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Editor’s
Column

IEEE Photonics Society

Lawrence Chen
The success of a professional society depends in part on
the efforts, hard work, and dedication of its volunteer
members. Local chapters have an important role in defining the identity of a professional society and on its
success. Local chapters host a variety of events from technical meetings/seminars to social gatherings, as well as
serve as an interface between researchers in academia, industry, and government laboratories. Local chapters also
provide students with an excellent opportunity to learn
about hot research topics and to increase their professional networks. The efforts of local chapter organizers
and leadership sometimes go unnoticed; however, it is
greatly appreciated. If you have stories about your local
chapter that you would like to share with the community, please send these to me. I look forward to learning
about the exciting activities and events that are taking
place in the various chapters worldwide!
This month’s issue features two articles on biophotonics. The first paper from Dr. Frank Vollmer’s group
at the Max Planck Institute describes exciting advances
on developing optical microcavities for the detection and
analysis of single molecules. In a complementary article,
the second paper from Prof. Holger Schmidt from the
University of California at Santa Cruz and his colleagues
describes the use of optofluidics for the analysis of single
molecules. The advances reported in the two articles
can transform health care & environmental monitoring
and provide life scientists with tools of unprecedented
capabilities. Sample illustrations of the two biophotonic
sensing approaches appear on the cover page. The cover
page also includes the winning submission of our image
contest, “Diffraction Sun”, taken by Ananta Palani.
I hope you enjoy this issue and as always, please do
not hesitate to contact me with suggestions, feedback,
and corrections.
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President’s
Column
Dalma Novak
“For a successful technology, reality must take precedence over public
relations, for Nature cannot be fooled.”
Richard P. Feynman

closely with Chris to help manage the Society’s operations and
initiatives as well as providing strategic direction.

The last few months seem to have been busier than ever for IPS
staff and volunteers: last minute arrangements for IPC2014,
preparing for this month’s Board of Governors (BoG) meeting series, and planning for the International Year of Light, to
name just a few of the activities keeping us occupied.

The Photonics Society is a founding partner and sponsor of the
2015 International Year of Light (IYL), supporting the IYL
mission of raising awareness of the importance of light-based
technologies in improving our quality of life. IYL recognizes
the history of light in the universe and strives to promote sustainable development and enable solutions to global challenges
in our communities. 2015 is of particular historical significance
for our Society since it also commemorates the 50th anniversary of the creation of the Quantum Electronics Council which
would eventually become the IEEE Photonics Society. IYL is a
very exciting and unique outreach and education opportunity
for the Photonics Society and planning is well underway for the
development of a number of IYL activities throughout 2015.
One of the major themes of IYL2015 is the promotion of
optics education and careers in light-based technologies. Some
of the educational initiatives that the Photonics Society is organizing for IYL include Summer Schools and Student Outreach
Ambassador programs which will introduce young minds to the
light sciences and provide opportunities to sustain their interest
and cultivate their talents. As members of IPS, we are already
very aware of the vital role of light in our daily lives and how
light-based technologies have revolutionized communications,
medicine, and energy. IYL2015 will provide the forum through
which we can transfer this knowledge and understanding to all
citizens, raising awareness of the problem-solving potential of
light technology. Our community and public outreach program
next year will include activities such as IYL Chapter Challenges
and Luminary Series as well as Women in Photonics events to
address issues of gender balance in STEM.
A particularly important focus of IYL2015 is on developing
countries and emerging economies, supporting the availability
of low cost and energy-efficient lighting. Supporting advanced
training in Africa is also a priority for UNESCO, and IYL has a
special aim to create a sustainable African Optics and Photonics
Society as a legacy of 2015. The Photonics Society’s IYL humanitarian activities will include collaborations with the international
charity SolarAid, and a US Department of Energy Solar Decathlon team with the aim of bringing critical lighting resources to
the developing world and increasing the demand for intelligent,
sustainable living spaces that reduce environmental impact.
IYL2015 is a truly unique opportunity for our Society to inspire,
educate, and connect on a global scale. I hope that many of you will
be able to directly support this global initiative and help the spread
the word about what photonics is, and why light matters.
With warm wishes,
Dalma Novak
Pharad, LLC
d.novak@ieee.org

IPC2014
The last newsletter issue included a preview of the upcoming
2014 IEEE Photonics Conference in La Jolla, CA which is now
just around the corner. I always enjoy attending our flagship annual meeting; each year the program committee creates a diverse
technical program that provides participants with new ideas and
perspectives. I am particularly looking forward to this year’s conference which features a number of exciting new events: a Silicon
Photonics Fabrication Workshop, a session highlighting recent
hot topic papers published in Photonics Technology Letters and
Photonics Journal, a Panel Session on Metamaterials, a reception
launching our Women in Photonics initiative, and a Closing
Ceremony to conclude the meeting. The attendee experience at
IPC2014 will also be enhanced with a new Mobile App. I would
like to take this opportunity to sincerely thank and congratulate the IPC2014 Chairs (Susumu Noda, Martin Dawson, and
Thomas Clark), the many committee members, as well as the
Society’s conference staff for all their hard work and dedication
in putting together such an outstanding conference.

Executive Office Changes
As I mentioned in my very first column, the Photonics Society
has been conducting a search for a new Executive Director (ED)
to replace Rich Linke who retired earlier this year. That process is
now complete and I am delighted to announce the appointment
of Chris Jannuzzi as our new Executive Director. Chris has actually
been supporting the Society since April as Interim ED during the
transition phase and has been leading our planning efforts for the
2015 International Year of Light. IPS members who are also members of the Electron Devices Society (EDS) will already know Chris
since he has been Executive Director of EDS since 2009. Going
forward, Chris will continue as ED of EDS in a part-time capacity
while also working part-time as ED of IPS. Chris is excited to have
the opportunity to continue working with the Photonics Society
and we look forward to his ongoing leadership. An interview with
Chris is featured in this month’s newsletter and those of you attending IPC2014 this month will have the opportunity to personally meet Chris during the conference.
The other major change in the IPS Executive Office is the
promotion of Senior Business Manager, Doug Razzano, to
Associate Executive Director. Doug has taken on additional
responsibilities since Rich’s departure and will be working
October 2014
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Research Highlights

Taking Detection to the Limit:
Monitoring Single Molecule Interactions on a 
Label-free Microcavity Biosensor
Frank Vollmer, Member, IEEE
Abstract—Our research is focused on the physics of biosensing, constructing microsystems for detecting molecules and
their interactions. Of particular interest is the study of photonic microsystems with the goal of single molecule analysis.
Taking detection to this limit is possible if the interaction of
light is sufficiently enhanced. My laboratory at the Max Planck
Institute for the Science of Light has now achieved such extreme enhancements in optical microcavities [1]. We demonstrate specific detection of single nucleic acids by monitoring
frequency shifts in microsphere cavities. We detect down to
single 8 mer (2.4 kDa) nucleic acid strands and less than 1 kDa
intercalating small molecules. Matched and mismatched DNA
strands are discriminated by their markedly different interaction kinetics. Our approach introduces a new paradigm in microcavity biosensing, requiring transient biomolecular interactions for the statistical analysis of single molecule events, and
for extending the lifetime of our sensor.
Index Terms—biosensing, optical microcavity, single molecule detection, whispering gallery mode

I. Confining Light in Microstructures
Our research makes use of the wave nature of light in order
to detect single biomolecules [1–2]. We confine a propagating light wave inside a miniature microstructure so as to sufficiently enhance the light-matter interaction to yield single
molecule sensitivity. We can cause such a confined wave to
repeatedly interact with a biomolecule. This is a similar situation to when an object, for example a person, is placed between
two opposing mirrors, which reflect the light back and forth
between them. After each reflection, the light is brought to
repeated interaction and a seemingly endless tunnel of mirror images appears. A similar situation is created when confining light in a photonic microstructure using the principle

Geometric optics
(a)

Wave optics
(b)

Wave optics
(c)

Figure 1. Light confined in a glass microsphere. (a) Geometric optics model illustrating TIR. (b) Wave optics model on resonance.
(c) 3D representation of intensity iso-surfaces.
4
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of total internal reflection (TIR). TIR can occur, for example,
at the interface between glass and water, an effect described
by Snell’s law. By repeatedly totally internally reflecting light
we find a surprisingly simple method for confining light in a
glass microbead, Fig. 1a. The confined light wave circulates
and an evanescent field is built up at the microsphere surface
which can interact with nearby biomolecules. For each light
re-circulation, the induced signal strength increases ultimately
allowing single molecule detection.

II. Whispering Gallery Modes
Light can be confined inside a glass microsphere for only very
specific wavelengths m and frequencies ~ since the circulating
light wave has to interfere constructively, thereby exciting so
called Whispering Gallery Modes (WGMs), Fig. 1b–c. The
WGM resonance frequencies ~ depend on the microsphere radius R, among other parameters, and occur when an integer
number l of wavelengths m fit into the closed-loop optical path,
Figure 1b where l = 30. Recirculating light can only be confined for a limited time, x, due to losses. Constructive interference hence ultimately builds up a resonance with quality factor
Q = ~ # x and linewidth C + m/Q. WGMs in spherical, ring
or disk shaped cavities can exhibit very high Q factors, close to
their material limit value, Qmat. Experimental Qexp factors larger
than 108 have been experimentally obtained, see Table I.
We use a very simple method for fabricating glass microspheres from SMF-28 optical fibers. The output of a 10W carbondioxide (CO2) laser operating at 10.6 nm wavelength is
focused on a fiber tip. The absorbed light heats the glass above
its transition temperature +800 ºC when surface tension starts
to form a tethered bead, Fig. 2a. This “micro-glass molding”
allows the fabrication of microspheres of desired size and from
different glass materials.
Biosensing, however, requires the excitation of high Q
WGMs in microspheres with small diameters: A shorter closedloop allows the confined light to interact more often with a
biomolecule as the circulating light adds up roundtrips to acquire a total optical path length that is limited by Qmat. Furthermore, biosensing requires the immersion of the microsphere in
an aqueous environment. In water, however, it is not the glass
material but the absorption of the evanescent field in H2O that
limits the Q, especially in small microspheres where more intensity resides in the evanescent field. In very small spheres in water, moreover, radiation losses dominate, resulting in a dramatic
loss in Q factor as confinement by TIR is lost, Fig. 2b. Taking all of this into account, we have developed theory to predict
October 2014

Material

n

Wavelength

Qmat

Qexp

Suprasil

1.447

1310 nm

2.3 # 1011

Suprasil

1.456

656 nm

3.0 # 1010

Suprasil

1.467

435 nm

9.2 # 109

SF-6

1.792

700 nm

7.0 # 107

SF-6

1.864

405 nm

1.3 # 107

SMF-28

1.468

1310 nm

1.5 # 1011

SMF-28

1.46

780 nm

2.1 #10

Silicon

3.476

1550 nm

1.6 # 10

Silicon

3.476

1550 nm

CaF2

1.431

Polystyrene

+9

Geometry

sphere

# 109

> 106

sphere

> 108

sphere

8

sphere

5

+10

sphere

1.6 # 106

+105

ring

795 nm

1.1 # 1012

+1011

disk

1.582

700 nm

4.3 # 105

+105

sphere

Polystyrene

1.617

435 nm

2.6 # 105

PMMA

1.486

700 nm

6.4 # 106

PMMA

1.503

435 nm

1.1 # 107

10
6

+10

III. WGM Spectra

80 μm

Q up 108

the optimal, most sensitive microsphere
radius R for biosensing applications [2].
For example, detecting nanoparticles such
as a single influenza virus with a SMF-28
microsphere at a WGM wavelength of
+780 nm requires R+45 nm, Table II,
whereas protein monolayer detection requires R+200 nm [2]. The most sensitive detection can be expected around
~410 nm WGM wavelength, near the
absorption minimum of water.

10W CO2

(a)

Quality factor Q (× 108)

Table 1. Microcavity materials and Q factors.

2

1

0

Total
Water absorption
Radiation loss

30
40
50
60
Resonator radius R (µm)
(b)

Figure 2. (a) Microglassmolding. CO2 laser light melts a glass fiber and surface tension

WGMs appear repeatedly throughout a forms a tethered microsphere. (b) Calculation of intrinsic quality factor for different size
spectrum for successive l number, due to SMF-28 microspheres in water, adapted from [2].
the spherical geometry of our cavity, Fig. 3.
The spacing between the resonance wavelengths is almost equidistant, and for a perfect sphere we approximate this free spectral range as FSR + (m/n)2/2rR, where n is the
m (nm)
Qintrinsic SMF28
Ropti (nm)
*Log N
effective refractive index of the glass bead. For example, the FSR
5
60.64
1.23
1550
1.30 # 10
of a 100 nm diameter SMF-28 microsphere is on the order of
one nanometer. WGMs can thus be excited throughout a spec1310
53.07
0.92
1.79 # 105
trum, Fig. 3g, as long as the Q remains sufficiently high. This
780
46.80
–2.23
1.51 # 108
also means that we can imagine exciting several WGMs within
633
41.18
–3.41
1.52 # 109
the same sphere. From the emerging picture we are tempted to
410
26.63
–4.65
draw the analogy to a Bohr atom: the orbital paths of different
7.95 # 109
WGMs remind us of the wavefunctions of electrons orbiting a
*N = number of detectable Influenza virus particles
Bohr atom. In quantum chemistry, these electron wavefunctions
are the solutions to the Schrödinger equation. Not too surprisTable 2. Optimal microsphere radius Ropti for nanoparticle deingly, applying Maxwell’s equations to our spherical optical cavtection in water.
ity results in a similar equation, the Helmholtz equation, yielding all solutions for the photonic wavefunctions in our “photonic
(transverse electric TE or transverse magnetic TM), Fig. 3a–c.
atom”. Similar to the Bohr atom, these wavefunctions are defined
Also the photonic wavefunctions are confined within an effective
by integer numbers: the longitudinal l, radial r and azimuthal m
potential well, Fig. 3d–f. Our calculations show that the funmode numbers, as well an index associated with the p olarization
damental WGMs (r = 1 and l = m, described by the spherical
October 2014
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m=l

1st radial order

(a)
Wave function

(d)

m=l

Power

m=l–2

(b)

(c)

(e)

(f)

1st radial order

Potential

l
FSR

2nd radial order

Radial coordinate

2nd radial order

1st radial order
l+1
l+2

(g)

TE modes TE modes

Frequency

Figure 3. The WGM photonic atom. Iso-intensity surfaces and intensity cross sections
(inset) for (a) fundamental TE mode l = m, (b) 2nd order radial mode r = 2, and (c) azimuthal mode m = l – 2. (d–f) Graphs show the wavefunctions and their confining potentials, gray indicates the microsphere. (g) WGM spectrum. Resonances are separated by
one FSR. Also shown are the sets of resonances for TE (blue) and TM (green) polarized
WGMs, including both first and second order radial modes. The linewidth of one WGM
resonance is indicated by arrows.

linewidth given by the Q factor. This
is very interesting for biosensing since
this frequency changes as biomolecules
bind to the microcavity [6]. The interaction of the bound molecule with the
evanescent field results in a decrease of
the WGM frequency, Fig. 4. The dielectric biomolecule, for example a protein
or DNA, is polarized by the evanescent
field, thereby “pulling” parts of the
WGM to the outside of the microcavity, increasing the effective optical path
length and red-shifting the WGM resonance frequency towards longer wavelength. More precise theoretical analysis
[2] yield formulas that allow for the calculation of the number of bound molecules from recordings of WGM shifts
and these can be used for single nanoparticle analysis.

