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Editor’s
Column

IEEE Photonics Society

Nicolas Fontaine
Hello readers! I hope everyone’s summer has been productive and enjoyable. We have been working hard to
add new content into the newsletter. Hope you enjoy!
Have you wondered who are the leaders of the IEEE
Photonics Society and what the leadership does? We have
introduced a new series, “Get to Know Your Photonics
Society Leadership,” in which we will interview a leader
and ask them to describe their function in the Society,
and what they can do for you. This issue features Benjamin G. Lee, a member of the Board of Governors. The
next issue will feature Catrina Coleman from the Publications Council.
Additionally, Dominic Siriani, the Associate Vice
President of Communications, has introduced a new
column geared toward young professionals. It will cover
some of the non-technical aspects of being an IEEE Photonics Society member including career advice, networking, and community involvement.
We also welcome two new Associate Editors. The
first is Juan A. Hernández-Cordero from the Universidad
Nacional Autónoma de México. He will source research
highlights and news from IEEE’s Region 9, which includes Central, Latin and South America. Dr. Joel Carpenter from the University of Queensland in Australia
will cover Region 10, which includes Australia and Asia.
In this issue we have a research highlight article from
Dr. Carpenter showcasing his research in the modal
properties of optical fibers. Spatial modes provide an orthogonal degree of freedom that can increase the amount
of information that can be transmitted in a small optical
core. Applications include image transmission, endoscopy, and optical communications. The primary challenge is figuring out how to undo any mode-mixing or
scrambling through the fiber. Joel is one of the world
experts in mode manipulation and will show several ways
to control modes for useful applications. Additionally, he
creates some of the most visually exciting/animated presentations I’ve ever seen. Check out his youtube channel,
https://www.youtube.com/user/joelacarpenter, to learn
more about spatial modes in multimode fibers.
As the ECOC conference taking place in Gothenburg
Sweden approaches in September, it is fitting to have an
article from Sweden. This month features an industry
highlight from Ericsson describing their involvement in
photonics and communications.
I hope you enjoy reading the articles! I welcome any
feedback, suggestions, and comments, and look forward
to working with you on future issues.
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President’s
Column
Kent Choquette

“Learning without thought is labor lost; thought without learning is
perilous”
—Confucius
There are roughly 400 k members of the IEEE, and within that
there are approximately 7000 members of the IEEE Photonics Society (IPS). Why are you a member? There are literally
thousands of different reasons, but over the next few months I
will like to discuss some of the member benefits that I think
are important and the role that these activities play within the
Photonics Society. This month I will begin with conferences.
As I am writing this we are beginning the second half of the
2017 conference year. Please be sure to view the Photonics
Conference Calendar at www.photonicssociety.org/conferences.
Obviously the communication and dissemination of technical information related to the photonics field is an important
aspect of IPS. So to that end, IPS supports and sponsors many
high-quality technical conferences in which contributed and invited speakers are solicited for one or more technical topics that
fall within our Society’s field of interest. The Photonics Society
is involved with three types of technical conferences: conferences
with which we have a financial partnership with other Societies,
conferences we own, and conferences we technically co-sponsor.
These conferences can have large attendance (multi-thousand)
or can be a more intimate size (100+ attendees). For IPS members, the benefits from conferences include: learning the newest
technical advances directly from the sources; top-notch professional participation and networking; and access to the abstracts
after the conference. The latter is a sometimes underappreciated benefit both to Members as well as to our Society finances.
IEEE sponsored conferences have specific guidelines that must
be met, and in most cases the abstracts are loaded and available
at IEEE Xplore after the conference. This has a varying financial
impact on our Society as I will discuss below.
Our two biggest co-owned conferences are the Optical
Fiber Conference (OFC) and the Conference on Lasers and
Electro-Optics (CLEO). OFC this year was held at Los Angeles, CA, USA in March and was preceded by our Board of
Governors and Strategic Planning meetings. Fiber optics and
optical communication are topics that have a broad overlap
with IPS membership. OFC continues to benefit from a strong
technical program, large attendance, and a significant industry exhibit where hundreds of companies display and report
upon their products and services. The income to our Society
from OFC is significant, so the sustained growth and health
of OFC is important to IPS. CLEO, which was held at San
Jose, CA, USA in May has lower attendance than OFC, but
has a broader photonics perspective with topics varying from
fundamental science and innovations to applications and technology. Hence, a paper presented at CLEO can have a wide
viewing audience even after the conference. You might be surAugust 2017

prised to learn that CLEO abstract downloads number in the
top one percent of IEEE Xplore conference proceedings! Note
that a Society within IEEE receives revenue from IEEE Xplore
based on the use and frequency of downloads from their conferences. Thus, CLEO abstract downloads produce a sizable
revenue stream to our Society that continues for several years
after the conference.
The Photonics Society also technically co-sponsors conferences
throughout the year—conferences in which our Society does not
have financial responsibility, but for which we do provide advertising and branding. These co-sponsored conferences often have
a topical or geographical focus, and all are reviewed by the IPS
Conference Council to ensure they meet IEEE standards as well
as our Society sponsorship criteria. For technical co-sponsorship,
the requirement for making the conference abstracts available on
IEEE Xplore produces a charge to our Society, which hopefully is
repaid in later years by download revenue. Prominent examples
of technically co-sponsored conferences include meetings and
workshops organized by IPS Chapters around the world.
Our Society organizes and financially owns several middlesized to small conferences that are held every year. With the
exception of the IEEE Photonics Conference (IPC), these financially sponsored IPS conferences are focused on specific topics
that have emerged in the past decade. The Optical Interconnects Conference was held in June at scenic Santa Fe, NM,
USA. The technical highlights of this year’s meeting included
a workshop discussing the advantages and challenges for “onboard optics” as optical communication gets closer to the chip
in datacenters, with speakers from Ayer Lab, Finisar, Broadcom, and Microsoft.
The Summer Topical Meeting Series was held in July at San
Juan, Puerto Rico. This is one of the oldest IPS conferences and
has several unique aspects. The Summer Topicals are a collection
of four to six small conferences or workshops organized around a
unifying theme. The goal of a Topical meeting is to get all the experts in a particular field together for three days; the topics are chosen and organized each year by volunteers in the area. The intent
is to foster a technical community around an emerging topic. In a
given year, when we co-locate several Topical meetings together, the
result is often a unique learning experience for the attendee. This
year the Summer Topicals were focused on integrated photonics and
included: Integrated photonics for UV and visible; Integrated photonics for MidIR; Low energy integrated nanophotonics; Optical
switching technologies for datacom and computercom; Photonics
research for 5G; and Quantum networks. As you can see from the
breadth of these six Topicals, abstracts from these talks during the
three days in Puerto Rico will be of continuing interest. A special
crosscutting event at this year’s Summer Topicals was the STEM
Outreach Ambassador Lunch and Learn which included instruction
(continued on page 16)
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Research highlights

Everything You Always Wanted to Know About
Multimode Fiber*
*but were unable to measure
Joel Carpenter
School of ITEE, The University of Queensland, Brisbane, QLD 4072, Australia
Abstract—Advances in the measurement and manipulation
of light’s spatiotemporal properties are overcoming many of
the practical difficulties which have traditionally limited the
applications of multimode optical fiber. Applications such as
mode division multiplexing (MDM) exploit fiber modes to
increase transmission capacity for telecommunications, while
biomedical imaging is employing multimode fibre to create
endoscopes at the theoretical limits of compactness. These new
techniques require multimode fiber propagation to be characterized and controlled with a level of detail not previously
available and in doing so, it is also yielding insights into the
fundamentals of fiber optics itself. For example by the observation of well-known, but previously unobserved phenomena
such as principal modes.

Introduction
The theory of optical waveguides is a well-established part of
optical physics extending back decades. It forms a framework
that is used to understand and describe a whole range of phenomena observed in optical fibers and waveguides. However
the study and applications of light propagation in multimode
waveguides has historically suffered from a large gap between
the mathematically rigorous but idealized theory and the practical realities of what can be known or implemented experimentally. Calculating how spatial modes behave is well d efined
mathematically, but applying that theory to actual physical
fibers in practice has generally involved many unknowns,
approximations and experimental obstacles. This is largely
a product of the difficulties of dealing with spatial modes.
Compared to other properties of light, such as wavelength or
polarization, spatial modes are relatively difficult to create,
relatively difficult to analyze, and exhibit ‘random’ and ‘unpredictable’ behavior in real fibers due to perturbations such
as mechanical stress, temperature and manufacture. For this
reason, many applications either avoid using multimode waveguides entirely in favor of single-mode waveguides, or simply
incur the drawbacks of working with multimode fiber in order to gain other benefits. However in recent years, advances
in several fields have begun to tame light’s spatial properties,
allowing the advantageous aspects of multimode fiber to be
exploited, without having to incur many of the penalties typically associated with its usage.
For example, long-haul communications have traditionally
used single-mode fiber to avoid the complications and limitations of spatial mode dispersion and mode coupling. However
in recent years, it has been demonstrated that through mode di4
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vision multiplexing (MDM) [1] a multimode fiber can support
a higher total information capacity than a single-mode fiber by
exploiting each mode as an orthogonal channel. For high-power
fiber lasers, single-mode fiber is advantageous as it produces
a reliable diffraction limited spot without spatial mode dispersion. However the larger effective area of multimode fiber
means less nonlinearity, higher power handling, and of course
the ability to generate non-Gaussian beams. In biomedical imaging, bundles of individual fiber cores are used as endoscopes,
with each independent core acting as a single pixel. There is a
desire to place the cores as close as possible to maximize the resolution of the image, however if the cores are too close, they will
couple and cease to be independent. A multimode fiber is the
extreme case where all formerly independent cores have been
collapsed into a single large multimode core. This maximizes
the amount of detail which can be transmitted through the fiber for a given cross-sectional area, but of course a multimode
fiber is not image preserving, with an image coupled into one
end arriving at the other as a complicated speckle pattern. In
all these applications, amongst others, the key requirements are
the same: the spatial and/or temporal properties of light propagation in a multimode fiber must be measured, so they can then
be controlled and/or c ompensated for.
It has recently become possible to measure the entire optical transfer function of a multimode fiber. This is a complete
linear description of light propagation in the waveguide, from
which any linear property can be extracted and the results of
any linear experiment predicted. The optical transfer function
can map any spatiotemporal distribution of light at one end
of the fiber to its corresponding spatiotemporal distribution
at the other end. It provides a complete mapping of light between the ends of the fiber both spatially and temporally. This
is an incredibly powerful measurement as it not only enables
applications such as those mentioned above, but also provides
insights into the fundamentals of fiber optics itself. This includes the ability to experimentally observe theoretical fiber
propagation phenomena such as principal modes for the first
time, as well as quantifying well known phenomena in unprecedented detail and completeness, bringing experimental
rigor to the well-defined mathematical framework of optical
waveguide theory.

Optical Transfer Matrix
Light propagation in a multimode fiber is often thought of
as ‘random’ and ‘unpredictable’. Multimode fiber is a type of
scattering media where light tends to become redistributed
August 2017
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Figure 1. (a) Image transmission through a multimode fiber. An input image is linked to its corresponding output speckle pattern
through the optical transfer matrix of the fiber. (b) Mode division multiplexing (MDM). Input spatial channels at the receiver are
linked to their corresponding output mode superpositions at the receiver through the optical transfer matrix of the fiber.

amongst various spatial paths (modes) as it propagates. This
scattering effect is illustrated in Figure 1 (a), where an image
of the letter ‘A’ coupled into one end of the fiber (left side),
appears at the other (right side) as a scrambled speckle pattern. This process also holds in the reverse direction. If the
conjugated field of the scrambled speckle pattern were to be
coupled into the fiber from the right, it would generate the
letter ‘A’ on the left.
The relationship between the spatial fields at both ends of
the fiber is not random, it is a linear transformation and can be
entirely specified by an N # N complex matrix, where N is the
number of spatial/polarization modes the fiber supports [2],
[3]. Each element of this matrix specifies the amplitude and
the phase of the coupling between a pair of spatial/polarization
modes at the ends of the fiber. This is a direct generalization of
polarization in single-mode fiber which can be represented by
a 2 # 2 Jones matrix. Just as for multimode fiber, polarization
transformation through an SMF appears ‘random and unpredictable’ but it is entirely specified by the Jones matrix. Any
polarization can be created at one end of a single-mode fiber
by manipulation of the input polarization state and knowledge
of the Jones matrix. Similarly, any spatial state can be created
at one end of a multimode fiber by manipulation of the input
spatial state and knowledge of the optical transfer matrix. This
enables applications such as multimode fiber imaging, as illustrated conceptually in Figure 1 (a), as through the optical
transfer matrix it is possible to directly map a speckle pattern
at the proximal end of the fiber, to the original image at the
distal end which caused it. Similarly, by coupling the required
speckle pattern into the proximal end, it is possible to generate a desired image at the distal end, such as raster scanning a
focused spot.
Multimode Fiber Imaging vs. Mode
Division Multiplexing
Although the application is quite different, mode division multiplexing (MDM) operates on similar principles to multimode
fiber imaging. In multimode fiber imaging, a superposition
of modes at the distal end of the fiber can be numerically (or
physically) back-propagated to recover (or regenerate) the origiAugust 2017

nal image. In MDM as illustrated conceptually in Figure 1 (b),
superpositions of modes at the receiver must be numerically
back-propagated to recover the original channels they correspond with at the transmitter. Multimode fiber imaging employs potentially thousands of modes, but not necessarily every
mode the fiber supports, and there is generally only one image
being transmitted at a time which must be recovered. Mode
division multiplexing employs a relatively small number of
modes (6–30 modes) but uses every mode the fiber supports
and generally transmits as many channels as there are modes
of the fiber. In multimode fiber imaging, each mode is like a
pixel which can be used to increase the detail of the image. For
mode division multiplexing, each mode is an orthogonal spatial
channel which can be used to increase the information capacity
of the transmission.
Measuring the Optical Transfer Matrix
For polarimetry, there are many ways to measure the Jones or
Stokes matrices using combinations of polarizers and waveplates. What all techniques have in common is that different
polarization states are input at one end, and the resulting polarization state at the output is measured. With this, the amplitude and phase of the horizontal and vertical components
at the output are specified for both the horizontal and vertical
components at the input respectively, creating the 2 # 2 complex Jones matrix. From this, how the system will transform
any arbitrary polarization can be predicted.
For multimode fiber, the idea is the same, but there is now
a spatial degree of freedom which must be addressed. For this,
spatial light modulators (SLM) and/or CCD cameras are employed to generate and analyze arbitrary spatial/polarization
states. A system for measuring the optical transfer matrix is
shown in Figure 2. It consists of a spatial light modulator
based system at the input, which can be used to convert the
Gaussian beam coming from the input single-mode fiber, to
an arbitrary spatial mode of the multimode fiber. This excited
mode then propagates through the fiber and arrives at the output as a different superposition of modes. At the output, an
identical SLM-based system operates in the reverse direction
as a kind of beam analyzer. This SLM system can display phase
IEEE Photonics Society NEWSLETTER
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Figure 2. System for characterizing the optical transfer matrix of a multimode fiber. The SLM-system on the left, excites each spatial
and polarization mode the fiber supports, while the SLM-system on the right analyses the resulting superposition of modes at the
output of the fiber. [3], [10]

