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Editor’s
Column

IEEE Photonics Society

VIKRANT LAL
Welcome to the April 2012 issue of the Photonics Society newsletter.
In this issue, we are pleased to feature a tutorial on
Microwave Photonics by Prof. Jianping Yao from the
University of Ottawa. Microwave Photonics brings together the worlds of microwave engineering and optics,
and has advanced many applications in defense, wireless
communications, imaging and network infrastructure.
Prof. Yao has written an excellent tutorial on the subject.
The article focuses on the generation and processing of
Microwave signals. I greatly appreciate the effort Prof.
Yao put into bringing this together for our readers and I
hope you all enjoy the article.
Please feel free to send us your comments and suggestions to improve the Newsletter. The Associate Editors
and I would love to hear your ideas about features and
topics that members will find informative and enlightening in the coming months.
Vikrant Lal
(vlal@ieee.org)

Editor’s Correction: In the February 2012 issue, the
research highlights article on Slow light devices, Ref
[2] should have been as follows:
[2] L.V. Hau, S.E. Harris, Z. Dutton, C.H. Behroozi,
“Light speed reduction to 17 metres per second
in an ultracold atomic gas,” Nature, vol. 397,
p594, 1999.
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President’s
Column
HIDEO KUWAHARA

Photonics technologies
supporting our social life
In recent years everything in our social life is supported by
information and communication technologies (ICT), like egovernment, e-health, e-education, and even e-agriculture. New
businesses are also created in these new environments, and various cloud services are developed and increasing. Life styles of
individuals are also influenced by the Internet, smartphones,
and many applications. It is, however, not well recognized that
those ICT and applications are all supported by photonics technologies, as a social infrastructure. Service interruptions caused
by traffic congestion due to high bandwidth applications for
smartphones were recently reported in several areas worldwide.
It is said there is a need to increase the capacity of mobile base
stations and packet-switching fabrics, but the huge bandwidth
connecting them is enabled by photonics transport technologies.
The problem is that this is seldom explicitly spoken, and seems
to be vaguely recognized as if it is cost-free like air, which is
not true. A kind of returning mechanism of investment will be
needed to explosively increase the transport capabilities of the
communications network which supports our ICT-based society.
The situation in high-performance computer systems looks
also similar. Demand for higher bandwidth connection between
multiple CPUs and memories in high-performance computers
is further increasing, and the actual implementation of optical
interconnection is now starting to be used in some supercomputers. The K Computer from Japan was ranked #1 for the second consecutive term in the TOP500 Supercomputer ranking
in 2011. “K (kei)” means 10+16 in Japanese, or 10 peta FLOPS
performance. Unfortunately, optical interconnect technology is
not used in the current K Computer, probably due to issues in
cost and reliability. This poses a significant challenge for those
of us in photonics research communities, for the next stage. It
seems inevitable to use optical interconnect because of its high
bandwidth, no electro-magnetic interference, and high density
connection with tight spatial separation in parallel connections.
The cost assigned to the interconnection might be reconsidered
in the future considering, for example, reduced cable volume
and influences to air flow cooling. But cost, power consumption
and size are always criteria when considering whether to use new
technology or not. Silicon photonics is, I think, one of the most
promising technologies. It is, however, still in the research stage,
and much R&D work is needed before widespread industrial implementation can occur.
Recently, I attended an exhibition of lighting technology
held in Tokyo. I found the lighting industry is undergoing an
unprecedented transformation. Solid state lighting, mainly
LED-based, is dramatically replacing conventional lighting
systems, and the use of organic LEDs is also rapidly increasing. Not only is solid state lighting energy-efficient and reliable, but various improvements are enabling new capabilities
including adjustable color, a flat-shape, plus cooling and light
April 2012

distribution technologies. The value of lighting is also migrating in its concept from simple light sources to applications and
solutions, i.e., smart eco-systems of illumination.
The world is also confronting an aging society, though the
situation may differ by country. Concern for healthcare is increasing. We should consider what photonics technology can
do for the aging society and healthcare. Photonics technology
must have more than simple convex glasses for the aged, and
recent advancements of nano-bio-photonics will be very important in the imaging technology area, including OCT (optical coherence tomography), sensing and diagnostics.

IEEE TAB Meeting
I had a chance to attend the IEEE TAB (Technical Activities
Board) meetings held in Nov 2011 and Feb 2012, which gathered all the society/council presidents, division directors, and
related committee chairs. We discussed various topics relating
to IEEE operation overall. Our IEEE is, as you know, leading
ICT, but it is also influenced by ICT. The IEEE publication
business is also influenced by ICT, shifting from paper-based to
web-based, as major newspapers and publishers are also shifting toward web output. Expediting the paper-review process
from submission to actual publication is also an important
discussion point. Some requests for scope and title change of
the journal were proposed from corresponding societies, and
were discussed and approved. Plans for new publications were
proposed by societies, and required adjustments were discussed
among related societies. Several administrative proposals were
discussed and approved, including revisions of the TAB Operation Manual, a new slate of officers including VP-Elects, Committee Chairs, and TAB budget. At the occasion of the TAB
meeting, reviews of certain periodical publications or reviews
of societies were also held.
Membership count for total IEEE is still growing. Please let
your colleagues know about the benefits of IEEE membership
and the Photonics Society. The status of the IEEE is still there
with high social recognition. If you have been an IEEE member
for a long time, you may be able to reach Senior Member grade,
and if you have a distinguished technical accomplishment, you
may deserve to be nominated to Fellow grade. Please visit our
society website (www.photonicssociety.org/) again, and check
that you are fully enjoying our benefits (www.photonicssociety.
org/content/member-benefits). Please let us hear your opinions
on our IPS website as well.
By the time this column is posted in April Newsletter, OFC/
NFOEC2012 will be over, and I suppose various new advances
will have been made and reported. Another major event in our
area, CLEO2012, is approaching. See you again in San Jose!
With warm wishes,
Hideo Kuwahara
Fellow
Fujitsu Laboratories Ltd.
IEEE PHOTONICS SOCIETY NEWSLETTER
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Research Highlights

A Tutorial on Microwave Photonics
Jianping Yao, Microwave Photonics Research Laboratory, School of Electrical
Engineering and Computer Science, University of Ottawa, Canada K1N 6N5
Abstract – The broad bandwidth and low loss offered by modern photonics have led to an ever-increasing interest in the
design and implementation of photonically assisted solutions
for the generation, processing, control and distribution of microwave signals, an area called microwave photonics. In this
article, a tutorial on microwave photonics is presented with an
emphasis on optical generation of microwave signals and alloptical microwave signal processing.

Introduction
Microwave photonics is an area that studies the interaction
between microwave and optical waves for application such
as radar, communications, sensor networks, warfare systems
and instrumentation. In the past few years, there has been an
increasing effort in researching new microwave photonic solutions for these applications [1]. In general, the microwave
photonics techniques cover the following topics: 1) photonic
generation of microwave signals, 2) photonic processing of
microwave signals, 3) photonic distribution of microwave
signals, and 4) photonic analog-to-digital conversion. In this
article, techniques developed in the last few years are reviewed
with an emphasis on the system architectures to implement
the functions for the photonic generation, and processing of
microwave signals.

Optical Generation
of Microwave Signals
A high frequency and frequency-tunable microwave signal can
be generated by beating two optical waves at a photodetector
(PD), as shown in Fig.1. Assume we have two optical waves
given by
E 1 (t) = E 01 cos (~ 1 t + z 1),

(1)

E 2 (t) = E 02 cos (~ 2 t + z2 ),

(2)

and

where E 01, E 02 are the amplitude terms and z 1 , z 2 are the
phase terms of the two optical waves. The signal at the output
of the PD is given by

where R is the responsivity of the PD. Considering the limited bandwidth of the PD, the current at the output of the PD is given by
I RF = 2R P1 P2 cos [(~ 1 - ~ 2) t + (z 1 - z 2)],

As can be seen from (4), a microwave signal with a frequency equal to the frequency difference between the two optical
waves is generated. This technique is capable of generating an
electrical signal with a frequency up to the THz band, limited
only by the bandwidth of the PD. However, by beating two
optical waves from two free-running LDs would lead to a microwave signal having high phase noise since the phase terms
of the two optical waves are not correlated, and the beating
process will transfer the phase noise of the two optical waves
to the generated microwave signal. Numerous techniques have
been proposed in the last few years to generate low-phase-noise
microwave signals with the two optical waves being locked
in phase. These techniques can be classified into three categories: 1) Optical injection locking, 2) Optical phase-lock loop
(OPLL), and 3) Microwave generation using external modulation. In addition, a low-phase-noise microwave signal can also
be generated using an opto-electronic oscillator (OEO).
Optical Injection Locking
To generate a high-quality microwave signal via heterodyning,
the phase terms of the two optical waves used for heterodyning
must be highly correlated. A solution is to lock the phase terms
of two optical waves via optical injection locking [2] [3]. Fig.
2 shows a scheme to achieve optical injection locking, in which
a master laser diode (LD) is frequency-modulated by an microwave at fm, and the output from the master LD, consisting of an
optical carrier at m 0, two first-order sidebands and other higher-order sidebands, is injected into the slave LDs. The two slave
LDs have a free-running wavelengths close to the wavelengths
of two sideband, say -2nd and +2nd order sidebands, thus
the two slave LDs are injection locked, and the optical waves at
the outputs of the two slave LDs are phase correlated and the
beating of the two waves would generate a microwave signal

