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Editor’s
Column

IEEE Photonics Society

HON TSANG
Laser diodes have now become ubiquitous and often employed by people who use them without realizing it.
Members of IEEE Photonics society would know that laser diodes have found many applications in everyday life
including, in computers (VCSELS in optical mouse is an
obvious example), barcode scanners in the supermarket,
optical video and data disks, photocopying machines, laser
printers etc. However when I asked a co-worker (a non-
engineering university graduate) to give me some everyday
examples of where laser diodes are used, after a few moments thought the rely came that only a couple of examples
came to her mind: laser diode pointers used in lectures and
laser diodes employed in optical communications for the
internet. In this issue Prof Dr Dieter Bimberg tells the story of the early development of the laser diode. The success
of the laser diode, in retrospect, is as amazing as the fairy
tale story by Danish author Hans Christian Andersen of the
transition of the ugly duckling to a radiant swan.
In contrast to the enormous success of laser diodes,
Dr John Alcock marks the 25th anniversary of the chromium doped yttrium aluminum garnet (Cr4+:YAG) laser
in his article that explains why, despite the early promise of Cr4+:YAG crystals in offering broadband gain that
enabled successful demonstrations of mode locked lasers
generating 20 femtosecond pulses, there has only been
limited commercial success for Cr4+:YAG lasers, particularly when compared with competing laser technologies.
Cr4+:YAG lasers have not lived up to their early promise
as a longer wavelength alternative to the Ti:sapphire laser.
Also in this issue we have a research highlights article
that reviews the recent advances on superconductors for
photon counting. Single photon counting is needed in
many important scientific and practical applications. Examples that come to my mind include the use of photon
counters LIDAR, fluorescence spectroscopy, quantum
information processing, quantum encryption and in the
detection of energetic particles in astronomy, particle
physics and medical imaging. The technology for photon
counting has advanced beyond the performance of traditional photon counting instruments based on photomultiplier tubes, The advent of nanowire superconductors
operating at liquid helium temperatures enables photon
counters with low dark count, fast response, and high detection efficiency: together these advantages make superconductor based photon counters an attractive high-performance technology for photon counting applications.
I hope you enjoy this month’s articles. I always like
hearing from readers and you can post comments on
http://www.facebook.com/PhotonicsSociety or send your
comments by email to us.
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Photonics Technology: Broad
and Rapidly Advancing
In April I attended a big exhibition on photonics/optics technology held in Tokyo. It covered many different areas of technology, including optical communication, laser processing and
manufacturing, displays with ultra-high definition and that
are bendable, illumination with high efficiency and controllability, optical sensors with multiple and distributed sensing
points, and laser micro/nano engineering. It was amazing to
me how broad the field has become and how advanced many
of these technologies have become. For example, the laser processing is so advanced that many manufacturing processes for
cars and smartphones are handled by laser welding and cutting. The exhibition also included academic exhibits that introduced seed-stage technologies, such as new practical optical
encryption technology.
I recently read a book titled “Makers” by Chris Anderson,
in which he describes a new industrial revolution by software
oriented “open hardware” manufacturing. An example is 3D
printing, which, through computer control, can make three
dimensional objects. It is usually applied for manufacturing
mold/plastic materials layer by layer as an “additive” technology, but a similar result of 3D manufacturing can be obtained
by a laser cutter, and it can be applied to hard materials as a
“subtractive” technology.
I have also noticed newspaper and magazine articles on
several photonics technologies. Illumination using organic EL
(Electro Luminescence) is becoming attractive, increasing its
emitting efficiency and reliability. There has also been rapid
progress in the commercialization of smart laser displays. Laser
ignition for advanced combustion systems using giant pulse
micro-lasers is drawing attention because of its low levels of
exhaust gas and high efficiency. There has also been progress in
artificial photosynthesis, and its efficiency is approaching that
of natural plants. In the medical area, intraocular lenses are being used as a treatment for cataracts.
Photonics technology is making dramatic progress, and the
scope of its application is spreading. It is said that the 21st
century is the century of photonics. I, of course, like photonics
technologies. From the viewpoint of industry, however, I also
think research on photonics technology should be “market”
conscious or oriented.

OFC/NFOEC2013 in
Anaheim and IPS Meetings
This year OFC/NFOEC2013 was held March 17–21 in Anaheim, California. In the technical sessions there were many interesting advances reported, including high capacity optical transmission using spatial multiplexing, 400 Gbps technology, SDN
(Software Defined Network), and Si-photonics. In the plenary
session, three interesting talks were given by renowned speakers: Caio Boniha of Telebras, Brazil, Nick McKeown of Stanford
June 2013

University, and Brian Protiva of ADVA Optical Networking.
The size of the exhibition has grown again for the third year in a
row along with participants in Market Watch presentations and
the Service Provider Summit on the exhibit floor. In the plenary
session, a memorial tribute was presented in honor of the late
Dr. Tingye Li, who was renowned for his contributions to lightwave technology and optical fiber communications.
At the opening plenary session of OFC/NFOEC, we had a
recognition ceremony for new Fellows, and this time eight new
Fellows associated with IPS were recognized. The John Tyndall Award was presented to Jim Coleman, IPS Past-President.
Congratulations again to our new Fellows and Jim!
You may be interested to learn that the OFC/NFOEC Steering Committee has decided that NFOEC has been successfully
integrated into the conference and that it is time to drop the
NFOEC acronym. As a result the conference will once again be
known as OFC in the future.
In our IPS, we have held several internal meetings, including meetings for the Membership Council, Publication Council, Conference Council, Strategic Planning Committee, and
the Editors meeting for Photonics Technology Letters. The
biggest is the BoG (Board of Governors) meeting. The financial situation of IPS is improving, mainly due to an increase in
paper submissions to our publications and conferences. Rich
Linke, IPS Executive Director, reported the recent activity of
IPS supporting a 3rd photonics IEEE Milestone, the “First Optical Fiber Laser & Amplifier,” which recognizes the contributions of Elias Snitzer. He also reported on IPS support for the
National Photonics Initiative, which is the follow-up to the
report, “Optics and Photonics, Essential Technologies for Our
Nation.” I think the concept of this photonics initiative could
be extended beyond the US to the entire globe.
As for membership development, we are increasing our promotional efforts by adding a new staff member, Lauren Mecam,
and using social media, such as Twitter and Facebook. I would
like to remind you of the following benefits of IPS membership
and ask you to invite your colleagues to join.
• Stay on the cutting edge of photonics
• Network with other photonics professionals
• Enhance your education/professional development
• Advance your professional success with the prestige of
IEEE membership
As I write this column three big events in our field are approaching. In chronological order these are: CLEO-Europe in
Munich, Germany, May 12–16, CLEO-2013 in San Jose, CA,
June 9–14, and CLEO-PR/OECC/PS2013 in Kyoto, Japan on
June 30–July 4. I hope to see you at one or more of these events.
With warm wishes,
Hideo Kuwahara
Fellow
Fujitsu Laboratories Ltd.
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Research Highlights

From Ugly Duckling to Radiant Swan: Half
a Century After the Discovery of the
Semiconductor Laser
Dr. Dieter Bimberg, FIEEE, FAPS, ML, MRAS, Chair of Applied Physics and
Executive Director of the Centre of Nanophotonics, Berlin Institute of Technology
Abstract—Our daily life would be completely different without semiconductor lasers. The internet, the social and economic
services based on the internet connecting billions of people
around the world, optical mice for computers, night vision systems in new generations of automobiles, inexpensive barcode
scanners and much more would not exist. Today, approximately
60 percent of the world market of lasers are diode lasers. Their
production value was reaching 7 billion Dollars in 2012, leveraged to about a trillion of Dollars if the turnover of systems,
which are based on such diodes as strategic components, is assessed. The discovery of the diode laser however was originally
regarded with great skepticism and commented gloatingly.

Introduction
The history of semiconductor lasers is coined by misconceptions and confusion. It is the story of a concept whose technological realization and success took decades, the never tiring
enthusiasm of a few believers and many restarts. The final success of the diode laser is an excellent example of interdisciplinary long-term research. It is a story of cooperation of material
scientists with researchers in a great variety of disciplines in
physics, and with computer and communication engineers. It’s
a story that teaches us that one should never give up.
Theodore Maiman observed in 1960 stimulated emission
between electronic transitions of chromium atoms in Sapphire
(Al2O3), thus confirming Einstein’s prediction dating back to
1917. Within 18 months afterwards the nowadays most important classes of lasers were presented to the community of
researchers and engineers, triggering worldwide excitement
about applications for the sake of human beings. Amongst
them were solid state lasers, e.g. based on yttrium aluminum
garnet (YAG), and the very first semiconductor lasers. Solid
state and gas lasers operated from the very beginning at room
temperature. Their potential for many different applications
in research and industry, ranging from spectroscopy to nuclear
fusion and material treatments was obvious. Here applications
range from drilling of small holes in the fabrication process of
watches to welding in automobile manufacturing or hardening
of cylinders for Diesel engines.
Semiconductor lasers at the beginning operated only at the
temperature of liquid Helium, 4.2 K. The theoretical foundations of such lasers were laid down between 1960 and 1962 by
essentially four groups around Nicolay Basov from the Lebedev
Institute of the Russian Academy of Sciences, by Willard Boyle
and David Thomas from Bell Labs, by Georges Duraffourg
4
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from CNET in France and by William Dumke from IBM
(1). The idea was straightforward: Take a pn-junction in a
semiconductor (a homojunction) and inject charge carriers,
which means electrons from the n-side and holes from the
p-side. Then the two requisites for a laser can be fulfilled:
a) In the area of overlapping electron- and hole-populations charge-carrier inversion occurs, which is a
necessary precondition for stimulated emission in a
two-level system (Fig. 1a). The thermodynamic laser
condition can be fulfilled: The energetic distance of
Quasi-Fermi-Levels of electrons and holes is larger
than the fundamental band gap of the semiconductor. The Quasi-Fermi-Levels and their distance are,
however, temperature dependent. Hence, the threshold
current and the threshold current density of a semiconductor laser are strongly temperature dependent too.
b) In the area where the largest densities of electrons
and holes overlap, the index of refraction increases
(Fig. 1a). The surrounding areas of lower charge carrier concentration have a smaller index of refraction.
Hence, wave guiding is induced and total reflection of
electromagnetic waves occurs.
The first material being used for diode lasers was Gallium
Arsenide, a III-V compound discovered by Heinrich Welker.
III-V compounds crystallizing in face centered cubic symmetry
(like InP, InSb, InAs, GaSb, GaP, etc.) exhibit one particularity of largest importance: Upon smallest pressure parallel to a
crystallographic (110)-plane they will cleave along this plane
with atomic perfection.
When growing a pn-junction on a (100)-oriented substrate,
the cleaved facets form mirrors with a reflectivity of approximately 32% for GaAs. These mirrors together with the lateral
wave guide constitute a resonator structure. The reflectivity of
the mirrors can be easily adjusted to specific device applications by applying high/anti-reflection coatings. The variation
of the index of refraction upon carrier injection in a homojunction is only about 0.1% to 1%. The width of the wave guide is
defined by the diffusion length of the minority charge carriers.
The wave guiding effect is thus very small. Laser oscillation appears when the quantum-mechanically defined gain created by
stimulated recombination of electrons and holes overcomes the
losses due to absorption in the wave guide and out-coupling of
the electromagnetic wave at the mirrors.
In 1962, four competing industrial groups demonstrated
at almost the same time the emission of coherent light from
June 2013
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GaAs-pn-junctions. The winners of the
race for the first diode laser on the bap-AlXGa1-XAs
p-GaAs
sis of homojunctions were the groups of
p-GaAs
n-GaAs
Robert N. Hall from GEC Schenectady,
n-AlXGa1-XAs
Marshall I. Nathan from IBM, Nick Holonyak from GEC Syracuse, and TheoGaAs
dore M. Quist from Lincoln Labs at MIT
(1). The threshold current density they
p
n
p
p
n
observed was around 100,000 A/cm2
GaAs
GaAs
at a temperature of 4.2 K (Fig. 2). The
external quantum efficiency was well
AlXGa1-XAs
below 1%, which means that the electriEC
EFC
cal pump energy was almost completely
EFC
EC
converted into heat. Attempts to meahv
hv
sure device properties at temperatures
EV
higher than that of liquid helium led to
EFV
EFV
thermal destruction of the semiconducEV
tor pn-junction.
Many scientists around the whole
1.5 μm
2 μm
world immediately realized how impor~5%
tant semiconductor lasers would be, if
0.1 ~ 1%
they would operate at room temperature.
Quickly other industrial teams from Bell
(a)
(b)
Labs, from RCA, IBM, . . . entered the
race but encountered fiascos. The sciFigure 1. (a) Schematic sketch, band structure, charge carrier distribution, index of reence of semiconductor lasers was rapidly
fraction (from top to bottom) of a homojunction GaAs diode laser. (b) The same for an
coined as a playing ground for funda- AlGaAs/GaAs/AlGaAs heterojunction laser.
mental physicist, absolutely useless for
any application. The problem was easily
diagnosed: Upon injection, the charge carriers spread too much
In 1962 R. L. Anderson at IBM showed that Ge/GaAs hetin space leading to a relatively low carrier density. In addition,
erostructures can be grown with almost perfect interfaces. Conenormous losses appear due to the very small wave guiding
sequently Krömer published 1963 the idea to build a GaAs/
effects induced by the vertical variation of the carrier density.
Ge/GaAs double-heterostructure laser. This structure never
worked. In 1967 Alferov suggested to fabricate a GaP/GaAs/
GaP laser, which operated at temperatures of up to 77 K, one
Misconceptions and the Dawn
step forward, but no room temperature.
In the beginning of the sixties, heterojunctions (junctions
At the end of the sixties the semiconductor laser hype was
between two chemically different semiconductors) were wellover.
In particular, most industrial research groups removed
known and utilized in the area of electronic devices. Based
from
the scene. It was thought to be impossible to find the
on pioneering work by William Shockley and Aleksandr
Gubanov the injection efficiency of charge carriers across a
heterojunction was found to be decisively larger than across
homojunctions. In 1963 Zhores Alferov and Rudi Kazarinov
proposed in a patent application to localize charge carriers in
GaAs-pn
105
Quantum Wells
a double heterostructure (2). Independently, Herbert Krömer
proposed the same in a publication (2). Localization was sug104
gested to lead to an increase of charge carrier density by several
Quantum Dots
orders of magnitude without increasing the injection current.
103
In 1966 Alferov observed that a double heterostructure conHeterostructures
sisting of two barriers with a larger band gap and a mate102
rial with a smaller band gap in-between, should show a much
larger difference of the indices of refraction at the interfaces
Theoretical Prediction
101
than in the case of a homojunction (see Fig. 1b). Thus wave
1960
1970
1980
1990
2000
2010
guiding of the emitted light would be largely improved. To
Year
give an example: The variation of the index of refraction at the
interface between AlGaAs and GaAs is around 5%. ExperiFigure 2. Variation of threshold current density of diode lasers
mental verification of both proposals was, however, missing.
by 4 orders of magnitude from homojunction, to heterojuncNow it was the turn of the best material scientists of the world
tion, to quantum well and finally to quantum dot based structo meet the challenges.
tures in the last 50 years.
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right crystallographic and band structure properties together
with a sufficient level of doping for heterostructures. The system AlAs/GaAs was believed to fulfill the requirements. However, under normal environmental conditions AlAs is unstable
and oxidizes immediately to Al2O3 (sapphire). Decisive discoveries were finally made in May/June 1967 by Hans Rupprecht
and Jerry Woodall at IBM and by Zhores Alferov at the Ioffe
Institute in St. Petersburg together with their coworkers. The
ternary compound AlGaAs, having the same lattice constant
as GaAs, was found to be chemical stable and easy to grow using liquid phase epitaxy on GaAs substrates. Just a year later
Alferov and coworkers realized the first double-heterostructure
AlGaAs/GaAs/AlGaAs laser operating at room temperature in
pulsed mode. Three years later, after further improvements,
in June 1970 continuous operation at room temperature was
demonstrated. Izuo Hayashi and Morton Panish from Bell Labs
were next to Zhores Alferov the first to succeed.
The resulting reduction of the threshold current density
by two orders of magnitude to approximately 1000 A/cm2
(Fig. 2) was certainly the decisive breakthrough which found
immediate and worldwide acclaim and initiated a real Tsunami of research activities, now also focusing on additional
heterostructure systems like those based on InP. Much later
in 2000 Zhores I. Alferov and Herbert Kroemer received the
Nobel Prize of physics for their work.
In the sixties and seventies heterostructures based on compounds with identical lattice constants stood in the focus of
research. Upon growth of layers of materials with lattice constants different from that of the underlying material, strain
energy is increasingly built up with increasing thickness. Dislocations are formed beyond a critical thickness, which reduce
the build-in strain energy. The result: Coherent growth of
lattice mismatched heterostructures turns over to incoherent
growth when the lattice mismatch dependent critical thickness
is reached.
The only epitaxial methods for the growth of multiple
layers at that time were liquid phase epitaxy and inorganic
vapor phase epitaxy. Both methods were and are not suited
for a controlled growth of ultra-thin layers of a few nanometers thickness only. The situation completely changed with
the development of molecular beam epitaxy (MBE) and metalorganic chemical vapor deposition (MOCVD) in the seventies.
Using these new methods embodiment of layers of a few nanometers in thickness in heterostructures became possible.

