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Editor’s
Column

IEEE Photonics Society

Lawrence R. Chen
I remember when the newsletter was ‘leaflet’-like during
my graduate student days. Since then, with the hardwork of newsletter staff and under the leadership of former EICs Krishnan Parameswaran and Hon Tsang, the
newsletter has undergone significant transformations.
Indeed, it is now a source of valuable information, from
well-written research highlight articles, to interesting
updates on chapter activities, to timely previews/reviews
of upcoming and recently-held conferences. The new online flip-book format also offers unprecedented features
that we are only beginning to exploit! For these reasons,
I must admit that when initially asked to become the
next EIC for the newsletter, I was somewhat hesitant.
But, as I reflected further, I realized just how exciting an
opportunity this would be. Certainly, it is an excellent
way to stay connected with the photonics community!
And so, without further ado, I present this month’s
(and my first as EIC) issue. The research highlights section features two articles. The first paper from Prof.
Paul Prucnal’s group at Princeton University discusses
the idea of a photonic neuron and more specifically,
neuromorphic systems and networks, spike processing,
and their implementation using photonics. The second
paper from Prof. Alan Willner’s group at the University
of Southern California provides a very nice overview of
orbital angular momentum multiplexing as a means to
achieve high-capacity data transmission in free-space
communications. This month’s issue also features an
industrial research highlight from QPS Photronics in
Montreal, Canada on developing an interferometric fiber
vibration sensor for detecting instrusions at manholes
used to access high-voltage transmission cables.
In this issue, there are previews for forthcoming conferences sponsored by the Photonics Society, including
the IEEE Summer Topicals Meeting in Montreal, Canada
from July 14-16, the Group IV Photonics in Paris, France
from August 27-29, and the International M
 eeting on
Microwave Photonics/Asia Pacific Conference on Microwave Photonics in Sapporo, Japan from October 20-23,
as well as a review of the Optical Fiber Communications
Conference.
It gives me great pleasure to welcome two new Associate Editors of North America to the editorial team:
Prof. Brian T. Cunningham from the Department of
Electrical and Computer Engineering at the University of Illinois Urbana-Champaign and Dr. N
 icolas
Fontaine from Bell Laboratories, Alcatel-
L ucent
in Holmdel, NJ. Prof. Cunningham brings some
much needed expertise in the area of biophotonics
and b iosensing. Prof. Cunningham’s research focuses
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President’s
Column
Dalma Novak
“We’ve arranged a civilization in which most crucial elements profoundly depend on science and technology.”

— Carl Sagan
It’s difficult to believe that we are already half-way through the
year. By the time you read this column CLEO will be behind
us, summer in the Northern hemisphere will have officially
commenced, and we will be brushing up on our French while
getting ready to travel to Montreal for our 2014 Summer Topicals Meetings Series.

Photonic Technologies for Civilization
Recently I mentioned about 2015 being proclaimed by the
United Nations as The International Year of Light (IYL), a
global initiative that aims to highlight and promote the importance of light and optical technologies to citizens around
the world. It is very much a cross-disciplinary effort with more
than 100 partners spanning the education sector, industry,
and professional associations (including the Photonics Society)
from over 85 countries. The overall objective of the IYL is to
raise international awareness about how light-based technologies improve our quality of life in aspects such as health, communications, and the environment, and also promote sustainable development and enable solutions to global challenges in
our society. The economic importance of light-based technology and the potential to revolutionize civilization in the 21st
century (the Century of Light?) will also be highlighted by
the IYL.
Some of you may have already seen the logo that was created for the IYL and is featured prominently on our Society’s
homepage. It was developed to encompass all aspects of the
identity of the initiative: the center sun represents the origin of
life, sustainability, and universality; the colored flags represent
an international presence and inclusion; and the color spectrum
denotes science, art and culture, and education. A Steering
Committee for the IYL chaired by Professor John Dudley from
the University of Franche-Comté in France, has been formed to
provide oversight for the various IYL international, national,
and local activities. Professor Dudley is President of the European Physical Society and is also a Fellow of the Photonics
Society. The public outreach and educational activities that are
being planned around the world to celebrate the IYL are very
broad in scope but essentially cover a number of themes which
include recognizing the history of light in the universe and
the pioneers who contributed to its science, and also promoting optics education and careers in light-based technologies. A
particularly important focus of the IYL is on developing countries and emerging economies, supporting the availability of
low cost and energy-efficient lighting and raising awareness
about the disparity in access to information which is crucial
for the future development of our society. The International
June 2014

Year of Light will also feature A LightDay for Earth where one
particular day of 2015 will focus internationally on the role of
light in nature, light conservation, and ways to reduce light
pollution.
The International Year of Light is a very exciting and
unique outreach and education opportunity for the Photonics
Society. We have already started the planning process for the
various activities that will take place in 2015 to support the
IYL goals and are looking for enthusiastic volunteers. If you are
interested in participating in the organizational effort, please
let me know.

Membership Council Changes
The Photonic Society’s Membership Council plays a critical
role in supporting our mission of being the global professional
home for members of the laser, optoelectronics, and photonics community. At the beginning of this year we welcomed
Dr Paul Juodawlkis from MIT Lincoln Laboratory, a former
elected member of the Board of Governors, as the new Vice
President for Membership. Since taking on his new role Paul,
along with Lauren Mecum who is the Society’s Membership
Development Specialist, has been working to devise and implement a new structure for the Membership Council that is more
aligned to our strategic objectives. The Membership Council
now features AVP (Associate Vice President) positions which
cover Chapter Relations, Women in Photonics, Sector Relations, Education, Young Professionals, Member Advancement,
Student Membership, Global Strategy, and Communications.
The Editor-in-Chief (EIC) of the Society’s Newsletter is also a
member of the Membership Council. In the coming months
you will hear more about the Membership Council AVPs and
some of the new initiatives that are being planned to support
our goals.

Passing the Baton
This issue of the Society’s Newsletter marks the first for Professor Lawrence Chen as our new EIC having taken over the
reins from former EIC, Professor Hon Tsang. Like Hon before him, Lawrence has already worked very successfully for
the Newsletter as an Associate Editor for the last six years, so
he is well positioned for a seamless transition. We look forward
to Lawrence’s leadership in his new role and efforts to continue
to improve the publication. On behalf of our Society, I would
also like to take this opportunity to sincerely thank Hon for his
outstanding service to the Newsletter and many contributions
over the years to our community.
With warm wishes,
Dalma Novak
Pharad, LLC
d.novak@ieee.org
IEEE Photonics Society NEWSLETTER
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Research Highlights

Photonic Spike Processing: Ultrafast Laser Neurons
and an Integrated Photonic Network
Bhavin J. Shastri*, Alexander N. Tait*, Mitchell A. Nahmias*, and Paul R. Prucnal†
Princeton University, Princeton, NJ, 08544 USA
*These authors contributed equally to this article
†
To whom correspondence should be addressed. E-mail: prucnal@princeton.edu
Abstract—The marriage of two vibrant fields—photonics and
neuromorphic processing—is fundamentally enabled by the
strong analogies within the underlying physics between the dynamics of biological neurons and lasers, both of which can be understood within the framework of nonlinear dynamical systems
theory. Whereas neuromorphic engineering exploits the biophysics of neuronal computation algorithms to provide a wide range
of computing and signal processing applications, photonics offer
an alternative approach to neuromorphic systems by exploiting
the high speed, high bandwidth, and low crosstalk available to
photonic interconnects which potentially grants the capacity for
complex, ultrafast categorization and decision-making. Here we
highlight some recent progress on this exciting field.

Introduction
Recently, there has been a deeply committed exploration of unconventional computing paradigms (such as quantum [1] and
neuro-inspired [2]) that promise to vastly outperform conventional technology in certain problem domains. While quantum
computing exploits quantum-mechanical phenomena such as
superposition and entanglement to study quantum coherent
phenomena, neuromorphic engineering aims to build machines
that better interact with natural environments by applying
the circuit and system principles of neuronal computation, including robust analog signaling, physics-based dynamics, distributed complexity, and learning. Cognitive computing platforms inspired by the architecture of the brain promise potent
advantages in efficiency, fault tolerance and adaptability over
von Neumann architectures for tasks involving pattern analysis,
decision making, optimization, learning, and real-time control
of many-sensor, many-actuator systems. These neural-inspired
systems are typified by a set of computational principles, including hybrid analog-digital signal representations, co-location of memory and processing, unsupervised statistical learning, and distributed representations of information.
The choice of information representation has strong implications on information processing. A sparse coding scheme
called spiking has been recognized as a cortical encoding strategy with firm code-theoretic justifications [3] and the use of
sparse coding principles promises extreme improvements to
computational power efficiency [4]. Since spikes are discrete
events that occur at analog times, this encoding scheme represents a hybrid between traditional analog and digital approaches, capable of both expressiveness and robustness to
4
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noise. A spike primitive handles inputs from multiple sources
by temporally integrating their weighted sum and firing a
single spike when this value crosses a threshold. These simple
computational elements integrate a small set of basic operations (delay, weighting, spatial summation, temporal integration, and thresholding) into a single device, which is capable
of performing a variety of computations depending on how
its parameters are configured. This distributed, asynchronous
model processes information using both space and time, and is
amenable to algorithms for unsupervised adaptation [5].

I. Electronics and Photonics
Spiking primitives have been built in CMOS analog circuits,
digital “neurosynaptic cores”, and non-CMOS devices. Various technologies have demonstrated large-scale spiking neural
networks in electronics, including, notably: Neurogrid as part
of Stanford University’s Brains in Silicon program, IBM’s TrueNorth as part of DARPA’s SyNAPSE program, Spikey as part
of University of Heidelberg’s FACETS project, and University
of Manchester’s neuromorphic chip as part of the SpiNNaker
project; the latter two are under the flagship of the European
Commission’s Human Brain Project. Unlike conventional processors, neuromorphic processors must achieve the massive fanin essential for neural network architectures. Although some
incorporate crossbar arrays—a dense mesh of wires overlaying
the semiconductor subtrate—all are ultimately forced to adopt
some form of address-event routing (AER), which introduces
the overhead of representing spike as digital codes instead of
physical pulses. Generally, microelectronic architectures target
biological time scales and the associated application spaces, and
AER exploits the speed discrepancy between electronic circuitry and biological electrophysiology. AER systems are subject
to the typical traffic restrictions of packet-routed networks,
so neuromorphic processing for high-bandwidth applications
must take a fundamentally different approach to interconnection. Just as photonics are being employed for interconnection
in conventional CPU systems, optical networking principles
can be applied to the neuromorphic domain.
The ability to map a processing paradigm to its underlying
dynamics, rather than abstracting the physics away entirely,
can significantly streamline efficiency and performance. The
marriage of photonics with spike processing is fundamentally
enabled by the strong analogy between the underlying physics biological neuron dynamics and lasers, both of which can
June 2014

be understood within the framework of dynamical systems
theory. Integrated photonic platforms offer an alternative approach to microelectronics. The high switching speeds, high
communication bandwidth, and low cross talk achievable in
photonics are very well suited for an ultrafast spike-based information scheme with high interconnection densities. In addition, the high wall-plug efficiencies of photonic devices may
allow such implementations to match or eclipse equivalent
electronic systems in low energy usage. Because of these advantages, photonic spike processors could access a picosecond, lowpower computationally rich domain that is inaccessible by other
technologies. Our work aims to synergistically integrate the
underlying physics of photonics with bio-inspired spike-based
processing (Figure 1). This novel processing domain—ultrafast
cognitive computing—represents a broad domain of applications
where quick, temporally precise and robust systems are necessary, including: adaptive control, learning, perception, motion
control, sensory processing, autonomous robotics, and cognitive processing of the radio frequency (RF) spectrum.

II. Challenges
The three key criteria for nonlinear elements to enable a practical scalable computing platform are: logic-level restoration,
fanout/input-output isolation, and cascadability [6][7]. Past
approaches to optical computing have met challenges realizing these requirements. We have hypothesized that a primary
barrier to exploiting the high bandwidth of photonic devices
for computing lies not in the performance, integration, or fabrication of devices, but instead in the model of computation
being used (digital logic and specialized analog function acceleration). Analog photonic processing has found widespread
application in high bandwidth filtering of microwave signals,
but the accumulation of phase noise, in addition to amplitude
noise, makes cascaded operations particularly difficult. Digital
logic gates that suppress amplitude noise accumulation have
also been realized in photonics, but proposed optical logic devices have not yet met all the conditions of cascadability, let
alone scalability, which includes high fabrication yield. In addition, schemes that take advantage of the multiple available
wavelengths require ubiquitous wavelength conversion, which
can be costly, noisy, and inefficient.
The optical channel is highly expressive and correspondingly
very sensitive to phase and frequency noise. Any proposal for
a computational primitive must address the issue of practical
cascadability, especially if multiple wavelength channels are intended to be used. Our unconventional computing primitive
addresses the traditional problem of noise accumulation by interleaving physical representations of information. Representational interleaving, in which a signal is repeatedly transformed
between coding schemes (digital-analog) or physical variables
(electronic-optical), can grant many advantages to computation
and noise properties. For example, a logarithm transform can
reduce a multiplication operation to a simpler addition operation. The spiking model found in biology naturally interleaves
robust, discrete representations for communication with precise,
continuous representations for computation in order to reap the
benefits of both types of coding. It is natural to deepen this distinction to include physical representational aspects, with the
June 2014

Figure 1. A conceptual rendering of a lightwave neuromorphic
processor. Laser neuron arrays implement spiking dynamics
with electo-optic physics, and a photonic network on-chip can
support complex structures of virtual interconnection amongst
these elements. Note: the colorful mind mapping (picture above
the processor) was provided by the The Human Connectome
Project.

important result that optical noise does not accumulate. When a
pulse is generated, it is transmitted and routed through a linear
optical network with the help of its wavelength identifier. It is
received only once into a fermionic degree of freedom, such as a
deflection of carrier concentration in a photonic semiconductor
or a current pulse in a photodiode. The soma tasks occur in a domain that is computationally richer (analog), yet more physically
robust (incoherent) to the type of phase and frequency noise that
can frustrate optical computing architectures.
Another major hurdle faced by substantial photonic systems
is relatively poor device yield. While difficult for digital circuits to build in redundancy overhead, neuromorphic systems
are naturally reconfigurable and adaptive. Biological nervous
systems adapt to shunt signals around faulty neurons without
the need for external control, a possible strategy for resistance
to fabrication defects.

III. Spiking Elements: Laser Neuron
Recent years have seen the emergence of a new class of optical
devices that exploit a dynamical isomorphism between semiconductor photocarriers and neuron biophysics. The difference in
physical timescales allows these “photonic neurons” to exhibit
spiking behavior on picosecond (instead of millisecond) timescales [8]. Spiking is closely related to a dynamical system property that underlies all-or-none responses called excitability, which
is shared by certain kinds of laser devices. Excitable laser systems
have been studied in the context of spike processing with the
tools of bifurcation theory by [9] and experimentally by [10][11].
We recently designed excitable lasers specifically designed
for compatibility with common photonic integrated circuit
IEEE Photonics Society NEWSLETTER
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Figure 2. (Left) Implementation of the proposed device—processing-network node (PNN)—in standard silicon photonic devices.
A spectral filter bank is implemented by a bank of tunable microring resonator filters, whose drop weight is configured by CMOS
drivers. Balanced photodetectors sum all weighted inputs by converting to the electronic domain. Photocurrent subtraction allows inputs to have a positive (excitatory) or negative (inhibitory) modulation effect, push-pull capabilities considered essential
to any neuron-inspired model. A short wire modulates current injection into a hybrid evanescent excitable laser neuron, which
performs both threshold detection and pulse generation. The dynamics can be expressed with a simplified differential equation
based on pulsed operation in the laser, where G(t) models the gain, cG is the relaxation rate of the gain, A is the bias current of the
gain, i(t) represents input perturbations, Gthresh is the gain threshold, and Greset + 0 is the gain at transparency. The output of the
laser is coupled back into the broadcast waveguide and broadcast to other PNNs. (Right) Analogy with a biological neuron. In
the LIF neuron model, weighted and delayed input signals are spatially summed at the dendritic tree into an input current Iapp(t),
which travel to the soma and perturb the internal state variable, the voltage Vm(t). The soma performs integration and then applies
a threshold Vthresh, to make a spike or no-spike decision. After a spike is released, the voltage is reset Vreset. These dynamics can
be encapsulated by the typical LIF model where VL is the membrane resting potential, and Rm and Cm model the resistance and
capacitance associated with the membrane, respectively. The resulting spike is sent to other neurons in the network.