ω1
LD1

Optical
Coupler
PD

ω2

I (t) = R | E (t)| 2 = R | E 1 (t) + E 2 (t)| 2 =
RP1 + RP2 + 2R P1 P2 cos [(~ 1 - ~ 2) t + (z 1 - z 2)] (3)
4
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Figure 1. Beating of two optical waves at a PD for the generation of a microwave signal.
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Figure 2. Optical injection locking of two slave LDs.

with its phase noise determined by the
reference RF source. Note that the system can achieve frequency multiplying
operation. For the configuration shown
in Fig. 2, the generated frequency is four
times the frequency of the reference RF
source, a frequency quadrupling operation is thus achieved. Note also that the
microwave signal can generated remotely.
This is the key motivation of using such
a technique for the optical distribution of
microwave signals.

Loop Control
Phase Detector
Mixer

Amplifier

fm

LD1

Loop
Filter

PD

LD2

Remote Site

Harmonic
Generator

fm/N

RF

Figure 3. Optical phase locking of two LDs using a phase lock loop. The mixer, the am-

Optical Phase Lock Loop
plifier and the loop filter forms a phase detection module.
Two free-running laser sources can also
be phase locked using a phase lock loop
[4]–[10]. Fig. 3 shows a scheme to achieve optical phase lockMicrowave Generation Based
ing of two LDs. As can be seen two optical waves from two LDs
on External Modulation
are applied to a PD. At the output of the PD, a beat note with
Microwave signal generation can also be implemented
the frequency corresponding to the wavelength spacing is genbased on external modulation, by which the frequency of a
erated. The generated microwave signal is then sent to a phase
low-frequency microwave signal can be increased to a high
detector consisting of an electronic mixer and a low-pass filter.
frequency through frequency multiplication [11][12].
The output voltage, which is proportional to the phase differFig. 4(a) shows a scheme to achieve frequency doubling
ence between the generated microwave signal and the reference
using a Mach-Zehnder modulator (MZM). A RF signal is
signal, is sent to one LD to control the injection current, and
applied to the MZM via the RF port. The MZM is biased
thus its phase is accordingly changed, leading to the lock of the
at the minimum transmission point (MITP) to suppress
phase terms of the two optical waves.
the optical carrier. At the output of the MZM, only two
The locking range is determined by the linewidth of the
first-order sidebands are generated. By beating the firstLDs and the loop length. To achieve affective phase lockorder sidebands at a PD, a frequency doubled microwave
ing, we need to use narrow linewidth LDs and also to make
signal is generated.
the loop length shorter. Again, similar to the injection lockIf the MZM is biased at the maximum transmission point
ing scheme, the optical signal can be distributed over opti(MATP), at the output of the MZM, an optical signal with an
cal fiber for remote distribution. Note that it is not necessary
optical carrier and two second-order sidebands are generated.
that the frequency of the RF reference source is identical to
By using a notch filter to remove the optical carrier, and then
the frequency of the generated microwave signal. In fact, if
beat the two sidebands at the PD, a frequency quadrupled mia harmonic generator is used, then a RF signal with differcrowave signal is generated.
ent orders of harmonics can be sent to the mixer, thus a relaTo generate a microwave signal with a higher multiplicatively low frequency RF reference signal can be used. For extion factor, a configuration that employs two cascaded MZMs
ample, to generate a 60 GHz microwave signal, one may use a
may be used. The multiplication factor can be as high as 12,
15-GHz reference source, and the fourth harmonic will be
which enables the generation of a high frequency microwave
mixed with the beat note to produce a voltage signal to control
or terahertz signal using a low-frequency microwave source.
the phase of one LD.
Different techniques have been proposed for the generation
April 2012
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Figure 4. Microwave signal generation based on external modulation using a MZM. (a) Frequency doubling by biasing the MZM at
the minimum transmission point. (b) Frequency doubling by biasing the MZM at the maximum transmission point. The optical carrier is removed by an optical notch filter.

Microwave Generation Based
on an Electro-Optic Oscillator
Microwave
PA2
Divider
Source
In addition to the beating of two optical
waves at a PD to generate a microwave
PA1
TEPS
signal, a high spectral purity microwave
Output
signal can also be generated using an
PC1
PC2
FBG
opto-electronic oscillator (OEO) [24].
TOPS
LD
MZM1
MZM2
PD
EDFA
Notch
Compared with the techniques using
Filter
injection locking, phase-lock loop or
DC bias
DC bias
external modulation, the use of an OEO
can generate a microwave signal withFigure 5. A generalized microwave frequency multiplication system using two cascaded out the need for a reference microwave
MZMs. TOPS: tunable optical phase shifter, FBG: fiber Bragg grating, EDFA: erbium- source. Fig. 6 shows a typical OEO. If
doped fiber amplifier, TEPS: tunable electrical phase shifter, PA: power amplifier.
the gain in the loop is greater than the
loss, the OEO will oscillate. The phase
noise performance is determined by the
Q factor of the OEO loop. To generate a microwave signal with
low phase noise, the loop length should be long, from a few
Optical
PC1
PC2
Output
to tens of km. The use of a long loop length will, however,
LD
MZM
cause the OEO to generate a large number of closely spaced
Coupler
eigenmodes. To ensure a single-frequency oscillation, a high Q
PD
microwave filter with an ultra-narrow bandwidth must be used
Band-pass Filter
or high level of side modes will be generated. The use of mulElectrical
EA
tiple loops in an OEO would make the mode spacing greater,
Output
Coupler
which would ease the requirement for a high Q microwave filter [25]–[27]. However, an OEO with multiple loops would
Figure 6. An opto-electronic oscillator.
have a poorer system stability and higher system cost. More
importantly, the frequency tunability would be complicated if
a multiple-loop structure is employed.
of a frequency-quadrupled [13]–[15], sextupled [16]–[18],
Recently, a technique to achieve an optically tunable OEO
octupled [19]–[22] and twelvetupled [23] microwave sigwith
a wide frequency tunable range incorporating a tunable
nal. All these approaches were implemented by biasing the
microwave
photonic filter implemented based on phase-modMZMs at the MATP or MITP in conjunction with the use
ulation
to
intensity-modulation (PM-IM) conversion using
of an optical or microwave phase shifter and an optical filter.
a
phase-shifted
fiber Bragg grating (PS-FBG) was proposed
For two cascaded MZMs, there are four possible bias combi[28],
with
the
configuration
shown in Fig. 7(a). When a minations: 1) MATP, MATP, 2) MITP, MITP, 3) MATP, MITP,
crowave
signal
is
applied
to
the
PM, a phase-modulated optiand 4) MITP, MATP, with each combination corresponding
cal
signal
consisting
of
an
optical
carrier and two first-order
to a specific multiplication factor under different operation
sidebands
are
generated.
When
the
phase-modulated light
conditions. Fig. 5 shows a microwave generation system uswave
is
sent
to
the
PS-FBG
which
has
an notch in the reflecing two cascaded MZMs. A theoretical analysis leading to
tion
spectrum,
if
the
optical
wavelength
is tuned such that one
the operating conditions to achieve frequency quadrupling,
sideband
of
the
modulated
optical
signal
falls into the notch
sextupling, and octupling was developed and verified experiand
is
removed
by
the
PS-FBG,
the
phase
modulated signal
mentally [22].
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Figure 7. (a) An optically tunable OEO. (b) The Illustration of the operation of the microwave photonic filter. Upper: The reflection
spectrum (dashed line) and phase response (solid line) of the PS-FBG. Lower: The frequency response of the microwave photonic
filter.

becomes a single-sideband intensitymodulated signal, thus PM-IM conversion is achieved, and the joint operation
of the phase modulator and the PS-FBG
corresponds to a microwave photonic
filter, with the filter bandwidth determined by the bandwidth of the PS-FBG.
It is known that a PS-FBG can have a
notch as narrow as a few MHz, thus the
microwave photonic filter can effectively select one eigenmode, making the
OEO operate in single frequency. The
frequency tuning can be simply done by
tuning the wavelength of the light wave
from the tunable laser source (TLS).
Thus, an OEO with a large frequency
tunable range is achieved. The operation of the microwave photonic filter is
shown in Fig. 7(b).