Gold Rush upon Size Reduction
Upon reduction of the thickness of the active layer below the
de-Broglie wavelength, the effective band gap of the embedded layer, coined quantum well, becomes a parameter of the
thickness. Such thickness dependence of energy levels in 2D
systems was already predicted in the second half of the thirties and is known to all physics students as “particle in a box”
problem. The technological realization of such layers led to a
decisive change of paradigm: The electronic and optical properties of semiconductor nano-heterostructures do not depend
only on the chemical composition of the layers but also on the
geometry (here the thickness). Consequently quantum wells
suddenly entered the center of interest. Raymond Dingle and
6
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coworkers from Bell Labs were amongst the first to demonstrate the step-function-like density-of-states of charge carriers (3). Nick Holonyak, Russel Dupuis, Won-Tien Tsang and
Steve Hersee from leading labs in USA and Europe used for
the first time single and multiple quantum wells as active layers in diode lasers. Separate confinement heterostructures were
proposed and successfully demonstrated. As a consequence it
was possible to decouple the width of the wave guide from
the width of those layers which localize the charge carriers.
Progress in the control of MBE and MOCVD finally led to the
use of ultrathin active-layer materials below the critical thickness having a lattice constant different from that of the barrier
material, with the whole structure being still free of defects.
The GRINSCH lasers (Graded-Index Separate-Confinement
Heterostructure) and the multiple-quantum-well lasers were
born. Again the threshold current density was decreased by
approximately one order of magnitude (Fig. 2). Today, the active layers of commercial diode lasers are predominantly made
out of multiple quantum wells. For the first time the physics
of nanostructures contributed to a breakthrough in the area of
optoelectronic devices.
In a decisive patent Dingle and Henry (4) described in
1975 that further reduction of the dimensionality towards onedimensional structures (quantum wires) should again lead to a
completely different density of states with singularities at the
subband edges (Fig. 3) and further reduced threshold current
density.
In a final step two Japanese teams (5) were the first to discuss
zero-dimensional systems in which the size of the active region
in all three directions is below the de-Broglie wavelength. Their
theoretical work predicted further improved functionality for
semiconductor lasers including “quantum boxes” (called “quantum dots” today) as active elements. Their original numerical
predictions made for lattice matched structures based, however, on a series of unrealistic assumptions like infinitely large
barriers (6). Yet, hope emerged to build zero dimensional systems based on 0D nano-heterostructures with identical lattice
constants like GaAs/AlGaAs or InP/InGaAs. These theoretical
predictions initiated another kind of gold rush. Most leading
semiconductor laboratories in the world tried to fabricate quantum dot based lasers. Quantum well structures were grown
first. Using complex lithography techniques, narrow columns
were etched out of the QWs and finally overgrown, leading to
quantum boxes/dots. Reaching the Holy Grail of Nanosciences seemed to be close. Once more, however, the technological
approaches failed dramatically. The “best” laser based on this
high-tech approach presented in 1994 operated only in a pulsed
mode at liquid nitrogen temperature showing a much larger
than predicted threshold current density of 7500 A/cm2 (6).
At the end of the eighties a French group (7) investigated
strongly compressed InGaAs layers embedded in a GaAs matrix (lattice mismatched by more than 7%) using transmission
electron microscopy. To their surprise they didn’t find quantum wells but a multitude of small clusters having approximately the same size. In retrospective this was the birthday
of self-organized quantum dots using the Stranski-Krastanov
(SK) growth mode (8), although only a few paid attention to
this report at the time.
June 2013

Density of States

Spatially-resolved cathodo- and photoluminescence investigations of such
Inhomogeneously
Thermally
SK-grown QDs demonstrated 1993/94
Ideal
Broadened
Occupied
that single quantum dots indeed show
3D
delta-function-like density-of-states
[H, k] = 0
and discrete emission lines very similar
Egap
Egap
Egap
to those of single atoms (6). The first
Lz
2D
quantum-dot diode laser based on a single layer of self-organized quantum dots
[H, kz] ≠ 0
and not on etched ones demonstrated
E0 E1
E0 E1
E0 E1
unexpectedly (after all previous failures)
L
1D
z
the dramatic reduction of threshold cur[H,
k
]
≠
0
rent density one had hoped for (6). Folz
[H, kx] ≠ 0 Lx
lowing this early breakthrough many
E00 E01
E00 E01
E00 E01
different groups immediately developed
Lz
0D
multiple-layer quantum dot systems
Ly
Lx
[H, k] ≠ 0
based on a variety of materials. These laE000 E001
E000 E001
E000 E001
sers broke in the meantime all the world
Energy
records for lowest threshold carrier densities (see Fig. 2). The rapid capture
of carriers from surrounding reservoirs Figure 3. Upon reduction of the dimensionality of a system the density of states (DOS)
with very high densities of electrons and changes radically and the commutativity of the Hamilton and the wave vector operators
holes to the localized states of quantum is successively broken. The figure shows for all four cases the ideal DOS, the inhomodots enabled also green lasers in mate- geneously broadened DOS and the DOS thermally occupied with charge carriers. Note
rial systems which still have large den- that for a single 0D system no inhomogeneous broadening of the delta-function-like
sities of defects and dislocations like DOS occurs.
InGaN/AlGaN.
The statistical distribution of size, shape and composition
A large diversity based on three mainstream material famiof quantum dots in a given matrix leads for large densities of
lies has evolved in the last decade: Nitrides, arsenides and phosquantum dots to an inhomogeneously broadened ground state
phides cover 99% of the world market. Edge-emitting lasers
recombination with an almost Gaussian line shape. A large
stood in the center of development in the first two decades. In
spontaneous line width is very advantageous for mode locked
the last decade the development focused more and more on verlasers emitting narrow pulses, or for multi wavelength amplifitical-cavity surface-emitting lasers (VCSELs) which exhibit less
cation or wavelength conversion in semiconductor optical amoutput power, but a much better beam profile. VCSELs are now
plifiers. Presently repetition rates up to 160 GHz with pulse
the strategic devices for both, consumer applications like optical
widths of a few hundred femtoseconds showing timing jitters
mice or optical interconnects in high performance computers.
of a few femtoseconds only, are demonstrated (9). These are the
Today 60% of the turnover of the laser world market is
decisive parameters for optical clocks and will allow low-cost
based on diode lasers (Fig. 4). Lacking far behind are CO2 laimplementation of Ethernet standards beyond 100 G. Quantum
sers, which are of large importance for material treatment, and
dot lasers have another absolutely counter intuitive but imporlamp- or diode-pumped solid state and fiber lasers. Considertant property: Real and imaginary parts of the index of refraction
ing only the turnover of single laser systems is inadequate in
are decoupled. The large carrier reservoir in the barrier defines
order to judge their real commercial impact. Diode lasers are
the real part of the waveguide whereas the imaginary part is defined by the gain in the quantum dot structures, which have
Fiber Lasers 4% Others 1%
orders of magnitude lower carrier densities. Such decoupling is
Solid-state Lasers
of particular importance for non-linear optical applications in
Pumped by Diode Lasers 6%
optical networks like cross-gain modulation in amplifiers.

Economic Importance
The first lasers becoming the enabling devices for large scale
novel optical systems were InP-based ones. Depending on
the chemical composition of the barrier and thickness of the
quantum wells they can emit both in the minimum of absorption of commercial quartz fibers at 1.55 μm or at the
dispersion minimum of such fibers at 1.3 μm. Fiber-based
communication networks could be build up and present today’s backbone of our internet and of services like Google,
Yahoo or Facebook.
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Excimer Lasers 6%
Solid-State Lasers
Pumped by Lamps 9%

CO2 Lasers 16%
Diode Lasers 58%

Figure 4. Diode lasers comprise about 60 of the worldwide turnover of the various laser technologies.
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power, high-brightness lasers, which are essential both for
printers as well as pump lasers for fiber lasers, for medical applications (minimal invasive surgery) and for direct material
treatment. Novel concepts for laser structures like photonicband-gap-crystal lasers (10) that show an excellent mode profile combined with superior brightness might enable in the
future new breakthroughs. PBC lasers might present a basis
for phase-coupled arrays of diode lasers with a beam quality
comparable to a single laser, but with an output power of
hundreds of Watts. Technological success in these areas would
open again many fields of applications.

