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Editor’s
Column

IEEE Photonics Society

Lawrence Chen
In this month’s President’s column, Kent describes the
motivation and need to establish the IEEE Photonics
Society Fund. Many of our society members are also
members of the Optical Society of America (OSA) and
over the years, have donated to the OSA Foundation,
which supports a number of charitable activities including scholarships, fellowships, prizes & awards, and travel
grants. Donating to the IEEE Photonics Society Fund
will benefit the next generation of leaders and innovators
that are fundamental to our existence. So while it can be
appreciated that everyone has a finite ability to support
charitable activities, it is important to remember that
every contribution—big or small—counts!
This month’s issue features two research highlight articles in the area of quantum photonics. The first article
written by Duncan England and his colleagues from the
National Research Council (Ottawa, ON, Canada) and
the Institute for Quantum Computing (Waterloo, ON,
Canada) describe the implementation of quantum memory using vibrations in a diamond crystal with the application for signal processing functions such as wavelength
conversion, or converting the color of the stored single
photons. The second article represents an international
collaboration between groups in Canada (Institut National de la Recherche Scientifique—Énergie Matériaux
Télécommunications), the UK (University of Strathclyde,
University of Sussex, The University of Glasgow, and
Heriot-Watt University), Israel (The Hebrew University
of Jerusalem), China (Xi’an Institute of Optics and Precision Mechanics and the University of Electronic Science
and Technology of China), Hong Kong (City University
of Hong Kong), and Australia (Swinburne University
of Technology). The article, written by Michael Kues et
al, describes the development of an integrated nonlinear microring resonator for frequency combs to generate
single-spatial-mode quantum states. In the next article
on starting-up a company, Simon Poole talks about the
importance of choosing the right people to work with in
your new venture. I hope you enjoy reading this month’s
issue.
As always, please send me any comments, feedback,
or suggestions that you have.
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Column
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How will the funds be used?

“No one has ever become poor by giving.”
—Anne Frank
As I am writing this (overdue) column, we are enjoying typical August weather in central Illinois: hot and humid. Nevertheless, students have returned to campus, and my sleepy
Midwest community is now filled with excited students
ready for the fall semester. Within the Society we are preparing for our annual meeting, the IEEE Photonics Conference
(IPC). This year at IPC we will be kicking off a major new
program in our Society.
In my previous column, I discussed some critical issues facing the IEEE as a whole, and the impact that these potential
changes to the Institute’s governance may have on our Society.
But now it is time to turn our attention inward and share some
incredible Society news about a new initiative.
I am proud and excited to announce that we have partnered
with the IEEE Foundation to establish the IEEE Photonics
Society Fund. This is a new endeavor that will add a fourth pillar to our current membership, publications, and conferences
areas. The IEEE Photonics Society Fund will provide critical
resources to greatly enhance the humanitarian and educational
projects of the Photonics Society.

Why create such a fund?
The need for establishing The IEEE Photonics Society
Fund of the IEEE Foundation is the result of discussions
conducted for more than a year by the Photonics Board of
Governors. The initial goal of the discussion was to identify
ways the society could augment its charitable work. Part of
the inspiration for establishing the IEEE Photonics Society
Fund came from the Society’s successful Speed-of-Light Campaign with SolarAid initiated last year during the International Year of Light, which to date has raised nearly $10K
in donations to supply solar-powered lights to impoverished
communities in rural Africa.
Similar to that effort, the new IEEE Photonics Society
Fund will provide the Society with additional resources for
our mission-driven imperatives. This is critical because despite income approaching $7M annually, the Society’s operational surpluses are sensitive to external factors beyond
our control such as the rising costs of supporting the IEEE
and Technical Activities, publication fees, volatile conference attendance rates, etc. Establishing the IEEE Photonics
Society Fund will also provide the Society with permanent
and ongoing capital for our humanitarian efforts outside of
our normal operating budget and which will not be impacted by such externalities. Most importantly, this fund will
provide members and other constituents in our profession
community with the ability to contribute directly to this
humanitarian mission.
October 2016

The IEEE Photonics Society Fund will be used to advance the
Society’s educational and humanitarian efforts such as:
• Student Outreach Ambassador Program to help raise
awareness about the importance of light-based sciences in
STEM education.
• Women in Photonics Empowerment Grants to provide
academic scholarships to female student members, undergraduate or graduate, from developing nations or who have
financial hardship.
• Graduate Student Fellowship Awards to support research
excellence and contributions to the Society’s publications and
conferences and create the next generation of membership.
• Student Travel Grants to reduce the financial barriers that
students may face in attending flagship Society conferences, such as Summer Topicals and the IEEE Photonics
Conference.
As we move forward I hope we can add to this list of efforts, but
this will only happen with contributions from our membership.

Get involved now
Donating to the IEEE Photonics Fund is simple. Visit the IEEE
Photonics Society online giving page at www.ieeefoundation.
org/support_photonics and choose a donation amount. That is
all it requires. If you prefer to write a check, please make it
payable to the IEEE Foundation (please note IEEE Photonics
Society Fund on the memo line) and mail it to the IEEE Foundation, 445 Hoes Lane, Piscataway, NJ, 08854, USA.
As I mentioned, discussions and plans of the IEEE Photonics Society Fund extend back more than a year. There has
been significant effort from the Society’s staff to gain approval and make this happen. In particular, we are all indebted to our Executive Director Christopher Jannuzzi, who
precipitated the earliest discussions and has shepherded this
idea through multiple levels of review within the Institute.
With our new humanitarian pillar, the Photonics Society
will add yet another dimension to the impact we make to
our profession and to society as a whole.
And on that topic of gratitude, I would like to take a moment to say thank you. Thank you for your time and brilliance.
Thank you for your service and dedication. The science we pursue and the technologies we develop are bringing the world
closer together and enabling solutions to many intractable
challenges of life in the 21st century.
Together with your support of the IEEE Photonics Society
Fund, we are poised to leverage the force of our community and
profession in new ways and I sincerely hope you will join me
in this crucial effort.
For more details on the IEEE Photonics Society Fund or
to make a donation, visit: www.ieeefoundation.org/support_
photonics.
IEEE Photonics Society NEWSLETTER
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Research highlight

High-Speed Storage and Processing
with Quantum Photonics
Duncan England1, Kent Fisher 2, Kevin Resch2 and Benjamin Sussman1
1
National Research Council, Ottawa, Canada
2
Institute for Quantum Computing, Waterloo, Canada
Abstract—The study of quantum optics allows us to verify
the fundamental laws of quantum mechanics and to build new
technologies based upon these laws and the unusual consequences they imply. As quantum technologies emerge out of
the laboratory and into the field, we are beginning to develop
components that will, one day, form part of large-scale quantum networks. In this article, we review one such component:
a quantum memory that stores single photons in the vibrations
of a diamond crystal, and releases them on demand [1]. The
memory can also perform rudimentary processing operations
such as converting the colour of the photon [2]. These two example quantum operations have equivalents in classical signal
processing: quantum memories are analogous to a wide range
variable delay buffers and frequency conversion can be used for
quantum analogues of wavelength-division multiplexing.

Introduction
In the 1920’s the work of famous physicists such as Einstein,
Planck, Bohr, Schrödinger and Heisenberg laid the foundations for quantum theory as we know it today. In what has become known as the Copenhagen interpretation, the properties
of a particle such as its position, or momentum, are not well
defined and instead are described by a wave function which
evolves freely when isolated from other systems. In the laboratory, according to the interpretation, when we make a measurement on a quantum system, the particle interacts with the
measurement device and the wave function collapses randomly
returning a measurement value, with a probability determined
by the wave function.
The Copenhagen interpretation of quantum mechanics led to two famous gedankenexperiments. In the first, Erwin
Schrödinger placed a hypothetical cat in a sealed box with a
vial of cyanide. The fate of this unfortunate (but fictitious)
feline depended upon the result of a probabilistic quantum
event: in this case, the radioactive decay of a single atom. If
the atom decays the vial breaks, and the cat dies, if the atom
does not decay, the cat lives. But, because the box is a perfectly
isolated system, we cannot know the result of the measurement and the cat exists in a superposition of alive and dead
until the box is opened and a measurement is made. In the second thought experiment, put forward by Einstein, Podolsky,
and Rosen, a pair of particles, A and B, interact briefly before
traveling in opposite directions and we wait some time to allow the particles to separate. The position, and momentum,
of these particles cannot be precisely known until we make a
measurement. However, because the position and momentum
4
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of the two particles are correlated, if we measure the position
of A we can immediately know the precise position of B. And
similarly, a measurement of the momentum of B will return
the precise momentum of A. This leads to the so-called EPR
paradox because the particles appear to affect each other, even
when physically separated by large distances. At the time, Einstein called this “spooky action at a distance”, but nowadays it
is known as quantum entanglement.
These exotic properties of quantum mechanics typically do
not affect our everyday lives because, in the limit of large manybody systems, the laws of quantum mechanics usually appear indistinguishable from classical mechanics; indeed, Schrödinger’s
thought experiment was intended to show the ridiculousness
of quantum mechanics when scaled up to macroscopic objects
like cats. We would therefore expect quantum effects to only
be observable in elementary particles such as single atoms or
electrons, on microscopic scales in custom-built laboratory
equipment. The rapidly-developing field of quantum photonics has challenged this perception: we can now make single
photons with exquisite control of wavelength and bandwidth
[3]. Because the single photons propagate at the speed of light,
and have long coherence times, we can construct superposition
or entangled states of light that exist on the scale of hundreds
of kilometers [4]. The use of optics has therefore increased the
length scales for quantum experiments from the microscopic to
the macroscopic allowing us to verify the fundamental laws of
quantum mechanics [5].

Figure 1. An artist’s impression of frequency conversion in a diamond. Credit: Dr. K. Heshami, NRC.
October 2016

Heralded Single Photon Generation
Our source of single photons is based on spontaneous parametric downconversion (SPDC). In SPDC, a bright pump laser (in
this case, a pulsed femtosecond laser) is incident upon a nonlinear optical medium. With some probability, one of the laser
photons in the pump will spontaneously split into two lower
energy photons (called daughter photons), referred to hereafter
as the signal and herald. Energy conservation dictates that the
frequency of the two daughter photons must add up to that of
the original laser photon, which specific pair of wavelengths
emerge is determined by momentum conservation. Momentum conservation constrains the phase relationships between
the light in the nonlinear medium and is also known as phase
matching. When the herald photon is detected, it confirms the
presence of the signal; therefore SPDC is known as a heralded
single photon source as photons are generated probabilistically,
but we receive a trigger informing us when one has been created. Typically the probability of pair generation is kept well
below 0.1 pairs per pulse in order to ensure that multiple pairs
are not created in a single pulse.
The experimental setup for our single photon source is
shown in figure 2. The master laser for the experiment is a
mode-locked Ti:sapphire laser producing pulses of 190 fs duOctober 2016
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As well as enabling new experiments to investigate the
foundations of quantum mechanics, quantum optics also
promises revolutionary new technologies: for example, the inherent uncertainty in measurement outcomes can be used to
make truly random numbers [6], and quantum states of light
can be used for enhanced measurements [7], powerful computing [8], and unhackable cryptography [9]. To bring these
technologies out of the laboratory and into the field, we are
beginning to develop essential components that will, one day,
form part of larger integrated systems and ultimately a proposed quantum internet [10]. These components include: photon sources and detectors, optical fibres, circuits and switches,
quantum memories, and frequency converters, all capable of
operation at quantum levels. In this article we discuss a quantum memory that stores single photons in the vibrations of a
diamond crystal, and releases them on demand. Beyond simple memory operations, the device can be extended to signal
processing applications such as converting the frequency and
bandwidth of the photon, much like an optical transducer.
Optical frequency converters are increasingly seen as a critical
component in a wide range of quantum applications including
interfacing hybrid systems operating at different wavelengths
as well as the quantum equivalent of wavelength-division multiplexing. Combining storage and frequency conversion on a
single platform assists with developing a route towards scalable quantum architecture.
The article is outlined as follows. We begin by describing
our method for generating single photons followed by an explanation of the photon storage and retrieval memory mechanism, and results from this experiment. We next introduce the
modification to the basic memory setup which allows for spectral conversion, and show results for both frequency shifts and
bandwidth modification. We conclude by discussing these results, and their implications for future quantum technologies.

300
200
100
0

–25 –12.5 0
12.5 25
Electronic Delay (ns)
(c)

Figure 2. (a) The SPDC photon source. The master laser (800 nm,
red) is frequency-doubled to 400 nm (blue) in a BBO crystal. The
400 nm light the pumps SPDC in a second BBO crystal creating
pairs of photons. The signal (green) and the herald (red) are split
on a dichoric mirror (DM) and coupled into fibers for detection
on APDs. (b) Energy level diagram for SPDC. The energy of the
created signal and herald photons must add up to that of the annihilated pump photon. (c) Timing correlations between signal
and herald resulting from SPDC. The large peak at zero delay
results from spontaneous generation of a photon pair. Smaller
peaks at multiples of 12.5 ns delay result from accidental coincidences between photons generated in adjacent laser pulses.

ration at a repetition rate of 80 MHz, central wavelength of
800 nm and a pulse energy of 28 nJ. The laser beam is split
between the photon source and the memory with 16.5 nJ used
for the photon source. The laser is first frequency-doubled in a
1 mm thick b-barium borate (BBO) crystal to produce pulses at 400 nm (pulse energy 2.4 nJ). In a second 1 mm BBO
crystal, angle-tuned to generate the required wavelength, the
400 nm pulses produce horizontally-polarized photon pairs at
723 nm (signal) and 895 nm (herald). The photon pairs are
emitted collinearly from the BBO and, after the remaining
400 nm pump light has been removed by interference filters,
the signal and herald photons are spatially separated by a longpass dichroic mirror. The herald is coupled into a single-mode
fiber and detected on an avalanche photodiode (APD). The signal photons are coupled into a 7 cm long single-mode fiber for
spatial filtering before being directed to the memory.
Because the signal and herald are produced simultaneously,
a characteristic signature of SPDC is strong timing correlations
between the two. To confirm this, we divert the signal photons
before they are sent to the memory and we detect them on
a second APD. Detection of a single photon at an APD results in an electrical pulse which is sent to a time-tagger unit
to measure the difference in arrival times between the signal
and herald photons. The resulting histogram, shown in figure 2c, shows a strong peak at zero delay indicating that the
photons are made simultaneously. Much smaller peaks at multiples of 12.5 ns (the laser repetition time) are due to accidental
IEEE Photonics Society NEWSLETTER
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The high-purity, low-birefringence
Figure 3. (a) Memory concept diagram. An input photon (green) is stored into the
synthetic
diamond was manufactured by
memory by the write pulse and, after a time delay x it is recalled by the read pulse. (b)
Element
Six
Ltd. The diamond, which is
Energy level diagram of the memory: |0H is the crystal ground state, |1H is the optical
phonon and |2H is the conduction band. (c) Readout from the memory (blue) decays 2.3 mm thick, was grown by chemical vaexponentially with a lifetime of 3.5 ps. Memory noise (red) is present even when no in- pour deposition and is cut along the G100H
put photon is present, and degrades the purity of the memory output. (d) Timing coin- face of the crystal lattice. The relevant encidences between the memory output and the herald photon exhibiting non-classical ergy levels can be described by a /-level
correlations at zero delay; see text for details. Figures reproduced from reference [1].
system consisting of the crystal ground
state |0H, an optical phonon acting as the
storage state |1H and an intermediate state
|2H representing the conduction band. Single photons are stored
coincidences from photons generated by different laser pulses.
to, and retrieved from, the optical phonon by strong write
A signal-to-noise ratio (SNR) of 164:1 is an indication that our
and read pulses via an off-resonant Raman interaction [12].
SPDC source is producing correlated pairs of photons.
The read/write pulses derive from the master laser (800 nm)
and the signal photons have wavelength 723 nm; the signal
Raman Quantum Memory
and read/write pulses are therefore in two-photon resonance
The principal requirement of quantum memory is similar to
with the optical phonon frequency of 40 THz, but both are
that of a classical memory: store information and release the
same value at a choosen delay. An ideal quantum memory would
far-detuned from the conduction band (see figure 3b). In the
have high efficiency, low noise, long storage times, wavelength
G100H configuration, the Raman interaction couples fields of
tunability, on-demand readout, a large acceptance bandwidth
orthogonal polarization such that the H-polarized input phoand high speed operation [11]. In practice, no memory has yet
tons are stored by a V-polarized write pulse and V-polarized
been developed that combines all these desirable features in a
output photons are retrieved using a H-polarized read pulse.
single device, so the choice of memory depends strongly on the
The high frequency of the optical phonon (40 THz) and
application in hand. For example, for long-distance quantum
a large detuning from the conduction band (+950 THz) are
communication, long storage time is key, whereas for smallthe key features allowing storage of THz-bandwidth photons.
scale local quantum processing, high-speed operation is more
These features also provide an intrinsically low noise floor: the
large detuning from optical resonance eliminates fluorescence
important. For the latter applications, the ratio of storage
noise, and the high energy of the optical phonon results in low
time to the minimum pulse duration that can be stored (the
thermal population of the storage state at room temperature.
so-called time-bandwidth product) determines the maximum
Four-wave mixing noise, which is a pervasive problem in many
number of operations that can be achieved during storage and
/-level systems, is suppressed in diamond due to the large
is therefore an important metric in these systems.
splitting and high optical dispersion [12].
In our memory, single photons are stored, via an off-resonant
Storage is demonstrated by scanning the delay of the write
Raman transition, in the optical phonon modes of a room-tempulse with respect to the signal photon. With 6.25 nJ in the
perature bulk diamond. As the Raman interaction occurs far
write pulse, a 9% reduction in signal-herald coincidences at
from any optical resonances, the memory can operate at a range
zero delay indicates that signal photons are being written to
of visible and near-infrared wavelengths. The maximum storage bandwidth of the memory is limited only by the splitting
the memory. Readout of the signal photons is observed by rotating the polarization filter to measure the vertically-polarized
between the ground and storage states. This broad bandwidth
IEEE Photonics Society NEWSLETTER
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output of the memory. With 6.25 nJ in each pulse, we scan
the delay between the write and read pulses; the sharp step in
signal-herald coincidences at zero delay indicates that signal
photons are being retrieved from the memory (figure 3c). The
maximum total memory efficiencyt is ht = 0.9% and the write
efficiency is hw = 9% from which we extract a read efficiency
of hr = ht/hw = 10%, which is, as expected, similar to the write
value. Increased read/write power, along with improvements
to spatial and temporal mode matching can improve these efficiencies. The exponential decay in read efficiency has a half-life
of 3.5 ps which is characteristic of the optical phonon lifetime.
The duration of the photons is just +250 fs, we have therefore
demonstrated that the memory can store a single photon for
around 14 times its duration.
By blocking the input signal photons we can measure the
background noise of the memory (see figure 3c), the maximum signal-to-noise ratio is 3.8:1; with no background subtraction. This noise has two origins: spontaneous anti-Stokes
scattering from thermally-excited phonons and spontaneous
four-wave mixing (FWM). The FWM noise process is intrinsic to the memory and cannot be completely eliminated. From
Boltzmann statistics we calculate that around 5 coincidence
counts per second can be attributed to thermal noise.
Correlations between the memory output and the herald
photon can be seen in their coincidence statistics, as shown
in the blue histogram in figure 3d. By contrast the noise photons (red histogram, offset by 1ns for clarity) show no correlation with the herald and simply act to reduce the SNR of the
memory output. Nevertheless, the fact that a clear correlation
between signal and herald photons is still visible suggest that
the memory can preserve the strong timing correlations of
SPDC. In the following sections, we go on to show that these
non-classical correlations can be preserved during frequency
manipulation using a modified quantum memory.

