. Continuing core-competence technologies are generation and detection of THz waves by using photonics, in particular, telecom-based fiber-optic components and sub-systems
[2]. This approach is very effective to get immediately unprecedented performance of systems and attract early customers in
the marketplace, as is already evidenced in several THz commercial systems.
Electronic devices and integrated circuits (ICs) are key to
making THz systems more compact and cost-effective. Recent
progress in THz-CMOS ICs is very remarkable [3, 4], and it
might be one of ultimate solutions to brining THz technologies into huge market opportunities. Besides THz-CMOS ICs,
there are several unique electronic devices such as resonant
tunneling diodes (RTDs) and plasma-wave devices (PWDs) for
both generation and detection. We are currently focusing our
effort on THz RTDs and PWDs in collaboration with many
experts outside Osaka University [5, 6].
In addition to these unique THz active devices, THz metamaterials and photonic crystals have great potential usage as
passive devices such as filters, transmission media, absorbers,
etc. We have recently started a research on THz photonic crystals for passive components, and also on the use of integration
platform as THz ICs and modules.
In this article, we describe our recent results of THz systems
showing how effectively photonics technologies are employed
in them.

Wireless
LAN
802.11 a/g/n
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1

0.1

300-GHz band
40 Gbit/s (R&D)

Future
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120-GHz band
10–20 Gbit/s
60-GHz band
Wireless HD/
Not yet
WiGig
allocated
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100

1000
275 GHz

Carrier frequency (GHz)

Figure 3. Relationship between data rate and carrier frequency
in wireless communications. In general, the data rate increases
with the carrier frequency.

and detection is very effective not only to enhance the bandwidth and/or the data rate, but also to combine fiber-optic
(wired) and wireless networks. In addition, photonics-based
approach is expected to bring such ultra-high data rate wireless
technologies to potential users and to meet and explore realworld applications at the earliest opportunity as a technology
driver. For this purpose, demonstration of “real-time” wireless
transmission is crucial without use of an “off-line” digital signal processing [9].
Most fundamental photonics-based wireless link is shown
in Fig. 4, where a photonics-based ASK modulation in the
transmitter and a direct detection in the receiver are employed at 300-GHz band system. One of the most important
photonic devices is a high-power THz photodiode. We use a

1 0 1 1 0 0 1
Transmitter

Receiver

300-GHz waves

Photodiode

Schottky
barrier
diode

Horn antenna
Optical amplifier

Dielectric lens

Optical
freq.
Optical
modulator

f

Pulse pattern
generator + MUX

Baseband
(IF) freq.

Preamplifier
IF freq.

Limiting
amplifier
DEMUX

λ-tunable laser

λ1

λ-fixed laser

λ2

Oscilloscope

Error
detector

Optical frequency

Figure 4. Schematic diagram of experimental setup to evaluate transmission characteristics of 300-GHz wireless link based on ASK modulation and direct detection. In the
transmitter, photonic components (colored in yellow) are employed to achieve a data
rate of >40 Gbit/s at 300 GHz. To generate 300-GHz carrier frequencies, difference in
wavelength of two lasers are set to be 2.4 nm.
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Figure 6. Experimental setup for the frequency-domain spectroscopy. FS: electro-optic frequency shifter. One of the key features of this configuration is a simultaneous measurement of
amplitude and phase.

u ni-traveling-carrier-photodiode (UTC-PD), whose debut was
in 1997 [2, 10]. The link distance is 1~2 meters with 40-dBi
antennas (horn antenna and dielectric lens) for the transmitter
and receiver. Figures 5 (a) and (b) show a photo of the experimental set up, and eye diagrams demodulated at the receiver,
respectively. Clear eye diagrams are obtained up to 50 Gbit/s,
and an error-free (BER<10–11) transmission has been confirmed
up to 40 Gbit/s [11].
Currently, we are trying to increase the transmission distance aiming at over 100 meters by increasing the output p ower
of the transmitter, and the sensitivity of the receiver. The development of photodiode arrays are in progress as for the former
countermeasure [12], while coherent detection techniques have
been employed together with frequency- and phase-stabilized
carrier signal sources as the latter approach [13, 14].

III. Spectroscopy and Field Visualization
Recently, THz spectroscopy systems based on CW technology, which use monochromatic sources with an accurate frequency control capability, have attracted great interest. The
CW source-based systems, referred to as frequency-domain
spectroscopy (FDS), provide a higher signal-to-noise ratio
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Figure 5. (a) Photo of the experimental set up. The link distance
is intentionally shorten to show both the transmitter and receiver. (b) Demodulated eye diagrams at the receiver.

Wavelength
fixed laser

f1, f2

(a)

50 Gbit/s
(a)

Probe
beam

1 mm
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Figure 7. (a) Experimental setup for the electric-field measurement using the EO sensor. The EO sensor is placed close to the
antenna aperture. Overall optics and signal detection schemes
are the same with those of Fig. 6, and both the amplitude and
phase of the radiated electric fields can be measured simultaneously. (b) Photo of fiber-fed EO sensor. (c) Detailed structure of
the EO sensor. HR: high reflectivity.

(SNR) and spectral resolution. When the frequency band of
interest is targeted for the specific absorption line of the objects being tested, FDS systems with the selected frequencyscan length and resolution are more practical in terms of data
acquisition time as well as system cost.
THz-FDS system with photonic emitters and detectors
is frequently called a homodyne or self-heterodyne system.
Figure 6 shows a setup for the THz-FDS system using the
UTC-PD for the emitter and the photoconductor or UTCPD for the detector [15]. The optical frequency/phase shifter
(FS) enables us to accurately measure both the amplitude and
phase. Since two laser diodes (LDs) are free-running, we monitor each wavelength by the optical spectrum analyzer or the
wave meter. Currently, the experimental standard deviation of
the mean for the frequency and the phase are is about 50 MHz,
and 0.37 degree, respectively [16].
The same configuration of Fig. 6 is applicable to the characterization of antennas by using electro-optic (EO) sensors
in place of photoconductive detectors or photodiodes [17].
Figure 7 (a) shows a close-up view of the measurement, where
the fiber-fed EO sensor of Fig. 7 (b) is placed very close to the
aperture of a W-band horn antenna to detect electric fields
radiated from the antenna. The EO sensor consists of a 1-mm
cubic EO crystal, which has a Pockels effect, a collimating
lens, and a polarization maintaining fiber (PMF) cable, as
shown in Fig. 7 (c). Typical EO crystals are CdTe and ZnTe.
In conventional EO measurement techniques, a polarization
change of the laser beam reflected off at the high-reflectivity
(HR) mirror coated on the EO crystal is measured. On the
contrary, we detect side-band optical signals, f1 + fs, f2 – fs,
generated through the interaction between the THz wave and
the optical beam (Fig. 7 (a)). With this scheme, detected signal
April 2015

intensity does not fluctuate, even when the optical fiber cable
moves together with the EO sensor to perform a three dimensional electric-field mapping.
Figure 8 shows the three-dimensional distributions of the
freely propagating wave measured at 125 GHz. The measured
data were acquired with the time constant of 30 ms. The amplitude data were normalized to their maximum values in
each plane. The scan area (20m = 50 mm) has been limited by
the mechanical stage. The measured field distributions agreed
well with those of simulations even for the near-field measurement, which verifies that our EO sensor is non-invasive
in the measurement. It must be mentioned that our coherent
detection scheme of Fig. 6 is very effective to achieve a long
phase stability during the measurement even with the use of
free-running lasers.

IV. Tomographic Imaging

Horn
antenna
1

180°

50 mm
Y
Phase
X

–180°

Amplitude

0

Z

Figure 8. Three-dimensional distributions of the freely propagating wave measured at 125 GHz.

theoretical value of depth resolution, Dz, is given as 2ln2mc2/
(rDm), where mc is the center wavelength of the THz source and
Dm is the spectral width.
By using 300-GHz band system (the center frequency:
325 GHz and the bandwidth: 87.4 GHz, corresponding to
m0 = 0.92 mm and Dm = 0.25 mm, respectively), we conducted
a tomographic imaging of object as shown in Figs. 9 (b)–(d).

THz waves have been applied to imaging of objects in various
fields such as medical, pharmaceutical, security, and other nondestructive inspection. In particular, several methods of THz
three-dimensional (3D) imaging, or THz tomography have been
proposed and developed. Most of them including commercial
ones employ THz pulse waves generated
by femtosecond pulse lasers. Although
THz tomography systems based on THz
Reference mirror
pulses have high output power and high
Object under test
spatial resolution, their drawbacks are
size, cost, and complexity of the system.
FrequencyTomographic imaging based on conswept signal
tinuous waves is expected to overcome
source
the above issues and to become more
widespread in industrial applications.
We have developed THz tomographic
Detector
imaging using optical coherence tomography (OCT) techniques in the frequency
band from 300 GHz to 800 GHz [18–
20]. In our system, photonic generation
FFT
of such wideband signals is one of the
Depth information
most important enabling technologies.
Frequency
We have examined two approaches; one
(a)
is the time-domain OCT with use of incoherent noise source and the other is the
frequency-domain OCT with frequencyswept monochromatic source.
Figure 9 (a) shows a block diagram of
3 mm
the THz frequency-domain (swept-source:
SS) OCT system. It consists of a Mickelson
interferometer and a frequency-swept THz
10 mm
source. In order to generate frequencyswept THz signals, we employ a photomixing technique using two laser sources
and the UTC-PD module as is used in
communications and spectroscopy sys(b)
(c)
(d)
tems: one is a fixed light source and the
other is a tunable source. In the SS-OCT Figure 9. (a) Block diagram of the swept-source THz OCT system. (b) Object under test:
system, the spatial (depth) information is three plastic plates which have hollow holes in the shape of the capital letters T, H, and
obtained by Fourier-transforming the fre- Z. (c) Tomographic image of the object measured with 300-GHz band system. (d) Crossquency domain interference signals. The sectional images at each depth position.
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(a)

(b)

(c)

Figure 10. (a) Photo of driver’s license card to be measured. (b)
Internal structure of the card consisting of electronic components made of metals. (c) Cross-sectional images taken for each
line indicated in (b).
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Figure 11. Schematic image of a terahertz-wave transceiver IC,
where transmitter and receiver chips are mounted on a platform
made of the PC slab. A grating coupler is used as an input/output interface in place of conventional antenna structures.
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Figure 12. Schematic of the straight waveguide on Si substrate.
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The object consists of three plastic plates which have hollow
holes in the shape of the capital letters T, H, and Z. Each plastic plate is 50 mm2, 1-mm thick, and the distance between the
plates is about 3 mm between the first and second and 10 mm
between the second and third. Figure 9 (c) shows tomographic
images of the object. As can be seen, each plate consists of two
lines corresponding to the front and back sides, respectively, and
as a result the position of each plate can be determined. Figure
9 (d) shows cross-sectional images at the front side of each plate.
The capital letters T, H and Z are clearly observed. The theoretical coherence length is Dz = 1.5 mm in the air (refractive index
n = 1), which agreed well with the experimental value.
In order to achieve a sub-micron depth resolution, we have
also developed a 600-GHz band system by changing the UTCPD module and the SBD detector with higher bandwidth
(the center frequency: 550 GHz and the bandwidth: 200 GHz,
corresponding to m0 = 0.55 mm and Dm = 0.21 mm, respectively). The theoretical depth resolution is 0.64 mm in
the air, while experimentally measured one was 0.61 mm.
With this system, 0.37-mm thickness of a plastic plate
(n = 1.65) was measured with a measurement repeatability
within !3 nm from the mean value. Figure 10 shows a tomographic imaging of a driver’s license card with a thickness
of about 0.8 mm. Photos of the card and internal structure
of the card are shown in Figs. 10 (a) and (b), respectively.
Cross-sectional images were taken as shown in Fig. 10 (c)
for each line indicated in Fig. 10 (b) [20].

V. Terahertz Photonic
Crystals and Applications
Photonic crystals (PCs) are periodic dielectric microstructures
that affect the motion of photons in the analogical way that the
periodic potential distribution in solid crystals has an effect on
electrons, and have been extensively studied as photonic components to guide and manipulate optical signals in visible and
infrared light-wave regions over the quarter century.
Recently, we have started exploring the use of PCs in THz
regions as a platform for integrated THz systems as well as
discrete components like filters and absorbers. Figure 11 depicts our concept of THz-wave ICs based on a planar two-dimensional (2D) PC slab consisting of a 2D lattice of air holes
formed in a Si. So far, we have developed low-loss (< 0.2 dB/
cm) waveguides [21] and efficient (~50%) grating couplers
[22], and compact diplexers [23].
Appropriate PC designs show a photonic bandgap (PBG)
where no electromagnetic modes exist. Introducing an artificial
defect into a PC by disturbing the periodicity can create a tiny
waveguide in the PBG region with the dimension comparable
to the wavelength. Figure 12 shows a schematic of the straight
waveguide. The PC slab has a 2D triangular lattice with circular
air holes. The line defect is introduced along C-J direction. The
lattice constant a of PC and the air-hole radius r are set to be
240 nm and 0.3a, respectively. We use 200-nm-thick Si with a
high resistivity of 3 kX ∙cm as the slab to reduce the propagation
loss. This structure has 2D PBG from 0.30 to 0.38 THz [21].
We have designed and fabricated 470-mm-long transmission line together with 28-times bend structures and input/output (I/O) interface structure matched to hollow core
April 2015
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Figure 13. THz photonic-crystal waveguide with a length of
470 mm including 28 bends.

 aveguides as shown in Fig. 13. The minimum loss measured
w
is +0.2 dB/cm, which is one or two orders smaller than the loss
of metallic lines at +0.3 THz (+10 dB/cm) [24]. This value is
also the smallest, ever reported to our best knowledge, among
various PC slab waveguides including those in the light-wave
region (+2 dB/cm) [25].
In addition to the planar transmission line structures, we
have also developed THz absorbers with >90 % absorptivity
with 50-GHz bandwidth at 0.3-THz band, and have successfully applied to the reduction of multiple reflections in proximity communications applications [26].

