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Editor’s
Column

IEEE Photonics Society

HON TSANG
In this month’s Research Hightlights section we have
three articles on hybrid plasmonics, nanowire detectors and optical fiber sensors. Professor Volker Sorger’s
group at the George Washington University in Washington D.C. reviews the recent remarkable advances
in the miniaturization of optical modulators by using
hybrid plasmonics. The article reviews their work on
optical modulators which used ITO as the active medium, and the use of hybrid plasmonics in a structure
of ITO/sillica/gold on a silicon on insulator wafer to
achieve 5 dB modulation in a device length of only
5 microns. We also highlight in this month’s newsletter the work from Professor Kenneth Croizier’s group
at Harvard University on silicon nanowires. Their work
demonstrates how silicon nanowires may be used as
color sensitive or multispectral imaging sensors. Using
a top-down approach for defining the silicon nanowires
by electron beam lithography, silicon nanowires with
radii in the range of 45 nm to 70 nm were resonant to
light of different wavelengths across the visible spectrum, thus enabling arrays of different radii nanowires
to be used as photodetectors sensitive to different wavelengths. Such silicon nanowire arrays have the potential
for use in highly miniaturized multispectral imaging
sensors that do not need the separate filter arrays that
are typically needed in commercially available color
image sensors. The third article this month, on fiber
sensors, is by Prof Hans-Peter Loock and Jack Barnes
from Queens University, Ontario, Canada and Gianluca
Gagliardi, from Consiglio Nazionale delle Ricerche-Istituto Nazionale di Ottica in Naples Italy. Their article
describes quite a novel application of low noise fiber
optic strain sensors in music, specifically in the construction of a photonic guitar. The sounds and music
produced by this interesting musical instrument can be
downloaded from http://www.chem.queensu.ca/people/
faculty/loock/.
Also in this issue we have photographs from the
awards presentations IEEE Photonics Conference held in
Bellevue WA in September 2013. The Society’s president, Hideo Kuwahara, presented the awards to many
of the Society’s distinguished award winners. Hideo
Kuwahara’s term as President will finish at the end of
2013, and thus in this month’s issue we also have the
last of Hideo’s series of columns as President of the IEEE
Photonics Society. I have greatly enjoyed reading his columns and I am sure all our readers would like to join me
in thank him for his dedicated service and tireless efforts
as president (and continued official service as past president in 2014!).
Hon Tsang
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President’s
Column
HIDEO KUWAHARA
This is my last column as president of the IEEE Photonics Society. Serving as the president of IPS was a pleasure and a privilege—an extreme honor for me. Writing this column gave me
the enjoyable opportunity to express my thoughts on photonics technology and its role in society. Embedding myself in a
different culture and writing in English was also a good learning opportunity for me.
This time I want to express my deep and sincere thanks to
the colleagues of our Society, especially to Past-President Jim
Coleman for his guidance, and to IPS Executive Director Rich
Linke for his constant support and the productive discussions
we have had. Thanks are also owed to my colleagues among the
Vice Presidents and members of the Board of Governors, and
further to the IPS staff, especially Doug, Karen, Christine, and
Lauren. Without their help, I am sure I could not do anything.
I am aware my contribution to IPS was less than I had hoped
it would be. It brings to mind an oriental proverb, “Koh-in
yano gotoshi,” which means “Time flies as an arrow.” In this
proverb, Koh-in means light (sun) and shade (moon), and it is
interesting that these words relate to photonics. In any case, it
is time to pass the baton to our new president, Dalma Novak.
She will be busy in her new role, but I am sure her splendid
performance will beautifully pave the way for improvements
to IPS.
In these two years, there have been significant changes in
the environment surrounding the IEEE Photonics Society.
One example is in the realm of publishing, in which the trend
is shifting to open access (OA), and the publishing business
model is also greatly changing. Our Photonics Journal, which
was the first online-only and the first OA publication in the
entire IEEE, this year also became the first full OA publication
in the IEEE, and is recognized by other IEEE societies for its
progressiveness. The time from paper submission to publication, which is an important indicator of timeliness in research
activities, is short for IPS journals, ranking among the top
for all IEEE publications in this regard. I think this stems, in
part, from how fast-developing and competitive the environment of our society is. These characteristics are less pronounced
for most other IEEE societies. A second realm of significant
change has been conferences. For IPS conferences, technology
areas that are the subject of intense current interest are rapidly covered in new allocated sessions, workshops, and topical
meetings. Especially hot areas, such as optical interconnects,
get upgraded to their own conference. Conference activities are
also becoming more global, especially extending in the Asia
Pacific region. There has also been progress in the trend of
paperless conferences, and free access to key presentations by
web video is becoming popular. This is also a trend that may
have a significant impact on the business model of conference
activities.
In spite of these significant changes, the finances of IPS
are improving because of higher publishing and conference
December 2013

revenues and, by implementing severe cost-saving measures,
lower overhead expenses. The quality of IPS papers is also
improving, with high recent impact factors, such as 4.08
for JSTQE. These improvements are entirely due to the hard
work of our society members, including reviewers, and I
greatly appreciate your contributions. IPS membership count
is, however, slightly lower. I think this is mainly the result of
economic factors, but I also think it may stem, in part, from
our society’s name change. Several times I have encountered
people who were well aware of our old society name but were
not familiar with our new name. We started promotional activities in 2013 designed to raise the profile and awareness
of IPS. This is a membership development outreach program
mainly using social media channels, such as Facebook, Twitter
and LinkedIn. We hired a new specialist staff for this program,
and I am expecting this effort to produce good results in the
near future.
I also think there is progress in IPS collaborations with
other academic organizations. One example is the National
Photonics Initiative (NPI), which is an initiative with OSA,
SPIE, LIA, and APS. It is designed to explain the importance
of photonics technology and its influence on our daily lives.
This initiative was initially directed at the US Congress, but
it is also necessary and effective to show our broader vision in
photonics technology to researchers and potential new members, as well as to educate the general public.
Serving as IPS president was, of course, a wonderful experience for me, but it also provided me the opportunity to attend
IEEE Technical Activities Board meetings three times per year.
Attending the IEEE TAB and joining the internal discussion
and management of the Institute was also a big experience for
me. It expanded my view by enabling me to exchange views
with presidents of other societies, and I learned much about
the management of this splendid organization. I joined the
IEEE Future Directions Committee as an Industry Advisory
Board member, and I learned the IEEE keeps a close watch on
new technologies, such as the Internet of Things, life science
technologies, and green ICT, all of which relate, of course, to
photonics technology. The IPS Technical Affairs Council is traditionally focused more on device-oriented areas with its Hot
Topic list, but I think these new technology areas are also becoming important, and may become core activity areas for IPS
in the future. By attending the IEEE TAB meetings, I felt a
renewed sense of the tremendous value of this community.
In accordance with IPS by-laws, I plan to serve as Past-President of IPS in 2014 and 2015, supporting Dalma. Please keep
in touch, and I want to see you all again at IPS conferences in
the future.
With warm wishes,
Hideo Kuwahara
Fellow
Fujitsu Laboratories Ltd.
IEEE PHOTONICS SOCIETY NEWSLETTER
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Research Highlights

Silicon Plasmon Modulators:
Breaking Photonic Limits
Sarah K. Pickus, Sikandar Khan, Chenran Ye, Zhuoran Li, and Volker J. Sorger
Department of Electrical and Computer Engineering,
School of Engineering and Applied Science, The George Washington University,
Washington, DC 20052 USA
Abstract—Emerging communication applications anticipate a photonic roadmap leading to ultra-compact photonic
integrated circuits. The objective is to design integrated
on-chip electro-optic modulators EOMs that can combine
both high modulation efficiency and low switching energy.
While silicon-based EOMs have been demonstrated, they
have large device footprints of the order of millimeters as a
result of weak non-linear electro-optical properties. By deploying a high-Q resonator the modulation strength can be
increased, however with the trade-off of bandwidth. Here we
review some of our recent work and future prospects of hybrid plasmonic EOMs. We demonstrate a high-performance
ITO-EOM in a plasmonic silicon-on-insulator (SOI) hybrid
design. Remarkably, results show that an ultra-compact (3m)
hybrid EOM deploying enhanced light-matter-interactions
LMIs is capable of delivering an extinction ratio (ER) of
about 1 dB/nm. This is possible due to a change of the ITO’s
extinction coefficient by a factor of 136. Furthermore, a metric to benchmark electro-absorption modulators is provided,
which shows that silicon plasmonics has the potential for

high-end switching nodes in future integrated hybrid photonic circuits.
Index Terms—Silicon Nanophotonics, light-matter-interaction, ITO, plasmonics, MOS.

1. Introduction

The ever-growing demand for higher data bandwidth and
lower power consumption has made photonics one of the
key drivers in global data communications. The success and
on-going trend of on-chip photonic integration anticipates
a photonic roadmap leading to compact photonic integrated components and circuits [1]. The ongoing research aim
is to demonstrate an on-chip, ultra-compact, electro-optic
modulator without sacrificing bandwidth and modulation
strength [2]. Because of the weak non-linear electro-optical
properties of silicon-based EOMs, such architectures require
large device footprints of the order of hundred micrometers
to millimeters, which fundamentally limits performance
improvements, integration density, and cost benefits [3–
4]. Silicon photonics, in particular the Silicon on insulator
(SOI) platform, has been proven to be
an excellent candidate for on-chip integration due to low optical losses of
SOI
Plasmonics
Silicon in the near IR spectral region
and process synergies to CMOS manufacturing (left Fig. 1). However the
diffraction limited optical SOI mode
results in weak LMIs, which leads to
bulky and low-performing EOM devices. Plasmonics, or metal optics, however, offers optical mode sizes down to a
fraction of the diffraction limit; these
SiO2
field enhancements can be utilized to
550 nm
boost optical non-linear effects such as
electro-optical modulation (right Fig. 1).
However, the ohmic loss of metals in
• Low Loss
• Strong Modulation (LMI↑)
the plasmonic design often hinders real
• Standard Processing Platform
• Metal = Electrical Contact
applications. In our research, we focus
• CMOS
• Ultra-Fast Phenomena
on deploying a plasmonic hybrid mode,
Figure 1. In this paper we focus on a hybrid integration technique by combining the which is a metal oxide semiconducestablished low-loss, CMOS compatible Silicon-on-Insulator (SOI) with light-matter- tor (MOS) type mode that offers deep
enhancing (LMI) plasmonics, which allows synergistic design via multi-functional utili- sub-diffraction limited mode sized
down to m2/400 while still maintaining
zation of the deployed metal.
4
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relatively long propagation lengths.
Classical photonic devices typically
Active Device (e.g. a Signal Modulator)
utilize high quality (Q) factor cavities
>200 μm
[5–6]. Challenges arise due to narrow
fabrication and operation tolerances
Vbias Phase Shifter
Pure Photonics ~100 μm
and long photon lifetimes. These conditions limit the modulation bandwidth
Optical Input
Modulated Output
to the GHz range for cavity Q’s in the
10–100 k range, respectively. As a result, high-Q architectures are somewhat
impractical for on-chip designs. On the
HPP Active Area
Hybrid Photonics
other hand, strong optical confinement
can significantly enhance weak optical
SOI Waveguide Input
nonlinearities. For instance, recent ad~5 μm
vances in plasmonics (i.e., metal-optics)
have revealed the potential of metallic
200 μm
nanostructures to bridge the lengthHPP Light Manipulation Node
scale mismatch between diffractionlimited dielectric optical systems and
nano-scale on-chip opto-electronics
Hybrid Photonic
[7–9]. As such, plasmonic devices with
Integrated Circuit
a sub-wavelength footprint, strong
~100 μm
LMI, and potentially high bandwidth
could play a pivotal role if combined
with an SOI platform (Fig. 1).
Photonic Waveguide
One of the most important design
e.g. SOI or InP
choices for an EOM is the underlying optical waveguide. With the aim of enhanced
LMIs, there are a number of plasmonic Figure 2. Shows the miniaturization of the Photonic circuitry with the introduction
waveguides to choose from. However, of hybrid photonics, (a) using pure photonics a signal Modulator has a dimension of
many plasmonic waveguides have a fun- around 200 nm and 100 nm (L × W), however using Hybrid photonics the same modulator size reduces to 5 nm, (b) shows a Hybrid photonic integrated circuit (IC) having
damental trade-off between their mode
same 200 nm to 100 nm (L × W) dimension shown in part (a) with 24 signal modulators
confinement capability (i.e. LMI enhance- in the IC.
ment) and propagation length.
However, among these plasmonic waveguides, the hybrid
advantages offered by SOI. Compatible with CMOS technology,
plasmon (HP) waveguide is found to be superior [13–15]. This
SOI fabrication infrastructure is highly accurate and mature,
hybrid approach of combining the dielectric waveguide mode
leading to a robust, high yield and reproducible technology and
and surface plasmon mode has been proposed and demonstrathence performance. Since photonic integrated circuits (PICs) on
ed to achieve sub-wavelength confinement and long propagathe SOI platform have been fabricated up to 12-inch wafers, this
tion distances [14], [16–17]. Quantitatively speaking, the HP
platform allows for integration of economy-of-scale [29].
waveguide offers sub-wavelength mode confinement signifiAnother important consideration in the design of an EOM is
cantly below the diffraction limit, (i.e. 1/50th of the diffraction
the selection of the optical active material. Novel emerging malimit), while maintaining propagation distances in the tens of
terials with high-modulation capability have been demonstrated
micrometer range. Although the HP waveguide is superior comfor EO applications in this paper [21], [22]–[24]. For instance,
pared to other plasmonic waveguides, its propagation length is
the class of transparent conductive oxides (TCO), such as the
still shorter compared to conventional dielectric waveguides
utilized Indium Tin Oxide (ITO), have been found to allow for
[13–18]. Here, the results and the argument suggest that sepaunity index changes [19, 20, 25], which is 3–4 orders of magnirating the on-chip waveguide selection for passive data routing
tude higher compared to classical EO materials, such as Lithium
from that of active light manipulation (i.e. EO modulation) can
Niobate [22, 23, 24]. Thus, ITO is a prime candidate for EOM
be accomplished by a passive SOI platform, while the latter can
designs primarily due to its extraordinary electro-optic properuse a plasmonic mode forming a hybrid integration scheme
ties which will be discussed in following section.
[18]. This concept is shown in Fig. 2. With classical photonics
utilizing weak LMIs leading to large footprints (Fig. 2(a)) con2. Device Design
sistent with the ongoing trend for miniaturization of photonic
Fig. 3(a) displays a schematic of our EAM design, which concircuitries, Fig. 2(b) sketches a 3 # 8 switching fabric deploying
sists of an SOI waveguide and an ITO-SiO2-Au stack on top.
compact and efficient hybrid plasmonic elements. Restating, the
This specific configuration of materials forms the aforemenconcept of this research is to not abandon SOI, but to use the best
tioned plasmonic HP mode and the Metal-Oxide-Semiconducfrom both systems to design a smarter system, due to the many
tor (MOS) capacitor, with the accumulation layer occurring at
December 2013
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Figure 3. (a) Schematic of the EAM design, consisting of an ITO-SiO2-Au stack integrated on top of an SOI waveguide. When an
electrical voltage bias is applied to the MOS capacitor, an accumulation layer is formed at the ITO-SiO2 interface, increasing the
ITO’s carrier density which raises the extinction coefficient, l, leading to increased optical absorption (Voff ). (b) Electric field density
across the active MOS region of the modulator. The peak electric field density across the MOS mode coincides with the active ITO
layer resulting in strong absorption. (c) Scanning electron micrograph of the silicon waveguide integrated modulator. A continuous
wave laser (m = 1310 nm) is coupled into the SOI waveguide via grating couplers and then modulated via an electrical voltage bias
across the MOS capacitor (L = 3m). (d) The modulator performance yields an extinction ratio of –5 and –20 dB for device lengths of
5 nm and 20 nm, respectively [20]. This record-high performance is attributed to the enhancement of the electro-absorption by the
plasmonic MOS mode and ITO’s ability to change loss by orders of magnitude.