Green Photonics
30 μm

Figure 5. A typical surface emitting laser (red) is much smaller
than an ant.

typically enabling devices of much more expensive systems.
Examples are CD players where the cost of laser amounts to
only 1% of the total cost of the player. Based on a predicted
turnover of approximately 10 Billion dollars for lasers the true
economic impact is on the order of one Trillion dollars.
At the end of the nineties, InP-based diode lasers made
about most of the turnover of diode lasers. In the meantime
they represent only 30%, with decreasing tendency. GaAsbased lasers have gained large importance for low-cost commercial systems like barcode scanners, laser printers, scanners
or for VCSELs, enabling datacom. GaN-based lasers, being
presently mostly used for data storage, are catching up. Diode lasers are omnipresent and an essential part of our daily
life. Still new types are developed which are conquering completely novel fields of applications. Amongst them are high-

Light Out

1 μm
n Contact
Ag

InGaP
SiNx
17.5-pairs
DBR
MQWs
Silver
Encapsulation

p-AlGaAs
p-GaAs

Silicon

Figure 6. Combining semiconductors and metals enables nanolasers having a footprint roughly a factor 100 smaller than that
of a classical VCSEL. Adapted from a figure originally created by
C. Y. Lu et al., UIUC.
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Optical links between computers, inside computers, between
boards, on boards, from module to module, are rapidly replacing copper interconnects. Back in 2006 high performance
computers (HPCs) showed a maze of thousands of electrical
cables which were thick, heavy, and difficult to bend. Since
then glass fibers as passive components with surface-emitting
lasers as emitters and high-speed detectors on the receiver
side have revolutionized computer interconnects completely.
The latest generation of HPCs, e.g. Blue Waters, which was
introduced by IBM about two years ago, shows five millions
of such optical interconnects. Exa-Flop computers being announced for 2018–2020 are going to have up to several billions of optical interconnects. They will consume close to
80% of the electrical power of the computer (11). Based on
present technology, the total power consumption of such super computers would be around 1 GW and the largest part
of this power would have to be cooled away if based on present technologies. This prediction is currently realistic and at
the same time absurd and visualizes the future challenges for
scientists and engineers. We have to realize that using the internet and all the computer farms or HPCs behind consumes
energy. This consumption has to be minimized.
Recent work on energy-efficient VCSELs demonstrates
power dissipation of only 85 Femtojoule to transmit one bit
at a rate of 30 Gb/s across a distance of 500 meters (12). Using such VCSELs the energy consumption for optics of a main
frame computer would be already reduced by a factor of 4–5
as compared to present values. Still this reduction is not sufficient. The future use of lasers across still shorter distances
in parallel board-to-board or chip-to-chip interconnects will
require further reduction of energy consumption and heat dissipation to enable Terabit/s data communication and silicon
photonics. Precondition for hybrid integration is also a reduction of the footprint by another factor of 100 as compared to
the already small surface-emitting lasers (Fig. 5).
Mixed metal semiconductor technologies (metal-clad surface-emitting laser or plasmonic lasers) which are based on
surface emitting structures but coated with metals like silver
promise such a reduction of the foot print (13), see Fig. 6. We
may speculate whether these nano-lasers will in the future have
a few or just one quantum dot as gain material.
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A Superconducting
Photon-Number-Resolving Detector
Saeedeh Jahanmirinejad* and Andrea Fiore, COBRA Research Institute,
Eindhoven University of Technology, Eindhoven, The Netherlands
*currently with Single Quantum BV, Delft, The Netherlands
1. Introduction
Optical detection involves the conversion of optical energy in
the form of photons into an electrical signal in the form of
electrons to be processed by conventional electronics. Singlephoton detection provides the utmost level of sensitivity in
optical measurements. Over the past years, there has been
growing interest in single-photon detectors (SPDs) as the enabling technology for many applications. These applications
mostly involve physical phenomena in which a very small
number of photons—often just one—are available for detection, such as in single molecule spectroscopy, fluorescence lifetime analysis, light detection and ranging (LIDAR) and optical
time domain reflectometry (OTDR) [1]. Other emerging applications employ the quantum properties of a single photon.
High-performance photon counters are indispensable constituents in the progressing field of quantum information processing and quantum communication [2]. Finally, single photon
detection is widely used in the astronomical research to observe
the dark corners of the universe [3]. Spurred by the vast range
of applications, there has been an ongoing effort and extensive
research on SPDs. In the past decade, owing to the progress
in the technology of superconducting thin film, a new type of
SPD technology, the nanowire superconducting single photon

detector (SSPD) has emerged [4], which shows considerable
promise as a high-speed and high-sensitivity single-photon detector in most SPD applications [5]. This article summarizes
some novel designs of SSPDs to enhance their functionality.

2. SSPD Working Principle

10

0n

m

In this section, a brief introduction to the working principle
of SSPDs is provided. SSPDs discussed in this article are fabricated out of a niobium nitride (NbN) superconducting thin
film, sputtered on GaAs substrate and patterned into a meandering wire [6]. The wire typically has 4 nm thickness and
100 nm width covering a square area with lateral dimension of
5–10 nm and 40% filling factor. It is cooled to about 1–4 K,
well below the critical temperature TC (which for our NbN
devices is around 10 K). Below TC the wire is superconducting
and has essentially zero electrical resistance, while above TC it
is in the normal (non-superconducting) state, with a relatively
high electrical resistance. The wire is biased with a direct current sufficiently close to the critical current IC, above which the
superconductivity breaks down. In this way the nanowire can
be modeled as a time-varying resistor Rn(t), with a zero resistance value in the superconducting state and a nonzero value
after absorption of a photon, in series with the intrinsic kinetic
inductance of the nanowire LK as is shown in
Figure 1a and 1b, where opening and closing of the switch represents the absorption
IB
of a photon.
I B < IC
The operating circuit of SSPD is scheNb
N
4–5 nm
Rn
matically
shown in Figure 2. The bias-T
Superconducting
GaAs
State
provides the DC bias and transmits the RF
T = 1–4 K
Lk
R=0
signal to the load. In fact, once a photon is
absorbed in the superconducting strip, it
(Not to Scale)
(a)
breaks a Cooper pair (paired electrons that
carry a current without any resistance), and,
hv
subsequently, a large number of normal
Rn
electrons (with resistive charge transport)
Normal
are generated through the electron-electron
State
Lk
and electron-phonon interactions. If the bias
R = Rn
max (Rn) ~1 kΩ
current IB is sufficiently close to the critical
current IC, this photo-induced perturbation
(b)
results in a disruption of superconductivFigure 1. Schematic of the SSPD in the (a) superconducting state, where the SSPD ity throughout the entire cross section of
can be modeled as a kinetic inductance, in series with a resistance which is shunted the wire, creating a resistive slab. After a
by a closed switch, and (b) normal state, where the switch opens temporarily to a resistive region is formed across the wire,
time-dependent resistance Rn.
it undergoes a further growth due to the
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+

Joule heating. At the same time, the
bias current is redistributed to the load
RB
Bias-T
resistance RL (a typical 50 Ω transmisA
sion line) which will be followed by the
IB < IC
+
cooling down and disappearance of the
Vout
VB
RL
normal region as a result of a negative
–
–
electro-thermal feedback. In this way, the
Rn(t)
wire resets to the superconducting state
so that any subsequent incoming photon
LK
can be detected. The kinetic inductance
sets the recovery time of the bias current
in the wire, and ultimately the detector
NbN
dead time, typically in the few ns range.
Due to the very low dark count rate
(few hertz), high efficiency (greater than Figure 2. The schematic of the circuit for the traditional operation of the SSPD. In this
90% at m = 1.55 nm [7]), short dead configuration, the generated output pulses have the same magnitude independent of
time (few ns) and high timing resolu- the number of photons involved in the detection process.
tion (few tens of ps), SSPDs are now
the detectors of choice for ultrasensitive
single-photon detection in the near-infrared. Complete SSPD
the amplitude of the output pulse. For this reason, standard
systems including cooling and electrical read-out are available
SSPDs do not have PNR functionality. Increasing the load refrom commercial suppliers [8].
sistance above the resistance of the normal domain is not a solution to the problem, since in this case the current in the wire
3. Photon-Number-Resolving Ability
cannot be discharged to the load after photon detection and
Photon-number resolution is the ability of the detector to regthe detector remains in the resistive state. In the next section
ister the number of photons that simultaneously take part in a
a recent design to grant SSPDs the PNR functionality, a series
detection event. A SPD with this capability is called photonnanowire detector [10], is introduced.
number-resolving (PNR) detector. Two classes of applications
can be considered for which a PNR detector has a beneficial
4. Series Nanowire Detector (SND)
use. On one hand, in photonic quantum information processThe basic structure of a SND is the series connection of N
ing, e.g. in linear optics quantum computing [9], the efficient
superconducting nanowires, each connected in parallel to a
detection of different photon number states is crucial for many
resistor RP as it is shown in Figure 3 [10]. The parallel resisprotocols. For these applications, a detector able to measure the
tor RP may be monolithically integrated with the nanowire,
number of photons (in the range 1–10) is highly needed. This
for example by deposition and patterning of AuPd thin films.
requires having a PNR detector with high efficiency, especially
All the detecting sections are equally biased (in series) with a
when detection of large photon numbers
is required. Another application of the
PNR is to work as a very sensitive linRB
ear optical detector of classical light, to
A
measure the average number of photons
IB < IC
+
in a weak coherent optical source, for
Vout
RL
VB
–
example in ultra-long distance optical
–
communication or optical time domain
Rn(t)
RP
V1
reflectometry.
–
In the standard SSPD structure introLK
duced so far, consisting of a single NbN
nanowire, the absorption of a photon
N Wires
generates a normal section whose resistance typically grows to hundreds of
ohm. In this case, most of the bias current is temporarily diverted to the 50 Ω
VN
load due to its much lower resistance.
–
As long as the resistance of the normal
AuPd
NbN
domain is much larger than the load resistance, the absorption of more than one
photon at the same time in the wire does
not significantly change the amount of Figure 3. The schematic of SND structure. The output voltage is proportional to the
current diverted to the load and therefore sum of the voltages generated at the parallel resistance of each branch.
+

+

+
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negligible, which not only optimizes the output signal and
the linearity of the response, but also decreases the device
response time. A high input impedance cryogenic preamplifier is readily implemented using high-electron-mobilitytransistor (HEMT) technologies. However, in the next section the first proof-of-principle SND structure is presented
which uses the typical 50 Ω readout for the detection of up
to four photons.

10.0 μm

5. Experimental Results

Figure 4. Scanning Electron Microscopy (SEM) image of the fabricated SND (courtesy of Dr. Mattioli). False colors are used to
highlight the four detector branches.

bias current close to the critical current which is typically the
same for all branches. Absorption of a photon in one branch
temporarily perturbs the superconductivity, forming a resistive
section across the wire. If the value of RP is smaller than the
photon-induced normal resistance of the nanowire Rn(t), the
bias current switches to the parallel resistor and a voltage pulse
is formed across the branch. If more branches are triggered by
photons, the voltages produced across them are summed up
and the output voltage is proportional to the number of the
absorbed photons, provided that all photons are absorbed in
distinct branches. The role of the parallel resistance RP is to
discharge each wire after a resistive transition.
In the case of the traditional 50 Ω readout via a coaxial
cable, after one section absorbs a photon, the bias current is
partially redistributed to the load, temporarily reducing the
bias in other branches. This effect can be minimized by using a preamplifier with large input impedance placed in the
cryostat close to the device. If the load impedance seen by
the SND is large, the leakage current in the output becomes

50 Ω

IB

T = 1.2 K

Room-Temperature
50 Ω Amplification

Figure 5. The schematic measurement setup using room temperature conventional amplification. The photo-response of the
SND is analyzed using sampling oscilloscope (as shown), singleshot oscilloscope or photon counter.
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The fabrication of SNDs was realized within collaboration between our group at TU/e and Dr. Leoni’s group at the CNRIFN laboratory in Rome, Italy [11]. SNDs are fabricated from
a 4 nm-thick NbN film grown on a GaAs substrate by reactive magnetron sputtering, using four steps of electron beam
lithography, etching and contact patterning. Figure 4 shows
a scanning electron microscope (SEM) image of a fabricated
SND with N = 4 detecting elements.
The electro-optical characterization of the SND was performed in a closed-cycle cryocooler at a base temperature
of T = 1.18 K on the experimental plate. The schematic
of the measurement setup is shown in Figure 5. The light
produced by a pulsed laser-diode with 50 ps pulse width,
1.3 nm wavelength, and 10 MHz repetition rate was coupled
to the device through a single-mode polarization-maintaining lensed fiber. In order to couple the light equally to all
sections of the SND, the beam was defocused to a ~20 nm
spot diameter, achieving uniform illumination across the
area of the detector.
To investigate the photon number resolving capability of
the detector, the distribution of the output voltage pulses was
measured using a 40 GHz sampling oscilloscope triggered
with the laser-diode modulation signal. In Figure 6a an oscilloscope persistence map obtained at IB = 8.3 nA and for an incident power corresponding to an average of n ~ 2.9 detected
photons per optical pulse is shown. Distinguishable voltage
heights corresponding to the switching of 0, 1, 2, 3, or 4 elements of the SND can be observed. The related histogram for
the recorded peak voltage levels is presented in Figure 6b. The
histogram has a multiple-peak Gaussian distribution where
each peak corresponds to the switching of different number
of elements in the SND. The first peak which is entirely due
to the electrical noise corresponds to the case when no photon was detected, (‘0’-level). The peaks at 12.5, 24.5, 37, and
50 mV correspond to the switching of 1, 2, 3, and 4 elements,
respectively. The evenly-spaced, clearly resolved peaks in the
histogram show the photon-number-resolving functionality of
the SND structure and confirm that conventional 50 X amplification is sufficient for the 4-SND to distinguish up to four
detected photons per pulse.
Being fabricated on top of a bare GaAs substrate the optical absorption, and hence the optical efficiency of this structure could not exceed few percent under top illumination at
m = 1.3 nm. The single-photon system quantum efficiency
(SQE) was obtained by dividing the number of photo-counts
(corrected for rate of false detections in “no-light” condition:
dark counts) by the average number of photons at the input
of the cryostat. The SQE attained its highest value of 2.6% at
June 2013
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Figure 6. (a) Sampling oscilloscope persistence map showing the
pulse-height distribution of a pulsed laser source using the fabricated SND. The source was a heavily attenuated 50-ps wide
pulses of m = 1.3 nm laser light at a repetition rate of 10 MHz.
(b) Histogram of the peak voltages, measured in the indicated
time window.

a bias current of IB = 12.4 nA (corresponding to 0.99 × IC)
with the light polarized parallel to the wires. The dark count
rate was negligible at IB = 0.8 × IC (corresponding to SQE =
1%), beyond which it followed a typical sharp dependence
on the bias current. In order to increase the SQE of the SND,
it can be integrated with advanced optical structures such as
optical microcavities or waveguides to enhance the light absorption in the ultrathin nanowires [6], [12]. In addition, the
timing jitter of the device showed the lowest value of 80ps,
measured at the rising edge of the output voltage pulse, after
de-convolving the laser jitter.