Modified Memory for Spectral Control
Controlling the spectral properties of single photons is essential for a wide array of emerging optical quantum technologies
spanning quantum sensing [7], quantum computing [8], and
quantum communications [9]. Essential components for these
technologies include: single photon sources, quantum memories, waveguides, and detectors. The ideal spectral operating
parameters (wavelength and bandwidth) of these components
are rarely similar; thus, frequency conversion and spectral control are key enabling steps for component hybridization. Furthermore, there is increasing interest in using the frequency
degree of freedom for encoding quantum information where
a potentially infinite number of optical modes are available.
If the frequency degree of freedom is to be used for quantum
information processing, then we will require a way to convert
light between modes: i.e. a quantum frequency converter for
single photons. In the remainder of this article, we discuss how
the diamond quantum memory, with a suitable modification,
can be used to translate the frequency of single photons, and to
modify their bandwidth.
To use the memory for frequency conversion requires modifying the regular memory procedure. Instead of using the same
laser to write the photon to the memory, and retrieve it, we
October 2016
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Figure 4. (a) Frequency conversion concept. An input photon
(green) is stored into the memory by a write pulse (red). A read
pulse (orange) which is shorter in duration, and frequencyshifted, compared to the write is used to retrieve the photon.
The spectral properties of the read pulse are mapped onto the
output photon (blue). (b–c), Energy level diagrams for write (b)
and read (c) steps. The detuning D from the excited state |2H is
much larger than the frequency shift D~. Figures reproduced
from reference [2].

use a second laser, with different characteristics, to retrieve the
photon. This enables us to change the frequency and bandwidth of the read pulse independently of the write pulse. The
changes in the read pulse are mapped directly to the output
photon. For example, if the read pulse is red-shifted by 5 THz
with respect to the write, then the output photons will also be
shifted by the same amount with respect to the input. Similarly, the bandwidth of the read pulse will be directly mapped
to the output photon.
Our read pulse is produced by a second Ti:sapphire laser,
called the ‘slave’, whose repetition rate is locked to the master, but whose frequency and bandwidth can be independently
modified. In this experiment we vary the read field wavelength
between 784 nm and 814 nm, and its bandwidth between 2.1
nm and 12.1 nm FWHM. The read beam is then overlapped
with the write beam on a polarizing beamsplitter (PBS), arriving at the diamond a time x after storage. The horizontally
polarized read beam retrieves a vertically polarized output photon from the diamond with spectral shape close to that of the
read pulse, blue-shifted by the phonon frequency (40 THz).
Results of red- and blue-shifting and bandwidth manipulation
are shown in the following sections.

Frequency Shifts
Frequency conversion of the signal photon is observed by tuning the read laser wavelength. We vary this from 784 nm to
812 nm and measure the output photon wavelength using the
monochromator, recording coincidence events. Resulting output spectra, with the read beam centered at 792 nm and 808 nm,
are shown in figure 5a (open circles). The spectrum of each
read pulse (solid lines), blue-shifted by the phonon frequency, is plotted alongside the relevant output photon spectrum
to show how the photon spectrum is determined by the read
IEEE Photonics Society NEWSLETTER
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SNR (solid line), which depends on sinc 2 (∆kL/2) , agrees well
with experimental data suggesting that the range of frequency
conversion is determined by phase matching conditions.
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1

Figure 5. Frequency conversion. (a), The measured blue- and
red-shifted output photon spectra (hollow circles), and noise
(dots), when the read beam is tuned to 792 nm and 808 nm
respectively. Corresponding read beam spectra, blue-shifted
by the phonon frequency, are shown (solid lines) for reference
along with the input photon spectrum (green). (b) Coincidence
detection events between blue- and (c), red-shifted output and
herald photons while scanning the electronic delay between
them, as measured at the peak of the spectrum. (a–c), Error bars
show one standard deviation calculated assuming Poissonian
noise. Figure reproduced from reference [2].

1

pulse. We find the peaks of the output spectra to be 716 nm
and 728 nm with bandwidths 3.3 nm and 3.5 nm, FWHM
respectively, making the output spectrally distinguishable
from the input (green shaded). Following retrieval, the timecorrelations characteristic of SPDC photon-pairs are preserved.
This is measured by scanning the electronic delay between the
signal and herald detection events in steps of 12.5 ns (the time
between adjacent oscillator pulses) and counting coincident
detections. Results are shown in figure 5b-c for blue- and redshifted cases respectively with a clear increase at zero delay indicating correlations are maintained.
Figure 6 shows SNR measured at the peak of each output
signal spectrum as the read wavelength is tuned over a 30
nm range. We find that blue- and red-shifted single photons
maintain an SNR in excess of 1 over a 19 nm range. Since the
probability of creating a noise photon (Pn) is approximately independent of the frequency detuning, ∆~ , between input and
output photons, we expect the SNR to increase in proportion
to the conversion efficiency h fc (∆~) :
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Pn

(1)

Here h h = Ps, h /Ph = 0.13% is the photon heralding efficiency
in the signal arm including the monochromator. The conversion efficiency is:
h fc (∆~)

= h fc (0) sinc 2 ` ∆kL 2 j (2)

where L = 2.3 mm is the length of the diamond along the
propagation axis, ∆k = k i - k o + k r - k w is the phase mismatch
between the input signal (i), output signal (o), read (r), and
write (w) fields due to material dispersion in diamond [12].
The conversion efficiency was measured to be h fc (0) = 1.1% at
zero detuning and the probability of detecting a noise photon
was Pn = 3.8 # 10 -6 .
Inserting experimental parameters into Eq. (1) returns
SNR . 3.7 sinc 2 (∆kL/2) which is plotted alongside data in
figure 6 (solid line). The close agreement with experiment suggests that the limitation on frequency conversion comes primarily from phase-matching conditions. We then expect that
the range of frequency conversion in diamond can be extended
by modifying the phase-matching conditions. This could be
achieved by shortening the diamond crystal, or by employing
non-collinear beam geometries. In the current configuration,
the maximum conversion efficiency is limited to +1% due to
the efficiency of the quantum memory [1]. However, we note
that this could be improved with increased intensity in read
and write fields, or by increasing the Raman coupling, for example in a waveguide.

Bandwidth Manipulation
Bandwidth conversion is observed by tuning the slave laser bandwidth. With the read pulse wavelength centered at 801 nm, its
bandwidth was expanded to 12.1 nm FWHM and narrowed to
2.1 nm FWHM using a slit in a grating 4f line. figure 7a (b)
shows the resulting narrowed (expanded) output spectrum with
the corresponding read spectrum, blue-shifted by the phonon frequency, and the input signal photon spectrum for reference. The
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Figure 7. Bandwidth conversion. (a) Narrowed output spectrum
(hollow circles) and noise (dots) with read beam FWHM at 2.1
nm. (b), Expanded output photon spectrum (hollow circles) and
noise (dots) with read beam FWHM at 12.1 nm. (a–b), Corresponding read beam spectra, blue-shifted by the phonon frequency, are shown (solid lines) for reference along with the input photon spectrum (green). (c) Coincidence detection events
between bandwidth narrowed and (d), expanded output photons and heralds while scanning the electronic delay between
them, as measured at the peak of the spectrum. (a–d), Error bars
show one standard deviation calculated assuming Poissonian
noise. Figures reproduced from reference [2].

single photon (input bandwidth 4.1 nm) is narrowed and expanded to 2.2 nm and 7.6 nm, FWHM respectively. figure 7c(d) shows
the conservation of timing correlations between bandwidthnarrowed (-expanded) photons and herald photons, respectively.
We measure SNR = 1.6 ! 0.2 in the narrowed bandwidth case,
SNR = 1.9 ! 0.2 in the expanded bandwidth case, showing that
bandwidth-converted output light from the diamond maintains
non-classical timing correlations with herald photons.

Discussion
We have demonstrated ultrafast quantum frequency manipulation by adjusting the central wavelength and bandwidth of subpicosecond heralded single photons. We achieve this spectral
control using a modified Raman quantum memory in diamond.
The single photons are written to the memory from one spectral
mode, and recalled to another. Critically the non-classical photon
October 2016

statistics were retained after spectral manipulation. Diamond
therefore offers low-noise THz-bandwidth storage and frequency
control of single photons on a single, robust, room-temperature
platform. Quantum memories for long-distance quantum communication typically demand long storage times at the expense
of high-bandwidth; this application leverages a high-bandwidth
memory where long-storage time is not relevant. We believe that
this system could find use in a number of applications, including
entangling two photon pair-sources of different color; reducing
the bandwidth of the ubiquitous ultrafast SPDC photon source,
without losing photons (as occurs in passive filtering); broadening the bandwidth of an SPDC photon source to match a chosen
material system (not possible with a passive filtering system);
and increasing the dimensionality of quantum encoded information. Ultimately, we believe that arbitrary waveform generation
for single photons and associated signal processing capabilities
will be a platform for future technology development. We would
expect that the large-bandwidth nonlinear optical conversion of
Raman-based quantum memories could find use in implementations of these generators.
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1650 Boulevard Lionel-Boulet, Varennes, Québec J3X 1S2, Canada.
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Abstract—Quantum optics offers a range of properties that
outperform classical functionalities and thus have great potential for complex information processing. As recent years
have begun to see the realization of commercial quantum
cryptography and even quantum computing, research into
on-chip sources of single and entangled photons has emerged
as a broad and promising field of study, driven towards developing a scalable and powerful platform for quantum information processing. Integrated photonics has in fact already demonstrated realizations of quantum circuits that can
generate and control optical quantum states [1]. However,
realizations of on-chip quantum states and quantum gates
have mainly focused on the use of polarization- or path-entangled photons, wherein each state dimension corresponds,
i.e., to a waveguide mode. Such architectures run into scalability issues as both quantum circuit footprint and intricacy
scale with the problem complexity. In our work, we consider
the concept of frequency combs (broadband light sources
comprised of equidistantly-spaced spectral lines, with many
frequency modes in a single waveguide) as a potential solution for scalable, single-spatial-mode quantum state generation. We report here on our integrated photon source
that generates multiple photon pairs distributed over a frequency comb, at frequency channels compatible with fiber
telecommunications systems. We further use the frequency
10
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comb architecture for the multi-channel generation of heralded single photons [3], cross-polarized photon pairs [4],
as well as bi- and multi-photon entangled states [5]. Our
source is based on a nonlinear microring resonator, fabricated on a platform compatible with electronic computer chip
technology (CMOS).
Index terms—Integrated quantum optics, frequency
combs, heralded single photons, entangled photon pairs.

Introduction
Quantum optics is playing an increasingly important role
in today’s research community, as the photon is a good carrier for quantum information and thus particularly useful for
quantum information processing and communications. This is
mainly due to the unique property of the photon relative to,
e.g., solid-state systems: an intrinsically-low decoherence time
(the average time after which the quantum characteristics are
destroyed) allows it to preserve its quantum state for a long
time, and thus for long propagation distances. In particular,
single and entangled photons (photons with linked particle
states despite their separation, showing stronger correlations
than classical theory would predict) can be used as building
blocks in quantum information processing. Photons can be
entangled in various degrees of freedom, e.g., in polarization,
position, orbital momentum, frequency, or generation time.
October 2016

Frequency Comb of
Correlated Photon Pairs
The most exploited method for generating heralded single photons and correlated
photon pairs is Spontaneous Parametric
Down-Conversion (SPDC) in second-order
nonlinear media, such as bulk nonlinear
optical crystals [6]. In this process, a photon from an excitation field is annihilated
within the nonlinear crystal, generating
two twin daughter photons (referred to as
signal and idler). For the generation of socalled heralded single photons, we exploit
the fact that the two correlated photons
are created at the same time: one photon’s
detection heralds the presence of the other,
October 2016

(e.g., the presence of an idler photon indicates the presence
of a signal photon). In spite of its versatility, SPDC typically
relies on bulky optical setups and thus often lacks compactness, practicality, and scalability. Great effort has thus been
dedicated in the past years towards reducing the footprint of
these systems [7]. Another approach is to use Spontaneous
Four-Wave Mixing (SFWM), a third-order nonlinear process.
Here, two photons from the excitation field(s) are annihilated
in a third-order nonlinear medium, generating two signal and
idler daughter photons. Although third-order processes are
less efficient than second-order ones, a solution can be offered
on-chip by exploiting resonant cavity enhancement, where the
low nonlinearity is compensated by long interaction times and
mode confinement.
Our integrated photon pair source is based on a nonlinear
microring resonator (Figure 1, inset) that generates (through
SFWM) multiple and independent photon pairs at different
wavelengths in a frequency comb, compatible with fiber communication wavelength division multiplexing channels (200 GHz
channel separation) [3]. The ring resonator is a four-port device, fabricated in a CMOS-compatible, high refractive index
glass platform—Hydex [8], featured by negligible nonlinear
optical losses and a high effective nonlinearity. The dispersion
is small and anomalous, guaranteeing a large four-wave mixing gain bandwidth at telecom wavelengths even at low pump
powers.
In order to exploit the four-wave mixing effect for photon
pair generation, the ring resonator needs to be excited by a
classical laser field with a frequency matched to a resonance
of the cavity. The requirements of a quantum light source
for practical use include long-term operational stability and
insensitivity to environmental changes. In order to avoid the
use of an external pump laser (which leads to meta-stable
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The desired entanglement type depends on the particular application as well as the platform used.
Optical quantum states can therefore be an essential resource
in quantum information processing, quantum computing,
quantum cryptography and communications. As implementations of these technologies must be practical (devices need to
be compact, scalable, as well as compatible with existing telecommunications, fabrication, and electronics infrastructures),
integrated quantum photonics has been investigated as a potential means of bringing optical quantum-based systems out
of the lab. More importantly, the use of integrated platforms
may enable the realization of new and more complex functionalities. Today’s on-chip quantum state realization and manipulation has been mainly based on waveguide- or polarizationmode entanglement, which does not scale well with increasing
complexity. Complex photon states with entanglement shared
among several modes are in particular required to solve highlevel problems in quantum information processing, quantum
imaging and microscopy, as well as quantum communications.
However, approaches for the generation of such complex quantum states in an integrated photonics platform have not yet
been developed. Here we report on our most recent advances in
the on-chip generation of quantum states of light, the realization of so-called quantum frequency combs, exploiting resonance characteristics and nonlinear effects of integrated optical micro-cavities. The unique properties of such microring
resonators allowed us to demonstrate multi-frequency-mode,
integrated, quantum light source emitting correlated photon
pairs [3], heralded-single photons, cross-polarized correlated
photon pairs [4], as well as bi- and multi-photon entangled
qubits on many frequency modes [5]. The devices we propose
are CMOS-compatible, and in combination with our chosen
type of entanglement—we exploit in our experiments the socalled ‘time-bin entanglement’—they are
well-suited for the contemporary fiber infrastructure and for quantum memories,
External
permitting scalability and low-cost impleCavity
mentations. In the following, we discuss
Band-Pass
the various generation schemes, as well as
Filter
report on characterization measurements
of the generated quantum frequency comb.