the ITO-SiO2 interface when a voltage bias is applied between
the Gold and Silicon (Fig. 3(c)). Notice that this synergistic
design allows for the triple use of the metal contact, namely,
(1) to form the HP mode, (2) to act as a heat sink, and (3) as
an electrical electrode transporting the electrical data to the
EOM gate, thus enabling ultra-compact designs. In addition,
the overall length of the MOS stack is a mere a3m, which is
several orders of magnitude smaller compared to photonic
devices. This compact device size can be achieved due to (1)
ITO’s ability to dramatically change its extinction coefficient
(the imaginary part of the refractive index), and (2) the good
overlap between the MOS mode and the active ITO material
[20]. This strong overlap is clearly highlighted in Fig. 3(b),
which depicts the electric field density across the active MOS
region of the modulator. Notice that the peak of the electric
field intensity across the MOS mode coincides per design directly with the area of the active ITO layer. Thus, when an
electrical voltage bias is applied across our MOS capacitor, it
forms an accumulation layer at the ITO-SiO2 interface, which
in turn increases the ITO’s carrier density and, consequently,
raises ITO’s extinction coefficient, l. This l-increases controls the optical absorption (i.e. the OFF-state) via Bear’s law,
T(V) = Te–aL, where T is the transmission, a is the absorption
6
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coefficient, and L is the device length. The modulator DC performance results with respect to modulation depth are depicted
in Fig. 3(d). We were able to experimentally obtain an extinction ratio of –5 and –20 dB for device lengths of 5 and 20 nm,
respectively [19]. This record-high 1 dB/nm extinction ratio
is possible due to the combination of the plasmonic HP mode
enhancing the electro-absorption of the ITO and ITO’s ability
to change its extinction coefficient (l) by multiple orders of
magnitude when applied with an electric field. This change in
l stems from an increase in the carrier density in the ITO film
(by a factor of 60) due to the formation of the accumulation
layer in the MOS capacitor, which was verified via electrical
metrology tests and an analytical model matching the experimental data. Notice, that no modulation was observed when
the ITO layer was omitted, implying that ITO is indeed the
active material in our EAM device.

3. Low On-Chip Insertion Loss
The two insertion loss contributions in this device are qualitatively depicted in Fig. 4(a); (1) a device length independent
loss originating from the SOI-MOS mode coupling indicating
a signal intensity drop as light enters and exits the plasmonic mode, and (2) a device length dependent loss originating
December 2013

Insertion Loss (dB)

from the plasmonic HP mode of the
device. However, despite the aforemenSOI
Mode type:
SOI
Plasmonic
tioned loss contributions, the insertion
loss for the 3m long device was found to
be merely 1 dB. This low loss can be atSignal
tributed to a few factors; first, there is
Intensity
a small impedance mismatch between
the SOI waveguide bus and the MOS
device section. Secondly, the remaining
Au
loss stems from the light propagation
in the plasmonic mode, which is device
length dependent (Fig. 4(a)). Applying
Silicon
the cut-back method, the loss values can
be fitted to a linear regression, where the
(a)
slope gives the plasmonic MOS propagation loss, which was found to be approximately 0.14 dB/nm (Fig. 4(b)).
0
Data
Furthermore, the y-intercept of the
-2
Fit
data fit indicate a 0.25 dB loss from the
SOI-MOS per coupler originating from
-4
significant portion of the MOS’s mode
field intensity residing in the silicon
-6
core, hence explaining the stated total
20
30
0
10
insertion loss of about 1 dB. It is interDevice Length ( μ m)
esting to compare this to values of typi(b)
cal photonic diffraction limited EOM,
Figure
4.
(a)
Schematic
showing
light
being
coupled
from the SOI waveguide into our
which have insertion losses of about
MOS mode and the associated propagation losses. Losses originate from the SOI-MOS
3–6 dB. This finding arguably indicates
mode coupling (due to impedance mismatch) and the light propagation through our
that plasmonics, while inferior for wave- plasmonic MOS mode. Measurements indicate 0.25 dB per SOI-MOS coupler and a
guiding purposes, can allow for low plasmonic MOS propagation loss of a mere 0.14 dB/nm. (b) Insertion loss (dB) values
optical loss designs with respect to non- measured for a number of specified device lengths (nm). The slope of the fitted linear
plasmonic device designs, and showcases regression gave a plasmonic MOS propagation loss of approximately 1 dB.
the potential of plasmonics for active
opto-electronics. The physical insight about this low loss arthickness (HSi, WSi), gate oxide thickness (tgate), ITO thickness
chitecture has two reasons, one of which lies in the low loss
(HITO), and device length (L). Similarly, the modulator’s extincof the underlying HP mode [10]. A second reason is the low
tion ratio (ER) and insertion loss (IL) performance depends on
impedance mismatch between the SOI and the HP section;
the plasmonic HP MOS mode, which can be modified by altering the geometric parameters of the EOM. A quantitative
HP mode profile contains a significant portion of the electric field inside the Silicon core, which matches the 1st order
performance summary of ITO-EOM operating at 1.55 nm
mode shape of the SOI region well (Fig. 3(b)).
wavelength is provided in Table 1. Our EOM can intrinsically
work at an ultrahigh speed because of a sub fF low capacitance.
4. Device Performance
The operation speed is limited by the RC delay. Here, we conThe underlying modulation mechanism of this EOM design
sider two different devices, which are 2 nm and 0.5 nm long
is the accumulation layer formed in the MOS capacitor at the
where tgate is 5 and 50 nm and the WSi is 200 and 500 nm, for
ITO-SiO2 interface upon applying a voltage bias between the
a signal and speed optimized device. The speed performance
metal and silicon, shown in Fig. 5(a). The effective index of
is estimated by calculating the RC delay time for the MOS caITO changes from being a dielectric to a quasi-metallic state
pacitor with a resistive load of 50 and 500 Ohms. The results
when a voltage bias is applied. Such a design based on the MOS
are summarized in Table 1, which states two optimized device
characteristics (i) provides a sub–wavelength plasmonic conchoices depending on the circuit design for optimizing either
finement resulting in enhanced LMI, (ii) allows the seamless
the signal integrity or the data bandwidth. For high-speed apintegration into a low-loss SOI data-routing platform, and (iii)
plications require low RC delay times, resulting in short device
provides a metal contact, which serves as an electrical electrode
lengths, while strong signal switching applications demand a
and heat sink at the same time [10, 14, 15, 19, 25]. In this seclonger device to achieve a high signal-to-noise ratio. From Tation, we estimate the operational performance of our ITO-EOM
ble 1, it is evident that a device length of 0.5 nm offers a banddevice given dimensional parameters. The key performance
width of tens of THz with medium signal switching strength
figures of an EOM are the power consumption (i.e. E/bit) and
(ER = 3 dB). However, a 2 nm-long device enables for a 12
the 3 dB bandwidth (i.e. speed). The performance optimization
dB strong data switching while still maintaining THz moduladevice dimensions include silicon waveguide core width and
tion speeds. The energy per bit for both EOMs is quite low and
December 2013
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Signal

Speed

2

0.5

L
Device Length – nm
R
Resistance – Ohm

50–500

C
Capacitance – fF

0.94

0.23

BW
Bandwidth – THz

21.2–2.1

84–8.4

IL
Insertion Loss – dB

0.60

0.15

ER
Extinction Ratio – dB

12

3

V
Voltage -Volts

2–3

2–3

1.88–4.25

0.47–1.06

E/bit
Energy per bit – fJ

Table 1. Device is operating at 1.55 nm wavelength. The gate
oxide thickness and width varies from 5 to 50 nm and 200 to
500 nm respectively. The bandwidth (BW) is calculated from
BW = 1/RC where R has a realistic values from 50 to 500
Ohm. Energy per bit (E/bit) is calculated by E/bit = ½ CV2,
where applied voltage is 2 to 3 V for ITO.

L
+

W

M
Ox
ITO

–

Metal
C

Silicon
(a)

Ox
ITO
Si
(b)

Figure 5. (a) Design of our ultra-compact EOM, consisting of a SOI
waveguide and ITO-SiO2-Au stack forming a MOS capacitor. An
accumulation layer (red dots) is formed at the ITO-SiO2 interface
with the presence of an applied voltage bias. (b) Three dimensional
schematic of the ITO-SiO2-Au stack. The stack has an optimized
device length (L) and width (WSi) of 0.78 m and 300 nm, respectively.

ranges from about 2 fJ for a signal-optimized device, down to
470 aJ per bit for the high-speed option.

5. Device Benchmarking
Because EOMs play an integral role in the conversion
between the electrical and optical domains in data
communication links, factors such as the scalability, modulation performance, and power consumption of such devices
need to be considered for future advancements in the field
of high-speed photonic computing. In light of these factors,
we have proposed a metric to benchmark EAMs in order to
clearly demonstrate the stark contrast between traditional (i.e.
diffraction limited) devices and those devices that incorporate
8
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emerging concepts (e.g., plasmonics) and/or materials (e.g.,
polymer, graphene, ITO, VO2, etc.). Fig. 6(a) displays the proposed Figure-of-Merit (FOM), which contrasts electro absorption modulators (EAM) with respect to modulation efficiency
(Dk/Vpp.nm) and power penalty (i.e. inverse insertion loss). A
literature survey of numerous EAM designs (both experimental
and theoretical) was conducted and, in order to enhance differentiation, all devices were categorized by their active material and substrate platform (colors), while plasmonic design use
open shapes. The performance sweet spot is found in the upper
right corner where modulation efficiency is maximized while
power penalty is minimized. The dashed line can be viewed
as a technology progression of device advancements; drawing
attention to the superior performance of plasmonic EAM devices compared to their diffraction limited counterparts. The
cluster of traditional EAM devices in the lower left hand corner
(grey region Fig. 6(a)) denotes the empirical region of classical,
diffraction limited devices, and exemplifies the challenges of
designing a device that is able to incorporate both strong modulation efficiency and simultaneously reduce on-chip insertion
loss. However, plasmonic devices are able to break off from this
trend by deploying a strong light-matter-interactions [9, 19,
21, 25, 26].
Our earlier discussed HP MOS modes are able to enhance
the electric field strength and thus boost non-linear optical effects such as electro-optic modulation, ending up in the upper
right hand corner [3]. With this enhancement, downscaling of
the device interaction length to a fraction of what is required
for diffraction-limited designs becomes possible and the common
concerns over high plasmonic waveguide losses becomes less significant. Complementary to the modulation-efficiency loss
tradeoff Fig. 6(b) shows the technological advancement possibility in regard to the switching energy-bandwidth tradeoff [27].
The modulation strength of an EOM can be greatly increased
by deploying a high-Q resonator; however there is a significant
trade-off in the bandwidth of such high-Q EOM designs, with
increased Q-factor the 3 dB bandwidth becomes severely limited
due to long photon lifetimes inside the high-Q cavity. The grey
region in Fig. 6(b) again corresponds to the performance domain
attainable using classical diffraction limited device designs. The
minimum energy per bit, E/bit, of these classical EOM can be
derived by fitting the limiting behavior of the curves at their
high frequency ends, which leads to E/bit = K . f 23dB, where K
is a material constant [27]. However, in the case of a hybrid plasmonic nano-cavities, it is possible to achieve deep sub-m 3D optical confinement in a single-mode cavity. The tradeoff between
modulation strength and switching speed can then be minimized
due to the smaller capacitance provided, for instance, by a hybrid
plasmonic nano-cavity. Notice that the sweet spot of Fig. 6(b) is
in the bottom right corner, where the bandwidth is approaching the THz range and power consumption is in the atto-joule
regime, which is about 3–5 orders of magnitude lower compared
to state-of-the-art devices.

