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Editor’s
Column

IEEE Lasers and
Electro-Optics Society

KRISHNAN PARAMESWARAN
LEOS is celebrating its 30th anniversary in 2007.
To commemorate the event, the Newsletter will
include many special features throughout the year.
LEOS Founding President Dr. Henry Kressel has
provided an introductory article in this issue, outlining how the society was born. Each issue will also
contain a reprint of an abstract from the most cited
articles in LEOS Journals. Each abstract will be
accompanied by commentaries from one of the
authors and another luminary in the field. This
month, we are pleased to highlight a paper by Dr.
Mansoor Sheik-Bahae et al describing the “Z-Scan”
technique for measuring nonlinear optical coefficients. This Journal of Quantum Electronics article
has been cited an impressive 1322 times since its
publication in 1990! Co-author Prof. Eric Van
Stryland of CREOL at the University of Central
Florida and Prof. Y. Ron Shen of the University of
California, Berkeley, have provided commentaries
about the origin of the work and its impact since its
publication.
Our regular features include research highlights
and membership activities. This issue includes two
University Research Highlights articles. Prof. Hui
Cao of Northwestern University and her co-workers
present recent results on Chaotic Microcavity
Lasers. Andrea Fratalocchi of University Roma Tre
in Italy and his co-workers present work on Discrete
Optics in Liquid Crystalline Lattices. We also have
a special article by Dr. Lianshan Yan, coordinator of
the LEOS GOLD (Graduates of the Last Decade)
program, and a description of the new LEOS chapter in Hangzhou, China by Dr. Erik Forsberg.
LEOS is “The Society for Photonics”, and the
Newsletter will continue to highlight photonics
activities from all over the world this year. The
Associate Editors (Professors Amr Helmy of the
University of Toronto, Hon Tsang of the
Chinese University of Hong Kong, and Kevin
Williams of the Technical University of
Eindhoven) and I plan to add more features that
members will find informative and enlightening
in the coming months.
Please feel free to send any comments and
suggestions to HYPERLINK " mailto:k.parameswaran@ieee.org" k.parameswaran@ieee.org.
I would love to hear from you!
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President’s
Column
ALAN E. WILLNER

“Dear LEOS,
Happy 30th Anniversary!
Let’s Celebrate.”
“[An anniversary is] a celebration of yesterday’s dream fulfilled, tomorrow’s promise
renewed.” Unknown.
We have been a society since 1977,
although our history started as a multisociety IEEE group roughly ten years earlier as the Quantum Electronics Council.
Most of us take for granted the wonder of
the laser, and yet it is still a relatively
young invention. When LEOS was only
ten years old, it might have seemed premature to thump our chests in celebration of our past and of our important
future. However, at the age of 30, we can
proudly proclaim our relevance: We made
a difference, and our future is bright!

The laser itself has been hailed as one
of the greatest technological inventions
of the past century. Whereas it began as
somewhat of a curiosity, its technical and
economic impact can be felt across many
engineering disciplines. It is inspiring to
contemplate the question: What would
fields such as communications, data storage, medicine, manufacturing, semiconductor fabrication, displays and lighting
be like without the laser?
Should I add to these topics? We, as
a community, certainly will. This list
only grows in breadth and depth with
each passing year!
Commemorating an anniversary is
important since it provides us with an
opportunity to reflect on and define
who we are as a community. As Thomas

Peters has said, “Celebrate what you
want to see more of.”
An unattributed quotation states that “an
anniversary is a time to celebrate….:
(a) the joys of today: Our largest conferences host thousands of attendees
and hundreds of exhibiting companies. Our journals publish thousands
of submitted manuscripts annually
from all over the globe. The economics of our field even propelled
one of our members, Greg Olsen,
into outer-space. Moreover, we go to
meetings and interact with colleagues that we have known for years
and truly consider our friends.
(continued on page 27)
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University Research Highlights

Chaotic microcavity lasers
H. Cao, W. Fang1, E. E. Narimanov2, V. A. Podolskiy,2,3 and G. S. Solomon4
Abstract

ance of microcavity lasers robust with respect to the boundary
roughness and corresponding ray chaos. In a chaotic microcavity,
the lasing modes may be pulled away from the cavity boundary to
avoid the reduction of lasing gain by surface recombination.
Moreover, the carriers injected to the central region of a cavity can
contribute to lasing. Despite counter-intuitive, a chaotic microcavity laser could produces directional output
beams. Unfortunately the threshold of chaotic
microcavity lasers is usually high. We demonstrated that the lasing threshold in a fully
chaotic open microcavity can be minimized
by tailoring its shape factor.

0.6

sin χ

1

We reviewed our recent studies on chaotic microcavity lasers.
Although most microcavities are designed to have regular shapes,
boundary roughness, which is introduced unintentionally during
the fabrication process, can throw the regular ray dynamics into
chaos. Fortunately, the dynamical localization makes the perform-

Introduction
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Figure 1: Ray trajectories inside a circular microdisk have whispering-gallery (WG) structure (a).
The angular momentum of any given trajectory is conserved due to the symmetry of the microdisk
boundary. This fact is clearly seen in the Poincare surface of section (SOS) (b), consisting of a series
of one-dimensional lines, each corresponding to an orbit with fixed angle of incidence χ. The green
dots correspond to the trajectory in (a), bold dot in the black square denotes the starting point. The
trajectories with χ > χc = arcsin(1/n), where n is the refraction index of the cavity, are trapped by
total internal refraction (red line corresponds to experimental value n = 3.25). Introduction of
roughness to the microcavity boundary destroys the stability of all WG orbits (c). Total ray chaos
is illustrated through the system’ SOS, shown on panel (d). The single trajectory now explores all
available phase space, and may classically escape from the resonator when its sin χ is below 1/n;
Blue dots show the trajectory in (c), which has the same initial conditions as in the trajectory in
(a) [bold blue dot in the black square].

1. DEPARTMENT OF PHYSICS AND ASTRONOMY, NORTHWESTERN UNIVERSITY, EVANSTON, IL 60208
2. ELECTRICAL ENGINEERING DEPARTMENT, PRINCETON UNIVERSITY, PRINCETON, NJ 08544
3. PHYSICS DEPARTMENT, OREGON STATE UNIVERSITY, CORVALLIS, OR 97331
4. SOLID-STATE PHOTONICS LABORATORY, STANFORD UNIVERSITY, STANFORD, CA 94305;
AND ATOMIC PHYSICS DIVISION, NIST, GAITHERSBURG, MD 20899-8423.
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A. Why chaos is related to
a microcavity laser
Microcavity lasers are expected to realize an
extremely high efficiency and high speed by
the volume effect and the spontaneous emission control. Over the past two decades, there
have been rapid developments of microcavity
lasers. To see how chaos is relevant to microcavity lasers, let us consider an example microdisk laser [1]. In a dielectric disk of circular shape [Figs. 1(a) and (b)], optical rays
form a series of whispering-gallery (WG) trajectories with conserved angle of incidence x
and correspondingly, conserved angular
momentum (in the unit of ) m = (2πnR/λ0)
sinχ (R being the disk radius n, the refractive
index of the dielectric, λ0 the vacuum wavelength). Since the refractive escape is only possible for the trajectories with χ below the critical angle χc = arcsin(1/n) the rays with χ > χc
are trapped inside the dielectric microdisk by
the total internal reflection. The cavity modes
corresponding to these trajectories can therefore leave the resonator only via evanescent
escape, thus they usually have extremely long
lifetimes and low lasing threshold.
Unfortunately, any deviation from the
perfectly circular disk due to, e.g. boundary
roughness, would inevitably break this idealized picture. It destroys the rotational
symmetry and can make the classical ray
dynamic chaotic. As a ray trajectory propagates in such a disk, its angle of incidence χ
changes in a quasi-random manner, until it
becomes less than χc, when the ray may
refractively escape from the system [Figs.
1(c) and (d)]. Hence, from the view point of
geometric optics, the boundary roughness
February 2007
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could significantly reduce the lifetime of light in a microdisk,
and dramatically increase the lasing threshold. Despite the rapid
advances in nanofabrication technologies, the boundary roughness for GaAs microdisks is still 10-20nm. Recent calculations
show that the boundary roughness as small as 20nm could throw
the regular ray dynamics in a microdisk into chaos [2]. The qual-

ity (Q) factor for a GaAs microdisk of radius = 5μm drops from
1013in the absence of boundary roughness to 103 in the presence
of 20nm boundary roughness. This example illustrates that
although most microcavities are designed to have regular shapes,
chaos can be introduced unintentionally as a result of imperfection in nanofabrication, and it could have significant impact on
the performance of microcavity lasers.

Emission Intensity (a.u.)

Mode Linewidth (A)

B. How chaos can be utilized for
microcavity laser
One problem for semiconductor microcavity
lasers is nonradiative recombination of
injected carriers via surface electronic states.
As the cavities get smaller, the surface to volume ratio is increased. The resonant modes
have more overlap with the cavity boundaries, facilitating the surface recombination.
Let us again take the microdisk laser as an
example. As the radius of a circular disk
decreases, the whispering-gallery modes are
4 μm
pushed towards the disk boundary. The close
Figure 2: Top-view scanning electron micrograph of a GaAs microdisk. The disk has rough proximity of the lasing mode to the cavity
near-circular boundary with an average radius of approximately 2.6μm.
boundary where the optical gain is reduced
by surface recombination leads to an increase
of the lasing threshold.
Intensity
To reduce the detrimental effect of surface
4
4
recombination on a semiconductor microcav855.5 nm
ity laser, we utilize a chaotic microcavity to
3
pull the lasing modes away from the bound3
ary. The disk shape is deformed from circle so
2
that the lasing modes are no longer WG
1
2
modes. If the modes stay mostly in the interior of a microdisk, the reduction of lasing gain
0
by surface recombination is minimized. A sec1
ond advantage of pushing the lasing modes to
0
20
40
60
80
854 856 858 860 862
the interior of a microdisk is to utilize the carIncident Pump Power (∝W)
Wavelength (nm)
riers there for lasing gain. In a circular
(a)
(b)
microdisk, the carriers near the disk center do
not contribute to lasing in the WG modes.
|Ψ|2
Such carrier loss is more significant for the
l
l
case of electrical pumping, because carriers are
usually injected to the central region of a
0.04
microdisk. The third advantage of a chaotic
microcavity laser, which may seem counter0.02
intuitive, is that it could produce directional
−3
output beams. Despite these advantages, the
−1.5
0
quality factor of a chaotic microcavity is usuμm
1.5
3
ally low, leading to high lasing threshold. The
0
20
40
60
question we intend to address is whether and
m
how we can minimize the lasing threshold in
(c)
(d)
a chaotic microcavity.
Figure 3: Spectrum of emission from the microdisk in Fig. 2 at the incident pump power of 44μW
(a) clearly shows multi-mode lasing (black dotted line). A bandpass filter of 1nm bandwidth
selects a single lasing mode at 855.5nm (red line). The onset of lasing oscillation in this mode (b)
is confirmed by the rapid increase of the emitted intensity as a function of the pump power (red
squares) and simultaneous decrease of the linewidth (black circles) when pump reaches the threshold of 35μW. The near-field optical image of this lasing mode is shown in (c). (d) is the calculated
angular momentum distribution of this lasing mode, which serves as a clear evidence of the
dynamical localization with localization length l = 12.4. The Q-factor of the mode is 4.78 × 103.
6
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Microdisk Laser
with Rough Boundary
Figure 2 is the scanning electron micrograph
(SEM) of a circular microdisk [3]. It is made
of 200nm-thick GaAs layer with a thin InAs
quantum well (QW) in the middle serving as
February 2007
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the gain medium. The disk radius is approximately 2.6μm. The
microdisks are fabricated by photolithography and two steps of
wet etch. Each disk is supported by a 500nm-long AlGaAs
pedestal. The magnified SEM in the left panel of Fig. 2 reveals the
roughness at the disk boundary. Such degree of roughness is significantly larger than what can be achieved with the state-of-theart nanofabrication. Nevertheless, we realized lasing in such a
rough disk with decent threshold.
The lasing experiment is performed on individual disks which
are optically pumped by a mode-locked Ti-sapphire laser at 790
nm. Figures 3(a)-(d) show the results of measurement on the
microdisk in Fig. 2. As shown in Fig. 3(a), the emission spectrum
features a broadband amplified spontaneous emission (ASE) and
several distinct peaks that correspond to the cavity modes. Fig. 3(b)
is a plot of the intensity and linewidth of one mode at λ=855.5nm
as a function of the incident pump power. When the pump power
exceeds a threshold, the emission intensity exhibits a sudden
increase accompanied by a simultaneous decrease of the mode
linewidth. This threshold behavior corresponds to the onset of lasing oscillation in this mode. Using a narrow bandpass filter, we
took the near-field image of this lasing mode on the top surface of
the disk shown in Fig. 3(c). The lasing mode is spatially localized
near the boundary of the rough disk, similar to the WG mode in a
perfectly circular disk.
However, the classical ray dynamics in a rough disk is very
different from that in a perfectly circular disk [4]. We digitized
the SEM in Fig. 2 to obtain the exact size and shape of the
microdisk we measured, and found the ray dynamics in this disk
is completely chaotic. Figure 1(c) shows a typical ray trajectory
which spreads over the entire disk. Correspondingly in the angular momentum space, the ray undergoes a chaotic diffusion, as
shown in Fig. 1(d). However, the measured lasing mode profile
[Fig. 3(c)] does not resemble any chaotic ray trajectory. This dramatic difference is caused by interference effect which is neglected in ray optics. We solved the wave equation to find the resonant modes in the microdisk shown in Fig. 2. We identified the
observed lasing modes with the calculated cavity modes of small
decay rates. Those modes are located close to the disk boundary.
Figure 3(d) shows the intensity distribution of one such mode in
angular momentum space. Unlike a WG mode with constant
angular momentum m, this mode contains many angular
momentum components. However it is not uniformly distributed in m, but localized in a region above the critical value mc =
(2πnR/λ0)sinχc. This localization results from the interference
effect, namely, the interference of scattered light suppresses the
chaotic diffusion of optical rays in angular momentum space. It
is called dynamical localization [5-7]. When a mode is localized
in the region m>mc, the refractive escape rate is low. That is why
we can get lasing with relatively low threshold.

trations of eigenstate density near UPOs [9]. In the past few years,
lasing was realized in both scar modes and chaotic modes of semiconductor stadiums with certain major-to-minor-axis ratio [10,11].
Highly directional output of laser emission was predicted [12] and
confirmed in polymer stadiums [13]. Unfortunately, the lasing
threshold in dielectric microstadiums is quite high. Our goal is to
find out how to minimize the lasing threshold in such an open
chaotic microcavity.
Contrary to common expectation, our numerical study revealed
that modes of a dielectric microstadium could have long lifetime
[14]. These special modes are typically scar modes corresponding to
unstable periodic orbits with incident angles above the critical
angle xc. If a scar mode consists of several UPOs, the interference of
partial waves propagating along the constituent orbits may minimize light leakage at certain major-to-minor-axis ratio [14]. This
means the lasing threshold should be sensitive to the stadium
shape, i.e., the major-to-minor-axis ratio.
To confirm this numerical result, we fabricated GaAs
microstadium lasers [15]. The layer structure consists of 500nm
AlGaAs and 200nm GaAs. In the middle of the GaAs layer there
is a thin InAs QW. The lower refractive index of AlGaAs layer
leads to the formation of a slab waveguide in the top GaAs layer.
Stadium-shaped cylinders were fabricated by photolithography
and wet chemical etch. The major-to-minor-axis ratio of the stadiums was varied over a wide range while the stadium area
remains nearly constant. The deformation of a stadium is defined

MATERIAL HANDLING TRAYS
FOR PARTS PROCESSING
• Clean room compatible
• Static dissipative certification
• Smooth surfaces
• Low mold costs for custom designs
• Rapid turnaround
• Low quantities available

Microstadium Laser
We intentionally made chaotic microcavity lasers because of their
advantages mentioned in the introduction section. This section is
focused on the stadium-shaped microcavity. The classical ray
dynamics in a stadium billiard is fully chaotic [8]. However, a dense
set of unstable periodic orbits (UPOs) are embedded in the sea of
chaotic orbits. Despite of their zero measure, UPOs manifest themselves in the eigenstates of the system via “scars”, i.e., extra concenFebruary 2007
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as ε ≡ a/r, where 2a is the length of the straight segments connecting the two half circles of radius r.
In the lasing experiment, individual microstadiums were optically pumped by a mode-locked Ti-sapphire laser. Lasing was
realized in most stadiums with ε ranging from 0.4 to 2.2 and area
~ 70μm2. Figure 4(a) shows the emission spectra of twelve stadiums slightly above their lasing thresholds so that we mainly see

840

845

850
855
Wavelength (nm)
(a)

860
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Lasing Wavelength (nm)

Intensity (a.u.)

ε ∼ 0.45
ε ∼ 0.58
ε ∼ 0.7
ε ∼ 0.82
ε ∼ 0.94
ε ∼ 1.36
ε ∼ 1.51
ε ∼ 1.62
ε ∼ 1.76
ε ∼ 1.9
ε ∼ 2.05
ε ∼ 2.2

their first lasing modes. As ε increases, the first lasing mode
jumps back and forth within the gain spectrum of InAs QW. It is
not always located near the peak of gain spectrum (λ~857nm). At
some deformation, e.g. ε = 0.94, 1.9, the first lasing mode is far
from the gain maximum. This phenomenon is not caused by lack
of cavity modes near the maximum of gain spectrum. A few small
and broad peaks in the emission spectrum between 847nm and
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Figure 4: (a) Lasing spectra from twelve GaAs microstadiums with different deformations. (b) Wavelength and lasing threshold of the first
lasing mode as a function of ε.
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Figure 5: (a) Calculated intensity distribution of the first lasing mode in the GaAs microstadium of ε = 1.51. The wavelength of the mode is 850.7nm.
(b) Top-view SEM of the stadium, from which the exact size and shape of the stadium is extracted for calculation. (c) Husimi phase space projection
of the mode in (a). The horizontal coordinate s represents the length along the stadium boundary from the rightmost point, normalized by the stadium perimeter. The squares, dots and crosses mark the positions of three different types of UPOs shown in the inset. (d) Calculated Q-factor of the mode
in (a) as a function of ε.
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857nm represent the cavity modes. These modes experience higher gain than the lasing mode at λ ∼
∼ 847nm. The only reason they
do not lase is their quality factors are low. This result indicates the
lasing modes, especially the first one, must be high-Q modes.
However, when the lasing mode is away from the maximum of
gain spectrum, the relatively low optical gain at the lasing frequency results in high lasing threshold. This is confirmed in Fig.
4(b), which shows the lasing threshold strongly depends on the
spectral distance between the first lasing mode and the maximum
of gain spectrum.
Figure 5(a) shows the calculated intensity distribution of the
first lasing mode at λ = 850.7nm in the microstadium with ε =
1.51. To find out the classical ray trajectories that this lasing
mode corresponds to, we calculated the Husimi phase-space projection of this lasing mode from its electric field at the stadium
boundary [Fig. 5(c)]. It reveals the lasing mode is a scar mode, and
it consists mainly of three different types of UPOs plotted in the
inset of Fig. 5(c). The constituent UPOs are above the critical line
for total internal reflection, thus the lasing mode has small decay
rate. We calculated the quality factor of this mode in passive stadium as the deformation ε is varied around 1.51. As shown in Fig.
5(d), its Q value first increases then decreases as ε increases, leading to a maximum at ε = 1.515. Such variation of quality factor
is attributed to interference of waves propagating along the constituent UPOs. The interference effect depends on the relative
phase of waves traveling in different orbits. The phase delay along
each orbit changes with the orbit length as ε varies. At some particular deformation, constructive interference may minimize light
leakage out of the cavity, thus maximizing the quality factor.
Since the actual deformation ε = 1.51 is nearly identical (within
0.3%) to the optimum deformation (ε = 1.515), the mode is
almost at the maximum of its quality factor. Furthermore, its frequency is close to the peak of gain spectrum. Thus the lasing
threshold is minimized, as shown in Fig. 4(b).

the MRSEC program (DMR-00706097) at the Materials Science
Center of Northwestern University.
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Discrete Optics in Liquid Crystalline Lattices
Andrea Fratalocchi1 and Gaetano Assanto1, and Miroslaw A. Karpierz2
Abstract
Nematic liquid crystals (NLC) offer attractive possibilities
for investigating nonlinear optics, as well as for developing novel generations of integrated all-optical circuits in
guided-wave formats. We review our recent activity in discrete photonic lattices in NLC, reporting on nonlinear
localized waves and describing some of their properties
and applications.