Figure 1. Experimental setup. The microring resonator is embedded in an external cavity
including a gain medium (EDFA), a band-pass filter (centered at the pump wavelength), and
a polarization controller. Lasing is initiated by the ASE of the amplifier, which is fed back to
the amplifier by means of a 1 x 2 DWDM filter (H26, corresponding to 1556.15 nm). The
Fabry-Perot filter (FPF) selects only one of the external cavity lines. The signal/idler photon
pairs exiting the drop port are transmitted through the high-isolation notch-filter, separated
by a commercial DWDM, and then characterized by coincidence detection [3].
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Figure 2. A. Normalized coincidence peak (corrected for the dark counts due to the detector noise) measured for the first channel pair (black
curve) symmetric to the pump wavelength, with a relative fit of the Glauber cross-correlation function Csi (solid-dashed curve). A clear coincidence peak with a measured 110 MHz bandwidth is visible. B. Coincidence count rates measured at all signal/idler combinations. Significant
coincidence counts (corresponding to a peak) are only visible between symmetric channels. C. Heralded idler-idler autocorrelation. The antibunching dip of 0.144 ! 0.008 demonstrates the single photon character of the heralded source (adapted from [3]).

pump configurations due to thermal and environmental
changes), we exploited a novel pumping scheme (so-called
self-locked pumping scheme), which consists of embedding the
microring in an external active cavity. As can be seen in
Figure 1, lasing is initiated by the Amplified Spontaneous
Emission (ASE) from the Erbium Doped Fiber Amplifier
(EDFA) that acts as the gain medium for the pump laser,
which is sustained by re-injecting the pump field into the
amplifier. We furthermore introduced a Fabry-Perot Filter
(FPF), which allowed for the selection of a single external
cavity line per ring resonance, thus suppressing chaotic dynamics and effectively producing a stable Continuous Wave
(CW) pump field. The signal/idler photon pairs, generated
via SFWM, exit the drop port and are re-routed by a filter to
a detection setup where they are characterized by coincidence
detection.
Since the signal/idler photons are generated in a single quantum process, the photons must be correlated in their generation
time. Measuring their temporal correlation function should return a maximum at zero delay. Here the function shape is characterized by the Glauber cross-correlation function C si ? e -2rdo x ,
where do is the cavity linewidth and x the signal-idler delay {9}.
The correlation function is typically measured by detecting signal and idler photons with single-photon detectors able to discriminate the photon arrival time. The measurement of the signal-idler correlation function for the first resonance pair around
the excitation frequency is shown in Figure 2A. As can be seen
in Figure 2 A, the full width at half maximum (FWHM) of the
coincidence peak is related to 110 MHz (~2.9 ns), which is consistent with the linewidth of the microring resonator (140 MHz).
The very narrow photon pair bandwidth is also suitable for use
with state-of-the-art quantum memories and repeaters. Similar
and clear photon coincidences were measured for all channel pair
configurations of the first five resonances symmetric to the pump
field, while no coincidences are measured between non-diagonal
elements of the frequency matrix (Figure 2B), agreeing with energy conservation. We find a total pair production rate on all the
channels of ~25 MHz.
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Photon pair sources based on nonlinear processes can
be used as single photon emitters, exploiting the fact that
the twin photons are generated simultaneously. Therefore,
in order to demonstrate a heralded single photon source,
we need to prove that upon detection of, e.g., the signal
photon, we have one idler photon. This can be done by inserting a beam splitter on the idler arm and measuring the
coincidence between the output ports when a single photon has been detected on the signal arm. For a true twin
photon source, only a single photon is present in the idler
arm, and thus no coincidences are expected at zero timedelay between the beam splitter arms. A heralded single
photon source demonstrates a dip below 0.5 in its heralded
idler-idler correlation function at zero delay. We perform
this measurement with our setup and found a correlation
function of 0.144 (Figure 2C) [3].

Cross-Polarized Photon Pair Generation
While many key on-chip components have been realized [1], to
date polarization has not been fully exploited as a degree of freedom for integrated nonlinear devices. In particular, frequency
conversion based on orthogonally-polarized beams had not been
demonstrated on-chip. By using frequency-mixing between orthogonal polarization modes (Type-II FWM) in a compact integrated microring resonator, our group managed to demonstrate
a bi-chromatically pumped optical parametric oscillator. Operating the device above and below the parametric oscillation
threshold, we respectively generated orthogonally-polarized
beams and orthogonally-polarized photon pairs on-chip.
Our approach is based on a microring resonator operating on both orthogonally polarized fundamental Transverse
Electric (TE) and Transverse Magnetic (TM) modes. The device was pumped in a hybrid self-locked pumping configuration, where the TE pump laser was directly built around
the resonator, while the TM resonance was pumped with an
external laser. The generated photons were then separated by
a polarizing beam splitter and detected by single-photon detectors. In our scheme, the suppression of stimulated FWM
October 2016
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Figure 3. A. Stimulated FWM (St-FWM, dotted lines) is suppressed by an offset between the TE and TM resonances (dashed vertical lines), as the St-FWM gain does not overlap with any of the microring resonances. Correspondingly, Type-II spontaneous FWM
(Sp-FWM, continuous lines) is allowed and enhanced by the resonator [4]. B. Measured photon coincidence peak, showing the raw
measured coincidences in Hz. The black curve corresponds to the optimum fit resulting in a measured photon bandwidth of 320
MHz, while the red curve corresponds to the fit with the expected photon bandwidth of 410 MHz.

between the two pump fields was obtained by generating a
frequency offset of 70 GHz between the TE and TM resonance, while keeping the FSRs of both modes almost identical at 200 GHz, allowing Type-II spontaneous FWM to take
place at target resonances (Figure 3A). This offset is generated by the slightly different dispersions of the TE and TM
modes. Cavity enhancement, enabling high parametric gain
at low pump powers, is provided by the high-Q factors of the
TE and TM resonances.
When operated below the OPO threshold, the device directly generates orthogonally-polarized photon pairs. To characterize them and confirm the nature of the nonlinear process,
coincidence measurements are performed. We measured a clear
coincidence peak (Figure 3B) with a coincidence-to-accidental
ratio (CAR) of up to 12 without any background subtraction.
Due to the difference in the linewidth between the TE and TM
resonances, the spectral bandwidth of the emitted photons is
determined by the narrower resonance. From the coincidence
measurement, shown in Figure 3B, we extract a measured
photon bandwidth of 320 MHz (black line), which is in good
agreement with the resonator bandwidth of 410 MHz (red
line), where the difference can be explained by the timing jitter
of the detectors and electronics, resulting in a small temporal
broadening of the measured peak. As a photon pair can only be
generated via spontaneous nonlinear processes, the measured
photon coincidences give a strong indication that the photon
pairs are generated through Type-II spontaneous FWM, with
the stimulated process being successfully suppressed.
This device is a novel type of bi-chromatically pumped OPO
operating on two orthogonally-polarized beams. We achieve
Type-II spontaneous FWM in an integrated platform, thus providing more access to polarization as a degree of freedom for integrated third-order spontaneous nonlinear interactions.

Generation of Bi- and Multi-Photon
Entangled Quantum States by Means
of Integrated Frequency Combs
Multi-entangled photon states hold answers to fundamental questions in quantum physics and are the cornerstone of
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a range of applications, including quantum communications
and computation. Thus, the controllable realization of multiple quantum states in a compact platform would enable a
practical and powerful implementation of quantum technologies. Recently, we have demonstrated that optical integrated
Kerr frequency combs [10] can be used to generate several
bi- and multi-photon entangled qubits. In order to demonstrate an entangled quantum frequency comb, we chose timebin entanglement (where the exploited degree of freedom is
a discretized photon arrival time) [2], which, among several
intrinsic advantages, is particularly suitable for information
processing and transmission because of its robustness (e.g.,
with respect to polarization fluctuations) and it can thus be
preserved even over long propagation distances in standard
fiber networks.
Our quantum frequency comb is generated using the
previously-described microring. The device is pumped with
a passive mode-locked fiber laser, which is spectrally filtered
to excite a single ring resonance at 1556.2 nm. We generated
pure single-mode photons in each resonance, as confirmed by
single-photon autocorrelation measurements [5].
Starting from the single-mode photon pairs, we realized
time-bin entangled qubits by passing the pulsed pump laser
through a stabilized unbalanced fiber interferometer with a delay longer than the pulse duration of the laser, thereby producing
double pulses of equal power with a definite relative phase difference. The double pulses were then coupled into the microring
resonator. This pump configuration transforms the originally
single-mode photon pairs into entangled states, where the two
photons (signal, s, and idler, i) are in a superposition of two
temporal modes, namely short |S H and long |L H. In particular,
the entangled state | } time - bin = 12 ^ S s, S i + e ii | L s, L i h is generated [2]. Most importantly, these entangled qubits are created
over all the microring resonances, thus leading to a quantum
frequency comb of time-bin entangled photon pairs. In order to
characterize the degree of entanglement, the generated signal
and idler photons were each passed through a different fiber
interferometer with an imbalance identical to the one used for
the pump laser (see the experimental setup in Figure 4).
IEEE Photonics Society NEWSLETTER
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Figure 4. A pulsed laser is passed through an unbalanced fiber interferometer, generating double pulses with a phase difference {.
The pulses are fed into the microring resonator, exciting one microring resonance and generating time-bin-entangled photon pairs
on a frequency comb through SFWM. For the purpose of analysis, each photon of the spectrally-filtered photon pair is individually passed through an interferometer and then recorded with a single-photon detector. For the four-photon measurements, four
frequency modes that are symmetric to the excitation field are collected, passed through the interferometers, and spectrally filtered
before detection. The channels used in the entanglement measurements are shown in the bottom inset [5].

This setup allowed us to measure quantum interference between the signal and idler photons. We selected five different frequency channel pairs within the C band and recorded a
quantum interference with raw visibility above 82.4%, which,
being greater than 1/ 2 . 71%, confirms entanglement
through the violation of the Clauser-Horne-Shimony-Holt
(Bell-like) inequality [11].
Quantum interference reveals the phase characteristic
of the nonlinear generation process. Here we show that this
phase dependency is also manifested at the single-photon
level, with a clear difference between second- and thirdorder nonlinear interactions. In second-order nonlinear
processes, quantum interference is expected to be proportional to 1 - V cos ^a + b - {h [2], where V is the fringe
visibility, { the pump interferometer phase, and { and b
the phases for the signal and idler interferometers, respectively. In contrast, in third-order nonlinear processes (as in
this work), quantum interference is expected to be of the
form 1 - V cos ^a + b - 2{h and 1 - V cos ^a + b - { 1 - { 2h
( { 1 and { 2 are the phases of the two pump fields), for degenerate and non-degenerate SWFM [5], respectively. As shown
in Ref. [5], we confirmed this important difference in phase
dependency between the two processes through two separate
quantum interference measurements, where either the phase of
14
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the pump interferometer or the signal/idler interferometers is
tuned. The expected behaviour for SPDC and SFWM is plotted
in Figure 5 A–B, with dashed and solid lines, respectively. The
measurements clearly confirm the differences between the two
processes, which can be explained through the presence of an
additional photon involved in the SFWM. In the generation of
entangled photon pairs, the phase of the excitation photon(s)
can be used to adjust the quantum state. If a single photon is
involved (as in SPDC), only the phase of this photon can be
used as a control parameter. In third-order nonlinear process,
however, two photons generate the quantum state, enabling an
additional control parameter (the relative phase between the
two photons).
The distinct multimode characteristics of the frequency
comb architecture presented here can be further exploited to
create multi-photon entangled states. By selecting two different signal-idler pairs (Figure 5 A, B), we can generate twophoton qubit states. By post-selecting four-photon events with
one photon on each frequency channel, the two states are multiplied, resulting in a four-photon time-bin entangled product
state [5].
To fully characterize the entangled states, we performed
quantum state tomography [12]. This analysis (through a
series of state projection measurements) reconstructs the
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Figure 5. A and B. To demonstrate the difference between the phase characteristics of SPDC and SFWM, different quantum interference measurements were performed. Three interferometer phases were adjusted: {, a and b, being the phases of the pump, signal
and idler interferometer, respectively. The error bars represent the standard deviation of seven measurements. C and D. A quantum
state can be fully described by its density matrix tt . The real (Re) and imaginary (Im) parts of the ideal density matrix of four-photon
entangled qubit states are shown in (C), represented in the time-bin basis. The measured density matrix of the four-photon entangled
qubit state (D) reaches a fidelity of 64%, which is comparable in quality to other “non-integrated” four-photon states [5].

state’s density matrix, from which it is possible to extract
important characteristics such as fidelity, which describes
how close the measured state is to the targeted entangled
state. For the four-photon entangled state (Figure 5C,D),
we obtained a fidelity of 64% without compensation for
background noise or interferometer imperfections, a value
comparable to the fidelity measured for non-integrated fourphoton states used for practical applications. The generated four-photon state is a product state of two Bell states
and constitutes a good starting point to create more complex states by manipulation though quantum gates or the
involvement of more resonance frequencies to achieve six,
eight, or more photon states.

Conclusions
We have demonstrated a third-order nonlinear integrated
source of quantum frequency combs of heralded single photons, correlated cross-polarized photon pairs, as well as bi- and
multi-photon entangled states. We exploited the polarization
as a degree of freedom for integrated nonlinear devices, showing, for the first time, the cross-polarized photon pair generation on-chip, and used the more suitable and robust time-bin
entanglement for creating bi- and multi-photon entangled
qubit states on quantum frequency combs. As the device
is compatible with today’s optical fiber communication
October 2016

networks and allows compact, low-cost and scalable implementations, integrated quantum frequency combs may be
a promising potential platform for more complex quantum
states, and a useful tool for future realizations of quantum
information processing technologies.
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Spotlight

Photonic Startups 101: Building the Team
I am often asked to identify what a start-up company must
have to be successful. Usually, if this is asked by a University Professor or student, there’s an expectation that I’m going
to mention, at least in passing, that the technology is critical
and, given the discussion of patents in my last column, this
could be a reasonable assumption. However, I would actually
put technology quite a way down the list and my top 3 would
look something like:
1) Market
2) People
3) Cash
I talked about markets in an earlier post and will come to the
money part shortly, but for this column, I’m going to look at the
question of people and the importance of building a great team.

It’s not all ‘bout you!
The media, particularly the popular press in the US, pushes the
concept of the individual founder/guru as the key to a successful
company—just look at the adulation addressed to Mark Zuckerberg at Facebook or (for those of us from the pre-social-media generation) Steve Jobs at Apple. Truth be told, whilst you may well
be the smartest person on the planet and ace at designing optical
hardware and LabVIEW programming, it’s unlikely that you’ll
also be able to be a great salesperson, a focused operations manager
and a creative accountant at the same time. Great companies are
built on great teams, as any superstar CEO will tell you.
From my own experience, the key to success is to hire people
who are way smarter than you are—difficult if you’re the smartest person on the planet, but
for the rest of us, it’s generally
pretty easy! In every company or development team I’ve
started, it’s been the ability
of those around me that have
made it successful—from the
software guru who run rings
around you through their
knowledge of AngularJS (or
whatever is the current software flavor of the month) to the
manufacturing engineer who’s done it all before and still (after
working with me for 20 years) tells me that I’ve got no idea how
to design something that’s actually manufacturable and that as a
result we’re all doomed.