V. WGM Biosensor Setup

Transmitted power

The microsphere remains attached to the
optical fiber by a tether which seems like
a natural port to couple the light to the
microsphere. This, however, has not been
possible. Instead, we utilize evanescent
light couplers such as tapered optical
fibers to excite WGMs. We use tunable
Evanescent field
external cavity lasers systems or distribI0
uted feedback laser diodes to acquire
WGM transmission spectra by swept
λ = 1 μm
wavelength scanning of the laser source.
Γ
Γ + δΓ
Noise band
Without functionalizing the microsphere
any further, we can utilize such a sensor
platform as a nanoparticle analyzer.
Fig. 5a shows the frequency and lineAI0
width shifts recorded for nanoparticles in
Red shift
solution.
0
ω0 + δω
ω0
Frequency
We can clearly identify spikes in the
(a)
(b)
Dm and DC (DFWHM) traces for single nanoparticles interacting with the
Figure 4. (a) Biosensing by tracking the frequency shift of WGM modes. The interaction WGMs by Brownian motion. We have
of a biomolecule with the evanescent field at the surface of a microsphere (in yellow) used similar experiments in the past to
shifts the WGM resonance (b) Frequency red shift d~ to a longer resonance wavelength demonstrate detection of virus partiis determined from recordings of a WGM transmission spectrum I(~) before (blue) and cles [7], such as single Influenza A virus
after (red) the binding event, adapted from [2].
particles that are ~100 nm in diameter.
These experiments have shown that the
harmonic Yll shown in Fig. 3a, d are the most sensitive for single
magnitude of the frequency shift signal is proportional to
molecule biosensing. However, excitation of different WGMs
real part of the polarizability of the nanoparticle, whereas the
and with different polarizations can be used to obtain additional
linewidth shift signal is proportional to that polarizability
information on biomolecules and nanoparticles, for example on
squared. The magnitude of the linewidth shift signal thus retheir orientation at the surface, their conformation, size, complex
duces dramatically for smaller nanoparticles, but also the frepolarizability and approximate binding location [3–5].
quency shift signal becomes increasingly difficult to detect.
For example, the frequency shift signal of a 10 nm biomolecule
IV. Whispering Gallery Mode Biosensing
is only ~1/1000th of that of the Influenza virus. For detecting
The frequency of a WGM can be determined with very
single biomolecules we have to find a mechanism to radically
high precision, typically with a precision of 1/100th of the
boost our frequency shift signal!
6
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Near-field intensity enhancerment Λ

VI. Plasmon Enhanced
WGM Biosensing

Simulated

ΔFWHM [fm]

Δλ [fm]

3000
Fit
The idea of boosting the WGM frequency
20
shift signal for single molecule biosensing
emerged during our collaboration with a
2000
0
40
group that works on Raman Spectroscopy
[8]. The Raman signal from a single pro1000
20
tein is extremely weak and detecting its
0
inelastic light scattering in the far field
0
using a spectrometer requires dramatic
4.5
3
3.5
4
20
14
16
18
signal amplification. Exactly this, howAspect ratio β
Time (s)
ever, can be achieved in Raman by us(a)
(b)
ing plasmonic nanoparticles to generate
hotspots of high field intensities. Plasmon Figure 5. (a) WGM wavelength Dm and linewidth DFWHM shifts recorded for
resonance in one or more nanoparticles a nanoparticle solution (40 nm # 12 nm # 12 nm nanorods in water). (b) The improvides a mechanism for locally boost- age shows enhanced intensities associated with excitation of plasmon resonance in a
ing field strength, thereby enhancing the nanorod. The graph shows field enhancements for different aspect ratio of the rod
interaction of the light with an attached (long axis divided by short axis). Adapted from [1]
molecule. For example, when a protein
fiber most commonly used for WGM excitation, however, would
binds within the hotspot at the nanoparticle surface, the Raman
be detrimental for the success of this assembly process: we knew
signal is enhanced by several orders of magnitude, proportional
that nanoparticles predominantly bind to the fiber taper, rapidly
to the e ncountered field intensity squared, enabling single moldegrading fiber transmission. Furthermore, the binding of partiecule Surface Enhanced Raman Spectroscopy (SERS).
Our idea was to apply a similar amplification mechanism
cles generally c ompromises long measurements with tapers and
to boost our signals in WGM biosensing [8–9]. Our initial
necessitates frequent and difficult taper replacements. We consimulations based on Mie theory [8] showed that we could excluded that the tapered fiber had to be replaced in order to design
a useful biosensor.
pect a remarkable boost for single molecule WGM frequency
shifts - if we manage to use the WGM to excite plasmon resonance in nanoparticles stably bound to the microsphere. With
VII. Engineering A Robust WGM Biosensor
a plasmonic nanoparticle attached to the microsphere we will
Realizing the challenges associated with tapered fiber coupling,
be able to create hotspots of enhanced field intensity. A boost
we set out to develop a more robust prism-based coupling scheme
in frequency shift will then result from the binding of a molfor WGM biosensing, Fig. 6a–e. Light is evanescently coupled to
ecule within a hotspot. Our exact calculations [1, 10–11] inthe microsphere from only a diffraction limited spot, so that undicate field enhancements for a plasmonic nanorod in excess of
specific binding of particles to the prism surface no longer poses
a problem. In addition, the prism is easily cleaned and repeat103 – this should put single molecule WGM biosensing within
reach! Note that the amplification of the frequency shift will
edly integrated with liquid filled polydimethylsiloxane (PDMS)
only require the reactive polarizability of the molecule, withsample cells of various shapes and geometries. The coupling to
out the need for scattering as in Raman spectroscopy.
different WGMs can be accomplished by adjusting the angle of
Nanorods are ideal for plasmon enhanced WGM biosensthe incident light on the prism, a degree of freedom not available
ing since they provide enhancements that are much larger as
with tapered fibers. An imaging system is installed to control the
compared to those of nanoshells. Fig. 5b shows a graph of the
positioning of the microsphere, where we find a slightly under
field enhancements as a function of nanorod aspect ratio. An
coupled sphere to be most sensitive [2]. For exact positioning
optimal enhancement is clearly identified, and following these
close to the optimal +1.1 nm coupling distance we currently
calculations we chose nanorods with dimensions of 40 nm ×
employ piezoelectric actuators. In future devices, these will be re12 nm × 12 nm with plasmon resonance at +756 nm, detuned
placed by simple spin-coated polymers that serve as spacer layers.
by about half of their plasmon FWHM from the +780 nm
Our next challenge was to find a method to assemble one or
WGM. This should result in large frequency shift signals for
more nanorods onto the microsphere. Our first experiments with
single molecule detection, whilst maintaining high Q factors.
nanorod solutions, Fig. 5a, indicated that at least Cetyl trimethAlthough we quickly moved towards a first demonstration of
ylammonium bromide (CTAB) stabilized nanorods would not
the idea of plasmon enhanced WGM protein detection [8–9], we
adsorb to the glass microsphere, and we also found that optical
soon realized that for implementing a robust biosensing platform
forces are generally not useful for promoting their adherence.
we would have to overcome further challenges. In particular, we
Instead, we turned to a chemical solution to this problem. We
had to find a way to stably attach a nanorod to the microcavity.
found that by increasing acidity of the solution to pH~1.5, the
After gaining some experience with nanoparticles on substrates,
surface charges on the microsphere and nanorod change in favor
we decided that it would be better to assemble single nanorods
of promoting nanorod adsorption: stable binding events for indirectly from solution onto the microsphere, turning the tranteraction of nanorods with the microsphere are now observed.
sient interactions between nanoparticles and microspheres from
We monitor the irreversible nanorod binding events in situ from
previous experiments Fig. 5a into permanent ones. The tapered
a stepwise response of our WGM frequency and linewidth shift
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Figure 6. (a) Robust prism coupling scheme for WGM biosensing, adapted from [1]. Input optics focus a ~780 nm laser onto a diffraction limited spot for evanescent coupling
to the microsphere. Output optics allow monitoring of TE and TM polarized WGMs.
(b) Picture of the setup, including graduate student Martin Baaske. (c) Example of a
WGM spectrum with (d) less than femotometer noise in the wavelength Dm and linewidth DFWHM traces, using a (e) ~ 80 um diameter SMF-28 microsphere.

signals, Fig. 7a–b. Our pH assisted assembly process results in
irreversible nanorod loading, allowing the replacement of the
solution in our PDMS sample cell in preparation for subsequent
measurements that require different buffer conditions.
Designing a useful plasmon enhanced WGM biosensor
also requires control of the nanorod surface. Biosensing relies
on molecular recognition, where biosensor devices transduce
specific molecular interaction events into optical or electrical
signals. This necessitates surface modification of a biosensor
device with specific receptor molecules. However, monitoring
the binding of a single molecule to a high affinity receptor
would simply block the receptor for subsequent measurements.
A useful single molecule biosensing scheme should not result
in just one detection event but instead allow for continuous
measurements of many molecular interactions between a receptor and its target molecules.
Understanding this new paradigm, we set out to modify
our nanorod with a receptor molecule that would allow the
observation of many molecular interaction events. Such a receptor with moderate affinity will also facilitate the proof of
single molecule biosensing since a large number of interaction
events can be analyzed using statistical tools. This will allow
us to demonstrate Poissonian statistics and first order reaction
kinetics, which are expected for single molecule interactions.
Taking all of this into consideration, we decided to modify our nanorods with nucleic acid receptor oligonucleotides.
Utilizing nucleic acids in our experiments would yield all the
desired features for a vigorous single molecule biosensor demonstration: custom oligonucleotide receptors allow the independent control of specificity and affinity by choosing their
nucleotide sequence. A particular sequence can enable specific
yet transient interactions with target nucleic acids by hybridization. Furthermore, to the best of our knowledge, the labelfree detection of single nucleic acids in the optical domain has
8
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not been demonstrated – this should constitute a real breakthrough given the importance of DNA in clinical diagnostics
[12] and the difficulty in detecting small
oligonucleotides.
The surface modification with short
nucleic acid strands is straight forward
given the well established chemical
method of conjugating thiol-modified
oligonucleotides to gold. In our experiments we found, however, that the thiol
reaction is inhibited by nanorod surfactants such as CTAB. Fortunately, we
managed to implement a protocol based
on exchanging CTAB by sodiumdodecylsulfate (SDS), enabling functionalization of our gold nanorods within only
minutes of reaction time. As reported in
the supplement of our recent publication
[1], we can follow the single molecule
thiol reaction in real time. However, this
is just a spoiler of what we are going to
observe next.

VIII. Monitoring Single Molecule Interactions
We now have a robust prism-coupled microsphere sensor platform in place, combined with a simple three step protocol enabling plasmon enhanced single molecule WGM biosensing:
Step 1 – loading of a defined number of nanorods by self
assembly from acidic solution while directly recording productive nanorod binding events from WGM frequency and
linewidth shifts, Fig. 7b.
Step 2 – in situ thiol reaction on the gold nanorod for functionalization with molecular receptors, here custom thiol modified oligonucleotides, Fig. 7c.
Step 3 – Monitoring of the interactions of oligonucleotide receptors with single nucleic acid target molecules, from
WGM wavelength shifts, Fig. 7d.
For a first demonstration, we modify our nanorods with 22
mer oligonucleotides. Following our new paradigm which requires the monitoring of transient single molecule interactions,
we introduce a 22 mer target nucleic acid into our sample cell
that contains three base mismatches. Different from a matching
strand, this should result in only transient interactions with the
receptor so that the interaction kinetics can be monitored for a
prolonged time, in turn allowing acquisition of sufficient single
molecule interaction data for statistical analysis.
Indeed, our approach succeeded! Fig. 7d shows the data trace:
single molecule nucleic acid interactions appear as spikes which
are well separated in time. The spikes appear often in rapid succession, a hallmark of single molecule interactions where time
intervals between interaction events follow Poissonian statistics.
The histogram of these time intervals is fit by a single exponential,
Fig. 7e, with an exponent that signifies the average interaction
rate. The average interaction rate follows a linear dependence with
target molecule concentration, Fig. 7f, another proof that our signals (spikes) indeed correspond to single molecule events, where
interaction kinetics are governed by a first order rate equation.
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IX. Single Molecule
Biosensing Requires Specific
Yet Transient Interactions
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Further control experiments were implemented on the molecular level, Fig.
8a–d. We tested our sensor in response
to oligonucleotides with unrelated sequence, which produce no signals. Furthermore, we added exactly matching
oligonucleotides, which produce a stepwise shift signal. These step-wise shifts
indicate permanent bindings of single
nucleic acids to our receptors, and this
provides a method for us to count the
average number of receptors in our experiments, which we determine at ~20.
Knowing the number of receptors we can
estimate the on-rate constant at ~2.93 ×
106 M–1s–1, in good agreement with values reported in the literature, see supplementary information in [1].
The magnitude of the wavelength
shift signal is in agreement with theoretical predictions based on the field
enhancements provided by our gold nanorods, see supplementary information
in [1]. Furthermore, and as expected
from theory, single molecule events are
only seen on the wavelength trace but
produce no linewidth shift signals as
compared to larger nanoparticles such as
nanorods themselves, Fig. 5a.
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Next, we show sequence specific detection by transient molecular recogni- Figure 7. (a) Hotspots (in red) of field intensity enhancements for a plasmonic nanorod
tion. We had observed that the binding (in yellow) attached to a glass microsphere so that WGM (in bluegreen) can excite plasof a matching target strand results in a mon resonance. Plotted are the iso-surfaces of field intensity. (b) WGM shift signals for
stepwise wavelength shift response, Fig. attaching (loading) of a nanorod from acidic solution. (c) surface modification of a gold
8d. This limits the number of detect- nanorod with a fixed number of thiolated 22 mer oligonculeotide receptors. (d) WGM
able events to about 20, and the sensor wavelength shift Dm recorded for the interaction of single nucleic acids with the receptypically saturates within minutes of tors on the nanorod. Individual spikes correspond to single nucleic acid interactions.
measurement time, given our nanomolar The interaction remains transient since the target strands contains three mismatched
bases, adapted from [1]. (e) Histogram of time intervals between single molecule interacconcentrations of target molecules.
tions. Analysis of a large number of single molecule events confirms Poissonian statistics.
For detections of matching target (f) The graph shows that the interaction rate (in units of seconds–1) is a linear function
molecules we ideally require a specific of target molecule concentration, adapted from the supplementary information in [1].
receptor that interacts with a matching
strand only transiently, binding to the
analyzing specific single molecule interactions data. Specificity
target molecule only for sufficient time to generate a sensor
now translates into a certain dwell time at the receptor. Fursignal. Exactly this can be achieved by tailoring the affinity of
thermore, the lifetime of our sensor with tailored receptor afmolecular receptors. What is needed for single molecule biofinity is extended and no longer limited by permanent hybridisensing are receptors of high specificity but modest affinity.
zations. Interestingly we find that even a single mismatched
Designing such a receptor with nucleic acids is easy: we simply
base impacts the dwell time such that no signal is observed
chose a shorter nucleic acid sequence for a receptor that will
within the 20 ms time resolution of our current setup, pointonly transiently interact with its matching strand due to the
smaller number of bases available for hybridization, Fig. 8e.
ing to a potentially interesting avenue for resolving single nucleotide polymorphisms.
With such short receptors we can now record a large numLastly, we explore the sensitivity of our platform by moniber of specific interaction events, which again appear as spikes
toring hybridizations of short oligonucleotides which can be
in our data stream. This allows the use of statistical tools for
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accomplished in buffer with high salt concentrations ~1 M,
avoiding transient interactions to show highest sensitivity free
of the current time resolution of our setup. With this approach
we demonstrate the detection of single DNA interactions
down to 8 mer (2.4 kDa) target nucleic acid strands and less
than 1 kDa intercalating small Syto-62 molecules [1].

X. Conclusions and Outlook
Our work features a robust biosensing platform with a simple
three step protocol enabling label-free single molecule studies in various experiments and for many laboratories. Our
platform can overcome the limitations of other single molecule techniques, such as those based on optical tweezers,
nanopores, nanowires, zero mode waveguides, plasmonics and
fluorescence microscopies, which often require labels, may be
more limited in their ultimate time resolution, and which
can be more difficult to implement and use. Not only does
our approach allow the detection of interactions between biomolecules but it will enable the detection of other changes
in molecular machines. Resolving such molecular transitions
and transformations on a biosensor device can find many new
applications, not only for fundamental studies in the life sciences, health care and environmental monitoring, but also in
10
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Nanopore-gated Optofluidic Devices for
Multi-modal Analysis of Single Molecules
S. Liu, A.R. Hawkins, Senior Member, IEEE and H. Schmidt, Senior Member, IEEE
Abstract—Biophotonics is currently undergoing a remarkable
miniaturization process, partially motivated by the quest for
developing portable point-of-care devices for rapid and sensitive biomedical testing and analysis. Optofluidic approaches
combining elements of integrated optics with microfluidic
handling of small sample quantities have taken center stage
in these efforts, and optical sensitivities have been pushed to
the single biomolecule level. We describe such an optofluidic
platform based on optical fluorescence analysis using liquidcore waveguides and its combination with single molecule
electrical sensing using characteristic current blockades generated by a nanopore. The nanopore acts as a smart gate by both
providing an electrical signal and controlling introduction of
single particles into a fluidic channel. The electrical and optical sensing modalities provide different pieces of information
about the particles of interest, resulting in enhanced capabilities compared to approaches relying on a single mechanism.
The specific detection and identification of a subpopulation of
influenza viruses from a mixture of nanoparticles illustrates the
potential of nanopore-gated devices for advanced biosensing on
the single molecule level.