Introduction
Ever since their introduction by Christodoulides and
Joseph in the early 80s’ [1], optical lattices (OL) have been
the subject of intense investigation [2-6]. A one-dimensional optical lattice can be thought of as an infinite series
of identical optical waveguides arranged parallel to each

1. NOOEL-NONLINEAR OPTICS AND OPTOELECTRONICS LAB,
INFN & CNISM, DEPARTMENT OF ELECTRONIC ENGINEERING - UNIVERSITY
ROMA TRE, VIA DELLA VASCA NAVALE 84, 00146 - ROME, ITALY
2. MIROSLAW A. KARPIERZ
FACULTY OF PHYSICS, TECHNICAL UNIVERSITY,
KOSZYKOVA 75, 00-662 WARSAW, POLAND

other and to an axis of propagation in the same plane (see
Fig. 1a). OL can be regarded as the optical counterpart of a
crystal lattice in solid state physics; [7] hence, in the linear
regime, they allow us to manipulate light in much the
same way as crystalline lattices handle electrons: depending
on input wavevector (or momentum), light experiences
variable group velocity and spatial dispersion (or effective
mass). [8] Much interest in OL has also been driven by the
possibility of studying nonlinear phenomena, including
discrete solitons (i.e., nondispersive propagating beams),
lattice solitary waves, multiband breathers and surface nonlinear waves. [2-6, 9-13]
The recent progress in microfabrication allows for the
experimental realization of OL in several media, from
standard semiconductors, [12] to photorefractives, [6]
glasses, [13] ferroelectrics [14] and nematic liquid crystals, [9] the latter quite promising owing to a mature and
cost-affordable technology, wide spectral transparency,
large tunable birefringence and nonresonant nonlinearity.
Nematic liquid crystals (NLC) consist of elongated molecules which exhibit a finite degree of orientational order,
their optic axes being aligned in a mean spatial direction
called director field. Typically, NLC are positive uniaxials
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Sample and Experimental Setup

with a giant all-optical response stemming from molecular reorientation: light induced dipoles tend to rotate in
space towards the electric field vector to reduce the energy of the system, thereby increasing the index of the
extraordinary wave and yielding a self-focusing response.
We illustrate the use of undoped NLC in arrays of biastunable waveguides, reporting discrete light diffraction,
discrete solitons and their angular steering. Based on
their periodic (bandgap) nature, we also demonstrate OL
multiband vector breathers and all-optical Landau-Zener
tunneling.

Figure 1b is a sketch of the NLC cell. A thin NLC film,
anchored to the interfaces in order to align the molecular
director along z, is “sandwiched” between two glass plates,
one of them coated with a periodic array of parallel IndiumTin-Oxide stripe electrodes along z. Via the application of
a suitable voltage bias V ∼
∼ 1V across the thickness (x) of
this planar waveguide, the electro-optic response mediates
an equally periodic increase in refractive index along y,
thereby yielding an array of identical and parallel channel
waveguides, i. e., a liquid crystalline optical lattice. The

Λ
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Figure 1: (a) Sketch of a one-dimensional waveguide array; (b) Illustration of an NLC optical lattice; (c)-(f) Photographs of an NLC array
in transmission through cross polarizers: the index modulation sharpens with bias.
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optical system. In this perspective, formation and propagation of discrete solitons can be described by a resonance
and formulated in the framework of coupled mode theory

y [μm]

properties of such a structure can be continuously tuned by
acting on the bias which, in turn, changes the refractive
index modulation across the sample. The latter affects
guiding and coupling features of the
dielectric channels, as easily ascertained
by transmission measurements versus V,
displayed in Fig. 1(c)-(f) for a cell with
−75
the commercial nematic 5CB. At variance with solid state (glass, semiconduc0
tor, etc.) arrays, this voltage-control
provides considerable flexibility of these
75
OL and their response in both linear and
0
nonlinear regimes.
Experiments in NLC lattices are carried out using 5CB and employing a
near infrared (λ=1.064μm) laser source,
equipped with a spatial filter and a
microscope objective to end-fire light
into the cell. Light scattered out of the
(y,z) plane (see Fig.1a) is acquired
through a standard microscope and a
high resolution CCD camera.

From Discrete Diffraction to
Discrete Solitons
The term discrete, used in the context
of optical lattices, reminds us that
light-matter interaction is quantized in
waveguide units, the quanta of this

z [μm]
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2000 0

5
Power [mW]

(a)
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−75
0
75
0

1000

2000
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Figure 2: Light evolution at λ=1.064μm in an NLC array with Λ=8μm: (a) discrete diffraction in (y,z) for P=1mW (launch power in front of the OL); (b) assembled photosequence
of light diffracting in (y,z) for 1.4<z<1.5mm versus launch power; (c) photograph of a discrete soliton excited in a single channel by a 10mW beam and propagating along it.
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reorientation. The induced inhomogeneity in index modulation alters the
phase-matching between the waveguides, detuning a finite number of
them (depending on the width of the
input beam) from the rest of the array
(Fig. 2b, V=0.74V). Discrete diffraction is therefore progressively frustrated until the injected light becomes
unable to couple towards other channels than the launch one(s): this selflocalized wave is a discrete soliton (Fig.
2c, P=10mW, V=0.74V). At variance
with bulk media, where solitons need
to build “nonlinear waveguides” in
order to self-confine [2], discrete solitons need just detune a (small number
of) site(s) in OL, resulting in lower
required powers.
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Discrete Beam Steering
Beam steering is one of the most
Figure 3: Observation of nonlinear beam steering: a) minimum discrete diffraction of a remarkable properties of nonlinear optiP=1mW beam tilted by 1.90°; b) spatial soliton propagating straight for P=7mW; c) cor- cal lattices. Our experimental results,
responding intensity profiles versus y in z=2mm.
displayed in Fig. 3 for a d=Λ=6μm-cell

[1-5]. We illustrate the corresponding dynamics in Fig. 2,
showing our experimental results for a d=6μm-thick NLC
cell with a modulation period Λ=8μm. In the linear
regime each couple of identical waveguides constitutes a
perfectly resonant (i.e., phase-matched) directional coupler. Light launched in a channel tunnels to neighboring
sites which –in turn- repeat this process in a periodic
fashion, yielding the characteristic pattern of discrete diffraction (Fig. 2a, P=1mW, V=0.74V). However, as the
excitation increases, so does the refractive index owing to

and V=0.77V, illustrate the salient
dynamics. In the linear regime (P=1mW) discrete diffraction takes place: owing to the periodic dispersion characterizing OL, however, it can be minimized by launching
the input beam with a tilt angle of 1.90° in the (y,z) plane
(i.e. such that 2kz/ ky2 = 0, see also band 1 in Fig. 4a),
resulting in a nearly-collimated beam with slanted propagation (Fig. 3a). As power increases, it mismatches the
launch waveguide(s) from the neighbors until a discrete
soliton is formed which can only travel straight along the
channel, unaware of the remaining array (Fig. 3b-c).
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Figure 4: (a) Calculated bandgap diagram (i.e. dispersion relation) of an NLC array; (b) Low power (P=0.2mW) and (c) high power
(P=7mW) light propagation in the NLC array (d=Λ=6μm and V=1V) excited by a Gaussian beam with wy=5μm launched in between
two waveguide-cores; (d) Measured change in breather period (blue dots with error bars) and calculated width of gap 1 (red solid line) versus applied bias.
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The structure, being able to nonlinearly steer a confined signal, has
potential applications to all-optical
switching and multiport routing
schemes. The output location of a signal (the waveguide(s) carrying light at
the output) can in fact be controlled
by the input power (Fig. 3c). These
results enlighten the advantages of
NLC in terms of low-power (mW)
and low voltage (V <1V) requirements in compact devices (L <2mm).

Floquet-Bloch (FB) theory and adopting FB modes. Such analysis yields a
series of linear bands (where FB
modes are allowed) separated by forbidden gaps, as pictured in Fig. 4a.
Low-power light launched in the
upper band (band 1) diffracts as
described above, whereas discrete
solitons have eigenvalues in the semiinfinite gap 0. When two (or more)
FB modes belonging to distinct bands
copropagate in the lattice at intensities large enough to beat diffraction
through self- and cross-phase modulation, they can mutually localize into
periodically oscillating non-spreading
waves known as multiband breathers
[15]. Figure 4(b-c) shows the response
of an NLC array excited by a combi-

Multiband Vector Breathers
Since the array is a one-dimensional
periodic structure (or photonic crystal), it encompasses a complex bandgap dispersion diagram which is
properly described by resorting to

x

Modulated Refractive Index

e

ob
Pr

z

nation of FB modes in bands 1 and 2
(see Fig. 4a) at low and high powers,
respectively. In the latter case, the
complex diffraction pattern visible in
(b) is replaced by the regular breathing of a nonlinear wave transversely
localized over a couple of channels.
The oscillation results from the
unequal propagation constants of the
two constituent FB modes; hence, as
voltage can alter the dispersion diagram (Fig. 4a) and the width of gap 1
separating the two bands, it can control the periodicity as well (i.e. larger
gap → faster oscillations). Fig. 4(d)
shows the calculated width of gap 1
and the measured change in breathing
period versus bias, in excellent agreement with the predictions.[9]
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Figure 5. All-optical LZ tunneling: a wide, intense pump lowers the index in two transition regions (a-b); a co-propagating probe, initially launched in band 1 at its maximum transverse velocity (blue arrow in (c)), traversing a transition region can LZ-tunnel to band 2,
propagating in the (y,z) plane at a larger angle (black arrow in (c)). Experimental results: propagation of the probe (d) in band 1 without pump, and (e) in band 2 when a 25mW pump is on (red dashed line)
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Light-driven
Landau-Zener Tunneling
When optical lattices are subject to a
transverse acceleration (e.g. a superimposed gradient in refractive index),
Landau-Zener (LZ) tunneling can
manifest itself as energy transfer
between different Floquet-Bloch
bands: light initially coupled to a specific band can tunnel to a different FB
mode, changing its spatial profile and
propagation direction [12]. We
impress an all-optical acceleration by
means of a large pump beam which,
via thermo-optic self-defocusing,
determines two transition regions in
the NLC array (Fig. 5a-b). A probe
beam, initially belonging to band 1
and propagating at the maximum
angle in (y, z) (Fig. 5c, blue arrow),
experiences LZ tunneling to band 2
and, consequently, increases its transverse velocity, i.e. propagation direction (Fig. 5c, green arrow). Fig. 5(d-e)
summarizes the experimental results
in a 6μm-thick NLC cell with period
Λ=4μm and V=1.19V. As the pump
is turned on (Fig. 5e, red dashed line),
the probe is all-optically accelerated
and tunnels to band 2, changing its
angle in the plane (see Fig. 5e, green
dotted line).

Conclusions
We have reviewed recent results on
discrete light propagation in voltage
controlled NLC optical lattices. These
structures offer voltage tunability and
considerable flexibility, with a variety
of linear and nonlinear phenomena
from discrete diffraction to solitons,
beam steering and multiband dynamics. A number of voltage-adjustable
configurations can be envisioned,
with potential applications to optical
signal processing, including routing
and multiplexing.

Kruszelnicki (Warsaw Technical
University) for the samples.
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Sensitive Measurement of Optical Nonlinearities
Using a Single Beam
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Abstract
We report a sensitive single-beam technique for measuring both
the nonlinear refractive index and nonlinear absorption coefficient
for a wide variety of materials. We describe the experimental details
and present a comprehensive theoretical analysis including cases
where nonlinear refraction is accompanied by nonlinear absorption.
In these experiments, the transmittance of a sample is measured
through a finite aperture in the far field as the sample is moved
along the propagation path (z) of a focused Gaussian beam. The
sign and magnitude of the nonlinear refraction are easily deduced
from such a transmittance curve (Z-scan). Employing this technique, a sensitivity of better than λ/300 wavefront distortion is
achieved in n2 measurements of BaF2 using picosecond frequencydoubled Nd:YAG laser pulses. In cases where nonlinear refraction
is accompanied by nonlinear absorption, it is possible to separately
evaluate the nonlinear refraction as well as the nonlinear absorption
by performing a second Z scan with the aperture removed. We
demonstrate this method for ZnSe at 532 nm where two-photon
absorption is present and n2 is negative.

Introduction
Recently we reported a single-beam method for measuring the sign
and magnitude of n2 that has a sensitivity comparable to interferometric methods [1]. Here, we describe this method in detail and
demonstrate how it can be applied and analyzed for a variety of
materials. We also extend this method to the measurement of nonlinear refraction in the presence of nonlinear absorption. Thus, this
method allows a direct measurement of the nonlinear absorption
coefficient. In addition, we present a simple method to minimize
parasitic effects due to the presence of linear sample inhomogeneities.
Previous measurements of nonlinear refraction have used a variety of techniques including nonlinear interferometry [2], [3],
degenerate four-wave mixing [4], nearly degenerate three-wave
mixing [5], ellipse rotation [6], and beam distortion measurements
[7], [8], The first three methods, namely, nonlinear interferometry
and wave mixing, are potentially sensitive techniques, but all
require relatively complex experimental apparatus. Beam distortion
measurements, on the other hand, are relatively insensitive and
require detailed wave propagation analysis. The technique reported

here is based on the principles of spatial beam distortion, but offers
simplicity as well as very high sensitivity.
We will describe this simple technique, referred to as a “Z-scan,”
in Section II. Theoretical analyses of Z-scan measurements are given
in Section III for a “thin” nonlinear medium. It will be shown that
for many practical cases, nonlinear refraction and its sign can be
obtained from a simple linear relationship between the observed
transmittance changes and the induced phase distortion without
the need for performing detailed calculations. In Section IV, we
present measurements of nonlinear refraction in a number of materials such as CS2 and transparent dielectrics at wavelengths of 532
nm, 1.06 μm, and 10.6 μm. In CS2 at 10 μm, for example, both
thermooptical and reorientational Kerr effects were identified using
nanosecond and picosecond pulses, respectively. Furthermore, in
Section V, we will consider the case of samples having a significant
absorptive nonlinearity as well as a refractive one. This occurs in, for
example, two-photon absorbing semiconductors. It will be shown
that both effects can easily be separated and measured in the Z-scan
scheme. We also show how effects of linear sample inhomogeneities
(e.g., bulk index variations) can be effectively removed from the
experimental data.

The Z-Scan Technique
Using a single Gaussian laser beam in a tight focus geometry, as
depicted in Fig. 1, we measure the transmittance of a nonlinear
medium through a finite aperture in the far field as a function of the
sample position z measured with respect to the focal plane. The following example will qualitatively elucidate how such a trace (Zscan) is related to the nonlinear refraction of the sample. Assume,
for instance, a material with a negative nonlinear refractive index
and a thickness smaller than the diffraction length of the focused
beam (a thin medium). This can be regarded as a thin lens of variable focal length. Starting the scan from a distance far away from
the focus (negative z), the beam irradiance is low and negligible
nonlinear refraction occurs; hence, the transmittance (D2/D1, in
Fig. 1) remains relatively constant. As the sample is brought closer
to focus, the beam irradiance increases, leading to self-lensing in the
Sample
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Figure 1: The Z-scan experimental apparatus in which the ratio
D2 /D1 is recorded as a function of the sample position z.
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sample. A negative self-lensing prior to focus will tend to collimate
the beam, causing a beam narrowing at the aperture which results
in an increase in the measured transmittance. As the scan in z continues and the sample passes the focal plane to the right (positive z),
the same self-defocusing increases the beam divergence, leading to
beam broadening at the aperture, and thus a decrease in transmittance. This suggests that there is a null as the sample crosses the
focal plane. This is analogous to placing a thin lens at or near the
focus, resulting in a minimal change of the far-field pattern of the
beam. The Z-scan is completed as the sample is moved away from
focus (positive z) such that the transmittance becomes linear since
the irradiance is again low. Induced beam broadening and narrowing of this type have been previously observed and explained during nonlinear refraction measurements of some semiconductors [9],
[10]. A similar technique was also previously used to measure thermally induced beam distortion by chemicals in solvents [11].
A prefocal transmittance maximum (peak) followed by a postfocal transmittance minimum (valley) is, therefore, the Z-scan signature of a negative refractive nonlinearity. Positive nonlinear
refraction, following the same analogy, gives rise to an opposite valley–peak configuration. It is an extremely useful feature of the Zscan method that the sign of the nonlinear index is immediately
obvious from the data, and as we will show in the following section,
the magnitude can also be easily estimated using a simple analysis
for a thin medium.
In the above picture describing the Z-scan, one must bear in
mind that a purely refractive nonlinearity was considered assuming
that no absorptive nonlinearities (such as multiphoton or saturation
of absorption) are present. Qualitatively, multiphoton absorption
suppresses the peak and enhances the valley, while saturation produces the opposite effect. The sensitivity to nonlinear refraction is
entirely due to the aperture, and removal of the aperture completely eliminates the effect. However, in this case, the Z-scan will still
be sensitive to nonlinear absorption. Nonlinear absorption coefficients can be extracted from such “open” aperture experiments. We
will show in Section V how the data from the two Z-scans, with and
without the aperture, can be used to separately determine both the
nonlinear absorption and the nonlinear refraction. We will demonstrate this data analysis on semiconductors where two-photon
absorption and self-refraction are simultaneously present.