(PIC) platforms [12]. Specifically, at the 2013 IEEE Photonics Conference, we proposed [13] a hybrid silicon distributed
feedback (DFB) laser and photodetector system that can emulate both a leaky integrate-and-fire (LIF) neuron and a synaptic
variable, completing a computational paradigm that can be
used to emulate a wide variety of functional cortical algorithms. Networks of such devices are easily scalable using
a silicon III-V wafer-bonding platform [14]. The LIF neuron model is a mathematical model of the spiking dynamics
which pervade animal nervous systems, well-established as
the most widely used model of biological neurons in theoretical neuroscience for studying complex computation in
nervous systems. A simple model of a single-mode laser with
saturable absorber (SA) section has been proven to be analogous to the equations governing an LIF neuron in certain parameter regimes (Figure 2) [12][15].
As illustrated in Figure 2, our device consists of three primary components: two photodetectors and an excitable laser.
The photodetectors receive optical pulses from a network and
produce a push-pull current signal which modulates the laser
carrier injection. The excitable laser acts as a threshold decision maker and clean pulse generator analogous to the neural
axon hillock. We chose to implement this model using a hybrid silicon evanescent DFB laser [14], the device on the left
in Figure 3(a).
6
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1) The Neural Front-End
Inputs from other laser neurons are weighted in the optical
domain before reaching the excitatory or inhibitory photodetector. Each photodetector produces a photocurrent summing
the total optical power. Demultiplexing many input channels
is not necessary because the incoherent sum of all wavelength-
division multiplexed (WDM) channels within the InP detection band is intentionally computed by the photodetector.
Photodetectors have been demonstrated on the same hybrid
silicon evanescent platform used for laser gain sections with
response times limited by parasitic capacitance [16].
Dynamics introduced by the photodetector are analogous to
synaptic dynamics governing the concentration of neurotransmitters in between signaling biological neurons. Photocurrent
flow in a real photodiode and neural synaptic dynamics can
be modeled by a first-order low-pass filter. Photodetector time
constants can be controlled with different biasing and device
dimensions, and can be varied to obtain a large repertoire of
processing behaviors.
Analog excitatory and inhibitory photocurrents are subtracted
passively by a push-pull wire junction. The net photocurrent conducts over a short wire to modulate the laser gain section. These
wires are roughly analogous to passive dendritic 
conduction,
with the key difference that there are only two wires regardless
of the number of input channels. The sensitivity-bandwidth of
June 2014

1) Fiber-Based Excitable Laser
We recently demonstrated [11] a fiber-based excitable laser as a
proof of concept of excitability with an embedded SA. While the
performance of this benchtop prototype is much less than that
of an integrated version (bandwidth: 100 kHz, energy per spike:
10 nJ), it experimentally confirms the possibility of using laser
systems to emulate the spike processing capabilities required
for cortical processing: temporal integration of multiple inputs,
threshold detection, and all-or-nothing pulse generation. Figure
4 is a demonstration of the system’s ability to exhibit excitability
when a series of spikes are incident upon it. Excitatory pulses
increase the gain carrier concentration, which performs temporal integration. Enough excitation results in an excursion from
equilibrium causing the laser to fire a pulse due to the saturation
of the absorber to transparency. This is followed by a relative refractory period during which an excitatory pulse is unable to cause
the laser to fire. The phase-space excursion resulting from an
excitable response is stereotyped and repeatable while subthreshold activation results in no output: key all-or- nothing properties
for pulse regeneration, reshaping, and signal integrity.
2) Signal Feature Recognition
We had previously demonstrated [17] a device for signal feature recognition based on the escape response neuron model
of a crayfish. Crayfish escape from danger by means of a rapid
escape response behavior. The corresponding neural circuit is
configured to respond to appropriately sudden stimuli. Since
this corresponds to a life-or-death decision for the crayfish, it
must be executed quickly and accurately. A potential application of the escape response circuit based on lightwave neuromorphic signal processing could be for pilot ejection from
military aircraft. Our device, which mimics the crayfish circuit
using photonic technology, is sufficiently fast to be applied
June 2014
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2) The Excitable Laser
A two-section DFB hybrid evanescent laser is used to implement excitable dynamics. The DFB cavity has a single longitudinal lasing mode and allows lithographic definition of lasing
wavelength via silicon on insulator (SOI) grating pitch. A proton implantation region electrically isolates the semiconductor
absorber and gain sections. Small modulation currents that exceed the Q-switch threshold will trigger large pulse discharges.
We use a standard two-section laser rate equation to model the
described device with realistic parameters based on those found
in [12][14][16]. The results are shown in Figure 3(b).

Output

Density (m–3)

the neural front-end is not significantly reduced during electronic conversion and passive processing, although transmission
lines can suffer from many effects that render them unsuitable for
high-bandwidth interconnects. Distortions introduced by impedance mismatch, attenuation, dispersion, and radiative interference
coupling are all negligible for wires much shorter than the signals
of interest. We employ a co-integrated wire design to keep the
electronic connection local. A 20 μm wire has a characteristic conduction delay of nearly 10 THz, and will not introduce significant
transmission line distortion for sub-THz signals.
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Figure 3. (a) Cross-section of a silicon hybrid evanescent laser neuron design. Optically active III-V components are bonded to an
SOI substrate with rib waveguides. Optical spikes of potentially
multiple wavelengths are incident onto the photodetector (right)
from a passive SOI network. The resulting RF current pulse modulates the gain section of a two-section laser (left). (Inhibitory photodetector and pumping current source not shown for simplicity.)
Legend: Si (gray), dielectric insulator (blue), III-V lower etch level
(orange), III-V upper etch level (yellow), metal (white), proton implanted III-V (black). (b) A simulation of a DFB laser neuron with
realistic parameters. Current perturbations from the photodetector (input spikes) modulate the gain (in blue). Enough excitatory
activity causes the release of a pulse, followed by a short refractory
period. This behavior mirrors that of a LIF neuron.

to defense applications in which critical decisions need to be
made quickly while minimizing the probability of false alarm.
A simple two-neuron anomaly detection circuit mimicking the tail-flip response of a crayfish was built to demonstrate
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Figure 4. Experimental data of excitable fiber laser. (a) Traces showing a response to multiple integrated stimuli or one strong stimulus. (b) For too weak of an input, no change in output is detectable.
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Figure 5. Experimental demonstration of crayfish response. (a) Laboratory setup. (b) Optical circuit diagram. The inputs a, b, and c
are weighted and delayed such that the first neuron is configured to spike for inputs with specific features. The neuron simultaneously normalizes and suppresses pulses above and below threshold, respectively. These spikes and part of input b are launched into
the second neuron. Through weighting and delaying of the inputs, spikes by the second integrator occur only for inputs with the
desired features. The selection of the desired features can be reconfigured simply by adjusting the weights and delays of the inputs.
(c) Rudimentary ultrafast feature recognition. The top row shows various combinations of the three inputs with specific weights and
delays. The input signals are integrated and thresholded at the output of neuron 1 (middle row). When the output spikes from the
first neuron arrive at the second neuron slightly after input b, i.e., within the integration interval, the second neuron will spike. By
adjusting the time delay of the inputs to neuron 2, the pattern recognizer identifies patterns abc and ab- (bottom row).

the unprecedented signal feature recognition and stimulus
response of these photonic devices [Figure 5(a) and (b)]. Our
analog o ptical model exploits fast (subnanosecond) signal integration and ultrafast (picosecond) optical thresholding. The
first neuron is configured to respond to a set of signals with
specific features, while the second neuron further selects a subset of the signal from a set determined by a weighting and delay
configuration and responds only when the input stimuli and
the spike from the first neuron arrive within a very short time
interval. Figure 5(c) shows the experimental measurements of
the recognition circuit detecting specific input p atterns having precise time intervals between the i nputs as we configured.
8
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The benchtop model provides a testbed for exploring
the synergy between spike processing and optical physics. Microfabrication of the model will allow more complex processing with significant power reduction offered
by integration.

V. Spiking Architectures:
Integrated Photonic Network
The communication potentials of optical interconnects (bandwidth, energy use, electrical isolation) have received a ttention
for neural networking in the past; however, attempts to realize holographic or matrix-vector multiplication systems have
June 2014

encountered practical barriers, largely because they cannot be
integrated. Techniques in silicon PIC fabrication is driven
by a tremendous demand for optical communication links
within conventional supercomputing systems [18]. The first
platforms for systems integration of active photonics are becoming commercial reality [14][16], and promise to bring
the economies of integrated circuit manufacturing to optical
systems. Our work investigates the potential of modern PIC
platforms to enable large-scale all-optical systems for unconventional and/or analog computing, using a standard device
set designed for digital communication (waveguides, filters,
detectors, etc.).
At the 2014 IEEE Optical Interconnects Conference,
we presented [19] an on-chip networking approach called
“broadcast-and-weight” that could support massively parallel interconnection between photonic spiking neurons. Our
scheme leverages recent advances in PIC technology to address interconnect challenges faced by distributed processing. It has similarities with the fiber networking technique
broadcast-and-select, which channelizes usable bandwidth
using WDM; however, the protocol flattens the traditional layered hierarchy of optical networks, accomplishing
physical, logical, and processing tasks in a compact computational primitive. Although its processing circuits are
unconventional, the required device set is compatible with
mainstream PIC platforms. WDM effectively channelizes
available bandwidth without spatial or holographic multiplexing and avoids coherent interference effects during fanin. High-bandwidth optical channels are compatible with
our proposed laser neuron devices, which could access a picosecond computational domain that impacts application
areas where both complexity and speed are paramount (e.g.
adaptive control, real-time embedded system analysis, and
cognitive RF processing).
1) Broadcast-and-Weight
Broadcast-and-select is a fiber WDM protocol that obtains
collision-free, circuit-routed, and densely parallel interconnection. The active connection is selected, not by altering the
intervening medium, but by tuning a filter at the receiver.
We have proposed a similar protocol called “broadcast-andweight,” which allows multiple inputs to be selected simultaneously and with intermediate strengths between 0% and
100%. A group of nodes shares a common medium in which
the output of every node is assigned a unique transmission
wavelength for broadcast (Figure 6).
2) Processing-Network Node
Participants in the network called processing-network nodes
(PNN) perform both roles of processing (weighting, addition, nonlinear dynamics) and networking (routing, m-fanin, WDM carrier generation) in a compact set of standard
devices. A silicon photonic PNN implementation is depicted in Figure 2. This circuit technique could also generalize
to future PIC platforms. m-fan-in in a photodetector strips
WDM signals of any trace of their origin, a side-effect that
corrupts digital signals, typically necessitating demultiplexing and dedicated d etection. In the neurocomputing context,
June 2014
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Figure 6. An optical broadcast-and-weight network showing
parallels with the neural pathway model of weighted addition front-end and large fan-out. An array of source lasers
are WDM in a single waveguide (multicolor). Independent
weighting functions are realized by spectral filters (represented by gray color wheel masks) at the input of each unit.
Instead of demultiplexing, the total optical power of each
spectrally weighted signal is detected by a single photodetector, yielding the sum of the input channels. In this protocol,
photodetectors act simultaneously as transducers and additive analog computational elements, solving both challenges
of large, parallel fan-in and efficient many m-conversion.

however, this channel destruction is precisely correspondant
with the summation function, so demultiplexing is not required. A m-fan-in front-end was found to yield input commutativity resulting in combinatorial robustness to device
failures. The systemic failure rate of a PNN network can
decrease with network size, in some cases, potentially making
the integrated system more reliable than its constituent devices (Figure 7). A “receiver-less” front-end, it is not subject
to well-known optical-electronic-optical (O/E/O) conversion
overhead, whose assumed cost, energy, and complexity are
due to the digital electronic receiver (amplifier, sampler,
quantizer) in most communication links, not to the physical
conversion itself.
3) Broadcast Loop
A physical medium is efficiently implemented by a ring waveguide (Figure 8). Each PNN drops a fraction of total power,
allowing most to continue. Drop-and-continue is a physical
solution to optical multicasting that can enhance virtual interconnect density for a given network traffic [20]. In this context, the broadcast loop (BL) is fully multiplexed and capable
of supporting N2 interconnects in just 1 link with N WDM
channels, where an electronic interconnect would require, at
best, N(N − 1)/2 links.
Waveguide rings with WDM channelization have previously been proposed as an implementation of broadcast-andselect for efficient multicast in multi-core networks on-chip
[21]. However, demultiplexing and dedicated detection
can negate area and energy savings and create a b uffering
bottleneck. In contrast, physical m-fan-in through total
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VI. Concluding Thoughts
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Figure 7. System failure rate in networks of unreliable nodes. In
constrained circuit-routed networks (blue dash-dot line), system
failure approaches certainty with more nodes. Broadcast-andweight systems with hardware over- head (solid lines) invert
this trend, experiencing reliability that scales with complexity.
The systemic reliability of a BL can even be better, sometimes
by orders of magnitude, than that of a single node (black dotted
line). Colors represent different overhead percentages from 2%
to 8%. Circular markers are the exact BL behavior; solid curves
are approximate error function models.
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Neuromorphic networks have experienced a surge of popularity over the last seven years, motivated in part by bringing computation closer to its underlying physics. A modern generation
of hardware-based neuron-inspired systems attempt to exploit
the efficiency and robustness of sparse codes called spikes.
Spiking systems could address important problems in recognition, optimization, and analysis of high-dimensional environments. Spiking models are central to several recent projects
in microelectronic neuromorphic hardware, which address
these domains where von Neumann machines perform poorly.
Scaling to larger numbers of neurons, however, requires prohibitively complex networks in which there is a fundamental
density-bandwidth trade-off. Furthermore, there are a growing
number of applications that require higher speeds and lower
latencies that may be outside the abilities of the fastest electronic circuits, including processing of the RF spectrum or ultrafast control. Alternatively, photonic systems can potentially
offer much higher bandwidths and lower energy usage than
electronics, making the spike-based approach to information
processing a perfect fit for the technology. Taking advantage of
the ephemeral dynamics in photonic systems such as those in
lasers could lead to processors that operate on picosecond time
scales. In addition, there is a close analogy between the dynamics of lasers and those of biological systems, both of which can
exhibit excitability.
The research highlights included herein have indicated the
potential to design a hybrid silicon laser that emulates biological networks of neurons at ultrafast speeds. Silicon photonic
platform development has revolved around point-to-point
links for multi-core computing systems. We have examined an
opportunity for this technology to extend to unconventional
architectures that rely heavily on interconnect performance.
Broadcast-and-weight is a new approach for joining neuroninspired processing and optical interconnect physics. The LIF
model with a synaptic variable, coupled with tunable routing
in a passive SOI network on a scalable platform, could open
computational domains that demand unprecedented temporal
precision, power efficiency, and functional complexity, could
potentially emulate a huge variety of cortical functions, including RF spectral awareness, adaptive control of many-antenna
systems, and high dimensional feature extraction of input data.
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Optical Communications Using Multiplexing of
Multiple Orbital-Angular-Momentum Beams
Alan E. Willner, Yongxiong Ren, Hao Huang, Yan Yan, Nisar Ahmed,
Guodong Xie, Jian Wang, Yang Yue, Martin P. J. Lavery, Moshe Tur,
Miles J. Padgett, Siddharth Ramachandran, Nenad Bozinovic, and Long Li
Abstract—Light beams with helical wavefronts carry optical
orbital angular momentum (OAM). Different OAM-carrying
beams can be mutually orthogonal to each other in the spatial
domain, allowing them to be efficiently multiplexed and demultiplexed in a communication link. Recently, OAM beams
have drawn interest in the communication community due to
their potential applications in spatially multiplexing multiple
independent data-carrying channels. In addition, this OAM
multiplexing technique is 
compatible with existing wavelength- and 
polarization-division-multiplexing, suggesting
the possibility of further increasing system performance. We
discuss recent advances in high-capacity data transmission employing OAM multiplexing and describe adaptive optics-based
mitigation of atmospheric turbulence effects for OAM-based
free-space links.
Index Terms—Orbital angular momentum, Space division multiplexing, Free space optical communications, Optical
fiber communications, Atmospheric turbulence.