Conclusion
The presented SND structure based on the series connection of
4 superconducting nanowires, each shunted with a resistance,
successfully proved the detection of 1–4 photons. This structure shows high sensitivity and timing resolution in the telecom wavelength range, and has the potential to be scaled to
large number of wires, which would enable linear detection in
the few to few tens of photons range.
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The Cr4+:YAG Laser at 25 Years: A Review of
the Promise, Progress, and Limitations of this
Broad Gain Bandwidth 1.5 nm Laser Medium
John Alcock, Information and Communications Technologies,
National Research Council of Canada, 1200 Montreal Road, Ottawa,
Ontario, K1A 0R6, Canada
Abstract—The evolution of the Cr4+:YAG laser and its potential as a valuable source of tunable radiation, and ultrashort
pulses, at wavelengths in the important 1.5 nm telecommunications band are reviewed. Several potential applications as
well as the accurate measurement of the frequencies of acetylene and ammonia overtone transitions are discussed, and some
reasons for the apparent neglect of this once promising solidstate laser medium are presented.
Cr4+:YAG (Cr:YAG) is one of several laser crystals in which
near infrared laser action results from the presence of tetravalent chromium ions in a suitable host. Laser action in this
material was first reported by Angert et al. [1] in January 1988
while laser operation in chromium-doped forsterite (Mg2SiO4)
was reported by Petričević et al. [2, 3] just a few months later.
Since that time several other Cr4+ host materials [4] have been
demonstrated although YAG and forsterite have remained the
most successful and widely used examples.
In addition to the favourable thermal, mechanical and optical qualities of YAG, the most attractive feature of Cr:YAG
is a broad emission band centred near 1440 nm, and extending from approximately 1100 to 1600 nm [5]. Its absorption spectrum consists of three bands centred at 480, 640,
and 1000 nm with the long wavelength band allowing it to
be pumped at wavelengths between 810 and 1080 nm [6].
Although saturation of the absorption in this band reduces
the effectiveness of pump radiation at high incident powers
the spectral properties of the material have led to widespread
use of Cr:YAG as a passive Q-switch [7] in Nd3+-based lasers.
With the development of this material, and its potential to
provide coherent radiation at wavelengths in the most important telecommunications bands many groups began to investigate Cr:YAG lasers in the early 1990s. Initially lamp-pumped
CW or Q-switched 1064 nm Nd:YAG lasers were used as
pumps and broadly tunable operation was reported by several
groups [5, 8, 9]. Depending on the tuning elements employed
typical tuning ranges of ~200 nm were obtained and subsequently the use of a ring resonator configuration yielded single frequency operation from 1332 to 1554 nm [10]. At the
same time it was obvious that such a broad gain bandwidth
offered the possibility of ultrashort pulse generation, and the
first report of mode-locked operation appeared in 1993 [11].
This first demonstration of a mode-locked Cr:YAG laser was
based on active mode-locking by means of an acousto-optic
14
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modulator and yielded 26 ps pulses near the peak gain wavelength of 1440 nm. Kerr lens mode-locking (KLM) was reported the following year [12] and pulses shorter than 100 fs
were obtained for the first time [13]. Although KLM subsequently permitted the generation of pulses only a few optical
cycles in duration [14,15], the use of saturable absorbers to
passively mode-lock Cr:YAG lasers was also pursued by several groups. Collings et al. [16] reported the generation of 110
fs pulses by using a saturable, semiconductor Bragg reflector
(SESAM) while Spälter et al. obtained slightly shorter pulses
using an antiresonant Fabry-Pérot saturable absorber [17].
Significantly shorter pulses were reported by Zhang et al. [18]
who obtained pulses of 44 fs duration by using a saturable
absorption mirror that incorporated a gold reflector instead of
a semiconductor Bragg structure. A similar hybrid approach
was also adopted by Alcock et al. [19] who combined a semiconductor absorber element with a conventional broadband
dielectric mirror comprised of Nb2O5/SiO2 quarter wave layers. Initially, this device yielded pulses of ~0.5 ps duration,
however after ion implantation to reduce the recovery time,
pulses as short as 70 fs were obtained [20].
Given the results mentioned above, and the fact that the
Cr:YAG laser provided the first room temperature, broadly
tunable source at wavelengths near 1.5 nm, the medium appeared to hold significant promise for a wide range of potential
applications. Examples of applications that have been proposed
or demonstrated by laboratory experiments include injection
seeding of OPOs [10], spectroscopy [20, 21], optical coherence tomography (OCT) [22], “eye-safe” ranging [23], optical
time domain reflectrometry [23], medical applications such as
tissue welding [24], pumping erbium-doped fibre lasers and
amplifiers [25], as well as acting as a source for high capacity multi-wavelength division multiplexing (WDM) systems
[26]. Of these applications, one demonstrating good performance leading to a notable and productive outcome appears to
have been the use of a mode-locked Cr:YAG laser to provide a
4 THz wide frequency comb that spanned a large number of
acetylene overtone transitions [20]. By stabilizing the laser’s
pulse repetition rate (frep) the accurately known frequency difference between the comb elements could be used as a ruler to
determine the relative frequencies of any two lasers stabilized
to acetylene transitions. A more elegant scheme would have
been that of stabilizing the carrier envelope offset frequency
June 2013

(fceo) so that the exact frequency of each comb element could be
determined from
fn = fceo + n.frep

(1)

However, although supercontinuum generation with more
than one octave of spectral broadening has been demonstrated
[27], stabilization of the CEO frequency of a Cr:YAG laser
has not yet been reported. In the case of acetylene frequency
measurements carried out at the National Research Council
of Canada an alternative approach was chosen; by employing
one of six previously measured transitions (P(16)) as a reference
[28] and using the Cr:YAG frequency comb to measure the
separation between its frequency and that of another transition
whose frequency was not known to high accuracy. A schematic
of the setup [20] used to carry out these measurements is reproduced in Fig.1 which shows the Cr:YAG laser whose repetition rate was referenced to a frequency synthesizer, stabilized
by a signal derived from a hydrogen maser. Also shown are
two extended cavity semiconductor lasers (ECDLs) which are
locked to the saturated absorption features of the P(16) transition (Laser 2) and the transition to be measured (Laser 1).
The output from the Cr:YAG laser was split into two equal
power beams and portions of the frequency comb close to the
frequencies of the two ECDLs were selected by combining on
diffraction gratings the Cr:YAG radiation and the beams from
Laser1 and Laser2. The diffracted radiation was incident on a
pair of photodetectors, and with appropriate filtering of the
detector signals, and adjustment of the Cr:YAG laser repetition rate the beat between the outputs from the two detectors
could be used to lock the frequency of a tracking oscillator. As
shown in Fig. 1, the measured tracking oscillator frequency (f)
is related to the difference in frequency between laser L1 and
laser L2 (locked to the P(16) transition) by
f = (fL1 – fL2) – (n – m) × frep

(2)

+ o3 band of 13C2H2 and 63 lines of the o1 + o3 band of
C2H2 at 1.5 nm. The results of these measurements led to the
adoption of these reference frequencies as internationally recognized reference frequencies across the 1.5 nm region of the
spectrum [31]. Also, using the same setup with laser 1 locked
to an ammonia transition, the frequencies of 4 ammonia lines
between 1.53 nm and 1.56 nm were measured with uncertainties between 3 and 5 kHz [32].
An alternative application of a mode-locked Cr:YAG laser
to spectroscopy involves the use of such a laser to generate
a broadband supercontinuum (SC) in a nonlinear optical fiber. Combining such a source with a Fourier transform (FT)
spectrometer can provide significant advantages in terms of
signal to noise ratio, acquisition rate, and width of the spectral range over which high resolution spectroscopy can be
performed [33].
Many improvements to the Cr4+:YAG laser have been made
since its introduction; these include pumping with diodepumped Nd:YVO4 [34, 35] or ytterbium fiber lasers [36],
operation at CW powers as high as 2.1 W [15] tunable operation from 1335 to 1635 nm [15], direct pumping with semiconductor diode lasers [37–40], generation of pulses shorter
than 20 fs [14], and mode-locked operation at gigahertz repetition rates [41, 42]. However, although Cr:YAG may have
offered the hope of a near-infrared version of the Ti:sapphire
laser, with a reported vemx product [49] almost equal to that of
Ti:sapphire, Table 1 demonstrates that the properties of these
two materials differ in several important ways. The most obvious is the significantly lower density of active ions, resulting from the fact that Cr4+ accounts for less than 10% of the
Cr ion density [51]. Other differences arise from the effects of
excited-state absorption [9, 47, 48, 50], absorption saturation
[9], and thermal effects due to non-uniform heating [50]. As
a result of these limitations Cr:YAG lasers have relatively low
gain and the long crystals employed (typically ~2 cm) cannot be pumped at the required high intensity over their entire
length. Thus intracavity losses must be kept as low as possible and output couplers of 0.5–2.0 % are commonly used.
o1
12

and thus can be used to calculate (fL1 – fL2) when a low accuracy
value of the unknown transition frequency is used to determine the value of
n – m. Initially Kerr lens mode-locking
P
f = (fL1 – fP16) –
was used to mode-lock the Cr:YAG laser
Comb Spacing = frep
(n – m) × frep
however this did not provide the stable
Mode-Locked
f
Cr: YAG Laser.
Counter
operation required to permit long meaRepetition
surement times and the required tuning
frequency = frep
Laser 2
Tracking
Locked to
of the comb frequency interval. HowOscillator
P(16)
ever, when a hybrid SESAM mounted on
Laser 1
a piezoelectric translator [20] was used to
Amp
Locked to
B-P
mode-lock the laser, stable mode-locking
B-P
B-P
Various Lines
over periods of several hours was routinef =f
– (m × frep + f0)
Grating 2 P16
ly obtained, even when translation of the
Mixer
SESAM was used to vary the repetition
Amp
B-P
B-P
rate. The system was used to make nuGrating
f
=
f
–
(n
×
f
+
f
merous measurements over a total period
1
L1
rep
0)
of two years and yielded high precision
measurements [29, 30] (limited by the Figure 1. Diagram of the experimental setup used to measure the difference in frequenaccuracy of the reference laser systems) of cy between two extended-cavity diode lasers locked to different overtone transitions of
60 lines of the P and R branches of the acetylene.
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Material

Cr4+:YAG

Ti3+:Sapphire

Pump absorption cross-section,
va (cm2)

0.36 – 7.0 × 10–18 [43, 44]

6.5 × 10–20 [45]

Stimulated emission cross-section,
vem (cm2)

0.95 – 3.3 × 10–19 [9, 49]

3.2 – 4.0 × 10–19 [45, 46]

Excited state lifetime, x ( ns)

3.4 – 4.1 [47, 49]

3.15 [45]

Excited state absorption cross-section,
vesa (cm2)

0.17 – 2 × 10 (at 1.06 nm, [47, 48]
0.1 – 0.29 × 10–19 (at 1.45 nm, [9, 50]

n/a

Pump saturation intensity
(kW/cm2)

43.0 [9]

>1800
(from values above)

Density of active ions, N0 (cm–3)

0.2 –1.5 × 1018 [8, 47]

3.3 × 1019 [45]

–18

Table 1. Comparison of Cr4+:YAG with Ti3+:sapphire. Where more than one reference is given, the references correspond to the two
limiting values shown in the table.

Efforts to increase the gain per unit length by raising the Cr4+
density have been made [37], however this leads to a slow but
reversible absorption saturation effect that results in a decrease
in output power. By means of pump-probe experiments, Sorokina et al. [37] showed that the saturation was accompanied
by a photorefractive effect which exhibited the same temporal
dependence. It was suggested that this might be caused by a
photo-induced partial reduction of the Cr4+ ions, an effect that
can occur with the creation of colour centres [52]. Coupling
these shortcomings with the considerable spread in reported
Cr:YAG parameters, and limited availability of high quality
crystals, has resulted in strong competition from alternative
sources covering the 1.5 nm spectral region. Erbium-doped
fiber lasers, which have the advantages of stability and reliability, are now used for mode-locked oscillators and amplifiers in
self-referenced frequency combs [53] and erbium glass solidstate lasers are also capable of filling the same need [54]. Both
Er-fiber lasers and ECDLs can provide continuously tunable,
CW radiation near 1.5 nm, although the wavelength ranges
covered by these devices are less than the 300 nm bandwidth of
Cr:YAG. In view of this it should be noted that a version of the
Cr:YAG laser that is still being developed is the crystal fiber
laser. Work on this configuration was first reported in 2004
when Lo et al. described the use of the laser-heated pedestal
growth (LHPG) method to form a glass-clad Cr4+:YAG crystal
fiber with a core diameter of 29 nm [55]. Further work carried
out with double clad crystal fibers demonstrated gross gain
of 10 dB at 1520 nm [56], and low threshold laser oscillation
with a slope efficiency of 33.9% [22]. In addition to LHPG
a drawing tower method for the production of 10 km long
Cr:YAG crystal fiber has also been demonstrated with the amplified spontaneous emission spectrum extending from 1.2 nm
to 1.55 nm [57]. Unfortunately, neither method has yet delivered low loss, single mode fiber with high enough Cr4+ concentration to provide net gain greater than the 1.2 dB measured
with a 6.7 cm long fiber sample [58].
In conclusion it appears that the bulk Cr:YAG laser may
exemplify yet another promising laser that has attracted considerable attention, and filled a rather limited need, but for a
variety of reasons has gradually lost its appeal. It is to be hoped
that the continuing development of Cr-doped fibers signals
an extended life for Cr:YAG where significant gain over the
16
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potentially available bandwidth of 300 nm will finally allow
the promise of this laser medium to be realized.
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News
Recognition at OFC/NFOEC 2013
The Optical Fiber Communication Conference and Exposition (OFC), and the National Fiber Optic Engineers Conference
(NFOEC) was held from 17–21 March, 2013 at the Anaheim Convention Center, Anaheim, California, USA. Recognition
was made at the Plenary Session to the following recipients.