Theory
Much work has been done in investigating the propagation of
intense laser beams inside a nonlinear material and the ensuing selfrefraction [12], [13]. Considering the geometry given in Fig. 1, we
will formulate and discuss a simple method for analyzing the Zscan data based on modifications of existing theories.
In general, nonlinearities of any order can be considered; however, for simplicity, we first examine only a cubic nonlinearity where
the index of refraction n is expressed in terms of nonlinear indexes
n2(esu) or γ (m2/W) through
n = n0 +

n2 2
|E | = n0 + γ I
2
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w0
w(z)


ikr 2
r2
−
e −i φ(z,t)
· exp − 2
w (z) 2R(z)

E(z, r, t) = E0 (t)

(2)

where w 2 (z) = w02 (1 + z 2 /z02 ) is the beam radius,
R(z) = z(1 + z02 /z 2 is the radius of curvature of the wave-front at
z, z0 = kw02 /2 is the diffraction length of the beam, k = 2π/λ is
the wave vector, and λ is the laser wavelength, all in free space.
E0 (t) denotes the radiation electric field at the focus and contains
the temporal envelope of the laser pulse. The e −i φ(z,t) term contains all the radially uniform phase variations. As we are only concerned with calculating the radial phase variations φ(r), the
slowly varying envelope approximation (SVEA) applies, and all
other phase changes that are uniform in r are ignored.
If the sample length is small enough that changes in the beam
diameter within the sample due to either diffraction or nonlinear
refraction can be neglected, the medium is regarded as “thin,” in
which case the self-refraction process is referred to as “external selfaction” [14]. For linear diffraction, this implies that L  z0 , while
for nonlinear refraction, L  z0 /φ(0). In most experiments
using the Z-scan technique, we find that the second criterion is
automatically met since φ is small. Additionally, we have found
that the first criterion for linear diffraction is more restrictive than
it need be, and it is sufficient to replace it with L < z0 . We have
determined this empirically by measuring n2 in the same material
using various z0’s and the same analysis and have obtained the same
value for n2. Such an assumption
simplifies the problem consider√
ably, and the amplitude I and phase φ of the electric field as a
function of z  are now governed in the SVEA by a pair of simple
equations:
dφ
= n( I)k
dz 

(3)

dI
= −α( I ) I
dz 

(4)

and

where z  is the propagation depth in the sample and α ( I ), in general, includes linear and nonlinear absorption terms. Note that z 
should not be confused with the sample position z. In the case of a
cubic nonlinearity and negligible nonlinear absorption, (3) and (4)
are solved to give the phase shift φ at the exit surface of the sample which simply follows the radial variation of the incident irradiance at a given position of the sample z. Thus,


2r 2
φ(z, r, t) = φ0 (z, t) exp − 2
(5a)
w (z)
with

(1)

where n0 is the linear index of refraction, E is the peak electric field
(cgs), and I denotes the irradiance (MKS) of the laser beam within
the sample. (n2 and γ are related through the conversion formula
n2(esu) = (cn0 /40π)γ (m2 / W ) where c (m/s) is the speed of light
18

in vacuum.) Assuming a TEMoo Gaussian beam of beam waist
radius w0 traveling in the +z direction, we can write E as

φ0 (z, t) =

0 (t)
.
1 + z 2 /z02

(5b)

0 (t), the on-axis phase shift at the focus, is defined as
0 (t) = kn0 (t)Leff

(6)
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where Leff = (1–e −αL )/α, with L the sample length and α the
linear absorption coefficient. Here, n0 = γ I0 (t) with I0 (t)
being the on-axis irradiance at focus (i.e., z = 0). We ignore Fresnel
reflection losses such that, for example, I0 (t) is the irradiance within the sample.
The complex electric field exiting the sample Ee now contains
the nonlinear phase distortion
Ee (r, z, t) = E(z, r, t)e −αL/2 e iφ(z,r,t) .

Each Gaussian beam can now be simply propagated to the aperture
plane where they will be resummed to reconstruct the beam. When
including the initial beam curvature for the focused beam, we
derive the resultant electric field pattern at the aperture as
∞

[iφ0 (z, t)]m
m!
m=0

 2
r
ikr 2
wm0
· exp − 2 −
+ i θm . (9)
×
wm
wm
2Rm

Ea (r, t) = E(z, r = 0, t)e −αL/2

Defining d as the propagation distance in free space from the sample to the aperture plane and g = 1 + d/R(z), the remaining
parameters in (9) are expressed as
2
wm0
=

∞
T(z) =

PT (0 (t))d t
∞
S −∞ Pi (t)d t

−∞

(11)

where Pi (t) = π w02 I0 (t)/2 is the instantaneous input power
(within the sample) and S = 1 − exp(−2ra2 /w02 ) is the aperture
linear transmittance, with w a denoting the beam radius at the aperture in the linear regime.
We first consider an instantaneous nonlinearity and a
temporally square pulse to illustrate the general features of the Zscan. This is equivalent to assuming CW radiation and the nonlinearity has reached the steady state. The normalized transmittance T(z) in the far field is shown in Fig. 2 for 0 = ±0.25
and a small aperture (S = 0.01). They exhibit the expected features, namely, a valley–peak (v − p) for the positive nonlinearity
and a peak–valley (p − v) for the negative one. For a given 0 ,
tne magnitude and shape of T(z) do not depend on the wavelength or geometry as long as the far-field condition for the aperture plane (d  z0 ) is satisfied. The aperture size S, however, is an
important parameter since a large aperture reduces the variations
in T(z). This reduction is more prominent in the peak where
beam narrowing occurs and can result in a peak transmittance
which cannot exceed (1 − S). Needless to say, for very large aperture or no aperture (S = 1), the effect vanishes and T(z) = 1 for
all z and 0 . For small | 0 |, the peak and valley occur at the
same distance with respect to focus, and for a cubic nonlinearity,
this distance is found to be  0.86 z0 as shown in the Appendix.
With larger phase distortions (| 0 |> 1), numerical evaluation
of (9)–(11) shows that this symmetry no longer holds and peak and
valley both move toward ±z for the corresponding sign of nonlin-

2

ΔΦ0 = ± 0.25

d
dm2

g
2
g + d 2 /dm2

and
θm = tan−1



−1



d/dm
.
g

The expression given by (9) is a general case of that derived by
Weaire et al. [15] where they considered a collimated beam
(R = ∞) for which g = 1. We find that this GD method is very
useful for the small phase distortions detected with the Z-scan
method since only a few terms of the sum in (9) are needed. The
method is also easily extended to higher order nonlinearities.
The transmitted power through the aperture is obtained by spaFebruary 2007

where 0 is the permittivity of vacuum. Including the pulse temporal variation, the normalized Z-scan transmittance T(z) can be
calculated as

1.08

2
wm2 = wm0
g2 +


Rm = d 1 −

0

(7)

By virtue of Huygen’s principle, one can obtain the far-field pattern
of the beam at the aperture plane through a zeroth-order Hankel
transformation of Ee [15]. We will follow a more convenient treatment applicable to Gaussian input beams which we refer to as the
“Gaussian decomposition” (GD) method given by Weaire et al.
[14], in which they decompose the complex electric field at the exit
plane of the sample into a summation of Gaussian beams through
a Taylor series expansion of the nonlinear phase term e iφ(z,r,t) in
(7). That is,
∞

[iφ0 (z, t)]m −2mr 2 /w 2 (z)
e
e iφ(z,r,t) =
.
(8)
m!
m =0

w 2 (z)
2m + 1
kw 2
dm = m0
2

tially integrating Ea (r, t) up to the aperture radius ra, giving
 ra
PT (0 (t)) = c 0 n0 π
| Ea (r, t) |2 rdr
(10)
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Figure 2: Calculated Z-scan transmittance curves for a cubic
nonlinearity with either polarity and a small aperture (S = 0.01).
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earity (±0 ) such that their separation remains nearly constant,
given by
Zp−v  1.7z0 .

(12)

We can define an easily measurable quantity Tp−v , as the difference between the normalized peak and valley transmittance:
Tp − Tv . The variation of this quantity as a function of | 0 |, as
calculated for various aperture sizes, is illustrated in Fig. 3. These
curves exhibit some useful features. First, for a given order of nonlinearity, they can be considered universal. In other words, they are
independent of the laser wavelength, geometry (as long as the farfield condition is met), and the sign of nonlinearity. Second, for all
aperture sizes, the variation of Tp−v , is found to be almost linearly dependent on | 0 |. As shown in the Appendix for small
phase distortion and small aperture (S  0),
Tp−v  0.406 |0 |.

(13a)

Numerical calculations show that this relation is accurate to within 0.5 percent for | 0 |≤ π. As shown in Fig. 3, for larger apertures, the linear coefficient 0.406 decreases such that with S = 0.5,
it becomes  0.34, and at S = 0.7, it reduces to  0.29. Based
on a numerical fitting, the following relationship can be used to
include such variations within a ±2% accuracy:
Tp−v  0.406(1 − S)0.25 |0 |.
for |0 | ≤ π.

(13b)

The implications of (13a) and (13b) are quite promising in that

they can be used to readily estimate the nonlinear index (n2) with
good accuracy after a Z-scan is performed. What is most intriguing
about these expressions is that they reveal the highly sensitive
nature of the Z-scan technique. For example, if our experimental
apparatus and data acquisition systems are capable of resolving
transmittance changes Tp−v of  1 %, we will be able to measure phase changes corresponding to less than λ/250 wavefront distortion. Achieving such sensitivity, however, requires relatively
good optical quality of the sample under study. We describe in the
experimental Section IV a means to minimize problems arising
from poor optical quality samples.
We can now easily extend the steady-state results to include
transient effects induced by pulsed radiation by using the timeaveraged index change n0 (t) where
∞
n0 (t) I0 (t)d t
n0 (t) = −∞ ∞
.
(14)
−∞ I0 (t)d t
The time-averaged 0 (t) is related to n0 (t) through (6).
With a nonlinearity having instantaneous response and decay times
relative to the pulsewidth of the laser, one obtains for a temporally
Gaussian pulse
√
n0 (t) = n0 / 2

where n0 now represents the peak-on-axis index change at the
focus. For a cumulative nonlinearity having a decay time much
longer than the pulsewidth (e.g., thermal), the instantaneous index
change is given by the following integral:
 t
I0 (t  )d t 
(16)
n0 (t) = A
−∞

where A is a constant which depends on the nature of the nonlinearity. If we substitute (16) into (14), we obtain a fluence averaging
factor of 1/2. That is,

1.2

n0 (t) =
S=0

ΔTp−v

0.9

S = 0.5
0.6

S = 0.7
0.3

0.0

0

π/2
|ΔΦ0|

π

Figure 3: Calculated Tp−v as a function of the phase shift at the
focus (0 ). The sensitivity, as indicated by the slope of the curves,
decreases slowly for larger aperture sizes (S > 0).
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where F is the pulse fluence at focus within the sample.
Interestingly, the factor of 1/2 is independent of the temporal pulse
shape.
These equations were obtained based on a cubic nonlinearity
(i.e., a χ (3) effect). A similar analysis can be performed for higher order nonlinearities. Regardless of the order of the nonlinearity, the same qualitative features are to be expected from the Zscan analysis. In particular, to quantify such features, we examined the effects of a χ (5) nonlinearity which can be represented by
a nonlinear index change given as n = η I 2 . Nonlinearities
encountered in semiconductors where the index of refraction is
altered through charge carriers generated by two-photon absorption (i.e., a sequential χ (3) : χ (1) effect) appear as such a fifth-order
nonlinearity [20].
For a fifth-order effect, assuming a thin sample and using the
GD approach, we find that the peak and valley are separated by
 1.2 z0 as compared to 1.7 z0 obtained for the third-order effect.
Furthermore, the calculations also show that for a small aperture
(S  0),
Tp−v  0.21 |0 |

(18)
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where, in this case, the phase distortion is given by

−2αL 
2 1−e
0 = kη I
.
2α

(19)

Calculations also indicate that the aperture size dependence of (18)
can be approximated by multiplying the right-hand term by
(1 − S )0.25 , as was the case for a third-order nonlinearity.
As will be shown in Section V, we can also determine the nonlinear refraction in the presence of nonlinear absorption by separately measuring the nonlinear absorption in a Z-scan performed
with the aperture removed. Within approximations elaborated in
Section V, a simple division of the curves obtained from the two Zscans will give the nonlinear refraction.

Experimental Results
We examined the nonlinear refraction of a number of materials
using the Z-scan technique. Figure 4 shows a Z-scan of a 1 mm
thick cuvette with NaCl windows filled with CS2 using 300 ns
TEA CO2 laser pulses having an energy of 0.85 mJ. The peak–valley configuration of this Z-scan is indicative of a negative (self-defocusing) nonlinearity. The solid line in Fig. 4 is the calculated result
using 0 = −0.6, which gives an index change of
n0  −1 × 10−3 . As mentioned earlier, such detailed theoretical fitting is not necessary for obtaining n0 (only Tp−v is
needed). The defocusing effect shown in Figure 4 is attributed to a
thermal nonlinearity resulting from linear absorption of CS2
(α  0.22 cm−1 at 10.6 μm). The rise time of a thermal lens in a
liquid is determined by the acoustic transit time τ  w0 /v s where
v s is the velocity of sound in the liquid [17]. For CS2 with
v s  1.5 × 105 cm/s and having w0  60 μm, we obtain a rise
time of  40 ns, which is almost an order of magnitude smaller
than the TEA laser pulsewidth. Furthermore, the relaxation of the
thermal lens, governed by thermal diffusion, is on the order of 100
ms [17]. Therefore, we regard the nonuniform heating caused by
the 300 ns pulses as quasi-steady state, in which case, from (17), the
average on-axis nonlinear index change at focus can be determined
in terms of the thermo-optic coefficient dn/d T as
n0 =

dn F0 α
d T 2ρCv

1.10

(20)

where F0 is the fluence, ρ is the density, Cv , is the specific heat, and
1/2 denotes the fluence averaging factor. With the known value of
ρCv  1.3 J/K · cm3
for
CS2 ,
we
deduce
dn/d T  −(8.3 ± 1.0)× 10−4 0 C−1 , which is in good agreement with the reported value of −8 × 10−4 0 C−1 [16].
With ultrashort pulses, nonlocal nonlinearities such as thermal
or electrostriction are no longer significant. Particularly, in CS2, the
molecular reorientational Kerr effect becomes the dominant mechanism for nonlinear refraction. CS2 is frequently used as a standard
reference nonlinear material [18], [19]. We have used picosecond
pulses at 10.6, 1.06, and 0.53 μm to measure n2 in CS2, We obtain
the same value of n2, within errors, at all three wavelengths,
(1.5 ± 0.6) × 10−11 esu at 10.6 μm, (1.3 ± 0.3) × 10−11 esu
at 1.06 μm, and (1.2 ± 0.2) × 10−11 esu at 0.53 μm. The external self-focusing arising from the Kerr effect in CS2 is shown in Fig.
5 where a Z-scan of a 1 mm cell using 27 ps (FWHM) pulses
focused to a beam waist w0 of 25 μm from a frequency-doubled
Nd: YAG laser is illustrated. Its valley–peak configuration indicates
February 2007

the positive sign of n2. With Tp−v = 0.24, and using (13b) with
a 40% aperture (S = 0.4), one readily obtains
a n0 = 5.6 × 10−5 . Using the peak irradiance of 2.6
GW/cm2 , this value of n0 corresponds to an
n2  (1.2 ± 0.2) × 10−11 esu. The main source of uncertainty in
the value of n2 is the absolute measurement of the irradiance. In this
paper, all irradiance values quoted are values within the sample, i.e.,
including front surface reflection losses. A plot of Tp−v versus
peak laser irradiance as measured from various Z-scans on the same
CS2 cell is shown in Fig. 6. The linear behavior of this plot follows
(13) as derived for a cubic nonlinearity.
Transparent dielectric window materials have relatively small
nonlinear indexes. Recently, Adair et al. [21] have performed a careful study of the nonlinear index of refraction of a large number of
such materials in a nearly degenerate three-wave mixing scheme at
λ  1.06 μm. Using the Z-scan technique, we examined some of
these materials at 532 nm. For example, the result for a randomly
oriented sample of BaF2 (2.4 mm thick) is shown in Fig. 7, using
the same beam parameters as for CS2 . This Z-scan was obtained
with a 50% aperture and at a pulse energy of 28 μJ corresponding to a peak irradiance ( I0 ) of 100 GW/cm2. A low irradiance
(4 μJ) Z-scan of the same sample was shown in [1] to have a phase
distortion resolution of better than λ/300. (The pulse energy for
this Z-scan was misquoted as 2 μJ in [1].) Such a resolution is also
shown in Fig. 7 by the arrows indicating the corresponding transmittance variation equal to the maximum scatter in the Z-scan
data. For laser systems having better amplitude and pulsewidth stability, the sensitivity will be correspondingly improved.
Aside from the statistical fluctuations of the laser irradiance, surface imperfections or wedge in the sample may lead to systematic
transmittance changes with z that could mask the effect of nonlinear refraction. We found, however, that such “parasitic” effects may
be substantially reduced by subtracting a low irradiance back-
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Figure 4: Measured Z-scan of a 1 mm thick CS2 cell using 300 ns
pulses at λ = 10.6 μm indicating thermal self-defocusing. The
solid line is the calculated result with 0 = −0.6 and 60%
aperture (S = 0.6).
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ground Z-scan from the high irradiance scan, after normalizing
each scan. Fig. 8 shows Z-scan data before and after subtraction in
a particularly poor 1 mm thick sample of ZnSe. A simple computer simulation of this process, assuming that the surface imperfections do not disturb the circular symmetry of the beam or cause any
beam steering, indicated that background subtraction indeed
recovers the original Tp−v arising from the nonlinear refraction
effect, even for quite large surface disturbances, that is, φ s of up
to π.
Returning to the Z-scan of Fig. 7, we obtain

1.10

Normalized Transmittance

CS2
λ = 532 nm

n2  (0.9 ± 0.15) × 10−3 esu for BaF2 at 532 nm, which is in
close agreement with our low irradiance measurement of
 (0.8 ± 0.15) × 10−3 esu as reported in [1]. This compares
well with other reported values of 0.7 × 10−13 esu [21] and
1.0 × 10−13 esu [3] as measured at 1.06 μm using more complex
techniques of nearly degenerate three-wave mixing and timeresolved nonlinear interferometry, respectively. Similarly for MgF2,
we measure n2  0.25 × 10−13 esu at 532 nm as compared to the
reported value of 0.32 × 10−13 esu at 1.06 μm for this material as
given in [21]. Since the transparency region of these materials
extends from mid-IR to UV, the dispersion in n2 between 1 and 0.5
μm is expected to be negligible. It should be noted that the n2 values extracted from the Z-scans are absolute rather than relative
measurements. If the beam parameters are not accurately known,
however, it should be possible to calibrate the system by using a
standard nonlinear material such as CS2 .
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Figure 5: Measured Z-scan of a 1 mm thick CS2 cell using 27 ps
pulses at λ = 532 nm. It depicts the self focusing effect due to the
reorientational Kerr effect.

We now describe a method by which the Z-scan technique can be
used to determine both the nonlinear refractive index and the nonlinear absorption coefficient for materials that show such nonlinearities simultaneously. Large refractive nonlinearities in materials are
commonly associated with a resonant transition which may be of
single or multiphoton nature. The nonlinear absorption in such
materials arising from either direct multiphoton absorption, saturation of the single photon absorption, or dynamic free-carrier
absorption have strong effects on the measurements of nonlinear
refraction using the Z-scan technique. Clearly, even with nonlinear
absorption, a Z-scan with a fully open aperture (S = 1) is insensitive to nonlinear refraction (thin sample approximation). Such Zscan traces with no aperture are expected to be symmetric with
respect to the focus (z = 0) where they have a minimum trans-
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Figure 6: Tp−v in percent as a function of the peak irradiance
from the Z-scan data of CS2 at 532 nm, indicative of the reorientational Kerr effect.
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Figure 7: Measured Z-scan of a 2.4 mm thick BaF2 sample using
27 ps pulses at λ = 532 nm, indicating the self-focusing due to the
electronic Kerr effect. The solid line is the calculated result with a
peak 0 = 0.73. The separation of the arrows corresponds to an
induced phase distortion of λ/300.
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mittance (e.g., multiphoton absorption) or maximum transmittance (e.g., saturation of absorption). In fact, the coefficients of nonlinear absorption can be easily calculated from such transmittance
curves.
Here, we analyze two-photon absorption (2PA), which we have
studied in semiconductors with Eg < 2hω < 2Eg where Eg is the
bandgap energy and ω is the optical frequency [22]. The thirdorder nonlinear susceptibility is now considered to be a complex
quantity:
χ (3) = χ R(3) + iχl(3)

(21)

where the imaginary part is related to the 2PA coefficient β
through
χ (3)
I =

n02 0 c 2
β
ω

(22a)

and the real part is related to γ through
χ R(3) = 2n02 0 cγ .