I. Introduction
The desire to transfer ever-greater amounts of data is a key driving force within the field of optical communications. Over the
past few decades, various properties of light (e.g., amplitude,
phase, wavelength, and polarization) have been explored to boost
the transmission capacity of optical communication systems. For
example, wavelength and polarization have been widely used to
increase capacity by multiplexing multiple independent data
channels, known as wavelength division multiplexing (WDM)
and polarization division multiplexing (PDM), respectively.
Another multiplexing technique that has gained significant
interest recently is space division multiplexing (SDM), in which
separate data-carrying beams are spatially multiplexed at the
transmitter and demultiplexed at the receiver [1, 2]. Various SDM
techniques have produced impressive results in fiber, including
the use of (1) multi-core fibers in which each core can carry independent data channels [3], and (2) few-mode-fibers in which
multiple independent data-carrying linearly-polarized (LP) modes
are multiplexed (i.e., mode-division-multiplexing, MDM) [4].
Recently, another property of light namely orbital angular momentum (OAM) has been recognized to have potential
utility in enabling the multiplexing of multiple data-carrying
beams [5, 6]. In general, a light beam carrying OAM can be
identified by its helical phase front, implying that its associated
Poynting vector “twists” along the propagation direction [7].
This twist results in a phase change across the wavefront and a
doughnut-like ring intensity profile. Depending on the rate of
12
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phase front twisting, the OAM carried by a light beam can be
quantified as ℓ ' per photon, where ' is the reduced Plank constant and ℓ is an unbounded integer. Importantly, each OAM
beam with a particular value of ℓ can be orthogonal to all others
[7, 8]. Hence, multiple data-carrying OAM beams with different ℓ can be efficiently multiplexed at a transmitter, coaxially propagated, and subsequently demultiplexed at a receiver
[5–8]. Consequently, OAM could enable mode multiplexing
based on the OAM values. Moreover, OAM multiplexing is
in principle compatible with existing WDM and PDM techniques. Therefore, OAM could potentially be used to increase
the capacity and spectral efficiency (i.e., bits/sec/Hz) of an optical communication link.
In this article, we explore a range of technical issues in data
transmission systems that employ OAM multiplexing, including basic link challenges in both free-space and fiber.

II. Basic Concept of OAM Multiplexing
Angular momentum, which can be understood as the angular
analog of linear momentum, is a physical quantity recognized
within both classical and quantum mechanics [7, 8]. Interestingly, optical beams can carry angular momentum in the form
of both spin- and orbital-angular momentum (i.e., SAM and
OAM) components [9]. While SAM is associated with the polarization state of the light, OAM arises from the beam’s helical
phase front structure. Figure 1 shows the intensity and phase
front of a Gaussian beam and an OAM beam with ℓ = +3.
A. OAM Beam Generation and Multiplexing
Several techniques can be used to generate an OAM beam, including diffractive phase holograms, grating-coupler based-
integrated waveguides, and microring resonators [7, 10, 11]. One
technique is to use a reconfigurable diffractive optical element,
e.g., spatial light modulator (SLM), which can contain a programmable array of liquid crystal pixels to act as a hologram. As
shown in Fig. 2, a phase hologram converts a Gaussian beam into
an OAM beam whose phase front resembles an ℓ-fold “corkscrew”
[7]. A straightforward way of multiplexing OAM beams in freespace is to use 3-dB beam splitters (BSs). Each BS can coaxially
multiplex two beams that are properly and axially aligned. This
approach can be cascaded to multiplex many beams together, albeit with a loss depending upon the number of stages.
B. OAM Beams Demultiplexing and Detection
Another key issue is to efficiently demultiplex multiple OAM beams, each with a specific ℓ value. Different
June 2014
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Figure 1. Phase and intensity profile of a fundamental Gaussian
beam (top) and an OAM beam (bottom) with ℓ = +3. An OAM
beam has a twisting wavefront and doughnut-shape intensity
profile. The Gaussian beam can be regarded as a special case of
an OAM mode with ℓ = 0.

d emultiplexing and detection techniques have been demonstrated, including inverse phase hologram, free-space interferometers, and planar waveguides [7, 12, 13, 14]. For
example, to recover the data on one of the OAM beams (e.g.,
with ℓ = ℓi), a phase hologram with a helical phase of -ℓi can
be used. As a result, the helical phase on the desired beam is
removed, and this beam evolves into a Gaussian-like beam,
which can then be efficiently coupled into a single mode
fiber for detection.

∂

Gaussian beam

Intensity profile 1

=0

Figure 2. A diffractive element loaded with a helical phase hologram converts a Gaussian beam into an OAM beam. This element
can be a spatial light modulator. The color scale of the phase hologram denotes a 0-2pi phase change upon transmission of the light.

III. Terabit/s OAM Multiplexing-Based
Optical Communication Systems
OAM beams form an orthogonal modal basis and can be multiplexed efficiently, indicating that OAM beams could be used
in both free-space and fiber communication links. In such systems, multiple OAM beams, each having a unique twisting
value and carrying an independent data stream are multiplexed
at the transmitter and demultiplexed at the receiver, as shown
in Fig.4 in a free-space scenario.
A. Free-Space OAM Multiplexed Links
As an initial proof-of-concept, a free-space data link was reported [5]. At the transmitter, four unique OAM beams were
generated by using four different SLMs. The generated OAM
beams were coaxially multiplexed using three cascaded BSs and
propagated ~1 meter in free-space. At the receiver, another SLM
programmed with inverse phase holograms removed the twist

C. Efficient OAM Conversion and (De)Multiplexing
A method for multiplexing and demultiplexing multiple beams
that does not incur the inherent power-splitting losses of a set
of BSs is to use a specially designed OAM
mode sorter, which simultaneously converts multiplexed beams with different
Transformer
Corrector
phase front twists into spatially separated
0.1 mm
elongated spots [15]. This mode sorter
0.1 mm
is typically composed of two optical elements, i.e., a transformer and a correc8 mm
5 mm
tor, as shown in Fig. 3. The transformer
8 mm
8 mm
performs a geometrical transformation of
the amplitude profile of the input beam
Multiplexed OAM
from a log-polar coordinate to a Cartebeams
f
Input
From OAM ℓ 1
sian coordinate. The corrector is used to
From OAM ℓ 2
compensate for the resulting phase error
From OAM ℓ 3
From OAM ℓ 4
to keep the transformed beam collimat(ℓ1 , ℓ2 , ℓ3 , ℓ4 )
ed. Consequently, the ring-shaped beam
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is unfolded into a rectangular-shaped
(ℓ= ± 4 and ± 9)
plane wave with a tilted phase front. A
lens can subsequently focus these plane
–9 +9
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Input
waves with different tilts into spatially
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OAM
separated spots in the focal plane, thereby
plane
beams
–4
+4
demultiplexing all the OAM beams simultaneously. It is important to note that
the mode sorter can also be used to simul- Figure 3. An OAM mode sorter for OAM demultiplexing [15]. As an example, the insets
taneously generate and multiplex OAM on the bottom show the input beam (superimposed OAM beams with ℓ = ! 4 and !9)
beams when used in the reverse direction. and the output beam (four spatially separated spots) of a mode sorter.
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values) can be multiplexed together to achieve high-capacity free-space data transmission.
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to achieve a Terabit/s transmission link.
Each of the beams was encoded with a 42.8
Gbaud 16-quadrature amplitude modulation (16-QAM) signal, allowing a total
capacity of +1.4 Tbit/s (42.8 × 4 × 4 ×
2 Gbit/s). Note that all 8 data channels are
located on the same wavelength, providing
a spectral efficiency of 25.6 bit/s/Hz. Some
of the experimental results are shown in
Fig. 5 [5].
Additionally, a 100-Tbit/s free-space
data link was reported by simultaneously
combining/multiplexing OAM, polarization and wavelength (see Fig. 6) [16].
A total of 1,008 data channels were carried by 12 OAM values, 2 polarizations
and 42 wavelengths. Each channel was
encoded with 50-Gbaud quadrature
phase-shift keying (QPSK), providing an
aggregate capacity of 100.8 Tbit/s (12 ×
2 × 42 × 50 × 2 Gbit/s).

B. Vortex Fiber-Based
OAM Multiplexed Link
Figure 5. Experimental results of 16-QAM signals over 4 pol-muxed OAM beams. (a1In addition to free-space, there is intera5) Observed intensity profiles of pol-muxed (a1) ℓ = +4 beam, (a2) ℓ = -8 beam, (a3)
ℓ = +8 beam, (a4) ℓ = +16 beam, and (a5) their superposition; (b1-b4) Measured inter- est in potentially using OAM multiferograms corresponding to OAM beams ℓ = +4, +8, -8, and +16; (c) Measured spec- plexing in fiber links. A key challenge,
tra of each channel after demultiplexing; (d1-d2) Constellations of received 16-QAM however, is that conventional fiber does
not readily support stable propagation of
signals for channels ℓ = +4 on x-polarization and ℓ = -8 on y-polarization [5].
OAM modes [17] and results in modecoupling-induced inter-channel crossof a desired OAM beam, and the resultant Gaussian beam was
talk. Recently, a new type of few-mode fiber with a specially
coupled into a single-mode fiber for data recovery.
designed index profile was found to support multiple OAM
The above experiment was expanded to combine OAM mulmodes. This “vortex” fiber has high-index ring profile as a
tiplexing with polarization multiplexing [5]. Four different
waveguide structure to maintain the OAM of a propagating
OAM beams on each of two orthogonal polarizations were used
beam (Fig. 7). For e xample, it was demonstrated in a 1.1-km
14
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IV. Atmospheric Turbulence
Effects and Adaptive
Optics Compensation for
OAM Beams

Data 1
Gaussian

OAM
+ℓ1

Data 2
Gaussian

OAM
+ℓ2
OAM

Data 3
Gaussian

OAM Multiplex

link that each of the 10 wavelengths could
carry two data-carrying OAM modes
(ℓ = !1) for a Tbit/s capacity link [6].

MUXed OAM modes on
one wavelength λ i and
Data 1, 2, … , n
one polarization
ℓ1

ℓ2

ℓn

OAM modes

+ℓn

V. Discussion
Communication using OAM multiplexing represents a young
sub-field that has a rich set of issues to explore, including
potential opportunities and technical challenges. Some key
points are highlighted below:
a) Fundamentally, beams with helical phase fronts carry
OAM and can be made to be orthogonal to each other, thereby minimizing crosstalk between channels.
Although beam orthogonality can be obtained using
various non-OAM modal basis sets (e.g., HermiteGaussian beams), OAM beams have circular symmetry
that is conveniently matched to many commercially
available optical components. Indeed, many free-space
OAM demonstrations attempt to approximate OAMcarrying Laguerre-Gaussian beams due to their circular symmetry. Therefore, one can consider that OAM
beams are used more as a technical convenience for
June 2014

Intensity (W/mm2)

Δn

WDM

In general, free-space optical links can sufPhase pattern
fer from atmospheric turbulence. In the
case of an OAM-based link, for which each
MUXedOAM modes on multiple
OAM-and
wavelengths and
beam’s phase front defines the channel,
pol-muxed
λ1
two polarizations (X-pol and Y-pol)
phase distortions due to turbulence can
X-pol
y
cause inter-modal crosstalk, i.e., power from
nc
ue λ m
one OAM value is “coupled” into a neighq
e
λ2
X-pol Fr
boring OAM value [18–21]. A technique
λ2
to mitigate the turbulence effects in a freeλ
space link using OAM multiplexing can
1
Y-pol
therefore be important for links spanning
ℓ2
ℓ1
ℓn
λm
2×m×n
hundreds of meters through the a tmosphere.
OAM modes
Y-pol
As shown in Fig. 8, inter-channel crosstalk can be reduced if the phase front of an
OAM beam is partially corrected. Recently, a Figure 6. Concept of combining WDM, PDM and OAM multiplexing. Multiplexing of m
proof-of-concept adaptive optics (AO) com- wavelengths, n OAM modes, and 2 polarizations provides 2 × m × n independent data
pensation scheme that can simultaneously channels [16].
compensate multiple OAM beams propagating through atmospheric turbulence link was reported [22]. The
(a1)
(a2)
turbulence (which might correspond to a 1-km link) was emulated
0.03 Index
LP 01 3
by a rotatable phase screen plate with a pseudo-random phase distriprofile
OAM
0.02
2
bution obeying Kolmogorov spectrum statistics. A Gaussian beam
on one polarization was used to probe the turbulence-induced wave0.01
1
front distortions and derive the correction pattern for mitigating the
0
0
turbulence effects on the OAM beams on the orthogonal polariza30 μm
tion. Figure 9 shows the intensity profiles of OAM beams with ℓ =
–1
–0.01 –8 –4 0
4
8 x 10–5
1, 3, 5, 7 and 9, respectively, for a random turbulence realization
Radius (μm)
with and without mitigation. From the far-field images, one can see
OAM+ I
OAM– ϕ
OAM+ ϕ
OAM–
I
that the distorted OAM beams (upper), up to ℓ = 9, were corrected.
Figure 10 presents the BER curves for one OAM channel (ℓ = 5)
with and without compensation when OAM channels ℓ = 3, 5, 7
(b1)
(b2)
(c1)
(c2)
were transmitted [22].
Figure 7. (a1) Microscope image of the vortex fiber facet; (a2)
Measured fiber refractive index and numerically calculated
mode profiles; (b1-b2) Intensity profiles of OAM modes ℓ =±1
at the output of fiber. (c1-c2) Interference patterns of the two
OAM modes. The handedness of the spiral is indicative of the
OAM value carried by each beam [6].

b)

efficient multiplexing than as a necessarily “better”
type of modal set.
For free-space links using OAM multiplexing, technical
challenges are imposed that are ripe for exploration, including: (i) for a given transmission aperture, higher-order
OAM modes diverge more rapidly than a Gaussian beam,
(ii) the OAM beam center has lower energy, and (iii) a sufficient amount of transverse phase change should be detected
to minimize crosstalk. These issues should be addressed
through careful design of aperture parameters. However, for
link distances within a few kilometers such as back-haul or
IEEE Photonics Society NEWSLETTER
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mode transmission is still in the
early stages, and there is the posCompensated
sibility that the increase of perOAM beam
formance (i.e., larger number of
Adaptive optics
“maintained” modes and lower
compensation
power loss) will be achieved. MorePower
Power
Power
over, one can envision that future
1
1
multi-core fibers could exist, in
0.8
0.8
which each core could support
OAM
OAM
OAM
multiple OAM modes.
l1
mode
mode
l 5 l4 l1 l 2 l 3 mode
l 5 l4 l1 l 2 l 3
d) Many OAM system demonstrations use bulky and expensive
Figure 8. Conceptual diagram for turbulence compensation of a distorted OAM beam.
components that are not necessarThe adaptive-optics compensation system reduces the power leakage to neighboring
ily optimized for OAM operation.
modes caused by atmospheric turbulence.
As was the case for many previous
advances in optical communications, the future of OAM would
ℓ=7
ℓ=1
ℓ=3
ℓ=9
ℓ=5
greatly benefit from advances in
the enabling devices and subsysBefore
tems (e.g., transmitters, (de)mulcomp.
tiplexers and receivers). Especially
with regards to integration, this
(a1)
(a2)
(a3)
(a4)
(a5)
represents significant opportunity
to reduce cost and size and increase
performance.
After
Finally, it should be noted that
comp.
OAM might be applicable to other
(b1)
(b2)
(b3)
(b4)
(b5)
frequency range and might have other
non-communication applications, inFigure 9. Far-field intensity images of OAM beams (ℓ = 1, 3, 5, 7, 9) before (a1 -a5) cluding micromanipulation, imaging,
and after (b1 -b5) partial compensation [22].
and quantum information processing.
Although the field of OAM is young
and challenges remain, the prospects are indeed exciting.
Pure
OAM beam

10

BER

10
10
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Atmospheric
turbulence

Distorted
OAM beam

–1
B2B
Only Chl = 5 with Comp.
Only Chl = 5 without Comp.
Chl = 3, 7 On, with Comp.
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–2

FEC Limit

–3

Crosstalk = –9.51 dB

–4

–5

Crosstalk = –19.95 dB
11

13

15

17

19

21

23

25

27

29

OSNR (dB)

Figure 10. BERs for OAM channel ℓ = 5 when transmitting three
OAM channels ℓ = 3, 5, 7 with and without compensation for
a random turbulence realization. The crosstalk of OAM channel
ℓ = 5 is reduced from -9.51 dB to -19.95 dB and power penalty
is improved by 11 dB after partial compensation [22].

c)
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data-center applications, OAM multiplexing may represent
an opportunity for multiplying free-space capacity.
The use of OAM multiplexing in fiber is potentially attractive. Development of fibers that are suitable for OAM
IEEE Photonics Society NEWSLETTER
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Abstract—We describe the development of an interferencebased fiber optic vibration sensors for detecting intrusions
in manholes. We discuss approaches to scale the number of
manholes that can be interrogated and to increase the distance
at which the manholes are located from the central monitoring system. The overall objective of this work is to leverage a
similar system previously commercialized—the TG Guard—
which is used to monitor the end winding vibration in large
coal-fired generators. The newly developed sensor and system architecture can be deployed to monitor intrusion in oil
and gas pipelines which are quite persuasive in countries like
Africa, China, and India.