How do I find these people?
“Hah!” I hear you say. “That’s fine for you, you’ve been doing this
for years and know lots of people you could hire—it’s not so easy when
18
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you’re just starting out.” Possibly true now, but not when I was
starting 20 years ago.
When I started Indx Pty Ltd, which manufactured Fibre
Bragg Gratings (FBGs), I had never run a company in my life
and didn’t have a list of people I could call up to come and
help out. I also had no money to pay salaries, which made it
hard to get people to come to work, so I had to work out the
cheapest way possible to get great staff with deep technical
experience—the answer was PhD students! They knew how to
‘write’ FBGs, operate the lasers, measure the FBGs produced
etc. I’d been out of the lab for about 5 years by this time so was
of no use in the hands-on job of laser alignment and I managed
to get them excited enough that they’d work for just a bit of
start-up equity and the promise of a proper salary ‘real soon
now’. (As an aside, one of them enjoyed it so much he never
went back to his PhD and is now running a manufacturing division for one of the large telecom equipment manufacturers.)
To this youthful enthusiasm I needed to add a leavening of experience, which
is where the manufacturing
engineer mentioned above
came in. He had heard on the
grapevine that there was a
company starting and, literally, wandered into my office
looking for something interesting to do. His situation
was such that he was able to work for a few months without
salary until we got sufficient cash-flow to be able to actually
pay him! Ultimately, despite the fact that I had a PhD and 15
years of research experience, I finished up being responsible for
everything but the technical stuff.
Next time around, for Engana, it was very different—we
started the company with a team of people with product development, engineering management, and sales and marketing experience from previous companies and, of the initial 7
founders, all but one are still with the company some 15 years
later. We already had our own networks in place and, whilst
we made some mistakes on the way, the process of building out
the team was generally much smoother.

How do I hire people?
In a start-up, there are no HR departments to manage the
hiring (and possibly firing) processes—it’s down to you as a
founder to work these things out. Before you start, you’ll need
to have some form of employment contract (even for people
October 2016

who you’re not paying!) which includes (and this is very important) appropriate IP assignment clauses so that it’s very
clear who owns any inventions that they may come up with.
There are now customisable contracts available on-line which
can take most of the cost out of the process of getting such a
thing together. Once you have a suitable contract, you can then
think about finding the right person.
Start with people you know and trust (and who are
smarter than you, remember!) and then work outwards from
there to any people they’d recommend. Linked-in is a great
resource, but try to avoid using recruiters until you absolutely have to—whilst a useful resource, they’re very expensive and should be reserved for those really hard-to-fill roles
when all else fails.
You can even, if you have the nerve, just try cold-calling
people you’ve heard about but are not formally on the market. For example, I found my Chairman for Indx by looking
through the list of communications equipment manufacturers in Australia to find one with an 8-figure turnover that
was still run by the guy who founded it—they obviously had
been through the same process I was hoping to go through.
I then talked myself into a meeting with him, from which I
was able to persuade him to become my Chairman—a great
resource that cost me nothing except a very small chunk of
equity.
The hiring process that works for me usually goes something like this:
Define
Requirements

Make sure you know what you’re looking for
in the position/person. Write it down so you
that you know what you want and you can
articulate to the candidate what you’re
looking for.

Identify and
Screen

Once you’ve identified a candidate who
meets or approaches your requirements,
screen with a phone call—much cheaper and
easier to manage than a face-to-face.

First Interview

If they pass the phone screening, bring
them in and talk to them face-to-face for an
hour or two to get a real feel for what makes
them tick, as well as their knowledge of
the sort of job you need them to do. I don’t
try and do the ‘lateral thinking’ type of job
interview questions—I’m more interested in
looking at the sort of person they are and
how you think they’ll fit into the team you’re
to building.

Reflect

Don’t make any job offers on the spot, but sit
with your thoughts and feelings on them for
a few days. Give yourself time to ruminate on
their potential strengths and weaknesses and
how the compare to other candidates.
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Second Interview

If you’re stil feeling good about how they’ll fit
in, call them back for a second interview, but
this time get the other members of your team
(assuming this isn’t the first person you”re
hiring) to talk to them. Let the other team
members probe them and, where appropriate,
check out their skills and capabilities.

Reference Check

If this all checks out. Then’s the time
to talk to their referees. Remember that
people generally choose a referee as
someone who’ll sing their praises, so it can
be hard to dig into any issues that you may
want to. Talking to referees often allows
you to drill into aspects of a candidate that
you can’t do by email. In addition, i also try
and talk to people who know them or have
worked with them previously but who aren’t
a referee.

Assuming all the above work out, only then should you
consider making a job offer.
This may sound like a lot of work, but before I finish this
column, there’s one last take away which hopefully, explains
why you need to spend so much time on the people factor.

Hire slow, fire quick!
Any time you hire someone, it has the potential to disrupt the
way a company runs. A bad hire in a 100-person company can
be painful but the potential for disruption is way higher when
you make a bad hire in a 5-person start-up. Just do the math.
Firing someone is one of the most painful things you can do in
business (after all, you hired them so it’s your own mistake you’re
admitting to as well)—painful, gut-wrenching and usually accompanied by at least one night of lost sleep—but for the sake
of both your company and the person concerned, you need to be
honest and upfront about the fact that it’s not working out and
move on.
So, in summary, the ‘people’ side of things can be really
scary, particularly for engineers, but it’s absolutely critical for a
successful company. There’s a lot of stuff out on the web about
the whole start-up hiring and team-building process, but I
particularly recommend Michael Hyatt’s podcasts here and
here as a starting point for how to think about the process.
Next time I’ll talk about #3—the importance of cash and
why, for a start-up, it’s sometimes the only thing that matters.
Until then, if you have any questions about anything in these
columns, please feel free to email me at Simon.B.Poole@ieee.org.
The opinions expressed in this article are the author’s personal views
and do not necessarily reflect the views or policies of any company or
organization with which he is affiliated.
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News
IEEE in 2030: Modernizing the Governance Structure
for a Fast-Paced Future
IEEE Board of Directors votes the ad hoc committee’s work should move forward
Speed and agility—the best-designed race
cars always have both. But how would the
best race car of the early 1960s fare against
the competition of 2016…or 2030?
IEEE’s governance structure has served
the organization well for more than four decades. It was responsible for the organization’s
growth into the world’s leading association
dedicated to the advancement of technology. But the landscape
on which we operate today is vastly different than it was more
than 40 years ago. Then television was black and white, commercial airplanes had propellers, telephones had rotary dials,
and neither the personal computer nor Internet yet existed.
As the pace of technological and social change continues to
quicken, flexibility and agility are increasingly the hallmarks
of sustainably successful and relevant institutions. The optimal
governance structures of today’s and tomorrow’s organizations
have a built-in capacity for quickly and correctly adapting to
changing conditions and requirements.
In January 2015, the Board of Directors came up with four
areas to focus on in order to position IEEE for success in the
year 2030. The highest priority area was “Create a Nimble,
Flexible, Forward-looking Organization.” To streamline and
calibrate IEEE’s governance structure to the evolving requirements of the coming years and decades, the Board formed the
IEEEin2030 Ad Hoc Committee in 2015.
Chaired in 2015 by IEEE President-Elect Barry Shoop and
in 2016 by President-Elect Karen Bartleson, the committee
has taken a discerning look at IEEE’s current structure. They
have studied and considered future requirements and opportunities. With the input of members from around the world, they
are proposing a new, optimized, modern governance structure
upon which the Board will vote.
The proposal calls for a three-body structure, assigning very
specific spheres of responsibility to each governing body. The
Board of Directors would be streamlined to 14 voting members (today it is 31), each of whom would be elected by the
full IEEE membership. The streamlined Board would serve the
critical strategic needs of IEEE. It would be better positioned
to render decisions on key issues and the direction of IEEE, free
of the distraction and protracted deliberation associated with a
larger board that has dual operations and strategic focus.
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The proposal would also form a 10-votingmember Enterprise Board, with representatives from each major organizational unit,
which has responsibility for issues related to
enterprise-wide operations. The IEEE Assembly, which is composed of the three IEEE
presidents, the 10 region delegates, and the
10 division delegates, would continue as currently structured, but it would have new responsibilities to
address the ideas, concerns, and needs of the IEEE constituency while simultaneously providing checks and balances to
the Board of Directors.

Benefits
The IEEEin2030 proposal brings greater focus, accountability, and responsiveness to the IEEE governance structure. It
will result in a more diverse Board that better represents the
makeup of IEEE members worldwide. It will also allow the
Board members to be the big-picture, visionary leaders they
were elected to be, allowing IEEE to derive maximum benefit
from their talents and expertise.
The leading association dedicated to the advancement of
technology must itself evolve and advance to sustain that distinction. A leaner, faster, and more agile structure will ensure
that IEEE continues to set the standard and remain relevant
and influential for years and decades to come.
Progress Report
During the June meeting series, the Board of Directors was
tasked with determining whether the work the IEEEin2030
Ad Hoc Committee had done toward an optimized Board
structure was on the right track, and whether it should continue to refine the plan.
The Board voted that the committee’s work should continue, and provided valuable feedback as to areas for further
development. As a result of this vote, the IEEEin2030 Ad Hoc
Committee will present a proposal of its final recommendations at the November Board of Directors meeting.
Readers are encouraged to explore the proposal in greater detail on the IEEEin2030 initiative’s website or provide feedback.
© Copyright 2016 IEEE Institute—August 2016
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Optics and Photonics Highlighted by Cancer
Moonshot Effort and in America COMPETES
Legislation
It was a busy summer as a number of the NPI’s long-term projects reached significant milestones. In July 2016, the NPI Cancer
Moonshot Task Force completed and launched a white paper and
technology roadmap outlining the potential contributions of optics and photonics in the fight against cancer. The NPI continued
to coordinate closely with the White House on this initiative, a
fact that was recognized by the NPI’s inclusion in a White House
Fact Sheet on the Initiative and the participation of two members
of the Vice President’s Cancer Moonshot Task Force on a recent
webinar for the optics and photonics community.
The NPI also achieved a big win on Capitol Hill with the
inclusion of optics and photonics language in the Senate version of America COMPETES authorization. This was one of
the major goals from this spring’s Congressional Visits Day
(CVD) and shows how effective our community can be when
working together to advocate for optics and photonics. Learn
how you can build on this momentum by hosting a visit for a
member of Congress during the ongoing August recess period.
Finally, July 27 marked the one-year anniversary of Vice President Joe Biden announcing that a New York-based consortium
led by SUNY Polytechnic was the winning location for the country’s first photonics IMI – now known as AIM Photonics. AIM
Photonics marked the largest investment to date in President
Barack Obama’s National Network of Manufacturing Institutes
(NNMI). We congratulate AIM Photonics on this milestone and
will continue to support their efforts in the years ahead.

across the nation to leverage the more than $3 billion annual
private investments in cancer research toward early detection
technologies of the most aggressive cancers.
The NPI continues to work closely with the White House
on the National Cancer Moonshot. The NPI’s commitment to
support the National Cancer Moonshot was included in the
White House Fact Sheet released publicly on June 29. Accompanying the Fact Sheet was a post by Tom Baer on Medium that appeared alongside one written by Vice President
Joe Biden about reaching the goal of the Cancer Moonshot.
Tom was also invited to attend the National Cancer Moonshot
Summit hosted by the Vice President at Howard University
in Washington, DC.

NPI Teams with National Cancer Moonshot
Task Force to Eliminate Cancer

ICYMI: NPI Hosted Cancer Moonshot
Webinar

In June, through the leadership of Tom Baer, the NPI Cancer
Moonshot Task Force finalized a white paper and technology
roadmap that emphasizes the role of leveraging existing and
new technology to improve the early detection of cancer and
ultimately save lives. The paper was the culmination of months
of work by the Task Force members with support from key
allies. The final white paper included a commitment made
by the scientific community, leading medical technology industry, over 350 hospitals and major patient advocacy groups

The white paper and technology roadmap was the focus of a
webinar organized by the NPI Cancer Moonshot Task Force on
June 30. Presenters included representatives from the imaging
industry, hospitals, patient advocacy and two members of the
Vice President’s Cancer Moonshot Task Force. If you missed
the webinar, you can view a recording on the NPI website.

NPI Recommendation Included in America
COMPETES
The NPI celebrated a big win in Congress last month: S.3084,
American Innovation and Competitiveness Act, a bipartisan
bill was introduced and marked up with an NPI provision that
calls on federal science agencies, industry and academia to seek
partnerships to advance optics and photonics technologies and
capabilities. This provision, which was included in its entirety,
was one of the items advocated for by society volunteers and
NPI Steering Committee members during this year’s Congressional Visits Day. Thank you to everyone who participated –
you played a role in securing this victory!
“Our community is delighted and excited to see the senators recognize the important role of optics and photonics in
US commercialization, innovation and technology transfer,”
said chairman of the NPI Steering Committee, Alan Willner
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in a statement. “We welcome the opportunity to work with the
Committee to pass and enact this vital legislation.”

High Power Laser Task Force Unveils
Recommendations
The NPI High Power Lasers (HPL) Task Force, which includes
leading defense contractors, commercial laser companies and
academia, recently announced recommendations to improve
US defense operations and strengthen the United States’ manufacturing capacity. Released in conjunction with the Directed
Energy Summit in Washington, DC on June 23, the recom-

mendations call for the establishment of a directed energy program office that will serve to coordinate US manufacturing of
high power lasers.
Scott Keeney, co-chairs of the NPI HPL Task Force, and all
others who contributed for their work to produce this document.
A copy of the recommendations are available on the NPI website, as well as more information on the HPL Task Force’s work.
Please visit the NPI website for more information: www.
lightourfuture.org.
Press release from © 2016 National Photonics Initiative

Light Speed Education
The next big development in the world of digital communications might come from a
local community college or UCSB undergrad
By Sonia Fernandez, The UC Santa Barbara Current
faculty members their graduate and postdoctoral students who have served as mentors to 11 undergraduate interns. The twomonth program concluded August 9th at
the Materials Research Lab (MRL).
As demand for telecommunications
bandwidth increases—driven by the rise of
mobile technology and apps, Big Data and
the Internet of Things—existing telecommunications infrastructure is straining to
keep up. The answer lies in photonics and
optoelectronics—the use of light to transmit data with more speed, capacity and energy efficiency than conventional electronic
methods. The technology is already present
UCSB faculty member and AIM Photonics’ West Coast director John Bowers teaches in the form of fiberoptic cables that transhis group of students participating in the undergraduate apprenticeship program. mit data over long distances.
For the true potential of photonics to be
Photo Credit: Wendy Ibsen
realized, however, deeper integration of the
technology is required in our devices themselves (which use
Tomorrow’s photonics experts are getting a look at the leading
electrons to communicate and still require equalization to beedge of the technology today, thanks to the AIM Photonics
come compatible with photons), as well as in the manufacturResearch Undergraduate Apprenticeship at UC Santa Barbara.
ing of the technology, where the foundries that produce fiber
The eight-week summer research program provides commuoptics’ indium phosphide wafers are incompatible with elecnity college and UCSB undergraduate students with the techtronics’ silicon wafers and foundries.
nical and professional training that will enable them to transi“In our group, the undergrad apprentices work side by
tion into careers in the photonics industry.
side with graduate students and postdocs carrying out a por“The AIM apprentice program exposes students to leadtion of the research—real research, not trumped up trivial
ing research and gives them the opportunity to learn research
experiments whose outcome is already known,” said UCSB
skills, interact with professors and graduate students and adchemistry professor Martin Moskovits. His group studies the
vance state-of-the-art research,” said Dr. John Bowers, director
new physics and chemistry that arise in nanoscale systems, to
of the UCSB-based West Coast hub of the federally funded
investigate how size and materials composition affect optiAIM Photonics national manufacturing and research consorcal, electrical and other properties within the infinitesimally
tium. “It is a great opportunity to see if a life of research, or at
small-scale, yet hugely important field of research.
least graduate school, is of interest to them.”
In addition to the lectures and lab work, Moskovits’ group meets
Bowers, an IEEE fellow and internationally renowned exweekly with the other groups in the program, including those of
pert on photonics and electronics, is among a group of UCSB
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chemistry and materials professor Galen Stucky and mechanical
engineering professor Carl Meinhart to discuss the real-world technological problems to be solved. Interns may work in areas such
as radiofrequency analog applications, photonic integrated circuit
sensors and array technologies and data- and telecommunications.
Along the way, Moskovits said, interns develop working
relationships and networks with others in the diverse field of
photonics. They also get a taste of and assistance with the more
practical aspects of a career in the sciences, from what specializations they might pursue to specific goals.