(22b)

Here, we are concerned with the low excitation regimes where the
free-carrier effects (refractive and absorptive) can be neglected. In
view of this approximation, (3) and (4) will be reexamined after the
following substitution:
α( I ) = α + βI.

(23)

This yields the irradiance distribution and phase shift of the beam
at the exit surface of the sample as
Ie (z, r, t) =

I(z, r, t)e −αL
1 + q (z, r, t)

(24)

and
φ(z, r, t) =

kγ
In[1 + q (z, r, t)]
β

(25)

where q(z, r, t) = βI(z, r, t)Leff (again, z is the sample position).
Combining (24) and (25), we obtain the complex field at the exit
surface of the sample to be [23]
Ee = E(z, r, t)e −αL/2 (1 + q)(ik γ /β−1/2) .

(26)

Equation (26) reduces to (7) in the limit of no two-photon absorption. In general, a zeroth-order Hankel transform of (26) will give
the field distribution at the aperture which can then be used in (10)
and (11) to yield the transmittance. For |q | < 1, following a binomial series expansion in powers of q, (26) can be expressed as an infinite sum of Gaussian beams similar to the purely refractive case
described in Section III as follows:
Ee = E(z, r, t)e −αL/2
·

∞

q (z, r, t)]m
m!
m=0

(ik γ /β − 1/2 − n + 1)

(27)

n=0

where the Gaussian spatial profiles are implicit in q(z, r, t) and
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E(z, r, t). The complex field pattern at the aperture plane can be
obtained in the same manner as before. The result can again be represented by (9) if we substitute the (iφ0 (z, t))m /m! terms in the
sum by
(iφ0 (z, t))m
fm =
m!



β
1 + i(2n − 1)
2k γ
n=0
m

(28)

with f0 = 1. Note that the coupling factor β/2k γ is the ratio of
the imaginary to real parts of the third-order nonlinear
susceptibility χ (3) .
The Z-scan transmittance variations can be calculated following
the same procedure as described previously. As is evident from (28),
the absorptive and refractive contributions to the far-field beam
profile and hence to the Z-scan transmittance are coupled. When
the aperture is removed, however, the Z-scan transmittance is
insensitive to beam distortion and is only a function of the nonlinear absorption. The total transmitted fluence in that case (S = 1)
can be obtained by spatially integrating (24) without having to
include the free-space propagation process. Integrating (24) at z
over r, we obtain the transmitted power P(z, t) as follows:
P(z, t) = Pi (t)e −αL

In[1 + q0 (z, t)]
q0 (z, t)

(29)

where q0 (z, t) = βI0 (t)Leff /(1 + z 2 /z02 ) and Pi (t) was defined
in (11). For a temporally Gaussian pulse, (29) can be time integrated to give the normalized energy transmittance
1
T(z, S = 1) = √
π q0 (z, 0)
 ∞
2
·
In 1 + q0 (z, 0)e −τ dτ . (30)
−∞

For |q0 | < 1, this transmittance can be expressed in terms of the
peak irradiance in a summation form more suitable for numerical
evaluation:
T(z, S = 1) =

∞

[−q0 (z, 0)]m
.
(m + 1)3/2
m=0

(31)

Thus, once an open aperture (S = 1) Z-scan is performed, the nonlinear absorption coefficient β can be unambiguously deduced.
With β known, the Z-scan with aperture in place (S < 1) can be
used to extract the remaining unknown, namely, the coefficient γ .
An experimental example of this procedure is shown in Fig. 9
where a 2.7 mm thick ZnSe sample is examined using 27 ps
(FWHM) pulses at 532 nm. ZnSe with a band-gap energy of 2.67
eV is a two-photon absorber at this wavelength. With a linear index
of 2.7, the diffraction length inside the sample (n0 z0 ) was approximately four times the sample thickness. This allows us to safely
apply the thin sample analysis developed in this paper. Fig. 9(a)
depicts the open aperture data at a peak irradiance I0 of 0.21
GW/cm2. Also plotted is the theoretical result using (28) in (9)
IEEE LEOS NEWSLETTER
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with β = 5.8 cm/GW. This is in excellent agreement with the
previously measured value of 5.5 cm/GW [22]. Under the same
conditions, the Z-scan with a 40% aperture, as shown in Fig. 9(b),
exhibits a self-defocusing effect. These data have had a low irradiance background Z-scan subtracted to reduce the effects of linear
sample inhomogeneities. Note the significant difference between
this Z-scan and that of a purely refractive case. Here, the nonlinear
absorption (2PA) has greatly suppressed the peak and enhanced the
valley of the transmittance. The theoretical fit in Fig. 9(b) is
obtained by setting β = 5.8 cm/GW and adjusting γ to be
6.8 × 10−14 cm2/W (n2 = 4.4 × 10−11 esu) with an uncertainty of ±25% arising predominantly from the irradiance calibration.
An irradiance-dependent Z-scan study of the ZnSe indicates
that for an irradiance I0 < 0.5 GW/cm2, the nonlinear refraction
is dominated by a third-order effect. This is depicted in Fig. 10
where the measured nonlinear index change n0 varies linearly
with the irradiance. At higher irradiance levels, however, the nonlinear refraction caused by 2PA generated charge carriers, an effective fifth-order nonlinearity, becomes important. This is indicated
in Fig. 10 by the small deviation of n0 at I0 = 0.57 GW/cm2
from the line representing the cubic nonlinearity. An earlier investigation of ZnSe using picosecond time-resolved degenerate fourwave mixing (DFWM) at 532 nm had indicated that a fast χ (3)

Normalized Transmittance

1.12

(5)
effect followed by a slowly decaying χeff
resulting from two-photon generated charge carriers was responsible for the DFWM signal
[24]. Z-scan experiments reported here verify those results, and in
addition, can accurately determine the sign and magnitude of these
nonlinearities.
As was done for the case of a purely refractive effect, it is desirable to be able to estimate γ and β without having to perform a
detailed fitting of the experimental data. A thorough numerical
evaluation of the theoretical results derived in this section indicated that within less than 10% uncertainty, such a procedure is possible provided that q0 (0, 0) ≤ 1 and β/2k γ ≤ 1. The first condition can be met by adjusting the irradiance. The second condition
is an intrinsic property of the material implying that the Im(χ (3) )
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Figure 8: (a) Measured Z-scans of a 1 mm thick ZnSe sample with
poor surface quality for low irradiance (diamonds) showing the
background and high irradiance (+). (b) Net transmittance
change versus z after the background subtraction of the data in (a).
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Figure 9: Normalized Z-scan transmittance of ZnSc measured using
picosecond pulses at λ = 532 nm with I0 = 0.21GW/cm2 . The
solid lines are the theoretical results, (a) No aperture (S = 1) data
and fit using 5.8 cm/GW. (b) 40% aperture data fitted with
β = 5.8 cm/GW and γ = 6.8 × 10−5 cm2 /GW.
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should not be larger than the Re(χ (3) ). This is the case for the
semiconductors studied as well as for a wide variety of other materials. The separation and evaluation process is simple: divide the
closed aperture (S < 1) normalized Z-scan (with background subtracted) by the one with open aperture (S = 1). The result is a new
Z-scan where Tp−v agrees to within ±10% of that obtained from
a purely refractive Z-scan. The result of this procedure for the Zscans of Fig. 9 is illustrated in Fig. 11 where the division of the two
Z-scans of both experiment and theory are compared to the calculated Z-scan with β = 0. A simple measurement of Tp−v and
using (13) readily gives a value of γ = 6.7 × 10−14 cm2/W,
which is in excellent agreement with the value 6.8 × 10−14
cm2/W obtained earlier.

Also, inserting the x values from (A3) into (A2), the peak–valley
transmittance change is
8|xp,v |
0
2 + 1)
+ 9)(xp,v
= 0.406 0 .

Tp−v =

2
(xp,v

(A5)
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References
Conclusion
We have demonstrated a simple single-beam technique that is sensitive to less than λ/300 nonlinearly induced phase distortion.
Using the Z-scan data, the magnitude of the nonlinear absorption
and the magnitude and sign of the nonlinear refraction can be separately determined. We have derived simple relations that allow the
refractive index to be obtained directly from the Z-scan data without resorting to computer fits. We have applied this technique to
several materials displaying a variety of nonlinearities on different
time scales. It is expected that this method will be a valuable tool
for experimenters searching for highly nonlinear materials.

Appendix
Here, we derive the on-axis Z-scan transmittance for a cubic nonlinearity and a small phase change. The on-axis electric field at the
aperture plane can be obtained by letting r = 0 in (9).
Furthermore, in the limit of small nonlinear phase change
(|0 |  1), only two terms in the sum in (9) need be retained.
Following such simplifications, the normalized Z-scan transmittance can be written as
|Ea (z, r = 0, φ0 )|2
|Ea (z, r = 0, φ0 = 0)|2
|(g + id/d0 )−1 + iφ0 (g + id/d1 )−1 |2
=
.
|(g + id/d0 )−1 |2
(A1)

T(z, 0 ) =

The far-field condition d  z0 can be used to further simplify (Al)
to give a geometry-independent normalized transmittance as
T(z, 0 )  1 −

40 x
(x 2 + 9)(x 2 + 1)

(A2)

where x = z/z0 .
The extrema (peak and valley) of the Z-scan transmittance can
be calculated by solving the equation d T(z, 0 )/dz = 0.
Solutions to this equation yield

xp,v

√
52 − 5
= ±
 ±0.858.
3

(A3)

Therefore, we can write the peak–valley separation as
Zp−v =  1.7 z0 .
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line shows the calculated result assuming β = 0. The Tp−v . of the
latter agrees with that of the solid line fit to within 3%, making it
possible to quickly estimate γ .
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President’s Column
(continued from page 3)
(b) the memories of yesterday: Do you
remember trying to answer a family
member’s question as to “will this
thing you are working on ever be
useful?” Do you remember the first
time someone asked you to explain
the magic of stimulated emission,
and you struggled to truly believe it
yourself? Do you remember discussing over lunch as to whether the
semiconductor laser would ever produce CW light at room temperature? Do you remember when the
loss of the optical fiber was brought
below 20 dB/km? Do you remember
the standing-room-only excitement
when the Erbium-doped fiber
amplifier burst onto the scene to
rapidly produce record-breaking
applications results?
(c) and the hopes of tomorrow.”: We
have emerged from a devastating
“bubble bursting” with a renewed
sense of excitement about the future.
Early “hope” gave way later to
“hype,” but it has now become clear
that our technologies are critically
important to the core infrastructure
of many industries. The question
isn’t “will our technologies be
used?”, but rather “what innovations
will advance our technologies in
order to produce a better cost/performance ratio?” As a professor, I
have no doubt or hesitation that I
am training students for a bright
future in an exciting field.
The traditional gift for a 30th year
anniversary is the pearl. After reading an article in Wikipedia, I couldn’t resist but mentally draw the parallels between a pearl and a semiconductor laser:
(i) Pearls are formed as a response to an
irritant inside the mollusk’s shell.
Typical stimuli include damage that
displaces mantle tissue. [DOPANT?]
(ii) Small particles enter the animal
when the shell valves are open for
respiration. [DIFFUSION?]
(iii)The luster depends upon the reflection and refraction of light from the
translucent layers and is finer in proFebruary 2007

portion as the layers become thinner
and more numerous. [OPTICAL
CONFINEMENT?]
(iv) The value of pearls is determined
primarily by its luster. [COHERENCE?]

YEAR OF CELEBRATION
“Let us celebrate the occasion with wine and
sweet words.” Plautus
Volunteers and staff have planned a
series of special activities to celebrate
our anniversary year. These activities
will occur in different parts of the
world, at different times, and for different topics. We will involve many of
LEOS’ key resources, including publications, conferences, and membership. For
example:
(a) We will host a series of receptions (i.e.,
“wine”) and symposia (i.e., “sweet
words”) at several conferences, including OFC, CLEO, CLEO PacRim,
ECOC, OECC, and AOE.
(b) The Newsletter will publish a series
of articles that target items of historical interest as well as the impact
that the most highly-cited LEOS
articles have had on our community.
(c) We have a 30th Anniversary emblem
that will grace most of our paraphernalia during 2007.
I emphasize that we welcome suggestions as to ways to help celebrate our
anniversary year. (r.linke@ieee.org,
g.walters@ieee.org, a.willner@ieee.org)
I want to particularly thank Henry
Kressel (LEOS’ first President) and
Gordon Day (LEOS President 2000) for
their invaluable time, energy and insight
towards the planning of our events.
Additionally, Rich Linke and Gail
Walters of the LEOS Executive Staff have
embraced this celebration with enthusiasm and excitement!!
I look forward to 2027, at which time
we will celebrate our Golden 50th
Anniversary together. I wonder what our
technologies will look like then?

logo. Following an over-whelmingly
positive vote by the Board of
Governors, LEOS’ tagline is now
“The Society for Photonics.” The general sentiment seems to be that the
word “photonics” helps to market
LEOS to a slightly different and
broader community that might not
identify itself strictly with Lasers and
Electro-Optics. It should be noted
that the word photonics is certainly
not new to LEOS, given that one of
our flagship journals is named
Photonics Technology Letters and our
only signature IEEE Field distinction
is called the IEEE Photonics Award.
We are now simply responding to the
fact that the wider community has
embraced the word photonics as partially defining our field.
I want to express my sincere gratitude to Rich Linke for proposing this
change and for producing the first
design draft.

NEW EDITOR-IN-CHIEF
OF LEOS NEWS
After several years of outstanding volunteer service, Mary Lanzerotti has finished her term as Editor of the LEOS
Newsletter. I don’t think anyone can
disagree that she has done a fabulous job
and has significantly raised the quality
of our key membership publication.
LEOS is indebted to you!
With
this
issue,
Krishnan
Parameswaran takes over the helm from
Mary. I have known Krishnan for several
years, and he is a very impressive and collegial person. I encourage all members to
become involved with writing articles,
short and long, for the Newsletter. I’m
sure that Krishnan will be very engaging
and receptive to you!
To start, I am making an open
invitation to all members during
this year of celebration to send
Krishnan and any story that you
think might be of interest to our
members. (Katrina Edsell, LEOS
Newsletter, k.edsell@ieee.org)

NEW LOGO
Many of you might have already
noticed that LEOS has modified its

Alan E. Willner
University of Southern California
IEEE LEOS NEWSLETTER
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“Discovering” Z-scan
When it comes to inventions or discoveries, the original intentions are often upstaged by serendipity. In this case, Mansoor
Shiek-Bahae (at the time, a fresh postdoctoral researcher), and
Ali Said (a graduate student) were trying to obtain low-threshold optical limiting (i.e. high transmittance for low input and
low transmittance for high input) in the IR. They noticed that
the limiting through a far-field aperture [1] in various materials, e.g. CS2, was very dependent on where they placed the
sample with respect to the focus of the laser beam (i.e. the
position along the “Z” axis). For some positions, a self-defocusing nonlinearity could even lead to increased transmittance
through the aperture. These simple observations could easily
have been dismissed as trivial manifestations of self-lensing,
but since we quickly realized their importance for the accurate
measurement of the sign and magnitude of nonlinear refraction and absorption, they instead led to the development of
the Z-scan.
The first publication was a brief letter [2], which was soon
followed by the full article in JQE [3] describing the technique along with Mansoor’s analysis for the particular case of
Gaussian shaped input beams and complex third-order nonlinear response and the beginnings of the analysis for fifthorder responses (e.g. two-photon generated free-carrier self
lensing in semiconductors). Experimental demonstrations of
all of these effects were presented in the paper.
This article also includes the method for separating the
effects of nonlinear refraction and nonlinear absorption, one
of the primary hallmarks of the technique. And from the
standpoint of later research, the Z-scan data enabled us to
develop a quantum mechanical theory that used causality
and dispersion relations to link the bound electronic non-

linear refractive index and two-photon absorption (again, a
well-cited paper published in JQE [4,5]). Later, the Z-scan
was also equally critical in our observation of large nonlinear phase shifts due to cascading of second order nonlinearities.[6] All in all, Mansoor’s careful observations served
the NLO community well as evidenced by the number of
references.
[1]

[2]

[3]

[4]

[5]

[6]

M.J. Soileau, William E. Williams, and E.W. Van
Stryland, “Optical Power Limiter with Picosecond
Response Time,” IEEE J. Quantum Electron. QE-19,
731 (1983).
M. Sheik-Bahae, A. A. Said, and E. W. Van Stryland,
“High sensitivity single beam n2 measurement,” Opt.
Lett., vol. 14, pp. 955-957, 1989.
M. Sheik-bahae, A.A. Said, T.H. Wei, D.J. Hagan, and
E.W. Van Stryland, “Sensitive Measurement of Optical
Nonlinearities Using a Single Beam”, Journal of
Quantum Electronics, QE-26, 760-769 (1989).
M. Sheik-bahae, D.J. Hagan, and E.W. Van Stryland,
“Dispersion and Band-Gap Scaling of the Electronic
Kerr Effect in Solids Associated with Two-Photon
Absorption”, Phys. Rev. Lett., 65, 96-99 (1989).
M. Sheik-Bahae, D.C. Hutchings, D.J. Hagan, and
E.W. Van Stryland, “Dispersion of Bound Electronic
Nonlinear Refraction in Solids”, Journal of Quantum
Electronics, QE-27, 1296-1309 (1991).
R. DeSalvo, D.J. Hagan, M. Sheik-Bahae, G.I.
Stegeman, H. Vanherzeele and E.W. Van Stryland, “SelfFocusing and Defocusing by Cascaded Second Order
Nonlinearity in KTP”, Opt. Lett. 17, 28-30 (1992).

Celebrating the Z-scan Technique
The 1990 paper of M. Sheik-Bahae et al [1] on “Sensitive
Measurement of Optical Nonlinearities Using a Single Beam” that
introduces the Z-scan technique has won the honor of being the
most cited paper ever published in J. Quantum Electronics. The
reason is simple. It is a beautifully simple, but extremely useful,
nonlinear optical technique for characterization of optical Kerr
materials. There have been broad interests in the booming optoelectronics industry to find Kerr materials suitable for applications
such as optical limiters, optical switching and optical sensing. Zscan serves the interests exceptionally well.
Z-scan refers to the process of inserting a sample in a focused
beam and translating it along the beam axis through the focal
region. Because of wavefront distortion from self-focusing or defocusing in the sample due to Kerr nonlinearity, the beam power
propagating through a small aperture at the far field varies with the
sample position. Measuring the output versus sample position then
allows determination of the nonlinearity. For a Gaussian-profile
beam and a thin sample with a local nonlinear response in the
refractive index change (Δn(r⊥) = γI(r⊥)) to the beam intensity (I(r⊥)),
28
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the transmittance through the aperture (ratio of beam powers
through the aperture with and without the sample nonlinearity)
versus sample position has the shape of an anomalous dispersion
curve around a resonance, being 1 at the focal plane. Analysis of the
curve yields the following simple, but highly accurate, result: the
difference of peak and valley transmittances at wavelength λ for a
sample length of L is given by ΔTpv = 0.406(2πL/λ)Δn0, defined as
positive (negative) when the peak (valley) appears before the focal
plane and the valley (peak) after the focal plane. Here, Δn0 denotes
the refractive index change at the center of the focus. This result
shows that a simple Z-scan measurement can readily yield an accurate value of Δn0 without resorting to analysis, and the sensitivity is
extremely high. With L/λ ~ 103 and a detecting limit of
|ΔTpv|~0.025, Δn0 larger than 10–5 can be easily measured.
Inclusion of linear absorption in the analysis is straightforward.
Two-photon absorption in the sample can also be measured by simply removing the aperture in the Z-scan.
As is often the case of great inventions, the Z-scan technique was
discovered unexpectedly when Sheik-Bahae et al were working on
February 2007
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the optical limiting effect via self-focusing. (See comments by Eric
Van Stryland) Observing, understanding, and recognizing the
importance of the unexpected effect followed by carefully laying the
theoretical foundation for the effect has led to the establishment of
Z-scan as a most powerful tool for nonlinear optical characterization
of materials. Simplicity, accuracy, and sensitivity of the technique
make routine measurements and scanning of nonlinearities of different materials easy and informative, thus providing more opportunity to develop better understanding of materials and even discover new nonlinear optical materials and effects. For example, the
results of Z-scan measurement facilitated a better fundamental
understanding of the Kerr nonlinearities in semiconductors [2] and
helped discover the cascade third-order nonlinearities in nonlinear
optical crystals.[3]
Over the years, there have been numerous important advances
on Z-scan. The technique was found to be sufficiently sensitive
to measure nonlinearities of thin films and surface layers in the
reflection geometry. While it is not necessary to use a Gaussian
beam in Z-scan, the beam profile must be known for quantitative determination of nonlinearities (with proper analysis). A
flat-top beam was shown to have better sensitivity in measuring
negative Kerr nonlinearity. Using a disk instead of an aperture in
Z-scan can improve the sensitivity by more than two orders of
magnitude. The technique can employ a pump/probe scheme
with nondegenerate frequencies to study pump-induced refrac-

tive index change and the related transient behavior. Broadband
light source can be used in Z-scan to obtain spectral dispersion
of nonlinearity.[4] The technique is not restricted to measurement of third-order nonlinearity, but is generally applicable to
studies of higher-order nonlinearities with appropriate modification of the analysis. It is clear that Z-scan can be used to characterize a nonlinear medium that affects wave propagation, but it
can also be adopted for studies of nonlinear wave propagation in
general. The recent proposal to generate an amplitude-squeezed
state of an optical wave via Kerr nonlinearity using the Z-scan
geometry is an example [5]. In this respect, we can anticipate
much broader applications of Z-scan to optical science in the
future, and we must thank Sheik-Bahae and coworkers for
inventing this wonderful technique.