1. Introduction
Fiber Bragg grating (FBG) sensors have found extensive use
in applications that require strain and temperature monitoring because they are immune to electromagnetic interference,
compact, light, low-cost, and they can be multiplexed along

FBG 1

FBG 2

SMF

L

2. Operating Principle and Detection

Figure 1. Schematic for the VibroFiber

TM

sensor head.

Power/dBm

–60
–65

As illustrated in Figure 1, the VibroFiberTM sensor head consists of two identical, low reflectivity FBGs written on the
same single mode fiber and spaced by 5 mm to 20 mm [6].
This structure forms a low-finesse cavity and thus, as shown in
Figure 2, the overall reflection spectrum consists of interference fringes within an envelope corresponding to the reflection
spectrum of the individual FBGs. The cavity modes are separated by the free spectral range (FSR) ∆λ = λ 2 2nL , where
m is the center wavelength of the reflection spectrum, n is the
effective mode index of the fiber, and L is the spatial separation between the FBGs. The spatial separation L changes in
response to a vibration applied to the fiber. As a result, the FSR
of the FBG sensor head will also change.
The sensor package is shown in Figure 3. It protects
the sensor head from dust, oil and moisture. Each sensor
is connected to its own optical receiver. The output power

(

–70
–75
1540

1541
1542
1543
Wavelength/nm

1544

1545

Figure 2. Reflection Spectrum for a VibroFiberTM sensor.
18

the same fiber [1]. Moreover, FBGs can be used for vibration
measurements. For example, a proposed method is to embedd
the FBG in a flexible structure and correlate its wavelength
shift due to strain to the curvature of the surface as vibration
is applied [2–4]. Vibration can also be measured by inscribing
the sensing FBGs onto tapered optical fiber. This imposes a
chirp on the grating, and any disturbance of the structure leads
to a change in this chirp. This can be quantitatively related to
vibration change [5].
Recently, QPS Photronics developed the VibroFiberTM, an
FBG-based sensor for condition monitoring of stator end windings found in large coal fired generators. In particular, deterioration in the tightness of these windings results in an increase in
vibration amplitude, which in turn may cause rubbing, further
breakdown, fire and damage to the generator equipment. So if
these vibrations surpass a certain threshold, an alarm can be set to
alert the owner to effect repair. These packaged FBG sensors are
glued and placed at the end windings to obtain vibration measurements, and hence to assess whether the windings are tight
inside the slot of the generator. The detection system is relatively
simple and can process information coming from multiple sensors (or channels) thereby allowing for multi-point monitoring.
In this overview, we describe how we adapted the VibroFiberTM
vibration measurement system to detect intrusion at manholes
used to access buried high voltage transmission cables.
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Power/dBm

Power/dBm

feeding each channel can be adjusted using a custom optical splitter circuit. Channels having gone through 2 levels
of splitter results in lower laser powers and are used to drive
the sensor at the manhole closest to the interrogation unit,
Cable
whereas a single level splitter-based system would have an
7.6 mm
output 3 dB higher, which can be used to drive sensors at
manholes of medium distance. Experiments have been performed to assure that after the first splitter, the power is suffiSensing cavity
cient to drive a sensor 4.8 km away. For each channel, as illustrated in Figure 4, the optical (laser) signal sent to the fibre
is fixed at the wavelength that intersects the reflection spectrum at the midpoint of the rising edge close to the central
fringe (denoted by ‘A’ in the inset). At the detector, the value
Figure 3. Sensor package design to protect the sensing head
of the reflection spectrum at this wavelength is monitored.
form dust, oil and moisture.
In time, the measured value fluctuates between the values
corresponding to the maximum and minimum separation between the FBGs that change with the applied vibration [7].
that the measurable frequency range can be extended using
The measured data is managed through LabView software,
a thin polycarbonate diving board structure fabricated along
which is designed to convert the detected electrical signal
other package parts during a moulding process to make sure
(measured in Volts) to a vibration intensity measurement (in
that dimensions remain consistent from one sensor to another.
micro-meters). We suspect that the signal generated by the
intrusion events might be of higher frequencies; therefore,
3. Sensor Test Setup, Procedure, and Results
we have introduced a higher frequency receiver unit in the
Figure 6 shows the set up we use to confirm that the sensor will
form of a Picoscope which has a bandwidth of 2 MHz. The
work at a manhole up to 4.8 km away from the sub-station.
test result obtained by our simulation test were all obtained
The sensor was placed on a programmable shaker which autousing the Picoscope.
matically steps through various frequencies.
The sensitivity of the sensor can be enhanced by increasing
Figure 7(a) illustrates the first part of the show case with 7
the cavity length of the sensor head. While we use 10 mm cavmanholes. Figure 7 (b) shows another cable with only 3 manholes.
ity for our end winding vibration measurement, 20 mm cavOur interrogation system will monitor all the channels and
ity length has been used in this application. By increasing the
generate a series of FFT. Any manhole suffering from intrusion
cavity length, we have increased the density and number of the
will display a clear signature. A control program will recognise
interference fringes. The sensor is now 4 times more sensitive
the signature and, depending on the intensity, generate either
an alert or an alarm. The user interface also contains a look up
and will be able to detect smaller changes of the signal.
table containing all sensor serial numbers. There are two possible
We have also modified our process to allow us to experischemes. For existing cable installation, we will prepare various
ment with even longer cavity lengths, e.g., 30 mm to 40 mm.
lengths of fiber for spans between each manhole. These fibres will
These might be required to obtain the best signal-to-noise
be blown into the conduit. At the appropriate manhole, there
performance.
will only be one fibre with the appropriate length. This fibre will
The logic and flow chart underlying the user interface a llows
QPS to work with the end user to set alert
and alarm levels. The intrusion will be
typically related to impacts. Both am–60
plitude and frequency information will
be obtained using fast Fourier transform
–65
(FFT) of the time domain response. Figure 5 shows the broad frequency spectrum
–60
–70
of this enhanced VibroFiber obtained by a
programmable shaker whose frequency is
–65
A
–75
limited to 10 kHz . The sensor is charac1541.9 1542 154.2.1 1542.2 1542.3 1542.4 1542.5 1542.6
terized by a 10 mm cavity. If we were to
Wavelength/nm
–70
use a 20 mm cavity with built-in tension,
the sensor should be able to respond to
even higher frequency perturbation. We
–75
confirmed this in our simulation tests as
discuss it in a later section.
Several packages have been investi1540
1541
1542
1543
1544
1545
gated, and they all use a ‘diving board’
Wavelength/nm
structure to couple vibration to the twin
FBG sensor. Experimental work shows Figure 4. Wavelength at which the laser is biased for the vibration measurement.
June 2014
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Figure 5. Frequency response for an enhanced vibration sensor;
the frequency response has been extended to 1000 Hz.
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Figure 6. Test set up to verify operation of the VibroFiber for
manholes located up to 4.8 km away.
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Figure 8. The concept of our solution, which will be installed
in South Africa.

close to the interrogation unit, where the sensor response is fully
displayed, and another technician will be at the remote manhole.
To co-ordinate the various activities, i.e., installation at the manhole and sensor response measurement validation, we recommend
using a cell phone. A working sensor will display a nice sinusoidal waveform at 152.9 Hz. The same procedure is followed to
install sensor in other manholes. Before shipping, each sensor is
characterized by our automated set up to evaluate the operability
and reliability of a vibration sensor by (1) a frequency response
characterization, and (2) an amplitude response characterization.
During this automated calibration, the vibration amplitude
is set to a certain value and the frequency is swept from 50 Hz to
1000 Hz in steps of 100 Hz. The measured frequency response
is shown in Figure 5.
There are two measures of reliability in this case. First,
measuring repeatability ensures that for a certain vibration
condition, the system measures a unique value. In general, the
measurement error has to be at most 5%. Second, the sensor
operability region is evaluated by extrapolating the measured
data in a certain frequency range and making sure that the
error does not exceed 10%. Generally, a sensor is selected for
applications where vibration amplitude is monitored at a frequency that lies within the pre-determined operability region.

1.95 km

1

1.3 km

2

0.65 km

3
(b)

Figure 7. (a) Configuration of the first show case with 7 manholes;
(b) Configuration of another showcase with only 3 manholes.

then be spliced into a patch cord connected to a junction box.
The output of the junction box will be the sensor to be mounted
near the manhole. This sensor cable length is estimated to be
9 meters. To confirm that the sensor is working, before using
epoxy to glue the sensor in place, we would place the sensor on a
manual shaker which runs at 152.9 Hz (this is an industry standard). The installation requires two people; one at the substation
20
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3.1 Example of Intrusion Signatures
To prove the feasibility of using the VibroFiber to detect manhole intrusion, we have performed two simulations and the
detected electrical signals for the sensors have been monitored
with a computer-based Picoscope receiver. For the first simulation, the vibration signal is generated by drilling a large block
of wood. The sensor was attached at the far end of the block, and
the signals transmitted through the air were found to be much
weaker. Figures 9(a) and 9(b) show the time domain signal and
the corresponding frequency spectrum, respectively. As observed, drilling generated very consistent bursts of frequencies:
the tip of the drill makes contact as an impact; once in contact,
the rotating drill generates a set of fixed frequencies. The main
peaks are at around 2 kHz, 3 kHz and 8 kHz. Therefore, the
frequency distribution of such activity is under 10 kHz and is
found to be quite consistent. We also notice that the frequency
measurement range is extended when the sensor is placed on
June 2014

Measured voltage/mV

Measured voltage/mV

500

500
400
250
100
–50
–200
–350
–500

0

25

50
Time/ms

75

300
100
–100
–300
–500

100

0

20

(a)

–40
–60
–80
–100
–120

60

80

100

20

25

–20
Measured amplitude/dBu

Measured amplitude/dBu

–20

40
Time/ms
(a)

0

5

10
15
Frequency/kHz

20

25

(b)

–40
–60
–80
–100
–120
–140

0

5

10
15
Frequency/kHz
(b)

Figure 9. (a) Time domain signature of an intrusion event simulated experimentally using a drill, and (b) the corresponding
frequency distribution of the drilling event.

Figure 10. (a) Detection signal for intrusion simulated in the
form of a hammer pounding the manhole, and (b) the corresponding spectrum.

the wood structure, which is thicker than the plate of the shaker
used to characterize the frequency response of the VibroFiber.
Another intrusion event is simulated by striking a hammer
on the same block of wood. The sound produced is transmitted
through the wood to our sensor mounted close by. We used a large
weight on top of our sensor, but coupling was not achieved with
silicone gel. The surface of the wooden block is rather rough, and
the sensor must have made several point contacts, as illustrated in
Figure 10(a). For this event, as shown in Figure 10(b), the detected signal has a broad spectrum ranging from 2 kHz to 10.6 kHz
Figure 10(b) shows a slightly broader spectrum of up to 10
kHz. These two events share the same maximum frequency limited by the wooden block on which we conduct the test. Therefore, the signature might be different for concrete and metal.
When the intrusion simulations were repeated, their signatures
remained quite the same, validating the hypothesis that we
might be able to build a library of intrusion methods, allowing
a user to correlate events that are taking place at certain manholes. It is desirable that sensors used for the same application
have the slope values of the corresponding linear amplitude response lying within the same order of magnitude, i.e., within 5%
over the full operating temperature range of -40 °C to 250 °C.
This is achieved by producing the cavity structures in about
30 units batch, where the writing laser and pulse energies are
consistent. To ensure that the sensor self test algorithm is successful, we select cavity sensors that have a tight distribution of
center wavelength, usually within +/- 0.1 nm.

4. Multiplexing Considerations
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One of the advantages of wavelength-encoded information-based
sensors such as the VibroFiberTM proposed by QPS Photronics is
the possibility to measure the response from multiple sensors using multiplexing techniques. For example, for each spatial channel (i.e., each fiber length connected to one of the channel inputs),
WDM can be used to further increase the number of sensors that
can be interrogated [8]. In this case, the most important factor
that limits the number of sensors that can be time multiplexed is
a tunable laser with careful consideration of power management.
In this case, we do not interrogate all the sensors at once but allow the wavelength to be tuned in accordance to the ITU grid.
Since the information from the sensors is wavelength-encoded,
only one sensor will reflect the light at a given wavelength. A
tunable laser of 50 GHz spacing would allow 40 cavity sensors
to be implemented. When faced with damage to one of the sensors in the array, all sensors would not work. We use the spatial
multiplex scheme to run many identical fibers in different ways.
All channels are essentially backing each other up. Typical sensor
networks for WDM and time-division multiplexing configurations are shown in Figures 11 and 12, respectively. The following
are sources of loss in a system of cascaded sensors: (1) loss from the
optical fiber (this can be significant, especially if long distances
are considered); (2) connector or splice losses (if the separate sensor heads are connectorized with APC connectors or spliced); and
(3) reflection loss from the sensors. Fortunately the tunable laser
can deliver a maximum power of 10 mW, which will normally be
IEEE Photonics Society NEWSLETTER
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Figure 12. Sensor network with built-in redundancy; TDM configuration.
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enough for typical applications of the Cable Guard. Since we do
not yet have a automated process to write these cavity gratings at
different wavelengths, we need to consider splice losses between
the sensors in the array. The power budget analysis is used to
22

The VibroFiberTM system developed by QPS Photronics shows
promising use in the field of vibration monitoring due to its
simple, yet reliable use of the FBG technology. Using proper
measurement and test methods can help gain more insight into
the packaging and fabrication requirements. This can lead to
enhanced sensor reliability, and, as a result, hydro-electric generation companies, as well as other companies using turbine
generators, will benefit from better equipment management
and, therefore, less cost associated with the hazards that can
result from faulty turbine windings.