masks for each of the basis modes one at a time and measure the
coupling into the SMF. The total power coupled into the SMF
reveals the amplitude of the coefficient of each mode.
There are several different ways to measure the relative
phase of each of the modes but of course all require the interference of the mode being measured with some known reference. An external SMF reference taken directly from the source
could be used, but would be liable to phase drift, as well as
requiring matching the path lengths to within the coherence
length of the source. In these experiments, the fundamental
mode of the multimode fiber itself is used as the phase reference. For each input mode being measured, an orthogonally
polarized LP0,1 mode is excited by the SLM, and for each output
mode an orthogonally polarized LP0,1 mode is measured. With
a polarimeter attached at the output, it is possible to retrieve
the phase of the modes relative to the fundamental mode. This
is a quasi-common-path interferometer with relatively slow
drift over time.
Once the optical transfer matrix of a fiber is measured, there
is now a complete description of the relationship between the
spatial/polarization fields at the input and output of the fiber
for the measured wavelength. This reveals properties of the
fiber such as mode coupling, insertion loss and mode dependent loss, which are of interest when characterizing multimode
waveguides or components. However perhaps more excitingly,
this allows the spatial scattering effects of the fiber to be negated, and for light to be delivered (or numerically processed)
at the far end of the fiber, as if it had never propagated through
a scattering medium at all.
An illustration of multimode fiber imaging is shown in
Figure 3. Figure 3 (a) illustrates the generation of a vertically
polarized LP0.5 mode at the end of a 2 m length of 50 μm core
graded-index multimode fiber at 1550 nm which supports 45
spatial modes per polarization. The SLM at the input is configured to excite the illustrated amplitude, phase and polarization
distribution, which results in the observed mode exciting the
fiber as a vertically polarized LP0.5. Figure 3 (b) illustrates an6
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other example, whereby the SLM at the input of the same fiber
has been configured to generate the letters ‘H’ and ‘V’ in the
horizontal a vertical polarizations respectively.

Optical Transfer Function
The optical transfer matrix is a spatial mapping between the
two ends of a multimode fiber which describes the spatial scattering of light which occurs during propagation. However as
light is scattered amongst the various spatial modes of the
fiber, it is not only spatial scattering which is occurring, but
due to the differential group delay of the modes, this also leads
to temporal scattering. This is spatial mode dispersion, a type
of multipath interference. This means that the optical transfer
matrix is wavelength dependent. Measuring the optical transfer matrix as a function of wavelength yields the optical transfer function. A complete linear description of the behavior of
the fiber which maps the input and output of the fiber not just
in space, but also in time. This is illustrated conceptually in
Figure 4. Through the optical transfer function any spatial/polarization input field can be mapped to any spatial/polarization
output field at any wavelength, but also through the Fourier
transform, it is possible to map any spatiotemporal field at the
input to its corresponding spatiotemporal output. That is, not
only is it possible to quantify the spatial scattering as was done
for the optical transfer matrix, but also the temporal scattering.
Measuring the optical transfer function encapsulates all
the fiber’s linear properties and hence it is possible to extract
any linear parameter or simulate any linear experiment from
this dataset. In this sense it is the only linear characterization
measurement that need ever be performed on the fiber. The
optical transfer function can be measured simply by using a
tunable laser as the source in the system of Figure 2 and stepping through the desired wavelength range measuring discrete transfer matrices at each wavelength step. Alternatively,
a swept-wavelength interferometer (SWI) can be used in place
of the laser source and polarimeter. The SWI measures the
wavelength-dependent Jones matrix of a single-mode fiber
August 2017
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Figure 3. (a) Mode superposition at the input of a fiber used to generate a desired mode in a desired polarization at the output. (b)
The letters ‘H’ and ‘V’ generated in orthogonal polarizations at the fiber output. (c) Sequence of numerical characters projected to
the distal end of the fiber. [3]
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Figure 4. Light propagation in a multimode fiber can be described by its wavelength-dependent optical transfer function. A complete
mapping of light spatially and temporally between the ends of the fiber [11]

and hence the optical impulse response for each polarization
in and out. In combination with the spatial light modulator systems at input and output of the fiber, it is possible
to measure the impulse response between all of the modes
the fiber supports. That is, the entire wavelength dependent
optical transfer matrix; the optical transfer function. In this
way the SLMs are addressing the spatial component of the
datacube illustrated in Figure 4, and the swept-wavelength
interferometer is being used to measure the spectral/temporal
domain.
In the context of mode division multiplexing, the optical transfer function allows digital signal processing (DSP)
to completely time-reverse (back-propagate) the receiver
channels back to the transmitter. Undoing mode coupling,
as well as differential mode delay and chromatic dispersion.
For multimode fiber imaging, the optical transfer function allows images to be projected through the fiber as per Figure 3
in a wavelength-dependent way. An example is shown in Figure 5 for a 2m length of 62.5μm graded-index multimode
fiber which supports approximately 153 spatial modes per
August 2017

polarization, measured in the C-band (1525–1565 nm). Figure 5 (a) illustrates the result of inverting the optical transfer
matrix at 1545 nm so as to generate a horizontally polarized ‘m’
symbol. As the wavelength of the source is changed from
154 nm, the projected image quickly falls apart due to the
wavelength-dependence of the transfer matrix. The ‘prescrambled’ input state as calculated and excited at the input of
the fiber at 154 nm, only results in a ‘m’ output state for that
particular wavelength. However with knowledge of the optical transfer function, it is possible to update the input SLM as
the source wavelength is changed to maintain a ‘m’ output for
any wavelength.

Principal Modes
The ability to measure the optical transfer function opens up
possibilities for unprecedented control of the spatial, spectral
and temporal properties of light in multimode fiber. However
this new capability is also exciting as it is providing insights
into the fundamentals of fiber optics itself. Allowing phenomena such as spatial eigenmodes and principal modes to be
IEEE Photonics Society NEWSLETTER
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Wavelength Independent Inversion, U (λ = 1,545 nm)
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Wavelength Dependent Inversion, U (λ = λsource)
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Figure 5. (a) an image (m) is projected to the distal end of the fiber by inverting the optical transfer matrix as measured at 1545 nm. As
the wavelength is changed, the correct image is no longer generated. (b) Using the optical transfer function it is possible to generate
any spatial/polarization state supported by the fiber at any wavelength. Here the input SLM is adjusted as the wavelength is changed
to maintain the desired distal image. [11]

observed experimentally for the first time [4]–[6]. The completeness and rigor of the optical transfer function measurement brings hard experimental data to the theory of optical
waveguides.
The principal modes are a unique set of spatial/polarization
input/output states that unlike any other choice of basis are by
definition free of mode dispersion, even in the presence of mode
coupling. The principal mode basis is a wavelength-independent basis which minimizes modal dispersion and maximizes
spatial coherence for a given source bandwidth. Although
theoretically proposed over a decade ago within the context
of multimode fiber [7], and decades earlier within the context of generalized scattering phenomena in quantum chaos,
where principal modes are known as Eisenbud-Wigner-Smith
states [8], this phenomena had not previously been observed
experimentally. However with the ability to measure the optical transfer function, it not only became possible to find the
principal modes experimentally, but to excite and characterize
them using the same SLM-based system.
Principal modes were originally proposed in the context of
multimode fiber as a generalization of the principal states of
polarization (PSP). A birefringent element such as a piece of
calcite, waveplates or a polarization maintaining fiber all have
two well-defined principal states of polarization, the ‘fast’ and
‘slow’ axis. For simple birefringent elements such as these, the
‘fast’ and ‘slow’ axis would simply be two orthogonal linear
polarizations which represent the fastest and slowest possible
group delay through the component. Light travelling as one of
these principal states will experience no first-order polarization
mode dispersion. That is, it will propagate through the component associated with only 1 group delay. Launching light
into the component not aligned with a principal axis will cause
polarization mode dispersion (PMD) in the time-domain,
which in turn results in the output polarization state being
wavelength dependent, as the portions of the light propagating
as the ‘fast’ and ‘slow’ axis beat together.
A standard single-mode fiber also has some small birefringence, but this birefringence is randomly orientated and
distributed along the fiber length. This also gives rise to polarization mode dispersion for long lengths of single-mode
fiber. However single-mode fiber with randomly distributed b irefringence also has two orthogonal principal states of
8
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p olarization. These ‘fast’ and ‘slow’ axes need not be linearly
polarized and will in general not be the same polarization state
at input and output. Yet these still represent the polarization
states which propagate through the fiber with the fastest and
slowest possible delay, no first-order polarization mode dispersion and the least wavelength dependence. The principal states
for a given fiber can be found from the wavelength-dependent
Jones matrix, by finding the eigenmodes of the group-delay
operator [9]. That is, the polarization states at the input,
which result in a polarization state at the output, which has a
wavelength-derivative of zero. In the time-domain, these correspond with polarization states which propagate with a single
group-delay; the ‘fast’ and ‘slow’ axes.
This idea can be extended from the N = 2 case for singlemode fiber to the N-mode multimode fiber case, where N is
the total number of spatial and polarization modes the fiber
supports. Just as for a single-mode fiber, a multimode fiber
possesses a set of N principal modes which can propagate
through the fiber without first-order mode dispersion even
in the presence of distributed mode coupling. These form
the least wavelength-dependent mode basis in the fiber. In
the simplest case of an ideal unperturbed fiber with no mode
coupling, these principal modes are simply the familiar TE,
TM, HE and EH spatial eigenmodes from optical waveguide
theory. These modes propagate through the fiber associated
with a single propagation constant, group delay and a spatial
field which is the same at both ends of the fiber and through
the entire length of propagation. This is similar to the principal states of polarization in simple birefringent elements,
where the input and output principal states of polarization
were the same. However with mode coupling in the fiber,
the spatial eigenmodes and principal modes will become distinct phenomena as illustrated in Figure 6. Once mode coupling is involved, a spatial eigenmode is no longer a mode
which travels from the input to the output of the fiber remaining in the same mode during the entire length of propagation. Rather, it couples back and forth potentially between
many modes during propagation and happens to return to its
original spatial state at the output. This is a mathematical
property of the transfer matrix of the fiber, a coincidence
of mode coupling. A change in fiber length or wavelength
would result in a different set of spatial e igenmodes. When
August 2017
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Figure 6. Comparison of spatial eigenmodes and principal modes in the presence of mode coupling. A spatial eigenmode has the same
spatial state at both ends of the fiber, but suffers from spatial mode dispersion and hence this input/output relationship only holds for
a particular wavelength/fiber length. A principal mode has different spatial fields at input and output, but propagates with a single
group-delay, free of spatial mode dispersion, leading to wavelength-independence. [5]
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basis which has a wavelength derivative of zero. Figure 7 (a) illustrates the amplitude of the optical transfer matrix, U(~), at
the center wavelength ~0 (1545 nm) and 1 nm either side (~+
and ~-). The group-delay operator, is given by, U(~-)U(~+)-1.
The eigenvectors of this group-delay operator are the output
principal modes with the eigenvalues representing their group
delay. The corresponding input principal modes can be found
by back-propagation using the center wavelength’s m
 atrix
U(~0). This input/output principal mode pairs are visualized
in Figure 7 (b). For example, if input principal mode 5, |a5H,
is excited at the input of the fiber, it will be transformed as
per the fiber’s optical transfer matrix U(~0) to become the
corresponding output principal mode |b5H. Now if the wavelength of the source is changed, the output spatial field should
remain constant as it is a wavelength-independent state.
A comparison between the wavelength dependence of a
principal mode, and a Laguerre-Gaussian mode of the same
mode-group is shown in Figure 8. It can be seen in Figure 8 (a)
that for a horizontally polarized Laguerre-Gaussian mode excited at the input of the fiber, some corresponding spatial/polarization distribution can be observed at the output. Then, as
the wavelength of the source is changed, so too does the output
field due to spatial mode dispersion. This can be seen qualitatively from the CCD images at the bottom of Figure 8 (a), but
is quantified by the red series in the plot which specifies the
correlation (spatial/polarization overlap) of the output state at
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working with a fiber in practice, the spatial eigenmodes will
also depend on the definition of the x - y plane at the input
and output of the fiber, which may not be meaningful for a
circular fiber.
As shown in Figure 6, unlike a spatial eigenmode, a principal mode does not have the same spatial field at input and
output, however it is wavelength independent and does have a
single group delay. Principal modes are defined by their temporal/spectral properties and hence their measurement is not
sensitive to the choice of spatial basis or orientation. In this
sense, the principal modes are a more meaningful description of light propagation in a multimode fiber than spatial
eigenmodes in the presence of mode coupling, as the principal
modes are not sensitive to arbitrary definitions of spatial basis
and wavelength.
Figure 7 illustrates an example of how the principal modes
can be found for a 100 m length of graded-index few-mode
fiber. The fiber supports a total of 6 spatial/polarization modes
organized into two near-degenerate mode-groups. The first
group consists of two orthogonally polarized LP0,1-like modes
and the second group consists of four LP1,1-like modes. The
optical transfer function of the fiber was first measured using
SLMs at the input and output of the fiber in conjunction with a
swept-wavelength interferometer as previously discussed. Calculating the principal modes from the optical transfer function
is a derivative operation, we are trying to find the output mode

1
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Figure 7. (a) Calculation of principal modes from the optical transfer function. The output principal modes are the eigenvectors of
the group-delay operator, U(~-)U(~+)-1. (b) Illustration of the intensity of all 6 principal modes the fiber supports at both the input
(a1–6) and output (b1–6) ends of the fiber [4].
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Figure 8. Comparison of the wavelength-dependence of a Laguerre-Gaussian (LG) mode, with a principal mode (PM) as viewed at the
output of the fiber. The principal mode exhibits significantly less mode dispersion (wavelength independence) than even a LaguerreGaussian mode of the same order [4].

a particularly wavelength, with the output state at the center
wavelength (1545 nm). It can be seen that after approximately 2
nm of wavelength shift, the output field has become completely
orthogonal to what it was originally at the center wavelength.
The wavelength-dependence of a principal mode (PM5) is
illustrated in the green series of Figure 8. Again, this can be
observed qualitatively on the CCD camera and quantitatively
by the correlation in the output spatial fields as a function of
wavelength. The principal mode remains remarkably consistent as the wavelength is changed as there is almost no spatial
mode dispersion. Figure 8 (b) illustrates this comparison between the bandwidth of the principal mode and the LaguerreGaussian mode over the full range of the tunable laser used
(1520–1630 nm). It can be seen that the principal mode has
more than an order of magnitude more bandwidth than the
Laguerre-Gaussian mode. It should be noted that a LaguerreGaussian mode already has very low mode dispersion as it consists of near-degenerate modes of the fiber. Yet the principal
mode still offers a significant bandwidth improvement.

