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Editor’s
Column

IEEE Photonics Society

hon tsang
This month the Research Highlights section features articles on Radio over Fiber technologies, Mode Division
Multiplexing for on-chip optical interconnects and Integrated Quantum Optics. Professor Hiroshi Murata et al. describes micro-strip patch antennas integrated with optical
waveguides for Radio over Fiber systems and which could
provide multi-channel beam-forming and multi-wireless
signal conversion. Professor Daoxin Dai et al. describes the
implementation of asymmetric directional couplers for high
order mode multiplexers and demultiplexers, which may
make possible high capacity single-wavelength on-chip optical interconnects using mode division multiplexing. D.
Bonneau et al review their work which combine the realm
of quantum optics with silicon photonics, and describe the
implementations of quantum optics technologies such as
photon pair sources, qubit interconnects and single photon
detectors on a silicon platform that may find possible use in
quantum computers. Also in this issue’s conference section
are previews of OECC/ACOFT 2014 which will be held in
Mebourne in July, and the Optical Interconnect conference
which will be held in Coronado, California in May.
This column will be my last for the IEEE Photonics
News as editor. I have served as Editor and Associate Editor
for two years and about seven years respectively. As one of the
editors’ tasks is in soliciting the content of the research highlights and conference preview sections, a periodic change of
editor is healthy for the Newsletter, in bringing a fresher
perspective on the topics that are covered. I would like to
congratulate our current Associate Editor, Lawrence Chen,
(and also thank him for agreeing to serve!) for his appointment as the new Editor in Chief of the Newsletter from the
next issue and I leave it to him to introduce the new associate editors that will be joining the team. I was delighted
to hear that the IEEE Photonics Society Board of Governors
had confirmed Lawrence’s appointment at their meeting in
OFC, as it meant that I could step down as editor. My day
job as Chairman of the Department of Electronic Engineering at The Chinese University of Hong Kong has taken so
much of my time that I did not have much spare capacity
for further improving IEEE Photonics News. I would also
like to thank the other associate editors, Christina Lim and
Kevin Williams for their commitment and hard work in ensuring that the Newsletter has a good selection of interesting
articles, and last but not least the continuous support of Lisa
Manteria in ensuring that each issue of the newsletter is actually finished and sent in the month that it is due! I leave the
Newsletter with the sure knowledge that IEEE Photonics
Society News will remain in good hands with their continued service under the capable leadership of Lawrence Chen.
I am sure that, as always, they would welcome feedback and
suggestions from readers on articles or new features topics
that they would like to see in the newsletter.
2

28photos02.indd 2

IEEE Pho t on ic s So c iet y N EWSLETT ER

President
Dalma Novak
Pharad, LLC
1340 Charwood Road
Suite L
Hanover, MD 21076
Tel: +410 590 3333
Email: d.novak@ieee.org

Associate Editor of Asia & Pacific
Christina Lim
Department of Electrical &
Electronic Engineering
The University of Melbourne
VIC 3010 Australia
Tel: +61-3-8344-4486
Email: chrislim@unimelb.edu.au

Past President
Hideo Kuwahara
Fujitsu Laboratories
4-1-1, Kamikodanaka, Nakahara
Kawasaki, 211-8588, Japan
Tel: +81 44 754 2068
Email: kuwahara.hideo@jp.fujitsu.com

Associate Editor of Canada
Lawrence R. Chen
Department of Electrical &
Computer Engineering
McConnell Engineering Building,
Rm 633
McGill University
3480 University St.
Montreal, Quebec
Canada H3A-2A7
Tel: +514 398 1879
Fax: 514 398 3127
Email: lawrence.chen@mcgill.ca

Secretary-Treasurer
Peter Smowton
Cardiff University
School of Physics and Astronomy
Queens Building 5, The Parade
Cardiff, CF24 3AA, Wales
Tel: + 44 2920 875997
Email: SmowtonPM@Cardiff.ac.uk
Board of Governors
J.S. Aitchison
F. Koyama
A. Larsson
S. Bigo
X. Li
W. Chow
M. Nakazawa
L. Chrostowski
P. Smowton
M. Dawson
M. Wu
A. Kirk
Vice Presidents
Conferences – D. Plant
Finance & Admin – C. Jagadish
Membership & Regional
Activities – P. Juodawlkis
Publications – B. Tkach
Technical Affairs – K. Choquette

Newsletter Staff
Editor-in-Chief
Hon K. Tsang
Department of Electronic Engineering
The Chinese University of Hong Kong
Shatin, Hong Kong
Tel: +852 - 39438254
Fax: +852 - 26035558
Email: hktsang@ee.cuhk.edu.hk

Associate Editor of Europe/
Mid East/Africa
Kevin A. Williams
Eindhoven University of Technology
Inter-University Research Institute
COBRA on Communication
Technology
Department of Electrical
Engineering
PO Box 513
5600 MB Eindhoven,
The Netherlands
Email: K.A.Williams@tue.nl
Staff Editor
Lisa Manteria
IEEE Photonics Society
445 Hoes Lane
Piscataway, NJ 08854
Tel: 1 732 465 6662
Fax: 1 732 981 1138
Email: ipsnewsletter@ieee.org

IEEE prohibits discrimination, harassment, and
bullying. For more information, visit http://www.
ieee.org/web/aboutus/whatis/policies/p9-26.html.

SFI LOGO

IEEE Photonics Society News (USPS 014-023) is published bimonthly by the Photonics Society of the Institute of Electrical and
Electronics Engineers, Inc., Corporate Office: 3 Park Avenue, 17th
Floor, New York, NY 10017-2394. Printed in the USA. One dollar per
member per year is included in the Society fee for each member
of the Photonics Society. Periodicals postage paid at New York,
NY and at additional mailing offices. Postmaster: Send address
changes to Photonics Society Newsletter, IEEE, 445 Hoes Lane,
Piscataway, NJ 08854.
Copyright © 2014 by IEEE: Permission to copy without fee all or
part of any material without a copyright notice is granted provided that the copies are not made or distributed for direct commercial advantage, and the title of the publication and its date
appear on each copy. To copy material with a copyright notice
requires specific permission. Please direct all inquiries or requests
to IEEE Copyrights Office.

April 2014

08/04/14 5:27 PM

President’s
Column
Dalma Novak
“Any sufficiently advanced technology is indistinguishable from magic.”

— Arthur C. Clarke
I am writing this column as I return from attending the 2014
OFC (Optical Fiber Communications) Conference and Exposition in sunny San Francisco, so ‘advanced technology’ is well
and truly on my mind. Sunny is not the usual way to describe
the weather in this part of California, but OFC managed to coincide with what turned out to be a spectacular week of bright
sunshine and mild temperatures, a welcome break from the
seemingly endless North Eastern USA winter.

OFC Happenings
OFC is one of the flagship conferences of the IEEE Photonics
Society and one of my favorite events on the Society’s meeting calendar. With an extensive technical program and large
exhibition OFC has always been a unique opportunity for the
optical communications community to learn about the latest
technology advances while also hearing about new product developments and where the industry is heading.
OFC is invariably a big and exciting occasion and this
year was no exception with more than 800 technical presentations, 550 exhibitors, and almost 13,000 participants. At
this year’s conference some of the hot topics on the research
side included silicon photonics, mobile fronthaul/backhaul
implementation challenges, optical networking at Tb/s and
beyond, and space-division multiplexing (SDM) for addressing the bandwidth capacity challenge. Meanwhile in the
exhibit hall, new devices were being introduced by a number of companies for enabling 100 Gb/s coherent transmission systems. Software defined networking (SDN) was also
prominently featured at OFC with multiple panel discussions addressing how SDN and photonics can work together
in emerging network applications.
Also in the news at OFC2014 was the National Photonics
Initiative (NPI), which I mentioned in my last column. Established last year, NPI is the collaborative alliance of photonics
associations (including our Society) working to raise awareness
of photonics and drive investment in five key photonics-driven
fields: defense, energy, healthcare, communications and manufacturing. It should be emphasized that the NPI photonics advocacy message of the importance of photonics as an enabling
technology is a global one. The latest status on NPI includes the
announcement of a proposed National Photonics Prototyping
Facility and a planned visit to Capitol Hill in late March, as part
of the annual Science-Engineering-Technology Congressional
Visits Day. I will be participating as a member of the NPI team
heading to Washington, DC where we will meet with policy
makers and help educate members of Congress about the importance of photonics and sustained R&D funding in photonics
technologies. I expect the visit will be a very interesting and
enlightening experience!
April 2014
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Alongside the extensive OFC technical programming, there
were also many Society meetings and other activities that took
place. Since OFC is such a large conference, I had the perfect
opportunity to talk to many members and get their thoughts
and feedback on ways that the Society can better serve our
community. At our first Board of Governors (BoG) meeting
of the year which was also attended by 2014 IEEE President
Roberto de Marca, we welcomed the four incoming elected
BoG members and also bid farewell to Richard Linke who was
attending his last BoG meeting as the Society’s Executive Director. Another special event of the week was the luncheon that
was held to honor as well as celebrate the contributions and
achievements of the many award winners from the co-sponsoring societies of the conference. I had the great pleasure of presenting commemorative plaques to six of our 24 members who
were elevated to the grade of Fellow in 2014. Other Society
members who were honored at the luncheon included Kazuro
Kikuchi of the University of Tokyo who was named this year’s
John Tyndall Award Winner for his contributions to coherent detection techniques; Larry Coldren of the University of
California, Santa Barbara, who received the IEEE David Sarnoff
Award; and Alan Willner of the University of Southern California who was honored with the IEEE Eric E. Sumner Award.
The memory of Ivan Kaminow, a Life Fellow and distinguished
member of the Photonics Society, was also honored during the
awards ceremony.

Women in Photonics
2014 marks the 20th anniversary of IEEE Women in Engineering (WIE). The mission of IEEE WIE is to facilitate
the global recruitment and retention of women in technical
disciplines through the promotion of women engineers and
scientists and by inspiring young women around the world
to follow their academic interests to a career in engineering. The Photonics Society has always been an active supporter and proponent of the WIE mission. We had our first
woman President, Suzanne Nagel, more than 20 years ago
and the representation of women on the Society’s elected
BoG as well as in other volunteer leadership positions has
exceeded the membership demographics. Currently, of our
6000+ members, approximately 7% are women however
there are fewer women in higher grades; the Society has only
19 women Fellows out of total of 434. In order to facilitate
a more directed approach for Society initiatives that support
the IEEE WIE mission, this year we will be launching our
own Women in Photonics program. The goal of the Society’s Women in Photonics initiative is to create and promote activities that encourage and support the participation,
engagement and advancement of women in the photonics
community. The program will be officially launched at an
(continued on page 19)
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Research Highlights

Integration of Patch Antenna on Optical Modulators
Hiroshi Murata*, Naohiro Kohmu, Yusuf Nur Wijayanto, and Yasuyuki Okamura
Graduate School of Engineering Science, Osaka University
1-3 Machikaneyama, Toyonaka, Osaka 560-8531 Japan.
*Corresponding author: murata@ee.es.osaka-u.ac.jp
Abstract—New optical modulators using integrated planar
micro-strip patch antennas have been developed for microwave
photonics system applications. By integrating planar antennas
along optical waveguides on an electro-optic crystal, wireless
signal synthesis from many antenna elements is obtainable
through successive optical modulation without a microwave
signal synthesis circuit. In addition, by adopting polarization
reversal technologies of ferroelectric electro-optic crystals to
the antenna-integrated optical modulators, both multi-channel
beam-forming in receiving wireless signals and multi-wireless
signal conversion to lightwave signals are obtainable simultaneously. The basic operations of the proposed device for signal
conversion have been demonstrated in the 60 GHz band.