CIPI Support

Pulse laser
driver

2
0.04

find the number of sensors that can be multiplexed over different
spans of SMF lengths and for different sensor reflectivity values.
Simulation results show that for a given length span, the number
of sensors that can be interrogated decreases with increasing FBG
reflectivity. This is illustrated in Figure 13.
Another parameter that limits the number of sensors that
can be interrogated is the reflectivity of the last sensor in the
series, and simulation results show that increasing this sensor’s
reflectivity leads to an increase in the number of sensors.

IEEE Photonics Society NEWSLETTER

[1] T. K. Gangopadhyay, ‘Prospects for fibre Bragg gratings
and Fabry-Perot interferometers in fibre-optic vibration
sensing’, Sensors and Actuators A, 113 (2004): 20–38.
[2] H. Fan, J. Qian, Y. Zhang, and L. Shen, ‘FBG sensors for
flexible surface vibration test’, in Proceedings of the 2007
International Conference on Information Acquisition July
9–11, 2007, Jeju City, Korea.
[3] H. Fan, J. Qian, Y. Zhang, and L. Shen, ‘A novel FBG sensors network for smart structure vibration test’, in Proceedings of the 2007 IEEE International Conference on Robotics and Biomimetics December 15–18, 2007, Sanya, China.
[4] Q. Jiang, Q. Sui, and J. Wang, ‘Technical and experimental study of fiber Bragg grating vibration sensor based on
matching demodulation method’, in Proceedings of the
IEEE International Conference on Automation and Logistics August, Jinan, China, 2007: 18–21.
[5] A. Gonzalez-Segura, J. L. Cruz, M. V. Andres, P. Barrios,
and A. Rodriguez, ‘Fast response vibration sensor based on
Bragg gratings written in tapered core fibers’, Meas. Sci.
Technol., 18 (2007): 3139–3143.
[6] K. O. Lee and K. S. Chiang, ‘Temperature-insensitive
fiber-Bragg-grating-based vibration sensor’, Optical Engineering, 40 (2001): 2582.
[7] H.-J. Bang, S.-M. Jun and C.-G. Kim, ‘Stabilized interrogation and multiplexing techniques for fibre Bragg grating
vibration sensors’, Meas. Sci. Technol., 16 (2005): 813–820.
[8] D. J. F. Cooper and P. W. E. Smith, ‘Simple high-
performance method for large-scale time division multiplexing of fibre Bragg grating sensors’, Meas. Sci. Technol.,
14 (2003): 965–974.
June 2014

News
UN Declares 2015 the International Year of Light
IEEE Photonics Society and others join to support importance
of light-based technologies.
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IEEE Photonics and National Photonics
Initiative V
 olunteers Urge Congressional
Support for Photonics
WASHINGTON, DC, and Piscataway, NJ,
USA—Volunteers from industry and research
labs across the USA visited Congressional offices
on March 26, 2014 to urge support for key issues
related to photonics technologies and R&D, on
behalf of the National Photonics Initiative (NPI).
Supported by NPI founders and sponsors, the
36 volunteers from photonics were among a total of nearly 200 volunteers participating in this
year’s Science-Engineering-Technology Working
Group (SETWG) Congressional Visits Day.
“We want to raise awareness among government leaders about the importance of photonics and to encourage them to direct funding
into those areas that can best foster job growth
and prosperity,” says Richard Linke, executive
director of the IEEE Photonics Society.
NPI volunteers urged support for:
• the bipartisan Revitalize American
Manufacturing and Innovation Act of
2013 (RAMI), to establish m
 anufacturing

IPS President, Dalma Novak, and NPI volunteers join together to shine a light on
photonics.

National Photonics Initiative volunteers stress vital role of photonics in US economy and national security.
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institutes known as the Network for Manufacturing Innovation (NMI); the institutes would function through
a public-private partnership between the federal government, local governments, universities, research institutes,
and industry to accelerate manufacturing innovation in
technologies with commercial applications,
• reauthorization of the bi-partisan America COMPETES
Act (originally passed in 2007 and expired in December
2013) to ensure American competitiveness in the global
marketplace, and adding language specifying photonics to reflect the industry’s critical role in the ongoing
innovation of many other sectors,
• establishment of a National Photonics Prototyping and Advance Manufacturing Facility within the Department of Defense’s manufacturing mandate, possibly through inclusion of
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language in the National Defense Authorization Act (NDAA); establishment
of such a facility could produce critical
defense applications for warfighters, as
well as drive new generations of hightech commercial applications such as a
more secure Internet, enhanced medical
diagnostics, and portable sources of renewable energy.
“This NPI dedicated day at the capitol was
a great opportunity to meet with Congressional staff and educate them about the National Photonics Initiative and the importance of photonics for our nation’s economic
and national security. There was great appreciation of our outreach and advocacy efforts on the Hill and genuine support of the
NPI’s mission,” says Dalma Novak, IEEE
Photonics Society President.
Rep. Eddie Bernice Johnson (D-Texas)
was awarded the SETWG George E. Brown,
Jr., Leadership Award at a reception for Members of Congress, their staffs, and SETWG
volunteers Tuesday evening in the Rayburn
House Office Building. The award recognizes
leadership in, advocacy for, and specific actions taken to advance
science, engineering, and technology policy.
The reception included an exhibition featuring 15 companies and societies with technology demonstrations and
information.
The NPI is a collaborative, industry-driven campaign to
advance photonics research, funding and awareness. The initiative is being led by a coalition of scientific societies, including the IEEE Photonics Society (IPS), American Physical
Society (APS), the Laser Institute of America (LIA), the Optical Society (OSA), and the International Society for Optics
and Photonics (SPIE). Activities concentrate on five key areas: defense and national s ecurity, energy, healthcare, communications, and manufacturing. More information is at http://
lightourfuture.org.
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Photonics:
A Priority for the United stAtes
A history Lesson
A 1998 National Research Council report, “Harnessing Light,” presented a comprehensive view of the potential impact of optics
and photonics on important industries. In response, several economies advanced their already strong optics and photonics
industries. In 2011, Germany committed nearly €1 billion ($1.3 billion in USD) to photonics R&D over 10 years; China began
funding several programs targeting photonics supply chains; and, the European Commission, as part of its new Horizon 2020
program, has directed €1.6 billion (over $2 billion in USD) to photonics-related R&D over the next seven years.
The United States, however, did not develop a cohesive strategy. Historically the United States has been the world leader
in deploying photonics research to power cutting-edge technologies, but global competition has put at risk this leadership
position, which is causing a substantial loss of global market share to overseas competitors as well as thousands of US jobs.

the nAtionAL Photonics initiAtive
In 2012, the National Research Council released a sequel to “Harnessing Light” that called for a National Photonics Initiative
to identify and advance areas of photonics critical to maintaining competitiveness and national security. Heeding the call,
more than 100 experts from industry, academia and government collaborated to assemble recommendations to help guide US
funding and investment in five key photonics-driven fields: energy, biomedicine and health care, information technology and
telecommunications, advanced manufacturing, and national defense/homeland security.
New opportunities in these fields — including solar power, high-efficiency lighting, genome mapping, high-tech manufacturing,
nuclear threat identification, cancer detection and new optical capabilities vital to supporting the Internet’s growth — offer the
potential for even greater societal impact in the next few decades. US investment in photonics will grow our economy, protect
and improve the lives of our people, and position the United States as a global technology leader.

defense & nAtionAL secUrity
Optics and photonics greatly enhance the United States’ ability to gather intelligence, defend its citizens and protect
its troops. Current and future communication, intelligence, navigation, electronic warfare, and sensing systems
throughout the defense and security infrastructure will benefit from the increased performance, manufacturability,
environmental stability, size, weight, power, and cost savings that photonic integration enables. The US military needs
more high-bandwidth, secure, reliable communications in the form of free space, wired and fiber optics to move
sensitive data and knowledge to strategic locations.
Lasers also play a key role in defense operations. Lower-power lasers are employed extensively in the form of
illuminators, rangefinders and intelligence and reconnaissance countermeasures. High-power, directed energy laser
weapons provide the potential of ultra-precise targeting, are extremely low-cost per use, are light weight and have
nearly an unlimited magazine. The US needs to develop strategic laser systems in the 50-150 kW range to shoot down
incoming rockets, artillery shells and mortars, and small UAVs in a cost-effective manner.

enerGy
The renewable energy sector may soon bring significant job growth, lower US energy consumption, reduced reliance
on foreign oil, stronger national security and a revitalized economy.
Over the next 20 years, industry experts project that solar energy will provide a much larger fraction of the world-wide
demand, creating a global market for photovoltaic (PV) generated power of approximately $500 billion. In order for
the US to regain its leadership position in manufacturing PV panels, significant investments in low-cost manufacturing
technologies and high-efficiency materials must be made. This translates into forecasted energy savings of $30 billion
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dollars at today’s energy costs and a reduction of greenhouse gas emissions equivalent to 40 million cars.
Solid-state lighting could cut US lighting electricity usage by about 45 percent by the year 2030. Other energy savings
can come from photonic sensors that enable smart buildings by turning lights off when a person leaves the room and
darkening windows at midday when the sun is strongest. These advances allow building environments to operate more
efficiently and cost effectively.
Photonics also increases the efficiency and safety of US energy production and consumption. Fiber optic sensors
for monitoring oil and gas wells on land and under the sea are being developed to provide real-time feedback on the
mining environment; ground and satellite based optical instruments will be used to monitor greenhouse gas emission
and CO2 emissions from electrical plants and transport vehicles; and data collected by photonic instruments will be
used to develop accurate climate models for predicting the impact of changes in our climate.

heALth & Medicine
From laser eye surgery to three-dimensional computer tomography (CT) scans, photonics is responsible for medical
advances that save and dramatically improve millions of lives. Photonics plays a key role in next-generation health
care, both in enhancing our ability to observe and measure symptoms and our capability to treat patients earlier with
less invasive, more cost-effective methods. Optical coherence tomography (OCT) systems, for example, obtain detailed
images of the interior of the eye, but also have applications in cardiology, gastroenterology and even pharmaceutical
process control. This is a growing field with a rapidly expanding market that exceeded $400 million in annual revenue
in 2012 with a significant portion of these companies located in the US. Today, the global biophotonics market is
estimated at $36.9 billion, but is expected to reach $99 billion by 2018.
Next-generation devices and techniques will also allow surgeons to identify and remove cancer cells in real-time and
to diagnose concussions instantly and accurately. As optical devices and image quality and techniques improve, we
will move away from qualitative physician assessment toward more automated and quantitative diagnostics. Earlier
and more conclusive disease detection will result in improved outcomes and cost reduction. Understanding the
immune system and diseases at the cellular and molecular level will also require new, real-time, multi-dimensional (3D)
visualization tools and related data processing, acquisition and storage formats to be in place. With further investment
in photonics research, light-based technologies will also help optimize individual responses to medications while
minimizing side effects: we’ll see reduced health care costs as expensive late-intervention procedures are curtailed and
hospital stays are shortened.

inforMAtion technoLoGy & coMMUnicAtions
Photonics is the key enabling technology behind the $4.7 trillion global IT/Telecom industry, accounting for
approximately 6 percent of the total world GDP. Over the past 30 years, innovations in optics increased performance
and dramatically reduced communications costs. The sharply lower costs drove exponential increases in telecom
traffic: growth in North American telecommunications capacity grew 100 times over the last decade alone. Bandwidth
demand is expected to grow another 100-fold, possibly more, over the next 10 to 20 years. Currently, no existing
technology solution can provide for this jump in capacity. US-lead investment in photonics research can lead to a
scientific breakthrough that would provide for this jump in capacity.
As this industry grows, data centers play an increasingly important role in information storage, access and analysis.
Currently the majority of these data centers reside in the United States, providing great economic benefit. Maintaining
data centers here would position the United States as a leader in the development of next generation optoelectronic
technology while at the same time providing an additional level of data security and protection from cyber-attack.

MAnUfActUrinG
The most versatile machine tool of the 21st century, lasers are used by industry to cut sheet metal, repair memory
circuits, fabricate LEDs, and produce customizable stents inserted into arteries to keep them open after surgeries.
Photonics also plays a critical role in manufacturing by measuring the precise dimensions for quality control and highspeed robotic vision to enable high-throughput ‘pick-and-place’ automation for low-cost manufacturing. Advanced
manufacturing is vital for the economic well-being of the country and job growth. While the majority of display and
photonics component manufacturing moved overseas, the United States can be a leader in new and innovative areas
such as additive manufacturing and 3D printing which President Barack Obama called, “the future of manufacturing.”

For more information, please contact Laura Kolton at (202) 416 1499 or lkolton@osa.org, or Krisinda Plenkovich at (360) 685 5518 or krisindap@spie.org.
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OFC 2014 Wrap-Up

The Optical Fiber Communication (OFC) Conference continued to grow in 2014. It took place in San Francisco from March
9th to 13th. There were over 12,700 attendees. The total number of contributed and post-deadline papers grew, reaching
1000 and 100, respectively.
While the world economy is still struggling, significant
optimism could be detected in the air at OFC. Excited discussions over technology developments could be overheard,
including software-defined networking (SDN), cloud computing, silicon and indium-phosphide photonic integrated
circuits (PICs), coherent, and space-division multiplexing
(SDM). Many of the rooms were overflowing, this kind of interest in technical presentations not generally being seen since
the early 2000’s.
There was a great deal of special programming this year.
On the exhibit floor there were three talk centers plus another
just outside it, booked with Market Watches, Summits, and
Forums. In the technical sessions, there was an incredible
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amount of programming. Eleven parallel sessions, workshops,
symposia, and a rump session. The rump session was on the
financial health future technology needs of the carriers. While
not as packed as last year’s silicon photonics rump session, it
was a topic very important to OFC and attendees reported eyeopening discoveries.
Up until June 13th, if you had an OFC technical badge
(if you lost your badge you can find your number online) you
can watch 170+ of the presentations online at http://www.
webcastregister.com/ofcconference2014. These are high quality recordings and are extremely popular. The positive reviews
on this feature of OFC never stop pouring in. There is just too
much programming at OFC for any one person to see it all—it
is highly recommended you try this service to catch what you
missed!
It was clear this year that OFC is the top place to go to keep
up on the fast pace of technology in optical communications.
We hope to see you next year in Los Angeles!
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Recognition at OFC 2014

The Optical Fiber Communication Conference and Exposition (OFC), was held from 9–13 March, 2014 at the Moscone
Convention Center, San Francisco, California, USA. A special awards luncheon was held to honor and recognize the following
recipients.

Photonics Society members who have been elevated to the grade
of IEEE Fellows: (From left to right), Evert Basch, Brice Achkir,
Fred Heismann, Anders Larsson, Senichi Suzuki, and Hiroshi
Takahashi, and Dalma Novak, Photonics Society President.

Kazuro Kikuchi received the 2014 John Tyndall Award “for
pioneering contributions to the fundamental understanding of
coherent detection technique”. This award is jointly sponsored by
the Photonics Society, OSA and endowed by Corning Inc. (From
left to right) Ming-Jun Li, Corning, Inc., Philip H. Bucksbaum, OSA
President, Dalma Novak, Photonics Society President, and recipient, Kazuro Kikuchi.

IEEE President, J. Roberto De Marca was in attendance to
honor the recipients of two IEEE Technical Field Awards.
Larry Coldren, University of California, Santa Barbara received
the 2104 IEEE David Sarnoff Award, “for contributions to semiconductor lasers and photonic integrated circuits.”

Alan Eli Willner, University of Southern California, was presented with the 2014 IEEE Eric E. Sumner Award, “for contributions to high-capacity, multiplexed, optical communication
systems.”
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The IEEE Photonics Society
Celebrates Rich Linkes Retirement

The IEEE Photonics Society celebrates Rich Linkes Re�rement
The IEEE Photonics Society recently celebrated the re�rement of Rich Linke, Society Execu�ve Director.
Colleagues gathered at two separate events to honor Rich. The rst, a banquet held at the OFC conference in San Francisco, CA.