The future
The ability to measure the complete optical transfer function of a multimode fiber opens many exciting possibilities
for controlling the spatial and/or temporal scattering within
multimode fiber which has typically limited its application in
many areas. Through knowledge of the optical transfer function it is possible to deliver light to the distal end of a multimode fiber in a way which would have traditionally been
prohibited by scattering. Allowing for example, the delivery
of focused spots and/or pulses through multimode fiber for
biomedical imaging or high-power fiber lasers.
This work is also exciting for what it can reveal about the
fundamentals of fiber propagation itself, bringing experimental data to phenomena well known theoretically, but which
could not previously be studied directly experimentally. The
detail and completeness of the optical transfer function measurement is expected to be of particular interest to designers
and manufacturers of novel fiber types, as it allows every linear
aspect of the fiber to be extracted from a single measurement.
10
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Additional information about this work is available at
https://www.youtube.com/user/joelacarpenter
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Industry highlights

Growing Photonic System-on-Chips for Radio and
Data Communications
Gemma Vall- Llosera, Patryk Urban*, Fabio Cavaliere, Antonio D’Errico, Francesco
Testa, Stephane Lessard, Björn Ekelund
Abstract—The dawn of photonics (1880) coincides with the
first steps of Lars Magnus Ericsson to establish “Ericsson” as a
company (1876). Since then many great ideas have come to life
and photonics has become part of the Ericsson Research core
technologies. In this work, we describe how we have embraced
photonics for radio and data centers, and we look into the future of enabling technologies.
Index Terms—data center, graphene, integrated photonics,
optical communication, optical switching, photonic system on
chip, 5G.

introduction
What has later become “Ericsson”, was once a workshop to
repair telegraph instruments owned by Lars Magnus Ericsson
in 1876. Since then Ericsson has had a long history of innovation. Ericsson introduced the single trumpet telephones in
1878, and the mechanical switch in 1923 that connected callers from all over the world. Later on the sleek Ericofon/Cobra
telephone was released in 1956 (see Figure 1.) and Ericsson
set the basis for the development of the digital world in 1976
with the AXE digital switch. After that Ericsson has also been
known for creating the Erlang language (1986), the world’s
first smartphone GS88 (1997), Bluetooth (1998), and actively
making mobile broadband more available to mankind.
Preceding Ericsson’s evolution, James Clerk Maxwell published ‘the dynamic theory of electromagnetic fields’ in 1864
where he proposed electromagnetic waves, and later Heinrich
Hertz demonstrated radio waves in 1887. But it was not until Guglielmo Marconi patented ‘telegraphy without wire’ in
1896 that the wireless communication arrived. In 1895 he
transmitted on-off keying signals at distances of 1km, in 1897
15km, and in 1901 over the Atlantic. After that amplitude
modulation was introduced in 1906, the first coherent receiver
in 1914, single side band modulation in 1915 and the superheterodyne receiver by E. H. Armstrong in 1918. This superheterodyne receiver was Armstrong’s wedding present to his
bride Marion in 1923. Armstrong licensed frequency moduThis paper was first submitted on May 2017. This work is partially
funded by the European commission under different grant numbers.
Gemma Vall-Llosera, and Patryk Urban (*corresponding author)
are with Ericsson Research, Kistagången 19, 16480 Stockholm,
Sweden (e-mail:patryk.j.urban@ieee.org), Fabio Cavaliere, Antonio
D’Errico and Francesco Testa are with Ericsson Research, Via Moruzzi 1, 56124 Pisa, Italy. Stephane Lessard is with Ericsson Research,
8275 Route Transcanadienne, H4S 0B6 Saint Laureant, Canada.
Björn Ekelund is with Ericsson Research, Mobilvägen 12, 22362
Lund, Sweden.
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Figure 1. Detail of the advertisement for the Ericofon.

lated (FM) receivers and transmitters in the 40 MHz band until the day he committed suicide after a fruitless lawsuit, and
finding himself divorced. Marion won all of Armstrong’s patent lawsuits and lived a life of luxury until she died in 1979.
Back to technology, in 1961 subcarrier FM modulation and
FM stereo systems were approved by the federal communication commission in the US.
Marconi is considered as the father of telegraphy, but Alexander Graham Bell and Sumner Tainter a little bit earlier
than Marconi invented the photophone (1880) and thus they
are appraised as the ‘parents of telephony’. Using sunlight reflected by a thin microphone membrane and a parabolic mirror
that modulated the current through an earphone they transmitted sound over 213 m. This is considered as the beginning
of photonics and also the world’s first wireless link. After that
the first silicon carbide light-emitting diode was developed by
Oleg Vladimirovich Losev in 1928, and the first fibre optic
patent was published in 1929. 1962 marks the beginning of
the ‘modern’ photonics with the maser/laser era with five parallel research groups developing the first pulsed semiconductor laser (1962), the first continuous wave semiconductor laser
in 1970 and the first distributed feedback (DFB) single mode
laser in 1975. Nobel prize holders such Charles H. Townes,
IEEE Photonics Society NEWSLETTER
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Figure 2. optical dispersion compensator: integrated building blocks (left) and its effects on PAM-4 (right).
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Figure 3. packaged mini-ROADM (left) and Silicon micro-ring element (right).

communication links. Considering that, Ericsson created the
opto hardware program in 2013 to boost photonic research for
both Ericsson’s core and non-core businesses. As broad as it is,
the program covers from material science to link layer technologies and in the following sections we describe some of our
recent innovations in photonic systems-on-chip.

Arthur L. Schawlow, Nicolay G. Basov, Zhores Aferov amongst
others were the pioneers of the fast maser/laser development.
Another milestone in optical communication was the first low
loss optical fibre in 1970 for which Charles K. Kao won the
Nobel prize in 2009. He went around the globe showing the
feasibility of using fibre optics for telecom. The internal reflection principle though, dates back from 1841, when Daniel
Colladon, in his experiment, directed a beam of sunlight at the

5G transport systems

stream of water flowing through the spout of one container
to another to show that thelight beam followed a zigzag path
inside the curved path of the water.
After that discrete optical components for fibre optical
communication such as coherent receivers, amplifiers, multiplexers, switches, etc have been developed and are being used
in fibre deployments around the world. The next big step in
photonics has been to miniaturise following the complementary metal-oxide-semiconductor (CMOS) electronic miniaturisation. This marks the birth of integrated photonics. Ericsson
has also followed the development of photonics over the years
demonstrating the advantages of moving into the silicon photonics platform. Integrated platforms are believed to be the key
for bringing the cost and power consumption down in optical

Radio access networks and underlying transport networks
will only be able to meet the traffic volume and quality expected in 5G if we remove the current technological bottlenecks such as making possible the coexistence of backhaul,
traditional constant-bit-rate fronthaul and new generation
fronthaul, based on new options for radio protocols splitting
defined in 5G, on the same optical infrastructure. At the same
time ensuring low propagation delays, high throughputs,
and low power consumption. With this aim, we developed a
transport system, Xhaul [1], that has a logical hub and spoke
architecture which sets, through dense division multiplexing
(DWDM) technology, point-to-point logical connections between remote nodes and a hub, irrespective of the real physical connectivity (bus, tree, ring, or mesh). This eliminates
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the intermediate processing steps thus
reducing the latency required for transN
Transport
port. Xhaul fundamental technologies
W
are: i) integrated photonic technology
E
for wavelength switching; ii) time-deEPS
terministic switching at sub-wavelength
S
level; iii) and a flexible control system
Storage
based on a layered scheme and on the
slicing concept, to facilitate the interacOCS
tion of transport and radio resources.
The layered control model keeps a
clear separation of responsibility, trouCompute
Node
bleshooting and services between radio
and transport and allows to define classes
of service at radio and transport layers Figure 4. optical data center network architecture.
identifying layer-specific requirements.
To achieve the high capacity required by 5G within the
the add channel ports to adjust the optical power depending
short radius (20 km maximum) of the Xhaul network, we deon the hub-remote node fibre span length.
veloped novel, cost effective transmission techniques for 50 and
To demonstrate the benefits of the Xhaul architecture for
100 Gbit/s optical channels. An integrated optical dispersion
5G transport, we prepared an experimental test showing the
compensator, realised by a sequence of three Silicon Nitride
following use cases: 1) Dynamic digital unit—remote radio
micro-rings (Figure 2, left), extends to the 1550 nm window
unit (DU-RRU) association to deal with time-variant traffic
the operation of direct detection modulation formats, like pulse
loads and reduce the number of active DUs in low-load hours,
amplitude modulation (PAM)-4, normally used for interconresulting in significant power savings; 2) Transport links renection applications at 1310 nm ((Figure 2, right).
siliency BER monitoring to detect any link degradation and
Dual polarisation transmission with a Stokes receiver can
activate the protection path; 3) backhaul and fronthaul sharbe used to double the channel capacity [2], and new moduing on the same wavelength; 4) The capability to expose a
lation formats, like combined amplitude phase shift CAPS-3
sliced view of 5G services, hiding to the service provider how
[3], intrinsically resilient to the chromatic dispersion penalty,
said services are actually mapped on transport resources; this
are also promising candidates for high volume data transmisuse case applies when different radio operators share the same
sion. To implement wavelength multiplexing and add-drop
Xhaul infrastructure; 5) Request and negotiation of service onfunctions in Xhaul, we realised a new type of reconfigurable
demand, performed by comparing requested and actual bandsystem-on-chip device based on Silicon Photonics, as known as
width and latency.
Mini- reconfigurable optical add-drop multiplexer (ROADM)
photonics for Datacom
(Figure 3, Left). In the mini-ROADM, each optical channel
The role of photonics will increase in next generation data
can be configured to be added, dropped or by-passed by a Silicenters with the introduction of optical switching for intra-dacon Micro Ring Resonators ((Figure 3, Right).
ta center networking to meet the increasing demands of capacThe use of shared wavelengths for legacy, 5G fronthaul
ity, flexibility, low latency, connectivity and energy efficiency.
signals, and Ethernet backhaul signals enables better bandIn a disaggregated data center, the servers are connected by
width utilisation and a fewer number of optical transceivers.
optical point to point links to a big electrical packet switchIn Xhaul, sharing is enabled by a new simple framing strucing fabric that provides both intra-data center connectivity
ture [1], providing forward error correction and operation
and intra- virtual performance optimized data center (vPOD)
and maintenance for both fronthaul and Ethernet, without
packet switched communication. A natural architectural evothe complexity and the performance degradation introduced
lution for disaggregated data centers is to shift towards a novel
by standard optical transport network protocols. In the Xhaul
optical data center in which intra-data center connectivity is
switch, Ethernet and 5G fronthaul clients, demanding low and
realised by optical circuit switching (OCS) while small size
high latencies respectively, are first sent to a packet scheduler
packet switching fabrics are used for intra- vPOD communicaequipped with a set of buffers for time alignment. Another
tion. The proposed architecture, shown in Figure, supports a
block oversees multiplexing fronthaul client signals. Then,
full hardware disaggregation where electrical packet switchthe switch assigns dedicated time slots to Ethernet, CPRI, and
ing (EPS) fabrics are network resources assigned on demand
5G fronthaul clients according to the framing structure deto each vPOD . Such a modular and programmable infrastrucscribed above. This switch architecture solves the issues that
ture, allows the data center operators to improve resource utiwould arise with conventional packet switches (packed delay
lisation and reduce cost and power consumption by replacing
variation and delay control) or circuit switches (no statistical
many power hungry EPS switch elements with low power
multiplexing gain). The local channel ports are equipped with
OCS switch elements. The novelty is found on the separation
1x2 switches that allow to revert the propagation direction and
of vPOD connectivity and vPOD packet communication funcimplement ring protection functionalities without duplicating
tions. vPOD connectivity among compute nodes (blue boxes
the number of transceivers. Optical attenuators are placed at
August 2017
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another ongoing revolution related to adLaser
IM
PM
vanced modulations in short-reach links.
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on 4-level Pulse Amplitude ModulaIM
tion (PAM-4) for 100G and 400G. This
r 2
E


would benefit from advances made in
Y
Ey,Tx (t )
modulation as described in [7] where not
(a)
only Direct-Detect (DD) dual polarisation is used on two PAM-4 channels but
an extra degree of freedom is exploited
to add 2 bits through inter-polarisation
phase modulation. Striking results show
that such approach is viable up to 10 Km
at 280Gbit/s under hard decision forward
(b)
error correction threshold of 3.8 x 10-3.
This is highly promising in the context
Figure 5. Top: dual-pol plus inter-pol modulation transmitter and Stokes receiver. of data center-type reaches and shows
Bottom: 224G Silicon Photonic Transmitter.
that alternatives and complement to extra wavelength exists. Such approaches
combine existing silicon-photonics elements, quite light digital signal processing (DSP) and DD processing loads compared to coherent detection (typically
used in long-haul dual-polarisation mux)
and benefit directly from CMOS node
evolution to improve power and footprint
of DSP but also of companion electronics
required for trans-impedance amplifiers
of the six photodiodes required and dual
Mach-Zehnder interferometer drivers.
These technologies are not only compatible with ongoing board mounted and
(a)
(b)
multisource agreements form factors but
also with upcoming integration and coFigure 6. a) IRIS switch block diagram, b) chip layout and package.
packaging. In addition, they are complement not only to single-lambda but also
of course to coarse wavelength division multiplexing (CWDM)
in Figure 4) and storage nodes (orange boxes) is accomplished
solutions enabling multi Tbit/s links serving future bandwidth
by an OCS fabric (grey box) while packet switching functions
demand between chipsets and subsystem components e.g. 5G
for intra vPOD server communication is accomplished by EPS
revolution will demand.
fabrics (green boxes). The size of EPS fabrics will be much
smaller because it is no longer dictated by the size of the data
Enabling technologies
center but by the number of servers in a vPOD (which depends
Silicon photonics is today widely considered a key technology
on the workload complexity). West-East communication is for
for intra-system and inter-system interconnects of future genintra-data center while North-South is for inter-data center
erations of communication equipment because of its character(communication to outside) and is accomplished through dediistics of low cost, high energy efficiency, high miniaturisation
cated transport equipment (red box) by an external transport
and mass-manufacturing. Moreover, the recent breakthroughs
network.
achieved in CMOS photonics open the possibility to realise
This architecture could be practically exploited if new enahigh-scale integration photonic system on chip (PSoC) by
bling photonic integrated technologies become commercially
consolidating thousands of photonic circuits in a small silicon
available: new types of miniaturised, low cost, silicon photonchip of few squared millimeters. The novel PSoC devices could
ics integrated switch chips with 64 input and 64 output ports
drive the introduction of optical switching and networking in
have been proposed and prototyped using different switching
new applications where the optical transport and switching
techniques [4–6].
of high capacity signals would be desirable but where, at the
At the link layer and in collaboration with McGill unisame time, the use of conventional optical technologies based
versity, we designed a dual polarisation and inter-polarisation
on discrete components is not viable due to their high cost,
modulation transmitter and a Stokes receiver (see Figure 5).
Coupler
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power consumption and large footprint. To show the highest
number of different functions ever implemented before on a
single chip, within the framework of the IRIS European FP7
project, we manufactured a silicon photonic wavelength selective switch based on a matrix of micro-ring resonators (see
Figure 6). The switch has integrated more than thousand circuits such as optical multiplexer/de-multiplexer, inter-leavers,
power monitors, fibre couplers, waveguide crossing and a big
cross-point matrix of optical switching elements [6]. We have
also realised the most advanced 3D electrical interconnect between a photonic chip and its control electronic chip.
The new types of photonic chips are produced with the
same well-developed production infrastructure used for
complementary metal–oxide–semiconductor (CMOS) electronic chips. The 3D photonic-electronic integration has
been realised by flip chip bonding the control electronic integrated chip (EIC) on top of the photonic integrated chip
(PIC) and the very high density electrical interconnection
between PIC and EIC is implemented using many hundreds
of micro pillars.
A further technology improvement to meet the future
demand of high bandwidth density, energy efficiency and
cost reduction in integrated photonics is the graphene technology. Graphene has been recently proven to be very suitable for photonic and optoelectronics [8][9]. In particular,
graphene is a two-dimensional and single-atom-thick material with interesting optoelectronic properties, for example
electro-absorption, electro-refraction, and photo-detection.
Noteworthy, graphene is compatible with CMOS Silicon (Si)
photonic technologies, providing unique optoelectronic solutions for photonic switches and optical transceivers. Ericsson Research as partner of the Graphene Flagship European
initiative is contributing to demonstrate graphene to be the
appropriate two-dimensional material for high performance
and energy efficient optical transmission and detection. Ericsson Research in strict collaboration with CNIT, in Pisa Italy, is currently involved in the realisation of a first packaged
graphene based photonic modulator. Leveraging on standard
technologies Ericsson focus on the potential that Graphene
Photonics has towards the evolution of high speed optical
interfaces (see Figure 7).