I. Introduction
Biophotonics has been around for centuries, dating back at least
to the 17th century when microscopes were first used to look
at cells and tissues. Using light to study and analyze biological
material is both a natural and powerful strategy. Over the centuries, biophotonics, like every other field, has grown increasingly sophisticated, and we can now directly observe and manipulate molecules and cell contents with nanoscale resolution.
Aside from gaining a fundamental understanding of biological objects, and processes, medical diagnostics which is largely
based on laboratory tests, is of great societal value and provides
vast opportunities for biophotonic methods. Recently, the field
of optofluidics has emerged, aiming to unite optics with microfluidics, often in a single integrated system [1]. It is not surprising that biosensing and medical analysis are currently the most
vigorously pursued applications of optofluidics [2].
As is described in more detail in the review articles [1,2],
optofluidic approaches that combine elements from solid-state
photonics such as on-chip waveguiding, lasers, photonic crystals,
resonators and interferometer structures with biological liquids,
are very promising in this regard. Various devices have been used
to detect nucleic acids, proteins, and other biomarkers, and detection limits outperforming established techniques such as polymerase chain reaction (PCR) or ELISA have been achieved.
In parallel to this extensive use of photonics for biosensing, electrical methods also boast a long history in biology and
medicine. A well-known historic example is the observation of
October 2014

electrical phenomena in frogs by Galvani and Volta in 1780.
Here, too, the passing of time has brought impressive levels
of sensitivity and sophistication. Nanopore analysis is a prime
example. Nanopores are nanoscopic openings in a membrane
separating two reservoirs of an ionic liquid. When a voltage is
applied between these reservoirs, particles smaller than the pore
opening are drawn through the hole and can create a measurable and characteristic change in the ionic current. Thus, the
nanopore is the molecular analogon of a Coulter counter for
microscopic particles such as cells. The principle was first demonstrated using the naturally occurring funnel-shaped protein
a-hemolysin, which is just wide enough to pass single-stranded
DNA. a-hemolysin based DNA analysis is now close to commercial use for de novo sequencing of genomic material [3,4].
Recently, this field has expanded considerably as nanopores
have been defined in solid, inorganic membranes such as silicon
nitride or polymers. These “solid-state nanopores” have the advantage of being more robust, more suitable for device integration, and having variable size that can even be altered using redeposition as well as exposure to focused electron or ion beams.
In this article, we describe the integration of optical and
electrical single molecule analysis on a single “electro-optofluidic” chip. Optical analysis is provided by fluorescence
detection in liquid-core waveguide channels, while electrical
detection is implemented with a solid-state nanopore that is
defined in the wall of these waveguide channels. We first introduce the photonic design of the optofluidic chip and its ability to detect single biological nanoparticles. We then describe
a method for adding a nanopore with well-defined shape and
electrical properties to the photonic chip. Finally, we show that
the combination of both techniques enables powerful multimodal analysis that enhances the capabilities of each individual
technique. Specifically, we review the detection and identification of single influenza viruses using highly correlated electrical and optical signals.

II. The Optofluidic Platform
Most integrated optofluidic biosensing approaches are based
on the interaction of light with biological targets at the interface of a solid-state photonic structure with a fluid volume or
microfluidic channel. Target-specific binding to the functionalized interface surface provides recognition specificity and allows for detecting the presence of a particular particle type. A
complementary strategy is to sense the targets dynamically as
they flow through a fluidic channel. In this case, it is desirable
to maximize the light-particle interaction in the volume of the
channel which can be done with liquid-core waveguides. From
a photonic perspective, this creates several requirements for the
biophotonic chip. First and foremost, an optical mode has to be
IEEE Photonics Society NEWSLETTER
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Figure 1. (a) A light ray is propagating along the liquid core waveguide. The refractive
index of the liquid core (nc) is lower than that of the cladding layer (n1). (b) Cross-section
SEM image of the intersection of liquid core and solid core waveguides. (c) Layout of
an ARROW chip. Light is coupled into the solid core waveguide and excites particles
that are flowing in the liquid core waveguide. The fluorescence signals can be collected
from both ends of the horizontal waveguides. Insets: Left: The photo of a typical ARROW chip. Right: Typical optical signals allowing for direct counting of single particles.

confined within a micronscale liquid channel. Conventional index guiding based on total internal reflection is not possible in
a liquid-filled capillary since virtually all solid cladding materials used in solid-state photonics and microfluidics have a higher
refractive index than liquids. However, a number of alternatives
have been developed to ensure efficient optical confinement in
low-index liquid cores [1,5]. Secondly, a functional integrated
device requires an optical interface between these liquid-core
waveguides and other parts of the chip in order to avoid problems with channel filling and evaporation.
Fig. 1 shows how these challenges are met in the ARROW
waveguide platform we have developed for high sensitivity detection and manipulation of micro- and nanoparticles on a chip.
The side view of an antiresonant reflecting optical waveguide
(ARROW) in Fig. 1a shows a ray propagating along a low-index
waveguide core. Due to the absence of total internal reflection,
it is refracted into the adjacent solid cladding layer. If the thickness of the cladding is chosen such that the cladding layer acts as
an antiresonant (reflecting) Fabry-Perot cavity for the transverse
wave vector component, this leaky mode is confined with finite,
but low loss as desired. Additional cladding layers further reduce the loss [5], resulting in efficient transport of light through
liquids and gases over chip-scale dimensions. Optical connection with the rest of the chip is accomplished using solid-core
ARROW ridge waveguides that are vertically aligned with the
liquid-core channel as shown in Fig. 1b. Solid- and liquid-core
waveguides can then be arranged on the chip surface with great
flexibility. Fig. 1c shows the typical layout we use for biological
sample analysis. Light from a single-mode optical fiber is coupled into an excitation SC-ARROW, crossing the liquid channel at a well-defined intersection. Light generated by particles
12
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p assing this excitation spot (fluorescence
or scattering) is collected by the liquidcore waveguide mode and transported to
the edge of the chip as shown where it can
be collected with a second fiber or lens.
The main characteristics of the chip are its
optically planar layout, leaving the third
dimension for additional integration [6]
and the small excitation/collection volume
of ~100 fL which is necessary to achieve
single molecule detection sensitivity [7].
The photo shows a finished ARROWchip with 2 fluidic reservoirs that serve as
inlets and outlets for liquid samples. The
devices are constructed on silicon wafers
using sacrificial layer deposition (SU-8),
followed by sacrificial etching after deposition of the top layers. The waveguide
claddings are made from dielectrics (e.g.
SiO2, SiN, Ta2O5) using sputtering or
chemical vapor deposition [8].

III. Single Bioparticle Sensing

We have used this optofluidic ARROW
platform to detect and analyze a variety of
particles on a chip. Fig. 2 shows the example of optically detecting single virus
particles [9]. For this demonstration, we labeled bacterial phages
(Q-b phage) covalently with fluorescent dye molecules so that
each of these 26 nm large spherical biomolecules was tagged with
a couple hundred fluorophores. The optofluidic chip from Fig. 1
was then filled with carbonate buffer solution and set up for fluorescence detection. Fig. 2a shows the resulting reference signal,
showing a low and stable signal level, setting the background for
the experiment and ensuring that the chip is not contaminated.
Subsequently, buffer solution containing Q-b viruses was added
to one of the reservoirs and a voltage was applied across the channel to drive the viruses past the waveguide intersection for optical
excitation. Fig. 2b shows the resulting fluorescence signal which
shows a rapid sequence of fluorescence spikes originating from individual virus particles. Note that—much like in a single photon
counting experiment—the actual amplitude of each spike is not
as important as long as it exceeds the background threshold, allowing for identification of a positive event and digital counting
of the viruses. The autocorrelation trace obtained from this signal
is shown as symbols in Fig. 2c along with a fit using an established model from fluorescence correlation spectroscopy (FCS).
The fit matches the data very well and allows for extraction of
the diffusion coefficient of the particles and the concentration. A
y-intercept larger than 1 for t " 0 confirms that on average less
than a single particle resides in the excitation volume.
Similar results were obtained using liposomes and fluorescing micro- and nanobeads. More complex methods such as dualfocus FCS as well as novel optical traps were implemented on
these chips, illustrating their photonic versatility. However, in
this configuration, single particle detection cannot be unambiguously proven for an individual fluorescence spike. This uncertainty can be removed by incorporating a nanopore on the chip.
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Figure 2. (a) Background detector signal in absence of fluorescent viruses. (b) Signals of single viruses are detected. (c) FCS autocorrelation (symbols) confirms the single molecule sensitivity and matches well with analytical model (line).
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Figure 3. (a) Current blockade principle of a nanopore sensor. (b) Examples of biological (left) and solid-state (right) nanopore.

IV. On-Chip Integration of Nanopore
As described in the introduction, the principle of a nanopore
sensor is the detection of a characteristic current drop in ionic
current as a particle moves through the pore and partially obstructs it as conceptually shown in Fig. 3a. Examples for the
canonic types of biological and solid-state nanopores are shown
in Fig. 3b [3,4].
Solid-state nanopores are the natural choice for incorporating a nanopore with an ARROW chip since oxide and nitride
layers are used for constructing the latter. However, the chip
poses unique challenges since the channel walls are several microns thick which results in unacceptably high aspect ratios
for direct milling of a nanosize opening. To address this problem, we developed a two-step fabrication process for defining
nanopores in microfluidic, and specifically ARROW channels
[10]. The concept is shown schematically in Fig. 4a. At any
location along the liquid-core waveguide channel, a micropore
of ~2–4 nm diameter is defined with a dry etch process. This
etch is terminated by a metal etch stop layer placed on top of
the first ~100 nm thick ARROW cladding layer. After removal of the etch stop layer, the nanopore is milled with a
focused gallium ion beam. Fig. 4b shows a top-down view into
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a 2 nm micropore with a 150 nm nanopore. One of the main
advantages of solid-state nanopores is the possibility to alter
the size of the opening aperture [4]. Fig. 4c shows how such
“sculpting” is accomplished by repeated scanning with a defocused ion beam and the pore diameter is progressively and
deterministically shrunk from 100 nm to 20 nm.
While the aperture size of the nanopore is probably its most
important characteristic, the fabrication method has noticeable
influence on its behavior as electrical sensor. We investigated
this correlation by defining nanopores of 50 nm aperture in
three different ways: direct milling (DM), ion-beam (IB) and
electron-beam (EB) assisted shrinking [11]. Fig. 5a shows the
characteristics of an EB-shrunk nanopore. The cross-section
(bottom) reveals an increase in the membrane thickness due
to deposition of hydrocarbons in the vacuum chamber. This is
confirmed by element-specific EDS spectroscopy (top, center).
The resulting current blockades (top, right) can be modeled
very well. Fig. 5b shows the distribution of blockade depth and
duration for the three pore types. Clear differences are observed
despite their nominally identical aperture size. These differences are fully reproduced by taking into account the full 3D
shape of the pore.
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Figure 4. (a) Cross-section of micropore/nanopore integration on the liquid-core waveguide. (b) Top-down view of a 150 nm nanopore in a 2 nm micropore. (c) Nanopore sculpting by repeated scanning with focused ion beam.
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Figure 5. (a) Characterization of a 50 nm wide nanopore shrunk to size with an electron beam. Top left: top-down view of the nanopore. Top middle: EDS spectrum of the nanopore showing carbon accumulation around the pore. Top right: comparison between
experimental (symbols) and simulated (line) current blockades. Bottom: cross-section photo of the nanopore. (b) The distribution of
blockade amplitude and duration for three pore types.

V. Electrical Single Bioparticle Sensing
The first demonstration of incorporating electrical sensing of
single biomolecules into optofluidic devices was given in 2011
[12]. A nanopore with a 40 nm aperture was defined in an
ARROW chip using ion-beam assisted shrinking as described
above. The arrangement on the chip is schematically shown
in Fig. 6a along with a photograph of a nanopore-ARROW
device (inset). A solution containing 50S ribosomal subunits
(the 70S ribosome is a ~25 nm large molecular machine facilitating protein synthesis according to the messenger RNA
code) was introduced into the fluid reservoir placed on top of
the nanopore, and potentials on the order of 1V were applied
to move the ribosomes into the fluidic channel in single file.
The observed electrical signal for different applied voltages is
shown in Fig. 6b; and the inset shows a characteristic blockade signal caused by a single ribosome. Blockades of ~4% of
the total ionic current were well resolved. Notably, the rate
of translocations depends strongly on the applied potential
as is shown in Fig. 6c. The detection rate can be varied from
14
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t housands per seconds to zero over the span of ~250 mV. This
strong dependence can be used in future devices to rapidly turn
the nanopore gate on and off between experiments.

VI. Opto-Electrical Sensing
With Gated Nanopore
The full potential of the electro-optofluidic ARROW chip is
only realized if the nanopore gate is combined with the optical single molecule detection capability discussed above. We
have recently demonstrated this dual-mode single molecule
analysis for the first time on an optically and fluidically integrated chip [13].
First, we introduced a mixture of fluorescent nanobeads
of different diameter (100 and 200 nm) to a 250 nm wide
nanopore. Once translocated through the pore by a 3V applied voltage, the particles were moved along the ARROW
channel with negative pressure. Fig. 7a shows the resulting
electrical and optical signals. In both cases, clean signatures from individual nanoparticles are observed with high
October 2014

1000

878 mV

900

819 mV

800
700

20 ms

0

1

(a)

750 mV

Capture rate (/s)

938 mV

40 pA

lonic current (pA)

1000 mV

103
102
101
100
800

2

Time (s)

900

1000

Voltage (mV)

(b)

(c)

Figure 6. (a) Placement of nanopore on the ARROW chip. Inset: A photo of a nanopore-ARROW chip. (b) Current blockades from
individual 50S ribosomal subunits for different applied voltages. (c) Voltage dependent capture rate of single ribosomes.
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Figure 7. (a) Correlated electrical (black) and optical (red) signals. (b) Cross-correlation function between electrical and optical signals.
(c) Blockade amplitude versus duration of electrical signals. (d) Histogram of the optical brightness distribution for each particle type.

signal-to-noise ratio. In addition, the signals appear to be
temporally correlated as indicated by the dashed lines. This
feature is clearly demonstrated by computing the cross-correlation function between optical and electrical traces, which
is shown in Fig. 7b. A well-defined, single peak appears at a
delay time of 5.8 s. Thus, the correlated single-particle measurements allow for immediate extraction of the flow speed in
the ARROW channel as this delay corresponds to the time it
takes the nanobeads to travel from the nanopore gate to the
optical excitation spot. Fig. 7c presents a more detailed look
at the electrical blockade signals. The bead subpopulations
are clearly resolved as the larger particles obstruct the pore
more completely and produce a much larger blockade amplitude. With this information in hand, we are now able to
assign each optical peak and create a histogram of the optical
brightness distribution for each particle type (Fig. 7d). We
see that while the larger beads are brighter on average, there
is an overlap region in which the optical signal amplitude
alone is not sufficient to decide what particle created it. With
the help of the nanopore gate, it is possible to analyze the
optical signal distributions and look for correlations with the
particle location within the channel.
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Secondly, we investigated a mixture of 100 nm fluorescent
beads and ~100 nm large influenza (H1N1) viruses using a
~150 nm wide integrated nanopore. The viruses were labeled
to fluoresce in the red (~670 nm) while the bead fluorescence
is in the blue. The optical signal was spectrally filtered after
collection off the chip to identify the fluorescence wavelength.
The resulting electrical and optical signatures for this mixture are shown in Fig. 8a. Again, clear blockades and optical spikes are resolved, representing the first demonstration
of detection of single virus particles using two modalities on
a single chip. Moreover, we can now unambiguously prove
the single particle nature of the optical detection as each particle has to transverse the nanopore in single file. In this case,
the blockade amplitudes are rather uniform for all electrical
signals (Fig. 8b) due to the similar size of the particles used.
However, there appears to be a separation into particle type
by blockade duration, indicated by the dashed line. The optical signal allows us to prove this conjecture by computing
the cross-correlations of all combinations of red/blue optical
channels with short/long blockade durations. Fig. 8c shows
only two non-zero correlations, proving that all long (short)
blockades are caused by viruses (beads).
IEEE Photonics Society NEWSLETTER
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VII. Conclusion and Outlook
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studies with relative ease.
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News
IEEE Photonics Society Appoints New
Executive Director: Christopher Jannuzzi
On July 28, 2014, the IEEE Photonics Society (IPS) appointed
a new Executive Director (ED), Christopher Jannuzzi, following Rich Linke’s retirement as Executive Director for 8 years.
Jannuzzi will lead the Society Executive Office in supporting
and carrying forward the decisions of the IPS Board of Governors, Executive Committee, and President.
As Executive Director, he will focus on enhancing and developing society educational initiatives, internally and externally, and act as a conduit between the society and the other
parts of the IEEE. Jannuzzi now oversees the society’s operations, portfolio of outreach programs and products, professional staff and $6 Million budget that supports the society’s 6,000
members worldwide.
Jannuzzi will drive the strategic planning and lead the
broad-based business management development for the IPS, by
providing insights and options for moving the Society’s conferences, publications and award programs forward. His goal is to
strengthen the relationships between professional staff and the
volunteer leadership as well as assure the continued operational
and financial health of the Society.