Photonics Society members who have been elevated to the grade of IEEE Fellows: (From left to right), Guifang Li, William
Shieh, Juerg Leuthold, Kazuro Kikuchi, Rene-Jean Essiambre, Takatomo Enoki, and Steve Alexander. Presented by Hideo
Kuwahara, Photonics Society President.

James J. Coleman received the 2013 John Tyndall Award “for contributions to semiconductor lasers and photonic materials,
processing and device designs, including high reliability strained-layer lasers.” This award is jointly sponsored by the Photonics Society, OSA and endowed by Corning Inc. (From left to right) Alan Evans, Corning, Inc., James Coleman, Philip Russell,
OSA Vice President, and Hideo Kuwahara, Photonics Society President.
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IEEE PHOTONICS SOCIETY—CALL FOR NOMINATIONS
IE
2014 JOHN TYNDALL AWARD
2014 YOUNG INVESTIGATOR AWARD
NominaƟons are now being accepted for the 2014 John Tyndall Award.
This award, which is jointly sponsored by the IEEE Photonics Society and the
OpƟcal Society, is presented to a single individual who has made outstanding
contribuƟons in any area of lightwave technology, including opƟcal Įbers and
cables, the opƟcal components employed in Įber systems, as well as the
transmission systems employing Įbers. With the expansion of this technology, many individuals have become worthy of consideraƟon. NominaƟon
deadline is 10 August, 2013.

NominaƟons are now being solicited for the 2014 Young InvesƟgator Award.
The Young InvesƟgator Award was established to honor an individual who has
made outstanding technical contribuƟons to photonics (broadly deĮned) prior to his or her 35th birthday. Nominees must be under 35 years of age on
Sept. 30th of the year in which the nominaƟon is made. NominaƟon deadline is 30 September, 2013.
The nominaƟon form(s), awards informaƟon and a list of previous recipients are available on the Photonics Society web site:

hƩp://www.photonicssociety.org/awardͲinfo
hƩp://www.photonicssociety.org/awardͲwinners
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(cont’d)

Nominations for IEEE Medals and Recognitions
The IEEE Awards Program provides peer recognition to
technical professionals whose exceptional achievements and
outstanding contributions have made a lasting impact on
technology, society, and the engineering profession.
The IEEE Photonics Society members may be particularly interested in the following IEEE Medals and Recognitions, whose nomination deadlines are 1 July 2013. The
awards typically consist of a medal, certificate and honorarium and are presented at the distinguished IEEE Honors
Ceremony.
IEEE Medal of Honor, for an exceptional contribution or
an extraordinary career in the IEEE fields of interest.
IEEE Founders Medal, for outstanding contributions in
the leadership, planning, and administration of affairs of
great value to the electrical and electronics engineering
profession.
IEEE James H. Mulligan, Jr. Education Medal, for a career of outstanding contributions to education in the fields
of interest of IEEE.
IEEE Jun-ichi Nishizawa Medal, for outstanding contributions to material and device science and technology,
including practical application.
IEEE/RSE (Royal Society of Edinburgh) Wolfson
James Clerk Maxwell Award, for groundbreaking contributions that have had an exceptional impact on the
development of electronics and electrical engineering or
related fields.
IEEE Medal for Innovations in Healthcare Technology, for outstanding contributions and/or innovations in
engineering within the fields of medicine, biology and
healthcare technology.
IEEE Edison Medal, for a career of meritorious achievement in electrical science, electrical engineering or the
electrical arts.
IEEE Jack S. Kilby Signal Processing Medal, for outstanding achievements in signal processing.
IEEE Recognitions
• IEEE Service Awards
• IEEE Corporate Recognition Awards
• IEEE Honorary Membership
• IEEE Prize Paper Awards

June 2013

Awards presented by the IEEE Board of Directors
fall into several categories: The Medal of Honor, Medals,
Technical Field Awards, Corporate Recognitions, Service
Awards, and Prize Papers. The IEEE also recognizes outstanding individuals through a special membership category: IEEE Honorary Member.
Nominations are initiated by members and the public,
and then reviewed by a panel of peers. Their recommendations are submitted to the IEEE Awards Board prior to
final approval by the IEEE Board of Directors.
For nomination guidelines and forms, visit http://
www.ieee.org/awards. Questions? Contact IEEE Awards
Activities, 445 Hoes Lane, Piscataway, NJ 08854 USA;
tel.: +1 732 562 3844; fax: +1 732 981 9019; e-mail:
awards@ieee.org.

Complete List of IEEE Medals
and Recognitions
IEEE Medal of Honor, for an exceptional contribution or
an extraordinary career in the IEEE fields of interest.
IEEE Alexander Graham Bell Medal, for exceptional
contributions to the advancement of communications sciences and engineering.
IEEE Edison Medal, for a career of meritorious achievement in electrical science, electrical engineering or the
electrical arts.
IEEE Medal for Environmental and Safety Technologies, for outstanding accomplishments in the application
of technology in the fields of interest of IEEE that improve
the environment and/or public safety.
IEEE Founders Medal, for outstanding contributions in
the leadership, planning, and administration of affairs of
great value to the electrical and electronics engineering
profession.
IEEE Richard W. Hamming Medal, for exceptional contributions to information sciences, systems and technology.
IEEE Medal for Innovations in Healthcare Technology, for outstanding contributions and/or innovations in
engineering within the fields of medicine, biology and
healthcare technology.
IEEE Jack S. Kilby Signal Processing Medal, for outstanding achievements in signal processing.
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(cont’d)

IEEE/RSE (Royal Society of Edinburgh) Wolfson James
Clerk Maxwell Award, for groundbreaking contributions
that have had an exceptional impact on the development of
electronics and electrical engineering or related fields.
IEEE James H. Mulligan, Jr. Education Medal, for a career of outstanding contributions to education in the fields
of interest of IEEE.
IEEE Jun-ichi Nishizawa Medal, for outstanding contributions to material and device science and technology,
including practical application.
IEEE Robert N. Noyce Medal, for exceptional contributions to the microelectronics industry.
IEEE Dennis J. Picard Medal for Radar Technologies and Applications, for outstanding accomplishments in advancing the fields of radar technologies and
their applications.
IEEE Medal in Power Engineering, for outstanding contributions to the technology associated with the generation, transmission, distribution, application and utilization
of electric power for the betterment of society.
IEEE Simon Ramo Medal, for exceptional achievement in
systems engineering and systems science.
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IEEE Service Awards
IEEE Haraden Pratt Award, for outstanding service to
IEEE and presented to IEEE members.
IEEE Richard M. Emberson Award, for distinguished service
to the development, viability, advancement and pursuit of the
technical objectives of the IEEE, and given to IEEE members.

IEEE Corporate Recognitions
IEEE Corporate Innovation Award, for an outstanding
and exemplary innovation by an industrial entity, governmental or academic organization, or other corporate body,
within the fields of interest to the IEEE.
IEEE Ernst Weber Managerial Leadership Award, for
exceptional managerial leadership in the fields of interest
of the IEEE.

IEEE Prize Paper/Scholarship Awards
IEEE W.R.G. Baker Award, for the most outstanding paper reporting original work published in an IEEE archival
publications.
IEEE Donald G. Fink Award, for the outstanding survey,
review, or tutorial paper in any of the IEEE transactions,
journals, magazines or proceedings.

IEEE John von Neumann Medal, for outstanding
achievements in computer-related science and technology.

IEEE Life Members Graduate Study Fellowship, awarded to a first year, full-time graduate student for work in the
area of electrical engineering, at an engineering school/program of recognized standing worldwide.

IEEE Honorary Membership, awarded by the IEEE Board
of Directors to individuals who have rendered meritorious
service to humanity in the technical fields of interest of the
IEEE and who are not members of IEEE.

The Charles LeGeyt Fortescue Graduate Scholarship, awarded to a beginning graduate student every
year for one year of full time graduate work in electrical
engineering.
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DISCOVER THE LATEST TITLES IN PHOTONICS FROM WILEY
Wiley Series in Microwave and Optical Engineering • Kai Chang, Series Editor

Diode Lasers and Photonic Integrated Circuits,
2nd Edition
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Laser Diodes and Their Applications to
Communications and Information Processing

     s PPS s  s  s 7ILEY s
,ARRY ! #OLDREN 3COTT 7 #ORZINE -ILAN , -ASHANOVITCH
/PTICAL COMMUNICATION TECHNOLOGY LIKE DIODE LASERS USED IN OPTICAL
STORAGE DEVICES IS VITAL TO THE OPTOELECTRONICS INDUSTRY 3INCE THE lRSTT EDITION Diode
Lasers and Photonic Integrated Circuits PRESENTS UP TO DATE INFORMATION ON OPTICAL
COMMUNICATION TECHNOLOGY PRINCIPLES AND THEORIES "Y EXPANDING THE APPENDICES
AT LEAST TWENTY lVE PERCENT OF NEW INFORMATION IS ADDED ON TOPICS LIKE QUANTUM DOT
ISSUES !S THE ONLY BOOK ON DIODE LASERS THIS RESOURCE WHICH INCLUDES EXAMPLES
END OF THE CHAPTER HOMEWORK PROBLEMS AND A SOLUTION MANUAL IS ESSENTIAL FOR
STUDENTS AND ENGINEERS IN COMPREHENDING OPTICAL COMMUNICATION TECHNOLOGY

     s  s  s  s 7ILEY )%%% 0RESS
4AKAHIRO .UMAI
)N ORDER TO DEVELOP EXCELLENT PHOTONIC DEVICES ONE MUST FULLY
UNDERSTAND THE PHYSICS BEHIND OPERATIONS OF PHOTONIC DEVICES
T THE
TH
4HIS BOOK THOROUGHLY TEACHES THE FUNDAMENTAL PHYSICS CURRENTLY APPLIEDD TO
DEVELOPMENT OF PHOTONICS DEVICES SUCH AS ENERGY BANDS OF SEMICONDUCTORS OPTICAL
TRANSITIONS OPTICAL WAVEGUIDES AND SEMICONDUCTOR JUNCTIONS )T ALSO REVIEWS
THE CHARACTERISTICS OF LASER DIODES OPTICAL lLTERS AND OPTICAL FUNCTIONAL DEVICES
OPENING READERS EYES TO THEIR INCREDIBLE POTENTIAL "RIDGING THE LARGE GAP BETWEEN
JOURNAL PAPERS AND TEXTBOOKS THIS BOOK CAN BE USED AS AN ADVANCED UNDERGRADUATE
OR GRADUATE TEXT AS WELL AS BY RESEARCHERS IN PHYSICS AND ELECTRONICS

Illumination Engineering: Design with Nonimaging
Optics

Laser in Manufacturing

SECOND EDITION

Larry A. Coldren
Scott W. Corzine
Milan L. Mašanović

     s PPS s  s  s 7ILEY )%%% 0RESS
2 *OHN +OSHE
7ITHIN THE PAST DECADE THE lELD OF OPTICAL DESIGN HAS INCLUDED THE
SUBlELD OF ILLUMINATION DESIGN 6ISUAL ILLUMINATION SYSTEMS INCLUDE
INATION SYSTEMS
DISPLAYS LIGHTING AND THE ILLUMINATOR FOR PHOTOCOPIERS NON VISUAL ILLUMINATION
INCLUDE SOLAR CONCENTRATORS OPTICAL LASER PUMP CAVITIES AND A NUMBER OF OPTICAL SENSOR
APPLICATIONS /NE OF THE MOST PROMINENT LEADING EXPERTS IN THIS lELD *OHN +OSHEL BRINGS
TOGETHER EXPERTS IN THE lELD WHO PRESENT MATERIAL ON A NUMBER OF IMPORTANT TOPICS
INCLUDING LIGHTING DISPLAYS AND SOLAR CONCENTRATORS 4HE BOOK PROVIDES AN OVERVIEW OF
THE lELD OF NONIMAGING AND ILLUMINATION OPTICS INCLUDING TERMINOLOGY UNITS DElNITIONS
AND DESCRIPTIONS OF THE OPTICAL COMPONENTS USED IN ILLUMINATION SYSTEMS
F O U R T H

E D I T I O N

Introduction to Laser Technology, 4th Edition
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LASER
# "RECK (ITZ * * %WING *EFF (ECHT
TECHNOLOGY
4HE ONLY INTRODUCTORY TEXT TO EXPLAIN THE UNDERLYING PHYSICS
AND ENGINEERING APPLICABLE TO ALL LASERS Introduction to Laser
Technology PRESENTS A UNIQUE COMBINATION OF CLARITY AND TECHNICAL
DEPTH 4HE BOOK FEATURES AN INTRODUCTORY CHAPTER EXPLAINING THE
CHARACTERISTICS AND IMPORTANT APPLICATIONS OF COMMERCIAL LASERS WORLDWIDE AS
WELL AS DISCUSSIONS ON LIGHT AND OPTICS THE FUNDAMENTAL ELEMENTS OF LASERS AND
LASER MODIlCATION 4HIS FOURTH EDITION INCLUDES A NEW CHAPTER ON lBER LASERS A
DISCUSSION OF ARRAYS IN THE SEMICONDUCTOR AND NEW END OF CHAPTER PROBLEMS FOR
TECHNICIANS LASER SAFETY OFlCERS AND STUDENTS
INTRODUCTION TO