Conclusions
It is said that history repeats itself. If we go back to the first
switch Ericsson shipped in 1923 it was an analogue switch. It
did not use optics, it was not miniature but it allowed to connect people around the world. With the new integrated photonics era, we are growing photonic switching systems on chip
that are forty times smaller than the first Ericsson switch but
surprisingly enough they operate again in the analogue regime.
Silicon photonics brings us back to the basics but with all the
added value of years of research and well-established communication technologies.
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Figure 7. First packaged graphene-based modulator operating
over several optical telecommunications bands showcased at
MWC 2017 in Barcelona in the Graphene Experience Zone.

to express their highest words of appreciation for countless researchers and engineers from inside Ericsson as well as partner
universities and companies from all over the world, who contributed to the research on optical and photonic technologies
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President’s Column
(continued from page 3)
and demonstrations for teaching K–12 optics and photonics curriculum. Guests included pre-university teachers from local schools.
Still to come later this year is the International Conference
on Group IV Photonics to be held in August at Berlin, Germany, and the Avionics and Vehicle Fiber Optics and Photonics
Conference (AVFOP) to be held in November at New Orleans,
LA, USA. Both of these conferences have a dedicated group
of organizers and participants centered around a specific topic
and include both technical and social events. For example, the
Group IV Conference will include a silicon photonics design
workshop sponsored by product experts from Mentor, Luceda,
and VLC Photonics and Lumerical Solutions. A special fun tip
for Members: on Wednesday evening at the AVFOP conference
there will be an amazing sightseeing tour of New Orleans that
follows the path of many years of local tradition.

Last to be discussed is our flagship event, the IEEE Photonics
Conference, to be held 1–5 October in Orlando, FL, USA. This
year we celebrate our 30th anniversary, so there are many plans
underway to make this year’s conference memorable. The technical breadth of IPC is meant to reflect that of our membership, and
thus 21 technical subcommittees and symposia have created an
outstanding and diverse technical program. In addition, there will
be many other Society and social activities during the conference,
including our year end Board of Governors meetings, the 2017
Awards Banquet and dinner, the Photonics PRO/IEEE Photonics
Fund session, the graduate student and young professional Poster
Competition and reception, Member Appreciation Day, and the
Post Deadline session and Closing Ceremony. Hence, as a Member, there are many benefits to be gained by attending the IEEE
Photonics Conference and I hope to see you there.

“Nick” Cartoon Series by Christopher Doerr
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Get to know your Photonics Society Leadership
Dr. Ben Lee, Board of Governors Elected Member
2017–2019
Where do you work
and what do you do?
I am an employee of IBM,
working at the T. J. Watson
Research Center in Yorktown
Heights, New York. As a Research Staff Member in the Optical Link and System Design
Group, my roles are to develop
and evaluate photonic, optoelectronic, and optical packaging innovations that can be
used to reduce energy, cost, and
footprint of optical interconnects within computer communication systems. My current topics of interest include
silicon photonic and VCSELbased transceivers, as well as
photonic switching systems.

What role does an
elected member play?
Elected members to the Board of Governors are intended to be
the “voice” of the Photonics Society membership. As a voting
member of the board, my role is to act as a liaison to the society
membership by gathering the opinions, needs, and concerns of
our members and conveying them to the executive leadership.
Elected members are not appointed to any one particular activity of the Society, but are expected to engage in the areas that
are of interest to them, with awareness of the other activities
of the society.

What about our Society’s mission and work
really motivate you?
I have a high respect for our society’s mission to foster scientific
interaction through the publishing of journals and sponsoring of
conferences. The dissemination of scientific advancements to the
broad community is an important task, and we must work hard
to uphold high standards while also remaining flexible enough
to foster transformations enabled by the changing technological
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landscape. More than the exchange of ideas, these interactions promote inter-personal
relationships that can take the
form of mentoring or advising,
create healthy competition, and
promote development of the
tools necessary for career advancement. This is the reason I
am a member of the IEEE Photonics Society.

Why and how did you
get into photonics?
What was your
photonics moment?
I have three undergraduate professors to acknowledge for this:
Professors James West, Alan
Cheville, and Daniel Grischkowsky (all of Oklahoma State
University). Through the teaching of theoretical courses in
wave propagation, administration of hands-on optics courses,
and introduction to an optics research environment, they each
contributed to my decision to pursue a career in photonics. Each
of them had the ability to make complicated topics seem simple,
and they impressed upon me that optics was an important field
in which significant innovations could bring about critical technological transformations.

What do you do for fun...besides photonics?
I enjoy spending time with my family and am active in my
church. I also like both music and sports.

How can IEEE Photonics Society members
reach out to you?
I am delighted to engage with society members about any
ideas or concerns they may have. Feel free to address me in
person at conferences and events or reach out to me via email
at bglee@us.ibm.com.
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Young Professional Spotlight

What Path Should I Take… Addressing Fermat’s
Principle of the Photonics Professional
By Dominic Siriani, Associate Vice President of Communications, IEEE Photonics
Society Membership Council
Welcome to the new series on careers in photonics,
and thanks for reading. This collection of articles is
intended to explore the paths that can be taken in
this field by profiling the career trajectories of several
professionals in our community. The target audience
is anyone who is entering or already in the professional photonics marketplace - largely young professionals, but also those still early on in their studies
and the more established professionals. In essence,
the series is meant to address the quandary, “I know photonics is
everywhere, but where the heck is that and how do I get there?”
To speak personally for a moment, I have been and continue
to be astounded by the different places I discover people working
on photonics and the type of work they do. I used to believe that
once done with school, I had the option of going into industry
or academia, with the government lab (or similar manifestation)
as an in-between choice. And I had a very narrow perspective of
what sort of work was done in each place. I’m now coming to
realize that things are not so black-and-white. Why should they
be? Our discipline is just as colorful as the light we study.
My own perceptions of career choice in photonics I believe are
shared by many others in the community. I think there are some
prevailing beliefs that the world is segregated into the silos of “Industry,” “Academia,” and “Government.” I think it’s also commonly understood that there are many one-way streets or roadblocks
between these destinations. Although there is likely some truth to
these thoughts, they do not seem to be (and probably should not be
accepted as) unbreakable laws. Instead of disjoint bins, these areas
are likely better viewed as overlapping circles of a Venn diagram.
A view of an overlapping and free-flowing professional landscape
is also probably more conducive to the type of job climate that is developing. According to a recent study, “job-hopping” is becoming an
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increasingly common trend [1]. Within the first five
years after finishing school, modern young professionals are, on average, employed at twice as many jobs as
compared to professionals twenty years ago (2.85 jobs
vs. 1.6 jobs). This could be due to a number of different factors, but it is indicative of a more fluid state
of careers in contemporary times. People are moving
around between jobs, seemingly frequently… so how
and where are they moving?
In the next several issues, we will be detailing the careers of several professionals in our photonics community. We will seek to map
out a diverse selection of vocational paths so as to exemplify the
colorful spectrum of photonics endeavors. We will traverse all the
twists and turns these scientists and engineers have taken, in the
process dispelling any notions that one’s career needs to follow an
arrow-like trajectory. Most importantly, we will seek to address the
pertinent questions and considerations of you, the constituents and
glue of our photonics community.
Throughout the course of this series, we’d like to hear directly
from you. We’d like to know the people in our community whose
stories you want to hear and any questions that are running
through your head. We are interested in how you view the photonics community and professional landscape, and also how those
perceptions might have changed over the tenure of this series. So,
before I conclude, I’d like to invite and implore you to engage in
a dialogue with us. Please contact us at photonicssociety@ieee.
org, or through our Facebook page (www.facebook.com/Photonics
Society/) our Twitter account(@IEEEPhotonics).

Reference
[1] https://blog.linkedin.com/2016/04/12/will-this-year_
s-college-grads-job-hop-more-than-previous-grads
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News
ESD Board Approves $81 Million to Support
Operation of the Testing, Assembly and Packaging
Facility at AIM Photonics
Announcement Builds on Progress of Finger Lakes Forward—
the Region’s Award-Winning Strategic Plan to Generate Robust
Economic Growth and Community Development
New York Governor Andrew M. Cuomo
announced in May that the AIM Photonics project in Rochester is in the final
planning stages to begin construction
this summer and tool installation this fall
at the institute’s Testing, Assembly and
Packaging facility. In addition, the Empire State Development’s
Board of Directors approved an $81 million grant to be used to
equip and operate the institute’s TAP facility by AIM Photonics and its consortium of industry and university partners. AIM
Photonics is part of the overall Finger Lakes Forward revitalization effort—the region’s strategic plan for economic growth,
focused on the industry cluster of optics, photonics and imaging.
“By attracting new investment in this burgeoning industry
and convening leading photonics leaders from across the country [United States], this federally-designated AIM Photonics
facility will accelerate the growth of Rochester and across the
region,” Governor Cuomo said. “As we continue to invest in the
future of the Finger Lakes and move the economy and business
community forward—this investment is critical to the completion of AIM Photonics’ cutting-edge TAP facility that will create new jobs and new opportunities for the community.”
Announced by the Governor in December 2016, the TAP
facility will be located at a portion of a former Kodak building
now owned by ON Semiconductor. An $81 million grant will
be used for the cost of machinery, tools and other equipment,
and operating costs for the federally-designated institute’s TAP
facility. The tooling portion will include the industry’s first
and only open access 300mm test. An assembly and packaging tools/equipment and installation will also be located at the
facility, along with Wafer Fab and Multiple Project Wafer /
assembly tools and equipment, and a test, assembly and packaging Manufacturing Execution System.
New York has committed $250 million to support AIM
Photonics, leveraging the $110 million Department of Defense award and $250 million in private support for a total
investment of more than $600 million. In July 2016, the ESD
Board approved an initial $78 million for tooling, equipment,
technology licenses and operations. In January 2017, the ESD
Board approved an additional $28 million for the project to
renovate, equip and operate the TAP facility.
“AIM Photonics has already positioned Rochester as a national leader in the emerging nanotech sector, and with the addition
of this critical $81 million investment, the Finger Lakes region
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will continue to move forward. That’s why
the project is central to the Finger Lakes
Forward regional plan,” said Photonics
Board Chairman John Maggiore. “The
completion of this next generation TAP
facility will attract industry leaders from
across the globe, provide men and women the high-tech, wellpaying jobs they deserve, and ensure a strong, sustainable future
for communities across the region.”
Tom Koch, Chairman of AIM Photonics Technical Review
Board and Project Call, said, “This 3rd call for proposals and
Proposers Meeting is truly an inflection point in AIM Photonics
growth. We have signed 5 new Tier 1 members this year, which is
significant, as they are industry leaders in KTMA and MCE areas.
In addition, our projects are targeting new capabilities that will
provide members with new integrated photonics solutions and
help drive institute sustainability.”
AIM Photonics Leadership Council Chairman Bob Duffy
said, “AIM Photonics is excited that we have reached this significant milestone. We are now ready to begin the much anticipated phase of tooling and staffing the TAP facility. This is
truly a great day for Rochester, current and future AIM Photonics members, and all of the stakeholders who have helped to
make this possible from the beginning.”
Empire State Development President, CEO & Commissioner Howard Zemsky said, “Rochester’s photonics cluster is
a fast-growing sector in which the state is making strategic investments that are spurring new growth in manufacturing and
building on the region’s legacy of being home to cutting-edge
optical and photonics technologies.”
AIM Photonics CEO and SUNY Poly Vice President of Research Dr. Michael Liehr said, “With this latest news, the AIM
Photonics initiative is proud to pave the way for strong growth
in this innovative area to promote research into next-generation
integrated photonics manufacturing technologies and business
growth. It is exciting to see the progress taking place which is
allowing this initiative to hit its stride.”
Senator Joseph E. Robach said, “I am pleased to see that the
final planning stages of the AIM Photonics project will begin this
summer. The installation at the institute’s Testing, Assembly and
Packaging facility means jobs for members of our community
in the innovative fields of optics, photonics and imaging. I am
excited for the future of this project, as well as for positive impact
photonics will have for our region.”
IEEE Photonics Society NEWSLETTER
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Monroe County Executive Cheryl Dinolfo said, “As one of the
fastest growing sectors in our local economy, photonics continues to drive job creation and economic development which benefit Monroe County residents. I am pleased the AIM Photonics
project is moving forward and I am excited for this great opportunity to tap into the potential that exists here in our community.”
City of Rochester Mayor Lovely Warren said, “The state’s investment in the Aim Photonics project is really an investment in
jobs for our city and I am grateful to Governor Cuomo for his leadership in keeping this project moving forward. New York State
remains a steadfast partner in Rochester’s fight to create more jobs
for our residents, which we see as the best way to help reinvigorate
our neighborhoods and build better educational opportunities for
our children. Once again our Governor and state delegation have
stepped up to the plate to help our city in a way that will deliver
real jobs for our neighbors and an even brighter future for our city.”
Building on the continued growth and success of AIM Photonics, the 2nd annual proposers meeting took place earlier
this week in Rochester at the city’s convention center. Over
100 members and partners participated in proposal working
groups and discussed technical review board, updates on current projects, and special Photonic Integrated Chip design for
AIM Multi Project Wafers session.
Participants included industry leading Electronic Photonic Design Automation companies; Cadence, Synopsys, Mentor Graphics, Mosis, Analog Photonics, Lumerical, and PhoeniX Software.
This meeting helped guide individuals interested in submitting a
proposal, while learning more about how to engage with the consortium to maximize business capabilities, as well as to learn about
the benefits of becoming an AIM Photonics partner. AIM Photonics’ third call for proposals was announced early last month.