Letter from the Executive Director
Dear IPS Members,
It is indeed an honor and a privilege to have been given the opportunity to serve as executive director of this remarkable organization. Through my work with the IEEE over the past 5 years, I
have had the pleasure of working closely with many IPS volunteers
and staff. And though my experiences with IPS have covered a wide
range of functional areas (conferences, publications, awards, governance…etc.), what has been consistent in all cases is the talent and
dedication of those involved. How fortunate I am to be able to work
alongside the volunteers, members, and staff that comprise the broad
IPS family!
But this is also a bittersweet moment, for as excited as I am to be
in my new role, I will sincerely miss my dear friend, colleague, and
mentor Rich Linke. Rich and I became old friends very quickly after I
joined IEEE in 2009. Without his guidance and support I would not
be where I am today. Being his successor is one of the true highlights of
my career, and for this I am deeply grateful.
Granted, there is quite a lot of work ahead of us, and we face challenges on many fronts. However, with the insightful leadership of IPS
President Dalma Novak and the rest of our outstanding volunteers,
coupled with the skills and experience of IPS’s professional corps, I have
every confidence we will be successful.
I look forward to working closely with each and every one of you.
Anytime you have questions, comments, or just want to reach out,
please do! I would love to hear from you at c.jannuzzi@ieee.org.
Thanks and all the best!
—Chris
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Biography
Christopher Jannuzzi joined the IEEE
in 2009 as the Executive Director of
the IEEE Electron Devices Society
(EDS). In his time with EDS, Chris
launched several key initiatives to ensure the society maintained it preeminence in the device engineering field.
From leading efforts to redesign and
reachtictect EDS’s digital presence, to
leveraging the society’s long-standing connection to the photovoltaic research community to expand IEEE’s presence in the renewable energy space, to developing EDS’s robust webinar programs,
Chris has help lead a successful volunteer-staff partnership.
With the retirement of Rich Linke, Chris’s long-time colleague and mentor at IEEE, the opportunity arose to expand
Chris’s role to encompass both EDS and IPS. Vital to this restructuring is the outstanding staff Rich developed in IPS under the management of Doug Razzano and Christine Bluhm.
With such a capable, experienced professional corps, the Executive Director’s role has evolved to focus more on cross-society
strategic vision. Not only is this a much more efficient use of
society resources, it provides the means to foster stability and
growth of the IPS staff.
Prior to joining IEEE, Chris was a Senior Director at the
College Board in New York. He received his undergraduate
degree from New York University and holds a Master’s degree
in Organization Leadership from Columbia University. Chris
lives in Shrewsbury, NJ with his wife Elizabeth and their children Michael, Raymond, and Julia Marie.

“Visions for the Future” Q & A
with IPS Executive Director:
Q: What are your top priorities as Executive Director?
A: “In a volunteer led, volunteer-driven society, the top priority of the Executive Director, as I see it, is to operationalize
the vision of the society’s leadership. In IPS, and throughout all
of the IEEE, we are blessed with a talented, dedicated corps of
world-class scientists and engineers to lead the organization. It’s
the job of the staff to do what needs to be done to achieve the
goals as defined by our leaders. When you look at the depth and
breadth of all that IPS does—from conferences and publications,
to education, awards, and member engagement, it’s the staff-volunteer partnership that makes it all possible. As ED, it’s my job
to ensure that partnership is working and continues to flourish.”
Q: What ideas do you have on how to engage the next
generation of members within IPS?
A: “Great question. For me the key is understanding what
drives the value proposition of membership in IPS. In the
October 2014

past, that value was more focused on access to publications.
But with the advent of IEEE Xplore and other forms of digital
publishing providing universal access to our intellectual property, membership is now more about the being a part of the
technical communities the society represents. Today’s young
professionals will probably switch jobs 6 or 8 times, or more,
before they retire. IPS can provide a consistent, stable professional home that stays with them, and which they can stay a
part of, throughout their professional lives. So the key becomes
finding ways to nurture and foster this community of members
through everything the society does.”
Q: How does IPS plan to expand the breadth of its membership and diversify its reach in the field, i.e. reaching
more women, underrepresented minorities and professionals from developing nations?
A: “First off, we need to realize that diversity is a not only
vital to any organization’s long-term health and survival, it’s
also an ethical imperative. So understanding a problem exists is an important first step and clearly we’ve already done
that this past year by restructuring our Membership Council
in order to serve new audiences and potential members. IPS
is now actively partnering with IEEE Women in Engineering and formed a “Women in Photonics” group to promote
inclusive activities that support the participation, engagement and advancement of women in the photonics and optics community.
037-Gb IEEE No Boundaries HALF

12/1/05
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IPS is also working with other MGA educational groups to
create special member benefit programs, such as online mentoring, job sites, resume building labs, and interactive networking tools, to connect members with other peers around
the world. In addition, we’re doing targeted outreach to establish chapters in developing areas, such as Latin America and
India. Recently, I attended a the Region 9 Chapter summit for
IEEE Division I, and we’re now working to establish partnerships with those chapters (22 in all for Division I) to engage
them in the work of IPS.”
Q: How does the society plan to educate the public and
government leaders on the capabilities and benefits of
photonic technology?
A: “This has been a major focus of mine since I came on as Interim Executive Director for IPS back in April. We’re fortunate
to be a founding partner of the National Photonics Initiative
(NPI) and International Year of Light (IYL), an UN-sponsored
global effort taking place throughout 2015. We have several
initiatives planned for NPI and IYL which you’ll be hearing
more about in the coming weeks and months. From sponsoring
student programs, to promoting humanitarian efforts, to developing special collaborative events at major conferences, such as
at South-by-Southwest Interactive, we will be taking bold steps
to ensure the public, and those in elected office, understand
the incredible impact the light-sciences play in every aspect of
modern life, and how IPS is a crucial part of that effort.”
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International Year of Light 2015: The Facts
The International Year of Light
and Light-Based Technologies
(IYL 2015) is a global initiative sponsored by the United
Nations to raise awareness of
how optical technologies provide solutions to worldwide
challenges in energy, education, agriculture, communications and health.
IYL 2015 will consist of coordinated activities on national,
regional and international levels to showcase the central role of
light in science, culture, and the advancement of sustainable
development. As a founding partner of this initiative, the IEEE
Photonics Society will support activities throughout 2015 that
address the following areas:
• Educational initiatives: to introduce young minds to the
light sciences and provide programs to sustain their interest and cultivate their talents.
• Community outreach: to improve public awareness and
understanding of how light-based technologies are fundamental to the lives of all citizens and ensure that those
working in the photonics field understand the vital role
the IEEE Photonics Society plays in advancing optics and
photonics technology.
• Humanitarian activities: to bring critical resources and
economic opportunity to the developing world.
To learn more about the IEEE Photonics Society’s outreach
plans for IYL 2015, email PhotonicsSociety.org.

What is Its Goal?
The goal of IYL 2015 is to highlight to the citizens of the world
the importance of optical technologies in their lives, their futures, and the development of a sustainable, global society.
Major goals of IYL 2015:
• Improve public understanding of how light-based technologies touch the daily lives of us all and are central to
the future development of the global society.
• Build worldwide educational capacity through activities
targeted on science for young people, addressing issues
of gender balance, and focusing especially on developing
countries and emerging economies.
• Enhance international cooperation by acting as a central
information resource for activities coordinated by learned
societies, educational establishments and industry.
• Focus on particular discoveries in the nineteenth and twentieth centuries that have shown the fundamental centrality
of light in science.
• Highlight the importance of research into the fundamental
science of light and its applications, and promote careers
in science in these fields.
• Demonstrate the intimate link between light and art and
culture, enhancing the role of optical technology to preserve cultural heritage.
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• Maintain these goals and achievements in the future beyond the International Year of Light.

How will it Achieve Its Goal?
IYL 2015 programs will promote improved public and political
understanding of the central role of light in the modern world
while also celebrating noteworthy anniversaries in 2015—from
the first studies of optics 1,000 years ago—to discoveries in
optical communications that power the Internet today.

Image Source: Redorbit

What is the International Year of Light?

What Themes will IYL 2015 Cover?
The activities of an International Year of Light will be structured around four broad thematic subject areas and important
cross-cutting actions addressing central elements of sustainability, education and history.
Science of Light
Studying the fundamental scientific properties of light has impacted widely on all fields of science, technology and engineering. From early attempts to understand the motion of stars
and planets to the appreciation of the importance of light in
photosynthesis, efforts to understand the nature and the characteristics of light have revolutionized nearly every field of science. Light from the Big Bang provides us with a vision of the
origin of the Universe.
The spectrum of light from X-rays to infrared lasers provides technologies that underpin our lives, and the interaction
of light with the human body provides valuable techniques
for diagnosis, imaging and treatment in medicine. Advanced
research in areas such as nano-photonics, quantum optics and
ultrafast science are inspiring new fundamental discoveries and
opening new scientific frontiers.
This theme will highlight the fundamental scientific properties of light and why it is essential to continue research in
this field for the future.
Light Technology
The science of light is applied in the technological field known
as photonics, and this theme addresses the important ways that
IEEE Photonics Society NEWSLETTER
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Light in Nature
The wonder of light and color is revealed spectacularly in effects such as sunsets, rainbows, halos, and shadows to cite just
a few examples of the rich variety of optical phenomena which
can be found in nature. This theme will raise awareness of
the beauty and accessibility of science through activities that
will encourage and support observation of light and color in
the Natural world. No matter where one lives and no matter
what one’s age, it is easy and delightful to understand Nature
through light: from ice crystals near the artic, to mirages in
the desert, to shadows in the forest, the wonder and beauty of
natural optics is everywhere. And of course, this theme provides a natural place to consider how observing light in nature
often means turning off the lights from modern society. Whilst
modern lighting provides important and crucial opportunities
and advantages in improving quality of life, raising awareness
of the issue of light pollution will also be an important feature
of this theme.
Overall, in these days where downloading images of nature from the internet has largely replaced direct observation,
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a ctivities in this theme will encourage outdoor observation in
all-weathers and at all-latitudes, aiming to inspire a new generation of scientists to open their eyes. Smart lighting can both
highlight culture and reduce light pollution.
Light and Culture
Activities in this theme will highlight the myriad ways in
which light has influenced and continues to influence human
culture. From the early artists and scientists of Antiquity to the
development of perspective and the understanding of light and
shadow during the Renaissance, to impressionism and modern
artistic techniques, this theme will describe how the study of
light and art is central to understanding and appreciating our
cultural heritage.
Describing the continuous links between light and culture throughout history will provide valuable insights into
the interactions between science and art and the humanities
in general.
In a contemporary context, this theme will also describe
ways in which light can be used to improve our appreciation of
cultural heritage in ways such as applying optical techniques
to image paintings, the use of modern technology in museums
to experience culture in an interactive environment, and the
use of natural light and low-pollution lighting to illuminate
architecture, monuments and public spaces.
Optical technologies give new impetus in many areas
of study—from art to archaeology Light has influenced and

Image Source: MyModernMet

photonic devices impact areas such as medicine, communications and energy.
Light plays a crucial role in modern life and in shrinking
the modern world that is often unknown and unappreciated.
Light pulses and advanced optical fiber cables form the backbone of the global internet. Satellite telephones and wireless
technologies allow even the most remote areas of the world
to have access to communications, information and even advanced medical care. Devices that efficiently convert sunlight
into electricity are essential for establishing a clean, safe, and
renewable energy supply. In a similar way, understanding the
Earth’s environment increasingly relies on optical and photonic
techniques for sensing and measurement.
These examples are of course state-of-the-art feats of engineering. But at the same time, optical technologies that are
simple and that have existed for centuries are tremendously
important for our daily lives! Corrective eyeglasses for improved vision are familiar to us all, and simple optical instruments such as microscopes form a cornerstone of modern medical diagnostics. This theme will describe light technology and
its many applications, and will focus on how optics is placed to
be a key driver of innovation in the 21st century.
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c ontinues to influence the visual and performing arts, literature
and human thinking. This theme will provide an important
bridge between science and culture and will aid in breaking
down the boundaries between these fields that are becoming
increasingly separated in the modern world.

Image Source: Central Laser Facility

Cross-Cutting Themes
Several important themes of the International Year of Light
will cut across, and be central to, all the activities described
above. Science and technology are critical to developing a just,
verdant, and sustainable world. Modern optical technologies
are vital to this effort in areas such as power generation, agriculture, disease prevention, and water purification.
Light is an inspiring subject in both art and science, and
promoting education for young people in these fields is a natural lever towards promoting higher education and encouraging careers in multidisciplinary fields in general. Addressing
gender imbalance will be an essential part of this action as well.
A particular aspect of educational activities that can highlight the complex way in which science and society develops
internationally is through the history of the science of light;
this has involved virtually all the major figures of science over
2000 years and from all continents. Highlighting their often

unknown human stories will be an inspiring educational and
outreach activity for a new generation.

Who is Secretariat?
The IYL Global Secretariat is located at the International Centre of Theoretical Physics (ICTP), in collaboration with the
UNESCO International Basic Sciences Program.

What Organizations Support IYL 2015?
IYL 2015 is endorsed by a number of international scientific
unions and the International Council of Science, and has more
than 100 partners from more than 85 countries. Founding
Sponsors of IYL 2015 are the IEEE Photonics Society (IPS);
1001 Inventions, American Physical Society (APS); The American Institute of Physics (AIP); Deutsche Physikalische Gesellschaft (DPG); the European Physical Society (EPS); SPIE, the
international society for optics and photonics; theLightsources.
org International Network; the Institute of Physics (IOP); and
The Optical Society (OSA).

How Did IYL 2015 Come About?
A resolution welcoming and endorsing an International Year
of Light in 2015 was first adopted by the UNESCO Executive
Board at its 190th session in October 2012. The IYL 2015
resolution was submitted to the United Nations Second Committee in November 2013 by the nation of Mexico, and delegates from both Mexico and New Zealand spoke in support of
the submission. The resolution was adopted at the 68th session
of the U.N. General Assembly in Paris with co-sponsorship
from 35 countries.

When will IYL 2015 Events Begin?
IYL 2015 will kick-off with opening ceremonies to be held
19-20 January 2015 in Paris.
For more details on other IYL 2015 events, visit:

Where Can I Get More Information?
Web site: www.light2015.org
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IEEE Photonics Society
Announces the Image Winner
This photograph shows the effect of
shining coherent laser light, in this case
from a helium neon laser, on a very
small pattern called a hologram that is
displayed on a small liquid crystal display (often called a spatial light modular). The hologram is so small that causes the laser light to interfere with itself
in a process called diffraction, much like
the effect of water interacting with the
mouth of a harbour.

The IEEE Photonics Society is pleased to announce the
winner of the IPS Image Contest, Ananta Palani. He has
been awarded $500 for his winning image. It will be
used in future Photonics Society promotional materials.

When water enters a harbour, the edges of the harbour mouth cause the water to interfere with itself, forming a ring
-like pattern. If multiple harbour mouths
are nearby, the rings from all the
mouths will interfere forming complicated patterns. In a similar fashion, the
laser light interacts with the hologram
shape, and the diffracted light from different parts of the shape interfere with
each other forming much more complicated patterns than the original.
This particular photograph was made
without any lenses from very near the
liquid crystal display in what is called
the Fresnel region, so the beginnings of
the interference between the diffracted
light waves are visible. The triangular
patterns observed to exceed the boundaries of the central circle are due to interference fringes in the intermediary
diffraction pattern. If the camera was
moved further from the liquid crystal
display to a region much further than
the dimensions of the aperture, a region
known as the far field, the diffraction
pattern would become the Fourier
transform of the original hologram. This
ability to calculate the Fourier transform
optically is the basis of an increasing
body of research into optical microscopy, image and information processing,
and 2-D and 3-D display technologies.

Diffraction Sun
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Photonics:
A Priority for the United stAtes
A history Lesson
A 1998 National Research Council report, “Harnessing Light,” presented a comprehensive view of the potential impact of optics
and photonics on important industries. In response, several economies advanced their already strong optics and photonics
industries. In 2011, Germany committed nearly €1 billion ($1.3 billion in USD) to photonics R&D over 10 years; China began
funding several programs targeting photonics supply chains; and, the European Commission, as part of its new Horizon 2020
program, has directed €1.6 billion (over $2 billion in USD) to photonics-related R&D over the next seven years.
The United States, however, did not develop a cohesive strategy. Historically the United States has been the world leader
in deploying photonics research to power cutting-edge technologies, but global competition has put at risk this leadership
position, which is causing a substantial loss of global market share to overseas competitors as well as thousands of US jobs.