Modulator
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b1

1×N

(N–1)T

N×1

PD

bN–1
RF Output
(a)
T
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MZM

RF

Output

PD
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Figure 8. (a) A generic photonic microwave delay-line filter with a finite impulse response.
(b) The implementation of a photonic microwave delay-line filter using an FBG array.

All-optical Microwave
Signal Processing
Introduction to Photonic Microwave
Delay-Line Filters
High-frequency and wideband microwave signals can also be
processed in the optical domain. The key signal processing
function is microwave filtering [29][30]. In this section, we
will review the techniques to implement photonic microwave
delay-line filters, with an emphasis on the generation of negative and complex coefficients to achieve bandpass filtering. The
use of nonuniform time delays to generate equivalent complex
coefficients to achieve photonic microwave delay-line filters
with an arbitrary spectral response will also be discussed.
Fig. 8(a) shows a generic photonic microwave delay-line
filter with a finite impulse response (FIR). As can be seen the
filter consists of a light source, a modulator, a delay-line module, and a PD. Provided that the nonlinearity in the system is
April 2012

small and negligible, the entire system can be considered as a
linear, time-invariant (LTI) system, in which the output y (t)
can be written as
N-1

y (t) =

/ ak x (t - kT) ,

(5)

k=0

where x (t) is the microwave input signal, T is the time delay
difference between two adjacent taps, and ak is the coefficient
of the k-th tap.
Applying the Fourier transforms to both sides of (5), the
system transfer function is then obtained,
N-1

H (~) =

/ ak exp (- j~kT ),

(6)

k=0

The time delay unit T determines the free spectral range
(FSR) of the microwave filter. The coefficient a k is proportional
IEEE PHOTONICS SOCIETY NEWSLETTER
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a0
LD
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Coupler

PD
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T
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PD

RF Output
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Figure 9. A photonic microwave delay-line filter with a negative
coefficient using differential detection.

to the optical intensity of the k-th tap and cannot be negative.
So the frequency response described by (6) is a typical transfer
function of a FIR delay-line filter with all-positive coefficients.
Fig. 8(b) shows an incoherent photonic microwave delayline filter using an FBG array. The microwave signal to be processed is modulated on an incoherent optical wave, such as a
light wave from a light emitting diode (LED) or an amplified
spontaneous emission (ASE) source, which is then sent to an
FBG array. Due to the reflection of the FBGs in the FBG array, light waves with different time delays are detected at the
PD. Since the optical source is incoherent, no optical interference will be generated at the PD. The time-delayed optical
signals are then converted to time-delayed microwave signals.
The overall function of the system is equivalent to a delay-line
filter with the time delay difference determined by the physical separation of adjacent FBGs. The tap coefficients are set by
controlling the reflectivitie of the FBGs.
Photonic Microwave Delay-Line Filters with
Negative Coefficients
It is known a photonic microwave delay-line filter operating in
the incoherent regime would have all-positive tap coefficients.
Based on signal processing theory, an all-positive-coefficient
microwave delay-line filter can only operate as a low-pass filter. To overcome this limitation, considerable efforts have been
taken to design and implement photonic microwave delayline filters with negative or complex coefficients, to achieve
bandpass filtering functionality in the incoherent regime. A
straightforward solution to generate negative coefficients is
to use differential detection [31]. As shown in Fig. 9, a light
wave from an LD is modulated by a microwave signal, which is
then time delayed by optical fiber delay lines with a time delay
difference of T. The output signals from the fiber delay lines
are fed to a differential PD, which consists of two matched
PDs with the detected microwave signals combined and subtracted electrically, leading to the generation of a positive and
a negative coefficient. The two-tap photonic microwave delayline filter shown in Fig. 9 can be extended to have N taps if
the single-wavelength source is replaced by an N wavelength
source and the 3-dB coupler is replaced by a 1 # N WDM
demultiplexer.
In Fig. 9, the negative coefficient is not generated directly
in the optical domain. The limitation of this technique is that
for a filter with N taps, N PDs are needed, making the filter
complicated and costly. A few techniques have been proposed
to implement an all-optical photonic microwave delay-line filter with negative coefficients using a single PD [32]–[37]. As
8
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an example, negative coefficients can be generated using two
MZMs that are biased at the quadrature points of the complementary transmission slopes [37], as shown in Fig. 10. The operation of the microwave phase inversion is shown in Fig. 10(a).
As can be seen, the two MZMs are biased at the linear regions
of the left and the right slopes of the transfer functions. When
a microwave signal is applied to the two MZMs, the envelopes
of the modulated optical signals are complementary. At the
output of a PD, two complementary microwave signals are
generated, leading to the generation of a negative coefficient.
A similar technique using only a single MZM was proposed
[38]. Considering the wavelength dependence nature of the
transfer function of the MZM, a proper dc bias would make the
modulator operate at the complementary slopes of the transfer
functions when the optical wavelengths are at 1550 nm and
1310 nm windows.
All the filters discussed above are implemented based on
the use of one or two MZMs. A photonic microwave bandpass
filter with negative coefficients can also be implemented based
on an optical phase modulator [39]. The negative coefficients
are generated based on phase modulation (PM) and PM-IM
conversion in two dispersive elements with complementary
dispersion profiles, such as linearly chirped FBGs (LCFBGs),
by reflecting the phase-modulated optical signals from the
LCFBGs with complementary chirp profiles, microwave signals without or with a phase inversion are generated at the PD.
An added advantage of using an optical phase modulator is
that a phase modulator is not biased, which eliminates the bias
drifting problem existing in a MZM-based system. The fundamental concept of the filter operation is shown in Fig. 11(a). An
RF signal is applied to the optical phase modulator via the RF
port to phase-modulate the multiple wavelengths at the phase
modulator. Since a PD functions as an envelope detector, if a
phase-modulated signal is directly applied to a PD, no modulating signal will be detected except a dc. This conclusion can
also be explained based on the spectrum a phase-modulated
signal. As shown in Fig. 11(a), a small-signal phase-modulated
signal has a spectrum with the +1st and -1st order sidebands out of phase. The beating between the optical carrier and
the +1st-order sideband exactly cancels the beating between
the optical carrier and the -1st-order sideband. However, if
the phase-modulated optical signal passes through a dispersive
element, the phase relationship between the two sidebands and
the optical carrier will be changed, leading to the conversion
from phase modulation to intensity modulation. In addition,
depending on the sign of the chromatic dispersion, a detected
RF signal with or without a phase inversion would be obtained,
leading to the generation of negative coefficients. The system
configuration of the filter is shown in Fig. 11(b).
Photonic Microwave Delay-Line Filters with
Complex Coefficients
The tunability of a photonic microwave delay-line filter is
usually achieved by adjusting the time-delay difference. However, the change of the time-delay difference would lead to
the change of the free spectral range (FSR), which results in
the change of the 3-dB bandwidth as well as the entire shape
of the frequency response. For many applications, it is highly
April 2012
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Figure 10. Photonic microwave delay-line filter with negative coefficients based on phase inversion using complementarily biased
intensity modulators. (a) The operation of phase inversion, (b) the schematic of the filter.

desirable that only the center frequency of the passband or
stop-band is changed while maintaining the shape of the frequency response unchanged. A solution to this problem is to
design a photonic microwave delay-line filter with complex
coefficients.
An N-tap microwave delay-line filter with complex coefficients should have a transfer function given by
H (~) = a 0 + a 1 e -j i $ e -j~T + g + a N - 1 e -j (N - 1) i $ e -j~ (N - 1) T
N-1

=

/ a n e -jni $ e -j~nT

(7)

n=0

where T is again the time delay different between two adjacent
taps. To tune the filter while maintaining the shape of the frequency response, the phase shifts of all the taps should maintain a fixed relationship, as can be seen from (7). Therefore, the
phase shift of each tap should be tuned independently.
A photonic microwave delay-line filter with a complex coefficient using a wideband tunable optical RF phase shifter
April 2012

was demonstrated. [40]. The RF phase shift is generated using two electro-optic MZMs by simply adjusting the bias
voltages applied to the two MZMs, and the phase shift remains constant over the microwave frequency band of interest. A wideband phase shifter can also be realized based on
a combined use of optical single-sideband modulation (SSB)
and stimulated Brillouin scattering (SBS). It was demonstrated that the phase of a microwave signal carried by an optical
carrier will experience microwave phase shift if the spectrum
of the optical carrier or the sideband is falling in the SBS gain
spectrum when passing through an optical fiber in which an
SBS is resulted [41].
Nonuniformly Spaced Photonic Microwave
Delay-Line Filters
The filters with complex coefficients in [40][41] have the
potential to be extended to have multiple taps, but the filter complexity would be significantly increased since each
tap needs a wideband phase shifter. To design a photonic
IEEE PHOTONICS SOCIETY NEWSLETTER
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microwave delay-line filter with complex coefficients having
a simple structure, a new concept was proposed by generating complex coefficients based on nonuniformly spaced taps
[42][43]. It was demonstrated that the complex coefficients
can be equivalently generated by introducing additional
time delays to the taps.
As given in (6), the frequency response of a uniformlyspaced microwave delay-line filter has a frequency response
is given by H ( ~ ) = / kN=-01 ak exp (- j~kT) . As can be seen
H (~) has a multi-channel frequency response with adjacent
channels separated by an FSR, with the mth channel located
at ~ = mX .
In a regular photonic microwave delay-line filter based on
incoherent detection, the coefficients are usually all positive,
or special designs have to be employed to generate negative
or complex coefficients. However, a phase term can be introduced to a specific coefficient by adding an additional time
delay at the specific tap, which is termed time-delay-based
phase shift. For example, at ~ = mX a time delay shift of
Tx will generate a phase shift given by T{ = - Tx # mX .
Note that such a phase shift is frequency-dependent, which
is accurate only for the frequency at mX, but approximately
accurate for a narrow frequency band at around mX. For
most of applications, the filter is designed to have a very
narrow frequency band, therefore, for the frequency band of
interest, the phase shift can be considered constant over the
entire bandwidth. As a result, if the m th bandpass response,
where m ! 0, is considered, one can then achieve the desired
phase shift at the kth tap by adjusting the time delay shift by
Txk . Considering the time delay shift of Txk , one can get