About AIM Photonics
AIM Photonics is one of nine Manufacturing Innovation Institutes, an industry-driven public-private partnership that
focuses the nation’s premiere capabilities and expertise to capture critical global manufacturing leadership in a technology
that is both essential to national security and positioned to
provide a compelling return-on-investment to the U.S. economy. For more information about AIM Photonics, visit www.
aimphotonics.com.

Accelerating Finger Lakes Forward
The announcement complements “Finger Lakes Forward,” the
region’s comprehensive blueprint to generate robust economic
growth and community development. The New York has already invested more than $3.4 billion in the region since 2012
to lay the groundwork for the plan—investing in key industries including photonics, agriculture and food production, and
advanced manufacturing. Today, United States unemployment
is down to the lowest levels since before the Great Recession;
personal and corporate income taxes are down; and businesses
are choosing places like Rochester, Batavia, and Canandaigua
as a destination to grow and invest in.
Now, the region is accelerating Finger Lakes Forward
with a $500 million State investment through the Upstate
Revitalization Initiative, announced by Governor Cuomo in
December 2015. The State’s $500 million investment will
incentivize private business to invest well over $2.5 billion—and the region’s plan, as submitted, projects up to
8,200 new jobs.
Press release from New York Governor’s Press Office May 2017.

Planning Begins for the First International Day
of Light in 2018
Following the highly successful International Year of Light and Light-based
Technologies 2015, the Executive
Board of UNESCO (United Nations
Educational, Scientific and Cultural
Organization) has endorsed an annual
International Day of Light. The purpose of an International Day of Light
will be to provide an annual focal point
for the appreciation of the role that
light plays in the lives of the citizens of the world in areas of science, culture, education, sustainable development, and in fields
as diverse as medicine, communications and energy. The broad
theme of light will allow many different sectors of society to participate in activities around the world to raise awareness of science
and technology, art and culture, and their importance in achieving the goals of UNESCO—education, equality and peace.
The International Day of Light will be proclaimed at the
General Conference of UNESCO in November 2017 and the
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first celebration will take place on 16
May 2018. Partners around the world
are now beginning ambitious plans
for a wide range of local celebrations
and activities to raise awareness of the
many different ways light impacts society. In addition, an official inauguration ceremony will take place at the
headquarters of UNESCO in Paris in
the afternoon and evening of 16 May
2018, involving presentations from Nobel laureates and other
scientists, industry leaders, as well as a wide range of other
partners from sectors including art, architecture, lighting,
design and NGOs.

About the International Day of Light
The International Day of Light is administered from the International Basic Science Programme (IBSP) of UNESCO
by a Steering Committee that includes representatives from
August 2017

UNESCO as well as: the American Institute of Physics (AIP),
the American Physical Society (APS), Bosca, the European
Physical Society (EPS), the International Association of
Lighting Designers (IALD), the International Centre for

Theoretical Physics (ICTP), the IEEE Photonics Society (IPS),
Light: Science and Applications, lightsources.org—the international network of a ccelerator based light sources, The Optical Society (OSA), Philips Lighting, the International Society
for Optics and Photonics (SPIE), and Thorlabs. The Steering
Committee is assisted by an Advisory Board representing all
sectors of the community of light science and technology, astronomy, lighting and applications, art, energy, architecture,
and lighting design, as well as representatives from international organizations.
All potential partners interested in organizing local activities under the banner of the International Day of Light or attending the inaugural event in Paris are invited to contact the
Steering Committee at the addresses below. If you would like
to volunteer on behalf of the IEEE Photonics Society, please

contact Lauren Mecum, Community Outreach & Development
Manager, at L.Mecum@ieee.org.

Contacts
John Dudley
Steering Committee Chair of IDL 2018
john.dudley@univ-fcomte.fr
International Day of Light website
www.lightday.org
International Year of Light 2015 website
www.light2015.org
Jean-Paul Ngome Abiaga
Assistant Programme Specialist
International Basic Sciences Programme
UNESCO HQ, Paris
jj.ngome-abiaga@unesco.org

IEEE Fostering Engineering Education and Workforce
Development in Africa
The NEPAD Agency, a technical agency of the African Union,
and IEEE have entered into a Memorandum of Understanding (MoU), the first of its type for IEEE within Africa. Under
the multi-year agreement, the organizations will collaborate
on initiatives focused on workforce development through engineering capacity-building and educational activities, technical,
scientific, and engineering policy development, and research
and development to increase access to technical information.
The MoU signing took place at the Smart Africa Transform
Africa Summit 2017.
NEPAD Agency and IEEE are well positioned to work together as both organizations share the common goal of capacity
building in engineering, with the focus on Africa’s next generation. The signing of this MoU at the Smart Africa Transform
Africa Summit signifies the priority of this mutual goal.
“IEEE is very proud to enter into this agreement with such
a prestigious organization as NEPAD Agency and looks forward to collaborating in many ways to provide educational
support and technical development for the engineering profession throughout Africa,” said Karen Bartleson, President and
Chief Executive Officer of IEEE.
“Workforce development in engineering is crucial to Africa’s development, especially for the infrastructure sector. NEPAD Agency welcomes the partnership with IEEE and looks
forward to implementing joint initiatives that will contribute
to regional integration and the aspirations of Agenda 2063,
Africa’s long-term continental strategy for transformation,”
Dr. Towela Nyirenda-Jere, Principal Program Officer in the
Regional Integration, Infrastructure and Trade Program remarked, in a statement on behalf of Dr. Ibrahim Mayaki, NEPAD Agency’s CEO.
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IEEE President Bartleson [right] and Dr. Towela Nyirenda-Jere,
principal program officer in the Regional Integration, Infrastructure, and Trade Program for the NEPAD Agency, at the
signing ceremony for the memorandum of understanding between the two organizations. Photo Credit: IEEE

IEEE will be assisting in the delivery of the African development agenda of NEPAD Agency for the attainment of the
African Union Agenda 2063 and the United Nations Sustainable Development Goals. As one of the world’s largest engineering publishers, a major supporter of educational resources,
a widely known developer of global technical standards, and a
respected voice for the global engineering community, IEEE is
well positioned for this collaboration.
Press release from IEEE Newsroom 2017.
IEEE Photonics Society NEWSLETTER
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Careers and Awards
IEEE Photonics Society congratulates our 2017
Award Recipients
The Photonics Society Joint Awards Committee serve as
the evaluation and selection committee for our four Society
Awards: The Aron Kressel Award, The Engineering Achievement Award, The Quantum Electronics Award, and the William Streiffer Scientific Achievement Award.
The 2017 Award recipients will be honored during the
Awards Banquet being held at the 2017 IEEE Photonics Conference at the Hilton Orlando Lake Buena Vista, Lake Buena
Vista, Florida, USA, 2 October, 2017.
The Aron Kressel Award recognizes those individuals who
have made important contributions to opto-electronic device
technology. The device technology cited is to have had a significant impact on their applications in major practical systems.
The 2017 Aron Kressel Award recipient is Professor KeiMay Lau, “for exceptional contributions to hetero-epitaxy of highly
mismatched III-V photonics devices by MOCVD.”
Kei-May Lau (M’80-SM’92F’01) is Fang Professor of Engineering at the Hong Kong
University of Science and Technology (HKUST). She received
her undergraduate education
in physics from the University
of Minnesota and the Ph.D.
degree in Electrical Engineering from Rice University. After a brief stint in industry, she
joined the faculty of the Electrical and Computer Engineering
Department at the University of Massachusetts/Amherst and
initiated MOCVD, compound semiconductor materials and
devices programs. Since the fall of 2000, she has been with the
ECE Department at HKUST.
Professor Lau’s research in compound semiconductor materials and devices has had a major and singular impact on today’s high-performance and energy-saving photonics technologies ranging from lasers for ubiquitous telecommunication to
energy-efficient displays and lighting.
Not only has she strategically targeted technological
challenges and goals that produced the high-performance
light-emitting devices and III-V transistors directly grown
on silicon, but with an eye to ultimate manufacturability
and volume production as well. Thus, her long-term and
consistent investment in direct growth of III-V devices on
silicon by MOCVD has not only demonstrated record performance devices, but also facilitates natural device integration
that leverages mature and cost-effective Si IC manufacturing, especially in new lighting technologies, producing a
compact form factor for lighting displays incorporating fast
and sophisticated modulation electronics.
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Her early reports of GaN on Silicon LEDs and transistors
stimulated and reinforced industrial commitments in the pursuit of commercialization of these devices. Companies worldwide have invested heavily in these directions in recent years.
Her work on III-V lasers and transistors on silicon has generated tremendous interests in major corporations including
Intel, TSMC, IMEC and Huawei.
Professor Lau co-founded CLEDoS, a startup launched in
Hong Kong, which has brought to market cost-effective LED
lighting that is both energy-efficient and lightweight.
Professor Lau is a Fellow of the IEEE. She served on the
IEEE Electron Devices Society Administrative Committee
and was an Editor of the IEEE Transactions on Electron Devices (1996–2002). She also served as an Associate Editor for
the Journal of Crystal Growth. She is an Editor of the IEEE
EDL and an Associate Editor of the Applied Physics Letters.
The Engineering Achievement Award is given to recognize an exceptional engineering contribution which has had a
significant impact on the development of laser or electro-optic
technology or the commercial application of technology within
the past 10 years.
The 2017 Engineering Achievement Award recipient is Professor David Plant “for pioneering contributions to optical communications technologies spanning multiple length scales including DSP algorithms for direct detection and coherent systems.”
DAVID V. PLANT (M’89SM’05-F’07) received the Ph.D.
degree from Brown University
Providence, RI, USA, in 1989.
He was a Research Engineer
at the University of California
Los Angeles, Los Angeles, CA,
USA, in 1989–1993, and has
been a Professor at McGill University, Montreal, QC, Canada,
since 1993, where he holds a
James McGill Professorship. He has received five teaching awards and numerous other awards including the IEEE
Photonics Society Distinguished Lectureship, the IEEE Microwave Theory and Techniques Society Microwave Prize,
and a Killam Research Fellowship. He is a Fellow of the
IEEE, the OSA, the Engineering Institute of Canada, the
Canadian Academy of Engineering, and the Royal Society
of Canada.
The Quantum Electronics Award honors an individual
for outstanding technical contributions to quantum electronics
in fundamentals; applications or both. The award may be for
a single contribution or for a distinguished series of contributions over a long period of time.
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The 2017 Quantum Electronics Award is presented to Professor Jia-Ming Liu, “for pioneering and lasting contributions to
ultrafast laser-matter interactions and nonlinear dynamics of lasers.”
JIA-MING LIU (M’83-SM’85-F’08) is Distinguished Professor of
Electrical Engineering and Associate Dean for Academic Personnel
of the Henry Samueli School of Engineering and Applied Science at
the University of California, Los
Angeles. He received his Ph.D.
degree in Applied Physics from
Harvard University in 1982. He
has pioneered a number of research areas, including ultrafast
laser-matter interactions, wavelength-tunable ultrashort laser
pulses, nonlinear laser dynamics,
laser chaos, chaotic optical communications, chaotic radar and
lidar, and photonic microwave generation. His current research interests also cover nanophotonic imaging, neurophotonics, and graphene photonics. He is a fellow of the IEEE, the American Physical Society, the Optical Society of America, and the Guggenheim
Foundation. Professor Liu has published over 250 scientific papers
and 14 book chapters. He holds 12 U.S. patents. He coedited the
book Digital Communications Using Chaos and Nonlinear Dynamics
(Springer, 2006) and authored two books: Photonic Devices (Cambridge University Press, 2005) and Principles of Photonics (Cambridge University Press, 2016).
The William Streifer Scientific
Achievement Award recognizes an exceptional single scientific contribution,
which has had a significant impact in the
field of lasers and electro-optics in the
past 10 years. Endowed by Xerox Corporation and Spectra Diode Laboratories, the
award honors an individual or a group for
a single contribution of significant work
in the field.
The 2017 William Streifer Scientific
Achievement Award is presented to Professor Nader Engheta, “for development of, and
pioneering contributions to extreme-parameter
metamaterials in optics and photonics.”

Security Science and Engineering Faculty Fellow (NSSEFF) Award (also
known as Vannevar Bush Faculty
Fellow Award) from US Department
of Defense, the 2015 IEEE Antennas and Propagation Society Distinguished Achievement Award, the
2015 Wheatstone Lecture in King’s
College London, the 2014 Balthasar
van der Pol Gold Medal from the
International Union of Radio Science
(URSI), the 2013 Inaugural SINA Award in Engineering, the 2012
IEEE Electromagnetics Award, 2006 Scientific American Magazine 50
Leaders in Science and Technology, the Guggenheim Fellowship, and the
IEEE Third Millennium Medal. He is a Fellow of seven international
scientific and technical rganizations, i.e., IEEE, URSI, Optical Society of America (OSA), American Physical Society (APS), Materials Research Society (MRS), International Society for Optics and
Photonics (SPIE), and American Association for the Advancement
of Science (AAAS). He has received the honorary doctoral degrees
from the Aalto University in Finland in 2016 and from the University of Stuttgart, Germany in 2016.
His current research activities span a broad range of areas including nanophotonics, metamaterials, nano-scale optics, graphene optics, imaging and sensing inspired by eyes of animal
species, optical nanoengineering, microwave and optical antennas,
and physics and engineering of fields and waves. He was the Chair
of the Gordon Research Conference on Plasmonics in June 2012.