1. Introduction
Radio-over-Fiber (RoF) technologies have been attracting a
lot of interest in wireless broadband mobile communications,
high-resolution radar systems in microwave (MW)/millimeterwave (MMW) bands, electro-magnetic field sensing, and electro-magnetic compatibility (EMC) measurements. This is due
to the excellent transmission characteristics of silica optical
fibers: extremely low transmission loss of ~0.2 dB/km, huge
potential bandwidth over 100 THz, high immunity to environmental noise, and negligible crosstalk through transmission [1], [2]. In order to utilize the RoF technologies in these
applications, a signal converter from wireless MW/MMW to
lightwave is important.
The refractive index change by the Pockels effect in electrooptic (EO) crystals like LiNbO3 or LiTaO3 can respond to a
high-speed electric field in MW/MMW bands without optical
absorption since it originates from the nonlinear effect of electronic polarization in the crystals. Therefore, by using LiNbO3
and LiTaO3 modulators, pure optical phase modulation with no
frequency chirping is obtainable, that is, high-speed LiNbO3
EO modulators can operate as MW/MMW-lightwave mixers
or frequency converters. By combining high-speed LiNbO3 EO
modulators with MW/MMW antennas, direct signal conversion from wireless MW/MMW to lightwave frequency ranges
is obtainable with high fidelity. Especially, the integration of
planar antennas and EO modulators on the same substrate is
promising to realize compact and stable converters.
This concept of the antenna-coupled-electrode (ACE) EO
modulators was proposed about 20 years ago [3]. Several pioneering studies to develop ACE EO modulators for MWMMW
signals have been reported [3]–[5]. Especially array-structurebased ACE modulators are attractive in RoF applications for
4
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converting wireless MW/MMW to lightwave signals since
the synthesis of the signals coming from many antenna elements can be obtained through successive optical modulation
without a signal synthesis circuit for tuning the amplitude and
phase of MW/MMW signals and for combining them.
Recently, we have proposed and developed new EO d evices
utilizing the polarization-reversed technique for advanced
functional MW photonic devices [6]–[8]. By adopting polarization-reversed structures in high-speed LiNbO3/LiTaO3 EO
modulation devices with traveling- /standing-wave modulation electrodes, convolution of MW/MMW signals and polarization reversal spatial patterns is obtainable. By utilizing this
interesting characteristic, several new devices for MW photonic applications can be obtained [6]–[8].
In this article, our new EO modulators using integrated
planar micro-strip patch antennas and polarization reversal
structures are reported.

2. EO Modulator Using
Integration of Patch Antenna
The basic structure of the proposed EO modulators is shown
in Fig. 1. An array of antenna-coupled modulation electrodes
is set along straight single-mode optical waveguides. In Fig.
1, a stacked substrate structure is used for effective operation;
a thin (~50 nm) LiNbO3 crystal film is attached on a lowdielectric-constant material base plate (~250 nm thick) like
SiO2 glass for reducing effective electrical length/volume of the
substrate. As a result, the aperture size of the planar antenna
becomes large and unwanted resonance in the substrate can be
eliminated compared with LiNbO3 substrate devices [6], [8].
Polarization reversal structures are fabricated on the
LiNbO3 crystal film to realize multi-channel beam-forming
characteristics in converting wireless signals to lightwave signals. The number of straight optical waveguides corresponds
to the channel numbers in beam forming by setting different
polarization reversal patterns in each waveguide.
The antenna-coupled modulation electrode is composed of
two micro-strip patch antennas and a standing-wave resonance
electrode connected with feeding micro-strip lines. The patch
antenna set as a half wavelength square for the designed wireless signal and the resonance electrode set as one wavelength
long. One end of the feeding micro-strip line is connected to
the patch antenna with a pair of grooves for impedance matching. The other end of the feeding line is attached to the resonance electrode at a slightly off-centered position, which is
determined by electromagnetic field analysis for impedance
April 2014
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matching. The resonance electrode is
composed of coupled micro-strip lines
with shorted ends.
Wireless signals irradiated to the device are received by the patch antenna array. The received signals are transferred
from the patch antennas to the resonance
electrodes through the feeding lines and
standing-wave electric fields are induced
along the electrodes. Since the optical
waveguides are located under the electrodes, the lightwave propagating in the
optical waveguide is modulated and the
synthesis of the received signals is obtained through successive optical modulation by the ACE array. Therefore, a
complicated signal synthesis circuit for
tuning signal amplitudes and phases
with several couplers and delay lines is
not necessary.

3. Directivity Control by
Polarization Reversal

z
y
x

SDM Wireless signals
B
C
A

Optical waveguide
Patch antenna

D

Resonance electrode

Light
input

A
B
C
D

Ground

Polarizationreversed region

z-cut LiNbO3
Low-k substrate(SiO2)

Optical waveguide

Polarization-reversed region

Resonance electrode

Patch antenna

z-cut LiNbO3
Buffer layer
Adhesive
SiO2

Figure 1. The basic structure of the proposed antenna-integrated EO modulator . The

One key point of the device is the direc- inset shows the cross sectional view of the device with the stacked substrate.
tivity control in the wireless MW/MMW
to lightwave signal conversion. By tuning the time delay (transit time) in the lightwave propagation
0°
between the ACEs and controlling the EO modulation polarity
by polarization reversal technology, directivity control is obPattern (A)
tainable. The details are described in [6] and [8].
Pattern (B)
A typical example of the designed directivity in wireless
Pattern (C)
Pattern (D)
MMW to lightwave signal conversion is shown in Fig. 2 (a). The
corresponding polarization reversal patterns are also shown as
the green regions in Fig. 2 (b). By merely changing the polar–90°
+90°
ization reversal patterns, the discrimination of wireless space0
–5
–10
–15
–10
–5
–0
division-multiplexing (SDM) signals are obtainable as shown
Modulation efficiency [dB]
in Fig. 2.
(a)

4. Design of ACE
Another key point of the device is the antenna-coupled modulation electrode, since precise tuning of resonance frequencies and impedance matching between the patch antennas and
resonance electrode is necessary for effective modulation. The
analysis and design of the ACE was done by use of 3-dimentional field analysis software, Ansoft HFSS ver.12.
Figure 3 shows the calculated electric field distribution on
the surface of the ACE when a 58 GHz plane-wave MMW signal with x-polarization is irradiated normally. The standingwave resonance is clearly identified and the maximum electric
field at the modulation electrode is over 230 times compared
to the input electric field [7].

5. Device Fabrication
All fabrication processes of the proposed EO modulators can
be done in our laboratory except the preparation of a LiNbO3
wafer and a Cr mask for photolithography.
The first fabrication step was to make polarization reversal
structures in a z-cut congruent LiNbO3 crystal wafer. For the
April 2014
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(A) θmax = –30°

(B) θmax = –15°

(C) θmax = 0°

(D) θmax = +15°
(b)

Figure 2. Example of the designed directivities in MMW -lightwave conversion (a) and corresponding polarization patterns (b).
The green colored regions are the polarization-reversed ones for
realizing directivity in (a). ( fm = 58 GHz)

fabrication of the polarization reversal structures, the pulsevoltage applying method [9] was used. A pulse-voltage signal
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Position on the electrode [mm]

Ez
–1

0

1

Figure 3. Electric field on the antenna-coupled electrode under a
58 GHz signal irradiation with the x-polarization.

with a large amplitude and low repetition frequency (~1 kHz)
was applied to the substrate for the reversal. The required voltage was about 5.5 kV to reverse the spontaneous polarization
in the 0.25 mm thick LiNbO3 wafer.
Secondly, straight single-mode optical channel waveguides were fabricated on the polarization-reversed LiNbO3
wafer by use of the annealed proton-exchange method with
melted benzoic acid [10]. The waveguide separation was set
about 30 mm, which was enough to isolate the channel optical waveguides.
Next, an array of Al ACEs was formed onto the optical
waveguides after the deposition of a SiO2 buffer layer on optical
waveguides. For the patterning of the ACEs, standard photolithography and lift-off techniques were used.
After that, the LiNbO3 wafer was cut into the designed device size by use of a diamond blade saw. The cut LiNbO3 chip
was flipped over and attached on a base SiO2 glass plate with a
UV adhesive. Then, the surface of the flip-over LiNbO3 wafer
was polished at ~50 nm by use of a standard mechanical polishing process.
Finally the reverse side of the substrate was also covered by
an Al film for the ground electrode. The photograph of the
fabricated device just before the final deposition of the reverse
side for the ground electrode is shown in Fig. 4.

6. Experiment
The experimental set-up for the measurement of the performances of the fabricated device is shown in Fig. 5. The
light source was a standard DFB laser of a 1.55 nm wavelength and a MMW linear-polarized signal in the 60 GHz
band was irradiated to the device by use of a standard horn
Figure 4. Photograph of the fabricated optical modulator with
antenna. When the irradiation angle and frequency of the
32-patch antennas. (Just before metal deposition to the reverse
MMW signal were changed, optical spectra of the output
surface.)
lightwaves from the 4-channel waveguides (WG-A, B, C, and D) were
measured.
Horn antenna
Oscillator
(power ~ 20 mW)
Typical examples of the measured
fm ~ 60 GHz
Amplifier
spectra
are also shown in Fig. 5. The
Polarization
Light
θ
variation
of the optical spectra from
input
A
the 4-channel waveguides are plotted at
B
C
D
four irradiation angles of i = –30, –15,
0, and 15 degrees. The wireless signal
WG A
frequency was 57.3 GHz at this measurement. We can see that by increasing the irradiation angle as –30, –15, 0
WG B
and 15 degrees, the output waveguide
with the largest modulation index (the
largest signal conversion) was clearly
WG C
switched as WG-A, B, C and D. In these
four waveguides, the different polarization reversal patterns shown in Fig. 2 (b)
WG D
were fabricated.
The measured directivities of the mod57.3 GHz 57.3 GHz 57.3 GHz 57.3 GHz 57.3 GHz 57.3 GHz 57.3 GHz 57.3 GHz
ulation
efficiency (the ratio of the optical
θ = –30°
θ = –15°
θ = 0°
θ = 15°
carrier and first modulation sideband) in
Figure 5. Experimental set-up for the measurement of the directivity in wireless MMW the four optical waveguides are summarized as a radar chart in Fig. 6. The peak
to lightwave conversion and observed optical spectra for the irradiation angles of
modulation angle, frequency bandwidth,
i = –30, –15, 0, and 15 degrees and the frequency of 57.3 GHz.
6
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0°

fm = 57.3 GHz
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–90°
0
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–10
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5

0

+90°

Modulation efficiency [dB]

-lightwave

Figure 7. Staff and students in Okamura Laboratory in Osaka
University.

MMW polarization sensitivity and channel isolation in discrimination were in good agreement with the designed characteristics. Therefore, the directivity control in wireless MMW
to lightwave conversion by the polarization reversal structures
was verified experimentally in the 60 GHz band.
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order quasi-phase matched LiNbO3 waveguide periodically poled by applying an external field for efficient blue
second harmonic generation,” Appl. Phys. Lett., vol. 62,
no. 5, pp. 435–436, 1993.
[10] K. Tada, T. Murai, T. Nakabayashi, T. Iwashima, T.
Ishikawa, “Fabrication of LiTaO3 optical waveguide by
H+ exchange method,” Jpn. J. Appl. Phys., vol. 26, no. 3,
pp. 503–504, 1987.

Figure 6. Measured directivity in wireless MMW
signal conversion.