Rich pictured with IPS staﬀ

Rich Linke pictured here with his wife, Peggy

Jim Coleman, Dalma Novak and Elizabeth Rogan
(OSA)

The second was held at the IEEE Opera�ons Center.

Over his 7 years of service Rich has demonstrated outstanding leadership and
encouraged volunteer support. Some notable achievements reached during his
tenure:

James Prendergast congratulates Rich on his re�rement



Hired as IEEE LEOS (Lasers and Electro Op�cs Society) Execu�ve Director
Oct. 2006



2008 ‐ Changed the Society name from LEOS to the IEEE Photonics Society
(IPS)



2009 ‐ Ini�ated the successful launch of the ACP conference in Shanghai
with OSA and SPIE



2010 ‐ Adopted an oﬃcial tag line for the Society "Transforming Science into
Technology"



2012 ‐ Launched IEEE's rst ever fully open access journal, The Photonics
Journal



2013 ‐ Ini�ated IPS involvement in the Na�onal Photonics Ini�a�ve (NPI) to
educate policy makers and the public on the important role that photonics
plays in our economy and our daily lives

We wish him well in his future
endeavors and look forward to
his con�nued volunteer eﬀorts.
June 2014

IEEE Photonics Society NEWSLETTER

31

The IEEE and OSA Co-published Journal of
Lightwave Technology
Best Paper Award Recipient’s Presented at OFC

Peter Winzer presents Kostas Christodoulopoulos, on behalf of his co-authors Ioannis Tomkos
and Manos Varvarigos for their paper, “Elastic
Bandwidth Allocation in flexible OFDM-Based
Optical Networks”

Peter Winzer presents (From left to right)
Gabrielle Bosco, Vittorio Curri, Andrea Carena,
Fabrizio Forghieri, and Pierluigi Poggiolini an
award for their paper, “On the Performance of
Nyquist-WDM Terabit Superchannels Based on
PM-BPSK, PM-QPSK,PM-8QAM or PM-16QAM
subcarriers.”
For a full list of IEEE award winners please visit : http://bit.ly/RpBgBG
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IEEE Photonics Society is looking for new images
for use in publicity and social media.
We know that many of you create beautiful images in
your labs and calculations every day. Send us the most
eye-catching figures from your work for a chance to
gain worldwide visibility. Submitted figures may be used
in IPS promotional materials. One winning entrant will
receive a choice of either a complimentary registration
to the 27th IEEE Photonics Conference 2014, being
held in San Diego, California USA, October 12-16 2014
or $500 USD. Winners may also be invited to write a
Newsletter article about the work behind the figure.
Contest Rules:
•Entries to be submitted electronically in TIFF, JPEG, or
PDF format (300dpi High resolution)
•Figures must be related to photonics.
•Can be submitted from any IEEE Journal if previously
published.
•Only IPS members are allowed to participate.
•May submit more than one figure.

Send your entries to IPSNEWSLETTER@ieee.org
Subject: IPS Figure Contest
All submissions must be received by July 1, 2014.
Results will be published in the August or October
Issue of the IPS Newsletter.
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IEEE Launches New ResumeLab to
Aid Members and Job Applicants

New online tool can help Photonics Society members
build portfolios and assess skills.
The Institute of Electrical and Electronics Engineers
(IEEE) has made it easier to build the best first impression.
By partnering with OptimalResume, a career services company
in Durham, N.C., IEEE now provides an essential tool that
helps build members’ professional profiles and assists with job
searches.
IEEE ResumeLab is free and conveniently accessible to all
active IEEE and IEEE society members. Students and professional members at every stage of their career can log online
for help with traditional resumes, video resumes, cover letters,
interview skills, and portfolios; all while building a personal
website to showcase documents created within the ResumeLab.
Rory McCorkle, Global Career Resources Product Manager
in IEEE’s Member and Geographic Activities group, said that
in a 2012 IEEE member survey about most useful benefits,
more than half the respondents chose assistance with resumes
and interviewing.
“We think IEEE ResumeLab will be a valuable resource, especially among students, recent graduates, and members who
are unemployed,” said McCorkle.
Launched in January, IEEE’s new, easy-to-use tool gives users the option to upload an existing résumé or to create a new
one under is “Resume” tab. This section provides examples and
guidelines on creating a professional résumé with an attentiongrabbing feel.
The “Portfolio” tool helps users assemble a list of projects
to showcase relevant work on the web. Each project has a designated 200 megabytes of space for documents, images, videos,
and audio files, as well as links to other websites.
The “Letters” tool advises users on language and phrasing
for cover letters, responses to employer inquiries, and thank
you notes/ emails.
ResumeLab’s “Skills Assessment” tool helps members list
and categorize professional skills such as critical thinking,
problem solving, managerial skills, and systems analysis development. Similar to the “Skills Assessment” tool, the “New
Proficiency List” tool allows users to select skills specific to different industry jobs. Industries are divided into several categories, including sections of nanotech and biotechnology as well
as STEM (science, technology, engineering, and mathematics),
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and Green Jobs. Each divided category then provides a list of
skills that employers may be seeking.
An additional tool in the “Interview” section of the IEEE
ResumeLab prepares users for answering interview questions by providing a review of responses to common questions asked. This section also allows users to record their responses using the computer’s microphone and webcam. This
allows users to hear and see themselves in a mock-interview
and track their progress along the way. Users can also share
uploaded files with others for additional comments and suggestions on performance. Members have the option of creating a video résumé with an onscreen teleprompter to read a
prepared script.
Once the user has utilized all desired tools above, they can
create a custom, professional profile page under the “Website”
tab. This website option offers different design templates and
colors to customize an online profile that best showcases the
users’ work. There, users can share all documents created, including a résumé, portfolio, cover letter, and even additional
links to social media accounts like Facebook and LinkedIn. The
URL to this web page can then be shared and displayed anywhere on the web.
To access IEEE ResumeLab, users can sign into their IEEE
Account using their normal login information. After finding
the RésuméLab tab, users can get started creating their personal, professional profile.
For more information, visit www.ieee.org/membership_services with keyword search “ResumeLab.”
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News
IPS is Seeking Volunteers
Volunteers for Ustream Live-Chats
Live-Chats

The IEEE Photonics Society (IPS) is now conducting informative
“live-chats” on a live-stream platform, called Ustream, to help facilitate two-way communication amongst members in the society
and bridge global engagement in the photonics community. The
internet and social media have changed the way we personally interact and IPS understands that online, interactive tools can help
our members connect in a more convenient and compelling way.
In 2014, IPS will hold monthly live-chats where members
share their IPS volunteer experiences, stories and give advice to
their peers. Selected volunteers will live-chat from the convenience of their office or home by conducting 1 hour interactive
video live-streams.

•
•
•
•
•
•
•
•
•
•
•
•
•

Types of members and volunteers we are looking for:
Conference Chairs
Editors and Associate Editors of Journals
Distinguished Lecturers
Chapter Chairs
Board of Governor Members
Section/Council/Subsection Chairs
Leaders in the field
Award Winners
Young Professionals
Prominent Industry Professionals
Women in Engineering
Volunteers with extensive education and outreach experience
Members that have an interesting story or advice to share

Our live-chats will be broadcasted in real-time on Facebook
and Ustream. Videos will later be archived on Youtube and
various other social media platforms. About 200+ people tunein live for the chats and 100’s watch the archived videos.
View other IPS volunteers archived videos, here:
• Dalma Novak, IPS President-Elect: http://bit.ly/16I7I6n
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• Carmen Menoni, IEEE
Photonics Journal Editorin-Chief: http://bit.
ly/1lBeh0K
Examples of live-chat topics:
• Focus of an upcoming conference, advice on how to manage a conference or how to get involved as a volunteer
• Advice on how to navigate careers tracks and mentor
students
• Journal Scopes, special topics or calls for papers
• Experience as a volunteer or leader in the photonics
industry
• Advice on how to volunteer and get involved with the
society
• Experience as an Editor or Associate Editor
• Education and helpful outreach best practices
Live-chats allow IPS to create engaging experiences for existing members, potential members, attendees of conferences
and readers/subscribers. Open communication keeps an organization, like IEEE, motivated and by participating as a livechat speaker, you will bring fresh perspectives to our members
and help enrich IPS with new ideas!
The items you will need to have to conduct a live-chat:
• Internet access
• A computer with a webcam/microphone
• A telephone number that I can reach you 30 minutes prior
to the chat for set up.
If you are interested in participating as a live-chat speaker,
please contact Lauren Mecum, Membership Development Specialist, at L.Mecum@ieee.org.

April 2014
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Spotlight

This Spotlight section will focus on the IPS community and spotlight members who provide voluntary service to the IEEE
Photonics Society in different capacities. Please send any submissions to IPSNEWSLETTER if you wish to highlight a
member and any outstanding work they may be doing.

John C. Cartledge
John C. Cartledge is a Professor and Queen’s Research Chair with the Department of Electrical and Computer Engineering, Queen’s University, Kingston, ON, Canada where he
has been since 1982. From 1979 to 1982, he was a Member of Scientific Staff at BellNorthern Research, Ottawa, ON, Canada, where his work involved fiber-optic systems for
the exchange access network and high-capacity digital radio systems. He received his Ph.D,
in applied mathematics in 1979 from Queen’s University. Dr. Cartledge is a Fellow of
the OSA, a Fellow of the IEEE, a recipient of the IEEE Canada Outstanding Engineering
Educator Award (2009), a former IEEE Photonics Society Distinguished Lecturer, a former
Associate Editor of IEEE Photonics Technology Letters, and a former Guest Editor of IEEE/
OSA Journal of Lightwave Technology. He is currently the Editor-in-Chief for IEEE Journal of Selected Topics in Quantum Electronics. During his career at Queen’s University he
has spent sabbatical leaves with the Lightwave Systems Technology Research Division of
Bellcore, Red Bank, NJ, USA, in 1988–89, the Optical Communications Department of
Tele Danmark Research, Hørsholm, Denmark in 1995–96, the Optical Systems and Networks Research Group of Corning,
Corning, NY, USA, in 2009–2010, and with the Optical Transport Group of Ciena, Ottawa, ON, Canada in 2014.
His conference organization activities include serving on the Technical Program Committees for the Conference on
Optical Fiber Communication (1994–1997 and 2005–2006), the IEEE LEOS Annual Meeting (2002–2008), the OSA
Meeting on Signal Processing for Photonic Communications (2010–2012), and the European Conference on Optical Communication (1997, 2006–2014). He was a Program Co-Chair and General Co-Chair for the Conference on Optical Fiber
Communication (2008 and 2010), a Program Co-Chair for the IEEE Photonics Society Summer Topical Meeting (2009),
and a Technical Program Co-Chair and Program Co-Chair for the OSA Signal Processing for Photonic Communications
Meeting (2013 and 2014).
His current research interests include digital coherent optical fiber transmission systems, intensity modulation and direct detection communication systems for short-reach applications, and optical waveform generation.
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Prof. Hamed Majedi
We are pleased to introduce the use of Ustream
to promote upcoming issues of the IEEE Journal
of Selected Topics in Quan-tum Electronics
(JSTQE) and interactively engage members of
the community whose interests are aligned with
the particular topics to be covered by these issues.
Ustream will provide the Primary Guest Editor
(PGE) of a JSTQE issue with the opportunity to
describe the areas of interest and the importance of
these areas to the quantum electronics and photonics
community. The live online chats will provide
participants with the opportunity to ask the PGE
questions. The chats are also aimed at increasing the
readership and authorship of JSTQE, and promoting the global presence of the IEEE
Photonics Society. The first live-chat will take place at 10:00 AM EDT on May 1,
2014 and feature Prof. Hamed Majedi from the University of Waterloo, Canada.
He is the PGE for the March/April 2015 issue of JSTQE on Superconducting
Quantum Electronics & Photonics.
Please note this event has since aired and can be viewed here: http://bit.ly/SKmm93
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Careers and Awards
Ieee Photonics Society—Call for Nominations

Nominations are now being accepted
for the 2015 John Tyndall Award
This award, which is jointly sponsored by the IEEE Photonics Society, the Optical Society, and is endowed by Corning, Inc., is
presented to a single individual who has made outstanding contributions in any area of lightwave technology, including optical fibers and cables, the optical components employed in fiber systems, as well as the transmission systems employing fibers. With the
expansion of this technology, many individuals have become worthy of consideration. Nomination deadline is 10 August, 2014.

Nominations are now being solicited
for the 2015 Young Investigator Award
The Young Investigator Award was established to honor an individual who has made outstanding technical contributions to photonics (broadly defined) prior to his or her 35th birthday. Nominees must be under 35 years of age on Sept. 30th of the year in
which the nomination is made. Nomination deadline is 30 September, 2014.
The nomination form(s), awards information and a list of previous recipients are available on the Photonics Society web site:
http://www.photonicssociety.org/award-info
http://www.photonicssociety.org/award-winners
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New Fellow On-line System

By Rosann Marosy
The task of nominating a Senior Member for Fellow grade got easier
with the new Fellow On-line System. Multiple upgrades were incorporated, but

IEEE Fellow is a
distinction
reserved for
select IEEE
members whose
extraordinary
accomplishments
in any of the
IEEE fields
of interest
are deemed
fitting of this
prestigious grade
elevation.

three main enhancements will please nominators. After a nominator logs in the
system, the first requirement will be to input the nominee’s member number.
Entering this information will immediately let the nominator know if the nominee
meets the requirements of being an active IEEE Senior or Life Senior Member
and if the nominee has been a member in good standing for five years or more.
If a nominee is ineligible, the system will prevent the nominator from filling out
the entire form and avoid any unnecessary time.
Another new feature that’s required is inputting the member number of
the references. The nomination must include at least five, but no more than
eight references who are IEEE Fellows. Entering this information will immediately inform the nominator, if a reference is eligible or not.
The best feature is allowing nominators the capability to make changes
to main text, update e-mail addresses, add and delete reference and endorsement names, and to delete nominations they prepared out of the system up to
the 1 March deadline. Providing nominators this kind of flexibility will give them
the opportunity to prepare a better nomination.
After the deadline has been reached, the system will authenticate all the
data and verify that each nomination package is complete. As soon as this process is finished, a confirmation will be sent to the nominator letting them know
whether the nomination will or will not be considered.
The system is now open and ready to accept nominations for the class of 2016.
Starting the process early will alleviate last minute issues. You can visit the Fellow Web Site at www.ieee.org/fellows, then click “Online Nomination Form” to
begin.
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Membership
Does Your Chapter have
an Interesting
to Share?
Does Your
Chapter have anStory
Interesting
Story to Share?
Does Your Chapter have an Interesting Story to Share?

Over the years the IEEE Photonics Society (IPS) has come across many wonderful stories about our chapters’ experiences all around
the world. Moving forward, we’d like to feature these stories in the print & electronic IEEE Photonics Newsletter and IEEE Institute. the years the IEEE Photonics Society (IPS) has come across many wonderful stories about our chapters’ experiences all around
Over
the world. Moving forward, we’d like to feature these stories in the print & electronic IEEE Photonics Newsletter and IEEE InstiThe members and chapters of IPS help advance our mission of representing the laser, optoelectronics and photonics community.
tute.
You are the advocates and driving force of our society around the world. We want to hear from you!
The members and chapters of IPS help advance our mission of representing the laser, optoelectronics and photonics community.
You are the advocates and driving force of our society around the world. We want to hear from you!
Did your chapter hold a recent, innovative event you are proud to share?
Is
your
chapter
actively
in the community,
photonics profession or breakthroughs in the field?
Did
your
chapter
hold a involved
recent, innovative
event youpromoting
are proudthe
to share?
How
does
your actively
chapter involved
educate students
and fosterpromoting
professional
Is your
chapter
in the community,
thegrowth?
photonics profession or breakthroughs in the field?
We want to hear your voice! Stories about your chapter’s activities can help spark new ideas for other chapters!
How does your chapter educate students and foster professional growth?
We want to hear your voice! Stories about your chapter’s activities can help spark new ideas for other chapters!