NADER ENGHETA (M’82-SM’89-F’96)
is the H. Nedwill Ramsey Professor at the
University of Pennsylvania in Philadelphia, with affiliations in the Departments
of Electrical and Systems Engineering,
Materials Science and Engineering, Physics and Astronomy, and Bioengineering.
He received his B.S. degree from the University of Tehran, and his M.S and Ph.D.
degrees from Caltech.
He has received several awards for his research including the 2015 Gold Medal from
SPIE, the 2015 Fellow of US National Academy of Inventors (NAI), the 2015 National
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IEEE Photonics Society selects the 2017
Distinguished Service Recipient
The Photonics Society Distinguished Service
Award was established to recognize an exceptional
individual contribution of service which has had
significant benefit to the membership on 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.
The 2017 Distinguished Service Award will be
presented to Paul Juodawlkis, “for sustained leadership in society governance, with significant contributions to Membership and Conferences.” The presentation will take place during the Awards Banquet being held at
the 2017 IEEE Photonics Conference at the Hilton Orlando Lake
Buena Vista, Lake Buena Vista, Florida, USA, October 2, 2017.
Paul Juodawlkis (M’88–SM’06–F’17) is assistant leader of
the Quantum Information and Integrated Nanosystems Group,
where he is working to develop photonic integrated circuit
(PIC) technology for application to quantum information, optical
communication, laser radar, inertial navigation, and microwave
sensing systems. Beyond this work, he has a broad range of technical interests, including optoelectronic components, compoundsemiconductor materials, nonlinear optical devices, and ultrafast
phenomena.
Over the past decade, Dr. Juodawlkis led a team that developed the semiconductor slab-coupled optical waveguide amplifier (SCOWA) and used it to realize watt-class power amplifiers, mode-locked lasers, and low-noise single-frequency lasers
having record performance. The team has applied these com-

ponents to improve the performance of optoelectronic oscillators, microwave photonic links, and
absorption spectroscopy for remote gas sensing.
Recently, this team has been working to develop
electronic-photonic integrated circuits that combine novel SCOW components, conventional
photonic components (e.g., tunable lasers, optical modulators), and CMOS electronics. In earlier
work, Dr. Juodawlkis made key contributions to
the development of optical sampling techniques
for microwave frequency translation and photonic
analog-to-digital conversion. He also served as a radar systems
engineer on a multisensor airborne test bed program in the Tactical Defense Systems Group at the Laboratory.
Dr. Juodawlkis is a Fellow of both the IEEE and the Optical Society (OSA). He has authored or coauthored more than
130 peer-reviewed journal and conference publications. He has
participated on a number of technical program committees,
including serving as program co-chair (2010) and general cochair (2012) of the Conference on Lasers and Electro-Optics
(CLEO). He was an elected member of the IEEE Photonics
Society Board of Governors (2011–2013), served as vice president of membership for the society (2014–2016), and is currently secretary-treasurer for the society.
Dr. Juodawlkis holds a BS degree from Michigan Technological University, an MS degree from Purdue University, and
a PhD degree from the Georgia Institute of Technology, all in
electrical engineering.

IEEE Photonics Society recognition at CLEO
The Conference on Lasers and Electro-Optics (CLEO) was held
from 14–18 May 2017 at the San Jose Convention Center, San
Jose, California, USA.

The Plenary session on Wednesday, 17 May, featured Christopher Contag, Stanford University, USA and Ursula Keller,
ETH Zurich, Switzerland.

IPS President Kent Choquette with 2017 Young Investigator
Award Recipient, Hannah Joyce.

2017 IEEE Fellows (l-r)Robert Boyd, Holger Schmidt, IPS President Kent Choquette, Olav Solgaard, and Luc Thevenaz.
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Also present was Photonics Society President, Kent
Choquette, who took to the stage to present the 2017
IEEE Photonics Society Young Investigator Award. The
Young Investigator Award, established to honor an individual who has made outstanding technical contributions
to the photonics industry prior to their 35th birthday was
presented to Dr. Hannah Joyce, University of Cambridge,
UK, “for contribution to nanowire optoelectronics and terahertz
spectrosopy.”

Of the 23 society members elevated to the grade of Fellow in
2017, four selected CLEO for their recognition. They are: Robert
W. Boyd, University of Ottawa, “for contributions to the fields of nonlinear optics and photonics,” Holger Schmidt, University of California
Santa Cruz, “for contributions to optofluidics and integrated photonics,”
Olav Solgaard, Stanford University, “for contributions to optical microelectro-mechanical devices and systems for sensing, communications, and
displays,” and Luc Thevenaz, Ecole Polytechnique Federale de Lausanne, “for contributions to Brillouin-based fiber-optic sensors.”

Board of Govenors Candidates
Ballots for the election of candidates to the Board of Governors have been distributed to all voting members. We hope you will
take the time to exercise your vote and help choose the future direction of the IEEE Photonics Society. You will need your IEEE Account username/password to access the ballot. If you do not remember your password, you may retrieve it on the voter login page.
The candidates are:
Nicolas Fontaine, Nokia-Bell Laboratories
Amr Helmy, University of Toronto
Nobuhiko Nishiyama, Tokyo Institute of Technology
Anna Peacock, University of Southampton

James J. Raftery, United States Military Academy
Seb Savory, University of Cambridge
Jane Simmons, Monarch Network Architects
Perry Shum, Nanyang Technological University

Please vote for up to FOUR candidates. VOTE NOW using the following URL: https://eballot4.votenet.com/IEEE

Distinguished Lecturer Selections for 2017–18
The IEEE Photonics Society Distinguished Lecturer (DL) Program was designed to honor excellent speakers who have made
technical, industrial or entrepreneurial contributions to the
field of photonics and to enhance the technical programs of the
IEEE Photonics Society Chapters.
Chapters may request Distinguished Lecturers to present
at chapter meetings, chapter-related events or technically cosponsored conferences organized by a chapter. Lecturers are
selected each term (1 July–30 June) with some lecturers extending for a second term. For more information regarding
the Distinguished Lecturer Program, including instruction on
how to contact a current or future DL and presentation abstracts, please visit www.PhotonicsSociety.org.
We are pleased to announce the slate of Lecturers for the
2017–18 term:

Edoardo Charbon
Delft University, Dept. E
 lectronics
Chair of VLSI Design
HB 14.280
2628CD Delft
The Netherlands
e.charbon@tudelft.nl
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Edoardo Charbon (SM’00 F’17) received the Diploma from
ETH Zurich, the M.S. from the University of California at San
Diego, and the Ph.D. from the University of California at Berkeley
in 1988, 1991, and 1995, respectively, all in electrical engineering
and EECS. He has consulted with numerous organizations, including Bosch, X-Fabs, Texas Instruments, Maxim, Sony, Agilent, and
the Carlyle Group. He was with Cadence Design Systems from
1995 to 2000, where he was the Architect of the company’s initiative on information hiding for intellectual property protection. In
2000, he joined Canesta Inc., as the Chief Architect, where he led
the development of wireless 3-D CMOS image sensors. Since 2002
he has been a member of the faculty of EPFL, where is a full professor since 2015. From 2008 to 2016 he was with Delft University of
Technology’s as Chair of VLSI design. He has been the driving force
behind the creation of deep-submicron CMOS SPAD technology,
which is mass-produced since 2015 and is present in telemeters,
proximity sensors, and medical diagnostics tools. His interests span
from 3-D vision, FLIM, FCS, NIROT to super-resolution microscopy, time-resolved Raman spectroscopy, and cryo-CMOS circuits
and systems for quantum computing. He has authored or co-authored over 250 papers and two books, and he holds 20 patents.
Dr. Charbon is a distinguished visiting scholar of the W. M. Keck
Institute for Space at Caltech, a fellow of the Kavli Institute of Nanoscience Delft, and a fellow of the IEEE.
PRESENTATION TITLE: SPAD Image Sensing: Past,
Present, and Future
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Roberto Morandotti
INRS-EMT
1650 Boul. Lionel Boulet,
Varennes (QC), Canada, J3X 1S2
Tel. +1-514-2286924
morandotti@emt.inrs.ca

Roberto Morandotti received a M.Sc. in Physics from the
University of Genova (Italy) in 1993, and a Ph.D. degree from
the University of Glasgow (Scotland) in 1999. From 1999 to
2001, he was with the Weizmann Institute of Science, Rehovot, Israel, and from 2002 to 2003, he was with the University of Toronto, Toronto, ON, Canada, where he worked on
the characterization of novel optical structures. In June 2003,
he joined the Institut National de la Recherche ScientifiqueCentre Energie, Materiaux et Telecommunications (INRSEMT), Universite´ du Quebec, Montreal, QC, Canada, where
he has been a Full Professor since 2008. He is the author and
coauthor of more than 350 papers in international scientific
journals and conferences (including over 30 contributions to
Physical Review Letters, Nature Photonics and Nature Communication). His research interests deal with the linear and
nonlinear properties of various structures for integrated optics, with the study of novel thin film based technologies for
optoelectronics applications as well as with nonlinear optics
at unusual wavelengths. Dr. Morandotti is currently serving and/or has served as a Technical Committee Member and
a Chair for several Optical Society of America (OSA), Lasers
and Electro-Optics Society, IEEE and SPIE meetings. He is an
E.W.R. Steacie Memorial Fellow (the most prestigious award
for young scientists in Canada), a Fellow of the OSA, a Fellow
of the Institute of Nanotechnology, and an elected member of
the Sigma Xi (the Scientific Research Society).
PRESENTATION TITLE: Integrated Quantum Frequency
Combs
Kunimasa Saitoh
Laboratory of Information Communication Photonics
Graduate School of Information
Science and Technology
Hokkaido University
North 14, West 9, Kita-ku, Sapporo 060-0814, Japan
Tel: +81-11-706-6541, Fax: +8111-706-7892
E-mail: ksaitoh@ist.hokudai.ac.jp

Kunimasa Saitoh received the B.S., M.S., and Ph.D. degrees in electronic engineering from Hokkaido University,
Sapporo, Japan, in 1997, 1999, and 2001, respectively. From
1999 to 2001, he was a Research Fellow of the Japan Society
for the Promotion of Science. From 2001 to 2005, he was a
Research Associate with the Graduate School of Engineering,
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Hokkaido University. From 2005 to 2013, he was an Associate Professor at Graduate School of Information Science and
Technology, Hokkaido University, and in 2013, he became a
Professor there. He has been involved in research on fiber optics, nano-photonics, integrated optical devices, and computeraided design and modeling of guided-wave devices. He is the
author of more than 190 research papers in refereed international journals and more than 240 refereed international conference presentations.
Prof. Saitoh is a Member of the Institute of Electrical and
Electronics Engineers (IEEE), the Optical Society of America
(OSA), and the Institute of Electronics, Information and Communication Engineers (IEICE). He was a Technical Program
Committee of Optical Fiber Communication Conference
(OFC) from 2011 to 2013 and a Chair of Subcommittee D4 of
OFC in 2016. He is currently a Technical Program Committee
of European Conference on Optical Communication (ECOC).
He received the Excellent Paper Award and the Young Scientist Award from the IEICE, in 1999 and 2002, respectively, the
Young Scientists’ Prize of the Commendation for Science and
Technology from the Ministry of Education, Culture, Sports,
Science, and Technology (MEXT), Government of Japan in
2008, and the JSPS Prize from the Japan Society for the Promotion of Science in 2015.
PRESENTATION TITLE: Multicore Fiber Technology
for Space Division Multiplexing

Marc Sciamanna
CentraleSupélec, Campus de Metz
2 Rue Edouard Belin
57070 Metz
France
Email: Marc.Sciamanna@
centralesupelec.fr
Tel: (+33)(0)387-76-47-05

Marc Sciamanna graduated in Electrical Engineering
(2000) and PhD in Applied Sciences (2004) from the University of Mons (Belgium) and received his “Habilitation à Diriger les Recherches” from the University of Lorraine (France)
in 2009. In 2004 he has been appointed as an Assistant, then
an Associate (2007) and since 2009 as a Full Professor at Supélec, today named as “CentraleSupélec” and ranked among
the top 5 Engineering Schools in France. From 2013 to 2017
he has been the Deputy Director of the LMOPS Laboratory
(Optical Materials, Photonics and Systems). He is coordinating
the Master in Photonic and Communication Systems (SPC) at
CentraleSupélec. Since 2017 he leads the Chair in Photonics at
CentraleSupelec.
Marc Sciamanna is a recognized researcher for his contributions to nonlinear dynamics of laser diodes, applications of
optical chaos, and the physics of optical instabilities including
the formation of optical patterns, the nonlinear propagation of
non conventional beams including vortices and Airy beams, and
the onset of optical rogue waves. He has published about 90
journal publications and over 100 publications in conference
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proceedings, receiving more than 3000 citations in the past 15
years. He has been invited speaker at more than 25 international conferences including two plenary talks at IEEE Winter
Topicals 2009 and SPIE Photonics Europe 2014. He has been
awarded with the IEEE Photonics Society Graduate Student
Fellowship Award in 2002, the SPIE F-MADE Scholarship
Award in 2003, and the MIT Technology Review TR35 award
in 2007, which awards each year 35 top young innovators being less than 35 years old, here on the topic “Controlling chaos
in telecom lasers”. In his country he has been awarded with the
Best Researcher Award from Lorraine Region. Since 2016 he
is one of the Associate Editors for Optics Letters (Optical Society of America). He regularly serves as Conference Chair and/
or Conference Committee member for SPIE Photonics Europe,
IEEE International Semiconductor Laser Conference, EOS Annual Meeting. Since 2017 he has been appointed as a member of
the Scientific Council for the Office parlementaire d’évaluation
des choix scientifiques et technologiques (OPECST) in France.
PRESENTATION TITLE: Light complexity in time and
space, and the underlying physics of analogies
Dr. Ghanshyam Singh
Associate Professor
Department of Electronics and
Communication Engineering
Malaviya National Institute of
Technology Jaipur (MNIT Jaipur)
J.L.N. Road, Jaipur – 302017
(Rajasthan) – INDIA
E-mail: gsingh.ece@mnit.
ac.in, gschoudhary75@gmail.com

Dr. Ghanshyam Singh received B. Engg, M. Tech and
PhD degrees in Electronics and Communication Engineering.
In 1999, he joined Malaviya National Institute of Technology
Jaipur, India and presently is Associate Professor with the Department of Electronics and Communication Engineering. He
had worked as a visiting researcher at Herriot watt University,
Edinburgh (UK) in 2009, a recipient of CIMO fellowship (by
Govt. of Finland) to work with nano fabrication facilities, Department of Physics and Mathematics, University of Eastern
Finland, Joensuu Campus during January–June 2010 and Visiting Professor at Department of Electrical and Electronics Engineering, Keio University, Japan in 2013. He has authored/
co-authored more than 120 publications with reputed Journals
and peer reviewed conferences covering important research
areas from Optical Engineering and Photonic Technologies.
Presently, Dr. Singh is engaged with joint research projects
with partner researchers from KEIO University (Japan), University of Vienna (Austria), Lviv Polytechnic National University (Ukraine) and University of Cairo (Egypt). Dr. Singh is a