C. BRECK HITZ
J. J. E WING • JEFF HECHT

PHYSICS TEXTBOOK

Jürgen Jahns, Stefan Helfert

Introduction to Micro- and Nanooptics

Introduction to Microand Nanooptics



   



 

 
  

PE TER W. MILONNI
JOSEPH H. EBERLY

Laser Physics
     s  s  s  s 7ILEY
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!LTHOUGH THE BASIC PRINCIPLES OF LASERS HAVE REMAINED UNCHANGED
IN THE PAST  YEARS THERE HAS BEEN A SHIFT IN THE KINDS OF LASERS
GENERATING INTEREST 0ROVIDING A COMPREHENSIVE INTRODUCTION TO THE
OPERATING PRINCIPLES AND APPLICATIONS OF LASERS THIS SECOND EDITION OFF THE CLASSIC
BOOK ON THE SUBJECT REVEALS THE LATEST DEVELOPMENTS AND APPLICATIONS OF LASERS
0LACING MORE EMPHASIS ON APPLICATIONS OF LASERS AND ON OPTICAL PHYSICS THE BOOKS
SELF CONTAINED DISCUSSIONS WILL APPEAL TO PHYSICISTS CHEMISTS OPTICAL SCIENTISTS
ENGINEERS AND ADVANCED UNDERGRADUATE STUDENTS

Military Laser Technology for Defense: Technology
for Revolutionizing 21st Century Warfare
MILITARY LASER
     s  s  s  s 7ILEY )NTERSCIENCE
TECHNOLOGY
FOR DEFENSE
!LASTAIR $ -C!ULAY
,ASERS IN 7AR IS THE lRST BOOK TO COLLECT AND EXPLAIN THE LASER SYSTEM
TECHNOLOGIES USED AND PROPOSED FOR THE BATTLElELD )T PROVIDES THE
BASIC KNOWLEDGE TO CREATE DESIGN AND IMPLEMENT A WIDE VARIETY OF
LASER SYSTEMS FOR WARFARE INCLUDING ONLY UNCLASSIlED OR DECLASSIlED INFORMATION
4HE lRST THREE PARTS OF THE BOOK PROVIDE BACKGROUND MATERIAL THE REMAINING PARTS
DESCRIBE MILITARY SYSTEMS INVOLVING PROPAGATION THROUGH THE ATMOSPHERE AND
THROUGH OPTICAL lBER 4HIS UNIQUE AND TIMELY BOOK WILL NOT ONLY HELP THOSE INVOLVED
IN THE FUTURE OF WARFARE FROM SCIENTISTS TO ENGINEERS TO EDUCATORS BUT ALSO THOSE IN
COMMERCIAL LASER APPLICATIONS SUCH AS MANUFACTURING MEDICAL ENVIRONMENTAL AND
SECURITY SYSTEMS
Technology for Revolutionizing
21st Century Warfare

     s  s  s  s 7ILEY 6#(
*RGEN *AHNS 3TEFAN (ELFERT
%XCELLENT INTRODUCTION FOR STUDENTS SCIENTISTS AND ENGINEERS
WISHING TO ENTER THE lELD 4HE INTERNATIONALLY RENOWNED AUTHORS
PROVIDE A SOUND BACKGROUND AS WELL AS A TECHNICAL UPDATE ON HIGH POTENTIAL
APPLICATIONS IN MICRO AND INFORMATION OPTICS

Inverse Problems in Vision and 3D Tomography

     s  s  s  s 7ILEY )34%
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Lasers in
Manufacturing
,ASERS IN MANUFACTURING ARE RAPIDLY REPLACING TRADITIONAL
MANUFACTURING PROCESSES IN A WIDE VARIETY OF INDUSTRIAL APPLICATIONS
4HIS BOOK PRESENTS A COLLECTION OF EXAMPLES ILLUSTRATING THE STATE
OF THE ART AND RESEARCH DEVELOPMENTS IN THE lELD RANGING FROM
LASER RAPID MANUFACTURING TO MATHEMATICAL MODELING OF LASER DRILLING AS WELLLL AS
THERMAL STRESS ANALYSIS MODELING AND SIMULATION OF LASER WELDING AND LASERS IN
SURFACE ENGINEERING TO NAME A FEW ! VALUABLE REFERENCE GUIDE FOR ACADEMICS
LASER RESEARCHERS AS WELL AS ENGINEERS AND PROFESSIONALS IN ANY RELATED MODERN
MANUFACTURING TECHNOLOGY

ALASTAIR D. M C AULAY
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Inverse Problems
in Vision and
!LI -OHAMAD $JAFARI
3D Tomography
4HE CONCEPT OF AN INVERSE PROBLEM IS A FAMILIAR ONE TO MOST
SCIENTISTS AND ENGINEERS PARTICULARLY IN THE lELD OF SIGNAL AND IMAGE
PROCESSING IMAGING SYSTEMS MEDICAL GEOPHYSICAL INDUSTRIAL
NON DESTRUCTIVE TESTING ETC AND COMPUTER VISION )N IMAGING SYSTEMS THE AIM IS
NOT JUST TO ESTIMATE UNOBSERVED IMAGES BUT ALSO THEIR GEOMETRIC CHARACTERISTICS
FROM OBSERVED QUANTITIES THAT ARE LINKED TO THESE UNOBSERVED QUANTITIES THROUGH
THE FORWARD PROBLEM 4HIS BOOK FOCUSES ON IMAGERY AND VISION PROBLEMS THAT CAN
BE CLEARLY WRITTEN IN TERMS OF AN INVERSE PROBLEM WHERE AN ESTIMATE FOR THE IMAGE
AND ITS GEOMETRICAL ATTRIBUTES CONTOURS AND REGIONS IS SOUGHT 4HE CHAPTERS OF
THIS BOOK USE A CONSISTENT METHODOLOGY TO EXAMINE INVERSE PROBLEMS SUCH AS NOISE
REMOVAL RESTORATION BY DECONVOLUTION $ OR $ RECONSTRUCTION IN 8 RAY TOMOGRAPHY
OR MICROWAVE IMAGING RECONSTRUCTION OF THE SURFACE OF A $ OBJECT USING 8 RAY
TOMOGRAPHY OR MAKING USE OF ITS SHADING RECONSTRUCTION OF THE SURFACE OF A $
LANDSCAPE BASED ON SEVERAL SATELLITE PHOTOS SUPER RESOLUTION MOTION ESTIMATION IN
A SEQUENCE OF IMAGES SEPARATION OF SEVERAL IMAGES MIXED USING INSTRUMENTS WITH
DIFFERENT SENSITIVITIES OR TRANSFER FUNCTIONS AND MORE
Edited by Ali Mohammad-Djafari

Practical Lighting Design with LEDs
Practical Lighting
     s  s  s  s 7ILEY )%%% 0RESS
Design WITH LEDs
2ON ,ENK #AROL ,ENK
,IGHT %MITTING $IODES OR ,%$S ARE IN WIDE USE FROM CELL PHONES TO
CAMERAS AND WILL SOON BE USED IN EVERYTHING FROM COMPUTERS TO CARS
7RITTEN BY AUTHORITIES IN THE lELD THIS BOOK IS A HOW TO GUIDE ON THE
NITTY GRITTY DAY TO DAY ENGINEERING AND SYSTEMS DESIGN FOR BUILDING
COMPLETE ,%$ SYSTEMS )T PROVIDES THOROUGH INFORMATION ON THE lELDS OFF OPTICAL
PERFORMANCE POWER MATERIALS THERMAL DESIGN AND MODELING AND MEASUREMENT AND
FEATURES DRAWINGS SCHEMATICS PRACTICAL NOTES AND EXAMPLES %NGINEERS SAFETY
QUALITY AND SYSTEMS MANAGERS AND DECISION MAKERS WILL KEEP THIS AS A REFERENCE
TOOL FOR YEARS TO COME
RON LENK • CAROL LENK

IEEE Members receive 25% off at checkout
1 (877) 762-2974 North America
+ 44 (0) 1243 843294 in Rest of World
Log on to www.wiley.com/IEEE

Careers and Awards

Nomination deadlines for the IEEE Photonics Society Awards are listed as follows:

Award

Nomination deadline

Distinguished Lecturer Awards
Aron Kressel Award
Engineering Achievement Award
Quantum Electronics Award
William Streifer Scientific Achievement Award
Distinguished Service Award
Graduate Student Fellowship
John Tyndall Award
Young Investigator Award

16 February
5 April
5 April
5 April
5 April
30 April
30 May
10 August
30 September

IEEE Fellow David Plant awarded 2013 Killam
Fellowship by The Canada Council for the Arts
This year’s Killam Research Fellowships
are awarded to leading Canadian researchers who are working in physics, mathematics, pharaceuticals, aboriginal issues,
internet technologies and linguistics.
The Canada Council for the Arts,
which administers the Fellowships announced that close to $1 million was
awarded to six successful applicants.
Among the six winners is IEEE Fellow
Prof David Plant (McGill University).
David Plant is the current Vice President
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of Conferences and serves as the 2013
IEEE Photonics Conference General
Chair. He is also a former associate editor
of the IPS Newsletter.
The Killam Program was established
in memory of Izaak Walton Killam
through the Will of his wife, Dorothy Killam, and through gifts made during her
lifetime. Their primary purpose is to support advanced education and research at
five Canadian universities and the Canada
Council for the Arts.

June 2013

Careers and Awards

(cont’d)

IEEE Photonics Society 2013 Award Recipients
IEEE Alexander Graham Bell Medal
Sponsored by Bell Labs
Awarded for exceptional contributions to the advancement of communications
sciences and engineering.

“For contributions to the science
and technology of optical communications enabling high-speed wavelength division multiplexing through
the mitigation of the effects of fiber
nonlinearity.”

Andrew Chraplyvy

Robert Tkach

Holmdel, NJ, USA

Holmdel, NJ, USA

IEEE Edison Medal
Sponsored by Samsung
Awarded for a career of meritorious achievement in electrical science, electrical
engineering, or the electrical arts.

“For pioneering, life-long contributions to,
and leadership in photonic devices and networks instrumental to global high-capacity
optical networks.”

Ivan Kaminow
Berkeley, CA, USA

June 2013
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Careers and Awards

(cont’d)

IEEE Photonics Society 2013 Award Recipients
Ieee Photonics Award
Sponsored by the IEEE Photonics Society,
recognizing outstanding achievement in
the field of Photonics

Peter F. Moulton
Bedford, MA, USA
“For the discovery of the Ti: Sapphire laser
and the development of many solid-state
laser systems and applications.”

AND

IEEE David Sarnoff Award
Sponsored by SRI International Sarnoff

Sajeev John
Toronto, Ontario, Canada
“For the conception and development of
light-trapping crystals and for leadership in
elucidating their properties and applications
in Photonics.”

26

IEEE PHOTONICS SOCIETY NEWSLETTER

June 2013

June 2013

IEEE PHOTONICS SOCIETY NEWSLETTER

27

IEEE Photonics Society (IPS)
Affiliate Membership
Not an IEEE member? Join IPS as an Affiliate.
To fill out an application,
visit:
PhotonicsSociety.org

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

Pricing
Affiliate
Membership

Full-Year
(Aug. 16 Feb. 28)

Half-Year
(Mar. 1 Aug. 15)

For Basic
Photonics
Society Affiliate
Applicants

$103.50

$51.75

Canada (GST)

$106.98

$53.49

Canada (HST) $112.54
New Brunswick,
Newfoundland
& Ontario

$56.27

Canada (HST)
Nova Scotia

$113.93

$56.96

Canada (HST)
British
Columbia

$111.84

$55.92

For IEEE
$34.00
Member Joining
Photonics
Society
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An IEEE Photonics Society Affiliate Membership is open to all industry and
academic professionals interested in the fields of optics and photonics.
You can join IPS directly, without obtaining a full membership to IEEE,
and still enjoy all the society has to offer at a greatly reduced rate.

$17.00
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Stay on the cutting edge of photonics
x Discounted conference registration at leading international Photonics
technical conferences
x Free online access to Photonics Society Journals - PTL, JQE, JSTQE,
JLT & the Journal of Photovoltaics
x Free print subscription to the Photonics Society’s bi-monthly
newsletter
x Free online access to all Photonics Society-sponsored conference
proceedings

Network with other photonics professionals & advance your
professional success
x Access the Photonics Society’s online membership directory
x Engage with photonics professionals & join a community of 400,000
IEEE members in 160 countries
x Join one of more than 80 local IPS chapters worldwide
x Become eligible for prestigious industry awards & recognition programs
x Explore opportunities for participation on program committees &
editorial boards
* Society Affiliates are not IEEE members and are not entitled to any IEEE benefits or services that
are reserved solely for IEEE members.