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

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

enerGy
The renewable energy sector may soon bring significant job growth, lower US energy consumption, reduced reliance
on foreign oil, stronger national security and a revitalized economy.
Over the next 20 years, industry experts project that solar energy will provide a much larger fraction of the world-wide
demand, creating a global market for photovoltaic (PV) generated power of approximately $500 billion. In order for
the US to regain its leadership position in manufacturing PV panels, significant investments in low-cost manufacturing
technologies and high-efficiency materials must be made. This translates into forecasted energy savings of $30 billion

October 2014

IEEE Photonics Society NEWSLETTER

27

dollars at today’s energy costs and a reduction of greenhouse gas emissions equivalent to 40 million cars.
Solid-state lighting could cut US lighting electricity usage by about 45 percent by the year 2030. Other energy savings
can come from photonic sensors that enable smart buildings by turning lights off when a person leaves the room and
darkening windows at midday when the sun is strongest. These advances allow building environments to operate more
efficiently and cost effectively.
Photonics also increases the efficiency and safety of US energy production and consumption. Fiber optic sensors
for monitoring oil and gas wells on land and under the sea are being developed to provide real-time feedback on the
mining environment; ground and satellite based optical instruments will be used to monitor greenhouse gas emission
and CO2 emissions from electrical plants and transport vehicles; and data collected by photonic instruments will be
used to develop accurate climate models for predicting the impact of changes in our climate.

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

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

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

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

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

IEEE Member Digital Library

IEEE Member Digital Library Basic

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

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

• 25 article downloads every month

• 3 new article downloads every month

Get the latest technology research.
Try the IEEE Member Digital Library—FREE!
www.ieee.org/go/trymdl
IEEE Member Digital Library is an exclusive subscription available only to active IEEE members.
12-PIM-0430b MDL 2 Options-Free Trial-Final.indd 1
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Spotlight

Button Prize Winner
Dr. Xi-Cheng Zhang from University of Rochester, IEEE Fellow was awarded the Button Prize
“for outstanding contributions to the development of THz time-domain spectroscopy and applications.” The prize was awarded at a special plenary session on Wednesday, Sept. 17th, 2014, at the
IRMMW-THz conference in Tucson. The prize consists of a cash award of $3000, a certificate, and
a medal.
Dr. Zhang received 28 US patents; authored and co-authored 23 books and book chapters, 300
refereed papers; delivered 400 colloquium, seminars, invited conference presentations, and 200
contributed conference talks. His H-index=70 and i10-index=328; total citations greater than
24,400. (Google Scholar on 3/24/2014).
His research interests center around Terahertz waves, also known as T-rays, which exist within a
frequency range between microwave and infrared. His research is focused on the generation, detection, and applications of free-space THz beams with ultrafast optics.
Dr. Xi-Cheng Zhang
Dr. Zhang is a Fellow of AAAS, APS, IEEE, OSA, and SPIE. Dr. Zhang’s honors and awards include: International Society of Infrared, Millimeter, and Terahertz Waves Kenneth F. Button Prize
’14; OSA William F. Meggers Award ’12; Moscow University Honorable Professor ’12; IEEE Photonics Society William Streifer
Scientific Achievement Award ’11; Rensselaer’s William H. Wiley Award ’09; the Trustee Celebration of Faculty Achievement
Awards ’09, ’08, ’07, ’06, ’04, ’03, ’02, ’01; Fellow and Lifetime Member of American Physics Society; Fellow and Lifetime Member of Institute of Electrical and Electronics En- gineers; Fellow and Lifetime Member of Optical Society of America; First Heinrich Hertz Lecturer (Germany); International Commission for Optics Traveling Lecturer ’03; Fellow Lecturer of Optical Society
of America ’02; K.C. Wong Fellow ’02; Distinguished Lecturer of IEEE/LEOS ’98–99 & 99–00; Rensselaer’s Early Career Award,
’96; Cottrell Scholar Award, Research Corporation ’95; K.C. Wong Prize, K.C. Wong Foundation /Hong Kong, ’95; CAREER
Award (previous NSF-NYI), National Science Foundation ’95;
AFOSR- SRPF Fellow, Hanscom Air Force Base ’93–94; Research Initiation Award, National Sci- ence Foundation, 92.
Please help us on congratulating Dr. Zhang for this high
honor!
Additional reporting can be found on the IRMMW website:
http://bit.ly/1rURSSc

BRIEF HISTORY OF THE PRIZE
“The Infrared and Millimeter Wave Prize”, to be awarded “for
outstanding contributions to the field of infrared and millimeter waves”, was initiated by the Program Council (now known
as the International Organizing Committee) and awarded in the
first instance to Kenneth J. Button, founder of the conference
series in 1990.
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Women in Photonics
IEEE Women in Photonics: New Initiative,
Seeking Volunteers
The IEEE Photonics Society’s (IPS) new Women in Photonics
(WiP) initiative supports the participation, engagement, and
advancement of women in the photonics and optics community.
Diversity is critical for innovation. While the number of
women engineers in the field has improved over the last few
decades, currently fewer than 14% of engineers are women
and less than 20 percent of engineering students are women.
Within the Photonics Society, only 7% of our 6000+ members
are women.
IPS started the WiP initiative to help improve these statistics and facilitate the global recruitment and retention of
women in photonics-based technologies by inspiring young
women around the world to follow their academic interests in
science and technology. The volunteer leadership for this initiative aims to recognize the talents of our female members and
create an inclusive networking environment for all.
2014 marks the 20th anniversary of IEEE Women in Engineering (WIE), so it is therefore fitting that the Society’s new
WiP program is officially launched in the same year. Dr. Arti
Agrawal, from City University London, will serve as the first
Associate Vice President (AVP) for Women in Photonics on
the IEEE Photonics Society’s newly restructured Membership
Council. Dr. Agrawal is a professor of photonics and optics at
City University London and is passionate about communicating the wonders of science to students and women in the field.
Dr. Agrawal’s goals as AVP for Women in Photonics:
• Devise a global outreach strategy that fosters an inclusive
and diverse environment, which helps women and underrepresented minorities in the photonics sector advance
their personal and professional development goals.
• Appoint a Women in Photonics Rep at each active IPS
chapter to encourage the grassroots mobilization and representation of our female members world-wide.

• Work towards gender balanced editorial boards & conference committees; create new volunteer opportunities for
women within the society.
• Plan Women in Photonics events for the society alongside
the IPS President and IPS VP of Membership.
• Develop educational materials, mentorship programs and
training resources for women.
Interested in making a positive impact in the photonics
community, too?
Become a Women in Photonics volunteer!
To join the initiative and learn more, email: P
 hotonicsSociety@
ieee.org

Get to Know AVP of Member Advancement:
Catrina Coleman
Dr. Catrina Coleman, from
the University of Texas at Dallas, will serve as the first Associate Vice President (AVP)
for Member Advancement
on the IEEE Photonics Society’s (IPS) newly restructured Membership Council.
As AVP, she will support IPS
October 2014

membership recruitment, retention, and development efforts
and focus on helping her peers advance their careers as they
elevate as society members.
Dr. Coleman understands the importance of the IEEE’s member
advancement stages, from Student and Graduate Student to Senior
Member and Fellow. She will work with the VP of Membership
and President to develop and implement a customized strategy
that supports the growth of long-term membership career paths
within the IEEE Photonics Society. Coleman will also identify and
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implement procedures throughout 2015 to increase member engagement and volunteer opportunities, such as positions on technical program committees and associate editorial boards.
Dr. Coleman received her PhD in Physics from the University of Glasgow, UK. In 1985 she joined the Department
of Electronics and Electrical Engineering at the University of
Glasgow to work on MBE growth of InP. In 1987 she became
a member of the Optoelectronics Research Group and began
working on III-V semiconductor devices and photonic integration. Coleman and her colleagues developed techniques for
fabricating photonic integrated circuits on III-V semiconductor chips based on quantum well intermixing. They developed
several intermixing techniques applicable to a range of quantum well material systems as well as quantum dot systems. In
addition to developing PICs, such as cross-point switches, they
applied the techniques to novel devices such as high power and
mode-locked laser diodes.
Dr. Coleman was formally a professor of the Electrical and
Computer Engineering Department at the University of Illinois, before her move to the University of Texas at Dallas. Currently her work is concentrated on developing mode-locked
laser diodes, in particular to increase the power output of the
lasers at high mode-locking frequencies. She is a Fellow of the
IEEE and the OSA and was a co-recipient of the 2006 IEEE
Photonics Engineering Achievement Award.

IEEE Women in Engineering
Committee Celebrates 20 Years
A leadership conference, new awards, and more are
being rolled out
By Kathy Pretz
In the early 1990s, being a woman engineer was, if nothing
else, isolating. Women made up only 7 percent of electrical
engineers in the United States and even fewer in Europe. They
faced gender bias, had few role models, and lacked support
from family and friends for their nontraditional career choice.
One of the places where women engineers did find themselves welcome was IEEE. Although only about 7 percent of
the members were women, they were active in IEEE’s societies: editing publications, chairing committees, and traveling
as distinguished lecturers. The organization also had several
women who held top leadership positions, including 1993
IEEE President and Fellow Martha Sloan—the first woman
to hold that position. Fellow Helen Wood had been the 1993
vice president of the IEEE Publications Board, and Phyllis
Hall was staff executive of the Publications department.
So like others who share a common interest, be they bird
watchers or amateur radio enthusiasts, IEEE’s female members decided in 1993 that the time had come to form their
own group.
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“One of the reasons people organize is because they want to
be with like-minded people,” says IEEE Senior Member Jan
Brown, one of the founding members of the IEEE Women in
Engineering (WIE) Committee. “You want to gather and talk
about things that everyone has in common.”
So Brown and others began laying the groundwork early
that year. First Brown’s home society, the IEEE Ultrasonics,
Ferroelectrics, and Frequency Society, established in February
an ad hoc committee on women. A motion from the society
went to the IEEE Technical Activities Board, the group that
oversees societies, to endorse the concept of a Committee on
Women in Engineering, which it did that June. TAB then
submitted a similar motion to the IEEE Board of Directors,
which elevated the group in November 1993 to an ad hoc
committee, reporting directly to the board; it also provided
funding to develop a formal program for increasing the number of women members. That committee was made up of
Sloan, Brown, and Helen Wood. [In May 1995, IEEE Spectrum published “The Uphill Struggle: No Rose Garden for
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spanning-tree protocol, which is fundamental to the operation of
network bridges.
Next to be formed were WIE affinity groups, which provide members with the opportunity to network at a local level,
either within sections or at IEEE student branches. There are
now more than 450 such groups around the world.
As it marks its 20th anniversary, WIE has committed itself anew with several new projects to its mission of increasing
the percentage of women engineers and bringing to the public
greater awareness of women’s contributions.

Training Leaders

Women in Engineering,” a panel discussion that included several committee members.]
In November 1994, IEEE rolled out the Women in Engineering program and its first newsletter.
A dues-paying membership component was added in 1999.
Today there are 15 000 members, a third of them men who, according to Nita Patel, chair of the 2014 WIE Committee, join
to be supportive of women in the profession, better understand
the importance of diversity in collaborative work, and hear
about the issues facing women.
Members include 2007 IEEE President and Fellow Leah Jamieson; 2013 President and Fellow Peter Staecker, and Fellow Radia
Perlman, the so-called “mother of the Internet,” who invented the
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Less than 15 percent of executive positions at the biggest companies in America are held by women, according to the nonprofit research group Catalyst. And high-tech companies are
no exception.
To build support for women to become leaders in science, technology, engineering, and math (STEM) fields, the
IEEE Women in Engineering group is holding its International Leadership Conference from 1 to 3 May, in San Francisco. Its theme is Lead Beyond: Developing Inspirational
Women Who Change the World. According to Patel, this
mini-MBA program has four serial tracks: empowerment
(skills to help women advance in their careers), inspiration (presentations/skills to inspire women to achieve their
goals), enjoyment (work/life balance, reducing stress, enjoying life), and engagement (hands-on skills-development
workshops).
Last year WIE partnered with Google on “Enhancing the
Sustainability of Women in Technology,” an event held at
the company’s Mountain View, Calif., headquarters that drew
about 200 attendees. Speakers included several female Google
employees, who covered a variety of technical topics such as
fault-tolerant computing, data analysis, and Google’s cloud
computing applications.
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WIE is also introducing two awards this year: the IEEE
Women in Engineering Inspiring Member of the Year and the
IEEE Women in Engineering Inspiring Student Member of
the Year.
The group is also in the planning stages for several activities that will mark the anniversary at this year’s IEEE Section’s
Congress, according to Patel. There will be a video featuring images from the celebratory events as well as a luncheon
marking the anniversary.

Boosting Awareness
WIE plans to continue with its three-year-old visibility campaign, which uses the catchphrase “I Change the World. I Am
an Engineer.” This year it plans to increase the number of live
monthly online chats with notable WIE members, with several
new ones added during Engineers Week.
In January 2013, it launched an app for Android and Apple
tablets that features profiles of more than 80 women. Each
profile includes a biography, information about the engineer’s
career, and a photo. An e-book version, featuring interactive
PDFs, is also available on the WIE website.

The group also has an active social media presence, with
more than 75 000 Facebook followers. It plans to boost that
number later this year with a photo contest that asks to see the
best use of the WIE logo.
And then there’s the award-winning IEEE Women in
Engineering semiannual magazine. It features profiles of
women with successful careers in STEM, as well as coverage
of educational programs that attract young women to those
disciplines.
“WIE will have been successful when there is no longer a need for it,” says Brown. “We have changed minds
and we’ve put a face to women engineers, but with only
about 10 percent of engineers in the workplace who are
women—a figure that has held steady for years—our work
is far from done.”
Read about three IEEE Fellows who have been pioneers
in programs aimed at increasing the number of women engineers in “IEEE Fellows Champion the Cause of Women
Engineers.”
© The Institute, February 2014

Women to Watch: Ann Makosinski
Teen Invents LED Flashlight that Could Change the World
By: Kaitlin Rogers
Never underestimate the power of a
young mind.
Ann Makosinski was just 15 years
old when she not only came up with
the idea for a flashlight powered by
body heat, but she also physically
created one. The Canadian high
schooler has received international
attention for her breakthrough from
the likes of Time Magazine, Tedx, and Google.
Makolinski says the inspiration for her invention was
a friend in a developing country who lacked electricity and
subsequently could not complete homework assignments and
study. She was determined to help.
The human body, at any given moment, produces energy
equivalent to a 100 watt light bulb and Makolinski figured out a
way to use that energy to fuel a flashlight equipped with an LED
bulb. The flashlight uses Peltier tiles, which generate electricity when one side of the tile is heated (using the warmth of the
hand) and the other is cooled (using ambient air). The flashlight
is therefore hollow, allowing air to flow into the tube and cool the
tiles. According to her calculations, the tiles generate the minimum wattage necessary to power a flashlight (5.7 milliwatts). To
up the voltage, she added a transformer, and later, a circuit, to
supply more than enough usable electricity (5 Volts AC).
The most impressive part is the materials Makosinski
used to build the product totalled just $26. If the device
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is mass produced, the cost of materials could be even
less.
Makosinski is a great example of the brilliance that young
girls around the world can exemplify if simply given the
chance. Her parents undoubtedly encouraged her interest in
science, as they have been known to work within the electronics field themselves. We are honored to feature Makosinski in
the inaugural Women in Photonics Newsletter as we encourage everyone to foster their passions and maximize their potential, disregarding any stereotype that may deter you.
For more info on Makosinski’s invention, visit: http://bit.
ly/1oRzRg5
Image and content sources: bcbusiness.ca; nbc.com; smithsonianmag.com
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Member Achievement: Ursula Keller
Honored as a 2014 IEEE Fellow
Dr. Ursula Keller, of ETH and
Lead of the Ultrafast Laser Physics Group, achieved the membership grade of Fellow in 2014. An
IEEE Fellow grade honors engineers
who have demonstrated outstanding proficiency and have achieved
distinction in their profession and
specified field of interest. Keller
was elevated “for contributions to ultrashort pulse modelocked
laser physics and technology.”
Ursula Keller joined ETH Zurich as professor of physics in
1993 and currently serves as a director of the NCCR MUST
which is an interdisciplinary research program launched by the
Swiss National Science Foundation in 2010. It brings together
15 Swiss research groups working in Ultrafast Science across
the fields of physics and chemistry.
She received the Ph.D. in Applied Physics from Stanford
University in 1989 and the Physics “Diplom” from ETH
Zurich in 1984. She was a Member of Technical Staff (MTS)
at AT&T Bell Laboratories in New Jersey from 1989 to 1993.
During her first year at Stanford, she held a Fulbright Fellowship, and for the following year she was an IBM Predoctoral
Fellow. She was a Member of Technical Staff (MTS) at AT&T
Bell Laboratories in New Jersey from 1989 to 1993, where she
conducted research on photonic switching, ultrafast laser systems, and semiconductor spectroscopy.
Her current research interests involve exploring and pushing the frontiers in ultrafast science and technology: ultrafast
solid-state and semiconductor lasers, ultrashort pulse generation in the one to two optical cycle regime, frequency comb
generation and stabilization, reliable and functional instrumentation for extreme ultraviolet (EUV) to X-ray generation,
attosecond experiments using high harmonic generation, and
attosecond science.