References:
[1] M. Sheik-Bahae, A. A. Said, T. Wei, D. J. Hagan, and E. W.
Van Stryland, IEEE J. Quant. Electron. 26, 760 (1990).
[2] M. Sheik-Bahae, D.C. Hutchings, D.J. Hagan, and E.W. Van
Stryland, IEEE J. Quant. Electron., 27, 1296 (1991).
[3] R. DeSalvo et al, Optics Letters 17, 28 (1992).
[4] See, for example, M. Balu, J. Hales, D. J. Hagan, and E. W.
Van Stryland, Optics Express, 13, No. 10, 3594-99 (2005).
[5] K. G. Koprulu and P. Kumar, “Quantum Analysis of the Zscan Technique,” J. Opt. Soc. Am. B, 24, 77 (2007).

Benefits of IEEE Senior Membership
There are many benefits to becoming an IEEE Senior Member:
• The professional recognition of your peers for technical and professional excellence
• An attractive fine wood and bronze engraved Senior Member plaque to proudly display.
• Up to $25 gift certificate toward one new Society membership.
• A letter of commendation to your employer on the achievement of Senior member grade
(upon the request of the newly elected Senior Member.)
• Announcement of elevation in Section/Society and/or local newsletters, newspapers and notices.
• Eligibility to hold executive IEEE volunteer positions.
• Can serve as Reference for Senior Member applicants.
• Invited to be on the panel to review Senior Member applications.
The requirements to qualify for Senior Member elevation are, a candidate shall be an engineer, scientist, educator, technical
executive or originator in IEEE-designated fields. The candidate shall have been in professional practice for at least ten years
and shall have shown significant performance over a period of at least five of those years.”
To apply, the Senior Member application form is available in 3 formats: Online, downloadable, and electronic version. For
more information or to apply for Senior Membership, please see the IEEE Senior Member Program website:
http://www.ieee.org/organizations/rab/md/smprogram.html

New Senior Members
The following individuals were elevated to Senior Membership Grade thru January 1st:
Arnab Bhattacharya
Milorad Cvijetic
Gian-Franco Dalla Betta
Andreas Goertler
Douglas C. Hall
Nikos Karafolas

Tetsuya Kawanishi
Jeha Kim
Taha Landolsi
Kerry I. Litvin
Duncan L MacFarlane
H. McCann

Rabah Mezenner
Christopher Ronsick
Maya Rubeiz
Robert J. Runser
Jawad A. Salehi
Marian Stasney

John C. Swartz
Siri Tandhavatana
Kam-Pui Tang
Arthur G. Wilson
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LEOS Celebrating its 30th Anniversary:
The Foundation of LEOS
By Henry Kressel, hkressel@warburgpincus.com
The foundation of LEOS followed vigorous debate regarding the need for a
new Society focused on optoelectronics.
The Electron Devices Society and the
Microwave Theory and Techniques
Society could lay claim to covering the
device aspects of the field so why a new
Society?
The founding rational of the Society
in 1977 (then called the Quantum
Electronics and Applications Society)
was that optoelectronics would open a
whole new world of applications and
new systems disciplines. These would
go far beyond extensions of electronic
devices. At that time, the most visibly
important of these new systems were
optical communications networks

which were still in their infancy as
they faced massive unsolved technological hurdles. Forecasting winners
was not possible. But we believed that
the future was wide open as new and as
yet undefined systems would emerge
as device technology improved.
Therefore, when we picked a name for
the new Journal we founded (co-sponsored with OSA) we named it Journal
of Lightwave Technology, not Journal of
Optical Communications.
History has certainly vindicated
the decision to create LEOS.
Optoelectronics have become vital
to the operations of the modern
world. Along with transistors,
lasers and optical devices form the

key cornerstones of the modern
industrial world. Optical communications, enabled by laser diodes,
provide the nervous system of the
world and made possible the
Internet, which can be classified as
one of the greatest innovations in
history. Light emitting diodes are
increasingly replacing other light
sources even in general use and
enable LCD displays. Lasers of all
kinds enable the most sophisticated
instruments, industrial machine
tools and medical equipment. And
let us not forget consumer electronics where DVDs powered by laser
diodes have transformed the media
industries.

Congratulations!
Please join us in congratulating the 23 LEOS members who
became IEEE Fellows this year. It’s a significant honor that is
based on major technical contributions, leadership, and service to the Institute and the profession. The number of Fellows
who can be elected in a given year is limited to one-per-thousand IEEE members in the so-called “higher grades,” which
includes Member, Senior Member, and Fellow Grades.
LEOS would also like to thank the nominators, reviewers,
and committee members who put a lot of time and effort into
the selection process. It’s a roughly nine-month-long process
that starts with the submission of four-page nomination
forms, reference forms from between five and eight current
Fellows, and other supporting materials. Candidates must
already be Senior Members. Each nomination is reviewed,
rated, and ranked by the Fellows Committee of an IEEE
Society or Council chosen by the nominator. Then, the IEEE
Fellows Committee reviews all of the materials and chooses
which nominations to recommend to the Board of Directors.
Generally, fewer than half of the nominations are successful.
The deadline for Fellow nominations is March 15. For more
information , and to learn how to submit a nomination, I
encourage you to check out the Fellows page on the IEEE Web
Portal at: www.ieee.org/about/awards/fellows/fellows.htm

As a step toward a Fellow nomination later, you may wish
to consider nominating someone for Senior Membership, or
since Members can apply for Senior Membership, encourage
them to do so. Either way, this process is fairly easy and can
be done online at:
www.ieee.org/organizations/rab/md/smprogram.html
William Penn
Syracuse University, Baldwinsville, NY, USA
For contributions to electronic and electro-optical systems for
detection and communication.
Stamatios Kartapoulos
University of Oklahoma, Tulsa, OK, USA
For contributions to digital broadband transmission, to digital
communications control, and to advanced optical communications
systems and networks
Yan-Kuin Su
National Cheng Kung University, Tainan City, Taiwan
For contributions to optoelectronics and nanophotonics research and
education.
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Julia Brown
University Display Corporation, Ewing, NJ, USA
For leadership in developing and commercializing very high performance
semiconductor and organic light emitting devices.
Yoshio Itaya
Nippon Telegraph and Telephone Corporation, Kanagawa,
Japan
For contributions to high performance long-wavelength semiconductor
lasers for optical communications.
M. Selim Unlu
Boston University, Boston, MA, USA
For contributions to optoelectronic devices.
Markus Amann
Technical University of Munich, Bavaria, Germany
For contributions to laser diodes for optical communications and sensing.
Nabeel Riza
University of Central Florida, Orlando, FL, USA
For contributions to acousto-optic, liquid crystal, and micromirror device
applications in photonic signal processing and controls.
Katsumi Midorikawa
RIKEN (The Institute of Physical & Chemical Research,
Saitama, Japan
For contributions to generation of intense coherent soft x-ray radiation.
Sung-Joo Yoo
University of California, Davis, CA, USA
For contributions to optical networking including wavelength
conversion, optical label switching networks, optical routers, and
integrated photonics.
Antonius Koonen
Technical University Eindhoven, The Netherlands
For contributions in fiber-optic broadband access networks.
Roel Baets
Ghent University, Ghent, Belgium
For contributions to silicon photonics and to photonic integration.
Christopher Doerr
Lucent Technologies – Bell Labs, Holmdel, NJ, USA
For contributions to high-speed optical communication systems.
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David Plant
McGill University, Montreal, Quebec, Canada
For contributions to optoelectronic devices.
Robert Menzies
Jet Propulsion Laboratory (JPL), Pasadena, CA, USA
For contributions to laser radar technology and laser remote sensing.
Hideto Iwaoka
Yokogawa Electric Corporation, Tokyo, Japan
For leadership in developing optical devices and optical microelectro
mechanical systems for sensing and measuring instruments.
Kwong-Kit Choi
US Army Research Laboratory, Adelphi, MD, USA
For contributions to quantum well infrared photodetector technology.
Venkataraman Swaminathan
Bell Laboratories, Lucent Technology, New Providence, NJ,
USA
For contributions to the field of optoelectronic materials, devices,
and systems.
David Dolfi
Avago Technologies, San Jose, CA, USA
For technical leadership in integrated optics and optical interconnects.
Hui Liu
National Research Council of Canada, Ottawa, Ontario, Canada
For contributions to resonant tunneling and intersubband quantum
devices.
Edward Ackerman
Photonic Systems, Inc., Billerica, MA, USA
For contributions to the optimization of analog optical links.
Dalma Novak
Pharad, LLC, Glen Burnie, MD, USA
For contributions to enabling technologies for the implementation of fiber
radio systems.
Giovanni Ghione
Politecnico di Torino, Torino, Italy
For contributions to numerical physics-based modelling of passive and
active integrated microwave components.
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Keep Your Network Reconfigurable and
Upgradeable: An introduction to IEEE LEOS GOLD
By Lianshan Yan
Do you know about GOLD? Frankly
and embarrassingly, although I have
been a member of IEEE for many years,
I had never heard about IEEE GOLD
until mid 2006, when I was asked to volunteer as the LEOS GOLD coordinator.
GOLD – The Graduates of the Last
Decade (it should now be clear whether
you are a member of this group) is a program aimed at supporting young IEEE
members after their graduation.
After graduation, there is no more
tedious homework, no more boring
classes, no more pressure from advisors,
no more… Life changes, and your network is reconfigured, but you still need
to keep yourself active to survive within your new environment. It is necessary to constantly upgrade to flourish.
Keeping yourself within the professional environment is certainly a considerable source of momentum. As a “relatively” young graduate, I regard a
group of several societies, including
IEEE/LEOS and OSA, as the backbone
of the network I will use throughout
my professional career.
As the LEOS GOLD coordinator, I
have begun to gather more information
and hope that our young members can
benefit more from this program through
both IEEE and the LEOS society (see
below). As LEOS moves forward with
increased support for our members, the
most important thing to me, at this
moment, is opinions from you, our
young LEOS professionals: What sorts
of programs would you like to see sponsored by the Society? Would you be
interested in participating in online
seminars with distinguished leaders in
our field? What topics are of interest to
you in addition to highly technical subjects? How about some special events for
our young graduates during LEOS
meetings? ……
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Please share your ideas, comments
and constructive criticism with your
LEOS GOLD Coordinator Lianshan Yan
(lianshan@ieee.org), or add your email to
my contact list for future LEOS GOLD
activities. Keep your network reconfigurable and upgradeable, from GOLD
(yes, “Gold”) to Platinum (senior members) and even Diamond (fellows).

IEEE and GOLD Products and
Services for Young Members
Online resources:

• IEEE: http://www.ieee.org/membership/congrats
• GOLD: http://www.ieee.org/organizations/rab/gold/
• Access IEEE Spectrum and other
IEEE Publications free, as well as any
IEEE abstract/citation records in
IEEE Xplore (the one I use most!)
• IEEE.tv - internet-based broadcasting network delivering special-interest programming about technology
and engineering
• IEEE Job Site, Career &
Employment Resources.
• IEEE Center for Education &
Training.
• Electro-Technology Industries (ETI)
database.

programs, credit cards and investment opportunities.
• Opportunities to volunteer and travel to exotic locations; keep current in
your technical focus, follow industry
trends; publish in IEEE magazines.
• New Member Grade for Grad
Students – In 2007, a new Graduate
Student Member (GSM) grade goes
into effect, and the IEEE will automatically make all of the changes
necessary for those who qualify.
Essentially, GSMs continue to pay
the low student dues rate, but will
be able to vote in IEEE elections
(unlike student members) and will
be eligible to hold volunteer positions previously restricted to member grade or higher in IEEE sections,
chapters, and the affinity groups of
GOLD and Women in Engineering.
Network & Exchange
Information at:

• Technical Conference Listing - search
through the conference database to
find the next IEEE-sponsored conference/symposium in your area of
expertise;
• Local section and Society chapter and
affinity group meetings;
• Fun social events.

Personal Benefits:

• IEEE Personal Email Alias - identify
yourself as part of a worldwide community of innovators by registering
for a free IEEE email alias, complete
with virus scanning software.
• What’s New @ IEEE - subscribe to
one of eleven monthly email newsletters that feature IEEE information,
career assistance and industry news.
• Your own Web account for online
services.
• IEEE Financial Advantage
Program™ - includes insurance

Discount for Graduating
Student Members:

• IEEE student members who graduate
and are elevated to full IEEE membership will automatically receive a
one-year discount of 50% off of the
full higher grade IEEE and Society
membership dues rates upon renewal.
LEOS Services for
Young Members

• Free short courses during annual
meetings;
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• Access to major conference proceedings through Xplore;
• LEOS University
Lianshan Yan received the B.E. and
Ph.D. degrees from Zhejiang University
(Hangzhou, China) and the University of
Southern California (Los Angeles),
respectively.
From 1994 to 1999, he was with
North China Research Institute of
Electro-optics, working on solid-state
lasers. In September 1999, he joined the
Optical Communications Laboratory,

USC. His research interests include
enabling technologies for wavelengthdivision-multiplexing systems and
polarization effects in fiber transmission.
He is currently a Senior Scientist and the
Manager of engineering with General
Photonics Corporation, Chino, CA, concentrating on polarization, timing, and
spectrum control. He is also the author
or coauthor of more than 110 papers in
prestigious journals and conference proceedings, and holds four U.S. patents and
about ten pending ones.

Dr. Yan was a recipient of the
IEEE Lasers and Electro-Optic
Society (LEOS) Graduate Fellowship
in 2002. He serves as a frequent referee for more than ten journals,
including Optics Letter, Optics
Express, Applied Optics, PTL, JLT,
JSTQE, Optics Communications,
Optical Engineering, etc. He is a
Senior Member of IEEE LEOS
and a member of the Optical
Society of America and the Sigma
Xi society.

IEEE/LEOS Awards
Call for Nominations
Nominations for 2007 LEOS
William Streifer Award for Scientific
Achievement, the Engineering Achievement Award, the Aron Kressel Award,
and the Distinguished Service Award
are now being solicited for submission
to the LEOS Executive Office. The
deadline for nominations is 30 April. In
order to facilitate the nomination procedure, nomination forms are found on
pages 34 and 35. Full nominations are
required at the time of submission, and
include, the statement of contributions,
curriculum vitae, and endorsers’ letters
(which may be sent separately).

IEEE/LEOS William Streifer
Scientific Achievement
Award
The IEEE/LEOS William Streifer
Scientific Achievement Award is
given to recognize an exceptional single scientific contribution, which has
had a significant impact in the field of
lasers and electro-optics in the past 10
years. The award is given for a relatively recent, single contribution,
which has had a major impact on the
LEOS research community. It may be
given to an individual or a group for
a single contribution of significant
work in the field. No candidate shall
have previously received a major
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IEEE award for the same work.
Candidates need not be members of
the IEEE or LEOS. The award is
administered by the Streifer Awards
Committee and presented at the
LEOS Annual Meeting.

IEEE award for the same work.
Candidates need not be members of
the IEEE or LEOS. The award is
administered by the Engineering
Awards Committee and presented at
the LEOS Annual Meeting.

IEEE/LEOS Engineering
Achievement Award

IEEE/LEOS Aron Kressel
Award

The
IEEE/LEOS
Engineering
Achievement Award is given to recognize an exceptional engineering
contribution that has had a significant impact on the development of
lasers or electro-optics technology or
the commercial application of technology within the past 10 years. It
may be given to an individual or a
group for a single contribution of significant work in the field. The intention is to recognize some significant
engineering contribution which has
resulted in development of a new
component, a new processing technique, or a new engineering concept
which has had a significant impact in
either bringing a new technology to
the market, significantly improving
the manufacturability of a component
or device, or creating a new technology which will greatly accelerate or
stimulate R&D. No candidate shall
have previously received a major

The Aron Kressel Award is given to
recognize those individuals who have
made important contributions to optoelectronic device technology. The
device technology cited is to have had a
significant impact on their applications
in major practical systems. The intent
is to recognize key contributors to the
field for developments of critical components, which lead to the development of systems enabling major new
services or capabilities. These achievements should have been accomplished
in a prior time frame sufficient to permit evaluation of their lasting impact.
The work cited could have appeared in
the form of publications, patents products, or simply general recognition by
the professional community that the
individual cited is the agreed upon
originator of the advance upon which
the award decision is based. The award
may be given to an individual or group,
up to three in number. The award is
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(cont’d)

administered by the Aron Kressel
Awards Committee and presented at
the LEOS Annual Meeting.