ωc–ωm

ωc+ωm

Dispersive Device
D>0

ωc

ωc+ωm
ωc

PD

ωc–ωm

ωc+ωm
ωc

the frequency response of the nonuniformly-spaced delayline filter at around ~ = mX,
N-1

H Non (~) =

/ ak exp 8- j` k 2Xr + Tx k j~B

k=0

N-1

.

/ 6a k exp (- jmXTx k)@ # exp ` - jk 2Xr ~ j

As can be seen from (8), an equivalent phase shift is generated for each tap coefficient. Specifically, if the desired phase
shift for the kth tap is {k , the total time delay x k for the kth
tap is x k = kT - {k /mX . As a result, if the time delay of each
tap is adjusted, the filter coefficients would have the required
phase shifts to generate the required passband with the desired
bandpass characteristics.
The design of a nonuniformly-spaced photonic microwave delay-line filter to achieve a bandpass filter with a flat top was demonstrated [42]. The technique is particularly useful for advanced microwave signal processing. For example, the use of a nonuniformly
spaced photonic microwave delay-line filter to achieve microwave
phase coding [44], chirped microwave pulse generation [45], microwave pulse compression [46], microwave differentiation [47],
and microwave Hilbert transformation [48] has been reported.

Conclusion
An overview about optical generation of microwave signals and alloptical microwave signal processing was presented. The key significance of using photonics to generate and process microwave signals
is that high-frequency microwave signals can be generated and processed in the optical domain which may not be possible using the
state-of-the-art electronics. In addition, the
generated and processed microwave signals
can be distributed over optical fiber for long
distance distribution, to take advantage of
the extremely low loss of the state-of-theart fiber, which is an added advantage of
photonic techniques for the generation and
t
processing of microwave signals.
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News
Coleman Elected to
National Academy of Engineering
By Liz Ahlberg, U of I News Bureau
February 10, 2012
the director of the Semiconductor Laser Laboratory, Coleman oversees research using MOCVD of III-V semiconductors to explore applications in lasers, quantum dots
and other optical structures.
“This is a significant recognition and prestigious honor
for one of our distinguished faculty,” said Dean of the College of Engineering Ilesanmi Adesida. “Jim’s research has
added considerable knowledge to the field of semiconductor lasers and photonic devices, and his many successful
patents and contributions to the engineering literature rePhotonics pioneer and ECE Professor James J. Coleman has
main a testament of those achievements. He is also an Illibeen elected to membership in the National Academy of
nois alumnus, so we are doubly proud of his achievements.”
Engineering. Coleman is the Intel Alumni Endowed Chair
Coleman earned his bachelor’s, master’s, and doctoral
in Electrical and Computer Engineering and an affiliate in
degrees from ECE in 1972, 1973, and 1975, respectivethe Department of Materials Science and
ly. He worked at Bell Laboratories and
Engineering.
Rockwell International before joining the
“It is a real honor and a privilege to
ECE faculty in 1982. He has published
be elected to the National Academy of
more than 400 scholarly journal articles
Engineering,” said Coleman, a researcher
and holds seven patents. He is a fellow
in the Micro and Nanotechnology Lab
of IEEE, the Optical Society of America,
and the Coordinated Science Lab. “I am
SPIE (the international society for optics
and photonics), the American Association
fortunate to have worked over the years
for the Advancement of Science, and the
with an amazing group of very talented
American Physical Society.
colleagues and students, at institutions
that value high quality work. This honor
In addition to Coleman, NAE inductbetter reflects our collective success than
ees have ECE connections:
• ECE alumnus Supriyo Datta (MSEE
anything I might have accomplished.”
’77, PhD ’79) was recognized “for quanColeman is among 66 new members
James
J.
Coleman
tum transport modeling in nanoscale
and 10 foreign associates announced by
electronic devices.” He is the Thomas
the academy on February 9. Election to
Duncan
Distinguished
Professor of Electrical and
the NAE is one of the highest professional honors an engineer can garner. The 2,254 members and 206 foreign assoComputer Engineering at Purdue University.
ciates are an elite group distinguished by their outstanding
• ECE Professor Emeritus Chao-Han Liu was elected
contributions to the fields of technology and engineering.
a foreign associate of NAE “for contributions to
Coleman was cited for his work in semiconductor laionospheric research and international leadership in
sers and photonic materials. His research focuses on maatmospheric remote sensing.” He is currently a distinguished visiting scholar, Academia Sinica, Taipei,
terials for optoelectronics – devices that convert electricTaiwan.
ity into light or vice versa, such as lasers, light sensors,
solar cells and fiber optics. He helped develop metalorTom Moone contributed to this story. Tom Moone, communications
ganic chemical vapor deposition (MOCVD), a growth
coordinator, at moone@illinois.edu
method widely used to make semiconductor devices. As
• ECE Professor James Coleman has been elected to
membership in the National Academy of Engineering.
• He was recognized for his work in semiconductor
lasers and photonic materials.
• His research led to the development of metalorganic
chemical vapor deposition, a growth method widely
used to make semiconductor devices.
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(cont’d)

Call for Nominations Reminder!
IEEE Photonics Society 2012 Distinguished
Service Award
The deadline for submitting nominations for the Distinguished Service Award is 30 April.
The nomination form, award 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

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.

Call for Nominations
IEEE PHOTONICS SOCIETY 2012
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 formerly known
as the IEEE Photonics Society Annual Meeting 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 2012 would
normally expect to defend their thesis during 2013).
Schedule: In a given year, application packages will be due
at the Photonics Society Executive Office, 445 Hoes Lane,
Piscataway, NJ 08854 by 30 May and the ten Fellowship
recipients will be notified by 30 July of the same year. The
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Fellowships will be presented at the IEEE Photonics Conference formerly known as the Photonics Society Annual
Meeting.

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 2012 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
April 2012

Careers and Awards

Effective 2012, nomination deadlines for the IEEE Photonics Society
Awards are listed as follows:
Award
Nomination deadline
Distinguished Lecturer Awards
February 16
Aron Kressel Award
April 5
Engineering Achievement Award
April 5
Quantum Electronics Award
April 5
William Streifer Scientific Achievement Award
April 5
Distinguished Service Award
April 30
Graduate Student Fellowship
May 30
John Tyndall Award
August 10
Young Investigator Award
September 30

“Nick” Cartoon Series by Christopher Doerr

April 2012
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Careers and Awards

(cont’d)

IEEE 2012 Photonics
Award Recipient: Eli Yablonovitch
ing for a variety of advanced technologies. Dr. YablonoThe IEEE Photonics Award was established in 2002 by the
vitch originally proposed the idea of photonic bandgaps
IEEE Board of Directors. The award is presented for outin 1987 and was the first to successfully demonstrate a
standing achievements in photonics. Photonics is defined
photonic crystal in 1991. Dr. Yablonovitch extended the
as the science and technology of generating and harnessing
well-known wave function theory of eleclight and other forms of radiant energy
tronic bandgaps in solid-state physics
whose quantum unit is the photon.
to electromagnetic waves to create the
Sponsored by the IEEE Photonics Sophotonic bandgap concept. He then emciety, the award consists of a bronze medployed an Edisonian approach to discover
al, certificate and honorarium.
the first photonic bandgap, demonstratFor additional information on IEEE
ing the electromagnetic equivalent of a
Technical Field Awards and Medals, to
semiconductor. That material structure
view complete lists of past recipients or
came to be known as “Yablonovite.” He
to nominate a colleague or associate for
demonstrated that “donors” and “accepIEEE Technical Field Awards and Medals,
tors” could be created within photonic
please visit http://www.ieee.org/awards.
crystals by intentionally introducing
The IEEE Photonics Award will be
defects, just as in semiconductors. Prior
presented to Eli Yablonovitch, “for pioto his photonic crystal discoveries, Dr.
neering contributions to photonic crysEli Yablonovitch
Yablonovitch introduced the benefit of
tals, the photonic bandgap, and photonic
strain, used in almost all semiconductor
bandgap engineering.” The presentation
lasers, including telecommunications lasers, DVD players,
will be made at the IEEE Photonics Conference formerly
and red laser pointers. An IEEE Fellow, Dr. Yablonovitch
known as the IEEE Photonics Society Annual Meeting
is currently a professor with the Electrical Engineering
which is taking place 23–27 September, 2012 at the Hyatt
and Computer Sciences Department at the University of
Regency San Francisco Airport, Burlingame, CA, USA.
California, Berkeley, and director of the National Science
Eli Yablonovitch considered a “father of photonic
Foundation’s Center for Energy Efficient Electronics Scibandgaps,” Eli Yablonovitch’s pioneering contributions efence, which is based at Berkeley.
fectively created the new field of photonic band engineer-