7. Conclusions and Future Prospects
A new EO device using integration of planar antennas has been
proposed and its basic operations have been demonstrated successfully. This device operates without power supply, that is,
modulated lightwave signals are obtained by merely irradiating a designed MW/MMW wireless signal to the device.
By increasing antenna numbers, modulation efficiency increases and narrow beam forming becomes obtainable. By integrating ~30 antenna elements, 60 GHz wireless signals of
~10 mW can be converted and discriminated by use of our
device 2 m apart from 60 GHz base stations. Now we are trying to discriminate multi-channel SDM wireless data signals
by using the fabricated device.
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Research Highlights

Multi-channel Silicon Mode (de)multiplexer
based on Asymmetrical Directional
Couplers for on-chip Optical Interconnects
Daoxin Dai and Jian Wang
is also very attractive for optical interconnects in data centers
where it relatively convenient to upgrade an existing network
or install a brand-new network [3]. It is even more convenient
Optical interconnects are regarded as a very promising soluto apply the SDM technology to photonic networks-on-chip
tion for data communication [1], and advanced photonic multiplexing technologies can be applied to improve the capacity
because optical signals propagate along planar optical wavefurther. As is well known, wavelength-division-multiplexing
guides, which can be fabricated precisely to realize some spe(WDM) provides a successful approach to expand the capacity
cific structures within a chip for controlling the propagation
of a singlemode fiber/waveguide by utilizing N channels with
and conversion of guided-modes.
different wavelengths. However, a dense WDM (DWDM) opIn comparison to the multi-core SDM, the multimode SDM
[3] provides a mean of achieving more concise and compact
tical interconnect link requires several tens or even hundreds of
photonic integrated circuits (PICs) as only one multimode bus
channels, and it might be unaffordable due to the complicated,
waveguide is included and the guided-modes carrying differexpensive, and power-consuming management for wavelength
ent data are overlapped spatially in the multimode bus wavetuning, conversion, routing and switching. Therefore, there is
guide. Fig. 1(a) shows a proposed configuration for an on-chip
motivation to find alternatives to WDM to enhance the capacoptical interconnect link with N mode-channels multiplexed.
ity without striving for a DWDM optical-interconnect link
All mode-channels carrying different data have the same wavewith large channel number.
length and thus only one laser diode (LD) with a fixed waveAmong various technologies to enhance the capacity for sinlength is needed, which lowers the cost greatly. A power splitgle wavelength carrier, space-division multiplexing (SDM) is a
ter (PS) is connected after the LD to generate the source for
promising option [2], which has attracted intensive attention
N channels. The data is generated individually by N optical
for long-haul optical fiber communications with multi-core
modulators having identical structure (which leads to a simple
or multimode optical fibers. In particular, SDM technology
design for the PIC). The generated data
of N channels are carried by the fundamental modes and then converted to the
Modulator
Multimode
bus
WG
LD
PD
N mode-channels of the multimode bus
Mode
Mode
waveguide with a mode multiplexer. Af1×N
converter
converter
PS
ter propagating along a multimode bus
-MUXer
-deMUXer
waveguide, the N mode-channels arrive
at the receiver terminal where they are
Singlemode operation
Singlemode operation
demultiplexed and converted to the fun(a)
damental modes at N output ports with
a mode demultiplexer. Finally the N
Modulator
PD
fundamental-mode channels are received
by N identical photodetectors (PDs) reLD
spectively. The present multimode SDM
Mode
Mode
link can be expanded to work with both
1×2N
converter
converter
polarizations so that the link capacity is
PS
-MUXer
-deMUXer
doubled, as shown in Fig. 1(b). In this
case, some polarization-handling devices
Multimode bus WG
are required, e.g. polarization rotators
PR
PR
(PRs), which are connected after the
Singlemode operation
Singlemode operation
optical modulators to generate orthogonal polarization modes (see Fig. 1(b)).
(b)
Note that most of elements are working
with the fundamental mode as usual,
Figure 1. Schematic configuration of a multimode SDM link with (a) one polarization
including lasers, power splitters, optical
(b) double polarizations.

1. Introduction
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 odulators, polarization rotators, photodetctors, which have
m
been developed very well for WDM systems. Therefore, the
key is the mode (de)multiplexer, which realizes the mode conversion and (de)multiplexing simultaneously.
The summary of previous works on mode (de)multiplexers is
presented in Table 1 and Fig. 2(a). There were not many publications on mode (de)multiplexers and only one experimental
demonstration (in 2003) before 2012 since the first theoretical
design (in 1996). In 2013, ten papers had been published and
70% included experimental demonstration. Particularly, a mode
multiplexer with 8 channels was demonstrated experimentally
recently [4–5]. The reason is the increased interest and potential
for the SDM technology to improve the link capacity [2].
Mode (de)multiplexers can be realized by utilizing e.g.
multimode interference (MMI) couplers, adiabatic mode-evolution couplers, as well as asymmetrical directional couplers
(ADCs). For the MMI-based mode (de)multiplexers, the complicated structure design makes it inconvenient and inflexible
to extend for more mode-channels. In contrast, the mode (de)
multiplexer based on adiabatic mode-evolution couplers is
more flexible and had attracted some attention since it was
proposed very early (in 1996 [6]). The popular adiabatic mode
evolution structures include Y-branches [6], as well as adiabatic directional couplers [7]. In order to avoid any undesired
guided-modes, ultrasmall gaps (in Y-branches) or ultra-thin
tips (in DCs) are usually required, which makes the fabrication difficult. The adiabatic design usually permits ultra-wide
bandwidth but makes the device pretty long.

10

Channel number

8

MMI (theory)

Adiabatic (theory)

ADC (theory)

MMI (exper)

Adiabatic (exper)

ADC (exper)

6
4
2

2013

2012

2006
2009

2005

Year

1996
2002
2003
2004

0
Ref. # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

(a)

Length/(N–1) (µ m)

100000

MMI (theory)
Adiabatic (theory)
ADC (theory)
MMI (exper)
Adiabatic (exper)
ADC (exper)

10000
1000
100
10
0

2

4
6
Channel number N

8

(b)

Figure 2. (a) The (de)multiplexer reported theoretically and experimentally in the past decade; (b) the normalized device length.

#

Reference

N

Ltot ( nm)

1

Love, et al. Opt. Quant. Electron. 28: 353, 1996

4

50000

2

Kawaguchi, et al. Electron. Lett. 38: 1701, 2002

4

3534

3

Lee et al. Opt. Lett. 28: 1660, 2003

4

14800

Structure/Mechanism

T/E

Adiabatic Y branch

T

MMI

T

Adiabatic Y-junction

E

4

Low, et al. IEEE PTL 16: 1673, 2004

5

11400

Adiabatic Y-junction

T

5

Greenberg, et al. QELS ’05, 2: 942:944, 2005

2

2400

Adiabatic tapered coupling

T

6

Greenberg, et al. Opt. Express 13: 9381, 2005

2

1470

Adiabatic tapered coupling

T

7

Greenberg, et al. Opt. Comm. 266: 527, 2006

2

892

Adiabatic tapered coupling

T

8

Bagheri, et al. GFP 2009, 166-168, 2009

2

~90

ADC (quasi-phase matching)

T

9

Riesen, et al. Appl. Opt. 51: 2778, 2012

4

~10000

10

Uematsu, et al. JLT. 3: 2421, 2012

2

~63

Adiabatic Y-junction

T

MMI

T

11

Dai, ACP 2012 ATh3B.3, 2012

4

~92

ADC

T

12

Uematsu, et al. OFC2013 OTh1B.5, 2013

2

15200

ADC

E

13

Dai, et al. Opt. Lett. 38: 1422, 2013

4

~110

ADC

E

14

Riesen, et al. JLT 31, 2163, 2013

4

7300

15

Driscoll, et al. Opt. Lett. 38: 1854, 2013

2

114

16

Ding, et al. Opt. Express 21: 10376, 2013

2

50

17

Qiu, et al. Opt. Express 21, 17904, 2013

4

~490

Adiabatic tapered coupling

T

Adiabatic Y-junction

E

Tapered ADC

E

Grating-assisted ADC

T

18

Luo, et al. arXiv: 1306.2378, 2013

3

~235

ADC-assisted MRR

E

19

Xing, et al. Opt. Lett. 38: 3468, 2013

2

300

Adiabatic coupling

E

20

Chen, et al. Opt. Express 21: 25113, 2013

4

15000

21

Wang, et al. ACP 2013, AF2A.3, 2013

8

336

Adiabatic Y-junction

T

ADC+PBS

E

* N: the mode-channel number;
** Ltot: the total length of the device;

Table 1. Reported mode multiplexers. (T-Theoretical; E-Experimental)
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2. Silicon mode (de)multiplexer
based on ADCs

Higher-order mode in the multimode bus WG

In the past decades symmetrical directional couplers (DCs)
consisting of two identical optical waveguides were the study
focus, in which case light power can be transferred from one
waveguide to the other one completely when choosing the
length L of the coupling region appropriately. ADCs consisting of two non-identical waveguides have attracted a lot of attention until recently as an excellent candidate for realizing
ultracompact broadband PBS [11] as well as efficient modeselective coupling (which is useful for multimode-SDM optical
interconnects [3]).

wbj

wa
Fundamental mode in the access WG

Figure 3. Schematic configuration of an ADC.

2.85

Effective index n eff

2.65
2.45
2.25

SiO2 w
TE0

TE1

TE2

TE3

Si
SiO 2

hco

A. Mode-selective coupling in ADC s
In a two-waveguide coupling system, the maximum powercoupling efficiency F is given by
F=

1
,
2 (1)
1 + (δ / κ )

where l is the coupling coefficient, d = (b1–b2)/2 (in which b1
and b2 are the propagation constants of the two waveguides).
1.85
According to Eq. (1), 100% cross-coupling (i.e., F = 1) can
TM 0
TM 1
TM 3
TM 2
1.65
be achieved when the phase-matching condition is satisfied,
i.e., d = 0 (b1 = b2). On the other hand, when d ! 0 (i.e.,
1.45
phase-mismatching), the cross-coupling efficiency F could be
0
0.5
1
1.5
2
2.5
3
3.5
4
very small if d/l & 1.
Width w (µm)
In an ADC consisting of a narrow access waveguide (wa) and a
Figure 4. Calculated effective indices of the guided-modes in an
wide bus waveguide (wb), as shown in Fig. 3, the phase-matching
SOI strip nanowire with hco = 220 nm.
(d = 0) can be achieved between the fundamental mode in the
narrow access waveguide and a given higher-order mode in the
Fig. 2(b) compares the normalized device length l / Ltot/
wide bus waveguide (wb) by choosing their widths (wa and wb)
(N–1) for various mode (de)multiplexers reported, where Ltot is
optimally. And the phase matching condition can not be satisthe total length of the device and N is the mode-channel numfied simultaneously for any other guided-mode in the wide bus
ber. It can be seen that one can realize the shortest mode multiwaveguide (wb) because the propagation constants of guidedplexers with ADCs. The scheme is utilizing the mode-selective
modes in a multimode waveguide are discrete. Therefore, modecoupling of ADCs according to the mode-selective phase
selective phase-matching as well as mode-selective coupling are
matching [8]. Another advantage of ADC-based mode (de)
enabled in ADCs. For high-index-contrast optical waveguides
multiplexers is the flexible scalability to handle more modewith small size, e.g. silicon-on-insulator (SOI) nanowires, the
channels. For example, a low-loss and low-crosstalk compact
propagation constants of the guided modes are quite different
mode (de)multiplexer with four channels has been proposed
(as shown in Fig. 4), so that the phase-mismatching is large
and demonstrated [8]. Therefore, ADC-based mode (de)mulenough (d + 0.1) to depress the coupling of the undesired
tiplexers have attracted much attention [9]–[10] and is highmodes, which benefits to reduce the inter-mode crosstalk.
lighted in this paper.
For example, when choosing the width of the narrow access waveguides as wa=0.4 nm, the corresponding
optimal widths for the bus
10
10
1
waveguide are w1=1.02 nm, w2=1.68
nm, and w3=2.35 nm for the first, second
and
third higher-order TM modes, respec0
0
0
tively [8]. Fig. 5(a)–(c) shows the simuAccess
Access
Access
lated light propagation in the designed
waveguide
waveguide
waveguide
SOI-nanowire ADCs. It can be seen that
–10
–10
w3 = 2.35 µm
w2 = 1.68 µm
w1 = 1.02 µm
–10
an efficient mode-selective coupling is
0
achieved from the TM0 mode in the nar–3 –2 –1 0 1 2 3
–2 –1 0 1 2
–3 –2 –1 0 1 2
row access-waveguide to the desired highx (µm)
x (µm)
x (µm)
er-order mode in the wide bus-waveguide.
(c)
(d)
(e)
The theoretical excess loss of the designed
Figure 5. The FDTD simulated light propagation in the designed i-th stage ADC with ADCs is almost zero (<0.1dB) and the
mode-channel crosstalk at the central
(a) i = 1, (b) i = 2, and (c) i = 3.
z (µm)

2.05

10
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TE0
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Hybrid multiplexer

8
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[4]
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O2

L c2

I3
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waveguide
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[8]
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4
2
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10 µm
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2012

2014
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Figure 6. Multichannel ADC-based mode (de)multiplexers.