VI. Conclusion
In this article, we have described how effectively to explore untapped frequency regions from 100 GHz to 1 THz, using ultrabroadband photonics technologies. Use of optical fiber cables
also makes it easy to handle high-frequency signal distribution
or cabling in the practical instrumentation. These features will
not be replaced with electronic systems, even though the operation frequency of electronic devices is increasing up to the
THz region. Future issues include integration technologies of
devices/modules for optical generation and detection of radio
waves in order to make application systems low cost and low
power consumption [27, 28].
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Research Highlights

Research at the Center for
Optical Fiber Technology (COFT)
School of EEE, Nanyang Technological University, Singapore,
http://www.coft.eee.ntu.edu.sg/Pages/Home.aspx
COFT, officially opened on 30 Oct
2014, is the home for the state-of-theart facilities for specialty optical fibre
fabrication and characterisation. Material and device innovations for these
specialty fibres range from multi-kW
fibre lasers to nano-watt sensors, and
from UV fibres to mid-IR fibres for
applications in environmental sensPerry Shum, Director
ing, biomedical sensing, next generation communications and many others. The centre strives to
become a centre of excellence in the advanced research of optical
fibres and their related technologies as well as to provide training in this field. Currently, there are many on-going optical fibre
projects with total funding of about US$30 millions. The projects
include the following advanced research in optical fibres:
• Large mode area, multi-kW laser fibres
• Micro-structured and holey fibres
• High nonlinearity fibres
• High power Raman fibres at mid-IR
• Multicomponent fibres at mid-IR
• Nano-wired fibres
The main equipment in COFT include the followings:
• Modified chemical vapour deposition (MCVD) system
• Rare-earth vapour delivery system for in-situ doping processes
• Glass working lathe
• Triple fibre drawing tower capable of silica fibre, holey
fibre, and soft glass fibre drawings
• Preform refractive index profiler
• Fibre refractive index profiler
• Preform machining knee-mill
• Table-top scanning electron microscope
• Large diameter fibre processing stage
There are 3 main programs in the Center
1) Fiber Medicine and Biophotonics
2) Optical Fiber Communicating
3) Fiber Lasers

April 2015
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1. Fibre Medicine and
Biophotonics Program
Program Director: Linbo Liu
The current research focuses of this programme include high
resolution optical bioimaging for diagnosis of eye diseases,
high sensitivity optical bioimaging for deep tissue imaging,
and endomicroscopy for early disease diagnosis.
In order to meet the clinical need for subcellular resolution
medical imaging, we have developed a sub-micrometre resolution OCT system. Our novel anterior segment (AS) OCT device
provides more than ten times better resolution than the state-ofthe-art commercial devices (Fig. 1). We found that endothelial
cells in rat corneal can be clearly visualized, which is to the best
our knowledge the first demonstration of such a finding. Endothelial damage is associated with many corneal diseases and
monitoring endothelial survival is a critical to evaluate corneal
transplantation.
In order to meet the clinical need of visualizing deep tissue
structures the optic nerve head of the eye, we have also developed a spectrally encoded extended source OCT (SEES-OCT)
technique that allows significantly higher penetration depth
than that provided by commercial ophthalmic OCT systems

Figure 1. Comparison between current OCT technologies
and sub-micrometer resolution OCT. (a) RTVue OCT (Optovue Inc., Fremont, CA, USA). (b) Slit-lamp OCT (Heidelberg
Engineering GmbH, Heidelberg, Germany). (c) Cirrus OCT
(Carl Zeiss Meditec, Dublin, OH, USA). (d) Sub-micrometer
resolution OCT can clearly see all the tissue layers of rat cornea. (e) Sub-micrometer resolution OCT can clearly visualize
endothelial cells.

Figure 3. Cross-sectional images of swine optic nerve head images. (a–a') current technology; (b–b') Proposed SEES- OCT.

(Fig. 2). Imaging was performed using optic nerve head (ONH)
tissues from swine eyes ex vivo to demonstrate a sensitivity
advantage of 5-dB over the corresponding point source system
without significant degradation in spatial resolution (Fig. 3).
With this method, a spectral domain ophthalmic OCT system
can be easily modified so that it can be switched between the
point source mode and the extended source mode through a
simple switch mechanism. Based on its merits in sensitivity
and flexibility, this technique may help visualize deep ocular
tissue structures which are at risk of damage in glaucoma such
as the lamina cribrosa, the posterior sclera, and the retro-laminar tissues
A. Sub-Micrometer Resolution Imaging for
Diagnosis of Human Diseases
We have developed two sub-micrometre resolution OCT imaging systems for imaging of anterior segment (AS) of eye
(Fig. 4). Our novel devices provide more than ten times better resolution than the state-of-the-art commercial devices
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Figure 2. SEES-OCT system.
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Figure 4. Sub-micrometer resolution optical coherence tomography system.
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Figure 5. Comparison between current OCT technologies and
sub-micrometer resolution OCT. (a) RTVue OCT (Optovue Inc.,
Fremont, CA, USA). (b) Slit-lamp OCT (Heidelberg Engineering
GmbH, Heidelberg, Germany). (c) Cirrus OCT (Carl Zeiss Meditec, Dublin, OH, USA). (d) Sub-micrometer resolution OCT can
clearly see all the tissue layers of rat cornea. (e) Sub-micrometer
resolution OCT can clearly visualize endothelial cells.
Caudal and blood flow

(a)

damage is associated with many corneal diseases and monitoring
endothelial survival is a critical to evaluate corneal transplantation.
We also found that our novel technique can be used to image
cellular processes in vivo (Fig. 6). Imaging was conducted using
three-day-old zebra fish larvae from the dorsal side near the tail.
Images were recorded over a field view of 873 nm × 436 nm
(transverse × longitudinal) at a frame rate of 20 Hz with 512
lines per frame. In a representative image (Fig. 6 (a)), the blood
flow (Green box and the inset) in the artery can be clearly visualized near the notochord. We identified red blood cells, each
of which was composed of the top and bottom surfaces with
~3.3 nm (n = 1.36) spacing in between (Figs. 6 (a–d), orange
arrows). We further identified endothelial cells lining along the
luminal surface of the blood vessel wall (Figs. 6 (a–d, f), green
arrows).
The Sub-micrometer resolution OCT imaging technology,
once validated in animals, will be immediately available for
future studies in human to determine the diagnostic yield in
comparison with the gold standard method. The results of this
project may additionally be useful for other diseases such as
cancer, cardiovascular diseases and pulmonary diseases, where
visualization of sub-cellular morphology in vivo is critical.

2. Optical Fibre Communication Programme

(b)
(e)

(c)

(d)

Endothelium
RBC

(f)

Figure 6. In vivo one-micrometer resolution images of zebra
fish larvae. (a) A representative imaging showing the tail artery
(green box and inset) near the notochord (N). Scale bars in the
main figure: 50 nm; Scale bars of inset: 25 nm; (b)–(d) Each RBC
appears as individual signal pair (orange arrows) originating
from the top and bottom surfaces of the disk-like cell body. (e)
Illustration of endothelium and RBCs in an artery. (f) Structures
at the surface of the vessel wall suggest endothelial cells (Green
arrows) in a 10-frame averaged image. Scale bars: 25 nm.

(Fig. 5). We found that endothelial cells in rat corneal can be clearly visualized with our AS imaging device, which is to the best our
knowledge the first demonstration of such a finding. Endothelial
April 2015

Program Director: Wen-De Zhong
The current research focuses of this programme include wavelength division multiplexed passive optical network (WDMPON), visible light communication (VLC), and integration of
WDM-PON and VLC.
To meet the ever-growing bandwidth demands in access
networks, wavelength division multiplexed (WDM) passive
optical networks (PONs) have been considered as an a ttractive
solution to deliver Gb/s broadband services to end-users, which
address the drawbacks of the current time-division multiplexed
PON (TDM-PON). In order to achieve cost efficiency, the colorless devices at the optical network units (ONUs) are the key
components towards realizing broad deployment in the highly
cost sensitive ONUs. Several solutions of the colorless operation
have been proposed by deploying self-seeding reflective semiconductor optical amplifiers (RSOAs), injection locked FabryPerot laser diodes (FP-LDs) or electro-absorption modulator
(EAM), which can significantly reduce the cost of WDM-PON
systems. On the other hand, as the demand for broadband wireless access services increases constantly, the radio spectrum is
becoming extremely congested. Visible light communication
(VLC) has been attracting growing interest thanks to the progress in solid-state light-emitting diodes (LEDs), offering costeffectiveness, license-free spectrum with much higher data rate,
and high security, and also providing communication as well as
illumination and being suitable for future energy efficient green
house. We have been working on colorless WDM-PONs, VLC
systems and the integration of them, enabling to transmit very
high speed wired and wireless data simultaneously over a single
fiber infrastructure to the end-users in the indoor environments.
The general architecture is shown in Fig. 7. An experimental
VLC setup is shown in Fig. 8. In practical indoor environments,
the bit rate of VLC access might not be constant due to different
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The achievable bit rate is increased when the number of OFDM
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Figure 7. Architecture of integrated WDM-PON based wired
and wireless (VLC) access network for the indoor applications.
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Figure 8. Demonstration of VLC in Lab. The inset shows the
achievable bit rate vs. number of OFDM symbols in a MPAM
symbol for different PAM encoding levels.

services and dimming control. Therefore, a new hybrid indoor
access network (HIAN) integrating colorless WDM-PON and
variable bit rate indoor VLC has been proposed and evaluated.
Based on M-ary pulse amplitude modulation (MPAM) overlaid
constant envelope OFDM (CE-OFDM) coding, OFDM based
fiber access and MPAM based variable bit rate VLC access are
seamlessly integrated with a high spectral efficiency. The inset in Fig. 8 shows the relationship between the achievable bit
rate and the number of OFDM symbols in a MPAM symbol.

Program Director: Wenn Jing Lai
The current research focuses of this programme include CW high
power fiber lasers as well as pulsed high energy fiber lasers at different wavelengths of interest, which covers from visible to near
and mid infrared range. Other than the design and construction
of the fiber lasers, the programme also looks into the coherent
beam combination techniques for power scaling purposes.
Over the past decades, the power of fiber lasers have seen
rapid increment driven by the needs of a range of applications,
such as laser-based guide star for astronomy, gravitational wave
detection, material processing, laser cutting and welding, remote sensing, laser-based particle acceleration, LIDAR, military
applications, and etc. The reasons for this power advancement
are mainly due to the fibers’ robustness, compactness, thermal
and good pumping efficiencies. However, there are still some
challenges in this area. Three main obstacles in scaling the fiber
lasers towards multi-kiloWatt regimes are: fiber nonlinearities,
thermal issues, and insufficient pump brightness.
The fiber laser team has been working on the high power fiber laser from scratch since two years ago. Not only we focus on
the optical properties and behavior of the fiber laser, we also put
in a lot of emphasis on the thermal management of the system.
We recently have achieved +500W laser power at +1um with
good beam quality, i.e. M2 of +1.4. We will continue to move
forward to the next higher power level with good beam quality.
The schematic diagram, actual construction, and results of
the high power fiber laser are shown in Figs. 9 and 10.

Fiber under test (FUT)
Beam combiner
Pump LDs
@ λp

Signal (Output)
High reflector
@ λs

Output coupler
@ λs

Figure 9. Schematic of the high power fiber laser.

Μ2 ∼ 1.4

Figure 10. Construction and results of the high power fiber laser.
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News
IEEE Photonics Society Celebrates 50 Years
Five decades of shaping photonics innovation and technology
2015 is of particular historical significance for
IEEE Photonics Society
as it commemorates the
50th Anniversary of the
creation of the Quantum Electronics Council
which eventually led to
the formation of the Society and the establishment of IEEE Journal of Quantum Electronics in 1965.
Throughout 2015, the Society plans to honor its’ history
and half a century of achievements by holding celebrations at
prominent conferences, organizing member appreciation activities, and honoring those in the community that have made
compelling contributions towards the development of lightbased technologies.
The IEEE Journal of Quantum Electronics will be celebrating its golden anniversary by introducing new journal Hot
Topics, special features on the journal’s Top 50 Downloads and
Citations and highlights on Nobel Laureate contributions.
Members of the IEEE Photonics Society will also be given a
commemorative 50th Anniversary gift at OFC, CLEO and IPS
this year as a thank you for supporting the Society’s efforts of
advancing the photonics profession over the years.

The Society’s History: 1965–2015
Early Beginnings
During the early part of the 1960’s, quantum electronics was
the province of the physicist. Most of the relevant papers published appeared in The Physical Review, The Journal of Applied Physics and Applied Physics Letters. To better serve the
electrical engineering community, Dr. Glen Wade, then Editor
of the IEEE Transactions of Electron Devices, added quantum

electronics to its area of interests and Dr. Eugene Gordon was
appointed Associate Editor for quantum electronics. In order
to stimulate interest, a Special Issue on Quantum Electronics
was planned for publication in vol. ED-9, January 1965.
The then Vice President of the IEEE and later President,
Dr. Karl Willenbrock, was greatly interested in publications
and became concerned that the IEEE was not doing enough for
its members interested in quantum electronics. He approached
Gordon and Wade concerning the establishment of an Electron
Devices Group sponsored publication entitled, “Transactions
on Quantum Electronics,” which then became the “IEEE Journal of Quantum Electronics.”
The new journal was supported with a Special Issue on
Quantum Electronics, forming the basis for the first issue. At
the time, the Group on Microwave Theory and Techniques became aware of the plans for the new journal. Based on its own
interest in microwave techniques applied to optics, it proposed
that it become a co-sponsor of the new journal. The Electron
Devices Group graciously agreed and beginning with the June
1965 issue it was co-sponsored. However, in order for two or
more Groups to co-sponsor a journal, a council had to be formed.
Thus, the Quantum Electronics Council (QEC) was established.
With a successful journal as well as successful meetings, it
was not surprising that the Council became a Society. In 1977,
the council was named the Quantum Electronics and Applications Society (QEAS), under the guidance of Dr. Henry Kressel. The maturity of QEAS was manifested in 1983 with the
establishment of the co-sponsored Journal of Lightwave Technology to focus on a subfield of increasing importance.

LEOS Days
Effective January 1, 1985, the name of the Society was changed
to the IEEE Lasers and Electro-Optics Society (LEOS). The
years 1985 and 1986, under the leadership of Dr. Robert Byer
and Dr. Gary Bjorklund, were a period of rapid growth and
organizational evolution for the Society. LEOS membership
increased by more than 65 percent and the CLEO/IQEC and
OFC conferences that the society co-sponsors maintained their
worldwide positions of preeminence. Both the IEEE Journal of
Quantum Electronics and The Journal of Lightwave Technology continued their traditions of excellence with many fine
special issues devoted to particular topics of interest.