IEEE 2012 Electromagnetics
Award Recipient: Nader Engheta
The IEEE Electromagnetics Award was established in 1996
by the IEEE Board of Directors. The award is presented for
outstanding contributions to electromagnetics in theory,
application or education. The award criteria is based on
impact on the profession, innovation/originality, quality
of publications, breadth, depth and duration of contributions, honors, other achievements, and the quality of the
nomination.
Sponsored by the IEEE Antennas and Propagation,
IEEE Electromagnetic Compatibility, IEEE Microwave
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Theory and Techniques, and IEEE Geoscience and Remote
Sensing Societies, the award consists of a bronze medal, certificate and honorarium.
For additional information on IEEE Technical Field
Awards and Medals, to view complete lists of past recipients or to nominate a colleague or associate for IEEE Technical Field Awards and Medals, please visit http://www.
ieee.org/awards.
The IEEE Electromagnetics Award will be presented
to Nader Engheta, “for contributions to electromagnetic

April 2012

Careers and Awards

(cont’d)

and operation of most metamaterials. One
theory and applications of metamaterials
of his trailblazing contributions was the
and nanoscale optics.” The presentation
development of the new area of optical
will be made at the IEEE International
metatronics, i.e., metamaterial-based opSymposium on Antennas and Propagatical nanocircuitry. These circuits operate
tion & USNC/UURSI National Radio
via light at the nanoscale using lumpedScience Meeting, 11 July 2012, Sheraton
element metamaterial nanostructures as
Chicago Hotel & Towers, Chicago, IL.,
inductors and capacitors. Dr. Engheta also
USA.
contributed to producing metamaterial
One of the top 50 leaders in science and
lenses that can go beyond the diffraction
technology according to Scientific American
limit inherent to conventional optical lensmagazine, Nader Engheta’s pioneering
es. He proposed a far-field super lens made
work has profoundly impacted electroout of shells of alternating dielectric and
magnetics and spurred the growth of many
plasmonic materials capable of projecting
subdisciplines such as metamaterials, naNader Engheta
a super-resolution image to the far field.
noscale optics, bio-inspired imaging, and
An
IEEE
Fellow,
Guggenheim Fellow, and a Fellow of four
fractional electromagnetics. Dr. Engheta paved the way to
other
scientific
organizations
(APS, OSA, AAAS, and SPIE),
the characterization of metamaterials with groundbreaking
Dr. Engheta is currently the H. Nedwill Ramsey Professor
electromagnetics concepts during the 1990s. He formalof Electrical and Systems Engineering and a Professor of Bioized wave propagation in chiral materials and developed the
engineering at the University of Pennsylvania, Philadelphia.
omega media concept, both fundamental to the development

Membership Section
Benefits of IEEE Senior Membership
There are many benefits to becoming an IEEE Senior Member:
• The professional recognition of your peers for technical and professional excellence
• An attractive fine wood and bronze engraved Senior Member plaque to proudly display.
• Up to $25 gift certificate toward one new Society membership.
• A letter of commendation to your employer on the achievement of Senior member grade (upon the request of the newly
elected Senior Member.)
• Announcement of elevation in Section/Society and/or local newsletters, newspapers and notices.
• Eligibility to hold executive IEEE volunteer positions.
• Can serve as Reference for Senior Member applicants.
• Invited to be on the panel to review Senior Member applications.

AD

The requirements to qualify for Senior Member elevation are a candidate shall be an engineer, scientist, educator,
technical executive or originator in IEEE-designated fields. The candidate shall have been in professional practice for
at least ten years and shall have shown significant performance over a period of at least five of those years.”
To apply, the Senior Member application form is available in 3 formats: Online, downloadable, and electronic version.
For more information or to apply for Senior Membership, please see the IEEE Senior Member Program website: http://
www.ieee.org/organizations/rab/md/smprogram.html
New Senior Members
The following individuals were elevated to Senior Membership Grade thru February
Bo Chen
Bert Jan Offrein
Katsumi Takano

April 2012
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Santec...
leading the market
for tunable lasers
since 1987.

5th Generation Santec Laser,TSL-510, shown with optional SPU-100 DAQ

Features:
・High Resolution, up to 130nm Continuous Scan
・Fine Piezo Tuning Available
・Narrow Linewidth
・>65dB Signal to Noise Ratio
・Guaranteed Mode-Hop Free Tuning

See our demo at CLEO 2012, May 6-8 San Jose, CA
Bring in this ad for a free Santec T-shirt !
info@santec.com www.santec.com
U.S.A: +1-201-488-5505 Europe: +44 -1865-784960

Conference Section

IEEE Photonics Society Co–Sponsored Events - 2012
SARNOFF April 30—May 1, 2012
35th IEEE Sarnoff Symposium
New Jersey Institute of Technology / NJIT
Newark, NJ
http://ewh.ieee.org/conf/sarnoff/2012
SOPO May 21 – 23, 2012
2012 Symposium on Photonics and Optoelectronics
Shanghai Grand Mercure Hotel
Shanghai, China
http://www.sopoconf.org/2012/
COIN May 29—31, 2012
10th International Conference on Optical Internet
Keio University
Kanagawa, Japan
http://www.ieice.org/~COIN2012/
PVSC June 3 - 8, 2012
2012 Photovoltaic Specialists Conference
Austin Convention Center
Austin, TX
http://www.ieee-pvsc.org/PVSC38/
OECC July 2 - 6, 2012
The 17th Opto-Electronics and Communications Conference
BEXCO
Busan, Korea
http://www.oecc-2012.org/
ICCE August 1—3, 2012
Fourth International Conference on Communications and Electronics
Saigon Morin Hotel
Hue, Vietnam
http://www.hut-icce.org/
NUSOD August 28—31, 2012
12th International Conference on Numerical Simulation of Optoelectronic Devices
Chinese Academy of Science
Shanghai, China
http://www.nusod.org/2012/
IPRM August 29—31, 2012
24th International Conference on Indium Phosphide and Related Materials
University of California
Santa Barbara, CA,
http://csw2012.ece.ucsb.edu
OFS—22 October 15—19, 2012
22nd International Conference on Optical Fiber Sensors
China Hall of Science and Technology
Beijng, China
http://www.ofs-22.org

April 2012
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Conference Section

(cont’d)

The IEEE
Photonics
Conference

(Formerly LEOS Annual Meeting)


6HSWHPEHU



CONFERENCE
+\DWW5HJHQF\
6DQ)UDQFLVFR$LUSRUW
%XUOLQJDPH&$

&$//)253$3(56

723,&6
%LRSKRWRQLFV
'LVSOD\V /LJKWLQJ
+LJK3RZHU ,QWHQVLW\6RXUFHV
0LFURZDYH3KRWRQLFV
1DQRSKRWRQLFV
1RQ/LQHDU 8OWUDIDVW2SWLFV
2SWLFDO&RPPXQLFDWLRQV
2SWLFDO)LEHU7HFKQRORJ\
2SWLFDO,QWHUFRQQHFWV
2SWLFDO1HWZRUNV 6\VWHPV
3KRWRGHWHFWRUV6HQVRUV6\VWHPVDQG,PDJLQJ
3KRWRQLF,QWHJUDWLRQ 3DFNDJLQJ
3KRWRQLF0DWHULDOV6FLHQFH 7HFKQRORJ\
6HPLFRQGXFWRU/DVHUV

$FFHSWLQJ6XEPLVVLRQV
$SULO
6XEPLVVLRQ'HDGOLQH
0D\

)RUPRUHLQIRUPDWLRQDERXW,(((3KRWRQLFVSOHDVHYLVLW

www.IPC-IEEE.org

Sponsored by

Image courtesy of THE IEEE Photonics Journal ., Vol.3, No4,pp.756-764 (2011)
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Conference Section