6. Conclusion
In this paper we have presented ultra-compact, silicon-based,
high-performance electro-optic modulators for hybrid integration of future photonic integrated circuits. The deployment
December 2013
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Figure 6. (a) Figure-of-Merit for electro-absorption modulators based on modulation efficiency (Δl/Vpp.nm) and insertion loss. The
performance limitation of diffraction-limited device designs is denoted by the gray-shaded area, with a dotted line showing the technological progression of plasmonic devices (open shapes) and emerging active switching materials. Such devices clearly outperform their
diffraction-limited counterparts and contribute to the ongoing advancement of this technology. (b) Switching energy per bit plotted as a
function of f3dB in cavities with different Q-factors. Increased modulation depth can be achieved by deploying a high-Q resonator. However, an increase in the magnitude of the Q-factor results in severely limited bandwidth. The grey region denotes the performance realm
attainable using classical EO modulated devices, while the bottom left corner shows the technological progression of hybrid plasmonic
devices and their ability to minimize the trade off between increased modulation strength and high bandwidth.

of a hybrid plasmonic MOS-based mode offers a synergistic
design and performance advantages. The underlying hybrid
plasmon mode enables enhanced light-matter-interaction allowing for sub-m short devices with 3+ dB of extinction ratio,
showing potential for designing next generation high-efficient
modulators. Our results show that a 0.78 m short device features an extinction ratio and on-chip insertion loss of approximately 6 dB/nm and 0.7 dB, respectively. Furthermore, the
insertion loss can be reduced to 0.25 dB with similar switching, respectively, by optimization. Benchmarking of EOM
device performance reveals the limits of diffraction limited
photonic modulators and highlights the performance potential
of plasmonic modulator architectures, which significantly outperform classical devices. Such active hybrid plasmonic devices
are promising candidates to deliver high performance circuits
in terms of saving material and wafer real estate (cost), energy,
while delivering superior data bandwidth performance.
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Abstract—Given the considerable interest that has existed for
silicon nanowires lately, it is surprising how little attention
has been generally paid to the dramatic influence that waveguiding and resonance phenomena can have upon their optical
properties. This paper reviews recent work at Harvard University on the optical properties of silicon nanowires. We show
that they can take a striking variety of colors, and that this
enables color and multispectral imaging.
Index Terms—Image sensors, infrared imaging, multispectral imaging, nanowires, nanofabrication.

II. Multicolored Silicon Nanowires
Rather than the “bottom up” VLS method, we used “top-down”
nanofabrication to realize nanowires with precise control over
their location, radius and length. The starting substrate was a

I. Introduction
Silicon nanowires have been investigated intensively over the
past decade, due to the interesting possibilities they present
for electronics. It is therefore striking that, until recently,
little work had been generally done on their optical properties. This is partly a consequence of the fact that the dominant
method by which they are produced—the vapor-liquid-solid
(VLS) technique [1]—does not usually produce orderly arrays
of nanowires. In the VLS method, metal clusters heated in
presence of vapor-phase silicon (Si), resulting in liquid metal/
Si droplets. The Si reactant feeds into the liquid droplets, supersaturates them, nucleating solid silicon. The solid–liquid
interfaces act as sinks for continued Si incorporation into the
lattice and growth of the Si nanowires. A photograph of Amit
Solanki (Postdoctoral Fellow, Harvard) and Peter Duane (Harvard and Zena Technologies) loading a silicon substrate into
a furnace for nanowire growth is shown as Fig. 1. In Fig. 2, a
scanning electron micrograph (SEM) of Si nanowires grown in
the author’s laboratory at Harvard is shown. The nanowires are
typical of the VLS method, exhibiting a variety of diameters,
positions, and orientations. This occurs unless steps are taken
to confine the metal clusters, e.g. with oxide buffer layer (e.g.
[2]). In this Research Highlight we review our recent work
on the realization of highly ordered arrays of vertical silicon
nanowires using etching [3], rather than the VLS method. We
show that they exhibit a striking variety of colors that span the
visible spectrum. We furthermore demonstrate a method for
embedding the nanowires into polydimethylsiloxane (PDMS)
[4], the transparent polymer used for contact lenses and microfluidic chips. Lastly, we show that this facilitates the exciting
prospect of color and multispectral imaging [5].
December 2013

Figure 1. Peter Duane (left) and Amit Solanki (right) load substrate into furnace in author’s laboratory for silicon nanowire
growth at Harvard University.

Si

Si
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Cluster
formation

Nucleation
& growth Nanowire

2 µm

Figure 2. SEM of Si nanowires grown by VLS method in author’s laboratory at Harvard. Growth parameters: T = 485 °C,
P = 100 Torr, deposition time = 10 min, gas flows: 5% SiH4 in
H2 at 100 sccm and Ar at 100 sccm. Starting substrate: Si wafer
with Au layer (nominal thickness 5 nm).
IEEE PHOTONICS SOCIETY NEWSLETTER
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Figure 3. (a) Fabrication method for Si nanowires. (b) Hyunsung Park, a Harvard graduate student, performs e-beam lithography to
define etch mask for Si nanowires. (c) Hyunsung operates ICP-RIE machine to etch Si nanowires. (d) SEMs of Si nanowires.
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Figure 4. (a) Optical microscope images of Si nanowires with
radii (R) from 45 nm to 70 nm. (b) Optical microscope image of
pattern of Si nanowires. Letters “S”, “E”, “A”, and “S” contain
nanowires with radii of 70 nm, 60 nm, 50 nm, and 40 nm, respectively. Bars above and below letters contain nanowires with
radii ranging from 75 nm to 35 nm.

silicon wafer. We then performed electron beam lithography,
aluminum evaporation, and the lift-off process. This resulted
in an array of aluminum disks (Fig. 3(a)) that then served as
the mask for the subsequent inductively-coupled plasma reactive ion (ICP-RIE) etching step, in which the nanowires were
formed. The last step (not shown in Fig. 3(a)) involved removal of the aluminum disks from the sample using aluminum
etchant. All nanofabrication work was performed in the cleanroom facility of the Center for Nanoscale Systems at Harvard
12

IEEE PHOTONICS SOCIETY NEWSLETTER

University. Photographs of Hyunsung Park, a PhD candidate at
Harvard University, performing electron-beam lithography and
ICP-RIE are shown as Fig. 3(b) and 3(c), respectively. SEMs of
fabricated structures are shown as Fig. 3(d). The nanowires have
radii of +45 nm, are +1 nm long, and are in a square array with
a pitch of 1 nm. The overall array extent is 100 nm 100 nm. It
can be seen that the etching methods results in excellent control
over the geometrical parameters of the nanowires.
Optical microscopy (Fig. 4(a)) revealed that the Si nanowires
displayed a remarkable variety of colors. Each colored square of
Fig. 4(a) comprised a 100 nm # 100 nm region containing
Si nanowires on a 1 nm pitch. It can be seen that there was a
striking color change as the nanowire radius increased from 45
nm to 70 nm. This was also evident in the pattern shown as
Fig. 4(b), in which the letters comprised nanowires with different radii. A zoom-in of the letter “A” is shown as Fig. 4(b),
with the blue dots comprising individual Si nanowires.
To understand the mechanism by which the Si nanowires
obtain their color, we conducted reflection measurements using an optical microscope fitted with a halogen white light
source and a spectrometer (Horiba Jobin Yvon LabRam). The
reflection spectra were measured on arrays of nanowires with
radii ranging from 45 nm to 70 nm. The reflection spectra
measured from the nanowires were normalized to those obtained from a silver mirror. It can be seen that each spectrum
showed a dip whose position shifted to longer wavelengths as
radius of the nanowire increased (Fig. 5).
As the nanowires are fabricated in arrays, one might think
that their multicolored nature originates from “grating” or diffractive effects of the array. This is not the case, however. We
confirmed this by measuring arrays with the same nanowire
radius but larger pitch (1.5 and 2 nm). We found that the position of the spectral dip shifted by less than 1%. The magnitude
of extinction was reduced, but this was to be expected because
there were fewer nanowires per unit area. We also repeated the
December 2013

III. Multispectral Imaging
with Silicon Nanowires
Having demonstrated the multicolored nature of vertical silicon nanowires, it occurred to us that the phenomenon could
be used advantageously for the realization of filter arrays for
imaging applications. In the work of Figs. 3–6, however, the
nanowires were on silicon substrates. For transmission-mode
filters at visible and near-infrared wavelengths, however, one
would need them to be substrates transparent in those spectral
bands. This is what we set out to do next.
We chose to use polydimethylsiloxane (PDMS) as the substrate into which to transfer our nanowires. The choice was
made primarily because PDMS is transparent at visible and
December 2013
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reflection measurements using a homebuilt set-up with collimated illumination. The spectra however were mostly unchanged in comparison with the results of Fig. 5, which were
obtained with a microscope lens with a numerical aperture
(NA) of 0.5. As we describe below, the multicolored phenomenon can be understood by considering the coupling dynamics
for single nanowires with normally-incident illumination.
The multicolored nature of the silicon nanowires arises
from the fact that the field distribution of the fundamental
guide mode (HE1,1 mode) supported by each nanowire is highly
wavelength-dependent. The possible pathways for light normally incident upon a nanowire are schematically illustrated
as Fig. 6(a). The light that does not interact with the nanowire
mode is reflected or transmitted at the bottom interface between air and Si. The light that does interact with the nanowire mode can be scattered at the top of the nanowire, absorbed
along the length of the nanowire, and reflected or transmitted
at the bottom interface between air and Si. In Figs. 6(b)–(d),
we plot the major transverse component of the HE1,1 mode at
three representative wavelengths for a nanowire with radius 45
nm. At short wavelengths, the mode is tightly confined to the
nanowire (Fig. 6(b)) and therefore not efficiently excited by
unfocused light normally incident from free space due to poor
spatial overlap. As a consequence, the reflection at the bottom interface is similar to that at a flat air-Si interface (without nanowires). At long wavelengths (Fig. 6(d)), the mode is
mostly expelled from the nanowire. It can therefore be efficiently excited, even with unfocused illumination. The mode
is so delocalized, however, that its effective index approaches
that of air. Absorption is low and the reflection at the bottom interface is again similar to that at a flat air-Si interface
(without nanowires). On the other hand, at some intermediate
wavelength, the mode can be efficiently excited from free space
while being localized in the nanowire. This can be seen in the
plot of Fig. 6(c). The light can be absorbed by the nanowire
or alternatively efficiently coupled to the substrate. In both
cases, the reflection at the bottom interface is reduced, leading
to the reflection dips seen in Fig. 5. As the nanowire radius is
increased, the wavelength at which this trade-off between delocalization and confinement occurs red-shifts. As we will see
in the next section, this presents a means for defining a filter
array, in which the filtering function varies as a function of position. One key advantage is that a single lithography defines
the radii of all nanowires, and therefore their optical responses.
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Figure 5. Measured reflection spectra of nanowire arrays.

near-infrared wavelengths. Furthermore, PDMS is used extensively for the realization of microfluidic chips, and there has
been some interest in developing integrated color filters for
fluorescent detection. PDMS is also a soft elastomer and can
be deformed substantially. By demonstrating the embedding
of nanowires in PDMS, therefore, we reasoned that we might
also open up the possibility of future optical elements whose
response could be tuned by stretching. The fabrication method
we devised is shown as Fig. 7, and described below.
The first part of the fabrication method (Fig. 7) involved
etching Si nanowires, using the process described in the previous section. We next spin coated PDMS onto the wafer. A
rotation speed of 1000 rpm and a time of 60 s were used. The
mixture that was applied contained the PDMS base and curing
agent in a 5:1 ratio. We cured the film at 230 °C on a hotplate
for 1 h. As we explain further below, this is a comparatively high
temperature. The resultant PDMS thickness was about 50 nm.
We next removed the cured PDMS film by scraping it from the
Si substrate with a razor blade using a modified version of the
method of Ref [6]. In Ref [6], the wires were made by the VLS
method and they were much larger (+1.5–2 nm diameter, and
+100 nm tall). We initially applied the method of Ref [6], but
the yield was poor, with the nanowires escaping from the PDMS
during the razor blade step. We found that increasing the curing temperature to 230 °C improved the results considerably.
We believe that this is due to the adhesion between the PDMS
and silicon being increased, meaning that the nanowires remain
within the PDMS film during the scraping step.
An optical microscope image of four arrays of vertical silicon nanowires on a silicon substrate is shown as Fig. 8(a). As
before, the colors of the nanowires can be seen to be strongly
dependent on their radii. It should be mentioned that the radii
noted in Fig. 8(a), as well as all other radii quoted in this paper,
are the design values employed in the electron-beam lithography step. In Fig. 8(b), we show a transmission mode optical
microscope image of the nanowire arrays after transfer to the
PDMS. The transfer process has excellent yield and the nanowires can be seen to add color to the PDMS. It is evident, however, embedding the nanowires in the PDMS modifies the color
IEEE PHOTONICS SOCIETY NEWSLETTER
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Figure 6. (a) Wavelength-selective coupling to nanowire: schematic illustration. the e-beam lithography step. We describe
(b)–(d) Major transverse electric field (Ey) distribution of fundamental guided mode of the results we obtained below.
We fabricated our multispectral filter
Si nanowire (45 nm radius) for wavelengths of m0 = 400 nm, 547 nm, and 650 nm.
using the method illustrated schematically as Fig. 7. The filter was then stuck
on a monochrome charge-coupled device
(CCD) image sensor (Fig. 9, left). The
Etch Si nanowires
Cast PDMS & cure
Cut from substrate
cover glass had been removed from the
image sensor. The filter was mounted directly on the microlens array of the image sensor, and we found that adhesive
Razor
was not necessary. A transmission-mode
blade
optical microscope of the filter before
mounting is shown on the right side of
Figure 7. Schematic depiction of method for transferring vertical Si nanowires into Fig. 9. The filter comprised 20 # 20
PDMS.
unit cells, each occupying an extent of
+75 # 75 nm. Each unit cell contained
that they appear. The nanowires with radii of 50 nm, for exeight different filters, with an additional transparent region
ample, appeared magenta when on the Si substrate, but purple
in its center. The transparent region contained no nanowires,
when transferred to the PDMS. This red-shift is a result of the
and is denoted “0” in Fig. 9. Each filter comprised 24 # 24
refractive index of the medium surrounding the nanowires benanowires in a square array on a 1 nm pitch. The nanowires
ing increased from n = 1 (air) to n = 1.5 (PDMS). We also note
had heights of 1.67 nm. The filters denoted “1” to “8” in Fig. 9
that the pitch of the nanowires was a little smaller (0.947 nm
contained nanowires with radii ranging from 45 nm to 80 nm
rather than 1 nm) after transfer to the PDMS. This is due to
in 5 nm steps.
In Fig. 10, the multispectral imaging system concept is
the fact that we cured the PDMS at 230 °C, but used it at room
shown. The approach is analogous to the Bayer filter pattern
temperature (20 °C). The PDMS therefore shrank after fabricaapproach used in color image sensors, in which arrays of dyetion, due to the fact that it has a large coefficient of thermal
based red/green/blue filters are used. Here, however, our array
expansion (+310 ppm/°C). We did however also simulate the
contains eight filter functions that span visible to NIR waveeffect of the reduced pitch upon the transmission spectrum. We
lengths, rather than the three filter functions used in color imfound that the wavelength of the transmission dip was almost
aging. A single exposure can therefore capture an image for
unmodified. This led us to conclude that the reduction in pitch
each spectral channel (Fig. 10).
was not the origin of the red-shift we observed.
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Figure 8. (a) Optical microscope image (reflection mode) of
etched vertical Si nanowires on silicon substrate (R: nanowire
radius). Nanowires are 1.5 nm tall, and in a square array with
pitch 1 nm. (b) Transmission-mode optical microscope image of
Si nanowires after transfer to PDMS film.