Dr. Glen Wade (left) and Dr. Eugene Gordon (right) formed the
first Special Issue on Quantum Electronics back in January 1965
that eventually led to the Quantum Electronics Council and
IEEE Journal of Quantum Electronics later that year.
April 2015
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During this period, it became evident that LEOS had grown
to the point that a full-time Executive Office was required to
provide administrative leadership for the Society. Dr. Robert
Wangemann was hired as the first LEOS Executive Officer. Other
important organizational changes were instituted, such as a new
Constitution and Bylaws that streamlined the operations and the
future of the Society.
LEOS maintained exciting growth during 1987 and 1988 under the leadership of Dr. Paul Liao and Dr. Frederick Leonberger,
respectively. With excellent coordination between the volunteers
and an expanding Executive Office, services and capabilities were
increased on many fronts. After much planning, the first LEOS
Annual Meeting was held in November 1988. Later came the
International Semiconductor Laser Conference as well as a number of workshops. In publications, JQE and JLT maintained their
preeminent positions with many outstanding issues. Approval
was obtained to launch a new letters journal, IEEE Photonics
Technology Letters, in January 1989. A quarterly LEOS Newsletter was started in 1987. Membership grew in the process and
the society installed new chapters at a rapid rate.
By 1991, under the leadership of Dr. Melvin Cohen, Dr.
Concetto Giuliano, and Dr. Michael Ettenberg, LEOS continued to expand its services to members. IEEE Photonics Technology Letters became the premier source for up-to-date information in the optoelectronics field and IEEE Summer Topicals
became established as a prominent conference. Three new
LEOS awards were introduced to recognize the achievements
of the photonics community: the LEOS William Streifer Scientific Achievement Award; the LEOS Engineering Achievement
Award; and the LEOS Distinguished Service Award.
Steady leadership from Dr. Donald Scifres in 1992 and Dr.
Suzanne Nagel, the Society’s first woman President, in 1993,
steered the Society successfully through times of economic recession and restructuring. Under the leadership of Dr. Tetsuhiko
Ikegami and Dr. David Miller, LEOS constructed two new major
co-sponsored conferences, CLEO/Europe and CLEO/ Pacific Rim.
In 1995, the Society unveiled a new publication, the IEEE
Journal of Selected Topics in Quantum Electronics. This journal, concentrating on issues on specific major research topics,
was spun off from the Society’s first journal, the IEEE Journal
of Quantum Electronics. And in 1998, the first class of the
Graduate Student Fellowship Program was presented.

Photonics in the New Millennium
LEOS moved into the new millennium by adopting a new
mission statement, focused on increasing services to members
and the professional community, worldwide. LEOS became the
fastest growing of all IEEE Societies and members began to
receive free online access to journal archives. A new endowed
award was also introduced, the Aaron Kressel Award, to recognize individuals’ contributions to device technology.
Dr. Philip Anthony led the Society in 2001 by enhancing programs that expanded LEOS’ impact during the height of the fiberoptic telecommunications boom. Conference attendance rose dramatically and journal submissions with commercial applications
increased. Under the Presidency of Dr. Milton Chang, formal processes were put into place to support the Society’s Chapters and the
development of further educational resources for members.
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President Dr. Scott Hinton in 2004 led the effort to start
the new IEEE/OSA Journal of Display Technology. During the
Presidency of Alan Willner in 2006 and 2007, several new initiatives began that expanded the Society’s growth in the international arena. Many new LEOS local chapters were started in
technologically emerging countries.
Dr. Rich Linke, Past Executive Director, joined the Society
in 2007 and assisted the 29th President of the Society, Dr. John
Marsh, by successfully promoting the adoption of the society’s
new name, the IEEE Photonics Society. The society successfully launched the open access IEEE Photonics Journal, a first
of its kind for IEEE. Under the leadership of founding Editorin-Chief Dr. Carmen Menoni, the journal quickly achieved the
#1 ranking among IEEE journals in submission-to-publication
time. The Journal of Optical Communication and Networking, a joint project with OSA and the IEEE Communications
Society, was also launched during this time.
The 30th President, Dr. Jim Coleman, resourcefully streamlined the Board of Governors. He revised the role of the VP of
Technical Affairs to provide the Society with a window into new
fields not already covered by our conferences and journals. This
led to the launch of the Society’s new “Optical Interconnects Conference” and the renaming of the “Annual Meeting” to the “IEEE
Photonics Conference,” in order to broaden its technical scope.
Dr. Hideo Kuwahara, President in 2012 and 2013, further
enhanced the globalization of IPS. He extended the Society’s
reach by serving on IEEE committees, such as IEEE Future Directions, and preserved relations with several IEEE Councils. In
Publication activities, the IEEE Photonics Journal became IEEE’s
first fully open access technical publication in 2012 and quickly
became the model for other IEEE OA journals. The impact factor
of JSTQE reached its highest-ever level, exceeding 4.0.

2015 and Beyond
Throughout 2014 and now 2015, under the leadership of President Dr. Dalma Novak, Executive Director Chris Jannuzzi and
Associate Executive Director Douglas Razzano, the IEEE Photonics Society is continuing to advance the photonic and optical
technologies and educational resources of the future. The Society has instituted coalitions with outside organizations to start
the National Photonics Initiative and the International Year of
Light 2015. The IEEE Photonics Society has also put a strong
emphasis on community outreach, women in photonics, and
educational resource development this year. Student programs,
humanitarian efforts and special networking programs at major
conferences have been incorporated and will continue to grow
for years to come.
As we celebrate our 50th anniversary, the IEEE Photonics
Society will continue to take bold steps to ensure the technical
community, industry, government and public understand the
incredible impact light-sciences play in every aspect of modern
life, and how the Society is a crucial part of that effort.
April 2015

The SUstainable and Resilient House
Stevens Institute of Technology team’s vision for the U.S. DoE Solar Decathlon 2015
The IEEE Photonics Society is a proud founding partner
of the International Year of Light 2015 initiative and will
support coordinated activities on national, regional and international levels to demonstrate how photonic technologies
improve the quality of life for all around the world. In honor
of how light contributes to sustainable development, a crosscutting theme of the UN’s proclamation, the IEEE Photonics
Society is proudly sponsoring Stevens Institute of Technology’s design in the U.S. Department of Energy’s Solar Decathlon to help increase the demand for intelligent, sustainable environments, like Smart Living Spaces.
The Solar Decathlon is a competition put on by the US Department of Energy every 2 years in which 20 student teams
from universities around the world are chosen to design, build,
transport, and operate an innovative, marketable, affordable,
solar-powered house. There are 10 contests, both juried and
measured, that take place while all the houses are on display
and being toured by the public.
This project particularly hits home for the IEEE as Hurricane Sandy knocked out power and left the IEEE Operations
Center, in Piscataway, N.J., in the dark and closed for a record
nine days. Employees were without power and heat for several
weeks. Some even lost their homes. IEEE Executive Director &
COO stated well that Hurricane Sandy “taught us a lot about
teamwork and helping each other.” Since then, IEEE has been
further dedicated to supporting renewable energy resources
and strengthening the power grid.
Stevens’ entry, the SURE HOUSE, is based on the need
the students saw for sustainable and resilient coastal houses
in the aftermath of Hurricane Sandy, which struck New York
and New Jersey in 2012. This is not just a contest entry for
the Sure House team. Steven’s is striving to educate the next
generation of innovators addressing climate change and allowing them to learn about solar energy and high-performance
construction through a rigorous research and experimentation
based process. The students’ design incorporates “superinsulation,” uses 90 percent less energy than a conventional home
and can withstand hurricane-force winds.

April 2015

The House
The SURE HOUSE started with a simple question: how can
the student’s design a home which both reduces its energy use
and adapts to the realities of a changing, more extreme climate.
The Steven’s team answer emerged as a new direction in storm
resilient coastal housing. They merged the inherently efficient
indoor/outdoor rooms and open floor plan of the quintessential
60’s style modern beach cottage with state of the art building
science, the latest renewable energy technologies, and fibercomposite materials repurposed from the boat building industry. The result is a building armor against extreme weather that
uses 90% less energy than its conventional cousins, powers itself through clean solar energy, and in the aftermath of a storm
becomes a hub for emergency power to the neighborhood… all
of this packaged as a comfortable, beautiful beach house.

SUstainable SURE
To the Steven’s SURE HOUSE team, sustainability means doing something in such a way that it can be repeated. Since
home heating sources are generally the burning of fossil fuels
to produce energy, the SURE HOUSE approach to sustainability is aggressive energy efficiency to reduce loads and innovative renewable energy systems to meet demands. The Sure
House is designed to use only 10% of the energy a comparable
code-built house consumes and to produce all of that energy
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Use the sun

Super-insulate

Control the sun

Minimize thermal bridging

Energy recovery ventilation

Airtight construction

itself on site. No carbon offsets or “green-power” programs.
The house’s design: energy production for direct use.

PHS is conceptually simple, having only three performance
requirements:

REsilient SURE

• Annual Specific Heating/Cooling Demand
• < 15 kilowatt-hours per square meter
• Annual Primary Energy Use
• < 120 kilowatt-hours per square meter
• Air Tightness of Building Envelope
• 0.6 air changes per hour @ 50 pascals of pressure

Resilience to the Steven’s SURE HOUSE team is both about
creating a system that absorbs and adapts to change. The SURE
HOUSE is designed to absorb extreme weather through its
primarily passive approach to comfort. Insulation, air tightness, and high performance windows are integrated with the
mechanical system to create a building that absorbs climate
extremes without huge increases in energy use. At the same
time, the SURE HOUSE adapts to storms through movable
parts that morph from shades to shutters and a solar electric
(PV) generation system that, even though grid tied, continues producing power when the grid is down. This allows the
house to become a community power hub in the event that the
municipal infrastructure fails.

Passive SuRe:
A German Building Efficiency Standard
Coming to the Sure House
The Steven’s Solar Decathlon design is striving to meet the
most stringent energy efficiency building metric in the
world – the Passive House standard (PHS).
In building parlance, “passive” is often short for “passive solar” and most often refers to a building that is at least
partially heated by the sun. However, in the PHS a Passive
House is a building that has been designed from its inception
to reduce heating and cooling energy demand to the point
that conventional HVAC systems are unnecessary. This standard, created in Germany in the 1980s, has been growing in
popularity in the United States over the past decade and has
been shown to reduce home energy use by up to 90%. The
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Simple, but not easy. Reaching these benchmarks requires
a building with an exceptionally efficient envelope, the part of
the building designed to thermally separate the small volume
of inside air from the huge volume of outside air (also called
Nature). The Passive House community employs 6 main strategies to meet these goals:
• Super-Insulate – keep the outside, outside
• Airtight Construction – seal up your seams to keep
conditioned air in
• Minimize Thermal Bridging – keep insulation continuous to prevent heat sinks
• Energy Recovery Ventilation – bring fresh air in and
capture energy of exhausted air
• Use the Sun – let in the sun for winter heating
• Control the Sun – block the sun for summer cooling
The attention to detail required to pull this off is a formidable task. Add in the complexity of creating a flood-proof building and suddenly a small 1,000 square-foot home becomes a
very complicated project, but one that we feel is the next step
for coastal housing.
For further details on the SURE HOUSE, visit www.SureHouse.org.
April 2015

SolarAid: Together We Can Light Up Africa
with the “Speed of Light”
Donate a solar lamp & join the IEEE Photonics Community

Photo Source: SolarAid

2015 has been adopted the International Year
of Light 2015 (IYL 2015) by UNESCO and the
IEEE Photonics Society is a proud founding
partner of the initiative. As such, we’ve teamed up
with SolarAid, a not-for-profit organization using
enterprise rather than aid to ensure access to safe,
clean solar lights in Africa.
598 million people in Africa do not have access to
electricity. Without electricity families have no clean
source of light, leaving millions to rely on expensive
and dangerous alternatives. Many use homemade kerosene lamps, which are a poor source of light, emit toxic black smoke and eat up to 15% of a family’s income.
By contrast a solar light provides hours of clean,
safe light. Children can study, parents can work
and families feel safe in the evening. Just one solar
light will save a family nearly $200, enable an extra
1200 hours of study and avert half a ton of CO2.
The IEEE Photonics Society supports SolarAid’s movement to completely eradicate the
kerosene lamp from Africa by 2020. To date, Solar
Aid has sold 1.5 million solar lights, improving
the lives of over 9 million people.

How You Can Help Spread Light:
SolarAid has developed a brand new way of giving, called the “Speed of Light”, which connects
you and your friends through a digital fundraising
community. No ice-bucket, no selfies, just a good
cause.
3 Easy Steps:
1) Donate: Join the IEEE Photonics Community at https://speedoflight.io/r/Photo
to donate a solar lamp. It only takes a
couple of minutes of your time and $5/£3
to donate.
2) Tell a Friend: Don’t forget to share your
own unique link with your friends after
you donate!
3) Share the Video: Watch SolarAid’s new
video at http://bit.ly/1zupkQX and share
it with a friend!
Solar lamps don’t just provide bright light for
families in Africa; they provide opportunity, they
provide choice and they provide freedom for some
of the poorest people in the world. Learn more at
www.solar-aid.org.
Join the “Speed of Light” movement today!
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IEEE Statement on Standards-Related Patent Policy
IEEE is the world’s largest technical professional
organization dedicated to
advancing technology for
the benefit of humanity
and the IEEE Standards
Association (“IEEE-SA”)
provides a neutral body
to foster the development
of standards. IEEE-SA
has established rules that
must be followed in all
IEEE standards development activities. Those rules require that
standards be developed under procedures that incorporate due
process, openness, transparency, broad consensus building, and
balance without dominance to ensure that all parties are heard.
IEEE strives to develop standards that can achieve universal availability and gain widespread adoption in the market.
Patents play an increasingly important role in standards, and IEEE-SA’s rules include provisions relating
to the use of patented technology associated with IEEE

standards. The policy must balance several concerns, including respect for the rights of patent-holders and assurance that licenses to standards-essential patents are
a vailable on r easonable and nondiscriminatory terms to all
implementers.
On 6 December 2014, IEEE-SA’s Board of Governors approved a proposed update to the IEEE Patent Policy. This update is designed to provide greater clarity and predictability for
patent-holders and implementers. The update resulted from a
rigorous process over the past two years that included extensive
input from a broad range of stakeholders who may choose to develop standards within the IEEE-SA framework. The members of
the Board of Governors and its committees all serve as fiduciaries
of IEEE who must make decisions in the best interests of IEEE.
On 8 February 2015, the IEEE Board of Directors voted
to approve this policy update. The approved modification of
the IEEE Standards Association Standards Board Bylaws will
become effective within the first quarter of 2015.
For more information, visit www.standards.ieee.org.
Full article excerpts from © IEEE.