August 2017

Senior Member of IEEE, OSA and Fellow member of OSI and
IETE. He is also a life member of other important professional
societies including; SPIE, ISTE, BESI, IE (India), etc. His current research interest includes integrated photonics, micro and
nano-structured all optical devices and networks and photonic
crystal fibers.
PRESENTATION TITLES: Photonic Integrated Devices
and Systems: Technology for next generation networks; All optical
devices: Design and development issues; Enlighten your objectives at first instance: Suggestions to early stage researchers
Daniel Wasserman
University of Texas Austin
Electrical and Computer Engineering Dept.
Microelectronics Research Center
10100 Burnet Rd., Building 160
MER 1.606E, R9900
Austin, TX 78758-4446
Phone: 512.471.9818
Fax: 512.471.8575
Email: dw@utexas.edu

Daniel Wasserman is an Associate Professor of Electrical
and Computer Engineering at the University of Texas Austin,
where he is affiliated with the Microelectronics Research Center. Prof. Wasserman earned his Sc.B. degree in Engineering/
Physics and History from Brown University in 1998, graduating Summa Cum Laude, Phi Beta Kappa, with Honors. He
attended graduate school at Princeton University, earning a
National Science Foundation Graduate Fellowship, and receiving his Master’s and Doctorate in Electrical Engineering in
2000 and 2004, respectively. Upon completion of the Ph.D.
program, Dr. Wasserman was awarded a Princeton University
Council on Science and Technology Post-Doctoral Fellowship,
and spent the next years working on quantum cascade lasers
and developing a hands-on optics course at Princeton. In 2007,
Dr. Wasserman joined the University of Massachusetts Lowell
faculty as an Assistant Professor in the Department of Physics
and Applied Physics. In 2007, Prof. Wasserman joined the
faculty of the Electrical and Computer Engineering Department at the University of Illinois Urbana Champaign, in the
Micro and Nanotechnology Lab, where he was promoted to
Associate Professor in 2015. In 2016, Professor Wasserman
joined the University of Texas at Austin. Prof. Wasserman
is the recipient of the NSF CAREER award and the AFOSR
Young Investigator Award, as well as the UIUC Distinguished
Promotion Award, and Teaching and Advising awards and
commendations at UMass and Illinois.
PRESENTATION TITLES: The Mid-Infrared as an Optical Playground; Semiconductor Superlattices and Nanostructures for Mid-IR Optoelectronics
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Membership
IEEE Nominate a Senior Member Initiative
The Nominate a Senior Member Initiative
was designed to encourage IEEE Society
Chapters to become actively involved in
promoting Senior Member grade. This initiative aims to: encourage grade advancement in IEEE; simplify the application process; offer financial incentives for approved
senior member applications; and offer increased benefits for senior membership.
Chapters should encourage senior membership elevation
for many reasons. Senior Members become more invested in
volunteer activities at a leadership level and have an average
retention rate of 98%. Also, many executive volunteer offices
require that a member hold Senior Member grade. The more
distinguished members your chapter holds may help give your
chapter a bigger voice in the community.
Senior Member is the highest grade for which IEEE members can apply. IEEE members can self-nominate, or be nominated, for senior member grade. Prospective members who
would like to apply directly for Senior Member grade should
join IEEE and then submit the Senior Member Application
Form as an IEEE member number is required on the application. There is no additional fee to apply.
To be eligible for application or nomination, candidates
must: be engineers, scientists, educators, technical executives,
or originators in IEEE-designated fields; have experience reflecting professional maturity; have been in professional practice for at least ten years; show significant performance over
a period of at least five of their years in professional practice.
A checklist of Senior Member eligibility guidelines and application deadlines, can be found here: http://bit.ly/1q7k4cW

Benefits of Senior Membership
Senior Member Plaque: All newly elevated Senior Members have
received an engraved Senior Member plaque to be proudly displayed for colleagues, clients and employers to see. The plaque,
an attractive fine wood with bronze engraving, is sent within
six to eight weeks after elevation.
US$25 Coupon: IEEE will recognize all newly elevated Senior Members with a coupon worth up to US$25. This coupon
can be used to join one new IEEE society. The coupon expires
on 31 December of the year in which it is received.
Letter of Commendation: A letter of commendation will be
sent to your employer on the achievement of senior member grade (upon the request of the newly elected Senior
Member).
Announcements: Announcement of elevation can be made in section/society and/or local newsletters, newspapers and notices.
Leadership Eligibility: Senior members are eligible to hold
executive IEEE volunteer positions. Ability to refer other candidates: Senior members can serve as a reference for other applicants for senior membership.
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Review panel: Senior Members are invited
to be on the panel to review senior member
applications.
US$25 referral coupon: Newly elevated
Senior Members are encouraged to find
the next innovators of tomorrow and invite
them to join IEEE. Invite them to join and
the new IEEE member will receive $25 off
their first year of membership.
Awards: Every year the IEEE Photonics Society awards one
chapter that highly encourages member-grade advancements
with their local community. The award aims to promote networking and education opportunities; encourage membership
grade advancement within the society; simplify the application
process for members; offer financial incentives and increased
benefits for senior membership participants. The society honors the chapter with an honorarium of $200, which this presented annually at the IEEE Photonics Conference.

IEEE Photonics Society Honors Recently
Elevated Senior Members
The following IEEE Photonics Society Members have been
elevated to senior member over the last 6 months (Dec 1 2016–
June 1 2017):
Arulmozhivarman P
Tamil Nadu, India
Benjamin Klein
Georgia, Usa
Cary R Murphy
North Carolina, Usa
Christos Argyropoulos
Nebraska, Usa
Daniel Dolfi
Palaiseau, France
Edvin Skaljo
Sarajevo, Bosnia
Eiji Takahashi
Saitama, Japan
Enrico Forestieri
Pisa, Italy
Feras Abou Galala
Dasman, Kuwait
Gholamreza Chaji
Waterloo, Canada
Gordon A Keeler
New Mexico, Usa
Guilhem Nicolas De Valicourt
New Jersey, Usa
Hideyuki Nasu
Chiba, Japan
Hongwei Chen
Beijing, China
Hossein Emami
Esfahan, Iran
Houria Rezig-Choukri
Tunis, Tunisia
Janelle Freeman
Texas, Usa
Jeffery W Allen
Florida, Usa
Jelena S Vuckovic
California, Usa
Jinlong Wei
Munich, Germany
Kazuue Fujita
Shizuoka, Japan
Kim Roberts
Ottawa, Canada
Laurent Schares
New York, Usa
Laurent Schmalen
Stuttgart, Germany
Leimeng Zhuang
Victoria, Australia
Mahmood Bagheri
California, Usa
Marc Sorel	Glasgow, United Kingdom
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Michael W Haney
Virginia, Usa
Mohd H Yaacob
Selangor, Malaysia
Monica Allen
Florida, Usa
Nicholas Andrew Peters
Tennesse, Usa
Paul Brucke
North Carolina, Usa
Peter J Vetter
New Jersey, Usa
Robert J Kaplar
New Mexico, Usa
Roland Ryf
New Jersey, Usa
Sander Wahls
Delft, Netherlands
Saul S Carroll	New South Wales, Australia
Sean P Anderson
Pennslyvania, Usa
Selwan K Ibrahim
Dublin, Ireland

Shin Masuda
Miyagi, Japan
Subash Td
Tamil Nadu, India
Tetsuya Hayashi
Kanagawa, Japan
Trevor A Wheatley
Canberra, Australia
Volker Sorger	District of Columbia, Usa
Wei Sha
Hong Kong, China
Wolfgang Max Osten
Stuttgart, Germany
Xiaogang Chen
Illinois, Usa
Xiaojun Cao
Georgia, Usa
Xihua Zou
Sichuan, China
Yosuke Mizuno
Kanagawa, Japan
Zhixin Liu	London, United Kingdom

New IEEE Websites for Conference
Organizers and Standards Developers
One helps with planning events; the other publishes posts about technical standards
Are you an IEEE volunteer who is new to organizing events for your group and needs help getting
started? Or maybe you want to write about technical standards, but you’re having a hard time finding
an outlet that will publish your post. IEEE recently
launched two websites with these issues in mind.
IEEE Meetings, Conferences, and Events (MCE)
is a website that directs conference organizers to
services, tools, and tips. The Beyond Standards
website encourages participation in standards development by publishing posts from contributors.

Organizing Meetings
IEEE MCE is part of IEEE Technical Activities’
MCE management group. Its staff of experts specializes in event management including registration, program design, and financial strategies.
The Event Management Solutions tab lists the
services MCE provides, such as scouting locations, managing
conference finances, and handling the registration process.
In the Audience Development Services section under the
Event Promotion tab, you can find the three different plans
MCE offers: Elite, Premier, and Associate. And organizers can
learn how to market their events with the Audience Development Toolkit. For those who want to use an app for their meeting, there’s a list of developers in the Event Mobile Apps and
Tech-Enabled Experiences section.
People who are new to event planning should check out the
Knowledge Center tab. The center’s Conference Organizer Education section offers webinars, eLearning courses, and workshops.
There’s also a link to the conference mentor program, which provides an MCE staff member to offer guidance.
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Showcasing Standards
Sponsored by the IEEE Standards Association, the Beyond Standards site is dedicated to promoting technology standards and celebrating the contributions of individuals and organizations that
advance technology development. Featured posts last month, for
example, included a Q&A series with experts who explained opensource software and the role it plays in IEEE standards development as well as one that explored the future of virtual reality.
The Categories tab makes it easier to find a blog by topic.
More than 30 topics are listed, including artificial intelligence,
e-health, and tech ethics.
Click on the Contributors tab to learn more about the blog
authors. They include IEEE members Oleg Logvinov, chair of
the IEEE P2413—Standard for an Architectural Framework
IEEE Photonics Society NEWSLETTER
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for the Internet of Things working group, and Rudi Schubert,
director of new initiatives for IEEE-SA. To become a contributor, click on Contact Us and fill out the form.
Both websites were developed by the IEEE Digital and Creative Innovations team, which works with IEEE website owners
to provide guidance on user experience, design, accessibility,

and information architecture. The group partners with design
agencies and independent contractors to provide project management oversight.
Article featured in IEEE The Institute 30 May 2017.
Photo Credit: IEEE

Understanding the Value of Diversity at CLEO 2017
Living and working effectively in a global society requires
learning with an international, diverse perspective and the
IEEE Photonics Membership Council continues to exhibit how
diverse thinking is essential to innovation.
While at the 2017 Conference on Lasers and Electro-Optics
(CLEO 2017), the IEEE Photonics Society, in partnership with
The Optical Society and American Physical Society, held two
diversity workshops on “Understanding Unconscious Bias” to
explore micro-aggression concepts and engage participants to
better understand implicit bias as well as its impact on organizational culture.
Often, biases are triggered automatically by our brain making quick assumptions. The workshops provided attendees a
safe, all-inclusive environment to better understand, on a more
interpersonal level, the experiences of others. Through open
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communication and scenario exercises conference attendees explored how best to avoid unintentional prejudices.
A reception followed in which 200+ attendees connected
with colleagues and discussed intersectionality, (i.e. the interconnected nature of social categorizations such as race, class,
gender and sexual orientation), in the fields of optics and photonics. Dr. Arti Agrawal, IEEE Photonics Associate Vice-President of Diversity and OSA Ambassador-Chair Elect, steered
this event with remarks explaining the need for understanding
and acceptance within the field as well as fostering cross-cultural and gender awareness.
Attendees participated in a “Who Am I?” activity including three “interactive walls” with colorful post-its, in which
attendees answered thought-provoking questions address
ing implicit biases and self-identity. This activity focused on

August 2017

how our different identities intersect, interact, and affect our
daily lives.
Diversity is a main outreach goal for the IEEE Photonics Society as the community further diversifies the array of individuals and perspectives building the photonics technology and information of tomorrow. Through interactive programming, our
volunteers continue to promote diversity through organic means
and collaboration at our conferences and grassroots events.
Interested in volunteering as a Diversity Volunteer with the
IEEE Photonics Society?
Please email Dr. Arti Agrawal at Arti.Agrawal.1@city.
ac.uk or Lauren Mecum, Community Outreach & Development Manager, at L.Mecum@ieee.org.

CLEO 2017 Social Media & Career Session:
Putting the Power of Social Media to Work for You
Social media has fundamentally altered the way we connect and
communicate with one another, and transformed how society
consumes information. The co-sponsors of the 2017 Conference on Lasers and Electro-Optics (CLEO 2017) hosted a Social
Media & Career Session to explore the benefits of leveraging
social media into one’s career life.
How can you report your scientific research through social
media? How should academics vs. industry use social media?
What do recruiters and companies look for within social media
profiles? These were just a few of the questions answered by
panelists Dr. Ben Eggleton of University of Sydney & CLEO
2017 Program Chair, Melissa Drozdowski, Social Media Director of Interprose, and Kevin Keifer, Technical Recruiter Executive & Certified Personnel Consultant.
In the Market Focus Theater on the CLEO 2017 Exhibit Hall
floor, the panelists described how practitioners, researchers, executives, academia and students alike can benefit from social media
through peer-to-peer connections, research dissemination and by
becoming online “thought leaders” in the field. Conference attendees learned best practices and gained practical takeaways enabling each to optimize their “social” footprint and personal brand.
August 2017

Drozdowski, a former game developer and marketing executive, has spent the last decade helping clients successfully leverage the benefits and advantages social media offers. Through
a formal presentation, she explained to attendees how influential social media is with a few clear statistics:
• 1.23 billion Facebook users spend the equivalent of 39,757
years online every day;
• 85% of online users rely on Twitter and Facebook for their
morning news;
• 84% of the world’s heads of state are active Twitter users;
• 73% of companies have successfully hired a candidate using social media;
• One fake tweet nearly crashed the stock market by wiping
out $130 billion in value.
She went on to describe how personal branding is essentially storytelling. To become an influencer in the field, one
must understand their personal and company brand narrative
to be successful online. With this, one can engage more deeply
with key audiences—media, consumers, analysts, employees.
Drozdowksi also explained how social media can promote
greater international collaboration and knowledge-sharing,
IEEE Photonics Society NEWSLETTER
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Dr. Ben Eggleton answers an attendee’s question.