“In our case, we work closely with several groups on campus
such as the Center for Science and Engineering Partnerships and
the MRL, whose staff know us well and propose interns who’ve
expressed interests that they know would align well with what
we can offer,” he said. UCSB’s Center for Science and Engineering Partnerships is responsible for the program development,
management and execution of the education and workforce development components for AIM Photonics’ West Coast hub.
Excerpt press release from Copyright © 2016 The Regents of the University of California

IEEE Publishes 2017 National Electrical Safety Code®,
Announces New NESC Chair and Vice Chair
The IEEE and the IEEE Standards
Association (IEEE-SA), announced
the release of the 2017 National Electrical Safety Code® (NESC®). The
NESC is the authoritative code for
ensuring the continued practical safeguarding of persons and utility facilities during the installation, operation
and maintenance of electric supply
and communication facilities.
Some impactful changes to the
code include revised requirements
for substation impenetrable fences,
required consideration of Aeolian vibration for conductors, changes to
accommodate new industry insulator ratings, as well as revisions to the
rules in Part 4 that align with changes
made to 29 CFR by the Occupational
Safety and Health Administration
(OSHA). Information on updates to
the code can be found on the NESC
homepage and subscribers can now view the code in the IEEE
Xplore digital library.
The 2017 NESC also introduces new, helpful tools so that users can more easily access and utilize NESC content. One useful
peripheral tool launching today is the 2017 NESCHandbook,
Premier Edition. Along with commentary by contributors, this
new handbook includes a representation of the code text making
it the next-generation tool for professionals wanting to improve
their understanding of the NESC. Later this fall, IEEE will also
be offering a series of new educational online courses based on
the NESC 2017 Edition, as well as introducing a mobile app for
enhanced access to NESC content in the field.
“It’s been an honor serving as NESC chair and I’d like to
thank all who participated in publishing the 2017 NESC with
the most up-to-date electrical safety information,” said Mike
Hyland, outgoing chair, NESC. “With new technologies emerging that will need to be addressed by the next edition the NESC
has selected a highly qualified leadership team—one I’m confident will continue the work to augment the code and maintain
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its relevancy as an invaluable resource
for safeguarding electrical supply.”
As Secretariat to the NESC, IEEE
also announced the appointment
of Nelson G. Bingel III, vice president product strategy, Osmose Utilities Services, Inc., as the new chair
tasked with leading the ongoing
advancement of the code during the
next five-year revision cycle. Danna
Liebhaber, principal electrical engineer, Bonneville Power Administration, the newly appointed incoming
NESC vice chair, will work directly
with Bingel as part of the new NESC
leadership team.
“The NESC celebrated its 100year anniversary in 2015. Today we
are anticipating and addressing new
technologies impacting electrical
safety requirements in order to keep
the code current and relevant. There
is also a concerted effort to make the code more logical and
useful for up-and-coming engineering graduates,” said Nelson
Bingel, chair, NESC. “Increased exposure to the NESC will be
driven by the new NESC mobile app, online learning courses
and annual national events, encouraging a broader level of participation to improve the code—a movement I look to support
through my leadership role over the next code cycle.”
An upcoming NESC Workshop is scheduled for 18–19 October 2016 in San Antonio, TX. A review of the changes in
all sections of the code will be presented on the first morning.
Additional segments will discuss renewable energy generation,
microgrids, distributed energy resources, and interconnection
as new technologies to be considered for future iterations of the
code. Registration for the NESC Workshop is open now.
The 2017 NESC and handbook are available for purchase at
the IEEE Standards store and available for subscription at the
IEEE Xplore digital library.
Press release from © Copyright 2016 IEEE-SA
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Careers and Awards
2016 Graduate Student Fellowship Program
The IEEE Photonics Society established the Graduate Student Fellowship Program to provide Graduate Fellowships to
ten outstanding Photonics Society student members pursuing graduate education within the Photonics Society field of
interest. Applicants are normally in their penultimate year
of study and must be a Photonics Society student member.
Recipients are apportioned geographically in approximate
proportion to the numbers of student members in each of
the main geographical regions (Americas, Europe/Mid-East/
Africa, Asia/Pacific).
The presentation will be made during the Awards Ceremony at the 2016 IEEE Photonics Conference at the Hilton
Waikoloa Village, Waikoloa, Hawaii, USA on Monday October, 3, 2016.
The IEEE Photonics Society is proud to present the 2016
Graduate Students Fellows.
Talha Erdem—Bilkent University
Stewart Fryslie—University of Illinois at Urbana-Champaign
Junsu Lee—University of Seoul
Wang Miao—Bilkent University
Nasim Mohammadi Estakhri—University of Texas at Austin
Yongxiong Ren—University of Southern California
Alexey Slobozhanyuk—The Australian National University
Christos Vagionas—Aristotle University of Technology
Yuanquan Wang—Fudan University
Weifeng Zhang—University of Ottawa
Talha Erdem received his B. Sc.
and M. Sc. degrees from the Department of Electrical and Electronics Engineering at Bilkent
University, Turkey in 2009 and
2011, respectively. He continues his Ph. D. at the same department under the supervision
of Prof. Hilmi Volkan Demir.
His research focuses on the development of nanocrystal quantum dot based color converters
for stable, efficient, and quality lighting. Within this framework, he proved the suitability of the quantum dots for lighting
and display applications and determined the necessary conditions
to achieve quality lighting by employing them. Furthermore, he
developed powders of nanocrystals that are incorporated in crystalline matrices to address the problems of quantum dots for
their widespread use in general lighting applications. These
studies of him were awarded by SPIE in 2012 for the Scholarship in Optics and Photonics. His research works have been
cited more than 550 times until today and several of these
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studies were selected as cover articles in the prestigious journals of the field.
Stewart T. M. Fryslie graduated suma cum laude with a
B.S. degree in Electrical and
Computer Engineering and a
B.S. degree in Physics with minor in Mathematics from the
South Dakota School of Mines
and Technology in 2010. In
2013, he obtained the M.S.
degree in Electrical and Computer Engineering from the
University of Illinois UrbanaChampaign, where he is currently pursuing the Ph.D. degree
in Electrical Engineering. His research interests are in the area
of semiconductor lasers with emphasis on single-mode, coherently coupled surface emitting laser arrays and their applications in optical communications and RF photonic link technologies. Mr. Fryslie is the winner of numerous awards and
fellowships including the 2016 IEEE-PS Graduate Student
Fellowship Award and the 2016 Gregory Stillman Semiconductor Research Award at the University of Illinois UrbanaChampaign.
Junsu Lee received his B.S.
and M.S. degrees in the School
of Electrical and Computer Engineering from the University
of Seoul, Seoul, Republic of
Korea, in 2009 and 2011, respectively, where he is currently working towards his Ph.D.
degree under the supervision of
Prof. Ju Han Lee. Mr. Lee has
authored and co-authored more
than 35 peer-reviewed journal
articles (11 as the first author) and 19 international conference proceedings. His research articles have been cited for
435 times, with a H-index of 11 and a ‘i10’ factor of 13
(Google scholar). His research interests include ultrafast fiber
lasers, Q-switched mode-locking, nonlinear fiber optics, nonlinear optical materials, and numerical simulations for both
optical pulse generation and propagation. He is a student
member of the IEEE Photonics Society and the Optical Society of America (OSA). He serves as a reviewer for Optics Express, Optics Letters, Optics Communications, Journal of
Lightwave Technology, Optical and Quantum Electronics,
and IEEE Photonics Journal.
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Wang Miao received his B.
Eng. (2010) and M.S. (2013)
degrees in communication engineering from Tianjin University, Tianjin, China. He is currently working toward the
Ph.D. degree at COBRA Research Institute, Eindhoven Uni
versity of Technology, Eindhoven,
The Netherlands, under the supervision of Prof. Ton Koonen
and Dr. Nicola Calabretta. His
research interests include fast optical switching technologies
and optical networking solutions for next-generation data
centers.
He has authored and co-authored more than 45 peerreviewed journal and international conference papers, including 2 post-deadline papers and 8 invited papers. He
is an active member of IEEE Photonics Society and serves
as a reviewer for several journals including Optics Express, Journal of Optical Communications and Networking, and Optical Switching and Networking. He is one of
the recipients of the IEEE Photonics Society 2016 Graduate
Student Fellowships, IEEE Photonics Society Japan Young
Scientist Award at OECC/PS 2016 and Best Poster Award at
IEEE West European Student and Young Professional Congress 2015.
Nasim Mohammadi Estakhri
(Student Member IEEE) received the B.Sc. and M.Sc. degrees (summa cum laude) in
Electrical
Engineering—
Fields and Waves, from the
University of Tehran, Iran, in
2007 and 2011, respectively.
Since 2011, she has worked
toward her Ph.D. degree in
Electrical Engineering as a
graduate research assistant in
the Metamaterials and Plasmonics Research Laboratory, at
the University of Texas at Austin. Her current research interests are in the areas of applied electromagnetics, metamaterials, nanophotonics, and microwave engineering, spanning
various topics including: engineering the absorption and
scattering response of nanoparticles, advanced wavefront
engineering with gradient and nonperiodic metasurfaces,
applications of nano-circuitry in gradient metasurfaces,
minimum-scattering superabsorbing nanoparticles, and
cloaked antenna systems. Ms. Mohammadi Estakhri is the
recipient of 2013-2014 George J. Heuer, Jr. Ph.D. Endowed
Graduate Fellowship from the University of Texas at Austin, 2014 Professional Development Award from the University of Texas at Austin, and honorable mention at the
2013 IEEE AP-S International Symposium on Antennas
and Propagation. She is also student member of the American Physical Society (APS) and the Optical Society of
America (OSA).
October 2016

Yongxiong Ren received his
B.E. degree in Communications
Engineering from Beijing University of Posts and Telecommunications (BUPT), Beijing,
China, in 2008, and the M.S.
degree in Radio Physics from
Peking University (PKU), Beijing, China, in 2011. He is currently working towards the
Ph.D. degree under the supervision of Prof. Alan Willner at
University of Southern California (USC), Los Angeles, California. His main research focuses include high-capacity free-space
and fiber optical communications, millimeter-wave communications, space division multiplexing, orbital angular momentum multiplexing, atmospheric optics, and atmospheric turbulence compensation.
He has authored and coauthored more than 100 research
papers with a Google Scholar citation number of >2100. His
publications include 41 peer-reviewed journal articles, 67 international conference proceedings, 1 book chapter, 3 patents,
and 3 invited conference presentations. He serves as a frequent
reviewer for over 20 different journals, including Optica, Optics Letters, Optics Express, IEEE Journal of Lightwave Technology, IEEE Photonics Journal, IEEE Photonics Technology
Letters and Scientific Reports.
He is one of the recipients of 2016 IEEE Photonic Society
Graduate Student Fellowship, 2016 SPIE Optics and Photonics Education Scholarship, 2015 Chinese Government Award
for Outstanding Self-Financed Students Abroad, 2015 USC
Ming Hsieh Institute Ph.D. Scholars, 2014 IEEE Globecom
Best Paper Award, and 2011 USC Annenberg Graduate Fellowship. “It is my true honor to receive this award. I would
like to sincerely thank my Ph.D. advisor Prof. Willner, and my
colleagues and collaborators from USC, BUPT and PKU for
their generous support.”
Alexey Slobozhanyuk was
born in St. Petersburg, Russia,
in 1991. He received the B. S.
degree in 2013 and M.S. degree
(with honors) in 2015 in photonics from ITMO University.
Currently he is involved in joint
PhD program between Australian National University (Canberra, Australia) and ITMO
University (St. Petersburg, Russia) under common supervision
of Prof. Yuri S. Kivshar and Prof. Pavel A. Belov. His main research interests are photonic topological insulators, all-dielectric metamaterials and metasurfaces. He is expected to graduate
in June 2018.
Christos Vagionas received the Diploma of Electrical and
Computer Engineering from the respective Department (2008)
and the M.Sc. degree from the Dep. of Informatics (2011) of
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the 
Aristotle University of
Thessaloniki in Greece. Cur
rently he is working towards his
Ph.D. at the Photonic Systems
and Networks (PhosNET) research group, co-headed by Prof.
Amalia Miliou and Prof. Nikos
Pleros, and he is in the final year
of his studies.
His research has been focused on developing the necessary photonic technology framework for enabling optical memories and caching functionalities
that support wavelength encoding schemes, achieving so far
to implement the core building blocks. He has also been collaborating as a visiting researcher with Phoenix Software in the
Netherlands towards developing efficient and validated time
domain numerical modeling techniques of Semiconductor Optical Amplifiers and SOA-based Photonic Integrated Circuits.
Mr. Vagionas has authored or co-authored 11 journal publications at IEEE Journals, including J. of Lightwave Technology, J. of Quantum Electronics, Photonics Journal and Photonics Technology Letters, 1 book chapter and 27 international
conference proceedings, while regularly serves as a reviewer for
various publishers, such as IEEE Photonics Society, Springer,
Taylor & Francis. In addition to the IEEE Photonic Society
Graduate Student Fellowship (2016), he is a recipient of the
Newport Student Travel Grant awarded by OSA (CLEO 2012),
a Best Paper Award at a national student conference (Eureka
2011) and a Scholarship of Excellence by the Dep. of Informatics (2010).
“I would like to thank my advisors and my colleagues for
their generous support and fruitful collaboration”
Yuanquan Wang, received the
B.S. degree in optical information science and technology
from Huazhong University of
Science and Technology, Wuhan, China, in 2011. He is currently working toward the
Ph.D. degree in electromagnetic field and microwave technology in the Department of Communication Science and
Engineering, Fudan University,
Shanghai, China. His current research interests include optical
wireless communication, high-speed short-reach optical
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transmission and digital signal processing. He has authored
and co-authored more than 50 peer-reviewed technical journal
and international conference papers, including 15 first-coauthored high acclaimed journal papers and 5 conference papers.
He has also co-authored nine patents including four submitted
to U.S. Patent and Trademark office. He is now an active student member of IEEE and IEEE Photonics Society. He also
regularly serves as a reviewer for Optics Express, Optics Letters, IEEE Photonics Journals, IEEE Wireless Communications Magazine, IEEE Communications Letters Journal of Optical Communications and Networking (JOCN) and IEEE/
OSA Journal of Lightwave Technology.
Weifeng Zhang received his
BEng. degree in Electronic Science and Technology from Xi’an
Jiaotong University, Xi’an, China,
in 2008, and the MSc degree in
Electrical Engineering from Politecnico di Torino, Turin, Italy,
in 2011. He is currently working toward the PhD degree in
Electrical Engineering in the
School of Electrical Engineering and Computer Science,
University of Ottawa, Ottawa, Canada, under the supervision
of Prof. Jianping Yao.
His current research is focused on silicon-based integrated
microwave photonics, which studies the use of silicon photonic
technology in the implementation of on-chip microwave photonic systems for photonic generation of arbitrary microwave
waveforms and photonic processing of microwave signals.
He has authored or co-authored 18 peer-reviewed journal articles including 3 invited papers and 9 conference papers. Recently, he has received the 2014 Chinese Government
Award for Outstanding Self-Financed Students Abroad, the
Best Student Paper Award at the 2015 IEEE International
Topical Meeting on Microwave Photonics, the 2016 SPIE Optics and Photonics Education Scholarship, and the 2016 IEEE
Photonics Society Graduate Student Fellowship. He serves as
an active reviewer for several journals, including Optics Communications, Optics Express, and Optics Letters.
“It is my great honor to receive the 2016 IEEE Photonics
Society Graduate Student Fellowship. This recognition strongly encourages me to pursue my future career in the field of
photonics. I would like to take this opportunity to thank my
Ph. D thesis advisor, Prof. Jianping Yao, for his always support
and valuable directions throughout my study.”
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IEEE Photonics Society Congratulates our
2016 Award Recipients
The Photonics Society Jont Awards Committee serve as the
evaluation and selection committee for our four Society Awards;
Aron Kressel Award, Engineering Achievement Award, Quantum Electronics Award, and the William Streiffer Scientific
Achievement Award.
The 2016 Award recipients will be honored during the
Awards Banquet being held at the 2016 IEEE Photonics Conference at the Hilton Waikoloa Village, Waikoloa, Hawaii,
USA, October 3, 2016.
The Aron Kressel Award is given to recognize those individuals who have made important contributions to optoelectronic device technology. The device technology cited is
to have had a significant impact on their applications in major
practical systems.
The 2016 Aron Kressel Award will be presented to Professor Martin Dawson, “for broad and sustained contributions
to semiconductor opto-electronic engineering, including optically-pumped semiconductor lasers, diamond photonics and galliumnitride microdevices.”
Martin D. Dawson (M’85SM’98-F’09) received the PhD
degree in laser physics in 1985
from Imperial College London,
for studies of short pulse generation in dye, semiconductor and solid state lasers. From
1985–1991 he was a Research
Scientist and subsequently Visiting Assistant Professor in the
group of A.L. Smirl, first at
North Texas State University
and then at the University of Iowa. During that time he developed femtosecond dye lasers in a form that was later commercialized, and contributed to the development of regenerative
solid-state- and synchronous dye- amplifiers.
In 1991 he returned to the UK to join the newly established Sharp Laboratories of Europe, Oxford, where he undertook extensive spectroscopic studies of AlInGaP/GaAs
semiconductors and contributed to structural and optical
studies of gallium nitride. In 1996, he helped establish the
Institute of Photonics at the University of Strathclyde in
Glasgow, which he has helped develop and sustain over the
past twenty years and for which he serves as Director of Research. During this time he has led wide-ranging research
activities in areas including: optically-pumped semiconductor lasers (VECSELs), dilute and wide bandgap nitride semiconductors, diamond photonics and organic and colloidal
quantum dot lasers and colour converters, for a diverse range
of applications. In 2012, he was appointed inaugural Head
of the UK’s first Fraunhofer research centre, the Fraunhofer
Centre for Applied Photonics, a role he holds in parallel to
his university position.
October 2016