I4

W2

W1

I1

L c3

Wa

L c1

I2

Figure 8. The PIC including a 4×1 mode multiplexer and 1×4
mode demultiplexer integrated on the same chip: (a) schematic
configuration; (b) SEM picture.
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I3

L c2
(a)
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(a)
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(b)
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(c)
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(d)
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(e)

Figure 7. (a) Schematic configuration of a 4-channel mode (de)
multiplexer; Simulated light propagation in the mode (de)mul tiplexer with the fundamental mode launched at (b) input 1; (c)
input 2; (d) input 3; and (e) input 4.

25 dB

–30
–40

O4

–50

O2
O3

–60

from I1

B. ADC -based Mode (de)multiplexer
With O ne Polarization
Fig. 7(a) shows a four-channel mode (de)multiplexer realized by
cascading N-1 ADCs [8]. Fig. 7(b)-(e) show the simulated light
propagation in the designed 1×4 mode multiplexer when the
fundamental mode is launched from different input ports of the
access waveguides. It can be seen that the higher-order mode in
the bus waveguide is excited selectively and all the four channels are multiplexed into the bus waveguide very well when
light goes through the 1×4 mode-demultiplexer, as expected.
Fig. 8(a)–(b) shows the PIC including a mode multiplexer
(with input ports I1 + I4), and a mode demultiplexer (with
April 2014
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(b)
–20

O2

–20

–70
1510 1530 1550 1570 1590
Wavelength (nm)
–10

wavelength is also very low (<–25 dB). With cascaded ADCs, a
4-channel mode (de)multiplexer for TM polarization as well as
a 8-channel hybrid (de)multiplexer for both polarizations have
been proposed and demonstrated, as shown in Fig. 6.

–10

O1

–20

Power (dBm)

X (µm)

Power (dBm)
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Power (dBm)
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from I4

O2

O3

–70
1510 1530 1550 1570 1590
Wavelength (nm)
(e)

Figure 9. Measurement setup (a), and the measured responses
at output ports (O1, O2, O3, and O4) when light is input from the
port of I1 (b), I 2(c), I3 (d), and I4 (e).

output ports O1 + O4). An end-fire coupling approach is
used for the characterization of the mode (de)multiplexer (see
Fig. 9(a)). Fig. 9(b)–(e) show the measured transmission responses at all output ports O1, O2, O3, and O4 when light
is input from port I1, I2, I3, and I4 respectively. From these
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Figure 10. (a) A 8-channel hybrid (de)multiplexer with two polarizations; (b) the TE- and TM-polarization modes included. [4]
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~1.035 µm

TE0
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Figure 12. Light propagation in the coupling regions of the hy brid multiplexer for coupling to the TM 1 (a), TM 2 (b), TM 3 (c),
TE1 (d), TE2 (e) and TE3 (f) modes in the bus waveguide, respectively. The insets show the mode field for the desired guidedmodes in the bus waveguide.
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Figure 11. (a) Schematic configuration of the three-waveguide
PBS; (b) the SEM picture; Light propagation in the PBS when
the TM0 (c) or TE0 (d) mode of the access waveguide is launched.

figures, it can be seen that one has the maximal output from
the j-th input port to the j-th output port as desired. The
fabricated device has a low excess loss (<0.5 dB) and low
crosstalk (<–20 dB) over a broad band around the central
wavelength. The total insertion loss of about 12 + 13 dB is
mainly from the butt-coupling loss between the fiber and the
chip, which can be reduced by introducing grating couplers
or inversed tapers.
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C . ADC -based Hybrid Multiplexer
With T wo Polarizations
An ADC-based mode (de)multiplexer can be further extended
to realize a hybrid (de)multiplexer enabling mode (de)multiplexing and polarization-division-(de)multiplexing simultaneously so that the link capacity is doubled. Fig. 10(a) shows
a 8-channel hybrid multiplexer, which has four channels
(de)multiplexed for TE- and TM-polarization modes, respectively (Fig. 10(b)) [4]. A PBS based on a three-waveguide coupler [12] is used to combine/separate the TE0 and TM0 modes
while the high-order modes (TE1, TE2, TE3, TM1, TM2, and
TM3) are (de)multiplexed by using six ADCs cascaded.
The three-waveguide PBS shown in Fig. 11(a) is designed optimally according to the phase matching condition
for the TM polarization modes [12]. Fig. 11(b)–(c) show the
simulated light propagation in the optimally designed threewaveguide PBS (with w1=0.4 nm, and w2=1.035 nm). The
six ADCs are formed by putting a narrow access waveguide
close to the wide bus waveguide. The bus waveguide consists
of seven straight bus sections whose widths are different and
there is an adiabatic taper with an angle of 1.8° between the
adjacent two straight bus sections. The width for the i-th
section of the bus waveguide is determined according to the
phase-matching condition so that the fundamental mode of the
narrow access waveguide could be cross-coupled to the desired
higher-order mode with the same polarization in the bus waveguide completely. An ADC-based mode (de)multiplexer can
be designed conveniently for a single polarization. However,
the situation for the hybrid multiplexer with two polarizations is more complicated because of more modes involved. In
this case, the widths of the access waveguides and the straight
April 2014
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Bus waveguide

Hybrid multiplexer
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(a)

Table 2. Parameters of the designed ADCs for the hybrid
(de)multiplexer. (Unit: nm)
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Figure 13. (a). Microscopic image of the 8-channel hybrid multiplexer.
(b) SEM images for the coupling regions of the six ADCs.

bus section should be chosen carefully so that only the desired
higher-order mode is excited while the phase mismatching for
any unwanted high-order mode is significant to minimize the
crosstalk. Fig. 12(a)–(f) show the simulated light propagation
in the optimally designed ADCs. The optimal widths for all
the waveguides are given as shown in Table 2. Fig. 13(a) shows
the optical image of the fabricated hybrid multiplexer and
Fig. 13(b) show the SEM images of the coupling regions for the
six ADCs cascaded.
Fig. 14(a) shows the PIC including an 8-channel hybrid
multiplexer (with input ports I1 + I8), a 2.363 nm-wide and
100 nm-long multimode bus waveguide, and a hybrid demultiplexer (with output ports O1 + O8). End-fire coupling with
lens fibers is used for the characterization. The TE0 mode is
launched at the access waveguide ports I1 + I4 while the TM0
mode is launched at port I5 + I8. Fig. 14(b)–(i) show the measured transmission responses at all the output ports (O1 + O8)
when light is launched at each input port (I1 + I8) respectively.
It can be seen that light outputs from the corresponding output
port as expected. With the transmissions of a straight waveguide as the reference, the hybrid (de)multiplexer has low excess losses (around 1555 nm) of about 0.7 dB, 0.2 dB, 0.3 dB,
0.7 dB, 0.2 dB, 2 dB, 1.5 dB and 2 dB for the TM0, TM1,
TM2, TM3, TE0, TE1, TE2 and TE3-mode channels respectively,
which can be reduced according to the theoretical prediction.
The crosstalks for the TM0, TM1, TM2 and TM3 mode-channels
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Figure 14. (a) Microscopic image of the fabricated PIC including
a hybrid multiplexer, a multimode bus waveguide and a hybrid
demultiplexer. Measured responses of the eight output ports
with the input at port (b) I 5, (c) I6, (d) I7, (e) I8, (f) I4, (g) I3, (h) I2
and (i) I1 corresponding to the mode TM 0, TM1, TM2, TM3, TE0,
TE1, TE2 and TE3, respectively.

are respectively about −19 dB, −20 dB, −20 dB and −17.5 dB.
In contrast, the four channels for the TE0, TE1, TE2 and TE3
modes have relatively large crosstalks (i.e., −16 dB, −12 dB,
−14 dB and −11 dB, respectively), which is partially from
some polarization crosstalk due to the polarization variation
when the laser wavelength is tuned. Since the present hybrid
IEEE Pho t on ic s So c iet y N EWSLETT ER
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Figure 15. (a) Microscopic image of the fabricated hybrid multiplexer with polarizers based on grating couplers.

multiplexer works well (with low crosstalk and low loss) over
a broad band, it is even possible to work together with WDM
filters for forming multi-dimensional hybrid multiplexing
technology to improve the capacity further.
As shown in Fig. 14(i), the inter-mode crosstalk for the TE3
channel is mainly from the TM2 mode-channel. Such polarization crosstalk can be removed easily with a polarization handling
device, e.g. polarizers. Fig. 15 shows the microscopic image of a
hybrid demultiplexer with polarizers based on grating couplers
at the end of the access optical waveguides. Here the grating
coupler servers as an efficient fiber-chip coupler as well as a high
extinction-ratio polarizer. In this way, the crosstalk from the
TM2 mode-channel can be reduced very significantly. One can
also introduce on-chip polarizers which might be preferred to be
integrated with other devices on the same chip monolithically.

3. Conclusions
We have proposed the configuration of a multimode SDM optical-interconnect link and highlighted mode (de)multiplexers
as the key component because the other components working for the fundamental mode have been developed very well
for WDM systems. Intensive attention has been attracted to
mode (de)multiplexers in the past year, which is motivated by
the increased demand for the SDM technology to improve the
link capacity. Mode multiplexers have been realized by utilizing e.g. MMI couplers, adiabatic mode-evolution couplers, as
well as ADCs. Among them, the later two are excellent options
because of the convenience and flexibility to extend for more
mode-channels. The mode (de)multiplexer based on adiabatic
mode-evolution couplers usually pretty long to satisfy the adiabatic condition while ADCs provide an excellent design to
achieve compact mode (de)multiplexers. An ADC-based mode
(de)multiplexer with 8 mode-channels has been demonstrated
by including two polarizations [4–5]. It will be attractive to
obtain more mode-channels (e.g. N = 16) for 1Tb/s capacity
in an on-chip link with a single wavelength carrier, which is
promising for low-cost on-chip optical interconnects (photonic
network-on-chip). The multimode SDM can be combined conveniently with the multi-core SDM as well as WDM technologies to achieve Peta-bit/s capacity in the future.
14
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Silicon Photonics: A Bright Future for on-chip
Quantum Optics
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Introduction

Quantum circuits

Single-photon detectors
Photon sources
Quantum photonics is the science and
engineering of light at the smallest
scale—the scale of single electromagnetic field excitations, or photons—the
scale at which light’s strange quantum
behaviour shines through. This quantum behaviour promises to massively
enhance our capabilities in processing Figure 1. Conceptual diagram of a future quantum photonic device, comprising all
and transmitting information. Commu- the necessary components to perform sophisticated quantum information processing.
Sources of single photons generates the necessary resources, which a quantum photonic
nication security, measurement accuracy,
circuit acts upon to perform the processing, and single-photon detectors read out the
and computational power all could gain states of the individual photons. Black silicon waveguides run beneath yellow electrical
a quantum enhancement [1]. However, connections and that drive the optoelectronic circuit.
harnessing the power of quantum states
of light will be no easy task, as it places
difficult requirements on the specifications and scale of key
third-order optical nonlinearity of silicon have been shown, as
quantum photonic components. Low loss and miniature optics,
have highly efficient superconducting single-photon detectors
fast and low-loss phase modulators, bright and indistinguishcoupled to silicon waveguides. Thus, within a single material
able single-photon sources, high-efficiency single-photon desystem exists all the key components required to generate, matectors, and integrated control electronics are the components
nipulate and detect quantum states of light.
which will enable these advances.
In this review, we discuss in turn each of these silicon
Since the dawn of quantum optics, and until only very requantum-photonic technologies, together with the quantum
cently, single-photon experiments have been performed using
behaviour and the state-of-the-art demonstrations of each. We
bulk optical elements. Even today it remains the platform of
close with a brief discussion of the integration of the various
choice for small-scale proof-of-principle experiments. Howevtechnologies, and the future prospects for large-scale quantum
er, to realize the most promising quantum information tasks,
optics in silicon.
we’ll need circuits with a complexity far beyond the capabiliEncoding and Processing
ties of bulk optics. Since the first report of integrated quantum photonic circuits in 2008 [2], much progress has been
Quantum Information With Photons
Arbitrary logic circuits in classical computers are implemented
made towards a fully integrated technology platform: one
using the transistor as a fundamental building block. In the
which could yield compact and high fidelity photonic quansame way, arbitrary quantum logic operations require a minitum circuits [3]. The photonic technologies used so far, such
mal set of elements. Integrated optical quantum circuits typias silica-on-silicon or lithium niobate, have mm- or cm-scale
cally encode information in paths–the separated spatial modes
components, which inherently limit the scale of these circuits.
of a set of waveguides. Each quantum bit (qubit) is composed
Silicon photonics presents a promising platform for moving
of two waveguides, one representing the logical “0”, the other
quantum photonics to the large scale, with miniature and
one the logical “1” (Figure 2a). The manipulation of each quhigh-yield optics, strongly nonlinear waveguides, mature fabbit is accomplished by a suitable combination of beamsplitters
rication technology, and compatibility with both front-endoperating on both paths, and phase-shifters applied to one path
integrated CMOS electronics and telecom-band fibre optics.
(Figure 2b), allowing any input qubit to be mapped to an arSilicon multi-mode interference (MMI) couplers provide a
bitrary output state.
robust beamsplitter-like operation, while the thermo-optic,
To achieve universal quantum computation, operacarrier dispersion, or optical Kerr effects can provide singletions involving the pair-wise interaction of photons must be
photon phase modulation. Photon-pair sources based on the
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Coincidences (/60s)