She has published more than 330 peer-reviewed journal
papers and 11 book chapters and holds or has applied for 17
patents. She was a “Visiting Miller Professor” at the University of California, Berkeley, in 2006 and a visiting professor
at the Lund Institute of Technologies, Sweden, in 2001. She
received EPS Senior Prize in 2011 “for seminal contributions
to ultrafast solid-state lasers, telecommunications, metrology,
and attosecond science” in 2011. In 2000, she was an IEEE
Photonics Society Distinguished Lecturer for “modelocked
solid-state lasers”. That same year the Thomson Citation Index
highlighted her as the third-place top-cited researcher during a
decade (1991–1999) in the field of optoelectronics. She is also
an OSA Fellow, EPS Fellow, and an elected foreign member
of the Royal Swedish Academy of Sciences and the German
Academy Leopoldina.
Join us in congratulating her for this high honor!

What Makes a Good STEM Mentor?
Guiding the next generation of science, technology, engineering, and math professionals
Sometimes you just need somebody to talk to. “I came from
a science background, and I wasn’t always comfortable going
to my professors with questions,” says Rebecca Searles, social
community editor for the Huffington Post. “All I wanted was
to talk to someone. I just wanted someone there who would
not judge me and who was willing to share their experiences.”
Searles has her own experiences to share as one of the managers of Huffington Post’s STEM Mentorship Program for girls
ages 14 to 21. The program, announced in December 2012,
received more than 1000 requests from young women seeking
October 2014

mentors and several hundred offers from professional women
willing to serve as mentors in the science, technology, engineering, and mathematics fields. “We got flooded with emails
as soon as our first post went up,” Searles says.
Many people succeed without mentors. However, for others,
mentorship can play an important role not just in career success but also in how satisfied a person remains in their profession, according to a study published in the January 2013 issue
of Academic Medicine. The effects of mentorship are far-reaching. According to the National Mentoring P
 artnership, people
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with mentors have higher self-esteem, improved academic scores, and better links to professional resources. Other studies have shown that organizations with
professional mentoring programs have higher employee retention rates and improved channels of communication. Mentoring, it seems, is about sharing, but it is
also a key avenue toward personal and organizational
success.

A Mentor’s Role
The role a mentor plays in a mentee’s life can vary
dramatically depending on the circumstances. Some
mentors work with children, inspiring them to join
their profession. Others work with college students,
helping them realize what the profession will be like
when they graduate. Still others are there for people at
different points in their careers.
Linda Kekelis, the executive director of Techbridge,
in Oakland, Calif., and one of Huffington Post’s mentors, devotes herself to inspiring young girls who
could go on to study STEM fields. “Most girls don’t
have someone in their lives who works in technology
or engineering,” she says. “A role model can really
help expand kids’ ideas about possible careers in these
fields.” Most of their work focuses on hands-on activities that teach science lessons the students would not
otherwise receive in school. They also offer students
a chance to meet professionals and learn about what
work is like in their fields.
The role of mentoring a college student can be a
bit different. Cheryl Platz, a senior user experience
designer for Microsoft and another Huffington Post
mentor, says mentoring for that age group is more
about sharing information about herself as a person, a
woman, and a professional. “I think the most valuable
thing is creating a relationship,” she says. She tries to
demystify what it’s like to be a professional woman in
technology so that her mentee can see how that may
apply to her. People that age have a lot of questions
and anxiety, she says, and a mentor is the best person
to turn to for answers. “They’re surrounded by pressure, a lot of stress, and new information, so it can be
kind of hard to do a sanity check.”
Platz also mentors fellow professionals at Microsoft, and she says the need for mentoring changes as
employees develop. “You can have multiple mentors,” she says.
“You can have mentors for different goals and different kinds
of relationships.” She points out that some people come to her
with project-focused challenges where they’re trying to apply
certain principles to their work, while others are looking for
career development. She also talks to a lot of women about
work-life balance. “I have a pretty healthy life outside of work,
and people are trying to figure out how to be successful without giving 80 hours a week to their employer.”
No matter what age group they’re helping, the Academic
Medicine study—led by researcher Sharon Straus at St. Michael’s Hospital, in Toronto—found that good mentors were
“honest, trustworthy, and active listeners.” They gave of them36
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selves, listened to their mentees, asked questions in return,
helped mentees set goals, and made themselves available either
in person or by phone or email. On the other side of the equation, good mentees had clear expectations and goals, listened
to their mentors’ advice, shared similar values with their mentors, and were committed to the mentee-mentor relationship.
Interested in becoming a Women in Photonics mentor or Student Outreach Ambassador volunteer? Contact
PhotonicsSociety.org for more information.
© The Institute, February 2014
The following is an excerpt of an article that appeared in the May
2013 issue of IEEE-USA Today’s Engineer.
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Overview: Live-Chat with Prof. Eleni
Diamanti of JSTQE
By: Kaitlin Rogers
Dr. Eleni Diamanti, Assosciate Professor at Telecom Paris Tech and
Guest Editor of the IEEE Journal of
Selected Topics in Quantum Electronics (JSTQE), participated in a
live-chat with the IEEE Photonics
Society on July 15th, 2014. The chat
revolved around Quantum Communication and Cryptography, a subject
that Professor Diamanti specializes in and is very passionate
about, and will be a future special issue topic of JSTQE. The
live-chat topics included “hot topics” and recent advances in
photonics and the Quantum Communication and Cryptography
field, Professor Diamanti’s expertise in this area, and questions
and answers from viewers.
One of the questions Diamanti was asked during the
chat was: “As an educator, do you have advice for students,
especially women engineers in the field of photonics and
optics?”
Professor Diamanti gave a very detailed response, portions
of which are insightful to anyone deciding on a profession or
career path, not necessarily one in this particular field. Diamanti stressed to the audience to keep in mind that anything
is possible. You will need imagination, good guidance and
determination. “It’s very important to be focused and to love
what you’re doing. This should be the most important aspect
of a job.”

She also believes building a specific expertise is important.
“One cannot be an expert on everything. Once you decide that
this is the field you want to work in, that you love photonics
and optics, then you need to specialize a bit more.” In her case,
she chose Quantum Communication and Cryptography, but one
could choose from any of the other “range of beautiful, beautiful
fields in optics and photonics from nanophotonics to biophotonics”. Once this has been decided, pursue serious research, find out
what the important challenges in this field are and tackle them.
For more information on the JSTQE Special Issue on Quantum Communication and Cryptography, please visit: http://
bit.ly/1cth05l

Member of the Month: Audrey Ellerbee
By Kaitlin Rogers
Professor Dr. Audrey Ellerbee of
Stanford University has many academic and scientific achievements
under her belt that they are becoming hard to keep track of. Dr.
Ellerbee attended three Ivy League
schools to achieve her Ph.D. and
completed her postdoctoral training
before ending up at Stanford, where
she is currently the principal investigator of the Stanford Biomedical Optics Group. Her research interests include microscopy, optical coherence tomography, optofluidics, and low-cost
diagnostics.
Dr. Ellerbee’s work has earned her, among other honors, a
position as an Arthur H. Guenther Congressional Fellow to
the United States Senate. She is an exemplary role model for
October 2014

Women in Photonics due to
her commitment to excellence and her ability to light
the way for other academics
in the field.
Professor Ellerbee has expertise in novel optical tools
for imaging and biosensing at
the microscale and nanoscale
levels. She currently contributes to the technical community by mentoring, administering the optics group
she directs and serving on
editorial committees, such as
Associate Editor of the IEEE
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Photonics Journal. Top it all off, she is an awarded researcher
who is devoted to her students.
When asked what advice she would give to others looking
to break into academia, Professor Ellerbee responded, “Develop
a clear vision for what you would like to do and begin planning before you start your postdoctoral work. If at all possible,
choose a postdoc that will complement your current back-

ground, broaden your experience, and allow you to move into
a new area.”
Coming from such an accomplished woman, how could you
not take that advice?
The IEEE Photonics Society thanks Dr. Ellerbee for her
contributions as a passionate innovator and wishes her continued success!

IEEE-USA Releases First in a Series of E-Books on
Women in Engineering
First issue addresses closing the Gender Gap in STEM
Although women make up about half of
the world’s population, they are woefully under-represented in STEM (Science,
Technology, Engineering and Mathematics) o ccupations.
This and other issues are covered in a new
E-Book from IEEE-USA. Women in Engineering—Book 1 (Volume 1): Inspire and Close the
Gender Gap is the first in a series of E-Books
on women engineers.
The reasons why more young girls are not
pursuing STEM careers continues to be complex, varied and best appreciated when studied from multiple vantage points. Nita Patel,
the book’s author and IEEE Women in Engineering International chair, says “a few key
themes—public stereotypes, inherent biases
and lack of role models—emerge.”
Women’s participation in the workforce has increased significantly over the past few decades, and they now earn more
college degrees than men. And while the demand for STEMeducated professionals has grown more than four times the rate
of the U.S. labor force as a whole, women, for example, make
up only about 11 percent of the world’s electrical engineers and
18 percent of computer scientists.
Moreover, less than 24 percent of senior managers globally are female, a figure that is even less in technology companies. The Wall Street Journal recently reported that only
3 percent of all firms going public in the past year had
women CEOs.
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“Although there are no magic elixirs, developing one-onone mentoring relationships, providing female role models,
and increasing the awareness of inaccurate biases and stereotypes can make a difference,” Patel says. “We need more women in leadership roles.”
IEEE Women in Engineering is taking several steps to inspire young girls to pursue STEM careers and to engage women graduating with STEM degrees.
To learn more or purchase the E-book, visit: www.Facebook.
com/IEEEwomeninengineering and http://bit.ly/NPEJ9K
©IEEE-USA, April 2014
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Distinguished Lecturers,
Carmen Menoni & Diana Huffaker
By Kaitlin Rogers
Researchers are constantly making high quality technical, industrial, or entrepreneurial contributions to the field of lasers
and electro-optics, and many proceed to give informative talks
about their work. To honor such efforts, each year the IEEE
Photonics Society (IPS) recognizes six exceptional members by
presenting them with Distinguished Lecturers Awards. Each
lecturer is provided a travel subsidy in order to present their
work to IPS chapters around the world. This year, two of the
award recipients are women in photonics.
Distinguished lecturers Carmen Menoni and Diana Huffaker,
both extremely accomplished in their areas of study within optics and photonics, will enhance IPS chapters’ technical programs
through the 2015 calendar year. Both are Fellows of IEEE and
sister societies, like OSA.
Dr. Carmen Menoni has a wide range of research interests,
stretching between optics and materials science. Her current
projects include the growth and characterization of metal-oxides that are used for interface coatings on high-powered lasers,
as well as bright soft x-ray laser beams that may be applied to
nanoscale morphological and compositional imaging. Menoni
is the founding editor and present Editor-in-Chief of the IEEE
Photonics Journal.
The talk that earned Dr. Menoni the IPS Distinguished Lecturers Award is entitled “Photonics at Extreme U
 ltraviolet and
Soft X-ray Wavelengths on a Tabletop.” The presentation involves
the generation and utilization of EUV/SXR lasers for nanoscale
imaging, nano-spectrometry imaging, and n anopatterning. The
application of these lasers makes imaging of nanostructures, 3D
nanoscale mapping, and printing of error-free periodic arrays of
nanoscale features possible. Thanks to Dr. Menoni and her colleagues, the nanoworld will never be the same.
Similar to Dr. Menoni’s, Dr. Diana Huffaker’s research interests are very wide-spread. They include plasmonics, nanostructures, silicon photonics, hybrid solar harvesting devices, and
much more. She is currently the director of both the Integrated
NanoMaterials Core Lab at the California NanoSystems Institute
and the NSF IGERT Clean Energy for Green Industry at UCLA.
Dr. Huffaker’s awarded presentation in the IPS Distinguished Lecturers program is entitled “Patterned III-V Nanopillars: A platform for integrated optoelectronic devices”.
During her talk, Diana delves into the utility of nanoscale
physics by focusing on defined nanopillars. She explains that
the approach she and her colleagues use can be compared to
catalyzed synthesis and allows incredible control of material
composition and doping. Through her work, Dr. Huffaker
contributes significantly to the integration of nanostructures
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as useful devices and photonic systems, with the encouraging
possibility of competitive device realization.
Congratulations to these two brilliant women!
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An IEEE Foundation Grant brings electricity through solar energy and technology training
to the Rugerero Survivors’ village, a home to families surviving the Rwanda genocide.

Imagine a community hopeful for the future
Every innovative, life-changing idea comes from someone’s
imagination—rainwater can be made pure for drinking, solar
power can help people in need, and training programs can
empower a community to take control of its future.
The IEEE Foundation provides resources to advance
education, innovation and preservation. Together we can
support projects that provide technological solutions to
humanitarian issues. Make a gift to the IEEE Humanitarian
Technology Fund and show your commitment to a better
world. Imagine the difference you can make.

Donate today at www.ieeefoundation.org

09-FND-0320a Foundation Humanitarian FP Ad Final.indd 1
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Careers and Awards
IEEE Photonics Society 2014
Graduate Student Fellowship Program

The IEEE Photonics Society established the Graduate Student
Fellowship Program to provide Graduate Fellowships to ten
outstanding Photonics Society student members pursuing
graduate education within the Photonics Society field of interest. Applicants are normally in their penultimate year of study
and must be a Photonics Society student member. Recipients
are apportioned geographically in approximate proportion to
the numbers of student members in each of the main geographical regions (Americas, Europe/Mid-East/Africa, Asia/
Pacific).
The presentation will be made during the Awards Ceremony at the 2014 IEEE Photonics Conference at the Hyatt
Regency La Jolla, San Diego, California, USA on Monday 13th
October, 2014.
The IEEE Photonics Society is proud to present the 2014
Graduate Students Fellows.
Zizheng Cao – Eindhoven University of Technology
Kuo-Ju Chen – National Chiao Tung University
Dimitrios Fitsios – Aristotle University of Thessaloniki
Hao Huang – University of Southern California
Taewoo Kim – University of Illinois at Urbana-Champaign
Xiaohang Li – Georgia Institute of Technology
Xinying Li – Fudan University
Mohamed Osman – McGill University
Martin Virte – Vrije Universiteit Brussel
Chen Zhu – University of Melbourne
Zizheng Cao received his Bachelor
of Science degree on electronic information science and technology
(awarded “Outstanding Graduate”
of Hunan Province, 2007) from Hunan Normal University, Changsha,
China. He obtained his Master of
Engineering on telecom engineering (awarded “Outstanding thesis
of master degree” of Hunan Province, 2010) from Hunan University, Changsha, China. He is currently working towards the
Ph.D. degree at Eindhoven University of Technology, Eindhoven, The Netherlands supervised by Prof. Ton Koonen.
Funded by NWO project “SOWICI”, he started to work on
energy efficient access/in-home optical networks empowered
by integrated optics, low-complexity digital signal processing,
and flexible optical network design. In SOWICI, the broadOctober 2014