To use our filter array for multispectral imaging, we performed the following characterization measurements. We determined the spectral response of our multispectral imaging
system by illuminating it with light from a monochromator
from 400 nm to 1000 nm in steps of 10 nm, and capturing
an image from the CCD at each wavelength. From each image, the value of the pixels associated with each filter was recorded. We intentionally chose the size of each filter (24 # 24
nanowires) to correspond to 4 # 4 pixels of the image sensor.
We found the transmission spectra (T(m)) of our filter channels by normalizing the measured pixel values of the filter
channels by those measured from the clear reference area containing no nanowires (“0” of Fig. 9). The results are plotted
in Fig. 11(a) along with the image sensor’s relative response
[7]. We then found the relative response of each filter channel by multiplying the image sensor’s response (black dashed
line of Fig. 11(a)) by 1 – T(m). In this way, the transmission
dips are converted to response peaks. We show the results as
Fig. 11(b). We next illustrated that our approach permitted
the realization of a variety of filter functions. To show this, we
assumed the objective is for the system to have the spectral
response shown as Fig. 11(c). Channels VIS1-3 were assigned
to have the ideal response of the CIE (1964) 10-deg color
matching functions [8]. Channels NIR1-5 were assigned
to have Gaussian shapes with center wavelengths matching
those of Channels 4–8, respectively. The full-widths-at-halfmaximum (FWHMs) were all chosen to be 100 nm. Next, we
used the least squares method to find the linear combination
of Channels 1–8 (Fig. 11(b)) to achieve a response most similar to the model (Fig. 11(c)). This yielded the actual response
as shown in Fig. 11(d). Differences can be seen between the
actual and model responses, but are much smaller than the
un-optimized result (Fig. 11(b)).
We next set about demonstrating color imaging with our
system. We did not use any filters (e.g. IR blocking filters) in
addition to our multispectral filter array. We took nine images
December 2013

Figure 9. (LEFT) photograph of multispectral filter (PDMS film
with embedded Si nanowires) mounted on ¼ inch monochrome
charge-coupled device (CCD) image sensor. RIGHT: Transmission-mode optical microscope image of PDMS-embedded arrays
of vertical silicon nanowires.

PDMS-embedded
silicon nanowires

Monochrome
image sensor

•3 visible
channels
(RGB)
•5 nearinfrared
(NIR)
channels

Figure 10. Concept schematic of multispectral imaging system.
PDMS film with embedded Si nanowires is mounted on monochrome image sensor.

of each scene, with mechanical scanning of the image sensor in
a 3 # 3 array. We did this in order to increase the resolution
and reduce the pixel calculation error due to geometric position mismatch between the color filter channels (Channel 0 and
Channels 1–8). To generate color images, we combined Channels VIS1-3 to obtain standard red/green/blue (sRGB) images.
We then applied color correction, using results we obtained
by imaging a Macbeth color checker card. Gamma correction
was applied next. An image of resistors produced in this way
is shown as Fig. 12(a). The color codes can be seen to be very
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Figure 11. Spectral response of PDMS Si nanowire filter array. (a) Colored lines and symbols: measured filter transmission spectra.
Black dashed line: image sensor’s relative response from datasheet. (b) Relative response of multispectral imaging system. Channels
are labeled following the scheme of Fig. 9. (c) Model (goal) response of multispectral imaging system. (d) Actual response of multispectral imaging system after optimization.

vivid. In Fig. 12(b), an image of the Macbeth ColorChecker
card is shown. The results were seen to be quite similar to those
produced by a conventional color camera.
Our next goal was to demonstrate multispectral imaging by making use of the five NIR channels of our filter array. In particular, we sought to demonstrate that our device
could distinguish vegetation from other materials by constructing a normalized difference vegetation index (NDVI)
image. NDVI images represent the normalized ratio between NIR and visible channels, with NDVI = (NIR – VIS)/
(NIR + VIS). They are used for mapping vegetation. Vegetation has high NIR reflectance and low visible reflectance,
giving it a high NDVI value. To demonstrate our system’s
capabilities, we imaged a scene containing a plant, single
leaf and a Macbeth ColorChecker card. As before, we used
Channels VIS1-3 to produce a color image. This is shown
as Fig. 12(c), and was seen to be quite similar to that produced with a conventional color camera. We furthermore
produced an NDVI image by taking Channel VIS3 as the
visible channel and Channel NIR3 as the NIR channel. The
16
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results are shown as Fig. 12(d), and demonstrate the capability of our system to distinguish vegetation. The plant,
single leaf and green color checker card square can be seen
to have very similar (dark green) colors in Fig. 12(c). In
the NDVI image of Fig. 12(d), however, the single leaf and
the leaves of the plant can be seen to produce high NDVI
values while the green color checker card square does not.
We also note that the violet color patch also produced a
high NDVI value, but that this was to be expected due to
its material properties.
To further demonstrate the capabilities of our multispectral
system, we next performed an experiment where we imaged
through an object that was opaque at visible wavelengths. The
object we chose was a glass plate painted with a black permanent marker. Like many dyes, the marker ink transmitted
infrared wavelengths. We arranged a scene in which a crossshaped object was located in front of the painted black screen,
while a donut-shaped object was located behind it. Whitelight and IR light emitting diodes (LEDs) were used to illuminate the scene, which was imaged with our CCD camera
December 2013
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Figure 12. Imaging experiments performed with monochrome
CCD fitted with multispectral filter array (Si nanowires in
PDMS) (a) Color image of resistors. (b) Color image of Macbeth
ColorChecker card. (c) Color image of scene containing plant,
leaf, and Macbeth ColorChecker card. Black arrows denote
objects with similar dark green colors. (d) NDVI image, demonstrating leaves can be readily distinguished from dark green
patch of color checker card.

LED (white + IR (950 nm))
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Si Nanowire
photodetector
(different radius)

Bottom
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Figure 14. (a) Concept schematic of conventional image sensor
employing absorptive dye color filters. (b) Schematic of proposed concept of image sensor employing silicon nanowires.

(black ink painted glass)

IV. Conclusions and Future Prospects
Back object
(hidden)
Camera
Front object

Color

NIR5

Figure 13. Demonstration of NIR imaging through object (black
ink painted glass) opaque at visible wavelengths.

fitted with our multispectral filter. We show the results we
obtained as Fig. 13. It can be seen that, in the visible-wavelength image, the object in front of the screen is visible. For
the NIR image (NIR5 channel), however, both front and back
objects can be seen.
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We have shown that a filter based on vertical silicon nanowires enables multispectral imaging from visible to NIR wavelengths. Our multispectral filter harnesses the phenomenon
that vertical silicon nanowires can show a variety of colors, in
contrast to the gray color that silicon appears in bulk form.
This phenomenon is ascribed to wavelength-selective coupling
to the guided nanowire mode. We note that the method we introduce is very practical from a manufacturing standpoint because all filter functions are defined at the same time in a single
lithography step. A fully-functional device results from an additional two steps (etching and embedding in PDMS) that are
relatively simple. The filter device we introduce could enable
multispectral imaging systems that have smaller footprints
and are of lower cost than current approaches. In addition, as
we discuss briefly below, this work opens up the exciting future prospect of image sensors based on nanowires.
In conventional image sensors (Fig. 14(a)), color separations
are performed using absorptive color filters, with the final image found via demosaicing. Primary color RGB filters transmit
red, green and blue light. This limits efficiency, however, because much of the spectrum is blocked, i.e. red and blue for a
green filter. Here, we suggest a novel means for simultaneously
achieving high efficiency and high color accuracy (Fig. 14(b)).
We suggest pixels consisting of Si nanowires (incorporating
IEEE PHOTONICS SOCIETY NEWSLETTER
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photodetectors) formed above planar photodetectors. Part
of the spectrum would be absorbed by the Si nanowire, and
converted to photocurrent, in a manner akin to an RGB filter image sensor. The remaining part of the spectrum will be
absorbed by the planar photodetector, and again converted to
photocurrent. By appropriate choice of nanowire radius, pixels
with different spectral responses would be obtained. In this
way, high efficiency color separations could be possible.
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Abstract—In this report we give a summary of our work on
the development of low-noise fiber-optic strain sensors. Three
types of strain sensors were developed and were tested by attaching them to the bodies of acoustic guitars. The fibers are
strained as the soundboards of the guitars vibrate. The resulting
spectral shift of either a Fiber Bragg Grating or a fiber FabryPerot cavity is then used to record the sound of the instrument.
Fiber Bragg Gratings are key components of many sensors
for strain, pressure, temperature, and even chemicals. A Fiber
Bragg Grating (FBG) is a periodic modulation of refractive index that is written into the core of an optical fiber [1, 2]. Light
travelling along the fiber is reflected only if its wavelength
matches the Bragg reflection condition
m B = 2n/

(1)

with the period of the grating / , and the refractive index, n.
Aside from their many uses in telecommunication optics as
band-pass or band-stop filters, FBGs can also act as transducers
for any system input that changes the period of the grating and/
or the refractive index of the fiber core. For example the FBG
period can be changed by exerting strain or compression on the
fiber, whereas hydrostatic pressure on the FBG also changes
the waveguide’s refractive index and thereby the wavelength
of the light reflected by the grating. Temperature affects both,
the FBG period through thermal expansion as well as the refractive index through the waveguide material’s thermoptic
coefficient. Chemical sensors using fiber gratings exploit that
the effective refractive index of the propagated mode may be
affected by the immediate environment around the fiber. This
requires that the mode samples the environment of the fiber
through its evanescent wave, requiring a thinning of the fiber
cladding in the vicinity of the FBG.
Strain sensors are arguably the most straightforward and
popular sensing application of FBGs. A mechanical strain, f,
experienced by the fiber results in a shift of the FBG reflection
maximum [3]
dm = 0.78f -1 # m
B
f

(2)

where the gauge factor of 0.78f–1 for silica takes into account
the change of refractive index upon straining the fiber due to
the elasto-optic effect. At telecommunication wavelengths,
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near 1550 nm the spectral response is therefore 1.21 pm/nf.
Today many companies have commercialized FBG-strain sensor systems—frequently incorporating several FBG sensor
heads that have different periods into a single strand of optical
fiber. The FBGs’ reflection spectra are typically interrogated
with broad band light sources or sometimes using a scanning
laser. Strain acting on part of the fiber-optic cable shifts the
reflection (and transmission) spectra of the FBGs only in this
section. According to a recent survey the fiber-optic sensing
market is projected to be larger than $600M in 2013 with
rapid increases due to the increased use of fiber-optic sensors in
the oil and gas industry. Many of these fiber-optic sensors incorporate FBGs as transducers, whereas others use, e.g. optical
time-domain reflectometry to locate stress points [4].

Fiber Bragg Gratings as Hydrophones
We started our development of fiber-optic strain sensors as
absorption detectors for photoacoustic spectroscopy. Photoacoustic absorption detection is exactly complementary to
luminescence (fluorescence and phosphorescence) detection.
Whenever an analyte in a sample absorbs light and does not
reemit the absorbed energy in form of radiation, that energy
can only be released in the form of heat. A short laser pulse that
is absorbed and rapidly converted to heat, produces a strong
local increase in temperature, which due to local thermal expansion then results in a sound wave. A submersed fiber-optic cable
responds to this sound wave through a transient, local change
of its dimensions and its refractive index [5, 6]. Fiber-optic
transducers are ideal “hydrophones” to record a sound wave in
liquids, since they have a very fast time response, withstand
corrosive liquids and heat, and are immune to electromagnetic
interference. Indeed, the time response of a FBG was shown to
be limited only by the transit time of the acoustic pulse through
the fiber-optic cable [6]. We applied fiber-optic hydrophones
after photoacoustic excitation of a sample that had undergone
capillary electrophoresis, but, here, it became apparent that the
sensitivity of the transducer was not high enough for trace absorption measurements [5]. We therefore attempted to build a
better fiber-optic hydrophone and thereby increase our sensitivity to the photoacoustic response of very dilute samples.
The sensitivity of the FBG hydrophone depends on the magnitude of the wavelength shift for a given strain and refractive index change—a large amplitude of the sound wave produces only
IEEE PHOTONICS SOCIETY NEWSLETTER
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Figure 1. FBG transmission spectra (black) and laser emission
spectra (red) for two different systems. The shaded boxes indicate the spectral range (84 pm and 1 nm) suited for strain measurements. Adapted from [7].