a scheme exploiting the bosonic nature
of photons [4]. The key requirement to
0
this approach is the ability to perform
high-fidelity quantum interference between two photons.
In theory, a fully scalable solution
1
can be obtained by heralding the success of elementary operations thanks to
extra ancillary photons which do not
2-qubit
carry information but play a role in deentangled state
α 0 + β 1
termining when the operation succeeds
or fail. Depending on the measurement
Single qubit
Single photon
Entangled qubits
outcomes of these extra photons, the
(a)
(b)
(c)
circuit is then reconfigured, permitting
Figure 2. Description of the encoding and manipulation schemes of quantum photonic deterministic computation. The key
criteria to implement such circuits are
qubits. (a) Path encoding refers to the qubit formed of one photon in two modes. The
fast single-photon detectors, fast phaseright mode is defined as state “0”, and the left mode is state “1”. (b) A Mach-Zehnder
modulators, photonic delay lines, and
interferometer is sufficient to realise any possible state of one photonic qubit. (c) An
example of a two-photon entangling controlled-NOT gate, in which two qubits enter , beam-splitters, with all components
and their states are correlated by quantum entanglement.
having low optical loss.
Beamsplitters can be integrated using different technologies. Most common
implementations use either directional
couplers or multimode interference couMMI
plers (MMI). The former structure brings
or
two waveguides together, such that light
Delay
can tunnel between them. In an MMI
Counting
structure, waveguides are coupled into
logic
∆x
Detector
a multimode region which uses the selfimaging principle to split a single mode
(a)
into two paths. We demonstrated the
200
first two-photon quantum interference
27 µm
in a silicon device using an MMI coupler
150
with a 28 x 2.8 nm2 footprint [5], and
100
observed the characteristic ‘dip’ in coinci2.8 µm
50
dences (Figure 3d).
V = 80.2%
The ability to control the optical
0
(b)
–0.4
–0.2
0.0
0.2
0.4
phase of the photon states is essential for
Delay ∆x (mm)
quantum optic circuits. To demonstrate
(c)
quantum state manipulation we used
Figure 3. Quantum interference between two photons. (a) Schematic of a typical Hong- a Mach-Zehnder interferometer (MZI)
Ou-Mandel interference experiment, where one of two photons is delayed before both composed of two MMIs and a thermal
are impinged on a beamsplitter (in this case a multi-mode interference MMI coupler). phase shifter. By injecting indistinguish(b) A scanning electron micrograph of a MMI coupler . (c) The characteristic Hong-  able single photon states into each port
Ou-Mandel ‘dip’ resulting from the indistinguishability of the two impinging photons. of the MZI, we were able to demonstrate
The visibility V indicates the quality of interference, where V > 50% is only possible
the manipulation of entangled quantum
with quantum states of light.
states, and the high-quality interference
of the photon states. We recorded a fringe
having twice the oscillatory period as the
implemented (i.e. photon-photon interactions). Photons norone observed with a bright laser. This double fringe is the sigmally do not interact with each other, but several approaches
nature of the manipulation of two-photon quantum states of
to force them to interact are being pursued. One approach is to
light. In our experiment, the phase was varied using a slow
use a highly non-linear medium such as two-level systems in
thermal phase-shifter, but fast phase modulators (~40 GHz)
a cavity. While leading to deterministic interactions in theory,
are available in silicon. Carrier injection/depletion modulators
[6] are operated in the 10–40 GHz regime but have intrinsithis solution still faces technological challenges. Several key
cally high loss. Promising alternative approaches are all-optical
steps have been achieved in that direction, but a deterministic
switches and switches based on the electro-optic effect from an
interaction remains elusive. Another approach is to use only
induced second order nonlinearity.
linear optical elements, detectors, and classical feed-forward in
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Photon Sources
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When moving to more complex
quantum circuits, delay lines will become essential to store quantum information while the circuit is reconfigured.
If the overall architecture operates at
40 GHz, the short (mm-scale) delay line
needed for reconfiguring the circuit can
be implemented directly using standard
silicon waveguides (450 x 220 nm2).
Longer delay lines (cm- to m-scale) can
be implemented using low-loss heterostructures which can be efficiently coupled to SOI waveguides [8], with losses
as low as 1.2dB/m.

Off-resonance
On-resonance
Biased
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0

0
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Figure 4. Photon pair generation in a ring resonator. (a) Schematic of the ring resonator
photon pair source. A bright pump laser is launched into a waveguide which is cou pled to the resonator. Photon pairs are produced at ‘signal’ and ‘idler’ wavelengths and
exit via the output waveguide. (b) A silicon nanowire waveguide cross section. Light is
tightly confined in the small core, leading to strong nonlinear effects. (c) Energy diagram
of the spontaneous four-wave mixing process. (d) On-chip photon pair generation rate
measured in a ring resonator as a function of the input pump power for the condition of
on and off resonance pump, and also with reverse bias enhancement.
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Photon sources provide the raw quantum resource which optical systems act
on to produce meaningful quantum operations, such as those we have discussed.
In general, photon sources come in two
flavours: true single-photon sources,
and probabilistic photon-pair sources.
True single-photons are produced by
the natural relaxation of single atomic
or atom-like emitters, but the collection
Photon-pair sources
Pump laser
and indistinguishability of the resulting
φ
photons remains a real challenge, and
no such system has yet been integrated
with silicon waveguides. On the other
hand, photon-pair sources based on the
nonlinear-optical effect called sponta(a)
neous four-wave mixing (SFWM) were
On-chip quantum interference between on-chio generated photons
first demonstrated in 2006 [9] and have
5
evolved considerably since then.
150
V = 99.2%
4
Since SFWM converts two pump
photons to a signal-idler photon pair
100
3
(Figure 4c), its efficiency scales quadrati2
cally with the injected pump intensity.
50
1
The first SFWM photon-pair sources
exploited this effect via silicon nanowire
0
0
10
20
30
40
50
60
70
80
waveguides, which exhibit large optical
Phase shifter (φ) power (mW)
confinement in the silicon core (Figure 4a),
and correspondingly large SFWM en(b)
hancements as a result.
More recently, optical resonators (Fig- Figure 5. Functional integration of multiple sources and reconfigurable silicon pho ure 4b) and slow-light structures have tonics. (a) A bright laser is split between two on-chip photon-pair sources and drives
been used to increase the optical inten- spontaneous four-wave mixing in both. A two-photon entangled state comes from the
sity. However, these high-power struc- superposition of a photon pair being generated in either source. This state is interfered
tures have the secondary effect of exciting on the final MMI coupler to yield either bunching or splitting of the photon pairs at the
output. (b) Two-photon (left, yellow) and bright-light (right, purple) fringes on the phocarriers across silicon’s 1.1 eV band-gap
ton pairs and the pump, as the on-chip phase is varied. The observed double-frequency
via two-photon absorption. The result- oscillation is characteristic of such two-photon fringes and quantum interference.
ing plasma problematically absorbs both
the pump and photon pairs. In our recent
work, we showed that a P-N junction, implanted across the
photon pairs per second (Fig. 4d). The optical and quantum
waveguide, can sweep free carriers from that waveguide, and
properties of these spontaneous sources are well understood,
reduce this absorption [10] and increase the rate of photon-pair
and they represent a robust method for generating photongeneration, with on-chip generation rates as high as 120 M
pairs. On their own these devices cannot act as on-demand
IEEE Pho t on ic s So c iet y N EWSLETT ER
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single-photon sources: they have a small success probability,
and they sometimes produce more than one pair. Recently, a
proposal [11] to address these problems, involving source multiplexing, has shown that these sources can be made scalable
and near deterministic, provided that fast optical switches and
efficient single-photon detectors are available. This has lead to
new interest in spontaneous sources, with silicon photonics as a
possible route to realizing this multiplexed source technology.
Achieving this will require both simultaneous integration of
switches and single-photon detectors into current silicon photonic technology.

Single-Photon Detectors
Several single photon detector technologies are available to ultimately measure the photonic qubits [12]. The integration of
avalanche photodiodes in silicon is currently being pursued,
but recent developments with superconducting nanowire detectors, integrated on top of the silicon waveguide, show great
promise for quantum photonic applications. Such detectors
have the superior dark count, timing jitter (< 30 ps), deadtime
(< 10 ns), and detection efficiency (93%) properties required
to scale-up the size of on-chip quantum photonic systems [13].
A second type of superconducting detector, the transition edge
sensor, holds the detection efficiency record (as of this writing)
and is also a promising technology, though these devices suffer
in terms of their milli-Kelvin operation, longer dead time, and
larger timing jitter, compared to nanowire detectors. Nonetheless, suitable candidate detector systems are awaiting applications in large-scale silicon photonic quantum information
systems.

Integration
Implementing a full optical quantum computer requires the
integration of all the components we have discussed onto the
same chip. As the first of many steps towards that goal, we
recently demonstrated a device featuring two sources working together in a simple circuit featuring MMI couplers and
a thermal phase-shifter [14]. This device was seeded with a
standard 1550-nm telecom laser, and demonstrated very high
quality quantum light generated and manipulated on the chip.
A high-visibility two-photon fringe, signature of the faithful
operation of both the sources and the linear optical elements,
as well as the intrinsic entanglement of the generated light,
was obtained.
This device represents a first step in the functional integration of quantum photonics. Future devices will need both
pump-removing filters and single-photon detectors; slow thermal phase shifters must be replaced by fast electro-optics ones;
and ultimately the driving and logic electronics must also be
combined on-chip to control the full system. Together, these
problems form the grand challenge of integrated quantum optics, and we believe that silicon photonics is our best hope to
solving them.