June 2013

What is your chapter’s story?
Share your interesting chapter stories and have a feature in the IPS Newsletter!
Over the years the IEEE Photonics Society (IPS)
has come across so many wonderful stories about
our chapters' experiences all over the world. Moving
forward, we'd like to feature these stories in the print &
electronic IEEE Photonics Newsletter.
The members and chapters of IPS help advance our
mission of representing the laser, optoelectronics and
photonics community. You are the advocates and driving force of our society around the world. We want to
hear from you!
Did your chapter hold a recent, innovative event you
are proud to share?
Is your chapter actively involved in the community,
promoting the photonics profession or breakthroughs
in the field?
How does your chapter educate students and foster
professional growth?
We want to hear your voice! Stories about your
chapter’s activities can help spark new ideas for
other chapters!

How to submit an article to the
IPS Newsletter:
IPS will feature 1-2 stories in the bi-monthly
newsletter and share chapters' best practices
via e-blast monthly. If you have a story to tell,
submit an article with pictures, video, etc. to:
ipsnewsletter@ieee.org
Attention: Lisa Manteria.
Please note: That by submitting a story you
agree to have it featured in IPS material, such
as membership and recruitment publications.

www.PhotonicsSociety.org

June 2013
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IEEE First Year New Member Experience
IEEE has an outreach program, First Year New Member Experience, for newly inducted
members. It was designed to help each understand and navigate IEEE during their first
year experience. Whether a member joined to build a professional network, save money on
conferences or keep current with technology, this program can help.
It includes a website portal, a monthly
online orientation to help the new member
get connected to IEEE and basic services
on how to participate in various member
activities.
Please inform new members and chapter
participants of this program when they first
join the society.
To get started visit: www.IEEE.org/Start

Get Connected &
Stay Informed @:
@IEEEPhotonics
www.PhotonicsSociety.org / www.IEEE.org/Membership

June 2013

Facebook.com/
PhotonicsSociety
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(cont’d)

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

AT T E N T I O N
IEEE MEMBERS:

Energy experts
speak out!

Free e-Newsletter
News and opinions on sustainable
energy, cars and climate.

Alternative fuel for thought
from the editors of IEEE Spectrum.
Subscribe at
www.spectrum.ieee.org/energywise

June 2013
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IEEE PHOTONICS SOCIETY
CONFERENCE CALENDAR
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(cont’d)

Preview of IEEE Photonics Society
2013 Summer Topical Meetings
Following more than 20 years of tradition, the 2013 Summer Topical Meetings will be held July 8–10, 2013 in Hawaii. The Topical Meeting Series of the Photonics Society
is the premier conference for emerging fields in photonic
science, device technologies, and applications. The conferences are held to create the opportunity to learn about
exciting new topics and to interact with the research and
technology leaders in an intimate environment. A unique
aspect of this conference series is that the Photonic Society
membership propose and organize these meetings. Hence
these “bottom-up” conferences seek to address exciting new
research that is of interest to our members to sustain and
grow new topical areas for translation of science into photonic technology. In the following, each of the five Topical
Meetings to be held is introduced.
Micro and Nano-Cavity Integrated Photonics topical meeting aims to discuss the state-of-the-art advances, both
fundamental and technological, in all aspects related to
the development of micro- and nano-cavity integrated
photonics devices, fabrics, and architectures. In recent
years, the highly interdisciplinary area of integrated
photonics has experienced an unprecedented growth in
research funding and publications leading rapidly to a
plethora of emerging commercial products and ventures
to address a large matrix of market applications ranging
from energy efficient data centers and high performance
computing systems both employing massive numbers of
optical interconnects, to smart chemical and biological
sensors and sensing systems to stunningly realistic displays and flexible optoelectronics and luminous circuits.
A constant theme of focus is the compatibility for heterogeneous integration at the materials, devices, and systems
levels. Significant progress has been made in integrated
photonics based on micro- and nano-meterscale resonant cavity active devices and passive
structures, including various light sourcing
structures for intra- and inter-chip semiconductor photonics integration, such as hybrid edgeemitting lasers, nano-enabled vertical cavity
surface emitting lasers (VCSELs) and photodetectors, and nanocavity and plasmonic lasers.
This Topical Meeting seeks to offer a forum for
systems application groups, device developers,
and materials integration researchers.
Non-Reciprocal Photonic Devices topical meeting seeks to explore a relatively new but critically important area of photonic device research.

June 2013

Non-reciprocal optical devices, including isolators and
circulators, are important in optical communication networks to prevent adverse backward reflection, interference
and feedback. Demonstration of reciprocity in various optical systems provides a fundamental test of the principle
of reciprocity. Traditionally, non-reciprocity in optics is
achieved by using the Faraday rotation in magneto-optical
materials such as yttrium iron garnets. Challenges remain
to integrate these materials on widely employed material
platforms, based on glass, silicon and III–V semiconductors, in highly integrated optoelectronic systems. The need
for an external magnetic field also prohibits device integration and miniaturization. Recently, several non-magnetic
schemes using dynamic refractive index modulation to
achieve optical non-reciprocity have been proposed and
demonstrated in various optical systems. However, issues
of complicated device configuration, narrow bandwidth
and low isolation ratio currently limit the performance and
implementation of these approaches. Researchers from academia, government and industry are encouraged to review
the fundamental theory, current state-of-the-art and discuss
the advantages and disadvantages of different existing approaches as well as new schemes of optical non-reciprocity
based on photonic bandgap structures, metamaterials and
quantum systems.
Following last summer’s intriguing topical meeting,
Space-Division Multiplexing for Optical Communications is
intended to further address the implications of this approach for increased bandwidth in optical communication networks at various levels. The demand of society
for increased data transport capacity will soon exceed the
capacity of single-mode fibers by one or more orders of
magnitude. Space-division multiplexing which makes
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(cont’d)

use of multiple spatial paths, formed either by multiple
single-mode fibers or fibers supporting multiple spatial modes, is therefore unavoidable to further increase
capacity. In addition, it is essential that the capacity
increase be generated at lower cost and with reduced
energy consumption. From a top down perspective, the
newly added dimension of space raises the question about
mixed management of bandwidth and space channels in a
meshed network and the implication on the network architectures and the required optimum switching granularity. From a subsystem perspective, the development of
new optical devices like switches, optical amplifiers, and
transceivers that support multiple spatial channels are
paramount to enable an economically and energetically
sustainable growth of the network capacity. Finally from
the transmission perspective, new fibers supporting multiple spatial paths, with the potential of replacing standard single-mode fibers are of great interest. In particular, advanced fiber characterization techniques, new fiber
couplers, and mode transformers are required. Optical
transmission over space-division multiplexing fiber also
requires new optical and digital signal processing techniques, especially when strong coupling between the
spatial paths is present. The goal of this topical meeting is to present and explore new aspects and ideas that
are potentially relevant to optical networks. This meeting is technically co-sponsored by Technical Committee
on Extremely Advanced Optical Transmission Technologies (EXAT), IEICE, Japan, working for 3-M (multi-core,
multi-mode, multi-level) technology promotion.
Another research area entangled with past informative topical meetings, is the Quantum Photonics and Communication meeting. It has been recognized for many years
that quantum photonic phenomena create the possibility
for new methods of communication with unprecedented
security performance. The ultimate limits to communications imposed by quantum phenomena are now being
probed in optical communications demonstrations, in
optical fiber network test beds, and elucidated theoretically. At the same time the new secure communications
capabilities that can be enabled by harnessing uniquely
quantum phenomena are achieving a higher level of research sophistication. Large-scale optical fiber quantum
communications network test beds have been demonstrated in several countries, and commercial standards activities are underway. Integrated photonics methods are being increasingly applied to address the unique challenges
of quantum communications, especially in the areas of
single-photon transmitters and detectors. The resulting quantum communications capabilities are enabling
experimental research into entanglement, teleportation,
and other uniquely quantum phenomena, which is lay-
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ing critical groundwork for the development of quantum
repeaters. Theoretical research is leading to wholly new
cryptographic paradigms that are capable of addressing
the cyber security challenges of new optical network applications. The topical meeting will highlight the latest
research results across the broad spectrum of theoretical
and experimental quantum communications topics, from
fundamental science to applications. It will bring together the optical networking, quantum cryptography, and
quantum photonics research communities.
Finally, addressing one of the fastest growing application areas recently identified as strategically important
is the Data Center Photonics topical meeting. This meeting follows a successful meeting held in 2010, and solicits new ideas for components and architectures that
will enable the deployment of massive optical networks
for highly interconnected data centers. Large data centers are the engines driving the cloud computing revolution that currently underway. The bandwidth demands
upon these centralized computing facilities are growing
exponentially. The popular press has highlighted the tremendous density of processing power that modern data
centers pack into each square foot, but it is insufficient to
simply power and cool these machines. Cloud and emerging “big data” applications also require these servers to
work in concert in an efficient and cost-effective manner
between literally hundreds of thousands of servers. Photonics is playing an increasingly important role in these
“scale-out” data centers, from interconnections between
processors, boards, and end hosts, to research efforts on
novel architectures that use a combination of electrical
and optical switching. The goal of this topical meeting
is to bring together a broad cross-section of researchers
from academia and industry that range from datacenter
operators and system designers to technology developers
to discuss how photonics can meet the extraordinary demand for this type of computing.
In spite of their differences of focus and topics, there
are clear overlaps between these five Topical meetings, and
hence joint technical sessions are envisioned. Moreover spirited discussions during the session breaks, conference panels, and the conference reception will no doubt provide an
opportunity for exchange of ideas. The conference will be
held at the Hilton Waikoloa Village, located only 20 miles
from the Kona International Airport, on the Big Island of
Hawaii. For family or friends accompanying conference participants, there is a wide array of stimulating activities available nearby, including visiting active volcanoes, incredible
snorkeling, tasty Luau, exploring native ruins, or simply enjoying the sand and sun. To stimulate new device concepts,
learn about emerging communication systems (and to work
on your tan), we hope to see you in Hawaii this summer.
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Preview of the 2013 Group IV
Photonics Conference
The IEEE International Conference on Group IV Photonics
(GFP) is the leading conference dedicated to Silicon Photonics and other group IV element based photonic materials and devices. The conference was launched in 2004 by
Dr. Richard Soref and Prof. Kang Wang in Hong Kong.
The conference location rotates between Asia, Europe and
the US. Last year’s (2012) conference took place in San Diego, and was a rousing success, with many scientists from
around the world, presentation of top-notch results, and
lively discussions.
This year, the 10th conference in the series and will be
held in Seoul, South Korea, from 28–30 August 2013, at
the Grand Hilton Seoul Hotel, which is located close to
both the old, traditional part of the city with royal palaces,
and the exciting, hip Hongdae area.
With great support from Megan Figueroa of the IEEE
Photonics Society, (m.figueroa@ieee.org) we have organized an exciting schedule of events which will include a
welcome reception on the 28th of August, best paper and
poster competitions, and a post-deadline competition.
The conference is planned as a single track conference and
will include both oral and poster sessions of contributed
and invited papers as well as a plenary session comprising
reviews on a number of important and timely topics. A
post-deadline session will feature the most current and
exciting results. For more information on the conference
program please visit www.gfp-ieee.org
After 10 years, we are now seeing Si Photonics to morph
from a promising research area into a serious candidate for
industrial development, with continuing emergence of
startups as well increasing participating by larger, worldleading companies. At the same time, continuing research
has resulted in exciting new developments in areas such as
bio-sensing and nanophotonics that still remain at the forefront of academic research. What is needed now to bring
the old and new together, both to keep and transfer the
accumulated knowledge, and to share and to disseminate
new ideas in order to stimulate forging of novel research
directions.

Seoul – night and day
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For this purpose, we have divided the conference into 3
divergent, yet mutually overlapping areas: 1) Novel Materials and Structures, chaired by Dr. Koji Yamada from NTT
and Prof. Namkyoo Park from Seoul National University,
for things that are still in the investigative stage, or are not
yet targeting a specific device requirements; 2) Photonic
Devices and Nanophotonics, chaired by Prof. Hyo-hoon
Park from KAIST and Prof. Wim Bogaerts from Univ. of
Ghent, for photonic devices and systems that are at the
stage of focusing on real applications; and 3) Electro-Photonic Convergence on Silicon, chaired by Prof. Jifeng Liu
from Dartmouth University and Dr. Kyoung-Ho Ha from
Samsung Electronics, for mainstream industrial Si photonics and optical interconnects.
For each session, we have 4–5 invited speakers from
both academia and industry, presenting the latest in their
field of expertise. For session 1, we have Dr. Qiaoliang Bao
from Monash University, Australia, talking on Graphene
Photonics and Broadband Optoelectronics; Dr. Robert
Halir from University of Malaga ETSI, Spain, talking on
Engineering the Optical Properties of Silicon using SubWavelength Structures; Dr. Hideo Issihki from University
of Electro-Communications, Japan, talking on Er Silicate
Waveguides for Compact Amplifiers and Light Sources
on Silicon Platform; and Dr. Volker Sorger, from George
Washington University, USA, talking on Si-Based Plasmonic & Graphene Modulators. For session 2, we have
Dr. Hiroshi Fukuda from NTT, Japan, talking on Silicon
Photonics for Interconnect and Datacom; Dr. Cary Gunn
from Genalyte, USA, talking on Silicon Biosensors; Dr. Jie
Sun from MIT, USA, talking on Optical Phased Array on
Silicon Photonic Platform; and Dr. Dave Thomson, University of Southampton, UK, talking on Integration of High
Performance Silicon Optical Modulators. For session 3,
we have Dr. Mehdi Asghari from Kotura, USA; Dr. Jean
Marc Fedeli from Atomic Energy and Alternatives Energies
Commission (CEA), France, talking on Electronic-Photonic
Integration in the Helios Project; Dr. Beomsuk Lee from
Samsung Electronics, talking on Integration of Photonic
Circuits with Electronics on Bulk-Si Platform; and Dr.
Subal Sahni from Luxtera, Inc., USA, talking on Approaches to Opto-Electronic Integration in Optical Interconnect
Applications Based on Silicon Photonics.
This field of invited speakers plus contributed presentations on cutting edge research will make this conference a
unique opportunity to learn about current state-of-the-art
Silicon Photonics technology and envision future developments. Pre-Registration Deadline is 26 July 2013.
June 2013
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JOIN US!
10th International Conference
on
Group IV Photonics 2013
28-30 August 2013
Grand Hilton Seoul
Seoul, Korea