National Photonics Initiative (NPI) Applauds
Finalists for Integrated Photonics Institute for
Manufacturing Innovation (IP-IMI)
NPI commits full support to winning proposal
The National Photonics
Initiative (NPI), a collaborative alliance seeking to
raise awareness of photonics and increase US funding and investment in key
photonics-driven fields,
has commended the three
consortiums led by University of Central Florida, University of
Southern California and the Research Foundation for the State
University of New York selected by the US Department of Defense (DOD) to submit full proposals to secure the Integrated
Photonics Institute for Manufacturing Innovation (IP-IMI).
Finalists were selected from respondents to a November
2014 Funding Opportunity Announcement (FOA) to support
the establishment of an IP-IMI that will advance design, manufacture, testing, assembly, and packaging of complex photonic
integrated circuits that combine a variety of photonic and electronic components to achieve functionality. The NPI is not endorsing a specific IP-IMI proposal but is strongly committed to
supporting the DOD’s ultimate selection.
In response to the DOD’s announcement, NPI Steering Committee Chairman Tom Baer issued the following statement:
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“The three finalists are excellent choices for the new Integrated Photonics Institute for Manufacturing Innovation, and
I applaud the Department of Defense for its fair and thorough
selection process. The announcement today recognizes the critical role that photonics plays in US competitiveness and national
security, and demonstrates the administration’s commitment to
maintaining the US as the world leader for transitioning photonics research to commercial markets. On behalf of the NPI, I am
pleased to pledge our full support to DOD and its ultimate selection for the long-term success of the IP-IMI and look forward to
working with the winner to encourage further photonics collaboration between industry, academia and government.”
This funding opportunity offered by the DOD is raising
awareness specifically about how photonics generates, controls and detects light to advance robotics, manufacturing,
medical imaging, next-generation displays, defense technologies, biometric security, image processing, communications, astronomy and much more. Integrated photonics
circuits incorporate multiple miniature optical structures
to manipulate and control beams of light, in the same way
that integrated electronic circuits control electrons, in order
to encode, transmit and decode information. A major goal
for the IP-IMI will be to develop low-cost, high volume,
April 2015

 anufacturing methods to interface electronic integrated
m
circuits with integrated photonic devices.
Pursuant to DOD’s Funding Opportunity Announcement, the
finalists were invited to submit full proposals by March 31, 2015.
The institute chosen will be the sixth institute under Obama’s
National Network for Manufacturing Innovation (NNMI) with
the DOD investing $110 million, matched by $110 million or
more in investment from industry, academia and state government.

What is NPI?

awareness of photonics and the impact of photonics on our
everyday lives. The goal of the initiative is to increase cooperation and coordination among US industry, government
and academia to advance photonics-driven fields and drive
US funding and investment in areas of photonics critical
to maintaining US economic competitiveness and national
security.
The initiative is being led by the IEEE Photonics Society
and other top scientific societies.
For more information visit www.lightourfuture.org

The National Photonics Initiative (NPI) is a collaborative
alliance among industry, academia and government to raise

Excerpts from © 2015 NPI and © 2015 PR Newswire

Science Meets Art in Large Rainbow Installation
Amsterdam’s main train station was lit to celebrate IYL 2015
A large public artwork at the monumental Amsterdam Central
train station saw first light in the form of a rainbow. Light was
projected on the large arch construction that spans over the
platforms. The project, called Rainbow Station, constitutes a
unique collaboration between world-renowned Studio Roosegaarde, astronomers from Leiden University and optics researchers from North Carolina State University.
The core technology of the installation is a patterned liquid
crystal grating that creates a curved spectrum that follows the
shape of the roof, and is extremely efficient over the entire visible wavelength range. The rainbow will be visible once a day
for the duration of 2015, the International Year of Light.
To celebrate the 125th anniversary of the Amsterdam train
station, Studio Roosegaarde, which is famous for its innovative
light artworks, was commissioned to create an installation that
celebrates both the beautiful historic steel construction and modern technology. The Studio’s vision for the Rainbow Station project was to create a rainbow with genuine colors by dispersing the
light from a white light source, instead of projecting an image
of a rainbow. The obvious choice for a dispersive element was a
grating, but regular gratings can only produce straight spectra.
“When we started the Rainbow Station project, everybody
told me that it couldn’t be done. Until I met these astronomers,” commented Daan Roosegaarde. Dr. Frans Snik and
Dr. Michiel Rodenhuis of Leiden University are both working
on new astronomical instruments to study exoplanets (planets
around other stars than the sun).

The astronomers are developing new technology to directly
image exoplanets, as their signals can be more than a billion
times fainter than the light from their parent stars. They will
then analyze the planets light to find out what their atmospheres are made of. The same astronomical technology was applied to create a rainbow at the Amsterdam train station.
The Leiden group collaborates intensively with Dr. Michael
Escuti, Associate Professor at the North Carolina State University research group, which pioneers patterned liquid crystal
optics and systems. For the Rainbow Station they designed a
modified polarization grating, a kind of geometric phase hologram, yielding a spectrum following the exact shape of the
arch at Amsterwdam train station.
“Thanks to multiple layers of liquid crystals, this grating is
so efficient that it actually includes many more colors than our
typical smartphones and TVs can produce, or that our digital
cameras can capture. With our technology we were also able
to ensure that 99% of the light goes into the rainbow, and not
anywhere else,” stated Dr. Escuti.
In addition to state-of-the-art technology, the Rainbow Station is intimately linked to forefront astronomical science.
“Astronomers have used spectra for more than a century
to determine temperatures and compositions of stars. For
us, the rainbow is a symbol for understanding the universe.
Now we are also performing spectroscopic observations of
planets around stars. In the foreseeable future we will even
be able to investigate whether life is present on such planets!
To enable this, we are now building the largest optical telescope ever (the European Extremely Large Telescope), that
has a diameter that is almost exactly the same as the diameter of the arch at Amsterdam Central station: 39 meters,”
commented Dr. Snik.
The Rainbow Station installation will produce a rainbow
every day in 2015, just after sunset. But, like a real rainbow,
its appearance is unpredictable and lasts only a few minutes.
For more information on the Rainbow Station and Leiden
University, visit http://bit.ly/1vGVKZx.
Article and excerpts from © IYL2015 Latest News Articles
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Powering Africa: It Takes a Smart Village
IEEE Foundation program helps entrepreneurs bring renewable energy to their communities
Photo source: IEEE Smart Village

Of the 20 countries with the lowest
South Sudan. IEEE volunteers help
supplies of electricity in the world, 19
train operators to install the technolare in sub-Saharan Africa, where on
ogy and mentor them on how to run
average fewer than one in three people
a profitable business, including manhave electricity. Instead, for light, they
aging payments from their customers.
use candles and kerosene lamps, which
In Cameroon, for example, IEEE Smart
are harmful to their health. And once
Village formed a partnership with the
the wax or fuel runs out, they sit in
Torchbearers Foundation, which prodarkness. According to a 2014 report
vides electric systems to their comfrom the International Energy Agency,
munities. It is starting a school to train
Entrepreneur Mou Riiny, a former refugee from
growing the energy sector in that region war-torn Sudan, returns to his village, Thiou, entrepreneurs on assembling the Sunwould be the key to its prosperity.
where he is installing 13 community charging Blazer systems locally.
IEEE Smart Village—formerly the stations powered by solar panels.
And in Nigeria, entrepreneurs have
IEEE Community Solutions Initiabuilt microgrids, lighting up nearby
tive—has some bold ideas on how to bring electricity to milhomes and businesses from a single solar energy source. To aclions while also providing jobs to the community. It is a signacomplish this, they used traditional electrical wiring to connect
ture program of the IEEE Foundation, which provides funds for
multiple customers within a limited geographic area. They are
projects that can yield an immediate, and broad, impact and are
all able to power their homes at the same time.
sustainable over the long term.
Another innovation being tested through IEEE Smart VilSmart Village members work with local entrepreneurs in
lage includes LightCycle, a pedal-powered generator that conseveral countries, including Cameroon and Nigeria, to help
nects a bicycle to a 12-V DC generator. One hour of pedaling
them set up micro-utilities, using renewable energy technolcan produce 40 watt-hours of power and can be stored in portogy like solar panels to power nearby homes, businesses, and
able battery packs for customers to use.
schools. Depending on resources, they could serve dozens of
Currently, IEEE Smart Village is helping to support efforts
customers or up to tens of thousands, charging them a monthly
in South Sudan with entrepreneur Mou Riiny, a former refugee
fee comparable to the cost of kerosene and candles.
from that war-torn country. Riiny was brought to the United
IEEE grants the initial investment for buying the equipStates as a child and was raised by foster families. He earned an
ment, as well as providing mentoring and training. So far,
electrical engineering degree from the University of San Diego.
since development of the micro-utilities began in 2011, the
He recently returned to his village, Thiou, where he is installprogram has supplied electricity to some 15,000 people.
ing 13 community charging stations powered by solar panels.
“Our goal is to provide electricity for 50 million people in 10
Each station will serve 100 portable battery kits. They will be
years, and that’s conservative,” says IEEE Fellow Robin Podmore,
up and running later this year.
cofounder of IEEE Smart Village. He believes it’s doable because
The Next Round
the right entrepreneurs and partners are out there. He adds that
Local entrepreneurs will be able to apply to get funding
in the last few years, philanthropists and investors have realized
through the IEEE Smart Village website in late 2015. Apthat helping locals form their own businesses is the key to lifting
plicants must submit a detailed business plan, which includes
them out of poverty, and is far more sustainable and effective than
how they will make their utilities sustainable after IEEE’s
donations alone.
initial contribution. They also must describe how their profits
A Sustainable Model
will be reinvested in the local communities and create jobs.
The earthquake that struck Haiti in 2010 was the genesis for
“Providing electricity can help others in the community to
what was then IEEE’s Community Solutions Initiative. IEEE
form businesses and allow existing ones to stay open longer,
volunteers, moved by the disaster, worked to develop a reliwhich will help shopkeepers and farmers sell goods into the
able source of low-cost electricity there. They came up with the
evening,” Podmore says. “By creating jobs, we’re preventSunBlazer community charging stations.
ing people from having to leave their families and villages to
Using six silicon photovoltaic 250-watt solar panels, the trailer
make money.”
can collect more than 4 kilowatt-hours of energy per day, enough
The tide is turning, he adds. Instead of leaving, people are
to charge 80 portable battery packs. These packs can then be used
now moving to remote regions in Africa to start businesses, parto power LED light bulbs and are equipped with USB ports to
ticularly in the power and energy sector. “There is just far less
charge cellphones—which many in remote regions now depend
competition and a lot of opportunity,” he says. “By changing peoon for exchanging money as well as for education and health serple’s lives, it’s not unfair for entrepreneurs to make some profit.”
vices. Locals pay US $6.50 a month for unlimited charging.
Since then, community charging stations have been set up
Article from © The Institute 6 February 2015 by MONICA
not only in Haiti but also in Cameroon, Kenya, Nigeria, and
ROZENFELD
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Journal of Lightwave Technology's
2012 Paper Award

The IEEE/OSA Journal of Lightwave Technology is pleased to announce the winners of its 2012 Paper Award.
This award is given annually by the Journal’s Steering and Coordinating
Committee to the top-cited original papers published in the Journal two to
three years prior to the award. As such, all original papers published in the
Journal of Lightwave Technology in 2012 were taken into account for this
year’s award. A variety of citation metrics and databases were used by the
Committee to determine the winner.

The winning papers of the Journal of Lightwave Technology’s 2012 Paper
Award are:
“Mode-Division Multiplexing Over 96 km of Few-Mode Fiber Using Coherent 6x6 MIMO Processing” by R. Ryf, S. Randel, A. Gnauck, C. Bolle,
A. Sierra, S. Mumtaz, M. Esmaeelpour, E. Burrows, R. Essiambre, P. Winzer, D. Peckham, A. McCurdy, and R. Lingle, Jr.
and
“Modeling of the Impact of Nonlinear Propagation Effects in Uncompensated Optical Coherent Transmission Links” by A. Carena, V. Curri, G.
Bosco, P. Poggiolini, and F. Forghieri.
The award was presented during the awards luncheon on Tuesday, 24
March at the 2015 Optical Fiber Communications Conference in the Los
Angeles Convention Center, California. Both winning papers are available
free of charge through IEEExplore.
Please help us on congratulating all the authors for this high honor!

April 2015

Jay Wiesenfeld

John Lee

Chair, Coordinating Committee

Chair, Steering Committee
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Photonics Society 2015 Image Contest has begun!

IEEE Photonics Society is looking for new images for use in publicity and social media

We know that many of you create beau�ful images in your labs and calcula�ons every day. Send us the most eye‐catching
gures from your work for a chance to gain worldwide visibility. Submi�ed gures may be used in IPS promo�onal materials.
One winning entrant will receive a choice of either a complimentary registra�on to the 28th IEEE Photonics Conference 2015,
being held in Reston, Virginia USA, 4‐8 October 2015 or $500.00 USD. Winners may also be invited to write a Newsle�er
ar�cle about the work behind the gure.

“Diffraction Sun” 2014 Image Winner by Ananta Palani
Contest Rules:
•Entries to be submi�ed electronically in
TIFF, JPEG, or PDF format (300dpi High reso‐
lu�on)
•Figures must be related to photonics
•Can be submi�ed from any IEEE Journal if
previously published
•Only IPS members are allowed to par�ci‐
pate
•May submit more than one gure
Send your entries to:
IPSNEWSLETTER@ieee.org
Subject: IPS Figure Contest
All submissions must be received by:
July 1, 2015
Results will be published in the August or
October Issue of the IPS Newsle�er
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Careers and Awards

CALL FOR NOMINATIONS
IEEE Photonics Society 2015 Distinguished Service Award
Nomination
deadline:
30 April 2015
NOMINATIONS
CALL FOR
The Distinguished
Service
Award
was Distinguished
established to recognize
an Award
exceptional
IEEE Photonics
Society
2015
Service
individual contribution of service that has had significant benefit to the membership of
the IEEE Photonics Society
as a whole.deadline:
This level 30
of service
often include serving
Nomination
April will
2015
the Society in several capacities or in positions of significant responsibility. Candidates
should
be members of Service
the Photonics
Society.
award istopresented
IEEE
The
Distinguished
Award
was The
established
recognizeatanthe
exceptional
Photonics
Conference
formerly
known
as
the
IEEE
Photonics
Society
Annual
Meeting.
individual contribution of service that has had significant benefit to the membership
of
the IEEE Photonics Society as a whole. This level of service will often include serving
the Society in several capacities or in positions of significant responsibility. Candidates
Nomination
Form
Previous
Recipients
should be members
of the
Photonics Society. The award
is presented
at the IEEE
Photonics Conference formerly known as the IEEE Photonics Society Annual Meeting.
Nomination Form

April 2015

Previous Recipients
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CALL FOR
NOMINATIONS
CALL FOR
NOMINATIONS
IEEE Photonics Society 2016 JOHN TYNDALL AWARD

Nomination deadline: 10 August, 2015
IEEE Photonics Society
2016 JOHN TYNDALL AWARD
Nominations are now being accepted for the 2016 John Tyndall Award.
Nomination
August,
2015
This award, whichdeadline:
is jointly sponsored by10
the IEEE
Photonics Society,
the Optical
Society, and is endowed by Corning, Inc., is presented to a single individual who
has made outstanding contributions in any area of lightwave technology,
including optical fibers and cables, the optical components employed in fiber
systems, as well as the transmission systems employing fibers. With the
expansion of this technology, many individuals have become worthy of
consideration. Nomination deadline is 10 August, 2015.