Conclusion
As we have shown, the silicon-on-insulator platform offers all
the necessary optical and electronic components required to
implement these exciting quantum photonic technologies.
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Silicon photonic fabrication techniques and designs are rapidly maturing, with a strong push from the microelectronics
industry for implementing reliable optical interconnects. High
yield components combined with an unrivaled compactness
will make silicon the material of choice to implement the next
generation of complex integrated quantum circuits, and to
enable the next generation of powerful quantum information
processing systems.
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President’s Column
(continued from page 3)
inaugural networking event that will be part of this year’s
IEEE Photonics Conference in La Jolla, CA in October with
all conference attendees invited to attend. Since 2014 also
happens to mark the 50th year of the IEEE Fellows program,
we hope to have a number of our Society Fellows there for
the occasion. To support our Women in Photonics initiative, Dr Arti Agrawal from City University London, will
serve as the Associate Vice President (AVP) for Women in
Photonics on the Society’s newly restructured Membership

Council. Arti is passionate about promoting the engagement
and participation of women in photonics and will also be the
Society’s liaison to IEEE WIE. I will provide more details on
other new outreach initiatives next time.
With warm wishes,
Dalma Novak
Pharad, LLC
d.novak@ieee.org
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News
IPS is Seeking Volunteers for Ustream Live-Chats

The IEEE Photonics Society (IPS) is now conducting informative “live-chats” on a live-stream platform, called Ustream, to
help facilitate two-way communication amongst members in
the society and bridge global engagement in the photonics community. The internet and social media have changed the way we
personally interact and IPS understands that online, interactive
tools can help our members connect in a more convenient and
compelling way.
In 2014, IPS will hold monthly live-chats where members
share their IPS volunteer experiences, stories and give advice to
their peers. Selected volunteers will live-chat from the convenience of their office or home by conducting 1 hour interactive
video live-streams.
Types of members and volunteers we are looking for:
• Conference Chairs
• Editors and Associate Editors of Journals
• Distinguished Lecturers
• Chapter Chairs
• Board of Governor Members
• Section/Council/Subsection Chairs
• Leaders in the field
• Award Winners
• GOLD Members
• Prominent Industry Professionals
• Women in Engineering
• Volunteers with extensive education and outreach experience
• Members that have an interesting story or advice to share
Our live-chats will be broadcasted in real-time on Facebook
and Ustream. Videos will later be archived on Youtube and
various other social media platforms. About 200+ people tunein live for the chats and 100’s watch the archived videos.
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View other IPS volunteers archived videos, here:
• Dalma Novak, IPS President-Elect: http://bit.ly/16I7I6n
• Carmen Menoni, IEEE Photonics Journal Editor-in-Chief:
http://bit.ly/1lBeh0K
Examples of live-chat topics:
• Focus of an upcoming conference, advice on how to manage a conference or how to get involved as a volunteer
• Advice on how to navigate careers tracks and mentor
students
• Journal Scopes, special topics or calls for papers
• Experience as a volunteer or leader in the photonics
industry
• Advice on how to volunteer and get involved with the
society
• Experience as an Editor or Associate Editor
• Education and helpful outreach best practices
Live-chats allow IPS to create engaging experiences for existing members, potential members, attendees of conferences and
readers/subscribers. Open communication keeps an organization, like IEEE, motivated and by participating as a live-chat
speaker, you will bring fresh perspectives to our members and
help enrich IPS with new ideas!
The items you will need to have to conduct a live-chat:
• Internet access
• A computer with a webcam/microphone
• A telephone number that I can reach you 30 minutes prior
to the chat for set up.
If you are interested in participating as a live-chat speaker,
please contact Lauren Mecum, Membership Development Specialist, at L.Mecum@ieee.org.

April 2014

08/04/14 5:28 PM

IEEE MentorCentre: Professional
Development & Networking Tool

By Kristina Bottone
The Institute of Electrical and Electronics Engineers (IEEE)
MentorCentre is a voluntary web-based program designed to
establish a mentoring partnership between members. By using
career and personal life experiences, mentors assist mentees in
the development of their professional careers. With a global
community of members, mentees can connect with engineering professionals worldwide and receive peer to peer to guidance from the best in the field.
To start the mentoring process, both mentors and mentees
can sign into the IEEE MentorCentre website by using their
IEEE Web Account. After completing the requested fields, applicants should create a user profile by completing forms on
their educational background and technical interests. Once
submitted, mentors will be notified of approval within three
business days, while mentees can begin searching for their ideal mentor. Based on the members’ profiles, the program will
recommend matches. Mentees can then select their mentor and
complete their developmental goal setting plan.
As a mentor and seasoned IEEE member, mentors have
valuable knowledge and experience to share. Why not use this
experience to mentor an individual new to the engineering
and technology professions? Mentors offer wisdom to young
members in the developmental stages of their professional career. They must be willing to share professional experiences,
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knowledge, and advice, as well as provide a basis of coaching,
leadership, and management to their mentees. In return, mentors gain an opportunity to give back to their profession, grow
a stronger personal network, obtain a pool of talent and create a
two-way learning opportunity with other professionals.
IEEE member and mentor, Gary C. Hinkle says, “Helping
young engineers develop their careers is very rewarding. Working with some of these individuals has proven to be quite a
challenge, because of the diversity among those seeking mentors. I am glad to be contributing to this program.”
A mentee, must be willing to commit time and energy into
the mentoring partnership. Prospective mentees must be above
the IEEE Student Member Grade and have a passion for learning. They will establish goals, invest time and work into the
professional relationship in order to grow and refine their skill
set.
Mentee, Jamie Garcia, adds that, “IEEE has honored a valuable service, and whether you are a mentor or mentee, there is
a great deal of value in this program.”
For more information on the program, go to www.ieee.org/
mentoring. If you have questions, please contact the IEEE
MentorCentre Program Coordinator at IEEEmentoring@
ieee.org.
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Spotlight

Dr. Peter Winzer
Peter J. Winzer heads the Optical Transmission Systems and Networks Research Department at Bell Labs, Alcatel-Lucent, in Holmdel, NJ. He received his Ph.D. in electrical
engineering from the Vienna University of Technology, Austria, in 1998. Supported by the
European Space Agency (ESA), he investigated photon-starved space-borne Doppler lidar
and laser communications using high-sensitivity digital modulation and detection. At Bell
Labs since 2000, he has focused on various aspects of high-bandwidth fiber-optic communication systems, including Raman amplification, advanced optical modulation formats and
receiver concepts, digital signal processing and coding, as well as on robust network architectures for dynamic data services. He contributed to several high-speed and high-capacity
optical transmission records with interface rates from 10 Gb/s to 1 Tb/s, including the first
100G and the first 400G electronically multiplexed optical transmission systems and the
first field trial of live 100G video traffic over an existing carrier network. Since 2008 he has
been investigating and promoting spatial multiplexing as a promising option to scale optical transport systems. He has widely published and patented and is actively involved in technical and organizational tasks
with the IEEE Photonics Society and the Optical Society of America (OSA), currently serving as the Editor-in-Chief of the
IEEE/OSA Journal of Lightwave Technology (JLT) as well as a Program Chair of the 2015 Optical Fiber Communication
Conference (OFC). Previously, Dr. Winzer has served for 3 years on the Board of Governors of the IEEE Photonics Society,
for 6 years as an Associate Editor for JLT, and has guest-edited 6 Special Issues of various international journals. Among
many other conference and workshop organizational activities, he has served on the program committees of the Conference on Lasers and Electro-Optics (CLEO), the Photonics Society’s Annual Meeting, OFC, and the European Conference
on Optical Communication (ECOC), for which he acted as Program Chair in 2009 when the conference took place in his
hometown, Vienna, Austria. Dr. Winzer is a Distinguished Member of Technical Staff at Bell Labs and a Fellow of the IEEE
and the OSA.
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Prof. Dr. Ioannis Tomkos
Profile Summary
Ioannis Tomkos has been with AIT since 2002 (serving as Professor, Research Group Head
and Associate Dean). He was elected as “Adjunct Professor” at the College of Optical Sciences of University of Arizona (Oct 2013) and “Adjunct Faculty Research Fellow” at the
Department of Electrical and Computer Engineering at University of Cyprus (Jan 2014).
In the past, he was “Adjunct Faculty” member at the Information Networking Institute of
Carnegie-Mellon University, USA (2002–2010), Senior Research Scientist (1999–2002) at
Corning Inc., USA and Research Associate (1995–1999) at University of Athens, Greece.
He received his B.Sc. from University of Patras (1994), his M.Sc. in Telecommunications
Engineering and his Ph.D. in Optical Communications Systems from University of Athens
in 1996 and 1999, respectively. Dr. Tomkos has represented AIT as Principal Investigator in
about 25 EU and industry funded research projects (including 6 currently active projects) related with Optical Communications/Networking and Broadband Access. In several of these
projects Dr. Tomkos was a (co-)initiator of the whole activity and had a consortium-wide
leading role coordinating the activities of large-scale, multi-organization, multi-national research teams. Together with his
colleagues and students, he has co-authored over 500 peer-reviewed archival scientific articles. For his research accomplishments he has received several awards and distinctions, including the Distinguished Lecturer Award of the IEEE Communications Society (2007). Dr. Tomkos has been highly involved in societal work. He served as the Chairman of the International
Optical Networking Technical Committee of the IEEE Communications Society (2007–2008), the Chairman of the IFIP
working group on Photonic Networking (2008–2009), the Chairman of the OSA Technical Group on Optical Communications (2009–2012) and the Chairman of the IEEE Photonics Society Greek Chapter (2010–2013). He has been involved,
in various roles, in the organization of major conferences in the area of telecommunications/networking. In addition, he is a
member of the Editorial Boards of the IEEE/OSA Journal of Lightwave Technology, the IEEE/OSA Journal of Optical Communications and Networking, the IET Journal on Optoelectronics, the Springer Photonic Network Communications Journal, and the International Journal on Telecommunications Management. He has served as guest-editor for many special issues
of high-caliber Journals, including as the Chief Editor for a 2012 centennial anniversary special issue on “The evolution of
Optical Networking” for the Proceedings of IEEE. Dr. Tomkos is a Fellow of the IET (2010) and a Fellow of the OSA (2012).
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Prof. Fumio Koyama
Fumio Koyama is a Professor/Director of Photonics Integration System Research Center,
Precision & Intelligence Laboratory, Tokyo Institute of Technology, Japan. He received
the B.E., M.E., and Ph.D. degrees from the Tokyo Institute of Technology, Tokyo, Japan,
in 1980, 1982 and 1985, respectively. His current research interest includes VCSEL
photonics, photonic integrated waveguide devices, tunable photonic devices, and beam
steering/switching devices. From 1992 to 1993 he was with AT&T Bell Labs, Crawford
Hill, as a visiting researcher. He has authored or co-authored more than 900 highly
cited journal papers/international conference papers, including more than 80 invited papers. For more than 25 years, Fumio Koyama has been one of leading researchers whose
work contributed to VCSEL photonics and single-mode lasers for broadband optical communications. Dr. Koyama demonstrated the first realization of room temperature CW
operation of VCSELs in 1988, which accelerated world-wide research on VCSELs and
formed the research community of VCSEL-based photonics over the world. He and his
co-workers have made significant contributions on the progress of VCSELs, such as the first demonstration of epitaxial
DBR VCSELs, record low threshold operations, polarization control, and multi-wavelength VCSEL integration. Dr,
Koyama also made significant contributions to the understanding of frequency chirping in external modulators. He
received the IEEE Student Paper Award in 1985, the IEE Electronics Letters Premium in 1985 and in 1988, the Paper
Awards from the IEICE of Japan in 1990, 2002, 2004 and 2007, the excellent review paper award from the Japan Society
of Applied Physics in 2000, Marubun Scientific Award from Marubun Research Promotion Foundation in 1998, the
Ichimura Award from the New Technology Development Foundation in 2004, the Electronics Society Award from the
IEICE of Japan in 2006, the Prize for Science and Technology from the Minister of Education, Culture, Sports, Science
and Technology in 2007, IEEE/LEOS William Streifer Scientific Achievement Award in 2008 and the Micro-Optics
award in 2011. He is also the winner of the 2012 Izuo Hayashi Award (the technical award on optoelectronic integration
technology) from the Japanese Society of Applied Physics. He is a Fellow of IEEE, IEICE and the Japan Society of Applied Physics. He currently serves as a Deputy Editor for the IEEE/OSA Journal of Lightwave Technology and a topical
editor for OSA’s Optics Letters. Previously, he was Guest Editor of the IEEE Journal on Selected Topics of Quantum
Electronics, and he served the community on various awards committees. He was General Chair, and Program Chair of
the IEEE International Semiconductor Laser Conferences, and of OECC, and served on the technical program committee
of ACP, CLEO Pacific-Rim, CLEO/QELS, and the Photonics Society Annual Meeting. He was the chair of IEEE Photonics Society Japan Chapter and Board Member of IEEE Tokyo Section. He also served as President of Electronics Society,
the Institute of Electronics, Information and Communication Engineers (IEICE) and as a member of IEEE Photonics
Society Board of Governors (2012–2014).
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Dr. Ming-Jun Li
Dr. Ming-Jun Li joined Corning in 1991 and is currently a Corning Fellow. He has been
a key inventor and contributor to many telecom and specialty fibers including bend-insensitive ClearCurve® optical fiber for FTTH, which received the R&D 100 Award was
featured as one of Time magazine’s “Best Inventions of the Year”, LEAF® fiber, which won
four industrial awards and was deployed with more than 30 million of kilometers of fiber in
long haul networks, ultra-low PMD fiber and low loss fiber for high data rate transmission,
low SBS fiber for analog signal transmission, high bandwidth multimode fiber for data centers, various specialty fibers for use in connectors, fiber lasers, sensors and endoscopes, and
recently new multicore fibers and few mode fibers for future space division multiplexing.
His research efforts have resulted in the generation of a significant number of new products
and revenue. Dr. Li received the 1988 French National Prize on Guidedwave Optics for his
work on Cerenkov second harmonic generation, the 2005 Stookey Award for exploratory
research at Corning Incorporated, and the 2008 Northeast Regional Industrial Innovation
Award from American Chemical Society. He is a Fellow of Optical Society of America and a Senior Member of the IEEE
Photonics Society. He is currently serving as a Deputy Editor for the IEEE/OSA Journal of Lightwave Technolgy, after
having served as member of its Coordinating Committee Member and Associate Editor for 6 years. He has also served as a
Guest Editor for a special issue on Optical Fiber Nanotechnology of Nanophotonics and for a special issue on Microstructured Fibers of JLT. He has served as a Technical Committee Member for OECC, as a Steering Committee Chair for ACP,
and as a technical committee member of the IEEE Photonics Conference, OFC, CLEO, APOC, the LEOS Winter Topical
Meetings, and APOS, and was a Program Chair for OECC, and Program Chair and General Chair for ACP. Dr. Li holds
102 U.S. patents and has published 3 book chapters and authored and coauthored over 200 technical papers in journals and
conferences. Dr. Li received a B.Sc. degree in applied physics from the Beijing Institute of Technology, Beijing, China, in
1983, a M.Sc. degree in optics and signal processing from University of Franche-Comté, Besancon, France, in 1985, and a
Ph.D. degree in physics from University of Nice, Nice, France, in 1988.
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Careers and Awards
IEEE Photonics Society—Call For Nominations