Figure 2. (a) Reflection spectrum of a low finesse fiber FabryPerot cavity. (b) Portion of the spectrum together with the laser
emission spectrum (red). The shaded box indicates the spectral
range (34 pm) suited for strain measurements. Adapted from [8].

a moderate FBG wavelength shift. This wavelength shift needs
to be interrogated with high time resolution and high signalto-noise ratio. For this reason, many FBG strain sensor systems
incorporate a laser that is tuned to the mid-reflection point of
the FBG spectrum. As the FBG spectrum shifts slightly in either
direction, the reflected intensity either increases or decreases in a
nearly linear response to the red or blue shift, respectively. The
magnitude of the intensity change depends on the slope of the reflection spectrum at the mid-reflection point: a large slope corresponds to a higher sensitivity but also to a smaller linear dynamic
range (Fig. 1). Also, it is apparent that temperature changes may
cause drifts in the laser wavelength and gradual shifts of the FBG
spectrum. Since we were interested in noise sources in the acoustic frequency range, we decided to “listen to our detectors” by
connecting them to an audio amplifier, a sound sampling system
and headphones. The success of this “data sonification” was surprising! An untrained student could within a day troubleshoot
a fiber-optic system simply by listening to the sound generated
by a modulated laser source propagating through the fiber-optic
system. The sound distortions are distinctly different when, e.g.,

a mode-hopping laser, an imperfect fiber-splice, stress-induced
birefringence in the fiber core, or a noisy laser driver are present.
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The Photonic Guitar Pickup
It may then not appear to be a large leap to test different FBG
strain measurement systems by affixing the FBG sensor heads to
the body of an acoustic guitar. In the following paragraphs we
describe and compare three different sensor systems and their application as pick-ups for musical instruments. We discuss their
dynamic range, sensitivity and acoustic frequency response.
The first pickup we developed was based on a simple Fiber
Bragg Grating (FBG) that was taped to the body of an acoustic
guitar [7]. As the vibration of the guitar body strained the
fiber sensor, it increased the pitch of the grating, K, the reflection spectrum of the FBG shifted, and the intensity of the
reflected laser light was modulated. The reflected light was
directed by a circulator to a photodetector which was sampled
by a computer soundcard. The two different FBG’s employed
in this study differed in their reflection bandwidths and in
the amount of saturation that was achieved when writing
December 2013

1st Generation

2nd Generation

3rd Generation

FBG 1

FBG 2

Low-finesse
cavity

High-finesse
cavity

Slope of the reflection curve

[dB/pm]

0.017

0.26

0.086

n/a

Sensitivity

[dB/nf]

0.021

0.31

0.13

n/a

Strain response

[pm/nf]

1.21

1.21

1.21

1.21

Spectral range

[pm]

1050

83

34

>1000

Measurement range

[nf]

5–800

0.3–70

0.2–25

0.001–800

Table 1. Summary of response characteristics of three different fiber strain sensing systems. The sensitivity is the product of the strain
response and the slope of the reflection curve.

mR =

2nL
q

(3)

where the length of the cavity was L = 10.1 mm and its refractive index n c 1.45. In this case q c 18900 at mR = 1550 nm.
The response to a cavity length change is
dmR
= 2 c d n L + n m = 2 c dn + n m
dL
q dL
q f

(5)

The term in brackets is the gauge factor of 0.78 f –1 and with (3)
we obtain dmR /f = mR ◊ 0.78 f –1 or, in our case, 1.21 pm/nf.
This is exactly the same strain response as calculated above for the
envelope of the reflection spectrum and it does not depend on the
length of the cavity. The spectral response range of the low-finesse
cavity fringes is 34.1 pm and the sensitivity within that range is
comparable to that of the FBG spectral envelope (Table 1). While
the sensitivity and range is similar to the “first generation sensor”
December 2013
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Figure 3. (a) Transmission spectrum of a high finesse fiber
Fabry-Perot cavity (b) One cavity resonance (circles) together
with the laser emission spectrum (red line) showing the two
sidebands and the error (=feedback) signal (black line). Adapted
from [10].

(4)

where we used dL = fL. The strain response is
dmR
= 2Ln c 1 dn + 1 m
f
q n f

0

Transmission / arb. units

the FBGs (Fig. 1). Consequently, the slope of the reflection
spectrum at the mid-reflection point was different (Table 1)
and accordingly they showed a different dynamic range. As
expected the FBG sensor with the larger dynamic range also
had a lower sensitivity and therefore produced a smaller audio
signal. To relate the strain on the fiber-optic cable to the amplitude of the guitar’s sound board we measured for one guitar
and fiber sensor combination a linear strain response of 1 nf
per 25 nm vibration amplitude. The sensitivity is therefore
more than sufficient to record the vibration amplitude of the
soundboard of an acoustic guitar, which may be as high as a
few hundred microns for a plucked string. Both FBGs covered
an audio frequency range that spans <60 Hz to over 20 kHz.
Their frequency response at low frequencies outperformed both
a piezoelectric transducer in an acoustic guitar and a single-coil
magnetic induction “pick-up” used in an electric guitar.
The “second generation” of the photonic pickup was based
on a low-finesse optical cavity made from two identical FBGs
[8]. Again, the vibration of the guitar body strained the fiber
cable containing the fiber cavity, but the strain now changed
the resonance wavelengths of the cavity spectrum in addition
to the FBG reflection envelope (Fig. 2).
The resonant wavelengths of a fiber Fabry-Perot cavity are [9]

described above, it is straightforward to fabricate different cavities with customized length, and finesse, and thereby adjust the
operating range and the strain sensitivity. Also, the entire cavity
acts as a sensor head and the sensing area is therefore increased
compared to a single-FBG transducer. Both sensors produced audio recordings that were comparable and frequently superior to
those obtained with commercial piezoelectric pickups. Yet, both
also produced an audible noise background that was associated
with light intensity noise from the laser and our photodetector.
Even more annoying were the light intensity changes that were
due to movement of the fiber-optic cables and the thermal drifts
that required occasional resetting of the laser wavelength.
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21

Figure 5. Paul Langlois playing the photonic guitar. The sound
recordings are available on the journal website. Photography by
Chris Prouse, North Summit Productions.

Figure 4. Photograph of the custom-built “Photonic Guitar”.
Seven low-finesse fiber Fabry-Perot cavity sensors are embedded in the wood of the top plate and the reflection signal is
guided out of the guitar through a fiber bundle. Photography by
Greg Black, Queen’s University.

Since the frequency shift of the spectrum contains all information about the strain on the fiber-optic cable and thereby
on the vibration amplitude and frequency of the guitar soundboard, a real-time, direct measurement of this shift is expected
to be superior to light intensity measurements. In our “third
generation” photonic pickup we therefore extracted the vibrational amplitudes directly from the shift of the cavity fringes
of a high-finesse fiber Fabry-Perot cavity and avoided light intensity measurements altogether.
Our implementation uses an active laser stabilization
scheme (Pound-Drever-Hall) to frequency-lock a 5 MHz
bandwidth laser on a narrow (25 MHz) fringe of a high-finesse
fiber Fabry-Perot cavity [10] (Fig. 3). The technique was derived from the previous work by e.g. Gagliardi et al. [11], and
Chow et al. [12]. As above, the cavity resonance frequency
changes as the guitar body vibrates, but this time the audio
signal is obtained from the correction signal that is sent to the
laser driver in order to keep the laser locked [10, 13]. In this
way, this pick-up has a response range that is only limited by
the current-tunability of the laser diode and can easily exceed
1 nm. Such a sensor head could therefore measure strain up
to over 1000 nf (the fracture of silica fiber occurs at about
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dL/L = 1% = 10,000 nf). The lower response limit is determined by the electronic noise of the locking circuitry, the laser
frequency fluctuations, fiber thermal noise and ultimately by
the laser shot noise [11]. From the measured signal-to noise
ratio of ~60 dB we can estimate the lowest measurable strain
as being in the low nano-strain regime. Of course, thanks
to the locking loop, it is no longer necessary to compensate
for temperature changes or other slow drifts of the spectrum
to keep the sensor in the operating range, and the system is
largely immune to polarization and intensity changes due to
moving fiber-optic cables. Birefringence in the fiber cavity has
a deleterious effect on the spectrum, though, since it splits
each of the cavity fringes into two, thereby making the laser
locking less robust. Also in the third generation pick-up the
audio frequency range is limited by the speed of the servo
amplifier, while in the intensity-based measurements the audio frequency response was very high and limited only by the
detector response and mechanical damping. Previous strain
measurements using an active frequency-lock operated at frequencies up to a few kHz, [11] whereas our most recent study
implemented a fast servo loop that permitted us to track the
cavity resonance peaks (Fig. 3(a)) with an audio bandwidth of
up to 30 kHz. [10] There is no fundamental reason why this
bandwidth could not be further increased into the regime of
several hundred kHz and beyond.
We determined that the photonic guitar pickup has a 60 dB
linear dynamic range in vibration amplitude with a noise
floor that is more than 30 dB below a typical signal, i.e. a
plucked string. It has a flat frequency response from DC to
about 25 kHz, and it can record mechanical vibrations of up to
30 kHz. By contrast, piezo-pickups typically have a range from
about 100 Hz to 20 kHz and some exhibit eigenfrequencies
that produce undesired distortions.

Keep on Rockin’
A guitar with 7 in-built fiber sensors was commissioned from
Dagmar Guitars (Fig. 4) and was tested by Mr. Paul Langlois,
who plays guitar in the rock band The Tragically Hip when he
is not visiting laser labs (Fig. 5). There are several ways to illustrate the noise level and frequency response of the different
December 2013

types of guitar pickups. Considering that our ears and brains
have evolved to discern not only audio frequencies but also
acoustic distortions and noise, we decided to provide audio
files as examples of our work. Those files can be found in the
journals database.
Ongoing work uses the improved fiber strain sensor as a
hydrophone – as was originally planned—with the intention
to record sound that is generated by the non-radiative decay of
laser-excited states of absorbing chemical compounds in water.
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News
Meet the Newly Elected Members
of the
IEEE Photonics Society Board of Governors 2014—2016

WENG W. CHOW is Distinguished Member of Technical Staff at Sandia National Laboratories. He served
as associate editor for JQE from 2003 to 2007, was on the program committees for semiconductor lasers in
CLEO (2005-2006), nonlinear optics in QELS (~2007-2008) and the International Semiconductor Laser
Conference (2010-2012). From 2007 to 2009, he was a LEOS Distinguished Lecturer and shortcourse instructor (semiconductor laser physics) at the LEOS Annual Meetings. He supports the Photonics
Society journals through regular manuscript submissions and by responding mostly positively to refereeing
requests.
LUKAS CHROSTOWSKI is an Associate Professor of Electrical and Computer Engineering at the University of
British Columbia, Vancouver, BC, Canada. He has been involved in conference organization, namely as Chair
(2013) and Program Committee (2011, 2012) of the IEEE Photonics Society-sponsored International Conference on Numerical Simulation of Optoelectronic Devices (NUSOD); he was the co-Chair for the Photonics
North optoelectronics and integrated optics session (2013); member of the CLEO Semiconductor Lasers subcommittee (2011, 2012); Tutorial/Working Group Chair (2009) and Program Committee member (2010,
2011) of the IEEE Annual Workshop on Interconnections within High Speed Digital Systems (now Optical Interconnects conference); Sub-Committee Chair (2009), Technical Committee (2011, 2012, 2013), and Session
chair (2009, 2010, 2011, 2012, 2013) for the CMOSET Workshop; Co-Chair (2007, 2010) of the PCAMM Annual Meeting; and Chair of the VCSELs/Microcavities session (2008) at the IEEE Semiconductor Laser Workshop.
ANDERS LARSSON is Professor and Head of the Photonics Laboratory at Chalmers University of Technology,
Gothenburg, Sweden. He was the Chair of the IEEE International Semiconductor Laser Conference in 2008 and
the Program Chair of the same conference in 2006. In 2004 he organized the European Semiconductor Laser
Workshop, co-organized the IEEE Semiconductor Laser Workshop, and was a co-Program Chair of the
European Conference on Optical Communication. He is currently Associated Editor for IEEE/OSA Journal of
Lightwave Technology and a member of the Editorial Board of IET Optoelectronics. In 2007 he was Guest
Editor for a special issue of IEEE Journal of Selected Topics in Quantum Electronics. He has served on the
technical program committee of numerous conferences organized by IEEE, OSA, SPIE and others. In 2000 he
worked for the Royal Swedish Academy of Sciences to promote the Nobel Prize in Physics.

XIULING LI is currently an associate professor in the department of electrical and computer engineering at

the University of Illinois, Urbana-Champaign. She is an associate editor for the Photonics Journal and the IPS
representative to the IEEE Nanotechnology Council. She has served on the IPS annual meeting Semiconductor
Laser Technical Committee from 2008 – 2010, the IPS Semiconductor Laser workshop session organizer in
2009, and CLEO Science & Innovation committee 6 since 2012. In addition, she is the IEEE Electron Device
Society (EDS) Student Chapter Faculty Advisor (2010 – present), Electronic Materials Conference (EMC)
technical program committee member (2012 – present), guest editor for a special issue of the Journal of
Electronic Materials (2013), and Asia Communications & Photonics Conference (ACP) Technical Program
Committee Member (2012, 2013).
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News

(cont’d)

CLEO 2013: IEEE Photonics Society Fellows and Award Winners

IEEEPhotonicsAwardwasawardedtoIEEEPhotonicsSociety
LifeFellow,PeterMoutlon(right),byPeterStaecker,IEEE
President(leŌ).

IEEEPhotonicsSocietyFellowawardspresentedbyHideo
Kuwahara,IEEEPhotonicsSocietyPresident,atCLEO2013.
AwardRecipient:FellowMichalLipson.
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ProfessorAlexandraBoltassevawins2013YoungInvesƟgator
AwardfromIEEEPhotonicsSociety(IPS).PresentedatCLEO
2013byHideoKuwahara,IPSPresident.

IEEEPhotonicsSocietyFellowawardspresentedbyHideo
Kuwahara,IEEEPhotonicsSocietyPresident,atCLEO2013.
AwardRecipient:FellowTetsuyaKawanishi.
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News

(cont’d)

CLEO 2013: IEEE Photonics Society Fellows and Award Winners

IEEEPhotonicsSocietyFellowawardspresentedbyHideo
Kuwahara,IEEEPhotonicsSocietyPresident,atCLEO2013.
AwardRecipient:FellowCunͲZhengNing

Fellowawardwinners
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IEEEPhotonicsSocietyFellowawardspresentedbyHideo
Kuwahara,IEEEPhotonicsSocietyPresident,atCLEO2013.
AwardRecipient:FellowSailingHe

AlexandraBoltasseva’sFutureYoungInvesƟgator
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News

(cont’d)

2013 IEEE Photonics Society Awards and Recognition

Hideo Kuwahara, Photonics Society President, recognized the recipients of the 2013 IEEE Photonics Society awards and several of
our volunteers for their service to the Society. The awards were presented during the Awards Reception at the 2013 IEEE Photonics
Conference in Bellevue, Washington, USA.

The Aron Kressel Award was presented to Sarath Gunapala, "For pioneering contributions to the development of quantum structures
based infrared detectors and imaging focal plane arrays.”