(cont’d)

IEEE Photonics
Society

0D\

Pre-Registration
Deadline
27 April 2012

(/'25$'2+27(/ 63$
6DQWD)H1HZ0H[LFR86$

General Co-Chairs
Raymond Beausoleil, HP Labs, USA
Jeffrey Kash, Columbia University, USA

Program Co-Chairs
Ashok Krishnamoorthy, Oracle, USA
David Miller, Stanford University, USA
John Shalf, Lawrence Berkeley National
Laboratory, USA
Pre-Registration Deadline: 27 April 2012

www.OI-IEEE.org

April 2012
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Conference Section

(cont’d)

CALL FOR PAPERS

Pre-Registration
P
re-Registration D
Deadline:

8 Jun
June
n 2012

9-11 JULY
Photonic Next Generation Communication Systems
and Novel Devices
TOPICS:
Space Division Multiplexing for Optical
Systems and Networks
Co-Chairs:

Lynn Nelson, AT&T, USA
John Fini, OFS Laboratories, USA
David Richardson, University of Southampton, UK

High Power Semiconductor Lasers

Renaissance Seattle Hotel
Seattle, Washington
USA

GENERAL CHAIR:
Kent Choquette

Co-Chairs:

Gary Smith, MIT Lincoln Laboratory, USA
Paul Crump, Ferdinand-Braun-Institut, Leibniz-Institut für
Höchstfrequenztechnik, Germany

University of Illinois at Urbana-Champaign, USA
Photonics Society V.P. of Conferences

Active Nanoplasmonics
Co-Chairs:

Stefan Maier, Imperial College London, UK
Anatoly Zayats, King’s College London, UK

www.SUM-IEEE.org
www.PhotonicsConferences.org

Optical Wireless Systems and Applications
Co-Chairs:

Gee-Kung Chang, Georgia Institute of Technology, USA
Mohsen Kavehrad, Pennsylvania State University, USA
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Conference Section

(cont’d)

CALL FOR PAPERS
Optical MEMS &
Nanophotonics
Conference

6-9
AUGUST 2012
THE BANFF CENTRE
BANFF, ALBERTA
CANADA

Nanophotonics Program Chair:
George Barbastathis
Massachusetts Institute of Technology, USA

Optical MEMS Program Chair
Yves-Alain Peter

General Chair:

David Dickensheets
Montana State University, USA
The 2012 International Conference on Optical
MEMS & Nanophotonics will bring together the
NCVGUVVGEJPKECNCFXCPEGOGPVKPVJGſGNFQHQRVKECN
OKETQCPFPCPQU[UVGOU5RGEKſECNN[VJGEQPHGT
GPEGHGCVWTGUVJGITQYKPIſGNFUCVVJGKPVGTUGEVKQP
QHQRVKECNOKETQGNGEVTQOGEJCPKECNU[UVGOUCPF
nanophotonic devices and systems. Integration and
miniaturization of photonic and optical MEMS
EQORQPGPVUCPFU[UVGOUVQYCTFUOKETQCPFPCPQ
scale for various applications will be the main
theme of the conference.

PAPER SUBMISSION DEADLINE:
23 APRIL 2012
PRE-REGISTRATION DEADLINE:
6 JULY 2012

Ecole Polytechnique de Montreal, Canada

Sponsored by

April 2012

www.MEMS-IEEE.org

IEEE PHOTONICS SOCIETY NEWSLETTER

23

Conference Section

(cont’d)

CALL FOR PAPERS
9th International Conference on

GROUP IV PHOTONICS

29-31

August
HOLIDAY INN ON THE BAY | SAN DIEGO, CA USA
CONFERENCE CO-CHAIRS:
Mehdi Asghari, Kotura Inc., USA
Jurgen Michel, Massachusetts Institute of Technology, USA
PAPER SUBMISSION DEADLINE:

PRE-REGISTRATION DEADLINE:

16 APRIL 2012

27 JULY 2012

Sponsored by
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www.GFP-IEEE.org
www.PhotonicsConferences.org
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Conference Section

(cont’d)

11-13
SEPTEMBER
2 012

CALL FOR PAPERS
IEEE
Photonics Society

AVIONICS, FIBER-OPTICS AND PHOTONICS
CONFERENCE
COURTYARD MARRIOTT COCOA BEACH
COCOA BEACH, FLORIDA USA
Paper Submission Deadline: 30 April 2012

|

Pre-Registration Deadline: 10 August 2012

GENERAL CHAIR:
Bill Jacobs, SPAWAR Systems Center Paciﬁc, USA
PROGRAM CHAIR:
Richard DeSalvo, Harris Corporation, USA
EXHIBITS CHAIR:
John Gallo, Xadair Technologies, USA

www.AVFOP-IEEE.org
www.PhotonicsSociety.org

April 2012

Sponsored by
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Conference Section

(cont’d)

Call for Papers

2012
INTERNATIONAL
INTERNATIO
ONAL SEMICONDUCTOR LASER CONFERENCE
CO
ONFERENCE

7-10 October
SAN DIEGO MISSION VALLEY MARRIOTT
San Diego, California USA
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Conference Section

(cont’d)

Forthcoming Meetings with ICO Participation
ICO, THE PLACE WHERE THE WORLD OF OPTICS MEET
Responsibility for the correctness of the information on this page rests with ICO, the International Commission for Optics; http://www.ico-optics.org/.
President: M L Calvo, Universidad Complutense de Madrid, Departamento de Óptica, Facultad de Ciencias Físicas, Ciudad Universitaria s/n, E 28040 Madrid, Spain; mlcalvo@fis.ucm.es.
Associate Secretary: Prof. Gert von Bally, Centrum für Biomedizinische Optik und Photonik,
Universitätsklinikum Münster, Robert-Koch-Straße 45, 48149 Münster, Germany; Ce.BOP@
uni-muenster.de

31 March–3 April 2012
1st EOS Topical Meeting on
Photonics for Sustainable
Development - Focus on the
Mediterranean (PSDM 2011)
Tunis, Tunisia
Contact: Julia Dalichow
phone: +49 511 2788 155
fax: +49 511 2788 117
dalichow@myeos.org
www.myeos.org/events/psdm2011
10–13 April 2012
VII International Workshop
Tecnolaser, “TECNOLASER
2012”, and III International
Meeting Optics, Life &
Heritage, under the general
lemma “Optics and Laser Technology in Science, Industry and
Culture”
La Habana, Cuba
Contact: Justo Ravelo Triana
phone: (0537) 209 3920
fax: (0537) 202 1518
tecnolaser@ceaden.edu.cu
http://www.ceaden.cu/tecnolaser/
index.asp

April 2012

14–17 May 2012
3rd Int. Topical Meeting on
Optical Sensing and Artificial
Vision (OSAV 2012)
St. Petersburg, Russia
Contact: Igor Gurov
phone: +7 (812) 571-6532
fax: +7 (812) 315-7534
gurov@mail.ifmo.ru
http://osav.spb.ru
19–23 May 2012
ICO Topical Meeting: 6th
International Conference on
Nanophotonics (ICNP 2012)
Beijing, China
Contact: Qihuang Gong
phone: (86)-10-62765884
fax: (86)-10-62756567
qhgong@pku.edu.cn
2–5 July 2012
8th International Conference
on Optics-photonics Design and
Fabrication “ODF’12”
St. Petersburg, Russia
Contact: M. Letunovskaya
phone: +7(812)457 18 87

fax: +7(812)457 18 87
odf12@gmail.com
http://odf2012.ru/
4–6 July 2012
ICO Topical Meeting:
12th Conference of the
International Society
on Optics Within Life
Sciences “OWLS 12”
Genoa, Italy
Contact: Alberto Diaspro
phone: +39-010.71.781.503
fax: +39-010-72.03.21
alberto.diaspro@iit.it
http://www.owls2012.org/
2–5 November 2012
5th International Photonics
and Optoelectronics Meetings
(POEM 2012)
Wuhan, China
Contact: Xiaochun Xiao or
Qingming Luo
phone: +86-27-87792227, 87792223
fax: +86-27-87792224
xiaoxc@mail.hust.edu.cn or
qluo@mail.hust.edu.cn
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Publication Section
Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN
QUANTUM ELECTRONICS on Current Trends
in Terahertz Photonics and Applications
Submission Deadline: April 1, 2012
Terahertz photonics and applications have been rapidly
advanced, especially within the last two decades. IEEE
Journal of Selected Topics in Quantum Electronics
invites manuscript submissions in the area of terahertz
photonics and applications, emphasizing the current
trends. The goal of this issue is to highlight the current
trends in fundamental understanding of terahertz photonics and developing novel terahertz applications. Broad
technical areas include (but are not limited to):
• Advances in sources such as quantum cascade lasers,
parametric frequency converters, and those based on
novel schemes
• Progress in detections including novel schemes
• Advances in time-domain systems
• Applications in spectroscopy, sensing, and imaging
including physical and life sciences
• Components such as filters and mirrors, waveguides, Y
couplers, and novel functionalities
• Advances in communications including theories, demonstrations, and systems
• Promising new materials such as ferroelectrics, superconductors, and nanostructures including growth,
characterization, devices, and applications
• Novel phenomena and devices based on metamaterials, surface plasmons, polaritons, phonons, photonic
crystals, near-field effects, and nonlinearities
• Novel applications
• Novel measurement techniques and instrumentations
including imaging
The Guest Editors for this issue are Yujie J. Ding, Lehigh
University, USA; Hiromasa Ito, RIKEN, Japan; Peter
Uhd Jepsen, Technical University of Denmark, Denmark;
Weili Zhang, Oklahoma State University, USA.
The deadline for submission of manuscripts is April 1,
2012; preprints of accepted manuscripts will be