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

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

26

28photos02.indd 26

IEEE Pho t on ic s So c iet y N EWSLETT ER

April 2014

08/04/14 5:28 PM

Call For Nominations

IEEE Photonics Society 2014 Distinguished
Service Award
Nomination deadline: 30 April 2014

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

Previous Recipients
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2014 Graduate Student Fellowship Program:
Applications are now Being Accepted

IEEE PHOTONICS SOCIETY 2014 Graduate Student Fellowship Program
The IEEE PHOTONICS SOCIETY established the Graduate Student Fellowship Program to provide Graduate Fellowships to
outstanding Photonics Society student members pursuing graduate education within the Photonics Society field of interest (photonics, electro-optics, lasers, optics, or closely related fields). Up to ten Fellowships of $1,000 each will be awarded, based on the
student membership in each of the main geographical regions:
Americas
Europe/Mid-East/Africa
Asia/Pacific
Prize: Up to ten Fellowships of $1,000 each will be awarded this year. A complimentary conference registration will be available
to each Fellowship recipient to attend the IEEE Photonics Conference for the award presentation.
Eligibility: Fellowship applicants must be an IEEE Photonics Society student member pursuing a graduate education within the
Photonics Society field of interest. Students should normally be in their penultimate year of study at the time of application and
be planning to submit their thesis on a timescale of 6 to 18 months after the application is submitted (i.e. those applying in May
2014 would normally expect to defend their thesis during 2015).
Schedule: Application packages are due to the Photonics Society Executive Office, 445 Hoes Lane, Piscataway, NJ 08854 by 30 May.
Electronic submissions are accepted via: PhotonicsAwards@ieee.org.
The ten Fellowship recipients will be notified by 30 July of the same year. The Fellowships will be presented at the IEEE Photonics Conference.
Fellowship Application Package Requirements:
• Cover letter to include name, address, email, IEEE member number, expected date of submission of the thesis, and a listing of
any activities related to Photonics Society, along with the names and contact information of two references.
• A one-page CV, including all degrees received and dates.
• One copy of educational transcripts.
• A 300-word statement of purpose describing the student’s research project and interests. The statement is to include the
background to the project, what the student has achieved so far and how the research will be continued and developed by the
student over the rest of the project
• A list of the student’s publications with the most significant paper indicated and a 100-word description of the significance of
the paper. Please include any IEEE Photonics Society journal publications if any.
• Two reference letters from individuals familiar with the student’s research and educational credentials.
• Note that additional information and submissions over the specified word count will not be forwarded to the evaluating committee.
Guidelines have been established for the 2014 application process. Please check the Photonics Society web for more details (www.
PhotonicsSociety.org). Submission information is now available
For more information contact: PhotonicsAwards@ieee.org
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Membership
IEEE MentorCentre
www.ieee.org/mentoring

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

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

Watch “IEEE MentorCentre” on IEEE.tv, www.IEEE.tv.
Participation in the program is voluntary and open to all
IEEE members above the grade of Student Member. For
more information on the program, go to
www.ieee.org/mentoring. If you have questions, please
contact the IEEE MentorCentre Program Coordinator at
IEEEmentoring@ieee.org.
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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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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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Workshop Spotlight:
WRAP 2013 IIT New Delhi

On December 17–18, 2014, the new IEEE Photonics Society IIT New Delhi India chapter held the Workshop on Recent
Advances in Photonics (WRAP) on the university’s campus.
Indian Institute of Technology (IIT) Delhi is one of fifteen Institutes of Technology, created as centers of excellence for higher learning, research and development in science, engineering
and technology in India. The biennial workshop designed by
the university was 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 consisted of expert presentations on the most recent advances and emerging technology trends.
To promote and inculcate a spirit of innovation in India,
numerous initiatives have recently been undertaken by the Indian government to encourage and harness breakthrough technologies in society. One significant step in this direction has
been the “India Innovation Initiative” or “i3” - a joint initiative of the Department of Science & Technology (DST) of the
Government of India, Confederation of Indian Industry (CII),
and the company Agilent Technologies, which aims at promoting young innovators and facilitating the commercialization of
their innovations and thus, create an innovation eco-system in
the country.
With 200+ students and industry professionals in attendance WRAP 2013 was a platform for such initiatives, an environment for researchers to share technical research and disseminate emerging trends and challenges in photonics. The
workshop achieved its goal of motivating photonics research
and propelling photonics-based innovation by bringing together leading global experts to discuss the field’s most recent
advances. Thirty + talks were complemented by presentations
from successful alumni of IIT’s Fiber Optics Group (FOG) as
well as poster sessions of peer-reviewed research papers submitted by students and young researchers from all parts of
India.
“We hope this biennial event will help significantly incorporate the spirit of innovation about photonics in young Indian
researchers,” Linke says.
For more information on WRAP 2013 and the work of IIT’s
Fiber Optics Group, please visit: http://physics.iitd.ac.in/SouvenirWRAP13.pdf
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Workshop Spotlight:
WRAP 2013 IIT New Delhi

April 2014

28photos02.indd 33

IEEE Pho t on ic s So c iet y N EWSLETT ER

33

08/04/14 5:29 PM

your personal gateway to IEEE Membership
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
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IEEE First Year New Member Experience
IEEE has an outreach program, First Year New Member Experience, for newly inducted
members. It was designed to help each understand and navigate IEEE during their first
year experience. Whether a member joined to build a professional network, save money on
conferences or keep current with technology, this program can help.
It includes a website portal, a monthly
online orientation to help the new member
get connected to IEEE and basic services
on how to participate in various member
activities.
Please inform new members and chapter
participants of this program when they first
join the society.
To get started visit: www.IEEE.org/Start

Get Connected &
Stay Informed @:
@IEEEPhotonics
www.PhotonicsSociety.org / www.IEEE.org/Membership
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ɠɠɠʳŷÝ˚ÝrrrʳŸǋ¶

Nĵrŷ

ǻsOÌŘÞOĶNŸŘ¯sǋsŘOsʲ˧˚13 June 2014 ∙ Exposition: 10˚ˠˡğȖŘsˡ˟ˠˣ
ǢŘğŸǣsNŸŘɚsŘǼÞŸŘNsŘǼsǋʰǢŘğŸǣsʰNĶÞ¯ŸǋŘÞȕǢ
ƻƼsǋǢȖEŎÞǣǣÞŸŘ^s_ĶÞŘsʲˡˡğŘȖǋɴˡ˟ˠˣ

ɠɠɠʳNĵrŷOŸŘ¯sǋsŘOsʳŸǋ¶

ǢȖŎŎsǋǻŸƼÞOĶǣōssǼÞŘ¶ǢsǋÞsǣ

ˠˣ˚ˠ˥ğȖĶɴˡ˟ˠˣʰ^sĶǼōŸŘǼǋsĶʰōŸŘǼǋsĶʰǆȖsEsONŘ_
ƻƼsǋǢȖEŎÞǣǣÞŸŘ^s_ĶÞŘsʲˡˠōǋOÌˡ˟ˠˣ

ɠɠɠʳǢȖŎ˚ÝrrrʳŸǋ¶

ǼÌ

ˠˠ ÝŘǼsǋŘǼÞŸŘĶNŸŘ¯sǋsŘOsŸŘµǋŸȖƼÝəƻÌŸǼŸŘÞOǣ
ˡ˦˚ˡ˨Ȗ¶ȖǣǼˡ˟ˠˣʰNÞǼsÝŘǼsǋŘǼÞŸŘĶsȕŘÞɚsǋǣÞǼÞǋs_sƻǋÞǣʰƻǋÞǣ®ǋŘOs
ƻƼsǋǢȖEŎÞǣǣÞŸŘ^s_ĶÞŘsʲ˧ƼǋÞĶˡ˟ˠˣ

ɠɠɠʳµ®ƻ˚ÝrrrʳŸǋ¶

ÝŘǼsǋŘǼÞŸŘĶǢsŎÞOŸŘ_ȖOǼŸǋĵǣsǋNŸŘ¯sǋsŘOsˡ˟ˠˣ
˦˚ˠ˟ǢsƼǼsŎEsǋˡ˟ˠˣ˚ËŸǼsĶʲōsĶÞƻĶǣǼsŘs
ƻĶŎ_sōĶĶŸǋOʰǢƼÞŘ
ƻƼsǋǢȖEŎÞǣǣÞŸŘ^s_ĶÞŘsʲˡōɴˡ˟ˠˣ
ǼÌ

ɠɠɠʳÝǢĵN˚ÝrrrʳŸǋ¶

ˡ˦ ÝrrrƻÌŸǼŸŘÞOǣNŸŘ¯sǋsŘOsˡ˟ˠˣ

ˠˡ˚ˠ˥ŷOǼŸEsǋˡ˟ˠˣʰËɴǼǼǊs¶sŘOɴĵğŸĶĶʰǢŘ^Þs¶ŸʰNĶÞ¯ŸǋŘÞȕǢ
ƻƼsǋǢȖEŎÞǣǣÞŸŘ^s_ĶÞŘsʲ˨ōɴˡ˟ˠˣ

ɠɠɠʳÝƻN˚ÝrrrʳŸǋ¶

ǼÌ

ˠˠ ɚÞŸŘÞOǣ®ÞEsǋ˚ŷƼǼÞOǣ˓ƻÌŸǼŸŘÞOǣNŸŘ¯sǋsŘOs
ˠˠ˚ˠˢŗŸɚsŎEsǋˡ˟ˠˣʰËɴǼǼǊs¶sŘOɴǼĶŘǼʰǼĶŘǼʰµsŸǋ¶ÞȕǢ
ƻƼsǋǢȖEŎÞǣǣÞŸŘ^s_ĶÞŘsʲˠ˟ğȖŘsˡ˟ˠˣ