The William Streifer Scientific Achievement Award was presented to Curtis R. Menyuk, "For seminal advances in the fundamental
understanding and mitigation of polarization effects in high-performance optical fiber communication systems.”
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(cont’d)

2013 IEEE Photonics Society Awards and Recognition

Weng W. Chow received the Quantum Electronics Award, “For contributions to semiconductor-laser theory, in particular
the implementation and verification of many-body effects.”
















The Distinguished Service Award was presented to Kent Choquette, “For diverse and dedicated service to the Photonics Society,
with special contributions in conferences.”
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(cont’d)

2013 IEEE Photonics Society Awards and Recognition

Dalma Novak completed her term as an elected member, and also the Secretary
Treasurer of the IEEE Photonics Society Board of Governors 

Two Distinguished Lecturers who have completed their respective terms of service to the Photonics Society were recognized for their valuable contributions. Andrew Ellis, University College Cork, and
Lianshan Yan, Southwest Jiatong University.
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(cont’d)

IEEE Photonics Society Raises Industry
Awareness Through New Global Initiatives
Collaborating with IEEE Women in Engineering and the launch of a chapter
in New Delhi, the Society is focused on increasing member engagement and
industry relevance
Piscataway, NJ – The IEEE Photonics Society (IPS), a
leading global network of scientists and engineers representing the laser, optoelectronics and photonics community, continues to grow as a result of the launch of several
new programs since the start of 2013.
“This year the IEEE Photonics Society is focusing on
member engagement and industry relevance more than
ever,” says Richard Linke, Executive Director of the society. “We see our members as IEEE’s eyes and ears out in the
community, advocates who are representing our organization and society around the world.”

NATIONAL PHOTONICS INITIATIVE
The IEEE Photonics Society is actively participating in
the National Photonics Initiative (NPI), a collaborative alliance of photonics associations seeking to unite industry,
academia and government experts to identify and advance
areas of photonics critical to maintaining US competitiveness and national security. A major focus of the initiative is
the development of federal programs that encourage greater collaboration between US industry and academia. The
alliance encourages an increase investment in education
and job training programs for those interested in the photonics field.
For more information about the NPI, please visit: http://
www.LightOurFuture.org.

WOMEN IN ENGINEERING
In addition to NPI, IPS is collaborating with IEEE Women
in Engineering (WIE) to showcase the volunteer efforts and
dedication of their female members. Under the leadership
of IEEE Fellow and IPS President-Elect, Dalma Novak,
and IEEE Photonics Journal Editor-in-Chief, Carmen Menoni, the society’s collaboration with WIE is designed to
encourage women around the world to pursue careers in the
photonics industry.
WIE plans to feature Novak in the December issue of
IEEE WIE Magazine, which will detail her industry accomplishments, leadership roles, and her vision for the Society
after she becomes president in 2014. Novak, as well as Menoni, will participate in WIE Live-Chats throughout the remainder of the year with the goal of spurring discussions that
connect women engineers with the photonics community.
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To participate in the Dalma Novak, IPS PresidentElect, Live-Chat, visit http://www.ustream.tv/channel/
dalma-novak at 10:30am EDT on October 11, 2013.

INDIA INITIATIVE
A new India-based chapter of IPS as well as the Workshop
on Recent Advances in Photonics will be located at the
Indian Institute of Technology in Delhi, India. The biennial workshop, the first of which is planned for the 17th
and 18th of December 2013, is intended to attract graduate students and other young researchers to the field of
photonics—more specifically—advanced manufacturing,
communications and information technology, defense and
national security, health and medicine, and energy. Designed to motivate photonics-based innovation and research, the workshop will consist of expert presentations
on the most recent advances and emerging technology
trends.
“We hope this biennial event will help significantly toward incorporating the spirit of innovation about photonics in young Indian researchers,” Linke says.
For more information, please visit: http://physics.iitd.
ac.in/wrap2013.html

GETTING THE WORD OUT
Due to the expanding global nature of IPS and its need
to stay connected with members, academia and industry
professionals, the Society recently increased its online presence through social media sites such as Facebook, Twitter, LinkedIn, and their new online newspaper, the IEEE
Photonics Daily. IPS followers and subscribers on the web
have immediate access to quick updates and micro-blogs
on photonics research and innovation, IPS programs, educational opportunities, publications, membership news and
upcoming conference information.
“IEEE Photonics Society hopes to offer the photonics
community a place to network with peers, keep up with
evolving tech news and have a voice in the industry,” explained Lauren Mecum, IPS Membership Development
Specialist.
Follow IPS on Twitter: @IEEEPhotonics
Like IPS on Facebook: http://Facebook.com/Photonics
Society
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Join the IPS LinkedIn Group: http://linkd.in/10MW07o
Subscribe to IEEE Photonics Daily: http://bit.ly/
IPSDaily

Interested in becoming an IEEE Photonics Society member? Visit http://bit.ly/Ulh0iE or http://bit.ly/
14skANu for more information.

IEEE Photonics Society Gets Social to Connect
with the Photonics Community Online
Piscataway, NJ– The IEEE Photonics Society (IPS) is now
active on social media and ready to connect with members,
academia and industry professionals on Facebook, Twitter, LinkedIn, and through their new online newspaper,
the IEEE Photonics Daily. IPS is using these social media
channels to provide the photonics and optics community
with innovative ways to engage in conversation and share
useful resources. Raising awareness is IPS’s goal; providing education and outreach about the role of photonics in
technology, manufacturing, telecommunications, research,
healthcare, energy development, security, aerospace, and
more.
“The IEEE Photonics Society is the professional home
for a global network of scientists and engineers who represent the laser, optoelectronics and photonics community,”
said Lauren Mecum, IPS Membership Development Specialist. “We are continually searching for new ways to provide our members with professional growth opportunities
and we plan to use social media as yet another avenue of
doing so. We hope to offer photonics community supporters a place to network with peers, keep up with evolving
tech news and have a voice in the industry.”
Followers of IPS on social media will have immediate access to quick updates and micro-blogs on IPS
programs, educational opportunities, photonics research
and innovation, publications, membership news and
upcoming conference information. In addition, IPS followers on Twitter have the opportunity for their tweets
to be featured in IEEE Photonics Daily, which serves to
inform the readership of new products and technologies. Interested parties who are not active on Facebook
or Twitter can also subscribe to receive the daily online
newspaper, the IEEE Photonics Daily, via email, explained Mecum.
Follow IPS on Twitter: @IEEEPhotonics
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Like IPS on Facebook: Facebook.com/PhotonicsSociety
Join the IPS LinkedIn Group: http://linkd.in/
10MW07o
Subscribe to IEEE Photonics Daily: http://bit.
ly/15VMwp6

About the IEEE Photonics Society
The IEEE Photonics Society is one of the world’s leading
technical communities in the field of optoelectronics and
photonic materials, devices, and systems, with members
and activities engaged in research, development, design,
manufacture, and applications, as well as with the various other activities necessary for the useful expansion of
the field. As part of this dynamic worldwide community,
more than 100,000 photonics professionals actively organize, contribute to, and participate in Society technical conferences, journals and other activities covering all
aspects of the field. The IEEE Photonics Society has 80+
chapters worldwide and is part of IEEE, the world’s largest
technical professional association. The IEEE Photonics Society (IPS) is the current name for the former IEEE Lasers
and Electro-Optics Society (LEOS). Learn more at http://
www.photonicssociety.org and http://www.photonics
conferences.org/.

About IEEE
IEEE, the world’s largest technical professional association, is dedicated to advancing technology for the benefit of humanity. Through its highly cited publications,
conferences, technology standards, and professional and
educational activities, IEEE is the trusted voice on a wide
variety of areas ranging from aerospace systems, computers
and telecommunications to biomedical engineering, electric power and consumer electronics. Learn more at http://
www.ieee.org.
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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

On Facebook

on Twitter

Facebook.com/
PhotonicsSociety

@IEEEPhotonics
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.

“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!

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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Fuel your imagination.
The IEEE Member Digital Library gives you
the latest technology research—so you can
connect ideas, hypothesize new theories, and
invent better solutions.
Get full-text access to the IEEE Xplore® digital
library—at an exclusive price—with the only
member subscription that includes any IEEE
journal article or conference paper.
Choose from two great options designed
to meet the needs of every IEEE member:

IEEE Member Digital Library

IEEE Member Digital Library Basic

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

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

tBSUJDMFEPXOMPBETFWFSZNPOUI

tOFXBSUJDMFEPXOMPBETFWFSZNPOUI

Get the latest technology research.
Try the IEEE Member Digital Library—FREE!
www.ieee.org/go/trymdl
IEEE Member Digital Library is an exclusive subscription available only to active IEEE members.

Careers and Awards

IEEE Photonics Society - Call for NominaƟons

IEEE Photonics Society 2014 Awards
Nomination deadline: 5 APRIL 2014
Nomination Form

Previous Recipients

The Aron Kressel Award is given to recognize those individuals who have made important contributions to
opto-electronic device technology. The device technology cited is to have had a significant impact on their applications
in major practical systems. The intent is to recognize key contributors to the field for developments of critical
components, which lead to the development of systems enabling major new services or capabilities. These
achievements should have been accomplished in a prior time frame sufficient to permit evaluation of their lasting
impact. The work cited could have appeared in the form of publications, patents products, or simply general recognition
by the professional community that the individual cited is the agreed upon originator of the advance upon which the
award decision is based. The award may be given to an individual or group, up to three in number. The award is
administered by the Aron Kressel Awards Committee and presented at the IEEE Photonics Conference.
The Engineering Achievement Award is given to recognize an exceptional engineering contribution that has had a
significant impact on the development of lasers or electro-optics technology or the commercial application of
technology within the past ten years. It may be given to an individual or a group for a single contribution of significant
work in the field. The intention is to recognize some significant engineering contribution which has resulted in
development of a new component, a new processing technique, or a new engineering concept which has had a
significant impact in either bringing a new technology to the market, significantly improving the manufacturability of a
component or device, or creating a new technology which will greatly accelerate or stimulate R&D. No candidate shall
have previously received a major IEEE award for the same work. Candidates need not be members of the IEEE or the
Photonics Society. The award will be presented at the IEEE Photonics Conference.
The Quantum Electronics Award is given for exceptional and outstanding technical contributions that have had a
major impact in the fields of quantum electronics and lasers and electro-optics. This award is given for truly excellent
and time-tested work in any of the fields of interest of the Photonics Society. It may be given to an individual or to a
group for a single outstanding contribution or for a long history of significant technical work in the field. No candidate
shall have previously received a major IEEE award for the same work. Candidates need not be members of the IEEE or
the Photonics Society. The award will be presented at the IEEE Photonics Conference.
The William Streifer Scientific Achievement Award is given to recognize an exceptional single scientific
contribution, which has had a significant impact in the field of lasers and electro-optics in the past ten years. The award
is given for a relatively recent, single contribution, which has had a major impact on the Photonics Society research
community. It may be given to an individual or a group for a single contribution of significant work in the field. No
candidate shall have previously received a major IEEE award for the same work. Candidates need not be members of
the IEEE or the Photonics Society. The award will be presented at the IEEE Photonics Conference.
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Careers and Awards

(cont’d)

Call for Nominations
IEEE Photonics Society 2014 Distinguished Lecturer Awards
Nomination deadline: 16 FEBRUARY 2014
The Distinguished Lecturer Awards are presented to honor excellent speakers
who have made technical, industrial or entrepreneurial contributions of high quality to the
field of lasers and electro-optics, and to enhance the technical programs of the Photonics
Society chapters. Consideration is given to having a well-balanced variety of speakers
who can address a wide range of topics of current interest in the fields covered by the
Society. The term for the Lecturers is July 1 of the year of election until 30 June or the
following year. Candidates need not be members of the IEEE or the Photonics Society.
Nomination Form

December 2013

Previous Distinguished Lecturers
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Careers and Awards

(cont’d)

Nominations for IEEE Awards and
Technical Field Awards
The IEEE Awards Program provides peer recognition to
individuals whose contributions to the art and science of
electro- and information technologies worldwide have improved the quality of life.
IEEE Photonics Society members may be particularly
interested in the following Technical Field Awards with
nomination deadlines of 31 January 2014.
IEEE Cledo Brunetti Award for outstanding contributions to nanotechnology and miniaturization in the electronics arts.
IEEE Electromagnetics Award for outstanding contributions to electromagnetics in theory, application or
education.
IEEE Reynold B. Johnson Information Storage Systems Award for outstanding contributions to information storage systems, with emphasis on computer storage
systems.
IEEE Photonics Award for outstanding achievement(s) in
photonics.
IEEE David Sarnoff Award for exceptional contributions
to electronics.
IEEE Eric E. Sumner Award for outstanding contributions to communications technology.
IEEE Frederik Philips Award for outstanding accomplishments in the management of research and development resulting in effective innovation in the electrical and
electronics industry.
IEEE Daniel E. Noble Award for Emerging Technologies for outstanding contributions to emerging technologies recognized within recent years.
The IEEE Awards Board administers IEEE-level awards
on behalf of the IEEE Board of Directors. These consist
of IEEE Medals, IEEE Technical Field Awards and IEEE
Recognitions.
Nominations are initiated by members and the public,
and then reviewed by a panel of peers. Their recommendations are submitted to the IEEE Awards Board prior to
final approval by the IEEE Board of Directors.

36

IEEE PHOTONICS SOCIETY NEWSLETTER

For nomination guidelines and forms, visit http://
www.ieee.org/about/awards/information.html. Questions?
Contact IEEE Awards Activities, tel.: +1 732 562 3844;
e-mail: awards@ieee.org.