IEEE/LEOS Distinguished
Service Award
The Distinguished Service Award
was established to recognize an
exceptional individual contribution

of service that has had significant
benefit to the membership of the
IEEE Lasers and Electro-Optics
Society as a whole. This level of service will often include serving the
Society in several capacities or in
positions of significant responsibility.
Candidates should be members of
LEOS. The award is administered by

a committee consisting of the
President-Elect, Chair; two Past
Presidents, and the Vice President of
Finance & Administration and is presented at the LEOS Annual Meeting.
A list of previous winners and awards
information can be found on the LEOS
Home Page at www.i-LEOS.org.
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Career Section
Focus on the 2006 LEOS Graduate Student Fellows
In 1999 the LEOS Board of
Governors focused on encouraging
students in their studies in electrical
engineering. They established the
LEOS Graduate Student Fellowship
program to provide fellowships to
outstanding LEOS student members
pursuing graduate education within
the LEOS field of interest (electrooptics, lasers, photonics, optics or
closely related fields). Applicants are
normally in their penultimate year of
study and receive the award for their
final year and must be LEOS student
members. 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). There are 12 Fellows
per year. Each LEOS Graduate Fellow
receives $5000 and a travel grant of
up to $2500 to attend the LEOS
Annual Meeting to accept their
award.
LEOS is proud to present profiles
of our 2006 LEOS Graduate Student
Fellows:
I O A N N I S
CHREMMOS
received the Diploma
of Electrical and
C o m p u t e r
Engineering from
the Department of
Electrical and Computer Engineering at the National
Technical University of Athens
(NTUA) in 2002, ranking first
among his colleagues and achieving
the highest grade in all Departments
of NTUA for 2002. He has been
awarded annual fellowships and distinction awards from the Greek State
Scholarships Foundation and the
Greek Technical Chamber in every
year of his undergraduate studies. He
is currently working towards the Ph.
D. degree in Electrical and Computer
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Engineering at the Microwave and
Fiber Optics Laboratory at the
NTUA, under the supervision of
Prof. N. Uzunoglu. His work focuses on the rigorous EM modeling of
novel optical and microwave devices,
involving the coupling of optical
waveguides with resonant dielectric
cavities. He has been especially
involved in the integral equation
modeling of “whispering gallery”
resonators, coupled-resonator optical
waveguides (CROWs), photonic
crystal fibers and couplers and the
study of so far unsolved EM problems such as the coupling of nonparallel optical fibers.
For his doctoral studies, Mr.
Chremmos has been awarded successive fellowships from the “Eugenidion
Foundation”, the “Alexander S.
Onassis Public Benefit Foundation”
and the “D. Chorafas Foundation”.
He is the author of 11 scientific
papers, published in major journals, including IEEE Journal of
Lightwave Technology, IEEE
Photonics Technology Letters and
the Journal of the Optical Society
of America A. He has also authored
papers for 5 international conferences and served as a reviewer for
IEEE Photonics Technology Letters
and Optics Express.
“It is a great honor to receive
the IEEE/LEOS Graduate Student
Fellowship 2006. My doctoral
work focuses on analytical techniques in EM theory. This field is
considered classic and it is difficult
for researchers working in it to be
innovative. The international
IEEE/LEOS Award is certainly a
major recognition of the originality and importance of this research,
which was carried out under the
supervision and support of Prof. N.
Uzunoglu. This distinction is a
critical encouragement that will
help me to further pursue my scientific interests.”

NING DENG
received the B.Eng.
degree in Electronics
Engineering
and
Information Science
from the University
of Science and
Technology of China
(USTC) in 2002. During his undergraduate study, he participated in the
Undergraduate Research Program of
USTC and won the Best R&D Project
Award. He served as a summer intern
in the Chinese Academy of Sciences
(CAS) in 2001.
He is currently working toward
the Ph.D. degree under Prof. Calvin
C. K. Chan and Prof. Chinlon Lin, in
the Department of Information
Engineering, the Chinese University
of Hong Kong (CUHK). His research
field is optical communication systems and networks. His recent
research interests and involved projects include optical modulation formats, optical broadband access networks, packet switching networks,
and all-optical signal processing. He
has published around 20 technical
papers in international journals and
conferences such as PTL, JSTQE, OL,
EL, OFC, ECOC. He is an active
reviewer for IEEE Photonics
Technology Letters.
In addition to the 2006 IEEE
LEOS Graduate Student Fellowship,
Ning received the Best Paper Award
Champion in the 7th IEEE Hong
Kong Section LEOS Postgraduate
Conference, and the Student Travel
Award for the CLEO Pacific Rim
Conference 2003. Thus he would like
to take the chance to express his
heartfelt gratitude to IEEE LEOS for
the great support to graduate students in their research work. Besides,
Ning also did very well as a teaching
assistant and was honored with the
Outstanding Teaching Assistant by
the Department of Information
Engineering of CUHK.
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ZHIBING GE
was born in 1979 in
Suzhou, China. He
received the B.S.
and M.S. degrees in
E l e c t r i c a l
Engineering from
Zhejiang University,
Hangzhou, China and University of
Central Florida (UCF), Orlando, USA
in 2002 and 2004, respectively.
Currently, Zhibing is working
towards his Ph.D. degree at the
School of Electrical Engineering and
Computer Science, University of
Central Florida, Orlando. His Ph.D.
study concentrates in the area of modeling liquid crystal display and photonic devices. From 2003 to 2005, he
participated in the display project for
Toppoly Optoelectronics Corp.,
Taiwan, on developing new transflective liquid crystal displays for small
panel devices, and high transmittance
in-plane switching mode for LCD TV
and monitor applications. Since April
2006, he has been working on novel
liquid crystal display development
project contracted by Chi-Mei
Optoelectronics Corp., Taiwan.
Meanwhile, he is also a lead student
for developing dynamic modeling
tools of liquid crystal based spatial
light modulators for Raytheon
Company, Boston, MA.
Zhibing also participates actively
in academic services. He is currently
serving as Chair of Society of
Information Display UCF Student
Branch. He is also a reviewer for
IEEE/OSA Journal of Display
Technology, Applied Physics Letter.
He is one of the recipients of the
2006 IEEE/LEOS Graduate Student
Fellowships. In addition, he also
received the “Meritorious” Award of
American Mathematical Contest in
Modeling in 2001. He would thank
IEEE/LEOS for giving him this great
honor, and acknowledge his advisors
Prof. Shin-Tson Wu and Prof.
Thomas X. Wu at UCF for their dedicated mentoring.
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(cont’d)
GEORGIOS
KALOGERAKIS
received his B.E.
degree in Electrical
and Computer Engineering from National
Technical University
of Athens, Greece, in
2001. He received the M.S. degree in
Electrical Engineering from Stanford
University, Stanford, CA, in 2003. He
is currently working towards the Ph.D.
degree in Electrical Engineering under
the supervision of Prof. Leonid
Kazovsky at Stanford University.
Georgios’ PhD thesis focuses on fiber
nonlinearity, fiber optical parametric
amplifiers and wavelength converters for
next-generation optical networks. He
has demonstrated key features of these
fiber-based devices, such as WDM signal
amplification and band conversion for
dense WDM signals, distributed parametric amplification, multiple wavelength conversion, and polarization independent operation based on polarization
diversity in a fiber loop configuration.
He has been author or co-author of
over 30 refereed journal articles and
conference papers. He also serves as an
active reviewer for IEEE/OSA Journal
of Lightwave Technology, IEEE
Photonics Technology Letters, Optics
Letters, and Optics Express.
He was a Stanford Graduate Fellow
from 2001 to 2004. He is one of the
recipients of the IEEE/LEOS Graduate
Student Fellowship Award in 2006.
“It is a great honor to receive the
IEEE/LEOS Graduate Student Fellowship Award. This recognition is a strong
encouragement to work towards the
completion of my Ph.D. research and
actively pursue a future career in the field.
JUNG-WON KIM
received the B.S.
degree in electrical
engineering from
Seoul
National
University, Seoul,
Korea, in 1999, and
the S.M. degree in

electrical engineering and computer
science from the Massachusetts
Institute of Technology (MIT),
Cambridge, MA in 2004, where he is
currently working toward the Ph.D.
degree in the same field.
From 1999 to 2002, he worked as
a development engineer at FiberPro,
Daejeon, Korea, where he developed
the world’s fastest polarizationdependent loss measurement system.
From 2002, he has worked on ultrahigh-precision ultrafast optoelectronics at MIT. His current research interests are focused on ultralow-noise
femtosecond laser sources and their
applications
in
coherent
optical/microwave signal synthesis,
optoelectronic phase-locked loops,
photonic analog-to-digital converters, large-scale optical timing distribution for next generation light
sources, and extreme light-matter
interactions on a sub-optical-cycle
time scale.
Mr. Kim was the sliver medalist of
the 26th International Chemistry
Olympiad, Oslo, Norway (1994), and
received the President’s Award from
Seoul National University (1999), the
Photonics Conference 2001 Best
Paper Award (2001), the Morris
Joseph Levin Award from MIT
Department of Electrical Engineering
and Computer Science for the outstanding master thesis presentation
(2004), and the IEEE Lasers and
Electro-Optics Society (LEOS)
Graduate Fellowship Award (2006).
ZETIAN MI
received the B.Sc.
degree in Physics
from Beijing University, China in 1997
and the MS degree
in Physics from the
University of Iowa
in 2001. From 2001 to 2003, he had
been with Picometrix, working on
the development of high-speed photoreceivers. In 2003, he started Ph.D.
in Applied Physics at the University
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of Michigan. His research interests are in
the areas of self-organized nanostructures and their applications in nanophotonics and nanoelectronics. He has
demonstrated the first semiconductor
lasers that exhibit temperature invariant
operation, the first tunnel injection 1.3
µm quantum dot lasers that exhibit zero
α-parameter, the first 1.5 µm metamorphic quantum dot lasers on GaAs with
the lowest threshold current ever reported, and the first room-temperature
InGaAs quantum dot lasers monolithically grown on Si. He is an author or
coauthor of over 50 journal articles and
conference papers. Recently, he has
received the Outstanding Student Paper
Award at the 23rd North American
Conference on Molecular Beam Epitaxy,
the First Place Best Student Poster
Award at the 1st Nano-Optoelectronic
Workshop in Berkeley, the Third Place
Best Student Poster Award at the 2nd
Nano-Optoelectronic Workshop in
Berkeley, and the 2006 IEEE/LEOS
Graduate Student Fellowship Award.
S U D H A
M O K K A PAT I
was born in Hyderabad, India in 1977.
She received Bachelors degree in
Science from Osmania University in
1995 and Masters degree in Science
in1999 and Technology in 2001 from
University of Hyderabad, Hyderabad
and Indian Institute of Technology,
Kanpur respectively.
She is currently working towards
her Ph.D. with the Semiconductor
Optoelectronic and Nanotechnology
group at The Australian National
University. Her research activities are
in the area of MOCVD grown quantum dot semiconductor lasers based
on InGaAs/GaAs system and aims at
demonstrating novel quantum dot
devices.
I’m greatly honoured to receive
the IEEE/LEOS graduate student fellowship-2006. I would like to thank
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my supervisors Dr. H. H. Tan and
Prof. C. Jagadish for their constant
support and valuable guidance. It was
a rewarding experience to be at the
LEOS annual meeting to meet high
profile scientists and researchers from
all over the world. It would not have
been possible without the financial
support from LEOS.
LAZARO
AURELIO
PADILHA, JR.
was born in Socorro,
in Sao Paulo State
in
Brazil,
on
February 18, 1980.
He received B. S.
degrees in Physics Universidade
Estadual de Campinas, in Brazil in
2001. In 2002, he joined the
Ultrafast Phenomena Group at the
Physics Institute at Universidade
Estadual de Campinas, where he had
been a PhD student until 2006 when
he graduated. During his graduation,
Lazaro spent one year as a Visiting
Student at the Nonlinear Optics
Group at CREOL at University of
Central Florida, in Orlando, FL.
Currently, he is a Research Scientist at
this same group at CREOL. His
research work is in the area of linear
and nonlinear optical properties in
quantum confined materials, especially semiconductor quantum dots.
Optical properties of semiconductor
can be controlled by controlling the
size and size distribution of the quantum dots. In his PhD he studied the
influence of quantum confinement on
the optical properties of semiconductors. He is a member of OSA, SPIE,
and IEEE-LEOS.
“I am honored to receive one of the
2006 IEEE LEOS Graduate Student
Fellowships, which is an important
achievement in my carrier. I would
like to take this opportunity to thank
my Ph. D thesis advisors, Prof. Carlos
H. Brito Cruz, at Universidade
Estadual de Campinas, and Prof. Eric
Van Stryland and Prof. David Hagan,

at CREOL – University of Central
Florida, for their his patient guidance
and for providing creativity, mentoring, and the vision behind our work.”
DOMINIK PUDO
was born in 1980 in
Warsaw, Poland. He
received the B.Eng
degree in electrical
engineering from
McGill University,
Montreal, Canada in
2003, and is currently working
towards the Ph.D. degree at the same
university under the supervision of
Prof. Lawrence Chen. From 2001 till
2003, he was an undergraduate
research assistant in the Photonic
Systems Group at McGill, working
on novel configurations of multiplewavelength, mode-locked fiber lasers
as well as on erbium-doped fiber
amplifiers. His research was highlighted in WDM Solutions in June
2002, and a year later he was the corecipient of the IEEE Life Member
Award for the best student paper in
Eastern Canada. Since 2003, his
graduate research work, supported
by the prestigious Natural Sciences
and Engineering Research Council of
Canada (NSERC) doctoral scholarship, focuses on the limitations and
applications of the temporal Talbot
effect within the context of pulse
repetition rate multiplication. Mr.
Pudo was also granted a Canadian
Institute for Photonic Innovations
(CIPI) fellowship to spend 4
months at the Centre for
Ultrahigh-bandwidth Devices for
Optical Systems in Sydney,
Australia in 2005-2006. During
his stay, he worked on long period
gratings and photo-induced effects
in chalcogenide fibers. He has published a dozen journal papers and
conference proceeding articles, and
he currently owns one provisional
patent. Mr.Pudo is a student member of IEEE-LEOS and the Optical
Society of America.
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JUAN JOSE
VEGAS OLMOS
(S’ 04) was born in
Barcelona, Spain in
1978. He received
the B.Sc. degree in
telecommunications
engineering and the
M.Sc. degree in electronics engineering from the Universitat Politecnica
de Catalunya, Barcelona, Spain, in
2001 and 2003, respectively. He also
received the Licenciature in Business
Administration from the Universitat
Oberta de Catalunya in 2005.
In 2003 he joined the COBRA
Research Institute, Eindhoven
University of Technology, where he is
currently pursuing the Ph.D. degree.
From 2003 to 2005 he participated in
the European project STOLAS
(Switching Technologies for Optically
Labeled Signals). Once the project
concluded, he joined the European
project LASAGNE (All-optical LAbel
SwApping employing optical logic
Gates in NEtwork nodes).
His field of interest includes alloptical switching, labeling techniques,
applications of the semiconductors
amplifiers, radio-over-fiber systems for
access networks.
NENAD
VUKMIROVIC
(S’05) was born in
Belgrade, Serbia, in
1980. He received
the B.Sc. degree in
physics in 2003,
and the B.Sc. degree
in electrical engineering in 2004,
both from the University of Belgrade,
Belgrade, Serbia. Since October 2004,
he has been pursuing the Ph.D. degree
at the Institute of Microwaves and
Photonics, School of Electronic and
Electrical Engineering, University of
Leeds, Leeds, U.K., in the field of theory, design and modeling of quantumdot intraband optoelectronic devices.
His research interests range from the
fundamental aspects of the electronic,
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optical and transport properties of
quantum nanostructures to their
application in devices such as quantum dot infrared photodetectors,
quantum cascade lasers and optically
pumped lasers.
He has been author or co-author of
over 20 peer-reviewed journal papers.
He also serves as an active reviewer for
several journals including IEEE
Journal of Selected Topics in Quantum
Electronics, Nanotechnology, Physical
Review B, and Physical Review
Letters.
As a high school student, Mr.
Vukmirovic′ won the gold medal at the
30th International Physics Olympiad,
Padua, Italy in 1999. He is the recipient of the Overseas Research Students
(ORS) award, which funds his PhD
studies, the IEE Leslie H Paddle
Fellowship in 2005, and the 2006
IEEE/LEOS
Graduate
Student
Fellowship.
PHILIP WATTS
was born in Yorkshire, United Kingdom in 1970. He
obtained the BSc in
Applied Physics
from the University
of
Nottingham,
with 1st class honours, in 1991. From
1991 to 2000, he worked at the GECMarconi Research Centre (Chelmsford,
UK) on the development of optical
systems for defence and aerospace
applications including diode pumped
lasers, coherent and direct detection
LIDAR and adaptive optics. From
2000, he was senior optical hardware
engineer with Nortel Networks
(Harlow, UK and Ottawa, Canada)
with responsibility for next generation
DWDM optical multiplexer product
development. On leaving Nortel in
2002, and having a strong interest in
signal processing for optical systems,
he decided to pursue academic research
in this area. He studied for the Masters
degree in Technologies for Broadband
Communications at University

College London (UCL), graduating
with Distinction in 2003, with a thesis on the electronic compensation of
fibre chromatic dispersion for optical
single sideband (OSSB) signals. In
September 2003, he was awarded a
UK EPSRC (Engineering and Physical
Sciences Research Council) PhD scholarship to continue this research with
the Optical Networks Group at UCL.
During the PhD work, several
techniques for overcoming fibre chromatic dispersion using electronic signal processing have been studied,
including feed-forward and decisionfeedback equalization and electronic
predistortion (EPD) as well as continued work on OSSB transmission. His
current work is aimed at the implementation of a programmable 10 Gb/s
optical transmitter, with real time
digital signal processing using field
programmable gate array (FPGA)
technology, allowing the experimental
generation of both OSSB and EPD
signals.
His work has been published in 15
journal and conference papers, including invited papers at major conferences, and there has been widespread
interest from industry, leading to collaborations with Intel Research and
Azea Networks. Philip spent two short
internships at Intel Research during
2004 and 2005, applying the signal
processing techniques developed in his
research to short distance optical interconnect problems. In addition to
research, he teaches on the Masters
programmes at UCL, including lecturing on microwave active devices and
SDH/SONET and access optical networks. He is married with a one-year
old son.
“It is a great honour to receive one
of the 2006 IEEE LEOS Graduate
Student Fellowships. This award will
help me to further pursue my research
ideas in this field. I would like to
thank my PhD supervisors, Dr Robert
Killey, and Professor Polina Bayvel for
their support and for creating an excellent research environment.”
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IEEE 2006 Award Presentations
John Tyndall Award: Emanuel Desurvire
E M A N U E L
DESURVIRE
has been involved
in the field of optical communications for over 25
years. He obtained
a M.S. degree
(DEA) in Theoretical Physics in
1981 from the University of Paris
(Pierre et Marie Curie) and a Ph.D.
in 1983 from the University of Nice
for a work on Raman fiber amplifiers. In 1998, he obtained from the
same university the title of Sc.D. for
his later work on erbium-doped
fiber amplifiers (EDFA).
In 1984-1986, Emmanuel held
a Post-Doctoral position at
Stanford University, doing research
on fiber-optic gyroscopes and
demonstrated the first amplified
Raman recirculating loop. In
1986-1990, he was a Member of
Technical Staff at AT&T Bell
Laboratories, where he led the early
research on EDFA. In 1990-1993,
he was Associate Professor in
Columbia University (NY). Since
1994, he has been with Alcatel
(now Alcatel-Lucent), first leading
a research group on solitons and
all-optical 3R regeneration for
ultra-long-haul WDM systems. He
then became Global Project
Manager for the pre-development
of 40Gbit/s DWDM systems. In
2000, he joined the Corporate
CTO staff as the Director of the
Alcatel Technical Academy, a
recognition program for R&D
experts. In 2004-2005, he joined
the Corporate Intellectual Property
Group as Director in charge of
business development through
technology & patents licensing. In
2006, he returned to the Optics
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Division and holds since the position of Senior Director in the
WDM-metro product group, in
charge of photonics technologies
and innovation assessment.
Dr. Desurvire, who is IEEE
Fellow, and also Fellow of the
Alcatel-Lucent Technical Academy,
has authored or co-authored over
200 technical publications and
over 30 patents. He is the author
and co-author of two reference
books on EDFAs, two entry-level
“Survival Guides” in global
telecommunications, and one book
on information theory in preparation. Prior to the 2007 IEEE/LEOS
John Tyndall Award, Dr. Desurvire
received several recognitions for
his scientific contributions, namely
the 1992-93 IEEE Distinguished
Lecturer Award, the 1994 prize
from the International Commission
for Optics, the 1998 Benjamin
Franklin Medal in Engineering,
the 1998 Général Ferrié Grand
Prize in Electronics, the 2005
William
Streifer
Scientific
Achievement Award, and a 2006
nomination as Thomson-Scientific
Laureate.