ɠɠɠʳə®ŷƻ˚ÝrrrʳŸǋ¶
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®ŸǋŎŸǋsÞŘ¯ŸǋŎǼÞŸŘʰɚÞǣÞǼʲ
ɠɠɠʳƻÌŸǼŸŘÞOǣNŸŘ¯sǋsŘOsǣʳŸǋ¶
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OI Conference Preview
The third annual Optical Interconnects Conference will be
held this year at the Lowes Coronado Hotel in Coronado,
California, 25 years after the 1st Optical Interconnects
Workshop in Santa Fe, New Mexico. The meeting topics
cover all aspects of optical interconnects, including silicon
photonics, detectors, surface emitting lasers, nano-lasers,
passive waveguide structures, modeling and simulation,
electronic interconnect circuits and system and subsystem
demonstrators. The meeting has a single session encouraging cross-fertilization between device, circuit, and system
researchers.
Plenary speakers include Bill Dally from Nvdia Corp. who
will discuss high performance computing systems and the
need for high bandwidth low power interconnects. Ashok
Krishnamoorthy from Oracle who will present his views on
incremental and inevitable optical interconnects, and Jeff Rogers, currently at DARPA, who will discuss his views on the
need for optical interconnects. A variety of invited speakers
from Industry and Academia and across the globe will discuss
devices through systems. Bryan Casper from Intel Corporation will discuss the state of the art in electrical interconnects
providing a good motivation for what is needed from optical
interconnects. In separate talks, Dennis Deppe from University of Central Florida and Shaya Fainman from University of
California- San Diego will
discuss the state of the art
in lasers and nano-lasers for
optical interconnects. Joyce
Poon from the University of
Toronto, Canada, Zhiping
Zhou from Peking University, China, and Sylvie Menezo
from CEA-Leti in France will
talk about various aspects for
silicon photonics for optical
interconnects. Lastly, Mark
Rodwell from University of
California-Santa Barbara will
discuss coherent optical data
Shekhar Borkar,
links and Ben Lee from IBM
Program Co-Chairs

April 2014
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Richard Grzybowski & Anthony Lentine, General Co-Chairs

Xuezhe Zheng

Azita Emami

will describe scalable switching architectures for next generation computing.
As usual, Sunday evening will be devoted to a challenging
problem workshop. This year’s topic will address local and global
bandwidth needs for massive online learning. The workshop is free
to all attendees and is an enjoyable way to interact with colleagues,
make new connections and challenge conventional thinking.
The Optical Interconnects Conference is 4-7 May 2014. We
hope to see you there!
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Final call for paper
2014 International Topical Meeting on Microwave Photonics /

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

MWP/APMP 2014

20-23 October 2014 Sapporo Convention Center, Sapporo, Japan
Submission deadline : 5 May 2014

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

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

The Telecommunications Advancement Foundation

NICT International Exchange Program

April 2014
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OECC/ACOFT, a Premier
Conference to Attend in 2014

The 19th OptoElectronics and Communication Conference
(OECC) and 39th Australian Conference on Optical Fiber
Technology (ACOFT) will be held from July 6–July 10, 2014
at the Melbourne Convention and Exhibition Centre, in Melbourne, Australia. OECC is the premier conference in the Asia
Pacific region for showcasing the latest world leading research
in the fields of photonics and optical communications. It will
be located in the lively heart of Melbourne, Australia’s second largest city, and famous for its vibrant arts, sports and
cafe and restaurant scene. The contributed papers will address
a plethora of research topics in optical communications ranging from optical devices to optical networking, as well as the
research topics of “CLEO Focus” on frontiers in photonics and
emerging technologies
Headlining the event are six keynote speakers at the Plenary Sessions. Dr Andrew R. Chraplyvy from Alcatel-Lucent
Bell Labs, USA will reveal how fiber nonlinearities have shaped
optical communications; Professor Shanhui Fan from Stanford
University will disclose the new physics of nanophotonics for
information and energy applications; Mr John Lord, Chairman
of Huawei Technologies (Australia), will present his perspective
on the new era of connectivity and shared wisdom in today’s
information age that require equivalent advances in the security
of our information and infrastructures; Professor Alan E. Willner from University of Southern California, will give an insight
on optical communications using multiplexing of multiple
orbital-angular-momentum beams; Dr. Masaya Notomi from
NTT Nanophotonics Center will present femtojoule per bit
optical communication in a chip by integrated nanophotonics.
Four workshops on highly controversial yet timely and relevant topics have been scheduled to kick start the conference on
Day 1, ensuring lively debates between the workshop speakers
and also opportunities for delegates to interact with the workshop speakers. Topics include, “Optical Communication Energy Efficiency—A Looming Crisis?”, “Quantum Photonics—
The Holy Grail for Computing and Secure Communications?”,
“Optical Communications: The Limits for Highest Spectral
Efficiency Transmission, “Photonics Industry Workshop—The
ABC to Entrepreneurship and Company Start-up Success”.
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What are also featured in the conference are a host of carefully selected invited and tutorial speakers who are research and
industry leaders in the fields of photonics and optical communications. They will be presenting the latest breakthroughs in technology and applications, and providing insights into the research
and industry roadmap ahead. Amongst our 66 invited speakers,
Professor Ken-ichi Kitayama from Osaka University, Japan, will
present the plethora of technology options for next-generation
passive optical networks. Professor Ivan Djordjevic from the
University of Arizona, USA, will describe his latest work on
adaptive nonbinary low-density parity check coded modulation
for optical transport networks. Dr. John Travers from Max Planck
Institute for the Science of Light, Germany, will present the latest
advances in nonlinear optics in gas-filled hollow-core photonic
crystal fibres. Professor Barry Luther-Davies from the Australian
National University will describe work on chalcogenide materials
for nonlinear photonics in the near and middle infrared.
Aside from invited talks, five tutorials have been lined up to
provide delegates with an instructional overview of the progress in research. For instance, Dr. Seb Savory from University
College of London will provide an overview of the leading and
most effective DSP techniques to be used not only in point to
point links but also from the optical networking context, in his
talk entitled, “Digital Signal Processing: Enabling a Revolution in Optical Networking”. Professor Masataka Nakazawa
from Tohoku University, Japan, will present the latest trends
in ultrafast and high spectral efficiency optical transmission
with a specific focus on multi-core fibers for space division
multiplexed transmission in his tutorial entitled, “Ultrahigh
spectral efficiency systems-Pushing the limits of multi-level
modulation, multi-core fiber, and multi-mode control”.
OECC/ACOFT 2014 promises all delegates an array of
timely and relevant topics and presentations, in addition to an
exciting line-up of social events, so please mark your calendars
and plan to attend!
Please visit www.oecc-acoft-2014.org for further information.

April 2014

08/04/14 5:29 PM

April 2014

28photos02.indd 41

IEEE Pho t on ic s So c iet y N EWSLETT ER

41

08/04/14 5:29 PM

42

28photos02.indd 42

IEEE Pho t on ic s So c iet y N EWSLETT ER

April 2014

08/04/14 5:29 PM

IPC

2014

27th IEEE Photonics Conference

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

CALL FOR
PAPERS

General Chair:

Submission
Deadline:

Susumu Noda
Kyoto University, Japan

9 May

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

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

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

April 2014
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IEEE Photonics Society Co-Sponsored Events

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

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

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

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

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

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

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

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

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

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

PVSC June 8—13, 2014
2014 IEEE 40th Photovoltaic Specialists
Conference
Colorado Convention Center
Denver, CO, USA
http://www.ieee pvsc.org/PVSC40/

April 2014
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MWP/APMP October 20—23, 2014
2014 International Topical Meeting on
Microwave Photonics
2014 9th Asia-Pacific Microwave Photonics
Conference
Sapporo Convention Center
Sapporo, Japan
http://www.mwp2014.com/
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This publication offers open access options for authors

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

Learn more about IEEE Open Access Publishing:

www.ieee.org/open-access
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Publications

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

The IEEE/OSA Journal of Lightwave Technology presents a forum for authors to publish expanded papers
in a Special Issue on the 23rd International Conference on OPTICAL FIBER SENSORS. The Chairs of the
conference serve as Guest Editors in this endeavor.
On behalf of the Guest Editors and the Editor‐in‐Chief, we encourage you to submit an expanded version
of your accepted conference paper to the journal. Typically, these papers are 5 to 7 pages in length.
Mandatory page charges of $260USD per page are enforced in excess of 7 pages. This paper would
appear in an upcoming JLT special issue titled "OFS 23." Normally, a large number of invitees take
advantage of the opportunity. Based on this, we hope you will be able to submit such a paper. Tutorial
presenters will be invited individually. Tutorial review papers can range up to 16 pages in length.

Submissions by website only: http://mc.manuscriptcentral.com/jlt‐ieee
Manuscript Type: “OFS23”
Submission questions: Doug Hargis, Journal of Lightwave Technology d.hargis@ieee.org
Relevant topics include, but are not limited to the following:
• Physical, Mechanical, and Electromagnetic Sensors
• Chemical, Environmental, Biological and Medical Sensors and Biophotonics
• Interferometric and Polarimetric Sensors including Gyroscopes
• Micro‐ and Nano‐structured Fiber Sensors including the Photonic Crystal Fibers and Gratings
Sensors
• Multiplexing and Sensor Networking
• Distributed Sensing
• Smart Structures and Sensors including the SHM systems
• Sensor Application, Field Tests and Standardization
• New fibers, Devices and Subsystems for Photonic Sensing including the ones for security and
defense
• New Concepts for Photonic Sensing
Guest Editors: Prof. José Miguel López‐Higuera, University of Cantabria, Spain; Prof. Julian
Jones, Heriot Watt University, UK; Prof. Manuel López‐Amo, Public University of Navarra, Spain;
Prof. Jose L. Santos, Universida de do Porto, Portugal.

Submission deadline:
7 September, 2014
April 2014
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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
Hard Copy Publication: March/April 2015
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
• Quantum information devices and circuits
• Circuit cavity quantum electrodynamics and
microwave quantum optics
• Novel Josephson junction and SQUID devices,
structures and circuits
• Novel electromagnetic structures
• Hybrid superconducting quantum circuits and
systems

Superconducting Quantum Photonics
• Single and entangled photon sources
• Single photon detectors
• Quantum optoelectronics using hybrid
superconductor/semiconductor structures

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 copy-edited and XML-tagged
versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy publication date. These final
versions have article numbers assigned to them to accelerate the online publication; the same article numbers are used for the print
versions of JSTQE.
For inquiries regarding this Special Issue, please contact:
IEEE Photonics Society, JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are justified
by clearly stating the distinction between a submitted paper and previous publications.
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Quantum Communication and Cryptography
Submission Deadline: August 1, 2014
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Quantum
Communication and Cryptography. The purpose of this issue is to present a broad overview of cutting-edge research in the field
of quantum communication and cryptography. This issue highlights practical quantum key distribution systems and research in the
implementations of next-generation quantum communication, as well as photonic quantum device technologies. The solicited areas
include (but are not limited to):
Quantum communication systems:
• Quantum key distribution systems
• Quantum random number generation
• Quantum hacking and countermeasures
• Quantum communication protocols
• Quantum repeaters
• Quantum communication networks

Photonic quantum devices:
• Single and entangled photon sources
• Single photon detectors
• Quantum interfaces (frequency conversion, photonic
quantum memories, etc.)
• Integrated quantum photonics

The Primary Guest Editor for this issue is Hiroki Takesue, NTT Laboratories, Japan. The Guest Editors are Eleni Diamanti, Centre
National de la Recherche Scientifique, France, Thomas Jennewein, University of Waterloo, Canada, Robert Thew, University of
Geneva, Switzerland, and Zhiliang Yuan, Toshiba Research Europe Ltd, UK.
The deadline for submission of manuscripts is August 1, 2014. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for May/June 2015.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
IEEE/Photonics Society
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are
justified by clearly stating the distinction between a submitted paper and previous publications.
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

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

Attosecond Photonics
Submission Deadline: December 1, 2014
Hard Copy Publication Deadline: September/October 2015
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area
of Attosecond Photonics.
The Primary Guest Editor for this issue is Zenghu Chang, University of Central Florida, USA.
The deadline for submission of manuscripts is December 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 copy-edited
and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy publication
date. These final versions have article numbers assigned to them to accelerate the online publication; the same article numbers are
used for the print versions of JSTQE.
For inquiries, please contact:
IEEE Photonics Society, JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
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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