Complete List of IEEE Technical Field Awards
IEEE Cledo Brunetti Award for outstanding contributions to nanotechnology and miniaturization in the electronics arts
IEEE Biomedical Engineering Award for outstanding
contributions to the field of biomedical engineering
IEEE Components, Packaging, and Manufacturing
Technology Award for meritorious contributions to, the
advancement of components, electronic packaging or manufacturing technologies.
IEEE Control Systems Award for outstanding contributions to control systems engineering, science, or technology.
IEEE Electromagnetics Award for outstanding contributions to electromagnetics in theory, application or
education.
IEEE James L. Flanagan Speech and Audio Processing
Award for outstanding contribution to the advancement of
speech and/or audio signal processing.
IEEE Fourier Award for Signal Processing for an
outstanding contribution to the advancement of signal
processing, other than in the areas of speech and audio
processing
IEEE Andrew S. Grove Award for outstanding contributions to solid-state devices and technology.
IEEE Herman Halperin Electric Transmission and
Distribution Award for outstanding contributions to
electric transmission and distribution.
IEEE Masaru Ibuka Consumer Electronics Award for
outstanding contributions in the field of consumer electronics technology.
IEEE Internet Award for network architecture, mobility
and/or end-use applications.
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(cont’d)

IEEE Reynold B. Johnson Information Storage Systems
Award for outstanding contributions to information storage systems, with emphasis on computer storage systems.
IEEE Richard Harold Kaufmann Award for outstanding
contributions in industrial systems engineering.
IEEE Joseph F. Keithley Award in Instrumentation
and Measurement for outstanding contributions in electrical measurements.
IEEE Gustav Robert Kirchhoff Award for outstanding contributions to the fundamentals of any aspect of electronic circuits and systems that has a long-term significance or impact.
IEEE Leon K. Kirchmayer Award for Graduate Teaching for inspirational teaching of graduate students in the
IEEE fields of interest.

IEEE Frank Rosenblatt Award for outstanding con tribution(s) to the advancement of the design, practice, techniques, or theory in biologically and linguistically motivated computational paradigms including
but not limited to neural networks, connectionist systems, evolutionary computation, fuzzy systems, and
hybrid intelligent systems in which these paradigms
are contained.
IEEE David Sarnoff Award for exceptional contributions
to electronics.
IEEE Marie Sklodowska-Curie Award for outstanding
contributions to the field of nuclear and plasma sciences
and engineering.

IEEE Koji Kobayashi Computers and Communications
Award for outstanding contributions to the integration of
computers and communications.

IEEE Innovation in Societal Infrastructure Award for
significant technological achievements and contributions
to the establishment, development, and proliferation of
innovative societal infrastructure systems through the application of information technology with an emphasis on
distributed computing systems.

IEEE William E. Newell Power Electronics Award for
outstanding contribution(s) to the advancement of power
electronics.

IEEE Charles Proteus Steinmetz Award for exceptional
contributions to the development and/or advancement of
standards in electrical and electronics engineering.

IEEE Daniel E. Noble Award for Emerging Technologies for outstanding contributions to emerging technologies recognized within recent years.

IEEE Eric E. Sumner Award for outstanding contributions to communications technology.

IEEE Donald O. Pederson Award in Solid-State Circuits for outstanding contributions to solid-state circuits.
IEEE Frederik Philips Award for outstanding accomplishments in the management of research and development resulting in effective innovation in the electrical and
electronics industry.
IEEE Photonics Award for outstanding achievement(s) in
photonics.
IEEE Robotics and Automation Award for contributions
in the field of robotics and automation.
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IEEE Nikola Tesla Award for outstanding contributions
to the generation and utilization of electric power.
IEEE Kiyo Tomiyasu Award for outstanding early to midcareer contributions to technologies holding the promise of
innovative applications.
IEEE Transportation Technologies Award for advances
in technologies within the fields of interest to the IEEE as
applied in transportation systems.
IEEE Undergraduate Teaching Award for inspirational
teaching of undergraduate students in the fields of interest
of IEEE.
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(cont’d)

2014 IEEE Technical Field Award Recipients and Citations

IEEE ERIC E. SUMNER AWARD—recognizes outstanding contributions to communications technology—sponsored by Bell Labs, Alcatel-Lucent —to
ALAN ELI WILLNER (FIEEE)—Steven & Kathryn Sample Chaired Professor in Engineering, University of Southern California, Los Angeles, CA, USA
“For contributions to high-capacity, multiplexed, optical communication systems.”

IEEE PHOTONICS AWARD—recognizes outstanding achievements in photonics—sponsored by the
IEEE Photonics Society—to
JAMES FUJIMOTO (FIEEE)—Elihu Thomson Professor of Electrical Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA
“For pioneering the development and commercialization of optical coherence tomography for medical
diagnostics.”

IEEE DAVID SARNOFF AWARD—recognizes exceptional contributions to electronics—sponsored
by SRI International Sarnoff—to
LARRY A. COLDREN (LFIEEE)—Fred Kavli Professor of Optoelectronics and Sensors, University of
California at Santa Barbara, Santa Barbara, California, USA
“For contributions to semiconductor lasers and photonic integrated circuits.”

IEEE ELECTROMAGNETICS AWARD—recognizes outstanding contributions to electromagnetics
in theory, application, or education—sponsored by the IEEE Antennas and Propagation Society, IEEE
Electromagnetic Compatibility Society, IEEE Microwave Theory and Techniques Society, and IEEE
Geoscience and Remote Sensing Society—to
ALLEN TAFLOVE (FIEEE)—Professor, Electrical Engineering and Computer Science, Northwestern University, Evanston, Illinois, USA
“For contributions to the development and application of finite-difference time-domain (FDTD) solutions of Maxwell’s equations across the electromagnetic spectrum.”
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Membership Section
IEEE Launches New “MentorCentre” Program for
Photonics Society Members and Others
Piscataway, NJ – IEEE, the world’s largest technical professional association, recently debuted a new mentoring
program that facilitates the matching of IEEE members
and establishes a mentoring partnership among members of participating societies, such as the IEEE Photonics Society. The IEEE MentorCentre program enables
participating individuals to connect globally with other
IEEE engineering professionals, as well as use their careers and life experiences to aid in their peers’ professional development.
“Participating IEEE Photonics Society mentors are finding that helping younger engineers develop their careers to
be extremely rewarding,” said Lauren Mecum, Membership
Development Specialist for the IEEE- Photonics Society.
“Due to the global nature of the MentorCentre program,
the pool of mentees is quite large and diverse, and the more
participation and member involvement, the better.”
Participation in the IEEE MentorCentre program is
completely voluntary, is open to all IEEE members above
Student member grade, and is already included in standard
IEEE membership fees. Mentees and mentors should be
committed to devoting time and effort to developing their
partnership, which is made easier through the program’s
in-person or online facilitation via web conference/Skype,
teleconference, e-mail and social media. Ideal candidates for
IEEE MentorCentre mentees are recent graduates or others
looking for personal guidance on navigating critical career
and educational decisions. Conversely, mentors should be
established and able to “show the ropes” to young professionals. Mentoring with the IEEE MentorCentre provides
an opportunity to share technical knowledge and skills, as
well as help others succeed in their professional and education goals, and supports the engineering and technology
professions.
For more information about the IEEE MentorCentre program, visit http://www.ieee.org/mentoring, or to
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become a mentor or mentee, go to http://mentoring.ieee.
org/ementor/.
In order to benefit from this program, visit http://bit.ly/
Ulh0iE or http://bit.ly/14skANu to learn how to become
an IEEE Photonics Society member.

About the IEEE Photonics Society
The IEEE Photonics Society is one of the world’s leading
technical communities in the field of optoelectronics and
photonic materials, devices, and systems, with members and
activities engaged in research, development, design, manufacture, and applications, as well as with the various other activities necessary for the useful expansion of the field. As part
of this dynamic worldwide community, more than 100,000
photonics professionals actively organize, contribute to, and
participate in Society technical conferences, journals and
other activities covering all aspects of the field. The IEEE
Photonics Society has 75+ worldwide chapters and is part of
IEEE, the world’s largest technical professional association.
The IEEE Photonics Society (IPS) is the current name for
the former IEEE Lasers and Electro-Optics Society (LEOS).
Learn more at http://www.photonicssociety.org.
Follow IPS on Twitter: @IEEEPhotonics (http://twitter.
com/IEEEPhotonics). Like IPS on Facebook: http://
Facebook.com/PhotonicsSociety Subscribe to IEEE Photonics Daily: http://bit.ly/IPSDaily

About IEEE
IEEE, the world’s largest technical professional association,
is dedicated to advancing technology for the benefit of humanity. Through its highly cited publications, conferences,
technology standards, and professional and educational activities, IEEE is the trusted voice on a wide variety of areas
ranging from aerospace systems, computers and telecommunications to biomedical engineering, electric power and
consumer electronics. Learn more at http://www.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
x Connect with IEEE engineering professionals
x Global community from which to select a mentor
x Career resource offering peer-to-peer guidance
x Included with IEEE membership
x Web-based program providing online practical
information for mentoring partnerships
Requirements of being an IEEE Mentor or Mentee
x Giving time and effort to develop a partnership
x Need understanding of role and responsibilities
x Staying in touch and following a plan
x 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
3 July 2013
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Membership Section

(cont’d)

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 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 involved in the community,
promoting the photonics profession or breakthroughs
in the field?
• How does your chapter educate students and foster
professional growth?

If you have a story to tell, submit an article with pictures, video, etc. to:

We want to hear your voice! Stories about your chapter’s
activities can help spark new ideas for other chapters!

ipsnewsletter@ieee.org
Attention: Lisa Manteria

How to submit an article to the IPS Newsletter:

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

IPS will feature 1–2 stories in the bi-monthly newsletter
and share chapters’ best practices via e-blast monthly.
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(cont’d)

Italian Chapter Activities
The Italian Chapter organized and promoted
to present and discuss the latest research rea large number of events, involving experts
sults related to this technology, which allows
and students, and enforcing collaboration
communication using pulses of light transwith other local institution and national
mitted through the free space. OW technoland international societies. A strong and
ogy can be applied in different fields of apcollective work between the members of
plication, and it attracting renewed interest
our Chapter Executive Committee has
thanks to the recent development of low-cost
been the basis of this work and of this year
light emitting diodes (LEDs) for illumination
achievements.
applications: LEDs indeed can allows to exLectures on different topics of photonploit the synergy between illumination and
Prof. Stefano Selleri
ics have been given all over Italy, besides
wide band data transmission in indoor appliby well-known Distinguished Lectures,
cations replacing or combining with the WiFi
by the members of our Chapter Executive Committee,
networks. Also the automotive industry can take advantage
thus covering important and cutting-edge arguments
of the presence of the LEDs in the headlights to implement
like liquid crystal photonics, fiber lasers, sensitive revehicle to vehicle and vehicle to infrastructure communicaflectometry, carbon nanotechnology, silicon photonics,
tion for safety critical protocol, as a part of the intelligent
biosensing, photovoltaics, optical wireless communitransport system. IWOW2012 was jointly organized by the
cations, device and module packaging. This choice alScuola Superiore Sant’Anna and the National Consortium
lowed to strongly improve the collaboration and mutual
for Telecommunications (CNIT).
activity between members of the Committee and to setup events in big as well as little universities and institutions thus reaching wide audience and an high number
of students. Besides lectures, the main important events
are the followings.
The Chapter, jointly with Palermo University, organized the important workshop on “Technologies, installation and market of photovoltaics” held in the wonderful
scenario of the Mondello Beach near Palermo, Sicily on
October 15, 2012. The workshop has been an important
event to let researchers and stakeholders to meet together
and share experiences, ideas and future perspectives. The
workshop has been attended also by a large number of
students of the hosting university. Specific topics like renewable energies, smart grid and distributed generation,
Mondello Beach, location for the workshop on “Technologies, installation and market of photovoltaics”.
thin film technologies, low concentration photovoltaics,
installation technologies and sustainable approaches, Italian and European
markets, have been deeply discussed.
A very interesting round table with
the most important stakeholders in the
field, focused on the perspective of the
Italian industry of photovoltaics has
concluded the one day event.
The Chapter also supported the first
International Workshop on Optical
Wireless Communications (IWOW)
which was held on 22 October 2012 at
the Scuola Superiore Sant’Anna in Pisa.
IWOW attracted worldwide experts in
optical wireless (OW) communications, Attendance at the photovoltaic workshop in Palermo, Sicily.
December 2013
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(cont’d)

The Chapter Executive Committee
is already working and planning the
next year activity, already started with
important events of international level.
First, the second BioPhotonics
Conference held in Taipei, Taiwan.
After the success of the 1st BioPhotonics workshop in Parma, Italy,
2011, the Graduate Institute for Photonics and Optoelectronics at the National Taiwan University has hosted
the 2nd BioPhotonics workshop on
17th–19th of July 2013. The Workshop brought together researchers
Villa del Grumello in Como, Italy, location of the International Workshop on “Spatio- worldwide to exchange their knowlTemporal Complexity in Optical Fibers”, 16–18 September 2013. http://opticalfibers. edge and experience, as well as their
webs.com
research developments in the area of
light-based techniques for medicine,
life science, agriculture, environmental science and many
other areas of application. Academic discussions as well as
social events have been blended in the workshop to link
experts for advancing the science and technology in the
field of biophotonics.
Second, the first international workshop on Spacetime Complexity in Optical Fibers that will be held
at Villa del Grumello in Como, Italy, on September
16–18, 2013. The scope of the workshop is to present
the latest advances in the physics and technology of
advanced optical fibers, including optical rogue and
extreme waves, shock waves, specialty fibers, supercontinuum generation, fiber laser arrays, mode coupling
effects in multimode fibers for spatial multiplexing,
novel modulation formats.
Symbol image of the Liquid Crystals Meeting held in Rome.
The Chapter also supported the 10th Meeting of Italian
Society of Liquid Crystals held at the University of Rome
La Sapienza on 21–23 June 2013. Topics of the meeting
spanned from basic to applied research and applications
of liquid crystals and included synthesis of new materials, structural properties, confined geometries, advanced
photonic applications. The congress get together physicians, engineers, chemists working on liquid crystal and
young researchers who had the opportunity to present their
scientific activity and interact with high national and international experts in the field.
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Best regards
Prof. Stefano Selleri
IEEE Photonics Society Italian Chapter
Dipartimento di Ingegneria
dell’Informazione
Università degli Studi di Parma
Viale G.P. Usberti 181/A—Campus Universitario
I-43124 Parma, Italy
tel: +39 0521 905763
fax: +39 0521 905758
email: stefano.selleri@unipr.it
http://gaem.tlc.unipr.it
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Newly Elevated Senior Members
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Get the most from your IEEE membership with myIEEE—
your one-stop Web portal to the member beneﬁts you use most.

IEEE Knowledge Desktop
connects you to valuable
IEEE information. Manage
your subscriptions, browse
IEEE publications, and learn
about the latest technology
on IEEE.tv.

IEEE Community Desktop
lets you keep in touch with
IEEE colleagues around
the world. View upcoming
conferences and IEEE
section activities, or see what
other members are up to.