Martin was elected to fellowship of the Institute of Physics in 2000, to Fellowship of OSA in 2006, to Fellowship of
the Royal Society of Edinburgh in 2007, and to Fellowship of
IEEE in 2009. He has participated in the creation of several
start-up companies, most recently including mLED Ltd. He
was Program Chair of the IEEE Photonics Conference in 2013,
Member-at-Large in 2014 and General Chair in 2015, and he
has served as a member of the IEEE Photonics Society (IPS)
Board of Governors since 2013. He is currently VP Conferences for IPS.
The Engineering Achievement Award is given to recognize an exceptional engineering contribution that has had
a significant impact on the development of lasers or electrooptics technology or the commercial application of technology
within the past 10 years.
The 2016 Engineering Achievement Award will be
presented to Professor Keren Bergman, “for pioneering contributions to optical interconnection networks and photonic-enabled architectures that advance communications and computing
s ystems.”
Keren Bergman (M’95-SM’07F’09) is the Charles Batchelor
Professor and Chair of Electrical Engineering at Columbia
University. She was a founding member and currently
serves as the inaugural Scientific Director of the Columbia
Nano Initiative launched in
2014.
Prof. Bergman received the
B.S. from Bucknell University
in 1988, and the M.S. in 1991 and Ph.D. in 1994 from M.I.T.
all in Electrical Engineering. At Columbia, she leads multiple
cross-disciplinary programs at the intersection of computing
and photonics.
Prof. Bergman published two books and four book chapters
on optically interconnected networks and photonic architectures for computation systems ranging from chip-scale to supercomputers. She authored or co-authored over 450 journal
articles and conference papers. Prof. Bergman is a Fellow of the
OSA and IEEE.
The Quantum Electronics Award is given to honor an
individual for outstanding technical contributions to quantum electronics, either in fundamentals or application or
both. The award may be for a single contribution or for a
distinguished series of contributions over a long period of
time.
The 2016 Quantum Electronics Award will be presented
to Dr. David Villeneuve, “for seminal contributions to the development of attosecond science and its application to atomic and molecular
spectroscopy.”
IEEE Photonics Society NEWSLETTER
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David Villeneuve (Non-Member) obtained a PhD in physics
from the University of Waterloo in 1980. After a postdoc
at the University of Rochester,
he joined the National Research
Council in Ottawa.
He is currently head of the
Attosecond Science Group at
NRC, and the NRC head of the
Joint Attosecond Science Laboratory (JASLab), a joint undertaking between NRC and the University of Ottawa.
He has over 190 publications in refereed journals, is an adjunct professor of physics at the University of Ottawa, and is a
Fellow of the Royal Society of Canada, of the American Physical Society and of the Optical Society of America.
His interests include the generation of attosecond-duration
pulses, soft x-ray coherent imaging, high harmonic spectroscopy, and the study of atoms and molecules in intense laser fields.
The William Streifer Scientific Achievement Award is
given to recognize 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 may be presented to an individual or a group for a single contribution of
significant work in the field.
The 2016 William Streifer Scientific Achievement Award
will be presented to Professor Ming C. Wu, “for pioneering

contributions in micri-opto-electro-mechanical systems (MOEMS).”
Ming C. Wu (M’88-SM’00F’02) is Nortel Distinguished
Professor of Electrical Engineering and Computer Sciences
at the University of California,
Berkeley. He is also Co-Director
of Berkeley Sensor and Actuator
Center (BSAC) and Faculty Director of UC Berkeley Marvell
Nanolab.
Dr. Wu received his B.S. degree in Electrical Engineering
from National Taiwan University in 1983, and M.S. and Ph.D.
degrees in Electrical Engineering and Computer Sciences from
the University of California, Berkeley in 1986 and 1988, respectively. From 1988 to 1992, he was Member of Technical
Staff at AT&T Bell Laboratories, Murray Hill, New Jersey.
From 1992 to 2004, he was Professor of Electrical Engineering
at the University of California, Los Angeles (UCLA). He has
been a faculty member at Berkeley since 2004. His research
interests include optoelectronics, nanophotonics, MEMS, MOEMS, and optofluidics. He has published 8 book chapters, over
500 papers in journals and conferences, holds 23 U.S. patents.
Prof. Wu is a Fellow of IEEE. He was a Packard Foundation
Fellow (1992–1997), and received the 2007 Paul F. Forman
Engineering Excellence Award from the Optical Society.

UCSB Professor and Photonics Expert to
Receive the 2017 IEEE Photonics Award

Dr. John Bowers, IEEE Fellow, AIM Photonics Deputy Chief
Executive Officer and a professor of electrical, computer engineering and materials at UC Santa Barbara, has been selected
to receive the 2017 IEEE Photonics Award. Bowers is the first
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faculty member from UCSB to receive the honor, which recognizes his “pioneering research in silicon photonics, including hybrid silicon lasers, photonic integrated circuits and ultra
low-loss waveguides.”
“Silicon photonics has the potential to revolutionize photonics and electronics by enabling low-cost, high-volume
manufacturing of optical interconnects with a path toward
embedding high-capacity fiber optics on circuit boards and
eventually on electronic chips,” said Bowers, who holds the
Fred Kavli Chair in Nanotechnology at UCSB and is director of the campus’s Institute for Energy Efficiency. An internationally renowned authority on optoelectronics, Bowers has
focused his expertise on silicon photonics and optoelectronics,
with the goals of developing energy-efficient technology for
the next generation of optical networks.
“This is a major award,” said Rod Alferness, dean of the
UCSB College of Engineering, who received an IEEE Photonics
Award in 2005 and is a Past President of the IEEE Photonics
Society, before coming to UCSB. “The IEEE Photonics Award is
October 2016

the most prestigious recognition of contributions to the field of
photonics and optics. John Bowers’ work in integrated silicon
photonics is leading the way to the future of electronics and
telecommunications.”
As the demand for bandwidth increases—thanks to the
proliferation of computers, mobile devices, smart technology
and apps—so will the strain on existing communications infrastructure. Steps have been taken over the last couple of decades
to provide the kind of speed, capacity and processing necessary
to manage the tidal wave of data generated every day in the
form of optic and photonic technology—the use of light to
transmit information.
But with new technology comes greater demand. Mobile
devices are on the rise, along with data-intensive apps, as well
as the Internet of Things—a network of smart objects that
communicate not only with their users, but also with each
other. To satisfy both capacity and performance requirements,
experts say, optics and photonics must be more deeply integrated into our electronics and telecommunications systems.
But here’s the rub: Fiber optics uses photons to transmit
data over long distances (and to and from data centers) while
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computers use electrons to communicate. And the two don’t
match. In addition, fiber optics uses indium phosphide wafers
and foundries, which is incompatible with electronics’ silicon
wafers and foundries.
The answer lies in integrating optics and electronics on the
same chip so the electrical signal is converted into an optical
one without equalization. It’s a process Bowers has been investigating heavily in his research and also as director for the West
Coast center for AIM Photonics, a federally funded manufacturing consortium established to boost photonics manufacturing and create more skilled, high-tech jobs to the country.
Bowers, a professor at UCSB since 1987, is a member of the
National Academy of Engineering and the National Academy
of Inventors as well as a fellow of the IEEE, OSA and APS. He
is also a past recipient of the IEEE Photonics William Streifer
Award and he and colleagues received the 2007 Annual Creativity in Electronics Award for Most Promising Technology
for the hybrid silicon laser.
Press release from Copyright © 2016 The Regents of the University of
California
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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,
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!
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Membership
IEEE R8 Student and Young Professionals Congress
IEEE Photonics sponsored soft-skills workshops designed for innovators of tomorrow
The IEEE R8 Student and Young Professional Congress (SYP Congress) is an
event that takes place every two years in
the IEEE Region 8. The IEEE Photonics
Society had the privilege of sponsoring
the congress this year, which gathers both
student and young professional members
from all Sections in the Region. The SYP
Congress provides an opportunity for the
innovators of tomorrow to network and
exchange ideas.
The 2016 version of the Congress was
hosted by the IEEE Student Branches
Regensburg and Passau in Regensburg,
Germany from the 17th till the 21st of
August. The participants had the opportunity to develop their technical and soft
skills in a wide variety of workshops and
lectures from local companies and global
players. The local organizers also had the
chance to introduce the participants to
OTH Regensburg, the city of Regensburg’s companies and laboratories, and
the bavarian way of life.
The congress included various educational tracks designed specifically for students, young professionals, and society
volunteers. Over four hundred attendees
from Africa, Europe and Middle East
created a diverse atmosphere that made
exchanging ideas a natural and engaging
experience.
Student attendees were encouraged
to take part in an “Engage Project.”
During the interactive workshop participants learned the basics of how to
successfully turn an idea into a project
and how to implement it in order to
touch others’ lives. They met “doers”
who have successfully undergone such
projects. The goal of the workshop was
to give the students a sneak peek into
project management. The other student workshops at SYP Congress were
structured around volunteer training
and development, such as how to be
an effective communicator, coordinating a successful event, how to find
funding, how to engage other volunteers as a leader, how to act as a role
October 2016

IEEE Photonics Society NEWSLETTER

31

model in STEM and best practices in sharing section results
in Vtools, IEEE’s volunteer reporting system.
The Society track included workshops, such as “Action in
Industry”, a talk designed to engage young innovators in the
credible and sustainable value of working in industry, “Education is Global”, a talk on high quality and universal educational resources accessible to IEEE members, “How to start with
Humanitarian Projects”, an introduction to IEEE SIGHT
and its mission and projects, and “EPICS in IEEE—HumanCentered Design”, a global IEEE program that organizes university and high-school students to work on engineering-related projects with local area community organizations.
In comparison, the Young Professionals programming at
SYP Congress was also devised to incite creativity. The most
popular workshops were “Designing a Business Model for a
Technology Start-Up” and “Spark Drive and Innovation”.
Young professionals, i.e. professionals up to 15 years post their
first degree, engaged in discussions on the basic principles behind innovation and how to boost their own creativity. Participants interested in start-ups received a step-by-step overviews
of what a Business Model Canvas is and were given examples
on which techniques in their engineering studies easily transfer
into a working environment. Creative thinking was the only
prerequisite for these workshops!
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Other soft-skill workshops during SYP Congress for all attendees included talks on “Body Language”, the art of reading and understanding body language as an important skill
of leaders and managers, and “Conflict Management”, the
basic principles behind conflicts, communication strategies
and conflict escalation levels. However, one of the most wellreceived talks was titles, “Early Career Stress Prevention”.
Performing well at demanding jobs can be a significant source
of stress and stress reduces your ability to perform well at
demanding jobs, especially in the long run. The interactive
workshop took participants through basic mental exercises
considered to manage stressors and prevent the stressors from
influencing your life. Speakers provided attendees with the
tools to recognize early, treat effectively, adapt appropriately
to stress.
Contributing company tours included: Site Tour at Infineon Technologies Regensburg; Exclusive Tour at BMW plant
Regensburg; Lean Management Tour at BMW plant Regensburg; Factory Tour at Maschinenfabrik Reinhausen; and visits
at Krones, Embedded Systems Laboratory, the Renewable Energies Laboratory, the Cleanroom Laboratory and jRobo.
Two pertinent hands-on technical talks were “Telecommunications Algorithms on Intel Architecture: Convergence
Towards Digital Signal Processor Features” and “Drone
Light Painting—Drawing in the Sky”, given both by Intel. Intel provided an overview of the advanced features in the
instruction set of Intel Architecture (IA) core products and explained how LED-equipped drones can be used to create beautiful and enchanting long-time exposure images. The German
drone manufacturer Ascending Technologies, which recently
has been acquired by Intel, specifically demonstrated their
new application for multi-rotor systems. This talk introduced
the audience to the process of light painting creation and gave
some behind-the-scenes impressions.
SYP Congress concluded with a ship cruise on Danube
through the historic town of Regensburg.
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IEEE Students, Young Professionals Learn Valuable
Lessons at Future Leaders Forum
IEEE Student Members and Young Professionals heard from one
of the original creators of the Internet and learned that it’s OK
to fail at the inaugural IEEE-USA Future Leaders Forum. Staged
in August at Tulane University in New Orleans, LA, the event
attracted more than 285 IEEE members, including the IEEE
Photonics Society, and others from around the world. Its major
themes were inspire, solve, empower, adapt, lead and connect.
Dr. Vinton Cerf, a Google vice president and chief Internet
evangelist, sent a buzz through the crowd as opening plenary
speaker. Being a principal Internet architect, the IEEE Fellow
had everyone’s attention. He shared that one of his bosses at
Google won’t let him leave. “I was told by Eric Schmidt that
I’m not allowed to retire,” Cerf related. “I said, ‘Why not?’
He said, ‘Because you’re only half done. Only 50 percent of
the world is online. You have another 50 percent to go.’”
IEEE-USA President Pete Eckstein was pleased with the
interplay between presenters and audience. “I was very impressed, not just with the speakers but with the quality of the
attendees. They were really terrific,” Eckstein said. “They were
very attentive, really absorbing the material. Several of them
came up to thank me as a representative of the conference organizers for putting on the program.”
The Future Leaders Forum began with a dinner cruise
on the Steamboat Natchez. Friday night featured dinner at
Mardi Gras World. The Chris Washburne Ragtime Band
entertained event participants with jazz music. Bandleader
and trombonist Dr. Chris Washburne, an associate professor of music and founding director of the Louis Armstrong
Jazz Performance Program at New York’s Columbia University, gave a talk with the Washburne’s key message was that
“it’s OK to fail.”
“I would like to see a resume of failures rather than one of
achievement,” Washburne said. “We learn a lot more by failing
than by succeeding.” Washburne’s pronouncement echoed that
of Nancy Martin’s. She is manager, technical development at
the GE Global Research Center in Niskayuna, N.Y. GE employs more than 55,000 technologists.
“I agree with the message of it being OK when you fail,”
said Paulina Barreto, a rising sophomore industrial engineering major at Louisiana State University. “I really like Nancy
Martin, how she said, ‘I’m a recovering perfectionist. I could
really relate to that.”
IEEE-USA will likely stage a Future Leaders Workshop in
2017 followed by the second Future Leaders Forum in 2018.
IEEE-USA serves the public good and promotes the careers and
public policy interests of nearly 200,000 engineering, computing and technology professionals who are U.S. members of IEEE.
Experts from Copyright © 2016 IEEE-USA press release. Photo
credit: Ron Jensen, Region 4
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IEEE Collabratec Introduces a Mentoring Feature
Platform gives mentors and mentees a more effective way to connect and communicate
IEEE’s MentorCentre program will be
closing its doors by the end of the year
now that IEEE Collabratec has added
mentoring services to what it offers.
IEEE Collabratec’s suite of online
tools allows IEEE members and technology professionals around the world
to network, collaborate, and discover
new career opportunities—all within a
centralized hub.
“Through IEEE Collabratec we’ll
now be able to expand mentoring to
all IEEE members including students
and society affiliates,” says Charmain
Williams, global career resources
product manager for IEEE Member
and Geographic Activities, who oversees the mentoring program. (A society affiliate is a member of an IEEE
society but not of IEEE.)

Getting Started
New would-be mentors can sign in to Collabratec by going
to the Settings tab in “Opportunities” on its main navigation
menu. They can set their preferences there, such as whether
they prefer to mentor professionals or students, and list the
languages they speak and the technical and business areas in
which they specialize.
New mentees should use the People search feature to find
a potential mentor. Once one has been found, hit the Connect
button next to the mentor’s name and select Request Mentor.
The mentor is free to accept or reject the request.
It’s possible to have multiple mentoring partnerships simultaneously. For example, a graduate student might want to
mentor an undergrad while receiving advice from a seasoned
professional on how to move into a new career.
Old MentorCentre partners can reestablish their mentoring
relationships within IEEE Collabratec by first signing up with
it. Mentors can then activate their settings to be discoverable
as an IEEE mentor. Mentees, however, must conduct a People search to find their mentor, and send a connection request
(Request Mentor) to reestablish the partnership.

Features
“Members, as well as mentor and mentee, can create their own
private groups within IEEE Collabratec, so they have a secure
place to communicate,” Williams points out. Private groups,
which are by invitation only, allow participants to have discus-
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sions and create, organize, share, and collaborate on content.
Users have the option of receiving notifications when there is
activity in their private group.
Mentoring participants also can communicate via direct
messaging, which is critical for a mentoring partnership,” Williams notes. This feature did not exist in the old mentorship
program. And mentors and mentees can refer back to an archive
of previous discussions.