30

IEEE PHOTONICS SOCIETY NEWSLETTER

posted in the IEEE Xplore website within 2 weeks
after authors have correctly uploaded their final files
in the Scholar One Manuscripts “Awaiting Final Files”
queue. Final page proofs of accepted papers will be
posted online in IEEE Xplore ideally within 6 weeks
after the author has uploaded their Final Files, if
there are no page proof corrections. Hardcopy publication of the assembled Issue is scheduled for January/
February of 2013.
Online Submission is Mandatory at: http://mc.manuscript
central.com/pho-ieee. Please select the Journal of Selected Topics of Quantum Electronics Journal from the drop
down menu. Contributed papers should be up to eight
pages in length, and invited up to 12 pages. Beyond that,
a charge of $220 per page applies. All submissions will be
reviewed in accordance with the normal procedures of the
Journal.
For inquiries for this Special Issue, please contact:
JSTQE Editorial Office – Chin Tan Lutz
IEEE/Photonics Society, 445 Hoes Lane,
Piscataway, NJ 08854, U.S.A.
Phone: 732-465-5813, Email: c.tanlutz@ieee.org
The following supporting documents are required
during manuscript submission:
1) PDF or MS Word manuscript (double columned,
12 pages for an Invited Paper, 8 pages for a Contributed paper.) Manuscripts over the standard
page limit will have an Overlength charge of
$220.00 imposed per page. Bios of ALL authors
are mandatory, photos are optional. You may find
the Tools for Authors link useful: http://www.
ieee.org/web/publications/authors/transjnl/index.
html
2) Completed Color Agreement/decline form. Please
email c.tanlutz@ieee.org to request for this form.
3) MS Word document list of ALL Authors FULL
Contact information as stated below: Last name
(Family name): /First name: Suffix (Dr/Prof./Ms./
Mr):/Affiliation:/Dept:/Address:/Telephone:/Fax:/
Email:/Alternative Email:

April 2012

Publication Section

(cont’d)

Call for Papers
Announcing an Issue of the IEEE JOURNAL
OF SELECTED TOPICS IN QUANTUM
ELECTRONICS on Optical Interconnects for
Data Centers
Submission Deadline: June 1, 2012
Moore’s Law scaling of CMOS technology continues and
microprocessor performance is expected to continue to increase with parallel processing of many cores on-chip. The
future high performance computers (HPC) and Data Centers implemented with these processors will require terabytes/sec of bandwidth for processor to processor and processor to memory. It is expected to be increasingly difficult
to meet the high-bandwidth density, low-latency, and lowenergy communication requirements of these future large
data centers and terascale computing systems using conventional electrical interconnects. Optical devices and optical interconnects could overcome these limitations. A significant amount of research work is being carried out in the
development of optical interconnects, for computer backplane, chip-to-chip as well as on-chip optical interconnections through innovative multi-chip module component
packaging as well as integration of photonic components
with CMOS. At the same time research in computer architecture, and circuit design using optical networks is also
being pursued. IEEE Journal of Selected Topics in Quantum Electronics invites manuscript submissions in the area
of photonics and optical interconnect technology to meet
the future interconnect requirements of the Data Center
and High Performance Computing. Technical areas include
but are not limited to:
• Networking architectures based on optical
interconnect.
• Dynamic packet routing and switched optical network
architectures
• Optically enabled functionalities for data centers
• Infiniband, and PCI Express implemented with optical
interconnects.
• Low energy optical interconnect technology
• 3D stack integration, 3D optical interconnect methods
• Optical interconnect architectures to memory
• Novel nanophotonic integration methods
• Photonics heterointegration techniques
• Optical sources, detectors and waveguide device integration with CMOS
• Optical PCB, MCM, Chip-to-chip, intra-chip and
Free-Space Interconnection;
• Optical microbench & Passive Alignment Technology;
• Limits of optical technologies and comparison to conventional solutions
April 2012

The Guest Editors for this issue are Ian Young, Intel,
USA; Keren Bergman, Columbia University, New York,
USA; Vladimir Stojanovic, Massachusetts Institute of
Technology, MA, USA; Ashok Krishnamoorthy, Oracle,
CA, USA.
The deadline for submission of manuscripts is June 1,
2012; preprints of accepted manuscripts will be
posted in the IEEE Xplore website within 2 weeks
after authors have correctly uploaded their final files
in the Scholar One Manuscripts “Awaiting Final Files”
queue. Final page proofs of accepted papers will be
posted online in IEEE Xplore ideally within 6 weeks
after the author has uploaded their Final Files, if
there are no page proof corrections. Hardcopy publication of the assembled Issue is scheduled for March/
April of 2013.
Online Submission is Mandatory at: http://mc.
manuscriptcentral.com/pho-ieee. Please select the Journal
of Selected Topics of Quantum Electronics Journal from
the drop down menu. Contributed papers should be up to
eight pages in length, and invited up to 12 pages. Beyond
that, a charge of $220 per page applies. All submissions
will be reviewed in accordance with the normal procedures
of the Journal.
For inquiries for this Special Issue, please contact:
JSTQE Editorial Office – Chin Tan Lutz
IEEE/Photonics Society, 445 Hoes Lane,
Piscataway, NJ 08854, U.S.A.
Phone: 732-465-5813, Email: c.tanlutz@ieee.org
The following supporting documents are required
during manuscript submission:
1) PDF or MS Word manuscript (double columned, 12
pages for an Invited Paper, 8 pages for a Contributed
paper.) Manuscripts over the standard page limit will
have an Overlength charge of $220.00 imposed per
page. Bios of ALL authors are mandatory, photos are
optional. You may find the Tools for Authors link
useful: http://www.ieee.org/web/publications/authors/
transjnl/index.html
2) Completed Color Agreement/decline form. Please
email c.tanlutz@ieee.org to request for this form.
3) MS Word document list of ALL Authors FULL Contact information as stated below: Last name (Family
name): /First name: Suffix (Dr/Prof./Ms./Mr):/Affiliation:/ Dept: /Address:/ Telephone:/Fax:/Email:/
Alternative Email:
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Call for Papers
Announcing an Issue of the IEEE JOURNAL
OF SELECTED TOPICS IN QUANTUM
ELECTRONICS on Nanoplasmonics

School, Bordeaux, France, Stefan Maier, Imperial College London, London, UK, and Din Ping Tsai, National
Taiwan University, Taipei, Taiwan.

Submission Deadline: August 1, 2012
The last decade has seen an explosion of research interest linking plasmons to various disciplines in physics,
chemistry, biology, engineering, material science, thin
film technology, optics, nanosciences, etc. Nanoplasmonics aims at investigating and controlling light on
length scales comparable or below the wavelength of operation, possibly down to tens of nanometers and on femtosecond time scales. Control is achieved with individual
metallic nanostructures, specifically tailored to increase
effective light-matter interactions by providing large local field enhancements or by slowing down propagation.
The IEEE Journal of Selected Topics in Quantum Electronics invites manuscript submissions ranging from
fundamental studies to applications of nanoplasmonics.
Technical areas include but are not limited to:
• Plasmonic nanoparticles
• Light-matter nanoscale interaction and nanoantennae
• Low-loss doped semiconductors with plasmonic
properties
• Subwavelength metallic surfaces
• Scattering and amplification of surface plasmons
• Quantum plasmonics
• Optical metamaterials
• Advanced nanomaterials, flexible and non-planar metasurfaces
• Novel nanofabrication and calculation methods for
plasmonics
• Nonlinear and ultrafast plasmonics
• Infrared and terahertz plasmonics
• Ultra-compact photonic devices
• Plasmonics for photovoltaics
• Plasmonics for advanced microscopy and spectroscopy
• Plasmonics for biomedical applications
• Optical interconnects at subwavelength scales
The Primary Guest Editor for this issue is Hatice Altug,
Boston University, Boston, MA, USA, and the Guest Editors are Andrea Alù, University of Texas, Austin, TX,
USA, Philippe Lalanne, Institut d’Optique Graduate
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The deadline for submission of manuscripts is August 1,
2012. Preprints of accepted manuscripts will be posted on the IEEE Xplore website within 2 weeks of authors correctly uploading their final files in the Scholar
One Manuscripts “Awaiting Final Files” queue. Final page
proofs of accepted papers are normally posted online
in IEEE Xplore within 6 weeks of authors uploading
their final files, if there are no page proof corrections.
Hardcopy publication of the issue is scheduled for May/
June of 2013.
All submissions will be reviewed in accordance with the
normal procedures of the Journal.
For inquiries for this Special Issue, please contact:
JSTQE Editorial Office – Chin Tan Lutz
IEEE/Photonics Society, 445 Hoes Lane,
Piscataway, NJ 08854, U.S.A.
Phone: 732-465-5813, Email: c.tanlutz@ieee.org
The following supporting documents are required during
manuscript submission at http://mc.manuscriptcentral.
com/pho-ieee (please select the Journal of Selected
Topics in Quantum Electronics from the drop down
menu).
1) PDF or MS Word manuscript (double columned,
12 pages for an Invited Paper, 8 pages for a Contributed paper.) Manuscripts over the standard
page limit will have an Overlength charge of
$220.00 imposed per page. Bios of ALL authors
are mandatory, photos are optional. You may find
the Tools for Authors link useful: http://www.ieee.
org/web/publications/authors/transjnl/index.html
2) Completed Color Agreement/decline form. Please
email c.tanlutz@ieee.org to request for this form.
3) 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.
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Publication Section