Nominations are now being accepted for the 2016 John Tyndall Award.
This award, which is jointly sponsored by the IEEE Photonics Society, the Optical
Society, and is endowed by Corning, Inc., is presented to a single individual who
IEEE Photonics Society 2016 Young Investigator Award
has made outstanding
contributions
in any
area of lightwave technology,
Nomination
deadline:
30 September, 2015
CALL
FOR
NOMINATIONS
including optical fibers
and cables,
the optical
components employed in fiber
Nominations are
now being accepted
for the 2016 Young Investigator Award.
CALL
FOR
NOMINATIONS
The
Investigator Award systems
was establishedemploying
to honor an individual
who has With the
systems, as well as
theYoung
transmission
fibers.
made outstanding
technical
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to photonicsTYNDALL
(broadly defined) prior toAWARD
IEEE
Photonics
Society
2016
JOHN
expansion of this technology,
many
individuals
worthy of
his or her 35th birthday.
Nominees
must be under 35have
years of become
age on Sept. 30th
of the year
in which the nomination
isJOHN
made. Nomination
deadline is 30
IEEE Photonics
Society
2016
TYNDALL
AWARD
Nomination
deadline:
10
August,
2015
consideration.
Nomination
deadline
is
10
August,
2015.
September, 2015.

Nomination
deadline: 10 August, 2015
The nomination form(s), awards information and a list of previous recipients are
available
on
the
Photonics
Society web
site:
Nominations
are now Society
being accepted
for
the 2016
John TyndallAward
Award.
IEEE Photonics
2016
Young
Investigator
http://www.photonicssociety.org/award-info
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2015 Graduate Student Fellowship Program:
Applications are now being accepted
IEEE PHOTONICS SOCIETY 2015 Graduate Student Fellowship Program
The IEEE PHOTONICS SOCIETY established the Graduate Student Fellowship Program to provide Graduate Fellowships to outstanding Photonics Society student members pursuing graduate education within the Photonics Society field of interest (photonics, electro-optics, lasers, optics, or closely related fields). Up to ten Fellowships of $1,000
each will be awarded, based on the student membership in each of the main geographical regions:
Americas
Europe/Mid-East/Africa
Asia/Pacific
Prize: Up to ten Fellowships of $1,000 each will be awarded this year. A complimentary conference registration will
be available to each Fellowship recipient to attend the IEEE Photonics Conference for the award presentation.
Eligibility: Fellowship applicants must be an IEEE Photonics Society student member pursuing a graduate education
within the Photonics Society field of interest. Students should normally be in their penultimate year of study at the
time of application and be planning to submit their thesis on a timescale of 6 to 18 months after the application is
submitted (i.e. those applying in May 2015 would normally expect to defend their thesis during 2016).
Schedule: Application packages are due to the Photonics Society Executive Office, 445 Hoes Lane, Piscataway, NJ
08854 by 30 May.
Electronic submissions are accepted via: PhotonicsAwards@ieee.org.
The ten Fellowship recipients will be notified by 30 July of the same year. The Fellowships will be presented at the
IEEE Photonics Conference.
Fellowship Application Package Requirements:
• Cover letter to include name, address, email, IEEE member number, expected date of submission of the thesis,
and a listing of any activities related to Photonics Society, along with the names and contact information of two
references.
• A one-page CV, including all degrees received and dates.
• One copy of educational transcripts.
• A 300-word statement of purpose describing the student’s research project and interests. The statement is to include the background to the project, what the student has achieved so far and how the research will be continued
and developed by the student over the rest of the project
• A list of the student’s publications with the most significant paper indicated and a 100-word description of the
significance of the paper. Please include IEEE Photonics Society journal publications if any.
• Two reference letters from individuals familiar with the student’s research and educational credentials.
• Note that additional information and submissions over the specified word count will not be forwarded to the
evaluating committee.

Guidelines have been established for the 2015 application process. Please check the Photonics Society web
for more details (www.PhotonicsSociety.org). Submission information is now available.
For more information contact: PhotonicsAwards@ieee.org
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Membership
Strategic Membership Goals for 2015
IEEE Photonics Society’s new focus on community outreach and education
In 2014, the IEEE Photonics Society (IPS) strategically reorganized its Membership Council under the leadership of Dr.
Paul Juodawlkis, Vice-President of Membership, to ensure efficient and effective use of volunteer resources and to initiate
programs that add value to an IPS membership. Our new (10)
Associate Vice Presidents (AVP) on our Membership Council
each oversee one of the Society’s strategic areas of focus, such
as Education, Women in Photonics, Chapter Relations, Global
Strategy, Student Membership, etc. Each serves to address the
ever evolving needs of our growing community and next generation of photonics professionals.
This year a major focus has been put on community outreach and education. The Society will coordinate and deliver
resources, programs and information intended to educate its
membership constituency, chapters and volunteer leadership.
Educational events and WebX trainings, such as Chapter Forums, Short Courses and Soft Skill Tutorials, are scheduled to
provide our leaders with the people management skills and
volunteer engagement instruction needed to encourage professional growth. Membership Development Kits, Chapter Resource Guides, Educational Grants and “Tools You Can Use”
e-blasts have also been designed to support chapter funding
and education.
To expand the breadth and diversity of the Society’s membership, the council plans to introduce networking and instructive resources for women, underrepresented minorities,
students (college- and pre-university) and members from developing countries. A focus has been put on driving activities
that introduce young minds to light sciences and sustain their
interests. Student Outreach Ambassadors will present photonics and optics related curriculum to junior-high classrooms
(ages 8-12) and young women groups. Women in Photonics
inclusive workshops will be held at major conferences, an “Introduce a Girl to Photonics Day” will happen later this year,
and humanitarian activities will occur throughout the year

to provide our membership with an improved sense of social
awareness through direct giving.
To lead the expansion and development of chapters worldwide, AVPs will work closely with volunteer leaders at local
and regional levels to drive chapter revitalization efforts. The
goal is to strengthen our active chapters, support struggling
chapters and establish additional chapters in developing nations and evolving areas, such as Latin America, Africa and India. The AVP of Student Membership is also looking to better
assess the needs of our student chapters and identify universities where new chapters can be formed.
The Membership Council leadership understands that our
volunteers and members are the true advocates representing our organization and society around the world. Having a
strong core team of members and open communication keeps
an organization motivated, and our members enrich our organization with fresh perspectives every day. Please do not hesitate
to reach out with any questions or suggestions in regards to
member advancement and chapter engagement.
For more information, contact Lauren Mecum, Membership
Development Specialist, at L.Mecum@ieee.org.

Saurabh Sinha: Fostering Engineering Education
Worldwide
The IEEE Educational Activities vice president has an eye toward helping students
in developing countries
For many students in underserved nations, attending university is a privilege. IEEE Senior Member Saurabh Sinha says
those who enter his university’s engineering program are often
the first in their families who are able to do so.
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Sinha, dean of the faculty of engineering and the built
environment at the University of Johannesburg, says a college education has a long-lasting impact on these students,
some of whom go back to their communities to implement
April 2015

Photo: University of Johannesburg, South Africa

what they have learned and help others. He wants IEEE to
become a global catalyst of change in engineering education
and takes to heart a quote from Nelson Mandela that is part
of his e-mail signature: “It always seems impossible until
it’s done.”
In South Africa, where he is from, and in many other countries, especially emerging ones, Sinha is helping to create and
improve educational opportunities for engineering students
who do not have access to them. As the 2014 and 2015 vice
president of IEEE Educational Activities, he is among other
things working to create hands-on engineering programs for
high school and college students, develop and improve engineering curricula, and build online courses for those seeking
continuing education.
His own research is in the area of millimeter wave communications, a multiple-gigabits-per-second mobile networking technology that is made possible by newer semiconductor
materials like silicon-germanium, better chip-manufacturing,
and packaging technologies. The technological principle is being considered for next-generation cellular communications.

AREAS OF FOCUS
There are three principal areas within the Educational Activities Board to help draw and retain students in engineering and
provide them with a better engineering education. The first is
pre-university. “We want high school students to see how they
can make a difference in the world,” Sinha says.
To that end, Educational Activities developed the Engineering Projects in Community Service-in-IEEE (EPICS-in-IEEE)
program in 2009, which matches high school and university
students with nongovernmental organizations to work on local community projects. Since 2009, Sinha has helped initiate more than 55 such projects in 17 countries, many of them
in Africa, Asia, and South America. Sinha was co-lead for the

April 2015

EPICS-in-IEEE initiative together with Kapil Dandekar from
Drexel University, in Philadelphia.
Projects include solar-powered cellphone charging stations
in Kampala, Uganda; a solar water heater for an orphanage
in Cape Town; and an electronics waste recycling program in
Cordoba, Argentina. “These types of projects ignite a passion
in students to innovate, and at the same time solve a pressing
problem in the community,” he says. Sinha helped review project proposals, worked directly with the volunteers, and kept
track of their progress.
Although it’s difficult to gauge how many of the students
who take part in these projects go on to become engineers, six
of the eight high school students involved in an air-quality
monitoring project that Sinha led at the University of Pretoria,
in South Africa, went on to join the university’s engineering
program.
The second area of focus is university education. Sinha is
helping to coordinate IEEE’s efforts to assist in establishing
accreditation bodies in Africa, South America, and the Caribbean as well as China and India, with the request of volunteers
from these countries.
Accreditation, a fixture of developed nations, assures that an
engineering program covers specific curricula so that graduates
may acquire the relevant technical and communication skills
needed for a job in their field. In the United States, ABET,
made up of 34 professional societies, is the accrediting body
for academic programs in applied science, computing, engineering, and technology. IEEE is the largest of the societies
within ABET.
“The status of engineering education is quite dreary in
much of the world, particularly in emerging countries, where
50 percent of the world’s population lives,” he says. Programs
often deliver graduates who are unable to find jobs because
they didn’t get the right skills, he adds.
One reason is the lack of globally recognized accreditation
agencies. Some countries, like China and India, boast a number of world-class engineering universities but suffer from
a huge discrepancy in education quality across these institutions. In July, Sinha met with representatives from China
and helped outline a number of actions necessary to enable
program accreditation. This includes training professionals
to evaluate program materials from various campuses as well
as help institutions in improving programs to meet accreditation criteria.
Lastly, the board focuses on continuing and professional
education. “We want to prolong the lifelong learning experience of technical professionals, wherever they may be,” Sinha
says. For him, a major undertaking in 2015 will be to propel
a newly forged partnership with edX, one of the world’s largest providers of massive open online courses, to develop more
engineering and technology content.
Article from © The Institute by PRACHI PATEL 13 February 2015
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Introduce Young Minds to STEM with
IEEE Pre-University Education Resources

Photo Source: SDSU Research Foundation Program

neering. The portal offers hands-on experiments and activities,
referrals to summer programs and internship opportunities,
and search tools for schools that offer engineering programs.
Tryengineering.org equips students with useful tips on course
selections, applying to a university and financial aid details.
Students can also use this portal to browse questions answered
by engineering students living the university experience and
practicing engineers advancing technology day-to-day.
Tryengineering.org is a vital tool for parents and educators. The portal includes teaching resources, information about
school accreditation, and descriptions on educational programs
and organizations that can be of help in planning and preparing students to develop a bright future in engineering.
Learn more at www.TryEngineering.org.
Excerpts from © TryEngineering.org
IEEE is committed to providing quality educational resources
and opportunities for educators, parents, students, IEEE volunteers, and the public. Here is a list of programs and competitions supported by the IEEE to help introduce young minds to
STEM and careers in engineering.

Ieee Teacher In-Service Program (Tisp)
The IEEE Teacher In-Service Program (TISP) enables IEEE
volunteers to share their technical expertise and demonstrate
the application of engineering concepts to support the teaching and learning of STEM disciplines. TISP functions essentially as a professional development workshop aimed at helping teachers bring exciting hands-on engineering lessons into
classrooms.
Once trained, IEEE volunteers collaborate with local preuniversity communities to provide programs to sustain students’ interests, improve technical literacy levels, encourage
students to pursue technical careers and cultivate engineeringbased talents. Lesson plans are aligned with education standards
and can easily be used in the classroom.
Learn more at http://bit.ly/THmXWC.

Future City Competition
The Future City Competition is project-based learning experience where United States students in 6th, 7th, and 8th grade imagine, design, and build cities of the future. Students work as a team
with an educator and engineer mentor to plan cities using software,
research and write solutions to an engineering problem, build tabletop scale models with recycled materials, and present their ideas
before judges at Regional Competitions. Regional winners then
participate in National Finals in Washington, DC annually.
Future City is unique in the way it engages kids in engineering with flexible, cross-curricular educational programs that give
students an opportunity to engage in the engineering design process — identify problems; brainstorm ideas; design solutions; test,
retest and build; and share their results. With this at its center, Future City is an engaging way to build students’ 21st century skills.
Learn more at www.FutureCity.org.
Excerpts from © National Engineers Week Future City ® Competition

Tryengineering.org is a resource for
students, parents, teachers and school
counselors. The portal is brought to
you by engineers and educators in
collaboration with engineering associations, industry, and teacher/counselor organizations. IEEE believes
that engineering is an exciting and
rewarding profession, and hopes provide young people with a better understanding of what engineering means. Also, explain how an engineering career can be a part
of their future.
Students will find descriptions of the lifestyles and experiences of engineers, and the different disciplines within engi38
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Ieee President’s Scholarship

u ndergraduate study, and the scholarship includes complimentary IEEE student and society memberships during the four years.
The scholarship is presented at the annual Intel International Science and Engineering Fair (ISEF). A team, comprised
of IEEE members and volunteers, reviews all projects in IEEE
fields of interest and selects one for the scholarship.
Learn more at http://bit.ly/1IWtrMj.

Other Educational Resources

The IEEE Presidents’ Scholarship recognizes a deserving
student for an outstanding project that demonstrates an understanding of and IEEE area of interest. Administered by IEEE
Educational Activities, the scholarship from the IEEE Foundation is awarded annually in an amount payable over four years of

The IEEE Educational Activities, a partner in the National
Academy of Engineering’s Engineering Equity Extension Service (EEES), has developed “Train the Trainer” learning modules
to provide assistance and support for those IEEE members interested in outreach activities to the pre-university community.
IEEE has also assembled a variety of resources intended to provide
guidance on encouraging engineering and engineering careers.
For a full list of resources, visit http://bit.ly/1CWJm9T.
Full article excerpts from © IEEE.