Dr. Ben Eggleton, Melissa Drozdowski, S, and Kevin Keifer
during the “Social Media & Career” session.

which is essential to innovation and reaching key stakeholders
and investors.
All panelists reiterated that having a social influence comes
with hard work, dedication and strategy, even within social media. When starting social media pages, users should always evaluate the following: What is the end in mind? Who are you trying to reach? Where will you connect with your audience? How
often will you engage? How do you want to be remembered?
The “Social Media & Career Session” ended with a Q&A
from the audience. A key takeaway was a point made about

how the most successful social media influencers are “authentic.” Social media influencers and thought leaders must be
compelling and add value. They participate in two-way dialogue online, do not broadcast. This helps followers connect
on a more personal level and the influencer comes across as
accessible and trustworthy.
For more social media tips, check out the IEEE Industry
Application Society’s webinar on “How to Improve Your Social
Life.” The archived webinar can be found here: http://bit.
ly/2rduuA4

GURLEY PRECISION INSTRUMENTS
THE ONE-STOP SHOP FOR INEXPENSIVE, QUALITY OPTICS
-SPHERICALS
-ASPHERICALS
-BEAM SPLITTERS
-BB MIRRORS
-ENCODER GLASS

-PRISMS
-ND FILTERS
-RETICLES
-ASSEMBLIES
-AND MORE!

SHORT LEAD TIMES
VENDOR MANAGED INVENTORY
U.S. AND OVERSEAS MANUFACTURING
ISO 9001 AND ITAR CERTIFIED
GURLEY PRECISION INSTRUMENTS
514 FULTON ST.
TROY, NY 12180 U.S.A.
PHONE: 518-272-6300
WEB: GURLEY.COM
EMAIL: INFO@GURLEY.COM
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Conferences

IEEE Photonics Society
2017 Conferences

IEEE Photonics Conference (IPC)
30th Annual Conference of the IEEE Photonics Society
1-5 October
Hilton Orlando Lake Buena Vista
Lake Buena Vista USA
www.IPC-IEEE.org

Optical Fiber Communication
Conference and Exposition (OFC)

Summer Topicals Meeting Series
(SUM)

19-23 March
Los Angeles Convention Center
Los Angeles, California USA

10-12 July
San Juan Marriott Hotel
San Juan, Puerto Rico

www.OFCconference.org

www.SUM-IEEE.org

Conference on Lasers and
Electro-Optics (CLEO)

14th International Conference on
Group IV Photonics (GFP)

14-19 May
San Jose Convention Center
San Jose, California USA

23-25 August
Grand Hyatt Berlin
Berlin, Germany

www.CLEOconference.org

www.GFP-IEEE.org

6th Optical Interconnects
Conference (OI)

14th Avionics and Vehicle Fiber-Optics
and Photonics Conference (AVFOP)

5-7 June
Hilton Santa Fe Historic Plaza
Santa Fe, New Mexico USA

7-9 November
Sheraton New Orleans Hotel
New Orleans, Louisiana USA

www.OI-IEEE.org

www.AVFOP-IEEE.org

For more information, visit: www.PhotonicsConferences.org
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CALL FOR PAPERS
14

th

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

G r o u P I V P h oto n I C s

2017

23-25 AUGUST
Grand hyatt Berlin, Germany
General ChaIr
Jeremy Witzens, rWth aachen, Germany

ProGram ChaIr
lars Zimmermann, IhP, Germany

www.GFP-IEEE.org
www.PhotonicsSociety.org
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IPC
30th Annual Conference of the
IEEE Photonics Society

2017

1-5 October

Hilton Orlando Lake Buena Vista
Orlando, Florida USA

Photo image credit: Ananta Palani

General Chair
Hilmi Volkan Demir, NTU Singapore, Singapore and Bilkent University, Turkey
Members-at-Large
Amr Helmy, University of Toronto, Canada
Carmen Menoni, Colorado State University, USA
Program Chair
Nikola Alic, University of California, San Diego, USA

www.IPC-IEEE.org
www.PhotonicsSociety.org
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AVFOP
2017
AVIONICS AND VEHICLE FIBER-OPTICS
AND PHOTONICS CONFERENCE

7-9 NOVEMBER
SHERATON NEW ORLEANS HOTEL
New Orleans, Louisiana USA
GENERAL CHAIR:
Jason McKinney, USA
PROGRAM CHAIR:
Chris Ward, Georgia Tech Research Institute, USA

Sponsored by

www.AVFOP-IEEE.org
www.PhotonicsSociety.org
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IEEE Photonics Society Co‐Sponsored Events
2017
CLEO-PR / OECC / PGC

31 July – 4 August
2017 Conference on Lasers and Electro-Optics,
Pacific-Rim
2017 Opto-Electronics and Communications
Conference
2017 Photonics Global Conference
Singapore, SG
http://www.cleopacificrim.com/

HONET-ICT

OMN

9 - 11 October
14th International Conference on Smart Cities:
Improving Quality of Life using ICT & IoT
Amman, Jordan
www.honet-ict.org/

ICO

11- 12 October
2017 IEEE High Power Diode Lasers and Systems
Conference
Coventry, UK
http://www.hpdls.org/

13 - 17 August
2017 International Conference on Optical
MEMS and Nanophotonics
Santa Fe, NM, USA
www.nist.gov/news

21 - 25 August
2017 24th Congress of the International
Commission for Optics
Tokyo, Japan
http://www.ico24.org

UCMMT

11 - 13 August
2017 10th UK-Europe -China Workshop on
Millimetre Waves and Terahertz Technologies
Liverpool, United Kingdom
http://www.liv.ac.uk/UCMMT

SARNOFF

18 - 20 September
IEEE 38th Sarnoff Symposium
Newark, NJ, USA
http://ewh.ieee.org/conf/sarnoff/2017/

August 2017

ISSLED

8 - 12 October
11th International Symposium on Semiconductor
Light Emitting Devices
Banff, AB, Canada
http://www.ece.umich.edu/issled2017/

HPD

MWP

23 - 26 October
2017 International Topical Meeting on
Microwave Photonics
Beijing, China
www.mwp2017.com

MOC

19 - 22 November
22nd Microoptics Conference
Komaba, Tokyo
www.moc2017.com

ICMAP

9 - 11 February 2018
2018 3rd International Conference on
Microwave and Photonics
Dhanbad, India
www.icmap2018.org
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Publications

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

MICROWAVE PHOTONICS
Submission Deadline February 1, 2018
Publication: October 2018
This special issue covers all topics in the interdisciplinary field of microwave photonics, which will be announced as a special
issue for the top conference (MWP’2017) of this field. Microwave photonics is concerned with the use of photonic devices,
systems and techniques for applications in microwave, millimeter, and THz wave engineering, and also encompasses the
development of high-speed photonic components. The field is experiencing a healthy period of growth, driven by the
recent interest in integrated microwave photonics and the development of microwave/millimeter-wave photonics for 5G applications.
Feasible topics include (but are not limited to):








High-speed optoelectronic devices
Integrated microwave photonics
Photonic techniques for microwave signal generation and distribution
Photonic microwave processing, sensing, and measurements
THz techniques and applications
Radio over fiber techniques, fiber-wireless communications, and 5G
Innovative applications of microwave photonics (astronomy, traffic and automotive, electronic warfare, radar, medicine
and health care, etc.)

A portion of this issue will feature expanded versions of accepted papers presented at the 2017 International Topical
Meeting on Microwave Photonics (MWP 2017) in Beijing, China from October 23-25, 2017. This meeting will include a workshop
on hot topic in this field.
The page limit will be 18 pages for the tutorial reviews, 10 pages for invited papers, and 7 pages for the regular papers.
The Guest Editors for this issue are: Jianping Yao, University of Ottawa, Canada; Jose Capmany, Polytechnic University of
Valencia, Spain; Hongwei Chen, Tsinghua University, China; Xihua Zou, Southwest Jiaotong University, China.
Submissions by website only: http://mc.manuscriptcentral.com/jlt-ieee
Manuscript Type: “MWP2018”
Submission questions: Doug Hargis, Journal of Lightwave Technology d.hargis@ieee.org
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Preliminary Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Ultra Low Loss Planar Waveguides and Their Applications
Submission Deadline: October 1, 2017
Hard Copy Publication: July/August 2018
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area
of Ultra Low Loss Planar Waveguides and Their Applications (ULLPWA) featuring planar technologies with state
of the art low losses:

•
•
•
•
•
•
•
•
•
•
•
•
•
•

ULLPW design and basic technology
ULLPW integration platforms and fabrication
ULLPW based components
Nonlinearities in ULLPWs (e.g. Brillouin, Raman)
Heterogeneous integration with Silicon Photonics and InP
Active ULLPW based devices
High Q resonators
Filtering and dispersion compensation
Optical delay lines
Optical gyros
Optical true time delays
Integration of quantum devices with ULLPWs
Energy efficient photonic integration
TE and TM response and polarization sensitivity

•
•
•
•
•
•
•
•
•
•
•
•

Octave spanning frequency generation and comb
generators
ULLPW based gratings
ULLPW based lasers
Microwave and optical oscillators
ULLPW based sensors
ULLPW based signal processing and coding
Phased array devices and applications
Wavelength and polarization dependence on scattering
and bending loss
Coherent optical transmitters, receivers and transmission
Optical clocks
Low loss on-chip communications and networks
Photonic molecules and topological photonics

The Primary Guest Editor for this issue is Daniel J Blumenthal, University of California at Santa Barbara (UCSB), USA.
The Guest Editors of the issue are Mario Dagenais, University of Maryland, USA; Benjamin Eggleton, University of
Sydney, Australia; Dries Van Thourhout, Ghent University, Belgium; Caterina Ciminelli, Politecnico di Bari, Italy.
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

Solid-State Lasers

Submission Deadline: December 1, 2017
Hard Copy Publication: September/October 2018
The IEEE Journal of Selected Topics in Quantum Electronics invites manuscripts that document the current state-of-the-art in the area of
Solid-State Lasers. Solid-state lasers are versatile sources of coherent, high-brightness radiation with a diverse range of applications in
science and technology, including spectroscopy, health sciences, manufacturing, communication, defense, and metrology. Recent advances in
this field have focused on power scaling approaches and efficient pumping architectures, new coherent short-pulse sources, as well as the
development of novel gain media based on doped glasses, ceramics and crystals. The objective of this special issue is to document recent,
cutting-edge advances in solid-state laser technologies. The solicited areas include (but are not limited to):











Novel solid-state lasers in the ultraviolet, visible, and infrared
Microchip, fiber, and waveguide lasers
Laser beam combining and other power scaling technologies
Innovative solid-state gain media based on glass, ceramic, and crystal hosts
Modeling and characterization of solid-state lasers
Short pulse generation with solid-state lasers
Nonlinear frequency generation with solid-state lasers
Spatial mode manipulation in solid-state lasers
Novel pumping and resonator architectures for solid-state lasers
Frequency comb sources

The Primary Guest Editor for this issue is Alphan Sennaroğlu, Departments of Physics and Electrical-Electronics Engineering, Koç University,
Turkey, and the Guest Editors are Tso Yee Fan, Massachusetts Institute of Technology, USA; Christian Kränkel, Zentrum für
Lasermaterialien, Leibniz-Institut für Kristallzüchtung, Germany; Norihiko Nishizawa, Department of Electronics, Nagoya University, Japan;
Valdas Pasiskevicius, Department of Applied Physics, Royal Institute of Technology (KTH), Sweden.
The deadline for submission of manuscripts is December 1, 2017. Hardcopy publication of the issue is scheduled for September/October
2018.
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.
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Emerging Areas in Integrated Photonics
Submission Deadline: February 1, 2018
Hard Copy Publication: November/December 2018
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in Emerging Areas in Integrated
Photonics. Over the years, integrated photonics has been advancing in performance and functionality. New materials, new integration
platforms, processes, devices, and architectures are being explored for ever-increasing application domains, spanning from traditional
computing/communication to data centers, cyber-physical systems, and the Internet of Things. The purpose of this issue of JSTQE is to present
the state-of-the-art in this field through a collection of original and invited papers ranging from fundamental physics to applications. This special
issue will be solely devoted to the most recent developments in integrated photonics over the last few years and will serve as a universal
resource for future development. The scope of the issue covers all aspects of theoretical and experimental integrated photonics research
including:
•
•
•
•
•
•

Energy efficient optical interconnects
Integrated quantum optics and computing
UV and visible integrated photonics
Mid-infrared photonics
Nonlinear integrated photonics
Integration architectures for neuromorphic computing

The Primary Guest Editor for this issue is Weidong Zhou, University of Texas at Arlington, USA. The Guest Editors are Gunther Roelkens,
Ghent University-IMAC, Belgium; S. J. Ben Yoo, University of California, Davis, USA; Michael Gerhold, Army Research Office, USA; Lan Fu,
Australian National University, Australia; and Juejun Hu, Massachusetts Institute of Technology, USA.
The deadline for submission of manuscripts is February 1, 2018. Hardcopy publication of the issue is scheduled for November/December
2018.
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.
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The present and past Editors-in-Chief
of the IEEE/OSA Journal of Lightwave
Technology are proud to present the
special paper collection
A THIRD OF A CENTURY OF
LIGHTWAVE TECHNOLOGY :
JANUARY 1983-APRIL 2016

This special collection contains the
most impactful papers from JLT's third
of a century long history, reflecting on
the progress and impact that lightwave
technologies have had on society.

For a third of a century, the Journal of Lightwave Technology has been publishing
breakthrough research across all aspects of guided-wave optical science, technology, engineering, and applications. Considered by many as the premier journal in this field, it has covered optical fiber and cable technologies, active and
passive guided-wave components, integrated optics and optoelectronics, subsystems, systems, and networks that underpin the Internet. This special collection of
papers published over the course of the journal's history is intended to reflect on
the progress and impact that lightwave technologies have had on society.

To order this unique copy please visit:
http://www.proceedings.com/30331.html

The Journal of Lightwave Technology
Visit www.ieee-jlt.org
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What + If = IEEE

420,000+ members in 160 countries.
Embrace the largest, global, technical community.
People Driving Technological Innovation.

ieee.org/membership
knowledge
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Present a world of opportunity
• Professional Growth
• Collaboration
• Global Network
When you give the gift of an IEEE Membership,
you’re helping someone you care about build a platform for success.
That’s because IEEE delivers access to the industry’s most essential
technical information, provides both local and global networking
opportunities, offers career development tools, plus discounts
on conference registrations and insurance programs, as well as
many other exclusive member benefits.

Get started today at

www.ieee.org/gift

46

IEEE Photonics Society NEWSLETTER

August 2017

Introducing IEEE Collabratec™
The premier networking and collaboration site for technology
professionals around the world.

IEEE Collabratec is a new, integrated online community where IEEE members,
researchers, authors, and technology professionals with similar fields of interest
can network and collaborate, as well as create and manage content.
Featuring a suite of powerful online networking and collaboration tools,
IEEE Collabratec allows you to connect according to geographic location,

Network.
Collaborate.
Create.

technical interests, or career pursuits.
You can also create and share a professional identity that showcases key
accomplishments and participate in groups focused around mutual interests,
actively learning from and contributing to knowledgeable communities.
All in one place!

Learn about IEEE Collabratec at
ieeecollabratec.org
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compiled as a service to our readers and advertisers. The publisher is not liable for errors or omissions although every effort is made to ensure its
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Mark David
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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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