Feedback
At least two mentors like what they see in the new platform.
“Forming a private group–based mentor-mentee relationship with Collaboratec, rather than having to do it one-to-one,
saves time and provides a new value to mentoring,” says Senior
Member Tharak Abraham, chief engineer at AT&T Services in
Bangalore, India. And adds IEEE Senior Member Chintan Oza,
senior principal with Tata Communications in Mumbai, India, “The platform enables me to better engage with mentees.”
Oza mentors professionals “to help them achieve personal and
professional growth and to discover more about their profession
and themselves.”
In any case, it’s important for the mentor to set clear goals for the
relationship, Abraham points out, and for the mentee to communicate periodically how he or she is doing on completing those goals.
IEEE provides guidelines on how to make a mentoring
partnership effective.
© Copyright 2016 IEEE Institute—August 2016
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IEEE Photonics Focus on Outreach in Developing
Nations: Latin America Initiative
In 2016, the IEEE Photonics
Membership Council made a dedicated
effort to support education and outreach
in IEEE’s Region 9—Latin America.
Under the guidance of Dr. Hugo Enrique Hernandez Figueroa, Global
Strategy—Latin America Rep, the
Society has held a variety of programs
throughout the spring and summer to
reach students, young professionals and
innovators in the field, across the region.
At the start of the year, the IEEE
Photonics Society participated in the
Closing Ceremony of the International
Year of Light in Mérida, Mexico, by
demonstrating how the Society’s members contributed to the year through
direct volunteer action. During the exhibition, staff established relationships
with local universities and collaborations
with partners from residing nations,
such as the Foundation CIENTEC. In
turn, the Society has performed more
than 11 STEM outreach activities, i.e.
pre-university classroom exercises and
educate the educate courses, in Mexico,
Costa Rica, Brazil and Argentina.
On July 17–29, IEEE Photonics
sponsored the joint São Paulo School of
Advanced Science on Nanophotonics (SPSAS Nano) in Campinas, Brazil for a group of 50 international student and 50 local Brazilian students. The school included two weeks of intense
lectures and experimental courses by leading experts in the field
of nano-photonics, nonlinear and quantum optics, optical traps,
and optical fibers. The Society directly supported the travel of 4
students from neighbor countries, along with the school’s poster
session. The winners of the Student Poster Session were Nathalia
Beretta Tomato for her work on “Femtosecond Laser Fabrication
of Whispering Gallery Mode Microresonators” and Mortiz Merklein for his work on “A Chip-Integrated Photonic-Phononic
Memory Based on Stimulated Brillouin”.
There was a total of 60 hours of lectures given by 16 experts
in the fields and each student had the opportunity to join an
8-hour hands-on experimental course on selected topics: Cavity Optomechanics; Ultrashort Pulses; Finite Element Method
with Comsol; Microring Resonators; and Nonlinear optics
in waveguides. For example, in the “Cavity Optomechanics”
course students coupled light into optomechanical cavities
using tapered optical fibres and characterize their optical and
mechanical response. After the data acquisition students had
time to use numerical packages to fit models to the optical and
mechanical response data and calibrate the opto-mechanical
coupling rate g0. These courses were given in actual research
October 2016

laboratories at UNICAMP, Universidade Estadual de Campinas, using state-of-the-art experimental setups and equipment.
On August 1–5, IEEE Photonics supported UNICAMP’s EE
week, a traditional event established 30+ years ago. The educational outreach week included several talks and short-courses
delivered by well-known national and international experts, as
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well as competitions to encourage students to become engaged
in the latest technical advances, job-market trends, and the educational tendencies of the field. The week was organized by the
undergrad and graduate students of the School of Electrical and
Computer Engineering (FEEC), University of Campinas (UNICAMP), IEEE Student Branch, and IEEE Photonics Society Student Chapter.
The IEEE Photonics Society directly sponsored the travel of
two distinguished lecturers: Professor Brian H. Kolner, from
the University of California—Davis, who delivered his talk on
“Space-Time Dualities and Temporal Imaging” and Professor
Eli Kapon, from Ecole Polytechnique Federale de Lausanne—
Switzerland, who delivered his talk on “Long Wavelength Vertical Cavity Semiconductor Lasers.”
On August 23, IEEE Photonics staff and local volunteer leaders attended the Latin America Optics & Photonics Conference (LAOP) at Ruta N, in Medellin, Colombia.
The LAOP conference promoted optics and photonics activities in Region 9 and featured a comprehensive technical program and student poster session, in which the IEEE
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Photonics Society sponsored three—$500 poster competition awards
Along with the poster session, the IEEE Photonics Society
held a Volunteer & Chapter Leadership Forum at the Planetarium of Medellín for 40+ conference attendees, local students,
chapter volunteers, professors and local photonics professionals
interested in volunteering with the Society. The forum provided
attendees with an unique opportunity to exchange information
and discuss areas of common interest or concern in the photonics community, all over lunch. Chapters shared their experiences, knowledge and methods for professional development.
An informative presentation on IEEE Photonics academic
resources and student opportunities, i.e. such as Graduate
Student Fellowship, Young Professionals and Women in Photonics programs, will also be given by IEEE staff. The forum
ended with attendees touring the planetarium and each were
given complimentary tickets to visit again with a friend.
The Society plans to continue its efforts in Latin America
into 2017, establishing new chapters at the National University of Colombia and University of Guanajuato—Mexico.
October 2016

Chapter Tips & Advice: Best Practices from the
Boston Chapter
Over the years, the Boston IEEE Photonics Chapter has been a leader in the community garnering
some of the Society’s most prestigious chapter
awards, such as Chapter of Year and Most Innovative Chapter. Yet, over the last year, under the
leadership of Dr. Jade Wang from MIT Lincoln
Laboratory, the members and volunteers from the
Boston area have found the time to take on more
outreach initiatives than ever.
The chapter holds a minimum of ten technical meetings during the calendar year that are preceded by a half-hour of social time and networking. The meetings are open to all members and
potential members as well as the technical speaker
scheduled. This creates an environment conducive
to meeting new people and building a community
around the regular meetings. The chapter leadership also make sure to select a well-known authority for each technical seminar which helps increase
attendance and ensures that the attendees get the most out of
each meeting. On occasion joint meetings are held with local
chapters of OSA, SPIE, or other IEEE Technical Societies.
In addition, the Boston Chapter each year hosts an extended
special Hot Topics Technical Workshop on a current topics of
high interest in the optics/photonics field, with 10 world-class
speakers covering the topic from different perspectives, over 5
consecutive Wednesday nights with two speakers per night.
These workshops typically attract over 50 registered participants. A minimal registration charge of $75 is charged for
the entire workshop to cover the handouts and refreshments,
as well as subsidize some speaker’s travel costs. This year the
workshop was held at the MIT Lincoln Laboratory. A grant
from the national IEEE Photonics Society Office enabled the
chapter to invite international speakers, which boosted interest, interaction, and attendance.
“Our success is only possible due to dedicated and enthusiastic volunteers on our planning committee as well as strong
support from both the national IEEE Photonics Society leadership and a vibrant and growing photonics community here
in Boston” stated Dr. Jade Wang, Boston Chapter Chair. “I
believe that professional societies such as the IEEE Photonics Society provide a critical service within the community.
Through our free monthly technical seminars and our yearly
“Hot Topics” workshops, we provide an informal setting to
share our work, learn new ideas, and keep up-to-date on the
cutting edge of the latest research.”
The chapter accomplishes its goals due to the large and active
volunteer planning committee they formed to help distribute
the work required to hold many of their activities. The Chapter Chair & Vice Chair maintain the programming and logistics for the monthly technical meetings, then leaders each year
select 2–3 workshop chairs to focus on the programming and
logistics of the special workshops. This allows the volunteers
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to create well-organized, interesting seminars without overloading any one person.
The most significant program improvement of the last year
has been the implementation of a seminar series on professional
development and the importance of soft skills. The goal of
this effort was to help young professionals and grad students,
particularly women in photonics, with developing their careers
in photonics and optics.
The chapter held a Women in Photonics seminar recently,
titled a “Women in Photonics Discussion and Networking
Event” with IEEE Photonics Past-President Dr. Dalma Novak.
Novak shared how she launched her successful career in photonics starting as a professor in academia and now a founder
and VP at Pharad, LLC. She served as inspiration to the chapter’s 45+ inclusive attendees and explained how companies
with diverse leadership are about 45% more likely to report a
growth in market share than those without.
The Society supports chapters that hold such Women in
Photonics activities and encourages volunteers to initiate programing centered on showing how diversity is essential to innovation in the field. There are Women in Photonics grants
and other educational seed funding requests available to help
put on programming. Chapter chairs are encouraged to reach
out to the IEEE Photonics Executive Office.
Other workshops titles the Boston Chapter has supported
this year are, “Optical Molecular Image Guidance in Surgery
& Radiation Therapy Slides”, by Prof. Brian Pogue, from Dartmouth College, and “Leveraging Advances in Computational
Electrodynamics to Enable New Kinds of Nanophotonic Devices” by Dr. Ardavan Oskooi, from Simpetus, San Francisco, CA.
Wang explained, “Our new professional development activities help our members grow their careers and their networks.
By partnering with universities, companies, and with other
professional societies, we aim to create a space in the Boston
IEEE Photonics Society NEWSLETTER
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area for photonics research and industry to thrive. We ho pe
to continue to find new ways to serve our community in the
many years to come!”
The chapter will be honored this year at the 2016 IEEE
Photonics Conference (IPC), taking place in Waikoloa, Hawaii,

for their “Most Innovative Chapter” award. The Boston Chapter achieved this high honor through their quality of programming, community involvement and innovative tactics used to
improve the Society’s impact in the photonics field. The award
consists of a certificate and honorarium.

Women in Photonics Members of the Month
This year the IEEE Women in Photonics initiative established
“Student & Post Doc Travel Grants” to encourage student participation from women IEEE Photonics Society members at
the 2016 IEEE Photonics Conference, taking place October
2–6, 2016 in Waikoloa, Hawaii.
Grants were awarded to (4) women students who have an
interest in photonics technology and are pursuing future careers in photonics research and/or industry. The applicant were
required to be full time, degree-seeking female students, i.e.
undergrad, graduate, post-graduate, or post-doctoral, and an
IEEE Photonics Society Member. The applications also included a sponsorship note requirement given by an advisor or
professor.
The recipients of the travel grants received $2500 USD towards travel, lodging expenses and registration to the IEEE
Photonics Conference.

Award Recipients:
Aura Higuera Rodriguez
Eindhoven University of Technology, The Netherlands
Aura Higuera Rodriguez is
currently a PhD student at Eindhoven University of Technology in the Photonic Integration
group. Her interests lie fully in
the application of photonics for
human necessities, such as biophotonics. During her three and
half years in the Photonics Integration Group, she has aimed
for novel nano-beam lasers on
photonic membrane technology.
Her device and technology innovation achievements have led
to top journal publications as well as a US provisional patent.
Rodriguez’s main accomplishments are in the area of III–V
materials and membranes and comprise of an efficient metallic
grating coupler. She has developed a successful passivation process for active nano-structures reducing surface recombination
velocity to record values of 250/cm and has fully fabricated an
electrically driven photonic crystal nano-beam laser.
Rodriguez is also the cofounder and coordinator of the nanotechnology area for the “Talented Mexican Network” in The
Netherlands, that actively spreads the wonders of photonics,
encourages young women to pursue a science degrees and addresses gender equality in STEM.
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Betty Meng Zhang
Nanyang Technological University, Singapore
Betty Meng Zhang is currently
a PhD student of Nanyang Technological University Singapore,
working on high power ultrashort fiber laser systems and special fiber designs. She has published 18 journal and conference
papers in the past few years and
Zhang has been working in the
Optoelectronics Research Centre
(ORC) University of Southampton UK on temporal and spatial
simultaneous pulse shaping of high power ultrashort fiber laser.
Her research results have dramatically increased the capabilities
of the existing ultrashort fiber lasers systems for high precision
material processing in the lab as well as industrial and military
applications.
Zhang has been involved in IEEE Photonics Society as early
as her third undergraduate study year in Singapore. She became
the vice-President of IEEE Photonics Society (IPS) Singapore
Student Chapter Branch in her final year, garnering her chapter
the Most Innovative Chapter of the Year Award.
Rubana Priti
McGill University
Rubana Priti is currently a PhD
Fellow at McGill University
working on photonic integration
towards optical interconnects
with innovative switch matrix
designs. She has published 7+
journal papers, including the
paper titles “A High Extinction Ratio Broadband 1310 nm
MZI Switch” at the International Conference on Group Four
Photonics. Her major projects
include: “RODIN (Energy-efficient and scalable optical interconnection networks)” and “CPU-to-memory optical Interconnect-on-Chip (IoC) for data intensive computing systems.”
Priti’s honors include the MEDA—McGill Engineering Doctoral Award, the Shahbaz Mavaddat Fellowship, a
Graduate Excellence Fellowships (GEF), and the NSERC
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CREATE Si-EPIC Scholarship. She also serves as the
McGill—IEEE Student Branch, Media and Public Relations Officer.

Nicole Naselaris
University of Rochester, NY, USA
Nicole Naselaris is currently an undergraduate student at the
University of Rochester. Naselaris is fully committed to giving back to STEM as an outreach coordinator for the SPIE and
IEEE Student Branches. She tutors elementary and middle
school students as a role model for young women.
Her accomplishments in the field of photonics include
her position as a Photon Camp counselor at the University of

Rochester’s pre-college photonics program. She actively exposes high school students to
optics and led a team through
a challenging capstone project.
As a rising sophomore at the
University of Rochester, Naselaris has already been exposed to
the research that goes on at the
university and has been drawn
to the application of photonics
in communication. She has an
interest in the emerging field of quantum optics and the benefits of photonics-based communication devices.

Member Spotlight
Dr. Duane Boning Named Head of “Leaders for Global Operations Program” at MIT
Duane S. Boning was
named engineering faculty co-director of the
Leaders for Global Operations (LGO) program
at MIT, effective Sept. 1.
“Professor Boning’s
distinguished record of
teaching and service to
MIT makes him uniquely
qualified to lead this important program,” Dean
Photo Credit: Lillie Paquette/School
Ian A. Waitz wrote in an
of Engineering
email to LGO-affiliated
faculty and industry partners earlier today. “I have worked closely with Duane on a range
of projects, and he is always a thoughtful, diligent, and energetic
partner. The LGO program will continue to thrive under his direction.”
Founded in 1988 as the Leaders for Manufacturing (LFM)
program, LGO is a dual-degree program run as a collaboration
between the MIT School of Engineering and the MIT Sloan
School of Management. Its two-year curriculum features internships at elite partner companies that are all leaders in their industries. Students develop leadership skills for the pharmaceutical, manufacturing, geosciences, energy, high-tech, and global
supply chain industries. Boning, who is the Clarence J. LeBel
Professor in the Department of Electrical Engineering and Computer Science (EECS), has deep connections with LGO, having
co-advised more than 40 student theses with the program.
Boning’s research focuses on manufacturing and design,
with emphasis on statistical modeling, control, and variation reduction in semiconductor, micro-electromechanical, photonic,
and nano-manufacturing processes. He is a recognized leader in
the characterization and modeling of spatial variation in inteOctober 2016

grated circuit and nanofabrication processes, including plasma
etch and chemical-mechanical polishing. The tools developed
in his group have been commercialized and widely adopted
in industry. His recent work is in developing and applying
statistical and machine learning methods to model and reduce variation in emerging technologies, including integrated silicon photonics, nanoimprint processes, and biomedical
electronics.
He has served as editor in chief for the IEEE Transactions
on Semiconductor Manufacturing from 2001 to 2011 and was
named a fellow of the IEEE for contributions to modeling and
control in semiconductor manufacturing in 2005.
Boning’s teaching has been recognized at both the undergraduate and graduate level. He is active as a recitation and
laboratory instructor, and as a formal and informal advisor
to MIT students at all levels. He helped redesign the undergraduate curriculum in electrical engineering and has created a
number of new classes, at both the undergraduate and graduate
level. He is a past recipient of the Ruth and Joel Spira Teaching
Award, he won the Best Advisor Award from the MIT ACM/
IEEE student organization in 2012, and was the 2016 recipient of the Capers and Marion McDonald Award for Excellence
in Mentoring and Advising in the School of Engineering.
Boning has an especially lengthy and distinguished record
of service to MIT, with a particular emphasis on international
engagements. Since 2011, he has served as the director for the
MIT/Masdar Institute Cooperative Program, for which he has
worked to help establish a new graduate university in Abu Dhabi, where he has fostered many joint research, education, and
outreach activities between MIT and Masdar Institute faculty
and students. From 2011 to 2013 he served as founding faculty
lead in the MIT Skoltech Initiative, working to conceive and
launch a new graduate university, the Skolkovo Institute of Science and Technology (Skoltech) outside Moscow, Russia. And
from 2003 to 2004 he served as co-director for undergraduate
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education in the Cambridge-MIT Institute, fostering a number
of undergraduate education research efforts.
Currently associate director of the Microsystems Technology
Laboratories, where he oversees the information technology and
computer-aided design services organization, Boning also served
from 2004 to 2011 as associate head of EECS, where he helped implement a new undergraduate curriculum. He is also a former chair
of the Committee on Undergraduate Admissions and Financial
Aid, and chair of the Committee on the Undergraduate Program.
Boning received BS degrees in electrical engineering and
in computer science from MIT in 1984. He went on to earn
an MS and a PhD, both also from MIT, in 1986 and 1991,
respectively. An National Science Foundtion Fellow from 1984
to 1989 and an Intel Graduate Fellow in 1990, Boning worked
on semiconductor process representation, process/device simu-

lation tool integration, and statistical modeling and optimi
zation at the Texas Instruments semiconductor process and
design center in Dallas, Texas, from 1991 to 93. He joined the
faculty at MIT in 1992.
Boning succeeds David Simchi-Levi, a professor of civil and
environmental engineering and of engineering sytems. SimchiLevi served as faculty co-director of the LGO program through
the change of its name and strategy in 2009. He was also instrumental in launching the China LGO program at Shanghai
Jiao Tong University in 2006, helped the program reach a historic high of industrial partners (now 26), and recently helped
to create a supply chain track for LGO within the Department
of Civil and Environmental Engineering.
Press release from MIT News Office.
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Now...