Rice University named nanotechnology pioneer Dr. Naomi
Halas, IEEE Photonics Society Member and IEEE Fellow, director of the Richard E. Smalley Institute for Nanoscale Science
and Technology. Halas, one of Rice’s most cited and renowned
researchers, said she plans to expand the institute’s scope, engage more faculty and students and foster new collaborations
at the frontiers of science.
“The landscape in science changes year by year,” Halas said.
“Many exciting efforts that define the frontier of science in 2015
have emerged in the last five years. It’s important for us to broaden
our scope in order to build on and communicate that excitement
and to stay engaged, not only with our local intellectual community but with our regional and national communities as well.”
Halas is Rice’s Stanley C. Moore Professor in Electrical and
Computer Engineering and a professor of biomedical engineering, chemistry and physics and astronomy. She is the director
of the Rice Quantum Institute (RQI) and is the first person
in the university’s history to be elected to both the National
Academy of Sciences and the National Academy of Engineering for research done at Rice.
“As the director of the Smalley Institute, Naomi Halas is
going to bring both vision and energy to the organization’s
research, education and outreach efforts,” said Rice Provost
George McLendon. “Rice has a rich history of solving difficult
problems in advanced materials, quantum magnetism, plasmonics, photonics, biophysics, ultracold atomic physics, condensed matter, chemical physics and all areas of nanoscience and
nanotechnology. Dr. Halas will be in a unique position to foster
Rice’s continued success and leadership in all of those areas.”
Halas succeeds Dan Mittleman, professor of electrical and
computer engineering, who has been serving as interim director of the institute since 2012.
April 2015
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Women in Photonics: Member of the Month:
Dr. Naomi Halas

Halas was recruited to Rice by Smalley Institute namesake
Rick Smalley. She said it is an honor to direct the interdisciplinary research institutes Smalley founded at Rice. Smalley
shared the 1996 Nobel Prize in Chemistry with Rice University Professor Emeritus Robert Curl and Florida State University
Professor Harold Kroto for the discovery of carbon fullerenes
at Rice in 1985.
“Nano is everywhere now, in virtually all disciplines, and has
become a foundation that enables us to both envision and conduct research in entirely new ways. Nano is an essential foundation for our scientific and technological futures,” Halas said.
Halas said Rice Quantum Institute and the Smalley Institute serve essentially the same broad community of fundamental and applied physical sciences at Rice, with a focus
on emerging materials, their properties and applications. She
emphasized that there are new opportunities for initiatives and
coordinated programs with common goals.
IEEE Photonics Society NEWSLETTER

39

“Research is a communications-dependent enterprise, and
we work best when we interact more,” she said. “I believe in
the Steve Jobs vision: He constructed buildings where people
were literally forced to run into one other and interact on a
daily basis. We can emulate that at Rice. Developing more
reasons for researchers to bump into each another will make
even more exciting things happen — to ensure that we all ‘stay
hungry, stay foolish,’ as Steve would say.”
To foster pioneering research, Halas said she plans to
expand the scope of the Smalley Institute’s efforts and
continue to support the Rice Quantum Institute’s annual
research colloquium. She envisions bringing more opportunities year-round for faculty, postdocs and graduate
students to communicate, interact and showcase their work,

while learning from each other. Halas stated, “Interaction
enhances everyone.”
Halas joined Rice’s faculty in 1990. Her lab specializes
in studying how light interacts with engineered nanoparticles. Her research spans a broad spectrum from electromagnetic theory to chemical nanofabrication. She and her
colleagues have created and studied dozens of new varieties
of nanoparticles that are engineered to interact with light
in specific ways, often to perform a function in unique applications that have societal and technological impact, including cancer treatment, sanitation, water purification and
optoelectronics.
Excerpts from © Rice University News & Media article, “Optics Pioneer will Lead
Rice’s Multidisciplinary Science Institute,” by Jade Boyd on January 15, 2015

IEEE Resources to Help Members Get Involved
in Social Causes
With the tagline “Advancing Technology for the Benefit of
Humanity,” it’s no surprise that IEEE provides its members
with many opportunities to use their skills to help others.
Here’s a list of resources for members who want to get involved
in initiatives around the globe.

Ieee Special Interest Group On
Humanitarian Technology (Sight)
IEEE SIGHT brings IEEE members together to work on projects that apply technology to help communities in need. Volunteers could bring electricity or Internet access to schools and
hospitals, or provide students with educational opportunities. A
group in Chile [right], for example, equipped classrooms with
computer-assisted games that engage children who are mentally
or physically challenged. Sign up for SIGHT’s monthly e-newsletter or become a fan on Facebook to get the latest news about
its activities and ways to get involved. Starting a project of your
own is also encouraged. Learn more at http://bit.ly/1E2m1ki.

Engineering For Change
Cosponsored by IEEE, the Engineering for Change website is
a platform for engineers to share resources and work together
on social causes. The site’s “Solutions Library” presents ideas on
how to, for example, construct a bicycle ambulance to transport people in remote regions to a hospital or build a toilet
that composts waste that can then be used as fertilizer. The
platform also has a “Workspace” where people can collaborate
and solve problems. Also there are more than 50 webinars on
topics such as advances in household water treatment, innovations in maternal health, and providing Internet access in rural
Africa. Learn more at www.EngineeringforChange.org.

Engineering Projects In
Community Service (Epics)
Run by IEEE Educational Activities, EPICS organizes high
school and university students to work on engineering-related
projects for local organizations. Student groups can receive
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grants of US $5,000 to $10,000 to pursue their ideas. Applications are accepted throughout the year. Learn more at http://
bit.ly/1AZCTdC.

App-E-Feat
In partnership with the Clinton Global Initiative, which was
established to help solve some of the world’s most pressing
social problems, App-E-Feat asks IEEE members to design
mobile apps that could be useful in underserved communities.
Nonprofits submit requests on the site for help, and members
can select a project to work on. Or they can be matched up by
the site to a project based on their skills and interests. Learn
more at www.appefeat.org.
Article excerpts from © The Institute 6 February 2015 by MONICA ROZENFELD

Ieee Presidents’ Change
The World Competition
The IEEE Presidents’ Change the World Competition recognizes and rewards students who identify a real-world problem and apply engineering, science, computing, and leadership
skills to solve it. The contest offers students the perfect opportunity to have their ingenuity and enthusiasm for engineering and technology recognized by prestigious IEEE members
around the globe. Learn more at http://bit.ly/1zXIE8t.
April 2015

IYL 2015 Volunteer Blog Opportunity
Light is the means by which human beings see themselves,
each other, and their place in the universe. To celebrate light
and its wonders, the founding partners of the International
Year of Light 2015 (IYL 2015) have organized a blog. The
IEEE Photonics Society (IPS) is seeking volunteers, i.e. grad
students, professors and industry professionals, to write opinion editorials and articles for the blog. Bloggers will have the
freedom to write on virtually any light topic they wish, regarding light in science, technology, nature, culture, development,
sustainability, education or history.
Are you interested in writing about all things photonics and
optics? If so, please email Lauren Mecum, Membership Development Specialist, at L.Mecum@ieee.org for more information.
Check out a few recent submissions made by your peers!

Let There be Light
Since immemorial times, light has offered comfort and assurance,
inspiration and guidance, and has shaped how human beings understand the world around them. The cultural myths of several
nations, center on a period of darkness dispelled by the generation
of light in an uncanny parallel to modernity’s Big Bang Theory.
In the creation myth of Hinduism, the Purusha Suktham, and
primordial darkness gives way to the universe as we know it. The
Parama Purusha brings Sun, fire, wind, sky and water into being.
In Greek Mythology, Prometheus stole fire from the Gods out of
love for human beings, which allowed man to ward off danger
and provide a means to sustain. In the myths of the Inuit First
nations, the Northern Lights (the Aurora Borealis) represent the
souls of loved ones passed on, playing a celestial game of football,
while offering comfort and connection to those they left behind.
Universally, light provides a sense of connection between
heaven and earth. Practically, the light of stars provided a means
for navigators from the Hawaiians in their outrigger canoes.
The stars allowed Portuguese sailors, who crisscrossed the globe
in their Caravels, to venture bravely through the oceans of the
world. In Neolithic cultures, such as those that lived on the
Salisbury plains of England, the alignment of the sun and the
moon with stone built Henges, marked the passage of time and
allowed farmers to know when to sow and when to reap.
The availability of light at night has always been a mark
of privilege, whether it was light from candles, dry and
plentiful firewood, or electric
powered lights. This divide
exists even today with underprivileged populations unable
to access the light, which in
turn would light the way to
education and the economic
empowerment attendant with
it. Here harnessing the power
of the sun by day allows for the
illumination of populations
by night through the development of innovative energy storage schemes.
April 2015

Whether it is the simple splendor of a rainbow against
storm clouds or the marvels of manufacturing nanoparticles
within a living cell using light, light touches our bodies and
empowers our souls.

Author Bio
Sri Priya Sundararajan is a Photonic Integration engineer at Infinera Corporation. She
has worked in the semiconductor industry at
Advanced Micro Devices, Altera and at a photonics start up in Ottawa, One Chip Photonics. She has a breadth of knowledge which
encompasses nanotechnology, photonics, plasmonics, semiconductor physics, microfluidics and electrical engineering acquired during the course of her studies, undergraduate through postdoctoral. She received her doctorate in the field
of nanophotonics from the Department of Electrical Engineering
at Rice University. She received her B.S. and M.Eng. in Electrical Engineering from Cornell University and built, coaxed and
aligned her first lasers there while delving deeply into the study
and enjoyment of light, in all its forms.

Photonic Integrated Circuits: The impact of
an exponentially growing technology
You might not have heard of them: photonic integrated circuits, or optical chips. But that is about to change. Over the
last decade this technology has reached commercial maturity
and is now enabling high-bandwidth and energy-efficient
transceivers, far over one terabit per second, in our telecom
networks and in our datacenters. Why should we care about
this? What makes this technology different from so many other technologies that are out there?
The answer reveals itself when we take a look at the historical trend, as shown above. An optical chip is, much like
the well-known electronic chip, a piece of semiconductor
material on which a set of optical elements are combined
together. In electronics we have the transistor, the capacitor
and the resistor. In optics we talk about lasers, photodetectors, modulators, and gratings, to name a few. For example,
high-capacity transmitters can be realized by combining
multiple lasers with modulators on a single chip, including a
multiplexer grating to combine all these signals into a single
fiber-coupled output.
Over the last 25 years, the number of such elements that
make up a photonic circuit has doubled every two years, to a
few thousand today. Sounds familiar? This is indeed similar to
Moore’s Law for electronic chips.
It is hard to comprehend the potential impact of such an explosive growth in complexity and capacity, because this rate of development is hardly seen in any other technology. Notable exceptions
include the aforementioned electronic chips and, of course, the internet. Anyone older than 30 will surely recognize the revolution
these have caused. Is then the optical chip technology set on the
same path of continuing exponential growth over the next decade?
Will we have 100,000 elements per optical chip by 2025?
IEEE Photonics Society NEWSLETTER
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That is the same number of elements an Intel 80286 processor had back in the 80s! My hypothesis is that this will happen. There is a clear application pull, as optical chips are key
enablers for the internet, which will continue its exponential
growth. Photonics will enable the communication between
electronic processor chips and memory, or even on-chip communication, the capacity of which will follow the exponential
increase of Moore’s Law.
Furthermore, the very same fabrication infrastructure that
enables us to make complex CMOS-based (1) processors can
also be used to make optical chips. So there is really no reason
to assume this exponential growth trend will stop in the near
future.
It is very important to realize what this means. From a technology point of view we will see an ever growing effort, but at
the same time we will see a convergence of the work, a focus
on the most promising technologies. This convergence will
take place on process level, materials level, component level,
and, eventually, circuit level. These lessons we have learned
from CMOS. This implies that the cost will decrease and that
the technology becomes more widely available. Obviously,
this means that photonic integration technology is bound to
make an impact in a plethora of fields, besides telecom and
datacom. A notable example is the company Genalyte, which
uses optical chips to test blood for ebola in 10 minutes only.
Start-ups are working on optical-chip-based miniature systems for, e.g., food or gas spectroscopy, and advanced medical
imaging, such as optical coherence tomography.
But do we prepare our students well enough for this future? Electro-optics has traditionally been part of the field of
electrical engineering. Light is an electro-magnetic wave, laser
diodes and photodiodes are, obviously, diodes, and an optical
chip is made using exactly the same materials and processes
as are used for electronic chips. Photonics is electronics. Or
at least, it was. Over the last decades, the field of electrical
engineering has slowly moved away from the fundamentals
of electronics in many universities, fuelled by the success of
CMOS. Why bother about the fundamentals of transistors if
the process design kits allow you to simulate your circuit with
almost perfect accuracy?
This is not a plea for more photonics students. There are
many great universities our there with great programs in pho42
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tonics. And I am sure these will continue to drive the roadmap.
No, this is a plea for making photonic integration technology
an integral part of the education of every electrical engineer,
and maybe even in other disciplines. We need to find a reappreciation of the roots and fundamentals of the technology
of electronics and, hence, photonics. Not to train students to
be a specialist, not to train them to design the next generation
of optical chips, but to make them aware of a technology that
they will surely have to deal with in their future career.
Such is the nature of exponential growth.

Author Bio
Martijn Heck is an Associate Professor in
the Department of Engineering of Aarhus
University, where he is setting up a research
line on photonic integrated circuits. His
focus is on applications in optical interconnects, microwave photonics, sensors, and biomedical imaging and spectroscopy. He
received the M.Sc. degree in applied physics and the Ph.D. degree in electrical engineering from the Eindhoven University of
Technology, in 2002 and 2008, respectively. As a postdoctoral
researcher and research scientist he worked at the COBRA Research Institute in Eindhoven, at the Laser Centre, Vrije Universiteit in Amsterdam, and at the University of California
Santa Barbara. In these positions he explored all the major photonic integration technologies and their use in fields like satellite positioning, computer-communication and defense.