(cont’d)

Call for Papers
Announcing a Special Issue of the IEEE/
OSA JOURNAL OF DISPLAY TECHNOLOGY
in association with the 8th International
Thin Film Transistor Conference (ITC 2012)
Submission Deadline: MAY 1, 2012
The IEEE/OSA Journal of Display Technology (JDT) invites submissions of original full-length manuscripts of
abstracts accepted for presentation at the ITC 2012 for
publication in a special issue of the Journal of Display
Technology. Submissions are open on TFT-related topics
ranging from materials and technologies to circuits and
systems with focus on flat panel displays. Contributed papers on all aspects of TFT technology for display applications are welcome, including but not limited to TFT materials, processes, TFT circuits and systems integration, and
novel technologies including nanostructures.
The Guest Editors for this issue are Elvira Fortunato, Jin
Jang, Rodrigo Martins and Pedro Barquinha.
The deadline for submission of manuscripts is May 1,
2012 and publication is tentatively scheduled for the January 2013 issue. Manuscripts should conform to requirements for regular papers (up to 8 double-column, singlespaced journal pages in length, keywords, biographies,
etc.). All submissions will be reviewed in accordance with
the normal procedures of the Journal.
The IEEE Copyright Form should be submitted after acceptance. The form will appear online in the Author Center

April 2012

in Manuscript Central after an acceptance decision has been
rendered.
For all papers published in JDT, there are voluntary page
charges of $110.00 per page for each page up to eight
pages. Invited papers can be twelve pages in length before mandatory overlength page charges of $220.00 per
page are levied. The length of each paper is estimated
when it is received. Authors of papers that appear to be
overlength are notified and given the option to shorten
the paper.
Authors may opt to have figures displayed in color on IEEE
Xplore at no extra cost, even if they are printed in black
and white in the hardcopy edition. Additional charges will
apply if figures appear in color in the hardcopy edition of
the Journal.
Manuscripts should be submitted electronically through
IEEE’s Manuscript Central: http://mc.manuscriptcentral.
com/jdt-ieee. Be sure to select “TFT Special Issue 2012”
as the Manuscript Type, rather than “Original Paper.” This
will ensure that your paper is directed to the special issue editors. IEEE Tools for Authors are available online
at:http://www.ieee.org/organizations/pubs/transactions/
information.htm
Inquiries can be directed to Lisa Jess, Publications Coordinator, IEEE Photonics Society Editorial
Office, l.jess@ieee.org (phone +1-732-465-6617; fax
+1 732 981 1138).
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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.
36

IEEE PHOTONICS SOCIETY NEWSLETTER

IEEE Photonics
Society Newsletter
Advertising Sales Offices
445 Hoes Lane, Piscataway NJ 08854
www.ieee.org/ieeemedia

Impact this hard-to-reach audience in their own Society
publication. For further information on product and
recruitment advertising, call your local sales office.
MANAGEMENT
James A. Vick
Staff Director, Advertising
Phone: 212-419-7767
Fax: 212-419-7589
jv.ieeemedia@ieee.org

Midwest/Ontario, Canada
Will Hamilton
Phone: 269-381-2156
Fax: 269-381-2556
wh.ieeemedia@ieee.org
IN, MI. Canada: Ontario

Susan E. Schneiderman
Business Development
Manager
Phone: 732-562-3946
Fax: 732-981-1855
ss.ieeemedia@ieee.org

West Coast/Mountain States
Western Canada
Marshall Rubin
Phone: +1 818 888 2407;
Fax: +1 818 888 4907
mr.ieeemedia@ieee.org
AZ, CO, HI, NM, NV,
UT, AK, ID, MT, WY,
OR, WA, CA. Canada:
British Columbia

Marion Delaney
Advertising Sales Director
Phone: 415-863-4717
Fax: 415-863-4717
md.ieeemedia@ieee.org
PRODUCT
ADVERTISING
Midatlantic
Lisa Rinaldo
Phone: 732-772-0160
Fax: 732-772-0161
lr.ieeemedia@ieee.org
NY, NJ, PA, DE, MD, DC,
KY, WV
New England/South Central/
Eastern Canada
Jody Estabrook
Phone: 774-283-4528
Fax: 774-283-4527
je.ieeemedia@ieee.org
ME, VT, NH, MA, RI, CT,
AR, LA, OK, TX
Canada: Quebec, Nova Scotia,
Newfoundland, Prince Edward
Island, New Brunswick
Southeast
Thomas Flynn
Phone: 770-645-2944
Fax: 770-993-4423
tf.ieeemedia@ieee.org
VA, NC, SC, GA, FL, AL,
MS, TN
Midwest/Central Canada
Dave Jones
Phone: 708-442-5633
Fax: 708-442-7620
dj.ieeemedia@ieee.org
IL, IA, KS, MN, MO, NE,
ND, SD, WI, OH
Canada: Manitoba,
Saskatchewan, Alberta

Europe/Africa/Middle East
Heleen Vodegel
Phone: +44-1875-825-700
Fax: +44-1875-825-701
hv.ieeemedia@ieee.org
Europe, Africa, Middle East
Asia/Far East/
Pacific Rim
Susan Schneiderman
Phone: 732-562-3946
Fax: 732-981-1855
ss.ieeemedia@ieee.org
Asia, Far East, Pacific Rim,
Australia, New Zealand
RECRUITMENT
ADVERTISING
Midatlantic
Lisa Rinaldo
Phone: 732-772-0160
Fax: 732-772-0161
lr.ieeemedia@ieee.org
NY, NJ, CT, PA, DE, MD,
DC, KY, WV

New England/
Eastern Canada
Liza Reich
Phone: +1 212 419 7578
Fax: 212-419-7589
e.reich@ieee.org
ME, VT, NH, MA, RI
Canada: Quebec,
Nova Scotia,
Prince Edward Island,
Newfoundland,
New Brunswick
Southeast
Cathy Flynn
Phone: 770-645-2944
Fax: 770-993-4423
cf.ieeemedia@ieee.org
VA, NC, SC, GA, FL, AL,
MS, TN
Midwest/South Central/
Central Canada
Darcy Giovingo
Phone: 847-498-4520
Fax: 847-498-5911
dg.ieeemedia@ieee.org;
AR, IL, IN, IA, KS, LA,
MI, MN, MO, NE, ND,
SD, OH, OK, TX, WI.
Canada: Ontario,
Manitoba, Saskatchewan,
Alberta
West Coast/Southwest/
Mountain States/Asia
Tim Matteson
Phone: 310-836-4064
Fax: 310-836-4067
tm.ieeemedia@ieee.org
AZ, CO, HI, NV, NM,
UT, CA, AK, ID, MT,
WY, OR, WA.
Canada: British Columbia
Europe/Africa/Middle East
Heleen Vodegel
Phone: +44-1875-825-700
Fax: +44-1875-825-701
hv.ieeemedia@ieee.org
Europe, Africa,
Middle East

April 2012

Together, we are advancing technology.
Now over three million documents in IEEE Xplore®

Thank you for your authorship.
To all the technology authors around the
world, whose collective works in IEEE Xplore
have exceeded three million documents,
thank you from all of us at IEEE. You inspire
tomorrow’s innovations.

IEEE Xplore® Digital Library
www.ieee.org/ieeexplore

11-PIM-0462a Thank_You_Authors_Ad1_7x10_Final.indd 1

12/1/11 2:59 PM