Accomplishments
Emmanuel’s accomplishments in
the field of EDFAs are both experimental and theoretical. On the
experimental side, he and his team
conducted a systematic investigation of several unknown physical
properties of the EDFA, such as
length optimization, gain spectrum vs. pumping regime, gain
saturation, gain clamping, amplified spontaneous emission noise,
inhomogeneous broadening and
transient gain dynamics. A key
finding was the slow gain dynam-

ics, which led to the first demonstration of crosstalk-free, multigigabit channel amplification,
proving the capability for future
WDM system applications.
The team also demonstrated the
first EDFA preamplifier with a
record sensitivity for any directdetection system at any bit rates.
This exploratory research then
turned into real engineering as they
strive to optimize the EDFA design
to achieve better pumping efficiencies (the dB gain obtained per mW
of pump), in the prospect of using
1.48µm InGaAsP laser-diodes for
practical and efficient pump
sources. The results obtained early
1989, with 2.1dB/mW efficiencies,
turn out more than concluding for
transferring their optimal design to
AT&T Bell Labs development, and
also to the submarine-cable department. Emmanuel’s theoretical
accomplishments include a variety
of analytical and numerical models
for the EDFA, the most popular
and standard being now the “GilesDesurvire” model. Emmanuel’s
contributions to EDFA modeling,
which continued through his
research at Alcatel, concerned many
other issues, including inhomogeneity, density-matrix and refractive-index changes, noise-figure
definition (now the standard), distributed amplification, power-conversion efficiency, non-confineddoping design, analytic description of saturated WDM amplification, quantum analysis showing
thermal origin of beat noise), 3dimensional vacuum-noise amplification, entropy of amplified
coherent light, and correction to
the BER extrapolation method, to
quote a few.
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IEEE/LEOS Young Investigator Award: Randy A. Bartels
RANDY A.
B A R T E L S
, a Monfort Professor
of Electrical and
C o m p u t e r
Engineering at Colorado State University
(CSU), has been
named the inaugural recipient of the
IEEE LEOS Young Investigator
Award for 2007. In July of 2006,
Prof. Bartels was awarded a
Presidential Early Career Award for
Scientists and Engineers (PECASE)
by President Bush, courtesy of a
Department of Defense / Office of
Naval Research nomination. He was
also named a Colorado State
University Monfort professor in April
of 2006. Prof. Bartels joined CSU in
2003 after receiving his Ph.D. from
the University of Michigan in 2002.
His Ph.D. work was performed at
JILA in Boulder, CO, where he
worked on ultrafast laser development, coherent control of quantum

systems, and the study of extreme
nonlinear optical processes. Among
other advances, this work led to the
development of attophysics by
manipulating
the
strong-field
dynamics of atomic electron wave
functions with attosecond precision.
During his graduate career, Randy
was supported by a National Defense
Science and Engineering Graduate
Fellowship and received numerous
awards, including the IEEE LEOS
Graduate Fellowship, Optical Society
of America’s New Focus Student
Research Award, a JILA scientific
achievement award, and selection as a
finalist for the DAMOP Thesis
Award. Prior to graduate school, he
worked in the Laser Science and
Technology division at Lawrence
Livermore National Laboratory
designing and building diodepumped solid-state laser systems.
Since joining CSU, Prof. Bartels has
been awarded numerous awards,
including the 2004 Adolph Lomb

Medal from the Optical Society of
America, a 2004 National Science
Foundation CAREER award, a 2005
Human Competitive Gold Medal, a
2005 Sloan Research Fellow in
physics, a 2005 ONR Young
Investigator Award, and a 2005
Beckman Young Investigator Award.
In 2005, Bartels was invited as a
finalist Young Scholar finalist for a
competition held in honor for the
occasion of Charles Townes’s 90th
birthday and also invited to participate in the 2005 National Academies
of Science Frontiers of Science Annual
Symposium. His current research
involves the coherent control of complex molecules, the manipulation of
ultrafast optical pulses with ultrafast
molecular modulation, and novel
molecular imaging techniques. He is
a member of the Optical Society of
America, the American Physical
Society, the IEEE and LEOS. More
information is available at http://
www.engr.colostate.edu/ultrafast/.

Newly Elected Members to the Board of Governors:
CLAIRE GMACHL
was born in Salzburg,
Austria, in 1967. She
received the Ph.D.
degree (sub auspicies
praesidentis) in electrical engineering
from the Technical
University of Vienna, Austria, in 1995.
Her studies focused on integrated optical
modulators and tunable surface-emitting
lasers in the near infrared. In 1996, she
joined Bell Laboratories, Lucent
Technologies, Murray Hill, NJ, as PostDoctoral Member of Technical Staff in
the Quantum Phenomena and Device
Research Department, to work on
Quantum Cascade laser devices and
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microcavity lasers. Key contributions
were the development of single-mode
and tunable distributed feedback
Quantum Cascade lasers and chaotic
micro-cavity lasers with high optical
power and directionality. In March 1998
she became a Member of Technical Staff
in the Semiconductor Physics Research
Department, working on Quantum
Cascade laser devices and applications
and on intersubband photonic devices,
and a Distinguished Member of Staff in
2002. In September 2003, Dr. Gmachl
joined Princeton University as an
Associate Professor in the Department of
Electrical Engineering and adjunct faculty to PRISM. Prof. Gmachl is the
Director of MIRTHE, the newly formed

NSF Engineering Research Center on
Mid-InfraRed Technologies for Health
and the Environment. Prof. Gmachl is
an expert in mid-infrared photonics,
especially Quantum Cascade lasers, and
semiconductor optoelectronics. She has
demonstrated many innovative
Quantum Cascade laser concepts such
as the first bi-directional, multiwavelength, or broadband Quantum
Cascade lasers, and recently the first
instance of nonlinear light generation in
these lasers. She has also contributed to
the development of the lasers for trace
gas sensing applications and is actively
involved in their commercialization.
Prof. Gmachl has authored and coauthored more than 160 publications,
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has given more than 100 presentations at
conferences and seminars, and holds 26
patents. She is an Associate Editor for
Optics Express and a member of the
IEEE/LEOS Board of Governors.
Dr. Gmachl is a 2005 MacArthur
Fellow. She is a World Technology
Network Associate, and has been voted
runner-up to “Salzburger of the year
2005”. She has been featured as one of
Esquire Magazine’s “Best & brightest” in
2006, and Popular Science Magazine’s
“Brilliant 10” in 2004; she is a member
of the MIT Technology Review TR100
of 2002, and a 2002/03 IEEE/LEOS
Distinguished Lecturer. She is also a corecipient of the “The Snell Premium”
award of the IEE, UK, 2003, and the
2000 “NASA Group Achievement
Award”, and a recipient of the 1996
“Solid State Physics Award” of the
Austrian Physical Society, and the “1995
Christian Doppler Award” for engineering sciences including environmental
sciences, Austria. She is senior member
of the IEEE and Laser and Electro-Optics
Society, and a member of the American
Association for the Advancement of
Science, the American Physical Society,
the Austrian Physical Society, the New
York Academy of Science, the Optical
Society of America, the SPIEInternational Society for Optical
Engineering, and the Materials Research
Society.
KAZUO HOTATE
received B.E., M.E.,
and Dr. Eng. degrees
in Electronic Engineering, all from the
University of Tokyo,
Japan, in 1974,
1976 and 1979,
respectively. In 1979, he joined the
University of Tokyo as a Lecturer. He
became an Associate Professor in 1987,
and a Professor in 1993 in the Research
Center for Advanced Science and
Technology (RCAST), the University
of Tokyo. In 1997, he became a
Professor in Department of Electronic
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Engineering, School of Engineering at
the University of Tokyo. Since April,
2006, he is also a Vice Dean of the
School.
He has been engaged in photonics,
including projection-type holography,
measurement and analyses of optical
fiber characteristics, optical computing,
and photonic sensing. Study on noise
factors and countermeasures of Fiber
Optic Gyros are one of the main subjects
in his research. Currently, he has proposed and studied “Fiber Optic Nerve
Systems” for making materials/structures feel pain. He is a leader of the 21st
Century Center of Excellence Program
on Electronics in his university, which is
selected and granted by the Ministry of
Education, Sport, Culture, Science and
Technology, Japan.
He authored and/or co-authored
several books on optical fibers and
optical fiber sensors, and about
300 journal papers and international conference presentations. He
received the Achievement Award
in 1979, Book Award in 1984, and
the Electronics Society Award in
2003, all from the Institute of
Electronics, Information and
Communication
Engineers
(IEICE). He also received the Paper
Award in 1984 and the Hasunuma
Prize on “Photonic Sensing” in
2002 both from the Society of
Instrument and Control Engineers
(SICE), the Ichimura Prize on
“Fiber Optic Gyros” in 2001 from
the New Technology Development
Foundation, and the Paper Award
in 2006 from the Japan Society of
Applied Physics (JSAP). He is a
Fellow of SICE (2000), a Fellow of
IEEE (2003), and a Fellow of
IEICE (2004).
He is serving as an Associate
Editor of the Journal of
Lightwave Technology. He was a
chair of the LEOS Japan Chapter
in 2004, and the Chapter was
awarded as the Most Innovative
Chapter in LEOS

DAVID V. PLANT
received the Ph.D.
degree in electrical
engineering from
Brown University,
Providence, RI, in
1989. From 1989 to
1993, he was a
Research Engineer with the Department
of Electrical and Computer Engineering
at the University of California at Los
Angeles (UCLA). He has been a Professor
and Member of the Photonic Systems
Group, the Department of Electrical and
Computer
Engineering,
McGill
University, Montreal, QC, Canada, since
1993. Since September 1, 2006, he has
been the Chair of the Department of
Electrical and Computer Engineering.
During the 2000 to 2001 academic years,
he took a leave of absence from McGill
University to become the Director of
Optical Integration at Accelight
Networks, Pittsburgh, PA. He is the
Director and Principal Investigator of the
Centre for Advanced Systems and
Technologies Communications at McGill
University (www.sytacom.mcgill.ca). He
is also Scientific Director and Principal
Investigator of the Agile All-Photonics
Networks
Research
Network
(www.aapn.mcgill.ca).
Dr. Plant received the Outstanding
Departmental Teaching Award and the
Faculty of Engineering Teaching Award
(1996), the Carrie M. Derick Award for
Graduate Research Supervision and
Teaching (2004), the Samuel and Ida
Fromson Award for Outstanding
Teaching (2006), and the Principal’s
Prize for Teaching Excellence (2006), all
from McGill University. He was named
an inaugural James McGill Professor
(2001), an IEEE Distinguished Lecturer
(2005 – 07), was the recipient of the
R.A. Fessenden Medal from IEEE
Canada (2006), received a NSERC
Synergy Award for Innovation (2006),
and is the recipient of the Outstanding
Engineering Educator Award from IEEE
Canada (2007). He is an IEEE Fellow, an
OSA Fellow, and a member of Sigma Xi.
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His research interests are in optically
interconnected systems covering
Optoelectronic-VLSI (transceivers, heterogeneous integration), VCSELs (design,
performance), and system demonstrators.
In addition, he has been researching agile
all-photonic networks including topological design and performance (optical
packet switched, OCDMA), optoelectronic and electro-optic switches, gratings for photonic code-based processing,
and burst mode receivers.
Without question, LEOS is an internationally recognized society of significant influence. As a new elected BoG
member, I am dedicated to upholding
and supporting the long standing traditions of excellence, integrity and outreach that have become the signature of
LEOS. Journals sponsored and co-sponsored by LEOS have a strong impact
factor and LEOS conferences, both large
(OFC, CLEO, LEOS Annual) and small
(Topical) represent premier venues for
dissemination of leading-edge research.
Conference attendance also provides an
opportunity for establishing and maintaining individual and corporate networks. As a BoG member I will work
to promote these activities as the
Society’s core competencies and help to
evolve them to face new challenges and
opportunities.
I look forward to serving on the BoG
as an opportunity to demonstrate my
commitment to helping maintain the
uncompromising technical quality of
LEOS. Furthermore, as Editor in Chief of
the LEOS Web Portal, I am anxious to
utilize the Web to deliver additional
products and services to members;
including, for example, on-line tutorials,
software reviews, and continued expansion of content in the LEOS-University
section. As a BoG member, I consider
myself well positioned to meet these and
other objectives quickly and efficiently.
With respect to membership, programs
that foster professional development
through education, networking, and
placement services must be pursued, particularly those that reach out to our colleagues and members across the globe. In
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addition, seeking new means of attracting and maintaining membership globally through promotion of the technical
work of the membership is important.
Member participation is a crucial measure of the health of a Society and as a
BoG member I am anxious to cultivate
this involvement.
ALWYN SEEDS
was born in Amersham, near London,
England in 1955. He
read Electronics at
Chelsea College (now
part
of
King’s
College), University
of London and received the BSc degree
with First Class Honours in 1976. He
moved to University College London
(UCL) to carry out research on the optical control of avalanche diode oscillators,
receiving the PhD degree for this work
in 1980. From 1980 to 1983 he was a
Staff Member at Lincoln Laboratory,
Massachusetts Institute of Technology,
where he worked on GaAs monolithic
millimetre-wave integrated circuits for
use in phased-array radar. He returned to
England in 1983, to take up a lectureship in telecommunications at Queen
Mary College, University of London,
moving to UCL in 1986, where he is
now Professor of Opto-electronics and
Head of the Department of Electronic
and Electrical Engineering. He has published over 250 papers (more than 60 of
them invited) on microwave and optoelectronic devices and their systems
applications and filed 10 patents in this
area. He was awarded the DSc degree of
the University of London in 2002 for his
research in microwave photonics. His
current research interests include THz
photonics, tuneable semiconductor
lasers, quantum confined optical modulators, optical control of microwave
devices, mode-locked lasers, optical
phase-lock loops, optical frequency synthesis, broadband wireless over fibre
access systems, uncooled dense WDM
technologies and non-linear processing
in optical transmission.

Alwyn Seeds has been a Program
Committee member for the LEOS
Annual Meeting since 2002 and is SubCommittee Chair for Microwave
Photonics for 2007, he was a Program
Committee member for the 2006 IEEE
LEOS/MTT International Topical
Meeting on Microwave Photonics
(MWP) and is an Advisory Committee
member for the IEEE/IEICE Asia-Pacific
Microwave Photonics Meetings. He
served as Program Chair for the 2006
IEEE LEOS/EDS Indium Phosphide and
Related Materials Conference, as CoChair for the 2005 LEOS Summer
Topical Meetings, as editor of Special
Issues in Microwave Photonics for the
IEEE/OSA Journal of Lightwave
Technology and IEEE Journal of Selected
Topics in Quantum Electronics, as
Program Chair, General Chair and
Steering Committee Chair for the IEEE
LEOS/MTT MWP meeting series, as
Special Session and Workshop Organiser
for the IEEE/OSA OFC conference, as a
Short Course Presenter for both ECOC
and OFC and as a committee member of
the UKRI LEOS/MTT/APS Joint
Chapter.
In addition to his LEOS activities
Alwyn Seeds is Chairman of the
Photonics Professional Network of the
Institution of Engineering and
Technology (UK), a Fellow of the Royal
Academy of Engineering, an IEEE
Fellow and a Liveryman of the
Worshipful Company of Engineers. He
is a co-founder of ZinWave Inc., a manufacturer of wireless over fibre systems,
and a director of or consultant to a number of other companies.
Outside work Alwyn Seeds is interested in music, particularly opera and
church music, audio technology and the
cultural and social pleasures of living in
central London with his wife, Angela
and teenage daughter, Caroline.
On the Board of Governors Alwyn
Seeds hopes to contribute to improving
further LEOS support to the individual
members and small companies who play
such a key part in the advancement of
our industry.
IEEE LEOS NEWSLETTER
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Congratulations to our new LEOS Chapters
established in 2006!
Beijing (Hangzhou), China
Sailing He, Chair
Zhejiang University
sailing@kth.se

•
•

Beijing (Shanghai), China
Yi-Xin Chen, Chair
Shanghai Jiao Tong University
yixinc@sjtu.edu.cn
A listing of all LEOS chapters is available at www.i-LEOS.org.
Want to start a chapter
in your area?

The process is simple. All you need is
the signatures of 12 IEEE LEOS
members and an energetic group of
volunteers to help organize meetings.
(http://www.ieee.org/portal/pages/tab
/cha/newchap.html)
Why start a LEOS chapter?

LEOS chapters provide: a format for
networking and interacting with colleagues.
• access to the LEOS Distinguished
Lecturer Awards program.

•

chapter funding to enhance
chapter programs.
a venue for student members to
assemble and interact with
undergraduate and graduate students, faculty members and postdoctoral researchers, and members from industry. This has
proven an excellent opportunity
for members to encourage students and provide academic
incentives (e.g., “Best Student
Paper awards, student projects,
student competitions). LEOS
encourages student participation
by offering free membership in
both LEOS and IEEE for one year
to new student members with
the membership voucher program and reduced member fees
for students continuing their
membership, LEOS Graduate
Student Fellowship program,
LEOS student travel grants,
LEOS student project program.
support to LEOS chapters
through our regional Vice
Presidents and our dedicated

executive office staff as the “first
point of contact” for resources,
questions, problems, information
concerning IEEE and LEOS.
Plus—
• LEOS Chapter Awards recognize
the efforts of the chapters in
maintaining strong programs to
enhance the careers of its members.
• LEOS Membership support provides membership vouchers to
chapters for recruiting new members. The vouchers provide free
membership in LEOS and reduced
membership in IEEE for one year to
new members. Some of the benefits
of membership in LEOS are: free
online access to the LEOS journals,
free access to the LEOS Digital
Library, free bi-monthly Newsletter, free LEOS Membership
Directory and searchable online
access, free IEEE web account, registration discounts at LEOS sponsored and co-sponsored conferences.
For more information on forming a
chapter contact tad-chap-dev@ieee.org

LEOS chapter established in
Hangzhou, China
Activities in the year 2005-06
The first IEEE LEOS chapter in
mainland China was established in
Hangzhou Chapter was founded in
October 2006. According to its
founding Chairman, Prof. Sailing
He, the chief scientist of the Centre
for Optical and Electromagnetic
Research (COER, www.coer.cn) of
Zhejiang University, the purpose of
the IEEE LEOS Hangzhou Chapter is
to establish a platform to promote
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the research and education in electrooptics and photonics, conduct
exchange with colleagues home and
abroad, and let more Chinese members enjoy more benefits of IEEE
LEOS. Prof. Sailing He is also a chief
scientist of the Joint Research Center
of Photonics (JORCEP, www.kthzju.org), a center of excellence in
photonics for both its parent universities, the Royal Institute of

Technology (KTH, Sweden) and
Zhejiang University (China). The
center is not only engaged in research
but also in education. Both JORCEP
and COER are very active in international collaborations and exchanges,
with about 10 PhD students sent
abroad every year for joint degrees or
exchange programs, and many scholars from foreign countries such as
Sweden, United States, and Japan
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visiting the centers for academic
exchange. Recently they hosted
International symposium on Biophotonics, Nanophotonics, and
Metamaterials (Hangzhou, October
16-18, 2006), and will host AsiaPacific Optical Communications
(APOC) conference in 2008 (October
26-30, Hangzhou). The newly established LEOS Chapter will also cosponsor OSA Topical Conference on
Nanophotonics (Hangzhou, June 18
- 21, 2007), the first OSA topical
meeting held in China.
An executive committee of the
Chapter has been formed, which consists of Drs. Sailing He, Jian-Jun He,
Erik Forsberg, Jianyi Yang and
Shiming Gao. The official website of
the Chapter is www.leos-hz.cn