How to submit an article to the IPS Newsletter:
IPS will feature 1–2 stories in the bi-monthly newsletter and share chapters’ best practices via e-blast monthly.
How to submit an article to the IPS Newsletter:
If you have a story to tell, submit an article with pictures, video, etc. to:
IPS will feature 1–2 stories in the bi-monthly newsletter and share chapters’ best practices via e-blast monthly.
ipsnewsletter@ieee.org
If you have a story to tell, submit an article with pictures, video, etc. to:
Attention: Lisa Manteria
ipsnewsletter@ieee.org
Please note: That by submitting a story you agree to have it featured in IPS material, such as membership and recruitment publicaAttention:
Lisa Manteria
tions. For more
information, please review the newsletter Submission Guidelines at PhotonicsSociety.org
Please note: That by submitting a story you agree to have it featured in IPS material, such as membership and recruitment publications. For more information, please review the newsletter Submission Guidelines at PhotonicsSociety.org
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IEEE First Year New Member Experience
IEEE has an outreach program, First Year New Member Experience, for newly inducted
members. It was designed to help each understand and navigate IEEE during their first
year experience. Whether a member joined to build a professional network, save money on
conferences or keep current with technology, this program can help.
It includes a website portal, a monthly
online orientation to help the new member
get connected to IEEE and basic services
on how to participate in various member
activities.
Please inform new members and chapter
participants of this program when they first
join the society.
To get started visit: www.IEEE.org/Start

Get Connected &
Stay Informed @:
@IEEEPhotonics
www.PhotonicsSociety.org / www.IEEE.org/Membership
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IEEE MentorCentre: Professional
Development & Networking Tool

By Kristina Bottone
The Institute of Electrical and Electronics Engineers (IEEE)
MentorCentre is a voluntary web-based program designed to
establish a mentoring partnership between members. By using
career and personal life experiences, mentors assist mentees in
the development of their professional careers. With a global
community of members, mentees can connect with engineering professionals worldwide and receive peer to peer to guidance from the best in the field.
To start the mentoring process, both mentors and mentees
can sign into the IEEE MentorCentre website by using their
IEEE Web Account. After completing the requested fields, applicants should create a user profile by completing forms on
their educational background and technical interests. Once
submitted, mentors will be notified of approval within three
business days, while mentees can begin searching for their ideal mentor. Based on the members’ profiles, the program will
recommend matches. Mentees can then select their mentor and
complete their developmental goal setting plan.
As a mentor and seasoned IEEE member, mentors have
valuable knowledge and experience to share. Why not use
this experience to mentor an individual new to the engineering and technology professions? Mentors offer wisdom
to young members in the developmental stages of their professional career. They must be willing to share professional

June 2014

e xperiences, knowledge, and advice, as well as provide a basis
of coaching, leadership, and management to their mentees.
In return, mentors gain an opportunity to give back to their
profession, grow a stronger personal network, obtain a pool of
talent and create a two-way learning opportunity with other
professionals.
IEEE member and mentor, Gary C. Hinkle says, “Helping
young engineers develop their careers is very rewarding. Working with some of these individuals has proven to be quite a
challenge, because of the diversity among those seeking mentors. I am glad to be contributing to this program.”
A mentee, must be willing to commit time and energy into the mentoring partnership. Prospective mentees must
be above the IEEE Student Member Grade and have a passion
for learning. They will establish goals, invest time and work
into the professional relationship in order to grow and refine
their skill set.
Mentee, Jamie Garcia, adds that, “IEEE has honored a valuable service, and whether you are a mentor or mentee, there is
a great deal of value in this program.”
For more information on the program, go to www.ieee.org/
mentoring. If you have questions, please contact the IEEE
MentorCentre Program Coordinator at IEEEmentoring@ieee.org.
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IEEE MentorCentre
www.ieee.org/mentoring

IEEE MentorCentre is an online program which facilitates
the matching of IEEE members for the purpose of
establishing a mentoring partnership. By volunteering as a
mentor, individuals use their career and life experiences to
help other IEEE members in their professional
development.
Program Benefits and Privileges
 Connect with IEEE engineering professionals
 Global community from which to select a mentor
 Career resource offering peer-to-peer guidance
 Included with IEEE membership
 Web-based program providing online practical
information for mentoring partnerships
Requirements of being an IEEE Mentor or Mentee
 Giving time and effort to develop a partnership
 Need understanding of role and responsibilities
 Staying in touch and following a plan
 Define goals and outline expectations

“I went to the site and found it
easy to navigate, searched by
location, and was astounded to
have such a wide selection of
local potential mentors. I
contacted my mentor and
arranged a meeting. It is a
pleasure to have made such a
strong connection, IEEE has
honed a valuable service and
whether you are a mentor or
mentee, there is a great deal of
value in this program.”
Jamie Garcia (mentee)
IEEE Member
“Helping young engineers develop
in their careers is very rewarding.
Working with some of these
individuals has proven to be quite
a challenge, because of the
diversity among those seeking
mentors. I’m glad to be
contributing to this program.”
Gary C. Hinkle (mentor)
IEEE Member

Watch “IEEE MentorCentre” on IEEE.tv, www.IEEE.tv.
Participation in the program is voluntary and open to all
IEEE members above the grade of Student Member. For
more information on the program, go to
www.ieee.org/mentoring. If you have questions, please
contact the IEEE MentorCentre Program Coordinator at
IEEEmentoring@ieee.org.

Page 1
3 July 2013
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IEEE MentorCentre

www.ieee.org/mentoring

Joining the IEEE MentorCentre

The Matching Process

When you visit the IEEE MentorCentre Web
site, you will be prompted to sign-up as a
mentor or mentee. Sign in using your IEEE
Web Account. Complete the required fields
on you, your work, and interests.

Once you have entered the program, you will
complete a user profile form with basic
information. Next, the application form requires
information to assist in identifying and
requesting the search for a match.

If you are a mentee begin your search for a
mentor.

The mentees then decide who their ideal
mentor will be. Are they looking for
someone with their same
functional background, or are
they interested in a mentor
who can help bridge the gap
into a new career field? As
mentees consider these
questions, they will complete
their developmental goal
setting plan.

If you are a mentor, you
will be approved within three
business days and then
visible in the IEEE
MentorCentre system.

Frequently Asked Questions
Q. What is a mentor?
A mentor is someone who offers his or her
wisdom or experience. A mentor is defined
as a wise and trusted counselor or friend.
Successful mentors draw from a broad
background that is rich with lessons from
past experience.
Q. What is a mentee?
A mentee has made a commitment of time
and energy to engage in a mentoring
partnership in hopes of learning from a
mentor’s “wisdom of experience”.
Q. How do I start a mentoring
partnership?
You will have two forms to complete that
capture your basic information, technical
interests, educational background and other
information about your work. If you are a
mentee, you will then search the available
mentors in the program to find one you feel
match your mentoring needs. Mentors will
also be asked to upload their resume or
curriculum vitae.

Q. Who selects the mentoring partners?
The IEEE mentoring program uses the
“informal style” of mentoring, where the
mentee self-selects their mentor from a
database of available IEEE members who
have volunteered to participate. The search
criteria is selected by the mentee and can be
determined by their geographical preference
(country), by technical competencies,
societal affiliation, industry, or several other
factors.
Q. What kind of commitment should I
expect?
Each participant in a mentoring partnership
should be committed to giving time and effort
to develop their partnership. There must be a
clear understanding of the roles and
responsibilities of each partner and follow an
action plan that defines goals and outlines
expectations for the partnership. Successful
mentoring partnerships should commit to at
least two hours per month.

Page 2
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Get Connected,
Stay Informed:

Social Network
with IEEE Photonics
The IEEE Photonics Society (IPS) invites you to join us on Facebook and Twitter, and now on our
new online newspaper, IEEE Photonics Daily. Social media is a way for us to engage in
conversation while providing our followers with useful optics and photonics resources, top news stories
and conference updates.
You can share, learn and connect with society staff, IPS members and others interested in photonics all
over the world. Join the conversation, follow and learn more today!

Like Us

Follow Us

Facebook.com/
PhotonicsSociety

@IEEEPhotonics

On Facebook

“Like” the IPS Facebook Fan
Page and connect with a
community of others interested
in photonics! Read posts and
share ideas! We post daily
optics, photonics and laser
technology articles, updates,
videos, podcasts, photos and
more. When you see an
interesting post, click the “share”
button! Our goal is to make
photonics news informative and
fun for everyone!

on Twitter

Follow us on Twitter and
you will get quick updates
and micro-blogs on IPS
programs, photonics
research and innovation,
publications, membership
news and upcoming
conference information without cluttering your
inbox.
You choose whether you
want to see the latest news
- in real time. We tweet all
day long about all things
Photonics.

Subscribe to

IEEE Photonics Daily

Our IEEE Photonics Daily
online newspaper pulls our most
active and popular tweets together
onto one online newspaper page. It
allows our members and followers to
find and read engaging articles,
photos and videos on photonics,
optics, physics, laser tech,
nanotechnology and quantum
computing easily.
Not on Facebook or Twitter?
Readers can subscribe to receive
the daily blog via email or check the
website daily.
To learn more, visit:
http://bit.ly/15VMwp5

Visit our Websites for more IPS Information: PhotonicsSociety.org
PhotonicsConferences.org
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Conferences
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MWP/APMP 2014, Where photonics
meets radio technology

20-23 October, 2014, Sapporo Convention Center, Sapporo, Japan

Microwave Photonics (MWP) and the 9th Asia-Pacific Microwave Photonics Conference (APMP) will be held from 20th to
23rd October, 2014 at the Sapporo Convention Center, in Sapporo, Hokkaido, Japan. The city of Sapporo, with the 5th largest population in Japan, is the capital of Hokkaido Island; the
northernmost of Japan’s four major islands (please see en.visithokkaido.jp for more information on the island). MWP is
the premier conference for microwave photonics technologies
which include the interactions between optical and radio waves
for the generation, processing, control and distribution of microwave, millimeter-wave and THz frequency signals. APMP
is the conference designed to discuss microwave photonics and
related topics in the Asia-Pacific region, where research activities are expanding rapidly. MWP/APMP 2014 provides an international forum for researchers, engineers, and manufacturers
to meet and exchange ideas on the latest developments as well
as the future direction of these systems for commercial applications. The conference features a full suite of plenary talks, invited talks, contributed talks, workshops, and posters given by
international academic and industrial researchers. A program
of more than 100 presentations will cover interesting topics,
including:
• Optical technologies for high-frequency wireless systems
• Photonic techniques for microwave backhaul
• Photonic systems for antennas and beam forming
• Photonic systems based on non-binary signal
• MIMO technologies for microwave photonics
• Microwave photonic technologies for biomedical
applications
• High-speed and/or broadband photonic devices
• Integration technologies for microwave photonic devices
• Optical analog-to-digital converters
• Optical probing and sensing of microwave fields or
properties
• Optical generation of RF, microwave, millimeter-wave and
THz waves
48
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• Optical processing and control of analog and digital
signals
• Novel device/technology for microwave photonics
• Innovative applications of microwave photonics
The workshops will feature two topics “Advanced Photonics
and MWP” and “Asia-Pacific Microwave Photonics: Past, Present and Future”. An exhibition is also available for participating
companies to promote awareness, discuss the latest new products,
and interact with possible customers. MWP/APMP 2014 promises all delegates timely and relevant topics and presentations, in
addition to exciting social events, so please mark your calendars
and plan to attend!
Please visit www.mwp2014.com for further information.
June 2014

Final call for paper
2014 International Topical Meeting on Microwave Photonics /

The 9th Asia-Paciﬁc Microwave Photonics Conference (MWP / APMP 2014)

MWP/APMP 2014

20-23 October 2014 Sapporo Convention Center, Sapporo, Japan

http://www.mwp2014.com
Conference scope:

・Optical technologies for high-frequency wireless systems
・Photonic techniques for microwave backhaul
・Photonic systems for antennas and beam forming
・Photonic systems based on non-binary signals
・MIMO technologies for microwave photonics
・Microwave photonic technologies for biomedical applications
・High-speed and/or broadband photonic devices
・Integration technologies for microwave photonic devices
・Optical analog-to-digital converters
・Optical probing and sensing of microwave ﬁelds or properties
・Optical generation of RF, microwave, millimeter-wave and THz waves
・Optical processing and control of analog and digital signals
・Novel device/technology for microwave photonics
・Innovative applications of microwave photonics
Sapporo Convention Center “SORA”

The Telecommunications Advancement Foundation

NICT International Exchange Program

June 2014

IEEE Photonics Society NEWSLETTER

49

2014 IEEE Summer Topicals Meeting Preview
Weidong Zhou, General Chair
It is time to plan your trip to attending 2014 Summer Topicals
Meeting Series to be held at the Delta Montreal in the second
largest French-speaking city in the world, over July 14-16,
2014. Program details and travel information can be found on
the conference website http://www.sum-ieee.org/
This year’s meetings are focused on “Functional Material
Integration and Optical Systems” and the following five topics
will be considered:
1) Functional Meta- and Two-dimensional Materials
(FMTM)
2) Nanowire Materials and Integrated Photonics
(NWIP)
3) Midwave Infrared Integrated Photonics (MWIP)
4) Nonlinear-Optical Signal Processing (NOSP)
5) Space-division Multiplexing technologies for high
capacity transmission (SDMT)
The topics span a broad range of related emerging and hot
areas of research, from materials to devices, integrated photonics, and systems. Thanks to the conference co-chairs and
program committee members, as well as the Photonic Society
Conference Staff, especially Ingrid Donnelly, we have assembled
an outstanding program, including 10 plenary talks, 1 tutorial
talk, 83 invited talks, as well as selected high quality contributed presentations.
FMTM will cover advances both in metamaterials, with focus on functional structures and device configurations, and in
two-dimensional materials including graphene and other 2D
materials, and their exciting potentials in photonics. The meeting includes 2 plenary talks and 16 invited talks. Prof. Vladimir
Shalaev from Purdue University will present a plenary talk on
metamaterials and metadevices. Prof. Tony Heinz from Columbia University will present a talk on novel optical and electronic
properties of atomically thin transition metal dichalcogenides.
NWIP will cover anything nanowire related, from materials, to devices, to heterogeneous integration. The meeting
includes 2 plenary talks, 1 tutorial talk, and 15 invited talks.
Prof. Pallab Bhattacharya from University of Michigan will
present a plenary talk on III-nitride nanowire light sources.
Prof. Lars Samuelson from Lund University (Sweden) will present another plenary talk on nanowire LEDs and solar cells.

50

IEEE Photonics Society NEWSLETTER

MWIP will focus on integrated photonic technologies,
optical physics, and emerging application trends of mid-IR
photonics. The meeting includes 3 plenary talks, and 19
invited talks. Prof. Claire Gmachl from Princeton University will present an overview talk on research and advances
happening at NSF Mid-InfraRed Technologies for Health
and the Environment (MIRTHE) center. Prof. John Bowers
from University of California-Santa Barbara will present another plenary talk on Technology for Multispectral Infrared
Laser Integration on Silicon. Dr. Usha Varshney and John
Zavada from US National Science Foundation (NSF) will
also present a plenary talk on the photonics programs support at NSF.
NOSP will cover both traditional and emerging materials,
as well as various nanophotonic platforms and advanced format
and algorithms used for NOSP. The meeting includes 1 plenary talk and 26 invited talks. Prof. Stojan Radic from University
of California San Diego will present the plenary talk on signal
processing beyond conventional limits.
The SDMT community will reunite again to exchange
and share the exciting advances in all areas related to SDM,
from devices to system integration. The meeting includes
2 plenary talks and 7 invited talks. Prof. David Richardson from University of Southampton (UK) will present a
plenary talk on progress of mode gap project. Prof. Yuichi
Matsushima from Waseda University (Japan) will present
the other plenary talk on perspective for deployment of 3M
technologies.
Thanks to the support from the Photonics Program within
the ECCS Division of the Engineering Directorate at the United States National Science Foundation (NSF), a poster section
will be held again this year, to complement the oral presentations. Best poster awards will also be selected and announced at
the conference. Student travel grants are also available. Details
can be found at the conference website.
In addition to the technical presentations, hallway discussions, and other networking, I hope that you have a chance to
experience (and taste!) some French culture and North American history contained within beautiful Montreal.
Look forward to seeing you at Montreal.