Light Meets Gold
During the last decade oncological diseases have spread enormously. According to the statistics of World Health Organization, cancer takes second place in the list of leading lethal
diseases. The first place goes to cardiovascular diseases. Only
in 2008 more than 7.6 million people died from cancer worldwide. In order to improve survival factors, early diagnostics and
effective therapy is a necessity.
Fluorescence imaging is a sensitive and quantitative
method that is widely used for observing cells and cell processes in vivo, also for noninvasive tissue imaging, which is
a promising tool for cancer diagnostics. Unfortunately, the
sensitivity of fluorescence imaging is limited due to characteristics of fluorescent
agents applied. In
biological studies
most commonly used
fluorophores are organic dyes and semiconductor quantum
dots. Currently another type of imaging
agents has been shown
to have a particularly
great promise in bioimaging—fluorescent
Notre-Dame de Paris windows. Their gold nanoclusters. Berich colors are due to nanoparticles ing composed of nonand other metal oxides and chlorides. toxic elements and
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having a surface that could be easily modified with antibodies,
biomarkers or functional molecules, they also possess properties such as high fluorescence yield and good biocompatibility.
Gold nanoparticles typically have very tiny dimensions
between 1 and 500 nanometers. This means that if you divide
a meter in one-billion parts, the biggest of these particles
would have a length comprised by 500 parts. These nanoparticles also possess features that differ from bulk gold. For example when the particle diameter becomes smaller than some
characteristic size, particles display size dependent surface
plasmon resonance absorption. Surface plasmon resonance is
a coherent oscillation of the surface conduction electrons excited by electromagnetic radiation which gives rise to a sharp
and intense absorption band in the visible part of a spectrum.
Very early appearance of this phenomenom (even though not
understood at that time) can be seen in medieval windows of
churches across Europe and even in 4th-century Roman glass.
The optical response for these particles varies with shape,
size, dielectric environment and surface coatings and these are
the properties that make them of great interest for applications.
It has also already been demonstrated that functionalized gold
nanoparticles can be used for drug delivery. The effectiveness of
employing gold nanoparticles has already been demonstrated
in pre-clinical studies using small animal models. A few clinical trials are already taking place looking at gold nanoparticles effectiveness in tumor targeting and tumor toxicity. What
is more, gold itself has also a property of attenuating X-rays,
which makes it a good contrast agent for radiology.
However, in order to employ all possible effects mentioned above several goals have to be reached. Firstly it is

important to investigate photophysical, optical and structure
related properties of synthesized gold nanoparticles as well
as accumulation of gold nanoparticles in cells. There is still
a lot of research going on dedicated for increasing gold nanoparticles properties as drug carriers, imaging agents and
reducing chances of side effects. Due to their set of unique
physical, chemical and biological properties there is a number of areas where those particles can be used in a near future
and the amount of scientific literature appearing each year
demonstrating progress in perfection of gold nanoparticles
suited for applications suggest that we will not have to wait
for too long.

Author Bios
Marius Stalnionis is a PhD student and as
a Medical Physicist at the National Cancer
Institute in Lithuania. His thesis involves
investigation of gold nanoparticles as diagnostic 
multifunctional imaging tracers
for cancer. He has graduated from Nuclear
Medicine Imaging programme at the University of Salford, UK.
Deividas Sabonis did his undergraduate
studies in Physics jointly in Vilnius University and University of Copenhagen, Niels
Bohr Institute. He was awarded a graduate
studies fellowship by the German Academic
Exchange Service or DAAD for the period of
2014–2016 at TU Munich.

Does your chapter have an interesting story
to share?
IEEE Photonics News wants to hear from you to celebrate your efforts
Over the years the IEEE Photonics News has published
many wonderful stories about
our chapters’ experiences all
around the world. The Editorial Board would like to feature more stories like these in
the print & electronic IEEE
Photonics Newsletter.
The chapters of IEEE Photonics Society help advance
our mission of representing the laser, optoelectronics and photonics community. You are the advocates and driving force of
our society and we want to hear from you!
• Did your chapter hold a recent, innovative event you are
proud to share?
• Is your chapter actively involved in the community,
promoting the photonics profession or breakthroughs in
the field?
April 2015

• How does your chapter educate students and foster
professional growth?
Stories about your chapter’s activities can help spark new
ideas for other chapters!
Submit a story today!

How to submit an article
to the IPS Newsletter
IPS will feature 1-2 stories in the bi-monthly newsletter and
share chapters’ best practices via e-blast monthly. If you have
a story to tell, submit an article with pictures, video, etc. to
ipsnewsletter@ieee.org
Attention: Lisa Manteria.
Please note: That by submitting a story you agree to have it
featured in IPS material, such as membership and recruitment
publications. For more information, please review the n ewsletter
Submission Guidelines at http://bit.ly/16YCtXt.
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Conferences

IEEE Photonics Society
2015 Conferences
28th Annual Conference of the IEEE Photonics Society
4-8 October 2015
Hyatt Regency Reston, Reston, Virginia USA
Paper Submission Deadline: 4 May 2015
www.IPC-IEEE.org

OFC
22-26 March 2015
Los Angeles Convention Center, Los Angeles, California USA
www.OFCconference.org

4th Optical Interconnects Conference
20-22 April 2015
Wyndham San Diego Bayside, San Diego, California USA
Paper Submission Deadline: 15 January 2015
www.OI-IEEE.org

CLEO
10-15 May 2015
San Jose Convention Center, San Jose, California USA
www.CLEOconference.org

Summer Topicals Meeting Series
13-15 July 2015
British Colonial Hilton, Nassau Bahamas
Paper Submission Deadline: 16 March 2015
www.SUM-IEEE.org

12th International Conference on Group IV Photonics
26-28 August 2015
Pinnacle Vancouver Harbourside Hotel, Vancouver, British Columbia Canada
Vancouver, British Columbia Canada
Paper Submission Deadline: 20 March 2015
www.GFP-IEEE.org

12th Avionics and Vehicle Fiber-Optics and Photonics Conference
10-12 November 2015
The Fess Parker, Santa Barbara, California USA
Paper Submission Deadline: 10 June 2015
www.AVFOP-IEEE.org
For more information, visit: PhotonicsConferences.org
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Call For Papers

optical interconnects

2015

4th IEEE Photonics Society Optical Interconnects Conference

20-22 April
Wyndham San Diego Bayside
California USA
GenerAl Co-ChAirS:
Azita emami, Caltech, USA
Xuezhe Zheng, oracle, USA

ProGrAm Co-ChAirS:
Samuel Palermo, Texas A&m University, USA
Dominic Goodwill, huawei Technologies, Canada
lukas Chrostowski, The University of British Columbia, Canada

www.oi-ieee.org
www.PhotonicsSociety.org
www.Facebook.com/
PhotonicsSociety

April 2015

Sponsored by

IEEE Photonics Society NEWSLETTER

45

CS

P E C I A LIS TS

CO

N

NCE

PHO

RE

TO

AI
LT

FE

VO

42nd IEEE Photovoltaic
Specialists Conference
42nd
ans
,

-1

9,

O

rle

20

w
Ne

15

IEEE

LA •

Ju n e

14

The World’s Premier Photovoltaics Technical Conference
June 14-19, 2015 | New Orleans, LA
Early Registration Deadline

May 5, 2015

The PVSC brings together researchers, scientists, and technology leaders from industry, academia
and government in an interactive environment conducive to strengthening collaborations and sharing
knowledge across the field of photovoltaics. With a technical program focused on the leading advances
in PV materials, devices and systems in conjunction with its industry exhibition, the PVSC provides an
ideal forum to advance the scientific, technological, educational and business base of the international
PV community. Topics include:
Area 1. Fundamentals and New Concepts for Future
Technologies
Area 2. Chalcogenide Thin Film Solar Cells
Area 3. III-V and Concentrator Technologies
Area 4. Crystalline Silicon Photovoltaics
Area 5. Thin Film Silicon Based PV Technologies
Area 6. Organic, Perovskite and Hybrid Solar Cells
OVER 1,000 TECHNICAL PRESENTATIONS ARE EXPECTED,
SO SUBMIT YOUR ABSTRACT NOW!

VISIT WWW.IEEE-PVSC.ORG

Area 7. Space Technologies
Area 8. Characterization Methods
Area 9. PV Modules, Manufacturing,
Systems and Applications
Area 10. PV Deployment
Area 11. Reliability of PV

PVSC WILL HOST A VIBRANT
EXHIBITS FLOOR FOCUSED ON
TOOLS FOR THE PV SPECIALIST

FOR MORE INFORMATION
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42nd IEEE Photovoltaic Specialists
Conference Preview
Dr. Steven Ringel, IEEE PVSC-42 General Conference Chair
It is my distinct pleasure to invite you to be a part of the
42nd IEEE Photovoltaic Specialists Conference on June 14–
19, 2015, which I am in particular proud to host at the New
Orleans incredible, new Hyatt Regency Convention Center.
New Orleans is a city that needs no introduction. It has an
abundant mix of cultural, culinary, historical, musical, beautiful, and fascinating attractions and boasts a vibrant grass
roots solar community and is a Solar America City, so there
promises to be great synergy between the local region and the
PVSC. This year’s conference promises to uphold PVSC’s tradition as a premier international conference on the science and
technology of photovoltaics by providing an interactive forum
for researchers, students, scientists, engineers, technology and
business leaders from industry, academia, government in an
environment conducive to strengthening collaborations and
sharing knowledge across the field of photovoltaics. We are
in particular thrilled there are more than 14 Invited Speakers
from around the world, more than half the participants are expected to be from outside the U.S., and most of the more than
900 paper submissions have come from abroad as well, with
49 countries represented.
From PV discovery to deployment, our vision is to educate and grow our community to hasten the widespread availability of solar electricity to the benefit of all. Which is why
we are in particular honored to have the privilege to host Dr.
Jeremy Leggett, founder of the highly successful solar company
Solarcentury, as our 42nd IEEE PVSC keynote speaker who
will talk about how PV technologies can be successfully transitioned from the laboratory to manufacturing and, moreover,
how our PV technologies can make a direct, powerful impact
on the world we live in. As an exemplary example, also during
our keynote session we will have the wonderful opportunity to
hear Dr. Susan Spencer discuss the activities of SolarAid, also
created by Dr. Leggett, which is a leading international solar
lighting charity working to build a sustainable market for solar lights with the goal of eradicating the kerosene lamp from
Africa by 2020.
The PVSC technical program this year endeavors to cover
all aspects of photovoltaics while catering to the full spectrum of knowledge and innovation in 11 technical areas
spanning basic photovoltaic science, novel PV materials,
device and module architectures, device and system performances, novel characterization techniques, component and
system deployment and reliability as well as in knowledge
gained from field experiences. In keeping with our conference tradition the PVSC-42 will host specific keynote addresses, plenary talks, oral-presentation sessions and poster
sessions in all 11 technical areas, which are designed to provide each PV specialist ample opportunity to delve deeper into select topics or to expand their horizons into new
PV related areas. To complement our technical program
the PVSC-42 will offer full day short courses and half day
April 2015

t utorials covering a wide range of photovoltaic related topics that are presented by leading experts in the field, and
host a dynamic Exhibition for companies and research labs
to showcase their latest products and innovations ranging
from characterization to manufacturing, bringing scientists,
technologists and students together with leading PV industries and organizations. To close out the conference we have
organized an incredible evening for you to enjoy in a style
that is vintage New Orleans at the venerable Generations
Hall for the PVSC’s first-ever Masquerade!
In addition to our daily conference events we are thrilled
to invite the Louisiana Solar Community and public to participate in SolarDay 2015 on Sunday, June 14, 2015 at the
University of New Orleans Lindy Boggs Conference Center.
The event will proceed from 11 AM–5 PM and include a student solar power competition, solar demonstrations, and lots of
great information on how to lower your utility bills and green
your lifestyle!
The 42nd IEEE PVSC is now accepting late breaking news
articles, so please take a moment to review the conference
program (www.ieee-pvsc.org) and submit your latest research
findings in the form of a three-page article by the submission
deadline of Friday, April 10, 2015. Lastly, don’t forget to take
advantage of our early-bird discounted conference registration
rate, which is only available through May 5, 2015.
Please join us in continuing the PVSC’s tradition as the preeminent conference dedicated to the science and technology of
photovoltaics! On behalf of all the volunteers who comprise
the PVSC Organizing, Cherry, and International Committees,
I look forward to personally welcoming you in New Orleans for
the 42nd IEEE PVSC!
IEEE Photonics Society NEWSLETTER
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International Conference on Optical MEMS
and Nanophotonics (OMN) Preview
Dan Marom, General Chair
This year we are celebrating the 20th annual
meeting of the Optical MEMS and Nanophotonics (OMN) Conference and I am personally
proud to host the conference in the beautiful,
culturally and historically important city of
Jerusalem, the capital of Israel. OMN is an annual conference that draws in leading researchers and scientists from around the globe, from
industry and academia, who harness light, or
photons, and control its propagation phenomena via interaction with engineered structures
at the micro- and nano-scale. OMN conferences take place every August and exhibit a
truly international character, with the conferences being hosted cyclically between North
America, Europe, and the Far East, at sites of great travel
appeal. This year’s conference promises to follow the tradition
of past OMN conferences, with noteworthy Plenary Speakers,
stimulating Invited Speakers, select contributed papers to be
presented orally, while others during poster sessions allowing
personal interaction between researchers.
The conference’s two main themes of Optical MEMS and
Nanophotonics are supported by my co-chairs, Prof. Joseph
Talghader of University of Minnesota and Prof. Ming-Chang
Lee of National Tsing Hua University. For this year’s conference, we have two internationally recognized luminaries
of their fields as Plenary Speakers: Mordechai (Moti) Segev,
Professor of Physics from the Technion, who will talk about
sparsity-based subwavelength imaging and super-resolution in
time, frequency, and quantum systems and David Mendlovic,
Professor of Electrical Engineering from Tel Aviv University,
who will describe his recent activities in multi-dimensional
hyperspectral imaging system. In addition, 13 Invited Speakers from around the globe will be covering the many topics
of interest to OMN, including MEMS materials and metasurfaces, optoelectronic and optomechanic devices, nanophotonics enabled devices from cavities to light enhancement in
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applications including spectroscopy, biophotonics, quantum
information and light-matter interaction.
OMN 2015 will take place August 2–6, on the beautiful
Edmund J. Safra Campus of the Hebrew University, on the
city’s Western side. A welcome reception on the first night
will be followed by four days of scheduled technical sessions, a
poster session with complimentary beer and wine, a conference
Gala Night, and a walking guided tour of the Old City. The
conference operates with a single session, ensuring attendees
full access to all the latest reported findings, and provides ample opportunity for interaction at lunch and coffee breaks. In
addition, we will be offering optional pre- and post-conference
tours to complement your visit to OMN.
Jerusalem is a fascinating, 4000 year old city to visit, rich
with historical, religious, and cultural heritage, and bustling
today with a diverse population. Among its main attractions
are the Old City, including its religious sites holy to the Christian, Muslim, and Jewish faiths, its outdoor markets, museums
covering its history, people, and the arts, its diverse neighborhoods, and lively night scene. Summertime temperatures can
vary from mild to hot but of low humidity, with cool evenings
requiring a light jacket.
OMN is now accepting contributed papers
in diverse applications in technology relevant
fields such as imaging, communication, sensing, and instrumentation, as well as the sciences such as biology and medicine, chemistry and
fundamental physics. So please take a moment
to review the agenda planned for this year’s
OMN conference (http://www.omn2015.org)
and submit your latest research findings in the
form of a two page Paper by the submission
deadline of Tuesday, April 14, 2015.
My co-Chairs and I are looking forward to
your attendance at OMN 2015 this summer
in Jerusalem, to help make this year’s conference the greatest ever!
IEEE Photonics Society NEWSLETTER