(cont’d)

LEOS Hangzhou Chapter Committee members. From left to right: Erik Forsberg,
Sailing He, Jian-Jun He and Shiming Gao (Jianyi Yang not present)

Conference Highlights fromReport on the
International Symposium on Biophotonics,
Nanophotonics and Metamaterials (ISBNM)
Hangzhou, China October 16-18, 2006

Beautiful West Lake with lotus and
Jade Bridge

February 2007

In Hangzhou, one of the most pleasant
and beautiful cities in China, the IEEE
LEOS co-sponsored International
Symposium on Biophotonics, Nanophotonics and Metamaterials (ISBNM)
took place on October 16-18, 2006.
Hangzhou is also one of China’s most
popular tourist destinations. Hangzhou,
provincial capital of the Zhejiang
province, is home to Zhejiang
University, one of China’s top universities, and the birthplace of optical engineering in China.
The three topics of the symposium
covered some of the most interesting
fields in photonics today, both in
terms of scientific challenges and
potential applications.
As the average age of the world’s
population is increasing healthcare
requires increasing resources, and

biophotonics offers great hope in
areas such as early detection of diseases, light-activated therapies, and
tissue engineering. For example,
biophotonic sensors have become of
great relevance to the need for noninvasive medical diagnostics and
for detection of the spread of infectious diseases that pose a constant
health danger. A good description
of this multidisciplinary field (particularly “nanobiophotonics”) can
be found in the book “Introduction
to Biophotonics” by Prof. Paras N.
Prasad, who was also an honorary
co-chair of this symposium.
Electromagnetic metamaterials are
subwavelength-structured materials
that exhibit exceptional electromagnetic
properties not readily observed in
nature. For example, some artificially
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(cont’d)

Nanophotonics

Nanobiophotonics
•••

Nano Cluster
•••

Nano Plasmonics
•••

Biophotonics

Metamaterials
Super-Resolution
Imaging
•••

designed materials can act as negativeindex media. Such media open new
avenues for achieving extraordinary
physical properties and functionality
unattainable with naturally-existing
materials. Electromagnetic metamaterials have already been successfully used
for some novel antennas and filters in
the microwave frequency range. The
impact of negative index media would
be much larger if one can realize negative refraction at optical frequencies.
Plasmonic nano-structures and nanoclusters will play very important roles in
achieving negative refraction at optical
frequencies.
Nanophotonics is an exciting area
of science and engineering dealing
with light-matter interactions on the
nano scale.
The logic to merge these three
emerging areas into a symposium can be
explained by their overlapping areas as
shown in the chart.
The aim of the ISBNM was to illustrate the great multidisciplinary and
comprehensive opportunities offered
by biophotonics, nanophotonics and
metamaterials.
The symposium was organized by
the KTH-ZJU Joint Research Center of
Photonics (www.kth-zju.org), which is
a collaborative research center run by
the Royal Institute of Technology
(KTH) in Sweden and Zhejiang
University (ZJU) in China, in collaboration with IEEE LEOS, and other
institutions.
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Prof. Paras N. Prasad (SUNY at
Buffalo, USA) gives his plenary talk.

The symposium was attended by
over 300 scientists from China,
Japan, South Korea, Australia,
Sweden, Finland, Norway, Denmark,
the Netherlands, France, Germany,
Italy, United Kingdom and the
United States. The symposium was
organized into two half-day plenary
sessions, four half-day parallel sessions on biophotonics, nanophotonics and metamaterials respectively
and one poster session. Highlights
were the plenary sessions which
included talks by Paras N Prasad
on “Opportunities in Biophotonics
and
Nano-Photonics,”
Sune
Svanberg on “Environmental and
Medical Applications of Laser
Spectroscopy: Spectroscopy in
Laser Medicine,” Y.R.Shen on
“Unraveling surface structures of
polymers by nonlinear optical
spectroscopy,”
E.H Li on “VLSI Micro/NanoPhotonics: Visions, Challenges and
Advances,” Sergei Tretyakov on
“Recent Advances in Metamaterial
Research,” Knoll Wolfgang on
“Surface Plasmons for Biosensor
Platforms,” Vladimir M. Shalaev on
“Metamaterials: Going Optical,”
Khoo Iam-Choon on “Nano-Dispersed
Liquid Crystalline Structures for
Tunable Negative-, Zero-, and Positive
Index Materials in the OpticalTerahertz Regimes,” and Kawata
Satoshi on “ Raman, CARS and NearField Raman-CARS Microscopy for
Cellular and Molecular Imaging.” The

Professors Sune Svanberg (Lund
University Sweden and a member of
the Nobel Prize Committee for Physics)
gives his plenary talk

symposium also included 4 tutorials, 2
keynote talks, 45 invited talks, 64 contributed talks as well as 69 contributed
poster presentations. Papers presented
at the symposium will be published in
the IEEE eXplore database. Awards for
best student papers were given to :
Linda Persson (Lund University,
Sweden ), C. L. Wong (Chinese
University of Hong Kong), Yang Liu
(Chinese University of Hong Kong
and Junming Zhao (Nanjing
University, China)
More information on the symposium including the complete program
is available at the symposium website:
www.kth-zju.org/bionanometa.
Erik Forsberg and Sailing He
co-chairs of the local organizing committee

The co-chairs of the Symposium grant
the Best Student Paper Award to one of
the winners, Linda Persson (Lund
University, Sweden).
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Conferences through 31 December 2007 For further information
please see the LEOS conference calendar at www.ieee.org/leos
Optical Fiber Conference (OFC 2007)
Conference Dates:
25-Mar-2007 to 29-Mar-2007
Anaheim Convention Center,
Anaheim, CA USA
Conference URL:
www.ofcnfoec.org
Conference E-mail:
management@ofcconference.org
Conference on Lasers and
Electro-Optics (CLEO 2007)
Conference Dates:
6-May-2007 to 11-May-2007
Baltimore Convention Center,
Baltimore, MD USA
Conference URL:
www.cleoconference.org
International Conference on Indium
Phosphide Related Materials
(IPRM 2007)
Conference Dates:
18-May-2007 to 21-May-2007
Kunibiki Messe,
Matsue, Shimane, Japan
Conference URL:
http://www.iprm.jp/index.html
Conference E-mail:
miya@pe.titech.ac.jp
High Speed Digital Workshop
(HSD 2007)
Conference Dates:
20-May-2007 to 23-May-2007
Eldorado Hotel, Sante Fe, NM USA
Conference URL:
http://www.i-LEOS.org
Conference E-mail:
s.blodgett@ieee.org
Optical Data Storage
Topical Meeting (ODS 2007)
Conference Dates:
20-May-2007 to 23-May-2007
The Benson Hotel, Portland, OR USA
Conference URL:
http://www.osa.org/meetings/
topicalmeetings/ods/default.aspx
Conference E-mail: kmirab@osa.org

February 2007

Education & Training in Optics
& Photonics (ETOP 2007)
Conference Dates:
03-Jun-2007 to 05-Jun-2007
Ottawa Convention Center,
Ottawa, Ontario Canada
Conference URL:
http://www.opeta.ca/ETOP2007/
index.htm
Conference E-mail:
Marc.Nantel@oce-ontario.org
9th International Conference
on Transparent Optical Networks
(ICTON 2007)
Conference Dates:
01-Jul-2007 to 05-Jul-2007
Ministero
Rome, Italy
Conference URL:
http://www.itl.waw.pl/konf/
icton/2007/
Conference E-mail:
marian.marciniak@ieee.org
12th OptoElectronics and
Communications Conference/
16th International Conference
on Integrates and
Optical Fiber Communication
(OECC/IOCC 2007)
Conference Dates:
09-Jul-2007 to 13-Jul-2007
Ministero delle Comunicazioni,
Rome, Italy
Conference URL:
www.i-LEOS.org
Conference E-mail:
hattori@ics-inc.co.jp
Summer Topicals 2007
Conference Dates:
23-Jul-2007 to 25-Jul-2007
Embassy Suites Hotel PortlandDowntown, Portland,
OR USA
Conference URL:
www.i-LEOS.org
Conference E-mail:
m.hendrickx@ieee.org

2007 IEEE/LEOS International
Conference on Optical MEMS
and Their Applications (MEMS 2007)
Conference Dates:
12-Aug-2007 to 16-Aug-2007
Hualien Farglory Hotel, Hualien, Taiwan
Conference URL:
http://www.i-LEOS.org
Conference E-mail:
kcchan@mx.nthu.edu.tw
7th Pacific Rim Conference on Lasers
and Electro-Optics (CLEO Pac Rim 2007)
Conference Dates:
26-Aug-2007 to 31-Aug-2007
COEX, Seoul, Korea
Conference URL:
http://www.i-LEOS.org
Conference E-mail:
byoungho@snu.ac.kr
4th International Conference on
Group IV Photonics (GFP 2007)
Conference Dates:
19-Sept-2007 to 21-Sept-2007
Radisson Miyak Hotel, Tokyo, Japan
Conference URL: http://www.i-LEOS.org
Conference E-mail:
m.hendrickx@ieee.org
Avionics, Fiber-Optics Photonics
Conference (AVFOP 2007)
Conference Dates:
02-Oct-2007 to 05-Oct-2007
Ghe Fairmont Empress,
Victoria, British Columbia, Canada
Conference URL: http://www.i-LEOS.org
Conference E-mail:
c.bluhm@ieee.org
IEEE LEOS 20th Annual Meeting
(LEOS 2007)
Conference Dates:
21-Oct-2007 to 25-Oct-2007
Wyndham Palace Resor & Spa,
Lake Buena Vista, FL USA
Conference URL:
http://www.i-LkEOS.org
Conference E-mail:
leosconferences@ieee.org
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(cont’d)

CALL FOR PAPERS
18th Annual Workshop on Interconnections Within High Speed Digital Systems
El Dorado Hotel, Santa Fe, NM
20-23 May 2007
http://www.ieee.org/organizations/society/leos/LEOSCONF/HSD2007/hsd2007.htm
Interconnections within digital
computers and switches can critically limit overall system performance. This Workshop will examine
interconnection requirements of
emerging and future computer and
communications systems, and discuss
state-of-the-art solutions in wired
and wireless, optical and electrical
interconnection technologies. The
Workshop will consider interconnection technologies at the component,
packaging, and systems levels.
Because of the multi-disciplinary
nature of the interconnect problem,
this Workshop brings together
researchers and engineers with expertise in a variety of fields including electronic, optoelectronic, and optical
interconnection technologies. It covers
the full spectrum of high performance
interconnect challenges from chipscale to systems-scale architectures in
networking, communications, and
high performance computing platforms. The Workshop is comprised of
tutorials, invited talks of the highest
caliber, and contributed student
posters. In addition, attendees participate in smaller working groups to discuss and design a conceptual solution
to a predefined design problem. This
problem promotes an overall focus to
the meeting and also facilitates interactions between the participants.

Early Registration
Deadline:
16 April 2007

Workshop Hotel
Accommodations
Deadline:
16 April 2007
Call for Invited Paper
Proposals

Submission Deadline: 15 January
The Workshop Committee is soliciting proposals for invited talks.
Because the Workshop covers a broad
range of topics important to the
design of future digital systems,
invited paper proposals should
emphasize work on a forward-looking
approach to interconnect design,
computing system scalability, interconnect bandwidth, or interconnect
technology trade-offs. Analysis, technology projections, and industry
roadmaps are also topics of interest.
Authors should emphasize the
importance and impact of their work
on a broad range of future computing
challenges and address the practical
realism of interconnect design
including cost and manufacturability.
Authors are invited to submit a 1page abstract and a short biography
of the presenting author. Submissions
must be in either plain text (email),

an MS Word file, or an Adobe PDF
file, and sent via email to Samantha
Blodgett in the IEEE/LEOS office at
s.blodgett@ieee.org
Authors will be notified by 31
January 2007.
2007 Call for Student Posters

Submission Deadline: 2 April 2007
This year’s workshop will include a
special session for poster presentations of student research projects. All
students working on research related
to high speed interconnects are
encouraged to submit their work to
be considered for this session.
Professors with students working in
this area are invited to encourage
their students to submit posters.
Travel grants to support attendance
at the conference may be available
and submissions will be judged competitively for these awards.
Submissions must be in the form
of a 1-page extended abstract and
optionally up to five pages of graphics, and images that are representative of the poster content. All submissions should be in Adobe PDF or
MS PowerPoint format and sent via
e-mail to Samantha Blodgett in the
IEEE/LEOS office at s.blodgett@
ieee.org
Authors will be notified by 11
April 2007.

ICO Newsletter January 2007 issue 70
ICO Prize 2006 goes to
Hideyuki Sotobayashi
ICO established in 1982 the ICO Prize,
to be given annually to an individual
who has made a noteworthy contribu-
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tion to optics, published or submitted
for publication before he or she reached
the age of 40.
The proposal of the ICO Prize
Committee for the year 2006 has been to

deliver it to Dr. Hideyuki Sotobayashi, a
Senior Researcher at the Advanced
Communications Technology Group,
National Institute of Information and
Communications Technology (NICT) in
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Japan. This proposal was unanimously
approved by the ICO Bureau held in
Saint Petersburg (Russia) last September
2006. The award citation reads: “The
ICO Prize for the year 2006 is given to
Dr. Hideyuki Sotobayashi in recognition
of his outstanding contributions in the
areas of optics communications, optical
fiber technologies and new photonic
devices. These achievements were done
as a researcher younger than 40 years old
(as per December 31, 2006)”.

ICO Galileo Galilei Award
2006 goes to Mohammed
M. Shabat
The Galileo Galilei medal of ICO was
established in 1993 to recognize outstanding contributions to the field of
optics which are achieved under comparatively unfavorable circumstances.
For the year 2006 the recipient of the
award is Prof. Mohammed M. Shabat
from the Islamic University of Gaza
(IUG), Gaza Strip (Palestine). The
citation of the award reads: “For his
outstanding scientific contributions in
the area of theoretical and electromagnetic optics, which were accomplished
under comparative unfavorable circumstances as defined on the award
call and for his relevant work for the

February 2007

(cont’d)

organization of optics and photonics
activities in Palestine”.

ICO Annual Bureau 2006
was held in Saint Petersburg
(Russia) at the occasion of
the ICO Topical meeting on
Optoinformatics/Information
Photonics 2006
ICO Bureau meets once every year to
discuss and to update all the current
programs that ICO has under development and to analyze the possible further
activities to be proposed and considered.
When the year coincides with the celebration of the General Conference and
General Assembly, the Bureau meets in
the place where the meeting is held. In
addition to these special dates, the
Bureau meets usually at the occasion of
major ICO meetings. This year, and in
coincidence with the ICO Topical
Meeting on Optoinformatics/ Information Photonics 2006, the ICO Bureau
had its meeting in Saint Petersburg.
It was a two day meeting held at the
Research Institute of Optoinformatics of
the Saint Petersburg State University of
Information technologies, Mechanics
and Optics (ITMO). The ICO is recognizing the warm hospitality and all the
technical support provided by ITMO

academic authorities for the meeting to
be a success. Moreover, Prof. Nikolay
Nikonorov, Director of the Research
Institute of Optoinformatics was presenting a resume of activities and
research lines developed at the Institute,
with details on research on optical materials, GRIN media and 3D holography.
As a resume, among some of the
approved actions ICO will apply dedication to increase its presence in ICSU
activities, to enhance the links with
industry, to coordinate activities in the
areas of optics and photonics with international societies for education and
training, and some other actions related
to the coordination of the internal
organization and the Territorial
Committees. Detailed information will
be contained on the corresponding
Green Book edited by ICO Secretariat
at the end of term 2005-2008.
The next ICO Bureau meeting will
be held in Cape Coast, (Ghana) at the
occasion of the ICO Topical Meeting
2007 on Optics and Laser Applications
in Medicine and Environmental
Monitoring for Sustainable Development in November 2007.
A more complete version of this ICO
Newsletter can be found at:
http://www.ico-optics.org
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Call for Papers
IEEE JOURNAL OF LIGHTWAVE TECHNOLOGY —
Call for Papers
1. Convergence of Optical
Wireless Access Networks

•
•
•
•

Submission Deadline:
15 February 2007

•
Publication Date:
November 2007

•

Guest Editors: Gee-Kung Chang,
Georgia Institute of Technology,
USA; Ken-ichi Kitayama, Osaka
University, Japan; Jianjun Yu, NEC
Labs, USA; and Alwyn Seeds,
University College London, UK.

•

Scope: This special issue will address
the challenges of Super broadband
wired and wireless convergence, optical to millimeter wave upconversion
technologies, RF front-end design and
implementation, Radio over Fiber
technologies, coding and protection
techniques for high bit rate (>1 Gbps)
wireless links, IPTV and HDTV over
wireless, and what’s beyond WiFi and
WiMax for fixed-wireless in metro &
access networks.

•
•

•

Optical millimeter-wave generation and demodulation techniques.

•
•

•

•

All-optical frequency mixing and
signal processing techniques.
Radio-over-fiber network architectures
Integration radio-over-fiber with
WDM-PON system.
Advanced components for radioover-fiber system.
Quality of service in radio-overfiber system.
Advanced modulation formats in
radio-over-fiber system.
Coding and protection techniques for high bit rate wireless
links.
Protocol design for optical wireless access networks.
Free space optical wireless access
systems.
UWB radio over fiber technologies
IPTV and HDTV over optical
wireless.
Advancements of WiFi and
WiMax for fixed-wireless in
metro & access networks.
Applications of radio-over-fiber
technique in new areas other
than in telecommunication.

Please upload your paper to
Manuscript Central and choose the
*2007 Optical Wireless Access
Networks* special issue. All submissions will be reviewed in accordance

with the normal procedures of the
Journal.
All copyright forms should be mailed to:
JLT Editorial Office
Doug Hargis
IEEE/LEOS
445 Hoes Lane
Piscataway, NJ 08854 USA
For all papers published in JLT, there
are voluntary page charges of $110.00
per page for each page to eight pages.
Invited papers can be twelve pages in
length before overlength page charges
of $260.00 per page are levied. The
length of each paper is estimated
when it is received in the Editorial
Office. Authors of papers that appear
to be overlength are notified and
given the option to shorten the paper;
otherwise, mandatory overlength
charges will be assessed. Additional
charges will apply if color figures are
required.
For more information on JLT special issues and submission requirements, contact Doug Hargis at
d.hargis@ieee.org
The Copyright Form can found online
at: http://www.ieee.org/about/documentation/copyright/cfmlink.htm.

Visit the LEOS web site for
more information:

www.i-LEOS.org
February 2007
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LEOS Mission Statement
LEOS shall advance the interests of its members and the laser, optoelectronics, and photonics professional community by:

• providing opportunities for information exchange, continuing education,
and professional growth;
• publishing journals, sponsoring conferences, and supporting local chapter
and student activities;
• formally recognizing the professional
contributions of members;
• representing the laser, optoelectronics,
and photonics community and serving
as its advocate within the IEEE, the
broader scientific and technical community, and society at large.
LEOS Field of Interest
The Field of Interest of the Society shall be
lasers, optical devices, optical fibers, and
associated lightwave technology and their
applications in systems and subsystems in
which quantum electronic devices are key
elements. The Society is concerned with the
research, development, design, manufacture, and applications of materials, devices
and systems, and with the various scientific
and technological activities which contribute to the useful expansion of the field
of quantum electronics and applications.
The Society shall aid in promoting close
cooperation with other IEEE groups and
societies in the form of joint publications,
sponsorship of meetings, and other forms of
information exchange. Appropriate cooperative efforts will also be undertaken with
non-IEEE societies.
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