June 2014
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Preview of The 2014 Group IV
Photonics Conference

Conference center

The IEEE International Conference on Group IV Photonics
(GFP) is the leading conference dedicated to Silicon Photonics and other group IV element based photonic materials and
devices. The conference was launched in 2004 by Dr. Richard
Soref and Prof. Kang Wang in Hong Kong. The conference
location rotates between Asia, Europe and the US. Last year’s
conference took place in Seoul, Korea and was a resounding
success: many scientists from around the world attended to
present top-notch results and engage in lively discussions.
This year, the 11th conference in the series will be held in
Paris, France, from 27-29 August 2014, at Cité Internationale
Universitaire de Paris, which is located close to historic monuments, museums, and famous landmarks. The general chair is
Laurent Vivien from CNRS/University of Paris Sud, France and
the program chair is Guang-Hua DUAN from III-V Lab, France.
With great support from Megan Figueroa of the IEEE Photonics Society,(m.figueroa@ieee.org) and the participation of
numerous sponsors, we have organized an exciting schedule of
events which will include a welcome reception on the 27th of
August, a social dinner on a cruise boat with the Eiffel Tower
in the background, best paper and poster competitions, and a
post-deadline competition. The conference is planned as a single track conference and will include both oral and poster sessions comprising contributed and invited papers, as well as two
plenary talks by Mario Paniccia from Intel and Frédéric Boeuf
from ST Microelectronics. A post-deadline session will feature
the most current and exciting results. For more information on
the conference program please visit www.gfp-ieee.org
After 11 years, we are now seeing Silicon Photonics morph from a promising research area into a serious
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candidate for industrial development, with continuing
emergence of startups as well increasing participation by
larger, world-leading companies. At the same time, continuing research has resulted in exciting new developments
in areas such as bio-sensing, nanophotonics, and hybrid systems that still remain at the forefront of academic research.
What is needed now is to bring the old and new together,
to keep and transfer accumulated knowledge, and to share
and to disseminate new ideas in order to stimulate novel
research directions.
For this purpose, we have divided the conference into 3
divergent, yet mutually overlapping areas: 1) Novel Materials and Structures, chaired by Dr. Pavel Cheben from NRC
and Prof. Lorenzo Pavesi from University of Trento, for things
that are still in the investigative stage, or are not yet targeting
specific device requirements; 2) Photonic Devices and Nanophotonics, chaired by Prof. Kazumi Wada from University of
Tokyo and Dr. Haisheng Rong from Intel, for photonic devices
and systems that are at the stage of focusing on real applications; and 3) Electro-Photonic Convergence on Silicon, chaired
by Jean-Marc Fédéli from CEA-Leti and Dr Mehdi Asghari
from Mellanox, for mainstream industrial Si photonics and optical interconnects.
For each session, we have 3-4 invited speakers from both
academia and industry, presenting the latest in their field of
expertise.
The field of invited speakers plus contributed presentations
on cutting edge research will make this conference a unique
opportunity to learn about current state-of-the-art Silicon Photonics technology and envision future developments.

June 2014
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IPC

2014

27th IEEE Photonics Conference

12-16
October
Hyatt Regency La Jolla
San Diego, CA
USA

CALL FOR
PAPERS

General Chair:

Submission
Deadline:

Susumu Noda
Kyoto University, Japan

9 May

Member-at-Large:
Martin Dawson
University of Strathclyde, Scotland

Program Chair:
Thomas Clark
Johns Hopkins University, Laurel, MD, USA

www.IPC-IEEE.org
www.PhotonicsConferences.org
www.PhotonicsSociety.org
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IEEE Photonics Society Co-Sponsored Events

2014
ICONN February 2—6, 2014
2014 International Conference on
Nanoscience and Nanotechnology
Adelaide Convention Center
Adelaide, Australia
http://www.aomevents.com/ACMMICONN

LDC June 19—20, 2014
2014 3rd Laser Display Conference
National Chung Hsing University
Dhanbad, India
http://ldc.top
one.com.tw/main.asp?url=110&cid=1

OFC March 9—13, 2014
2014 Optical Fiber Communications
Conference and Exhibition
Moscone Center
San Francisco, CA, USA
http://www.ofcconference.org

LO June 30— July 4, 2014
2014 International Conference “Laser Optics”
Holiday Inn Moskovsky Vorota
Saint Petersburg, Russia
http://www.laseroptics.ru/2014

WOCC May 9—10, 2014
2014 23rd Wireless and Optical Communication
Conference
NJIT
Newark, NJ
http://www.wocc.org/wocc2014/

OECC/ACOFT 2014 July 6 10, 2014
OptoElectronics and Communication
Conference and Australian Conference on
Optical Fibre Technology 2014
Melbourne Convention and Exhibition Centre,
Melbourne, Victoria
http://www.oecc acoft 2014.org/

OFS June 2—6, 2014
2014 23rd International Conference on Optical
Fiber Sensors
Santemar Hotel
Cantabria, Spain
http://www.teisa.unican.es/OFS23/

OMN August 17—21, 2014
2014 International Conference on Optical
MEMS and Nanophotonics
University of Strathclyde
Glasgow, Scotland, UK
http://www.omn2014.org/

CLEO June 8—13, 2014
Conference on Lasers and Electro-Optics
San Jose Convention Center
San Jose, CA, USA
http://www.cleoconference.org/home/

ECOC September 21—25, 2014
2014 European Conference on Optical
Communication
Palais des Festivals et des Congr s
Cannes, France
http://www.ecoc2014.org

PVSC June 8—13, 2014
2014 IEEE 40th Photovoltaic Specialists
Conference
Colorado Convention Center
Denver, CO, USA
http://www.ieee pvsc.org/PVSC40/
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MWP/APMP October 20—23, 2014
2014 International Topical Meeting on
Microwave Photonics
2014 9th Asia-Pacific Microwave Photonics
Conference
Sapporo Convention Center
Sapporo, Japan
http://www.mwp2014.com/
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Delivered via the IEEE Learning Management System

IEEE eLearning Library
The premier online collection of short
courses and conference workshops
The IEEE eLearning Library presents a better

■

■

way to learn for technology professionals,
students and any organization who wants its
team to strive, excel and stay competitive.

■

Advanced technology courses, written
and peer-reviewed by experts
Earn CEU and PDH continuing
education credits
Relaxed, self-paced, online

IEEE is a certified continuing education provider

Find out what IEEE eLearning Library
can do for your organization:

www.ieee.org/go/elearning

10-PIM-0300a-eLearning-Ad-Updates-Final.indd 1

9/9/10 2:26 PM

This publication offers open access options for authors

IEEE Open Access Publishing
What does IEEE Open Access mean to an author?
• Top quality publishing with established impact factors
• Increased exposure and recognition as a thought leader
• A consistent IEEE peer-review standard of excellence
• Unrestricted access for readers to discover your publications
• Great way to fulfill a requirement to publish open access

Learn more about IEEE Open Access Publishing:

www.ieee.org/open-access

58
Photonics
NEWSLETTER
12-TA-0415IEEE
Hybrid
Open Access FullSociety
Page Ad Final.indd
1

June11:50
2014
9/18/12
AM

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

OPTICAL INTERCONNECTS

** Submission Deadline: August 15th, 2014 **
The IEEE/OSA Journal of Lightwave Technology invites manuscript submissions in the area of Optical
Interconnects. The objective of this special issue is to document the current status in the field of shortreach optical interconnects for datacom through a collection of original and invited papers in conjunction
with the IEEE Photonic Society 3rd Optical Interconnect Conference 2014. The scope of this issue is to
provide a forum for scholars in related fields to contribute to the development of cumulative knowledge in
this pivotal area. It covers all aspects of novel passive and active materials, devices, sub-assemblies,
modules, architectures, and systems related to short distance data communications applications. We
welcome research that focuses on optical inter/intra-chip interconnects and corresponding enabling
technologies, and short-reach optical communications in datacenters and supercomputers.
•
•
•
•
•
•
•
•
•
•
•

VCSEL based parallel optical interconnects
Silicon photonics for interconnects
Direct and EA-modulated high speed III-V lasers and related devices
Integration platforms including chip stack, flip chip, wafer and chip bond, and hybrids.
Energy efficient photonic link technologies
Photonic network architectures for digital chips and systems
Enabling device technologies including laser sources, passive optical devices, photonics switches, optical IO interfaces, as
well as high speed opto-electronic devices
Technologies for higher bandwidth density such as DWDM and advanced modulation formats and supporting technology
Engineering for low cost high volume integration, assembly, package and test
Electronics optimized for photonics
Disruptive optical technology for data communications

The Guest Editors for this issue are: Xuezhe Zheng, Oracle, San Diego, CA 92121; Roe Hemenway,
Photonic Controls, Horseheads, NY 14845; Zhiping Zhou, Peking University, Beijing, China 100871
The deadline for submission of manuscripts is August 15th 2014. Please submit your paper to:
http://mc.manuscriptcentral.com/jlt-ieee and under Manuscript Type select “Optical Interconnects
2015”. Unedited preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1
week of authors uploading their final files in the ScholarOne Manuscripts submission system. The final
copy-edited and XML-tagged version of a manuscript is posted on IEEE Xplore as soon as proofs are sent in
by authors. This version replaces the preprint and is usually posted well before the hardcopy of the issue is
published. Hardcopy Publication is scheduled for March/April 2015. All submissions will be reviewed in
accordance with the normal procedures of the Journal. All questions should be sent to IEEE Photonics
Society, Doug Hargis, d.hargis@ieee.org
The following documents are required using online submission at: http://mc.manuscriptcentral.com/jlt-ieee
1.

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

Journal of Lightwave Technology Special Issue
on:

The IEEE/OSA Journal of Lightwave Technology presents a forum for authors to publish expanded papers in a
Special Issue on the 23rd International Conference on OPTICAL FIBER SENSORS.
The Chairs of the conference serve as Guest Editors in this endeavor.
On behalf of the Guest Editors and the Editor-in-Chief, we encourage you to submit an expanded version
of your accepted conference paper to the journal. Typically, these papers are 5 to 7 pages in length. Mandatory
page charges of $260USD per page are enforced in excess of 7 pages. This paper would appear in an upcoming JLT
special issue titled "OFS 23." Normally, a large number of invitees take advantage of the opportunity. Based on
this, we hope you will be able to submit such a paper.
Submissions by website only: http://mc.manuscriptcentral.com/jlt-ieee
Manuscript Type: “OFS23”
Submission questions: Doug Hargis, Journal of Lightwave Technology d.hargis@ieee.org
Relevant topics include, but are not limited to the following:
• Physical, Mechanical, and Electromagnetic Sensors
• Chemical, Environmental, Biological and Medical Sensors and Biophotonics
• Interferometric and Polarimetric Sensors including Gyroscopes
• Micro- and Nano-structured Fiber Sensors including the Photonic Crystal Fibers and Gratings Sensors
• Multiplexing and Sensor Networking
• Distributed Sensing
• Smart Structures and Sensors including the SHM systems
• Sensor Application, Field Tests and Standardization
• New fibers, Devices and Subsystems for Photonic Sensing including the ones for security and defense
• New Concepts for Photonic Sensing

Chairs& Guest Editors
General chair: Prof. José Miguel López-Higuera, University of Cantabria, Spain
Prof. Julian Jones, Heriot Watt University, UK, Co-Chair
Technical Co-Chair: Prof. Manuel López-Amo, Public University of Navarra, Spain
Prof. Jose L. Santos, University of Porto, Portugal, Technical Co-Chair

Submission deadline:

7 September, 2014
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The International Conference on 'Optical

Fibre Sensors', OFS, is acknowledged as the
world's leading conference on all topics
related to photonic sensing technologies.
June 2014

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

Quantum Communication and Cryptography
Submission Deadline: August 1, 2014
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Quantum
Communication and Cryptography. The purpose of this issue is to present a broad overview of cutting-edge research in the field
of quantum communication and cryptography. This issue highlights practical quantum key distribution systems and research in the
implementations of next-generation quantum communication, as well as photonic quantum device technologies. The solicited areas
include (but are not limited to):
Photonic quantum devices:
Quantum communication systems:
• Quantum key distribution systems
• Single and entangled photon sources
• Quantum random number generation
• Single photon detectors
• Quantum hacking and countermeasures
• Quantum interfaces (frequency conversion, photonic
quantum memories, etc.)
• Quantum communication protocols
• Integrated quantum photonics
• Quantum repeaters
• Quantum communication networks
The Primary Guest Editor for this issue is Hiroki Takesue, NTT Laboratories, Japan. The Guest Editors are Eleni Diamanti, Centre
National de la Recherche Scientifique, France, Thomas Jennewein, University of Waterloo, Canada, Robert Thew, University of
Geneva, Switzerland, and Zhiliang Yuan, Toshiba Research Europe Ltd, UK.
The deadline for submission of manuscripts is August 1, 2014. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for May/June 2015.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
IEEE/Photonics Society
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are
justified by clearly stating the distinction between a submitted paper and previous publications.
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Optical Micro- and Nano-Systems
Submission Deadline: October 1, 2014
Hard Copy Publication: July/August 2015
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area
of Optical Micro- and Nano-Systems. Optical Micro- and Nano-Systems (OMNS) promise to deliver new capabilities
in applications including optical communications, optical sensors, optical storage, optical imaging and displays. This
issue will cover the latest advances in OMNS ranging from basic research and new concepts through to novel and
cutting-edge applications. Original papers are solicited in (but not limited to) the following areas.
Optical Micro-Systems and Devices: adaptive micro-optical systems; biomedical micro-optical systems; microactuators
for optical devices; micro-optical systems for imaging and display; microphotonics; modeling and characterization; new
fabrication and assembly technologies; optical micro- and nano-cavities, optical sensors over wide wavelength range;
optical scanners and micromirrors; opto-fluidic devices and systems; opto-mechanics and optical MEMS, packaging and
integration; optical communications devices; tunable micro-devices; tunable spectral filters.
Optical Nano-Systems and Devices: high efficiency light-harvesting materials and devices; integrated silicon photonics;
metamaterial based devices and systems; nanoplasmonic devices; nanostructures, nanowaveguides and nanoantennas
for optical wavelengths; nanofabrication and self-assembly; nanotube and nanowires based devices and systems; nearfield optics and systems; nano-optomechanical devices and systems; photonic crystal devices and systems; quantum dot
and low-dimensional structures and systems; quantum optic and spintronic devices and systems.
The Primary Guest Editor for this issue is Deepak Uttamchandani, University of Strathclyde, U.K. The Guest Editors
are Joyce Poon, University of Toronto, Canada, Marc Sorel, University of Glasgow, U.K., and Hiroshi Toshiyoshi,
University of Tokyo, Japan.
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, final copy-edited and XML-tagged versions of manuscripts replace the preprints on IEEE
Xplore. This usually occurs well before the hardcopy publication date. These final versions have article numbers assigned to
them to accelerate the online publication; the same article numbers are used for the print versions of JSTQE.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
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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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online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copy-edited
and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy publication
date. These final versions have article numbers assigned to them to accelerate the online publication; the same article numbers are
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mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
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