2 Ways to Access the
IEEE Member Digital Library
With two great options designed to meet
the needs—and budget—of every member,
the IEEE Member Digital Library provides
full-text access to any IEEE journal article
or conference paper in the IEEE Xplore®
digital library.
Simply choose the subscription that’s
right for you:

IEEE Member Digital Library

IEEE Member Digital Library Basic

Designed for the power researcher who
needs a more robust plan. Access all the
IEEE content you need to explore ideas
and develop better technology.

Created for members who want to stay
up-to-date with current research. Access IEEE
content and rollover unused downloads for
12 months.

• 25 article downloads every month

• 3 new article downloads every month

Get the latest technology research.
Try the IEEE Member Digital Library
—and get your FIRST MONTH FREE!
www.ieee.org/go/freemonth
IEEE Member Digital Library is an exclusive subscription available only to active IEEE members.
12-PIM-0430a MDL 2 Options-Free Month-Final.indd 1
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Conferences

IEEE Photonics Society
Up-coming 2016 Conferences

29th Annual Conference of the IEEE Photonics Society
2-6 October 2016
Hilton Waikoloa Village
Waikoloa, Hawaii USA
www.
.org

13th Avionics and Vehicle Fiber-Optics and Photonics Conference
and
International Topical Meeting on Microwave Photonics
(Co-Location)
31 October—3 November 2016
Hilton Long Beach
Long Beach, California USA

For more information, visit: www.PhotonicsConferences.org
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Photo image credit: 2015 Image Contest Winner: Yuebing Zheng, The University of Texas at Austin

29th Annual Conference
of the IEEE Photonics Society

2-6 October
Hilton Waikoloa Village
Waikoloa, Hawaii USA
General Chair

Thomas Clark
JHU Applied Laboratory, USA

Member-at-Large

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

Program Chair

Amr Helmy
University of Toronto, Canada

www.IPC-IEEE.org
www.PhotonicsConferences.org
www.PhotonicsSociety.org
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International Topical Meeting on Microwave Photonics

31 October - 3 november
Co-loCation with

AVFOP

Avionics and Vehicle Fiber-Optics and Photonics Conference

HIlTOn lOng BeACH
long Beach, California USA
general Chair: Milan Mashanovitch, Freedom Photonics, USA
TPC Chair: leif Johansson, Freedom Photonics, USA
MWP TPC Co-Chair-Americas: Paul Matthews, northrop grumman Corporation, USA
MWP TPC Co-Chair-europe: Idelfonso Tafur Monroy, Technical University of Denmark, Denmark
MWP TPC Co-Chair-Asia-Pacific: Tetsuya Kawanishi, Waseda University, Japan
Sponsored by

www.AVFOPandMWP.org
www.PhotonicsSociety.org
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AVFOP
2016
AViOniCs And VEhiClE
FiBEr-OPtiCs And PhOtOniCs COnFErEnCE

31 October - 3 november
CO-lOCAtiOn with

MwP
iEEE intErnAtiOnAl tOPiCAl MEEting
On MiCrOwAVE PhOtOniCs
hilton long Beach, long Beach, California UsA
gEnErAl ChAir: Michael hayduk, UsA
PrOgrAM ChAir: Jason McKinney, UsA
www.AVFOPandMwP.org
www.Photonicssociety.org
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IEEE Photonics Society Co‐Sponsored Events
2016
FOAN

APOS

18‐20 October
6th InternaƟonal Workshop on Fiber OpƟcs in Access
Networks
Lisbon, Portugal
www.foan2016.com.ba/

ACP

2‐5 November
2016 Asia CommunicaƟons and Photonics Conference
Wuhan, China
ofs‐25.org/

11—14 October
6th Asia Pacic OpƟcal Sensors Conference
Shanghai, China
h�p://www.apos2016.org/

OPTIC

3—5 December
2016 InternaƟonal Conference of OpƟcs & Photonics Taiwan
Taipei, Taiwan
h�ps://www.tl.ntu.edu.tw/2016/op�c2016/

2017
PHOTOPTICS

Feb 27—March 1
2017 5th InternaƟonal Conference on Photonics, OpƟcs,
and Laser Technology
Porto, Portugal
photop�cs.org

OFS

24 –28 April
2017 25th InternaƟonal Conference on OpƟcal Fiber Sensors
Jeju, Korea
ofs‐25.org

NUSOD

2‐5 November
17th InternaƟonal Conference on Numerical SimulaƟon of
Optoelectronic Devices
Copenhagen, Denmark
h�p://www.nusod.org/2017/
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Semiconductor Nanocrystal Optoelectronics
Submission Deadline: December 1, 2016
Hard Copy Publication: September/October 2017
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of

Semiconductor Nanocrystal Optoelectronics. The purpose of this issue of JSTQE is to highlight recent progress and trends in the
optoelectronic characteristics and applications of crystalline semiconductor nanoparticles. These nanomaterials, of
dimensions below 100nm and more typically in the 1-10nm range, are based primarily on II-VI, III-V or Group IV
semiconductors and exhibit attractive size-dependent optical and electronic properties. They can be variously functionalized for
solution processing and/or heterogeneous integration, facilitating a diverse range of thin films and other structures with
customized absorption, emission and energy transfer properties. Moreover, they can be readily incorporated into a range of
photonic crystal and microcavity structures to control light-matter interactions. Optoelectronic applications for these nanocrystals
include use as fluorescent labels for biosensing, in new forms of light-emitting diode and display technology, in novel lasers
including those in mechanically flexible formats, and in solar cells. Specific areas of interest include (but are not limited to):
•
•
•
•
•
•
•
•

Emerging semiconductor nanocrystal structures, shapes, surface functionalization and materials combinations
Development of nanocomposites, hybrid integration and artificial heterostructures incorporating semiconductor nanocrystals
Linear and nonlinear optical properties of semiconductor nanocrystals
Tailoring excitonic properties in semiconductor nanocrystals for efficient light-generation and harvesting
Self-assembly of semiconductor nanocrystals and their electronic and photonic properties
Semiconductor nanocrystal light emitting diodes and lasers
Sensors incorporating semiconductor nanocrystals
Applications of semiconductor nanocrystals in solar cells and energy harvesting

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

Semiconductor Lasers
Submission Deadline: February 1, 2017
Hard Copy Publication: November/December 2017
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area
of Semiconductor Lasers.

•
•
•
•
•
•
•
•
•
•
•

Grating controlled lasers
Multi-segment and ring lasers
Photonic crystal lasers
Plasmonic lasers
Polariton lasers
Quantum cascade and interband Mid-IR lasers
Quantum dot/wire lasers
Silicon compatible/hybrid lasers
Coupled semiconductor lasers
Nanoscale lasers
THz lasers

•
•
•
•
•
•
•
•
•
•
•

UV to visible lasers
VCSELs, VECSELs and disk lasers
High power and high-brightness lasers
Communications lasers
Tunable lasers
Short pulse lasers
High speed lasers
Laser dynamics
Lasers based on new materials
Laser modeling and simulation
Semiconductor integrated optoelectronics

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

Indium Phosphide Integrated Photonics
Submission Deadline: April 1, 2017
Hard Copy Publication: January/February 2018
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Indium
Phosphide Integrated Photonics. This special issue aims to provide a survey of the recent rapid advances in the capability for
photonic integrated circuits produced on InP substrates. InP-based epitaxy enables leading edge optoelectronic performance for a
range of lasers, modulators, amplifiers, absorbers and detectors, and InP photonic integrated circuits uniquely offer full transmitter and
receiver integration. The inherent energy efficiency for gain, absorption, electro-optic modulation and charge-carrier-based phase
modulation provides a powerful route to device miniaturisation and integration within one mass-manufactureable wafer scale process.
Products now feature many tens to hundreds of components per chip, scaling beyond a thousand for todays most advanced
prototypes. Circuits are being industrialized for digital coherent communications and inter-data center optics. The technology is
deployed for ultra-high performance sub-sea communications through to shorter reach communication links. Open access generic
Indium Phosphide integrated photonics is now enabling new applications from data communication and sensor readout to spectroscopy
and imaging.
Papers are solicited on state-of-the-art achievements. Topics may be expected to include innovations from integration technology
through to the integrated circuits themselves, such as
•
•
•
•
•
•
•

Monolithic circuits for communications, information processing, spectroscopy, metrology and imaging
High-density optoelectronic integration both in terms of miniaturization and crosstalk mitigation
Integrated polarization, mode control devices and beam forming
Picosecond and femtosecond sources and pulse processing techniques
Advanced platform technologies with e.g. band-gap engineered devices, selective area growth, doping and intermixing
Design, test and packaging for PIC manufacturability
Methods for application-blind, generic design and foundry production

The Primary Guest Editor for this issue is Kevin Williams, Technical University of Eindhoven, The Netherlands. The Guest Editors are:
Norbert Grote, Fraunhofer HHI, Germany; Milan Mashanovitch, Freedom Photonics, USA; Shinji Matsuo, NTT Labs, Japan;
Yoshiaki Nakano, University of Tokyo, Japan; Joseph Summers, Infinera Corporation, USA.
Unedited preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1 week of the final files being uploaded by the
author(s) on ScholarOne Manuscripts. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once
available, the preprints are replaced by final copy-edited and XML-tagged versions of manuscripts on IEEE Xplore. This usually occurs well
before the hardcopy publication date. These final versions have article numbers assigned to them to accelerate the online publication; the
same article numbers are used for the print versions of JSTQE.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link:
www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously published
papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are justified by clearly stating
the distinction between a submitted paper and previous publications.

October 2016

IEEE Photonics Society NEWSLETTER

49

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

Optical Detectors
Submission Deadline: June 1, 2017
Hard Copy Publication: March/April 2018
The IEEE Journal of Selected Topics in Quantum Electronics invites manuscripts that document the current state-of-the-art in the area of
Optical Detectors. The detection of light across the optical spectrum from ultraviolet to long-wave infrared wavelengths continues to be one
of the most fundamental research areas in engineering. New applications and the increasingly stringent requirements in imaging, sensing, and
optical communications have driven continuous developments in optical detector device design and materials science. In addition, progress in
photonic integration has enabled the development of large-scale, cost-effective detector architectures with enhanced functionality. The objective
of this special issue is to highlight recent progress and trends in innovative optical detector technology and its applications. The solicited areas
include (but are not limited to):
•
•
•
•
•
•
•
•

High-speed photodiodes and photomixers
Detectors and focal plane arrays for UV, visible, and IR detection
Avalanche photodiodes and single-photon detectors
Optical detectors based on novel materials and substrates
Photodetectors on silicon using monolithic, heterogeneous or hybrid integration technologies
Coherent optical receivers and integrated photoreceivers for the detection of advanced modulation formats
Microwave photodiodes for analog applications
Optical detectors with applications in fiber optic communications, infrared cameras, and quantum communications.

The Primary Guest Editor for this issue is Andreas Beling, University of Virginia, and the Guest Editors are Meredith Hutchinson, Naval
Research Laboratory, Clint Schow, University of California Santa Barbara, and Jin-Wei Shi, National Central University, Taiwan.
The deadline for submission of manuscripts is June 1, 2017. Hardcopy publication of the issue is scheduled for March/April 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

Fiber Lasers
Submission Deadline: August 1, 2017
Hard Copy Publication: May/June 2018
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Fiber Lasers. Fiber lasers are
increasingly becoming the light source of choice for a large range of scientific and industrial applications thanks to their inherent technological
advantages. 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 fiber laser
technology and will serve as a universal resource for future development. The scope of the issue covers all aspects of theoretical and
experimental fiber laser research including:
• Fiber design and fabrication
• Ultrafast fiber sources
• Fiber-processing techniques
• Fiber frequency comb sources
• Laser architectures and pumping methods
• Fiber supercontinuum sources
• Advances in fiber laser characterization methodologies
• Photonic crystal fibers and lasers
• Nonlinear dynamics of fiber lasers
• Fiber laser pumped frequency conversion schemes
• Ultra high power fiber lasers
• Fiber laser pulse compression and few-cycle sources
• Beam combination of fiber lasers
• Ultra narrow-linewidth and wavelength tunable fiber lasers.
The Primary Guest Editor for this issue is Zhipei Sun, Aalto University, Finland. The Guest Editors are Shibin Jiang, AdValue Photonics, USA;
Amos Martinez, Aston University, UK; Dingyuan Tang, Nanyang Technological University, Singapore; and John Travers, Heriot-Watt
University, UK.
The deadline for submission of manuscripts is August 1, 2017. Hardcopy publication of the issue is scheduled for May/June 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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Become a
published author
in 4 to 6 weeks.
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Get on the fast track to publication with the
multidisciplinary open access journal worthy of the IEEE.
IEEE journals are trusted, respected, and rank among the most
highly cited publications in the industry. IEEE Access is no exception
with a typical one-third acceptance rate. Even though it provides
authors faster publication time, every submitted article still undergoes
extensive peer review to ensure originality, technical correctness,
and interest among readers.
Published only online, IEEE Access is ideal for authors
who want to quickly announce recent developments,
methods, or new products to a global audience.

Publishing in IEEE Access allows you to:
• Submit multidisciplinary articles that do not fit
neatly in traditional journals
• Reach millions of global users through the
IEEE Xplore® digital library with free access to all
• Integrate multimedia with articles
• Connect with your readers through commenting
• Track usage and citation data for each
published article

Learn more about this
award-winning journal at:
www.ieee.org/ieee-access

14-PUB-196 11/15

• Publish without a page limit for only $1,750
per article

One of the most influential
reference resources for
engineers around the world.
For over 100 years, Proceedings of the IEEE has been the leading journal for engineers
looking for in-depth tutorial, survey, and review coverage of the technical developments
that shape our world. Offering practical, fully referenced articles, Proceedings of the IEEE
serves as a bridge to help readers understand important technologies in the areas of
electrical engineering and computer science.

To learn more and start your subscription today, visit

ieee.org/proceedings-subscribe

Technology insight
on demand on IEEE.tv
Internet television gets a mobile makeover
A mobile version of IEEE.tv is now available for convenient viewing.
Plus a new app for IEEE.tv can also be found in your app store. Bring
an entire network of technology insight with you:
• Convenient access to generations of industry leaders.
• See the inner-workings of the newest innovations.
• Find the trends that are shaping the future.
IEEE Members receive exclusive access to award-winning programs that
bring them face-to-face with the what, who, and how of technology today.

Tune in to where technology lives www.ieee.tv

11-MEMB-0574b_IEEEtv_Spectrum_7x10_float_Final.indd 1
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ADVERTISER’S INDEX

The Advertiser’s Index contained in this issue is
compiled as a service to our readers and advertisers. The publisher is not liable for errors or omissions although every effort is made to ensure its
accuracy. Be sure to let our advertisers know you
found them through the IEEE Photonics Society
Newsletter.
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IEEE Photonics
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Advertising Sales Offices
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Impact this hard-to-reach audience in their own Society
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MANAGEMENT
James A. Vick
Sr. Director, Advertising
Phone: 212-419-7767
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jv.ieeemedia@ieee.org

Photonics Society
Mission Statement

Mark David
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m.david@ieee.org
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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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The next revolution in optomechanical
product development
Eliminate STEP files, catch errors early, and improve efficiency
with LensMechanix, a powerful SOLIDWORKS add-in.
• Package: Load lenses, sources, and detectors;
then build mechanical geometry with actual lens
dimensions — directly in SOLIDWORKS.
• Analyze: Evaluate the performance of the complete
optomechanical system using Zemax’s industry-leading
multi-threaded ray tracing engine.
• Validate: Ensure the mechanical geometry does not
impact optical performance.
“LensMechanix is the tool the industry has needed for 20
years. It is a game changer for companies across the optics
industry. It’s going to change the way people design their
products, and get products to market faster at a lower cost.”
Ken Moore, Founder, Zemax
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