band optical mm-wave beam steering system based on integrated optical circuit was built for a hybrid optical-wireless
network. Further, the energy efficient and broadband operation in such network were optimized by the dedicated physical
optical layer design and the implementation of advanced DSP.
These research activities produce a series of interesting scientific results.
Zizheng has published 15 first-author peer-reviewed IEEE/
OSA journal articles, including an invited paper in JLT. He
also has an invited talk about the integrated optical radio beam
steering system in PIERS 2014. His research articles have been
cited for 448 times, with a H-index of 12 and a ‘i10’ factor of
14 (google scholar). His research interests include modeling and
design of integrated optical circuit, microwave photonics, advanced DSP, and physical layer design of optical network. He
is a student member of the IEEE Photonics Society. He serves
as an active reviewer for many journals, including Journal of
Lightwave Technology, Photonics Technology Letters, Photonics
Journal, Journal of Optical Communications and Networking,
Optics Communications, Opitcs Express, and Optics Letters.
Kuo-Ju Chen was born in Taichung,
Taiwan. He received a B.S. degree in
industry education from National
Kaohsiung Normal University,
Kaohsiung, Taiwan, in 2008, and an
M.S. degree from National Taiwan
Normal University, Taipei, Taiwan
in 2010. He is currently working
toward his Ph.D. degree under the
supervision of Prof. Hao Chung Kuo and Min-Hsiung Shih in
the Department of Photonics, National Chiao-Tung University,
Taiwan. Now, he is the visiting scholar in the University of
Illinois at Urbana-Champaign (UIUC) under the supervision
of Prof. Xiuling Li for the metal-assisted etching for the III-V
Nitride compound semiconductor devices.
His research focuses on developing high efficacy white
light-emitting diodes (LED) by the design of phosphor structure and superior uniformity of angular-dependent correlated
color temperature white LED by co-doping nano-particles, and
colloidal quantum-dot white-LED with the distributed Bragg
reflector structure by using a pulsed spray coating method.
This research has great potential to be used as the lighting
source in solid-state lighting application. Up to now, Chen is
the author or co-author of 31 peer-reviewed journal articles,
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27 international conference proceedings, 2 international news
reports for IOP Science Nanotechnology and SPIE Newsroom,
and 4 granted patents.
He received many honors and awards, including Asia Communication and Photonics Conference Best Student Paper
Award (2012), Symposium on Nano Device Technology Excellence Award in Taiwan (2012), CTCI Foundation Technology Award in Taiwan (2013), and the IEEE Photonics Society
Graduate Student Fellowship (2014). He was also awarded a
grant for the Graduate Students Study Abroad Program by the
National Science Council in Taiwan (2014).
“It is my great honor to receive the 2014 IEEE Photonics
Society Graduate Student Fellowship and I would like to sincerely thank Prof. Hao Chung Kuo, Prof. Min-Hsiung Shih,
Prof. Chien-Chung Lin and Prof. Xiuling Li for their guidance.
I would also like to thank my family, friends and collaborators
for their support.”
Dimitrios Fitsios received his BSc
(2009) and MSc degree in Networks, Communications, and System Architectures (2011) from the
Department of Informatics, Aristotle University of Thessaloniki,
Greece. He has been ever since
working towards his Ph.D. at the
Photonic Systems and Networks
(PhosNET) research group, under the supervision of Professor Nikos Pleros and he is now at the final year of his studies.
His research has focused on the design and analysis of optical
memory structures and devices required for high-speed optical
data processing and high-speed cache memory realizations, as
well as the exploration of novel concepts for photonic computing architectures. Mr. Fitsios has also collaborated as a visiting researcher with the Tampere University of Technology in
Finland, working on dilute nitride semiconductor processing,
for the fabrication of low-cost and low-power high-speed devices. Up until now, he has authored or co-authored 9 journal
publications, almost all in IEEE journals including the Journal of Selected Topics in Quantum Electronics, the Journal of
Lightwave Technology and Photonics Technology Letters, and
18 articles in conference proceedings. He has also served as a
reviewer in Photonics Technology Letters, the Photonics Journal and Optics Letters. For his doctoral studies, Mr. Fitsios has
been awarded a scholarship by the Greek State Scholarships
Foundation through the SIEMENS Fellowship of Excellence
and he is one of the recipients of the IEEE Photonics Society
2014 Graduate Student Fellowship.
Hao Huang received his B.E. degree in Optical Information Science
and Technology from Jilin University (JLU), Changchun, China, in
2006, and the M.E degree in Physical Electronics from Beijing University of Posts and Telecommunications (BUPT), Beijing, China,
in 2009. He is currently working
42
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towards the Ph.D. degree under the supervision of Prof. Alan
Willner at University of Southern California (USC), Los Angeles, California.
His current research interests include fiber/free space optical communications, orbital angular momentum-carrying
beams, millimeter wave communications, nonlinear optics,
microwave photonics and integrated optical waveguides. He
has authored/coauthored more than 60 peer-reviewed journals and conference proceedings, including 3 invited papers
and 2 patents.
He is a student member of the IEEE Photonics Society and
the Optical Society of America (OSA). He serves as a reviewer
for Optics Letters, Optics Express, Applied Optics, Journal of
the Optical Society of America B, Journal of Optical Communications and Networking, Journal of Lightwave Technology,
Photonics Journal, IEEE Transactions on Communications and
Elsevier Journal.
He is one of the recipients of IEEE Photonic Society Graduate Student Fellowship (2014), Chinese Government Award
for Outstanding Self-Financed Students Abroad (2013), BorUei Chen Memorial Scholarship Award (2013), USC Ming
Hsieh Institute Ph.D. Scholars (2012) and USC Annenberg
Graduate Fellowship (2009).
“I would like to sincerely thank my advisors and colleagues
from USC, BUPT and JLU for their generous support. This
award belongs to all of them.”
Taewoo Kim received his B.S.
(2009) and M.S. (2013) in the Electrical and Computer Engineering
department at University of Illinois
at Urbana-Champaign, where he is
currently pursuing Ph.D. degree
at. His research interest includes
biomedical imaging, quantitative
phase imaging, microscopy and
scattering theory.
Mr. Kim is an author of 14 papers published in peer-
reviewed journals including Nature Photonics, Scientific
Reports, and IEEE Journal of Selected Topics in Quantum
Electronics. He also has authored over 20 conference papers, 2
patents and 1 book chapter. Currently, he is an active member
of IEEE, OSA, SPIE and Society for Neuroscience.
Recently, he was selected a recipient of Beckman Graduate Fellowship at UIUC, SPIE Optics & Photonics Education
Scholarship, Raj Mittra Outstanding Research Award at ECE,
UIUC, in addition to IEEE Photonics Society Graduate Student Fellowship.
Xiaohang Li was born in Liuzhou,
Guangxi, China. He received the
bachelor degree in Applied Physics at Huazhong University of Science and Technology, Wuhan, Hubei, China and master degree in
Electrical Engineering at Lehigh
University, Bethlehem, PA, USA.
He is currently pursuing PhD in
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 lectrical and Computer Engineering in Prof. Russell D. DuE
puis’s group, Advanced Material and Device Group (AMDG)
at Georgia Institute of Technology, Atlanta, GA, USA.
In AMDG, Xiaohang’s research focuses on growing highquality InAlGaN compound semiconductor materials and
structures for high-performance optoelectronic devices such as
laser diodes (LDs), light-emitting diodes (LEDs), solar cells,
and photodetectors by MOCVD technology. These devices
are critical for next-generation optical storage, lighting, fluid
purification, energy generation, and detection. In particular,
his research has led to state-of-the-art photo-pumped deep UV
lasers grown on sapphire substrates. Xiaohang is a recipient
of IEEE Photonics Society Graduate Student Fellowship and
SPIE D.J. Lovell Scholarship. In addition to the academic research, Xiaohang is an enthusiast of sports and business. He is
particularly interested in efforts and technologies for renewable
(solar, wind, hydro) energy and clean water around the globe.
Xinying Li, received the B.S. degree in communication science and
engineering from Fudan University, Shanghai, China, in 2005. She
is currently working toward the
Ph.D. degree in electromagnetic
field and microwave technology
in the Department of Communication Science and Engineering,
Fudan University, Shanghai, China. Her current research interests include optical wireless integration, high-speed coherent optical transmission and digital signal processing. She
has authored and co-authored more than 80 peer-reviewed
technical journal and international conference papers. She is
now an active student member of IEEE, IEEE Photonics Society, OSA and SPIE.
Mohamed Osman was born in
Cairo, Egypt, in 1985. He received
the B.S. and M.S. degrees from Alexandria University, Alexandria,
Egypt, in 2006 and 2009, respectively. Since 2010, he joined the
Electrical and Computer Engineering department at McGill University, as a Research Assistant where
he is currently a Ph.D. candidate at the Photonics Systems
Group (PSG).
His current research interests include digital signal processing (DSP) for high-speed transport, access and short-reach optical communications. Also, his interests include optical burst
switched networks (OBSNs), optical code-division multipleaccess (OCDMA) networks, media access control (MAC) protocols in optical networks.
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Martin Virte received the master in
engineering with a major in photonics from the French “grande école”
SUPELEC (now CentralSupelec) in
2011. At the same time, he also received the Master of Science in physics from SUPELEC in collaboration
with the Université de Lorraine.
Since 2011, he is working toward the PhD degree in the frame of a joint program between
the B-phot lab at the Vrije Universiteit Brussel (Belgium) and
the OPTEL Research Group from SUPELEC (France) under the
supervision of Prof. Krassimir Panajotov (VUB) and Prof. Marc
Sciamanna (Supelec). His research focuses on the nonlinear dynamics of lasers, optical chaos and its application. In particular, he made the first observation of deterministic polarization
chaos from a free-running laser (Virte et al., Nature Photon. 7,
60-65 (2013)), and recently demonstrated the relevance of this
ground-breaking dynamics for random bit generation at highspeed (Virte et al., Opt. Exp. 22, 17271 (2014)).
He has currently published 7 papers in international peerreviewed journals and more than 15 contributions to international conferences. He regularly serves as a reviewer for several
international journal including journal of lightwave technology, journal of quantum electronics and optics express.
Chen Zhu received the M. Eng.
Degree in Telecommunication Engineering with Marconi Medal from
University of Melbourne, Melbourne,
Australia, in 2010. From 2011 he is
working towards his Ph.D. degree in
the Victorian Research Laboratory of
National ICT Australia (NICTA) at
University of Melbourne. From July
2012 to Dec 2012, he was an intern working on the design of next
generation coherent optical transceiver at optical transmission department of European Research Centre, HUAWEI TECHNOLOGIES, Munich, Germany. During his Ph.d study he has conducted
a lot of cooperated work with Prof. Arthur Lowery’s optical communications group in Monash University, Melbourne, Australia,
where he is currently joining as a research fellow.
His current research interests include digital signal processing for fiber impairment compensation and electro-optic function integration in coherent optical transmission systems. He
has authored and co-authored 11 journal papers and 20 international conference papers. He regularly serves as a reviewer for
a number of OSA and IEEE journals. He was the recipient of
International Postgraduate Research Scholarship, Melbourne
International Research Scholarship, NICTA Special Top-Up
Scholarship, and Chinese Government Award for Outstanding
Self-Financed Students Abroad.
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New Fellow On-line System

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

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

three main enhancements will please nominators. After a nominator logs in the
system, the first requirement will be to input the nominee’s member number.
Entering this information will immediately let the nominator know if the nominee
meets the requirements of being an active IEEE Senior or Life Senior Member
and if the nominee has been a member in good standing for five years or more.
If a nominee is ineligible, the system will prevent the nominator from filling out
the entire form and avoid any unnecessary time.
Another new feature that’s required is inputting the member number of
the references. The nomination must include at least five, but no more than
eight references who are IEEE Fellows. Entering this information will immediately inform the nominator, if a reference is eligible or not.
The best feature is allowing nominators the capability to make changes
to main text, update e-mail addresses, add and delete reference and endorsement names, and to delete nominations they prepared out of the system up to
the 1 March deadline. Providing nominators this kind of flexibility will give them
the opportunity to prepare a better nomination.
After the deadline has been reached, the system will authenticate all the
data and verify that each nomination package is complete. As soon as this process is finished, a confirmation will be sent to the nominator letting them know
whether the nomination will or will not be considered.
The system is now open and ready to accept nominations for the class of 2016.
Starting the process early will alleviate last minute issues. You can visit the Fellow Web Site at www.ieee.org/fellows, then click “Online Nomination Form” to
begin.
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2014 IEEE Photonics Society Aron Kressel Award Recipients
Mitsuru Sugawara, Keizo Takemasa, and Kenichi Nishi

“The Aron Kressel Award is given to recognize those individuals who have made important contributions to

opto-electronic device technology. The device technology cited is to have had a significant impact on their
applications in major practical systems.
The 2014 Aron Kressel Award will be presented to Mitsuru Sugawara, Keizo Takemasa, and Kenichi Nishi,
“For pioneering contributions to the development of temperature-insensitive quantum dot lasers, and their
commercialization and mass-production for optical communication systems.” The presentation will be made
during the Awards Ceremony at the 2014 IEEE Photonics Conference (IPC) at the Hyatt Regency La Jolla, San
Diego, California, USA, being held 12-16 October, 2104.

Mitsuru Sugawara

Keizo Takemasa

Kenichi Nishi

Mitsuru Sugawara is President and CEO of QD Laser, Inc., Kanagawa, Japan, Guest Professor of the Institute
for Nano Quantum Information Electronics, the University of Tokyo, Japan, and Fellow of the Japan Society of
Applied Physics. He received the B. Eng., M. Eng., and Dr. Eng. Degree in applied physics from the University
of Tokyo, Japan, in 1982, 1984, and 1995, respectively. In 1984, he joined Fujitsu Laboratories, became a senior researcher of the optical semiconductor device laboratory in 1995, and a manager of the novel photonics
technology laboratory in 2001. In April, 2006, he launched QD Laser, Inc., a spin-off venture company from
Fujitsu Ltd., in order to commercialize semiconductor quantum dot lasers.
Keizo Takemasa is General Manager of Device division in QD Laser, Inc., Kanagawa, and a member of the
Institute for Nano Quantum Information Electronics, the University of Tokyo, Japan. He received the B. Eng.,
and M. Eng. Degree in applied physics from the University of Tokyo, Japan, in 1993 and 1995, respectively.
From 1995 to 2008, he worked for Oki Electric Industry, developing semiconductor lasers of InGaAsP and AlGaInAs on InP systems for telecommunication. In 2008, he joined QD Laser, Inc., and is currently leading the
device division with development, production and sales groups, delivering high-performance semiconductor
lasers with quantum dot/quantum well structures on the GaAs platform for Datacom and industrial applications.
Kenichi Nishi is a Project Researcher of Institute for Nano Quantum Information Electronics, The University
of Tokyo. He received the B.S. degree in physics in 1983 and the doctor of engineering degree in 2002, both
from the University of Tokyo. He joined QDLaser, Inc. in 2008 and worked for the realization of commercial
level quantum dot lasers on GaAs through molecular beam epitaxy technology under the joint research of
QDLaser, Inc. and the University of Tokyo group as a Deputy General Manager of Device Division, QDLaser,
Inc. from 2008 to 2012. Before that, He was at NEC Corporation from 1983 to 2012 for the works on semiconductor device physics and layer fabrication with epitaxial growths. Also, he worked for MIRAI-delete in
2006-2008 as a group leader, Masumoto Single Quantum Dot Project, ERATO, JST in 1999-2000 as a group
leader, Sakaki Quantum Wave Project, ERATO, JST in 1989-1993 as a researcher.
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Recognition at CLEO 2014
Recognition at CLEO 2014

The Conference on Lasers & Electro-optics (CLEO), was held from 8 -13 June, 2014 at the San Jose Convention
Center, San Jose, California, USA. Please join us in congratulating our members on these achievements.
The Conference on Lasers & Electro-optics (CLEO), was held from 8 -13 June, 2014 at the San Jose Convention
Center, San Jose, California, USA. Please join us in congratulating our members on these achievements.
IPS Past President and 2014 Awards Chair,
Jim
Coleman
presented
the 2014
IEEE
IPS Past
President
and 2014
Awards
Chair,
Photonics
Society
Young
Investigator
Jim Coleman presented the 2014 IEEE
Award
to Ertugrul
Cubukcu.
Photonics
Society Young
Investigator
Award
Ertugrul
Cubukcu.
Ertugrultowas
honored
"for contributions to
photonics
beyond
the
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Coleman also recognized eight Photonics Society members who were elevated to the grade of fellow.
Front row (l-r) Coleman, Igal Brenner, Steven Cundiff, and Ilko Ilev.
Coleman also recognized eight Photonics Society members who were elevated to the grade of fellow.
Back row (l-r) Babu Chalamala, Ursula Keller, Sanjay Krshna, Taiichi Otsuji, and Takunori Taira
Front row (l-r) Coleman, Igal Brenner, Steven Cundiff, and Ilko Ilev.
Back row (l-r) Babu Chalamala, Ursula Keller, Sanjay Krshna, Taiichi Otsuji, and Takunori Taira
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IEEE Photonics Society (IPS)
Affiliate Membership
Not an IEEE member? Join IPS as an Affiliate.
To fill out an
application, visit:

An IEEE Photonics Society Affiliate Membership is open all industry and
academic professionals interested in the fields of optics and photonics. One
can join IPS directly, without obtaining a full membership to IEEE, and still
enjoy all the society has to offer at a greatly reduced rate.

PhotonicsSociety.org

Benefits* of an IEEE Photonics Society (IPS)
Affiliate Membership:

Pricing
Affiliate
Membership

Full-Year
(Aug 16 –
Feb 28)

Half-Year
(Mar 1 –
Aug 15)

For Basic
Society Affiliate
Applicants

$105.00

$52.50

Canada (GST)

$108.55

$54.27

Canada (HST)
New Brunswick,
Newfoundland
& Ontario

$114.23

$57.16

Canada (HST)
Nova Scotia

$115.65

$57.83

Canada (HST)
British Columbia

$114.94

$57.47

For IEEE
Member Joining
the Photonics
Society

$34.00

$17.00

Stay on the cutting edge of photonics

•
•
•
•

Discounted conference registration at leading international
Photonics technical conferences
Free online access to Photonics Society Journals - PTL, JQE,
JSTQE, JLT & the Journal of Photovoltaics
Free print subscription to the Photonics Society’s bimonthly newsletter
Free online access to all Photonics Society-sponsored
conference proceedings

Network with other photonics professionals & advance
your professional success

•
•
•
•
•
•

Access the Photonics Society’s online membership directory
Engage with photonics professionals & join a community of
400,000+
IEEE members in 160 countries
Join one of more than 80 local IPS chapters worldwide
Become eligible for prestigious industry awards & recognition
programs
Explore opportunities for participation on program
committees & editorial boards

* Society Affiliates are only eligible for society benefits and services. Affiliate members are not
basic IEEE members, and as such, do not pay IEEE dues or receive IEEE benefits.
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Women in Photonics Initiative
Launch Event at IPC 2014

A special networking event for all conference attendees will
take place at this year’s IEEE Photonics Conference (IPC),
in San Diego, CA, to celebrate the official launch of the IEEE
Photonic Society’s (IPS) Women in Photonics initiative as
well as the 20th anniversary of IEEE Women in Engineering
(WIE). The many achievements and contributions of women
members of the Society since its formation, more than four
decades ago, will be honoured. This evening event will offer
an inclusive networking environment for our membership and
diversify the spirit of photonics innovation and collaboration.
Consistent with the IEEE WIE’s mission of facilitating the
global recruitment and retention of women in technical disciplines, the goal of the IEEE Photonic Society’s Women in Photonics program is to create and promote activities that support
the participation, engagement and advancement of women in
the photonics and optics community.
The Women in Photonics reception at IPC will be held on
Tuesday, 14 October 2014 after the second plenary session.
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IEEE memberNet: New IEEE Member
Directory Opens Doors to Networking

IEEE has replaced the old Member Directory with an online search and networking tool,
called the IEEE memberNet. The official change will take place this August. This new
tool will allow members to connect with technical peers and engineering experts worldwide with more ease.
IEEE memberNet users can search for members of Societies to which they belong. The
same applies for the IEEE Standards Association and Women in Engineering. By default,
the name and membership grade of all IEEE members appear in the memberNet. Information beyond name and membership grade must be opted-in by each member.