IEEE Profession Desktop
is all about developing
your career. Grow your
professional contacts, sign up
for one-on-one mentoring, or
view job opportunities and
career information.

Stay connected to IEEE.
Use your Web Account to log in today at www.myieee.org

46

IEEE PHOTONICS SOCIETY NEWSLETTER

December 2013

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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(cont’d)

Call for Papers

3rd IEEE Photonics Society Optical Interconnects Conference

LOEWS CORONADO
DO BA
BAY RESORT,
Corona
onado, California USA
ona

PAPER SUBM
MISSI
SIO
SI
ON
DEADLINE:
13 Januaryy 2014
PRE-R
E EGISTR
RATION
DEAD
E LINE:
7 April 201
14

CHAIRS:
GENERAL CO-CHAIRS:
Rich Grzybowski, Photonic Controls, USA
Anthony Lentine, Sandia National Laboratories, USA

PROGRAM CO-CHAIRS:
Shekhar Borkar, Intel Corporation, USA
Azita Emami, California Institute of Technology, USA
Xuezhe Zheng, Oracle, USA

www.OI-IEEEE.org
www.PhotoniccsS
sSociety.org
www.Facebook.
k.com/
k.
PhotonicssSociet
ety
et
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IEEE Summer Topicals
Meeting Series
Call for Papers
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(cont’d)

IPC 2014
WK,(((3KRWRQLFV&RQIHUHQFH

Call for Papers
Submission deadline - 2 May 2014
12-16 October 2014
Hyatt Regency La Jolla
San Diego, California, USA
General Chair
Susumu Noda
Kyoto University, Japan

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

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

For more information:
www.IPC-IEEE.org
www.PhotonicsConferences.org

Get Connected, Stay Informed:

Apply online today:
www.ieee.org/membership

PhotonicsSociety.org

PhotonicsConferences.org

@IEEEPhotonics

PhotonicsJournal.org

www.photonicssociety.org

Facebook.com/
PhotonicsSociety
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Avionics Fiber-Optics
and Photonics Conference
Call for Papers

2
0
1
4

AVFOP
11 - 13 November
Hyatt Regency Atlanta
Atlanta, Georgia USA
Submission Deadline: 10 June 2014
Pre-Registration Deadline: 6 October 2014

www.AVFOP-IEEE.org
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Milan Mashanovitch
Freedom Photonics, USA
Program Chair:
Gregory Abbas
EOSPACE, USA
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(cont’d)

IEEE Photonics
Society
Co-Sponosored
Events
Information
Technology
Solutions

2013
RIO December 9—12, 2013

ICMAP December 13—15, 2013

Sixth “Rio de la Plata” Workshop on Laser Dynamics and
Nonlinear Photonics
Cala di Volpe BouƟque Hotel
Montevideo, Uruguay
hƩp://www.fisca.edu.uy/~cris/workshop.htm

InternaƟonal Conference on Microwave Photonics
Indian School of Mines
Taichung, Taiwan, ROC
hƩp://www.icmap2013.org

2014
ICONN February 2—6, 2014

LDC June 19—20, 2014

2014 InternaƟonal Conference on Nanoscience and
Nanotechnology
Adelaide ConvenƟon Center
Adelaide, Australia
hƩp://www.aomevents.com/ACMMICONN

2014 3rd Laser Display Conference
NaƟonal Chung Hsing University
Dhanbad, India
hƩp://ldc.top-one.com.tw/main.asp?url=110&cid=1

OFC March 9—13, 2014

LO June 30— July 4, 2014

2014 OpƟcal Fiber CommunicaƟons Conference and
ExhibiƟon
Moscone Center
San Francisco, CA, USA
hƩp://www.ofcconference.org

2014 InternaƟonal Conference “Laser OpƟcs”
Holiday Inn Moskovsky Vorota
Saint Petersburg, Russia
hƩp://www.laseropƟcs.ru/2014

OFS June 2—6, 2014

OMN August 17—21, 2014

2014 23rd InternaƟonal Conference on OpƟcal Fiber
Sensors
Santemar Hotel
Cantabria, Spain
hƩp://www.teisa.unican.es/OFS23/

2014 InternaƟonal Conference on OpƟcal MEMS and
Nanophotonics
University of Strathclyde
Glasgow, Scotland, UK
hƩp://www.omn2014.org/

CLEO June 8—13, 2014

MWP/APMP October 20—23, 2014

Conference on Lasers and Electro-OpƟcs
San Jose ConvenƟon Center
San Jose, CA, USA
hƩp://www.cleoconference.org/home/

2014 InternaƟonal Topical MeeƟng on Microwave Photonics
2014 9th Asia-Pacific Microwave Photonics Conference
Sapporo ConvenƟon Center
Sapporo, Japan
hƩp://www.mwp2014.com/
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What does IEEE Open Access mean to an author?
t5PQRVBMJUZQVCMJTIJOHXJUIFTUBCMJTIFEJNQBDUGBDUPST
t*ODSFBTFEFYQPTVSFBOESFDPHOJUJPOBTBUIPVHIUMFBEFS
t"DPOTJTUFOU*&&&QFFSSFWJFXTUBOEBSEPGFYDFMMFODF
t6OSFTUSJDUFEBDDFTTGPSSFBEFSTUPEJTDPWFSZPVSQVCMJDBUJPOT
t(SFBUXBZUPGVMmMMBSFRVJSFNFOUUPQVCMJTIPQFOBDDFTT

Learn more about IEEE Open Access Publishing:

www.ieee.org/open-access
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Announcement of an Issue of the IEEE/OSA
Journal of Lightwave Technology on:

MICROWAVE PHOTONICS
** Submission Deadline: January 1st, 2014 **
The IEEE/OSA Journal of Lightwave Technology invites manuscript submissions in the area of
Microwave Photonics. This special issue of the Journal of Lightwave Technology covers all topics in the
field of microwave photonics, including radio-over-fiber systems, microwave photonic technologies for
biomedical applications, broadband photonic devices, and photonic techniques for the generation,
distribution, and processing of microwave signals. A portion of this issue will feature expanded versions of
accepted papers presented at the 2013 International Topical Meeting on Microwave Photonics (MWP 2013)
in Alexandria, Virginia, USA on October 28-31, 2013. It is therefore likely that the topic of the in-depth
workshop held on the first day of MWP 2013, which was integrated photonic devices and subsystems, will
be discussed in some of the papers assembled in this issue.
The Guest Editors for this issue are: Edward Ackerman, Photonic Systems Inc., USA; Tadao Nagatsuma,
Osaka University, Japan; Stavros Iezekiel, University of Cyprus, Cyprus
The deadline for submission of manuscripts is January 1st 2014. Please submit your paper to:
http://mc.manuscriptcentral.com/jlt-ieee and under Manuscript Type select “Microwave Photonics
2014”. 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 September/October 2014.
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
445 Hoes Lane
Piscataway, NJ 08854 USA
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:

TheIEEE/OSAJournalofLightwaveTechnologypresentsaforumforauthorstopublishexpandedpapers
in a Special Issue on the23rd International Conference on OPTICAL FIBER SENSORS. The Chairsofthe
conferenceserveasGuestEditorsinthisendeavor.

OnbehalfoftheGuestEditorsandtheEditorͲinͲChief,weencourageyoutosubmitanexpandedversion
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
advantageoftheopportunity.Basedonthis,wehopeyouwillbeabletosubmitsuchapaper.Tutorial
presenterswillbeinvitedindividually.Tutorialreviewpaperscanrangeupto16pagesinlength.

Submissionsbywebsiteonly:http://mc.manuscriptcentral.com/jltͲieee
ManuscriptType:“OFS23”
Submissionquestions:DougHargis,JournalofLightwaveTechnologyd.hargis@ieee.org
Relevanttopicsinclude,butarenotlimitedtothefollowing:
•Physical,Mechanical,andElectromagneticSensors
•Chemical,Environmental,BiologicalandMedicalSensorsandBiophotonics
•InterferometricandPolarimetricSensorsincludingGyroscopes
•MicroͲandNanoͲstructuredFiberSensorsincludingthePhotonicCrystalFibersandGratings
Sensors
•MultiplexingandSensorNetworking
•DistributedSensing
•SmartStructuresandSensorsincludingtheSHMsystems
•SensorApplication,FieldTestsandStandardization
•Newfibers,DevicesandSubsystemsforPhotonicSensingincludingtheonesforsecurityand
defense
•NewConceptsforPhotonicSensing
Guest Editors: Prof. José Miguel LópezͲHiguera, University of Cantabria, Spain;  Prof. Julian
Jones,HeriotWattUniversity,UK;Prof.ManuelLópezͲAmo,PublicUniversityofNavarra,Spain;
Prof.JoseL.Santos,UniversidadedoPorto,Portugal.

Submission deadline:
7 September, 2014
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Optical Detectors – Technology and Applications
Submission Deadline: February 1, 2014
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Optical
Detectors – Technologies and Applications. Pure electronics cannot satisfy all application fields. Photonics and optoelectronics
complement electronics for many of them. Photonics and optoelectronics demonstrate a large progress and may promise a larger,
longer lasting growth than electronics alone. Within optoelectronics, stand alone and integrated optical detectors are a wide field of
research. Since about two decades optical detectors have been integrated together with electronics in optoelectronic integrated
circuits or photodiode ICs. This evolution towards silicon-based technologies is based on the existing mature (Bi)CMOS
manufacturing infrastructure which can be used to cost-effectively produce photodiode integrated circuits for a wide range of
applications. The solicited areas include (but are not limited to):
x High-speed and ultrahigh-speed photodetectors
x Infrared, visible, UV detectors
x Single-photon detectors, silicon photomultipliers
x Monolithic, heterogenous or hybride integration of detectors in III/V semiconductor and silicon technologies
x Cost efficient packaging and testing solutions
x Applications in optical receivers, optical storage systems, 3D-sensors, infrared cameras, thermography, quantum
communications, sensing, spectroscopy, medical diagnostics and tele-communications.
The Primary Guest Editor for this issue is Horst Zimmermann, Vienna University of Technology, Austria. The Guest Editors are
Edoardo Charbon, Technical University of Delft, The Netherlands; Y. C. Chung, Korea Advanced Institute of Science and
Technology, Korea; and Hooman Mohseni, Northwestern University, USA.
The deadline for submission of manuscripts is February 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 November/December 2014.
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

Solid-State Lasers
Submission Deadline: April 1, 2014
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Solid-State
Lasers. Advances in solid-state lasers and nonlinear frequency conversion provide powerful tools for an increasingly broad range of
applications including spectroscopy, metrology, remote sensing, security, material processing, astronomy, medicine, biology,
display, and ignitions. Especially, the high-brightness as achievable with giant pulses from Q-switching and amplified mode-locking
enable fruitful nonlinear interactions for materials. The purpose of this issue of JSTQE is to highlight the recent progress and trends
in the development of leading-edge Solid-State Lasers. The solicited areas include (but are not limited to):
x Solid-state laser physics, spectroscopy, theory, and modeling for materials and cavities
x Tunable and new wavelength solid-state lasers, including nonlinear frequency conversions
x High-power lasers and power scaling strategies (oscillator, amplifier, injection seeding/locking, and beam combining)
x Short-pulse lasers (mode-locking, Q-switching, and their pulse gap)
x Laser and nonlinear materials (single crystal, glass, semiconductor, and ceramics)
x Laser structures (slab, disk, fiber, waveguide, microchip, and other micro-structures)
x Pump sources for lasers such as high-power and wavelength-stabilized diode arrays
x Narrow-linewidth, frequency-stable, and low-noise lasers
x Applications in science, medicine, remote sensing, industry, display and ignitions
The Primary Guest Editor for this issue is Takunori Taira, Laser Research Center, Institute for Molecular Science, Japan. The
Guest Editors are Tso Yee Fan, MIT Lincoln Laboratory, USA; and Guenter Huber, University of Hamburg, Germany.
The deadline for submission of manuscripts is April 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 January/February 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

Superconducting Quantum Electronics and Photonics
Submission Deadline: June 1, 2014
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of
Superconducting Quantum Electronics and Photonics. The purpose of this issue is to document recent and leading-edge progress
in superconducting electronic, photonic and optoelectronic devices and systems from device physics and modeling to experimental
characterization and system integration. This issue highlights the important role of superconducting structures in quantum
technological platforms for computation, communication, sensing/imaging and metrology. The solicited areas include (but are not
limited to):
Superconducting Quantum Electronics
Superconducting Quantum Photonics
x Quantum information devices and circuits
x Single and entangled photon sources
x Circuit cavity quantum electrodynamics and
x Single photon detectors
microwave quantum optics
x Quantum optoelectronics using hybrid
superconductor/semiconductor structures
x Novel Josephson junction and SQUID devices,
structures and circuits
x Novel electromagnetic structures
x Hybrid superconducting quantum circuits and
systems
The Primary Guest Editor for this issue is Hamed Majedi, University of Waterloo, Canada. The Guest Editors are Cathy P. Foley
CSIRO, Australia; Yasunobu Nakamura, University of Tokyo, Japan; William D. Oliver, MIT Lincoln Laboratory, USA; and
Sergio Pagano, University of Salerno, Italy.
The deadline for submission of manuscripts is June 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 March/April 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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Photonics Society
Mission Statement
Photonics Society shall advance the interests
of its members and the laser, optoelectronics,
and photonics professional community by:
• providing opportunities for information
exchange, continuing education, and
professional growth;
• publishing journals, sponsoring conferences, and supporting local chapter and
student activities;
• formally recognizing the professional
contributions of members;
• representing the laser, optoelectronics,
and photonics community and serving as
its advocate within the IEEE, the broader
scientific and technical community, and
society at large.

Photonics Society
Field of Interest
The Field of Interest of the Society shall be lasers, optical devices, optical fibers, and associated lightwave technology and their applications
in systems and subsystems in which quantum
electronic devices are key elements. The Society
is concerned with the research, development,
design, manufacture, and applications of materials, devices and systems, and with the various scientific and technological activities which
contribute to the useful expansion of the field of
quantum electronics and applications.
The Society shall aid in promoting close cooperation with other IEEE groups and societies
in the form of joint publications, sponsorship
of meetings, and other forms of information
exchange. Appropriate cooperative efforts will
also be undertaken with non-IEEE societies.
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