49

50

IEEE Photonics Society NEWSLETTER

April 2015

IPC

2015

28th IEEE Photonics Conference

4-8
October
Hyatt Regency Reston
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USA
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General Chair
Martin Dawson
University of Strathclyde, Scotland

Submission
Deadline

Member-at-Large

4 May

Thomas Clark
JHU Applied Laboratory, USA

Program Chair
Hilmi Volkan Demir
NTU Singapore and Bilkent University, Turkey

www.IPC-IEEE.org
www.PhotonicsConferences.org
www.PhotonicsSociety.org

April 2015

IEEE Photonics Society NEWSLETTER

51

12

th

I n t e r n at I o n a l

C o n fe r e n C e

o n

2015
g r o u P I V P h oto n I C s

26-28
AUGUST
Pinnacle Vancouver harbourside hotel
Vancouver, British Columbia
general ChaIr:
PaVel CheBen
National Research Council,
Canada
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Avionics and Vehicle Fiber-Optics and Photonics Conference

2015

10-12 november

The Fess Parker Santa Barbara
Santa Barbara, CA USA

PA P E R S U B m I S S I O n d E A d L I n E : 1 0 j U n E 2 0 1 5

Gregory Abbas, General Chair
EOSPACE, USA
Michael Hayduk, Program Chair
Air Force Research Laboratory, USA

www.AVFOP-IEEE.org
www.PhotonicsSociety.org
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IEEE Photonics
Society
Co-Sponsored
Events
Information
Technology
Solutions

2015
IBP

10-15 May 2015
Conference on Lasers and Electro-Optics
San Jose, California USA
CLEOconference.org

APOS

Photonics North

20-22 May 2015
The 5th Asia Pacific Optical Sensors Conference
Jeju Island, South Korea
APOS2015.org

PVSC

14-19 June 2015
IEEE 42nd Photovoltaic Specialists Conference
New Orleans, Louisiana USA
IEEE-PVSC.org

OECC

28 June – 2 July 2015
2015 Opto-Electronics and Communications Conference
Shanghai, China
OECC2015.sjtu.edu.cn

OMN

2-6 August 2015
2015 International Conference on Optical MEMS
and Nanophotonics
Jerusalem, Israel
OMN2015.org

MOC

25-28 October 2015
2015 20th Microoptics Conference
Fukuoka, Japan
Comemoc.com/moc15
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CLEO

23-25 April 2015
IEEE International Broadband and Photonics Conference
Bali, Indonesia
IBP-Conf.org
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9-11 June 2015
Photonics North 2015
Ottawa, Canada
PhotonicsNorth.com

ETOP

29 June—2 July 2015
Education and Training in Optics & Photonics
Talence, France
ETOP2015.u-bordeaux.fr

NUSOD

7-11 September 2015
15th International Conference on
Numerical Simulation of Optoelectronic Devices
Taipei, Japan
NUSOD.org/2015

PS

22-25 September 2015
Photonics in Switching
Florence, Italy
PS2015.com

ICMAP

11-13 December 2015
2015 International Conference on Microwave and Photonics
Dhanbad, India
ICMAP2015.org
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Optical Waveguides: Technologies and Applications
Submission Deadline: June 1, 2015
Hard Copy Publication: March/April 2016
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area
of Design Algorithms for Optical Fibres.. The purpose of this issue is to document recent progress and trends in the
development of leading-edge optical waveguide technologies through a collection of original and invited papers ranging
from fundamental research to advanced applications. The solicited areas include (but are not limited to):






Waveguide theory and techniques
Design of optical fibers for communications
Design of holey fibers
Nonlinear effects in optical waveguides






Waveguides for optical signal processing
Waveguides for sensing applications
High power waveguides
Particle accelerator waveguides

The Primary Guest Editor for this issue is Anthony C. Boucouvalas, University of Peloponnese, Greece. The Guest
Editors are: Levi Schachter, Technion, Israel, Mike Zervas, Southampton University, UK, Alan Willner, University of
South Carolina, USA, and Stuart Walker, University of Essex, UK.
Unedited preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1 week of the final files being
uploaded by the author(s) on ScholarOne Manuscripts. Posted preprints have digital object identifiers (DOIs) assigned to them
and are fully citable. Once available, the preprints are replaced by final copy-edited and XML-tagged versions of manuscripts on
IEEE Xplore. This usually occurs well before the hardcopy publication date. These final versions have article numbers assigned
to them to accelerate the online publication; the same article numbers are used for the print versions of JSTQE.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed
paper). Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of
all authors are mandatory, photographs are optional. See the Tools for Authors link:
www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and
previously published papers. Authors should ensure that relevant previously published papers are cited and that instances of
similarity are justified by clearly stating the distinction between a submitted paper and previous publications.
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Biophotonics

Submission Deadline: August 1, 2015
Hard Copy Publication: May/June 2016
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of
Biophotonics. The purpose of this issue of JSTQE is to highlight the recent progress and trends in the development of leadingedge photonic technologies that address current challenges in biology and medicine. Since the invention of the microscope, light
has played a crucial role in the discovery of phenomena in all forms of life, from single-celled organisms to humans. Here we
are looking for submissions that describe optically-based technologies that push the current capabilities of sensing, metrology,
and imaging in biological environments. Successful submissions should describe technologies that are either directly used for or
motivated by a need for quantitative insight in biological systems with high impact in biology and/or medicine.
Specific areas of interest include (but are not limited to):








Super-resolution and single-molecule techniques including cellular, intracellular, and molecular optical imaging
Minimally-invasive in vivo optical imaging including photo-acoustic, photo-thermal, diffuse-photon, OCT, speckle, hyperspectral, confocal and multi-photon for endoscopic, translational, and clinical applications
Spectroscopy-based biophotonics techniques including fluorescence, Raman, elastic scattering, evanescent-wave, and
near-/mid-IR spectroscopy
Optical trapping in biological media
Other optical methods for sensing and quantitative studies in biological media
Nanoparticles with unique optical properties used for biological sensing / contrast agents or therapy
Photonic signal processing for estimation/quantification in biological media

The Primary Guest Editor for this issue is Amy Oldenburg, University of North Carolina at Chapel Hill, USA. The Guest Editors
are Yu Chen, University of Maryland College Park, USA, Diego Krapf, Colorado State University, USA, Anita MahadevanJansen, Vanderbilt University, USA, Jannick Rolland, University of Rochester, USA, and James Tunnell, University of Texas
at Austin, USA.
Unedited preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1 week of the final files being uploaded
by the author(s) on ScholarOne Manuscripts. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully
citable. Once available, the preprints are replaced by final copy-edited and XML-tagged versions of manuscripts on IEEE Xplore. This
usually occurs well before the hardcopy publication date. These final versions have article numbers assigned to them to accelerate the
online publication; the same article numbers are used for the print versions of JSTQE.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link:
www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are justified
by clearly stating the distinction between a submitted paper and previous publications.
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Nanobiophotonics
Submission Deadline: October 1, 2015
Hard Copy Publication: July/August 2016
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area
of Nanobiophotonics. The purpose of this issue of JSTQE is to highlight the recent progress and trends in the
development of leading-edge nanobiophotonics technologies. Areas of interest include (but are not limited to):
•
•
•
•
•
•
•
•
•
•
•
•

Ultrahigh-resolution optical nanoimaging and nanoscopy beyond the diffraction limit in the nanoscale range
Novel nanoscale imaging technology such as Correlative Light-Electron Microscopy (CLEM)
Live cell and in-vivo cellular/molecular nanobiophotonics imaging and sensing
Single molecule spectroscopy and imaging
Plasmonic, quantum-dot, and nanoparticle based probes for biosensing/imaging
Nanoparticle-enhanced optical diagnostics and therapeutics
Advanced nanobiophotonics for cancer imaging, brain mapping, and other biomedical applications
Optical manipulation of nanoparticles
Nanophotonic components and techniques for optogenetic manipulation of neural activity
Novel nanobiomaterials engineered for photonics applications
Lab-on-chip based nanobiophotonics systems
Passive and active photonic devices for biosensing and chemical sensing

The Primary Guest Editor for this issue is Yu Chen, University of Maryland, USA. The Guest Editors are Filbert Bartoli,
Lehigh University, USA, Xudong Fan, University of Michigan USA, J. Quincy Brown, Tulane University, USA, Gabriel
Popescu, University of Illinois at Urbana-Champaign, USA, and David Sampson, University of Western Australia,
Australia.
Unedited preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1 week of the final files being
uploaded by the author(s) on ScholarOne Manuscripts. Posted preprints have digital object identifiers (DOIs) assigned to them
and are fully citable. Once available, the preprints are replaced by final copy-edited and XML-tagged versions of manuscripts on
IEEE Xplore. This usually occurs well before the hardcopy publication date. These final versions have article numbers assigned
to them to accelerate the online publication; the same article numbers are used for the print versions of JSTQE.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed
paper). Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of
all authors are mandatory, photographs are optional. See the Tools for Authors link:
www.ieee.org/web/publications/authors/transjnl/index.html.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and
previously published papers. Authors should ensure that relevant previously published papers are cited and that instances of
similarity are justified by clearly stating the distinction between a submitted paper and previous publications.
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Preliminary Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Parity-Time Photonics

Submission Deadline: December 1, 2015
Hard Copy Publication: September/October 2016
The IEEE Journal of Selected Topics in Quantum Electronics invites manuscripts that document the current state-of-the-art in ParityTime Photonics. Recent theoretical and experimental developments have demonstrated that ideas spawned from “Parity-Time Symmetry
Breaking” considerations have influenced a wide community of optics experimentalists, laser designers and photonic technologists advancing
the state-of-the-art in ultrafast reconfigurable photonic integrated circuits and next generation ultrafast low energy consumption light emitters.
The field came to exist from the merging of two avenues; first it judiciously solved one of the classic problems of the high loss optical
metamaterials structures, and, second, translated ideas from quantum field theory into the paraxial approximation for propagation of
electromagnetic waves. The parity-time paradigm was originally introduced in the framework of optical systems and next-generation photonic
integrated circuits in the late 2000’s. A series of manuscripts showed that it is possible even for non-hermitian hamiltonians to exhibit an entirely
real eigenvalue spectrum, as long as they are parity-time symmetric. The key question that the optics community posed was whether such
concepts were realized and implemented in the context of guided-wave optics. The answer was affirmative and such results can be achieved via
judicious designs that involve a delicate combination of optical gain or loss regions. Novel findings were investigated including abrupt phase
transitions, band merging, double refraction, beam splitting, power oscillations, non-reciprocity, phase-dislocations and discrete solitons.
Our special issue aims at showcasing all developments in this area. We will consider theoretical, numerical, and experimental papers that cover
but are not limited to these topics:
(A1) novel lasers and large scale photonic integrated circuits
(A2) optical isolators
(A3) photonic topological insulators,
(A4) plasmonic circuits based on parity-time designs,
(A5) coherent absorbers, couplers etc.
The Primary Guest Editor for this issue is Vassilios Kovanis, Virginia Tech, and the Guest Editors are Jennifer Dionne, Stanford University,
Anton Desyatnikov, Australian National University and Demetrios Christodoulides, CREOL, University of Central Florida.
The deadline for submission of manuscripts is December 1, 2015. Hardcopy publication of the issue is scheduled for September/October
2016.
Unedited preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1 week of the final files being uploaded by the
author(s) on ScholarOne Manuscripts. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once
available, the preprints are replaced by final copy-edited and XML-tagged versions of manuscripts on IEEE Xplore. This usually occurs well
before the hardcopy publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same
article numbers are used for the print versions of JSTQE.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following document are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link:
www.ieee.org/web/publications/authors/transjnl/index.html.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously published
papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are justified by clearly stating
the distinction between a submitted paper and previous publications.

58

IEEE Photonics Society NEWSLETTER

April 2015

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

The IEEE/OSA Journal of Lightwave Technology presents a forum for authors to publish expanded
papers in a Special Issue on the 24th International Conference on OPTICAL FIBRE SENSORS. The
Chairs of the conference serve as Guest Editors in this endeavor.
On behalf of the Guest Editors and the Editor-in-Chief, we encourage you to submit an expanded version
of your accepted conference paper to the journal. Typically, these papers are 5 to 7 pages in length.
Mandatory page charges of $260USD per page are enforced in excess of 7 pages. This paper would
appear in an upcoming JLT special issue titled "OFS 24." Normally, a large number of invitees take
advantage of the opportunity. Based on this, we hope you will be able to submit such a paper. Tutorial
presenters will be invited individually. Tutorial review papers can range up to 16 pages in length. The
print issue is Sept/Oct 2016 with accepted papers posted online and citable within 1 week of author final
file upload.

Submissions by website only: http://mc.manuscriptcentral.com/jlt-ieee
Manuscript Type: “OFS24”
Submission questions: Doug Hargis, Journal of Lightwave Technology d.hargis@ieee.org
• Physical, Mechanical, and Electromagnetic Sensors
• Chemical, Environmental, Biological and Medical Sensors and Biophotonics
• Interferometric and Polarimetric Sensors including Gyroscopes
• Micro- and Nano-structured Fiber Sensors including the Photonic Crystal Fibers and
Gratings Sensors
• Distributed Sensing; Multiplexing and Sensor Networking
• Smart Structures and Sensors including the SHM systems
• Sensor Application, Field Tests and Standardization
• New fibers, Devices and Subsystems for Photonic Sensing including the ones for
security and defense
• New Concepts for Photonic Sensing
Guest Editors: Prof. Wojtek J. Bock, University of Quebec; Prof. José Luis Fabris and Prof. Hypolito José
Kalinowski, Federal University of Technology – Paraná, Brazil.

Submission deadline:
18 December 2015
April 2015
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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 Society’s Field of Interest is lasers, optical
and photonic devices, optical fibers, and associated lightwave technology and their systems
and applications. The society is concerned
with transforming the science of materials, optical phenomena, and quantum electronic devices into the design, development, and manufacture of photonic technologies. The Society
promotes and cooperates in the educational
and technical activities which contribute to
the useful expansion of the field of quantum
opto-electronics and applications.
The Society shall aid in promoting close cooperation with other IEEE societies and councils
in the form of joint publications, sponsorships
of meetings, and other forms of information
exchange. Appropriate cooperative efforts will
also be undertaken with non-IEEE societies.
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