Features & Benefits
•
•
•
•
•
•
•

Included with IEEE membership, at no additional cost.
Online-only network that connects IEEE members world-wide.
Enables networking by technical and geographic affiliations, affinities, and more.
Flexible search tool that has multiple criteria and advanced search options.
Expand your networks by learning more about additional memberships and related societies.
‘myNetworks’ personalization to each member’s technical interests and involvement with IEEE.
memberNet Messaging allows members to communicate with each other while ensuring member privacy.

Respecting Member Privacy
•
•
•
•

Members have full discretion over what additional profile items may be found through the memberNet search feature.
All searchable profile information is managed by each member via memberNet opt-in preferences.
Information visible on a members profile page is managed via memberNet opt-in preferences as well.
Members can send secure e-mail messages to each other by selecting the “send a message” button.

Getting started
Get the most from your IEEE membership and stay connected with IEEE peers. Follow these steps to get started with IEEE
memberNet:
• Go to http://www.ieee.org/myieee and log in to myIEEE using your IEEE account info.
• Under the IEEE brand, in the upper right corner, select the “myProfile” link.
• Choose “My Opt-in Preferences” link on the top of memberNet window.
• Click on Edit icon found in the corner of each subsection to edit your information.
• You will be directed to log in to “The IEEE Shop”.
• Edit all of your information here and select the log out button when you are finished.
• Return to the “My Opt-in Preferences” page.
• Check each item you wish to share.
• Select the “Save opt-in Preferences” button.
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IEEE GOLD Program Has Become
Young Professionals
By Kaitlin Rogers
Are you a recent graduate or new to your career? Do
you need help evaluating your career goals and broadening your professional network? If so, the IEEE Photonics Society’s (IPS) Young Professionals Program is
the professional home for you.
The IEEE Young Professionals Program (YP) is
the new name for GOLD, or Graduates of the Last Decade. This community includes members and volunteers of IEEE across the globe.
The fresh and youthful insight that the YPs bring to the table is what makes them a unique resource to the organization.
As an affinity group, or non-technical subunit of IEEE, the Young Professionals come from a variety of backgrounds and societies.
This makes for a diverse group of people to learn from and network with. The Young Professionals Committee members support affinity
groups and societies in their region, as well as those belonging to IEEE who are also beginning their careers.
The numerous benefits offered under the Young Professionals Program include educational webinars, an eLearning library, annual
networking events, volunteer opportunities on councils and committees, IEEE.tv video resources, access to technical publications, conference discounts and all the benefits that come with a society membership.
“The IEEE Photonics Society would like to support our members and those within the photonics community by providing tools and events that guide
them through their early career transitions and propel them forward in the direction that they’ve chosen to go. IEEE Young Professionals is an excellent
resource for accomplishing those goals,” says Benjamin G. Lee, Research Staff Member at IBM T. J. Watson Research Center, and IPS AVP of
Young Professionals.
Perhaps the most valuable benefits, though, are the professional career resources that are offered to help young members prepare for
their futures. These include pre-recorded webinars that cover topics from professional development to humanitarian initiatives, the IEEE
MentorCentre, a new and improved Job Site, portals with
information about education and career options, and access
to networking through MyIEEE and the IEEE memberNet
where 400,000+ IEEE members go to communicate with
their peers.
The advantages of joining the IEEE Photonics Society and
getting involved with the Young Professionals Program are
virtually endless.
To learn more about how to join this group or the society, visit:
IPS Graduate Student Membership: http://bit.ly/1o3bQ8m
IEEE Young Professionals: http://bit.ly/X9Q7l2
Already a Graduate Student Member and interested in
volunteering?
Contact Lauren Mecum, Membership Development Specialist, at L.Mecum@ieee.org.
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Benefits of Membership
Join the IEEE Photonics Society
Stay on the cutting edge of photonics
 +PZJV\U[LKJVUMLYLUJLYLNPZ[YH[PVUH[SLHKPUN
PU[LYUH[PVUHS7OV[VUPJZ[LJOUPJHSJVUMLYLUJLZ
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Stay Informed:
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PhotonicsSociety.org
@IEEEPhotonics
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Facebook.com/
PhotonicsSociety
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PhotonicsConferences.org
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PhotonicsJournal.org

Network with other photonics professionals
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Enhance your education/professional development
 9LJLP]LZWLJPHSZ[\KLU[YH[LZMVYTLTILYZOPW
JVUMLYLUJLZHUKQV\YUHSZ
 )LJVTLLSPNPISLMVY[OL7OV[VUPJZ.YHK\H[L:[\KLU[-LSSV^ZOPW
 7HY[PJPWH[LPU0,,,»Z.63+WYVNYHT.YHK\H[LZ6M[OL3HZ[+LJHKL

Advance your professional success with the prestige
of IEEE membership
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445 Hoes Lane
Piscataway, NJ 08855
+1-732-981-0060
PhotonicsSociety@ieee.org
www.photonicssociety.org
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IEEE Launches New ResumeLab to
Aid Members and Job Applicants
New Online Tool Can Help Photonics Society Members
Build Portfolios and Assess Skills
The Institute of Electrical and Electronics Engineers
(IEEE) has made it easier to build the best first impression. By partnering with OptimalResume, a career services company in Durham, N.C., IEEE now
provides an essential tool that helps build members’
professional profiles and assists with job searches.
IEEE ResumeLab is free and conveniently accessible to all active IEEE and IEEE society members.
Students and professional members at every stage of
their career can log online for help with traditional
resumes, video resumes, cover letters, interview skills,
and portfolios; all while building a personal website to
showcase documents created within the ResumeLab.
Rory McCorkle, Global Career Resources Product
Manager in IEEE’s Member and Geographic Activities group, said that in a 2012 IEEE member survey
about most useful benefits, more than half the respondents chose assistance with resumes and interviewing.
“We think IEEE ResumeLab will be a valuable resource, especially among students, recent graduates, and members who
are unemployed,” said McCorkle.
Launched in January, IEEE’s new, easy-to-use tool gives users the option to upload an existing résumé or to create a new
one under is “Resume” tab. This section provides examples and
guidelines on creating a professional résumé with an attentiongrabbing feel.
The “Portfolio” tool helps users assemble a list of projects
to showcase relevant work on the web. Each project has a designated 200 megabytes of space for documents, images, videos,
and audio files, as well as links to other websites.
The “Letters” tool advises users on language and phrasing
for cover letters, responses to employer inquiries, and thank
you notes/ emails.
ResumeLab’s “Skills Assessment” tool helps members list
and categorize professional skills such as critical thinking,
problem solving, managerial skills, and systems analysis development. Similar to the “Skills Assessment” tool, the “New
Proficiency List” tool allows users to select skills specific to different industry jobs. Industries are divided into several categories, including sections of nanotech and biotechnology as well
as STEM (science, technology, engineering, and mathematics),
and Green Jobs. Each divided category then provides a list of
skills that employers may be seeking.

October 2014

An additional tool in the “Interview” section of the IEEE
ResumeLab prepares users for answering interview questions
by providing a review of responses to common questions
asked. This section also allows users to record their responses using the computer’s microphone and webcam. This allows users to hear and see themselves in a mock-interview
and track their progress along the way. Users can also share
uploaded files with others for additional comments and suggestions on performance. Members have the option of creating a video résumé with an onscreen teleprompter to read a
prepared script.
Once the user has utilized all desired tools above, they can
create a custom, professional profile page under the “Website”
tab. This website option offers different design templates and
colors to customize an online profile that best showcases the
users’ work. There, users can share all documents created, including a résumé, portfolio, cover letter, and even additional
links to social media accounts like Facebook and LinkedIn. The
URL to this web page can then be shared and displayed anywhere on the web.
To access IEEE ResumeLab, users can sign into their IEEE
Account using their normal login information. After finding
the RésuméLab tab, users can get started creating their personal, professional profile.
For more information, visit www.ieee.org/membership_services
with keyword search “ResumeLab.”
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27th IEEE Photonics Conference
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San Diego, CA
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CMC-IME Silicon Photonics MPW run and
SiEPIC Workshop—October 24 to 28,
2014—Vancouver, BC, Canada
In partnership with the University of British Columbia and
the NSERC CREATE Silicon Electronic-Photonic Integrated
Circuits (Si-EPIC) Program, CMC Microsystems is providing
an opportunity for training in the design, fabrication and test
of photonic integrated circuits (PICs) targeting IME’s siliconon-insulator (SOI) technology. This technology enables both
active and passive photonic devices to be monolithically integrated on the same chip.
• The workshop includes a full-flow silicon photonics MPW
run, with fabrication at IME in Singapore (similar to that
previously offered by OpSIS).
• The fabrication process includes: Ge detectors, four dopants for PN or PIN junctions, two metal layers, edge
and grating couplers, etching resulting in three different
silicon thicknesses, and an oxide opening etch.
• The library of components includes: Ge detectors, ring
and travelling wave modulators, edge and grating cou-
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Si-EPIC CREATE
plers, passive components (Y-branch, waveguide crossing, 3 dB adiabatic coupler, directional couplers, ring
resonators), etc.
• The PDK (Process Design Kit) is implemented in Mentor Graphics Pyxis (schematic, layout) with integrated
circuit simulations in Lumerical Interconnect. Mentor
Graphics and Lumerical Solutions Inc. are supporting
this course by providing preferred access arrangements to
their tools for participants.
• Workshop on-site instruction (October 24 to 28, 2014, at
the University of British Columbia, Vancouver BC),
includes lectures and tutorials on: IME fabrication process,
SiEPIC Library, PN junctions, ring and travelling wave
modulators, Ge detectors, schematic capture and circuit
simulations using Mentor Graphics Pyxis with integrated
Lumerical Interconnect, schematic-driven mask layout using Mentor Graphics Pyxis, component generation, optical
and microwave packaging.
• The workshop includes a full design-fabricate-test cycle.
After the on-site portion, participants are supported in
their design via on-line feedback and Design Reviews provided by peers, instructors and CMC Microsystems.
• Target tape-out in February 2015 with chips back in summer 2015.
Registration page: http://www.cmc.ca/en/WhatWeOffer/
Training/Courses/ActiveSiliconPhotonicsFabOct2014.aspx

August 2014
October

Avionics Fiber-Optics
and Photonics Conference

2
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AVFOP
11 - 13 November

Hyatt Regency Atlanta
Atlanta, Georgia USA

www.AVFOP-IEEE.org

October 2014

General Chair:
Milan Mashanovitch
Freedom Photonics, USA
Program Chair:
Gregory Abbas
EOSPACE, USA
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IEEE Photonics
Society
Co-Sponosored
Events
Information
Technology
Solutions

2014
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

ICOCN
November 9-10 2014
2014 13th International Conference on Optical Communications and Networks
Suzhou, China
www.ontrc.org/ICOCN/index.asp

COMMAD
December 14-17 2014
2014 Conference on Optoelectronic and Microelectronic Materials & Devices
Perth, Australia
http://mrg.ee.uwa.edu.au/commad14.php
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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

Facebook.com/
PhotonicsSociety

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 Issue of the IEEE/OSA
Journal of Lightwave Technology on:

Biomedical Applications of Lightwave Technologies
** Submission Deadline: October 31st, 2014 **
The IEEE/OSA Journal of Lightwave Technology (JLT), a Hybrid Open Access and Co-Sponsored
publication presents a forum for authors to publish expanded papers in a Special Issue on biomedical
applications of lightwave technologies. The purpose of this issue of JLT is to document the current status in
this field through a collection of original and invited papers in conjunction with The 2014 IEEE Photonics
Conference (IPC).
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. These papers would appear in an upcoming JLT special issue
titled "BALT 2014." Relevant topics include, but are not limited to:
•
•
•
•
•
•
•
•

Lightwave technologies for imaging, spectroscopy, microscopy, nanoscopy and endoscopy
(including hybrid technologies such as photoacoustics and acousto-optics)
Plasmonics, metamaterials and photonic crystals for biological and biomedical applications
Optical resonators (e.g. ring resonators) for biological and biomedical applications
Microfluidics and optofluidics components and systems
Optophoresis (using light waveguides to trap and sort nanoparticles)
New optics-based technologies and sensors in areas such as genomics, proteomics, medical
diagnostics, pharmacology, health care, and intracellular sensing
Lightwave technologies, platforms and solutions for point-of-need, point-of-care and lab-on-a-chip
Non-invasive physiological monitoring using lightwave technology

The Guest Editors for this issue are: Xueding Wang, University of Michigan; Brian Cunningham,
University of Illinois at Urbana-Champaign; Andrea Cusano, University of Sannio; David Sampson, The
University of Western Australia
The deadline for submission of manuscripts is October 31st 2014. Please submit your paper to:
http://mc.manuscriptcentral.com/jlt-ieee and under Manuscript Type select “BALT 2014”. Unedited
preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1 week of authors
uploading their final files in the ScholarOne Manuscripts submission system. The final copy-edited and
XML-tagged version of a manuscript is posted on IEEE Xplore as soon as proofs are sent in by authors. This
version replaces the preprint and is usually posted well before the hardcopy of the issue is published.
Hardcopy Publication is scheduled for July/August 2015. All submissions will be reviewed in accordance
with the normal procedures of the Journal. All questions should be sent to IEEE Photonics Society, Doug
Hargis, d.hargis@ieee.org
The following documents are required using online submission at: http://mc.manuscriptcentral.com/jlt-ieee
1.

PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 7
pages for a contributed paper). Manuscripts over the page limits will have an overlength charge of
$260.00 USD per page imposed. Biographies of all authors are optional, author photographs are
prohibited. See Tools for Authors at
http://www.ieee.org/web/publications/authors/transjnl/index.html
2. MS Word document with full contact information for all authors.
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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: September/October 2015
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Attosecond
Photonics. The purpose of this issue is to document recent progress and trends in the development of leading-edge attosecond
photonics technologies through a collection of original and invited papers ranging from fundamental research to advanced
applications. The solicited areas include (but are not limited to) theoretical and experimental aspects of:







Generation of attosecond pulses
Attosecond characterization
Advanced driving lasers
Modeling and simulations of attosecond processes
Applications to AMO physics
Electron and nuclear dynamics in molecules








Condensed matter applications
High-order harmonic spectroscopy
Attosecond streaking spectroscopy
Attosecond transient absorption
Attosecond phenomena on nanoscale materials
Sub-cycle strong-field processes in solids

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

Semiconductor Lasers
Submission Deadline: February 1, 2015
Hard Copy Publication: November/December 2015
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of
Semiconductor Lasers.













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













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

The Primary Guest Editor for this issue is Luke J. Mawst, University of Wisconsin-Madison, USA. The Guest Editors of this issue
are Lukas Chrostowski, University of British Columbia, Canada, Ann Catrina Coleman, University of Texas at Dallas, USA,
Sven Hofling, University of St. Andrews, UK, Nobuhiko Nishiyama, Tokyo Institute of Technology, Japan, and Leon Shterengas,
State University of New York at Stony Brook, USA.
Unedited preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1 week of the final files being uploaded by
the author(s) on ScholarOne Manuscripts. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once
available, the preprints are replaced by final copy-edited and XML-tagged versions of manuscripts on IEEE Xplore. This usually occurs well
before the hardcopy publication date. These final versions have article numbers assigned to them to accelerate the online publication; the
same article numbers are used for the print versions of JSTQE.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link:
www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously published
papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are justified by clearly
stating the distinction between a submitted paper and previous publications.
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Photonics Society
Field of Interest
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exchange. Appropriate cooperative efforts will
also be undertaken with non-IEEE societies.
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