Register Now
at
www.gfp-ieee.org
Pre-Registration Deadline
26 July 2013

WWW.PHOTONICSCONFERENCES.ORG
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JOIN US!
Pre-Registration Deadline
30 August 2013

Register Now!
WWW.AVFOP-IEEE.ORG

1-3 October 2013
Wyndham San Diego Bayside
San Diego California, USA

10th Avionics, Fiber-Optics
&
Photonics Conference 2013

WWW.PHOTONICSCONFERENCES.ORG
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Pre-Registration Deadline
6 August 2013

88-12
-12 SSEPTEMBER
EPTEMBER 22013
013
Hyatt
Hyatt R
Regencey
egencey B
Bellevue,
ellevue, B
Bellevue
ellevue Washington
Washington U
USA
SA

FEATURED TOPICS

General Chair
David Plant , McGill University, Canada
Member-At- Large
Susumu Noda, Kyoto University, Japan

Biophotonics
Displays & Lighting
High Power/Intensity Sources
Microwave Photonics
Nanophotonics
Optical Communications
Optical Fiber Technology
Optical Interconnects
Optical Networks & Systems
Photodetectors, Sensors, Systems and Imaging
Photonic Integration and Packaging
Photonic Materials and Metamaterials
Semiconductor Lasers
Optical Micro/Nano Resonators & Devices
Non-Linear and Ultrafast Optics

PRE-REGISTER NOW!
www. IPC-IEEE.org

Program Chair
Martin Dawson, University of Strathclyde, Scotland

For more information visit
ww.PhotonicsConferen
www.PhotonicsConferences.org
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Forthcoming Meetings with ICO Participation
ICO, THE PLACE WHERE THE WORLD OF OPTICS MEET
Responsibility for the correctness of the information on this page rests with ICO, the International
Commission for Optics; http://www.ico-optics.org/.
President: Prof. Duncan T. Moore, Biomedical Engineering and Business Administration, University of Rochester, USA; moore@optics.rochester.edu.
Associate Secretary: Prof. Gert von Bally, Centrum für Biomedizinische Optik und Photonik, Universitätsklinikum Münster, Robert-Koch-Straße 45, 48149 Münster, Germany; Ce.BOP@uni-muenster.de
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22–26 July, 2013
8th Iberoamerican Optics Meeting/
11th Latinamerican Meeting on
Optics, Lasers and Applications
(RIAO/OPTILAS 2013)
Porto, Portugal
Contact: Manuel Filipe P. C.
Martins Costa,
phone: 00351967642732,
mfcosta@fisica.uminho.pt
http://riaooptilas2013.inescporto.pt

phone: 00351967642732,
mfcosta@fisica.uminho.pt
http://www.optica.pt/etop2013/

23–26 July, 2013
Education in Optics and Photonics
“ETOP 2013”
Porto, Portugal
Contact: Manuel Filipe P. C.
Martins Costa,

18–21 September 2013
The Eleventh International
Conference on Correlation Optics
“Correlation Optics’13”
Chernivtsi, Ukraine
Contact: Oleg V. Angelsky,

16–19 September 2013
Information Photonics 2013,
Warsaw, Poland
Contact: Marian Marciniak,
phone: +48 22 5128715,
fax: +48 22 5128715,
marian.marciniak@ieee.org
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phone: (380-3722)44730,
fax: (380-3722)44730,
angelsky@itf.cv.ua
www.itf.cv.ua/corropt13/
27–30 October 2013
ICO Topical Meeting: 18th
Microoptics Conference (MOC’13)
Tokyo, Japan
Contact: Tomoyuki Miyamoto;
phone: +81-45-924-5059;
fax: +81-45-924-5059;
tmiyamot@pi.titech.ac.jp
http://www.comemoc.com/moc13/
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2013 IEEE International Topical Meeting on

Microwave Photonics (MWP)
October 28 - 31, 2013
Alexandria, Virginia, USA

First Call For Papers
Microwave Photonics (MWP) is an inter-disciplinary field of study
that concerns the interactions between microwave and optical
waves for the generation, processing, control and distribution of
microwave, millimeter-wave and THz-frequency signals. Microwave
photonics serves as an enabling technology in a wide variety of
applications such as signal generation and distribution, high-speed
wireless communication networks, radar systems, sensors, and
modern instrumentation. The 2013 International Topical Meeting on
Microwave Photonics (MWP 2013) will provide a forum for the
presentation of new advances in this multi-disciplinary research
area, ranging from novel devices to system field trials. MWP 2013
is now soliciting papers for the conference.

Edward Ackerman
Photonic Systems, Inc.

TPC Chair
Paul Matthews
Northrop Grumman Corp.

Finance
Robert Alongi
IEEE Boston Section

Publicity
Yifei Li
UMass Dartmouth

Sponsorship

Conference Scope:
• Radio-over-fiber systems
• Photonic techniques for microwave backhaul
• Photonic systems for antennas and beamforming
• Optical technologies for high-frequency wireless systems and
UWB systems
• Microwave photonic technologies for biomedical applications
• High-speed and/or broadband photonic devices
• Integration technologies for microwave photonic devices
• Optical analog-to-digital converters
• Optical probing and sensing of microwave properties
• Optical generation of RF, microwave, millimeter-wave and THz
waves and optoelectronic oscillators
• Optical processing and control of analog and digital signals
• Optical distribution of subcarrier multiplexed voice, data, and video
• Innovative applications of microwave photonics

Important Dates:

Adil Karim
Johns Hopkins University

Exhibit Coordinator
Vincent Urick
Naval Research Laboratory

Student Paper Contest
Tom Clark
Johns Hopkins University

Website
Kathleen Ballos
Ballos Associates

Local Arrangements:
Dalma Novak
Rod Waterhouse
Pharad USA

Conference Venue

Paper Submission Deadline:

May 13, 2013

Notification of Acceptance:
Final Paper Submission:

June 17, 2013
Aug. 12, 2013

http://www.mwp2013.org
Email: info@mwp2013.org

General Chair

Hotel Monaco - Alexandria
480 King Street
Alexandria, VA 22314 USA
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2013 IEEE Photonics Society
Co-Sponsored Events
CLEO June 9—14, 2013
Conference on Lasers and Electro-Optics
San Jose Convention Center
San Jose, CA, USA
http://www.cleoconference.org
PVSC June 16 - 21, 2013
39th IEEE Photovoltaic Specialists Conference
Tampa Convention Center
Tampa, FL, USA
http://www.ieee-pvsc.org/PVSC39/
ICTON June 23—27, 2013
15th International Conference on Transparent Optical Networks
El Batel Auditorium & Convention Center
Cartagena, Spain
http://ait.upct.es/icton2013/index.php
CLEO-PR & OECC/PS June 30 - July 4, 2013
The 10th Conference on Lasers and Electro-Optics Pacific Rim, and The 18th OptoElectronics and
Communications Conference / Photonics in Switching 2013
Kyoto International Conference Center
Kyoto, Japan
http://www.cleopr-oecc-ps2013.org/
ICAIT July 6—9, 2013
6th International Conference on Advanced Infocomm and Technology
Hotel Royal Hsinchu
Hsinchu, Taiwan, R.O.C.
http://www.icait2013.org/
WIO July 15—19, 2013
12th Workshop on Information Optics
Hotel Beatriz Atlantis
Puerto de La Cruz, Spain
http://www.wio2013.ull.es
NUSOD August 19—22, 2013
13th International Conference on Numerical Simulation of Optoelectronic Devices
University of British Columbia
Vancouver, Canada
http://www.nusod.org/2013/
MWP October 28—31, 2013
2013 IEEE International Topical Meeting on Microwave Photonics
Hotel Monaco
Alexandria, VA, USA
http://www.mwp2013.org
ICP October 28—30, 2013
4th International Conference on Photonics
Meleka, Malaysia
http://www.icp2013.net
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What does IEEE Open Access mean to an author?
t5PQRVBMJUZQVCMJTIJOHXJUIFTUBCMJTIFEJNQBDUGBDUPST
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Learn more about IEEE Open Access Publishing:

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

OPTICAL INTERCONNECTS
** Submission Deadline: July 1st, 2013 **
The IEEE/OSA Journal of Lightwave Technology invites manuscript
submissions in the area of Optical Interconnects. The purpose of this
issue of JLT is to document the current status in this field through a
collection of original and invited papers in conjunction with The IEEE
Photonics Society 2nd OPTICAL INTERCONNECTS CONFERENCE
2013 (www.OI-IEEE.org). The scope of the issue covers all aspects of
novel passive and active materials, devices, sub-assemblies, modules,
architectures, and systems related to short distance “in-the-box” and “boxto-box” data communications applications that use free-space or guidedwave optical interconnection media. Areas of interest include, but are
not limited to: device integration, planar embedded waveguide concepts,
flexible wave-guides, 3-D free-space interconnections,
photonic band gap-based interconnection concepts, optical-switch-based
re-configurable optical interconnection concepts, hybrid integration, lowcost packaging technologies, and VCSEL-based system experiments.
The emphasis is on experimental demonstrations of new technologies and
prototypes.
The Guest Editors for this issue are: John Shalf, Lawrence Berkeley
National Lab, USA ; Anthony Lentine, Sandia National Laboratories,
USA, Rich Grzybowski, Photonic Controls, USA
The deadline for submission of manuscripts is July 1st 2013. Please submit your paper to:
http://mc.manuscriptcentral.com/jlt-ieee and under Manuscript Type select “Optical Interconnects”. Unedited
preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1 week of authors uploading
their final files in the ScholarOne Manuscripts submission system. The final copy-edited and XML-tagged version
of a manuscript is posted on IEEE Xplore as soon as proofs are sent in by authors. This version replaces the
preprint and is usually posted well before the hardcopy of the issue is published.
Hardcopy Publication is scheduled for November/December 2013.
All submissions will be reviewed in accordance with the normal procedures of the Journal.
All questions should be sent to:

IEEE Photonics Society
Doug Hargis
445 Hoes Lane
Piscataway, NJ 08854 USA
d.hargis@ieee.org

The following documents are required using online submission at: http://mc.manuscriptcentral.com/jlt-ieee
1.

2.

46

PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 7 pages
for a contributed paper). Manuscripts over the page limits will have an overlength charge of $220.00
USD per page imposed. Biographies of all authors are optional, author photographs are prohibited. See
Tools for Authors at http://www.ieee.org/web/publications/authors/transjnl/index.html
MS Word document with full contact information for all authors.
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Call for Papers
Announcing an Issue of the IEEE
JOUR
URNAL OF SE
SELECTED
T
TOPICS IN QUA
TO
U NT
N UM EL
E ECTR
T ONIC
ICS on

Nanobiophotonics
Submission Deadline: August 1, 2013
Nanobiophotonics is an advanced field of modern science and biomedical nanotechnology. It has been leading recently to the
development of innovative nanotechnologies that provide noninvasive optical imaging, sensing, precise diagnostics and therap
a eutics
at cellular, intracellular and molecular levels with an unprecedented ultrahigh resolution beyond the diffraction barrier in the subwavelength nanoscale range (below 100 nm). The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites
manuscript submissions in the area of Nanobiophotonics. The purpose of this issue of JSTQE is to highlight the recent progress and
trends in developing of leading-edge nanobiophotonics technologies. Areas of interest include (but are not limited to):
• Novel approaches in ultrahigh-resolution nanoimaging and nanoscopy beyond the diffraction limit in the nanoscale range
• In-vivo cellular/intracellular nanobiophotonics imaging and sensing
• Single molecule spectroscopy and imaging
• Plasmonic, quantum-dot and nanoparticle biosensor probes
• Nanoparticle-enhanced optical diagnostics and therapeutics
• Advanced cancer nanobiophotonics
• Nonlinear ultrahigh-resolution imaging and diagnostics
• Optical manipulation of nanoparticles
r
• Novel nanobiomaterials engineered for nanobiophotonics applications
• Noninvasive biophotonics methods for characterizing nanobiomaterials
• Biocompatibility and phototoxicity of novel nanobiomaterials
The Guest Editors for this issue are Ilko Ilev, U.S. Food and Dru
r g Administration, USA; Yu Chen, University of Mary
r land, USA;
Kishan Dholakia, University of St Andrews, United Kingdom; Niko Hildebrandt, Université Paris-Sud, France; Tuan Vo-Dinh,
Duke University, USA; and James Tunnell, University of Texas at Austin, USA.
The deadline fo
f r submission of manuscripts is August 1, 2013. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of authors uploading their fi
f nal fi
f les in the ScholarOne Manuscripts submission system. The
final copy-edited and XML-tagged version of a manuscript is posted on IEEE Xplore as soon as possible once page numbers
m
can be
assigned. This version replaces the preprint and is usually posted well before the hardcopy of the issue is published. Hardcopy
publi
u cation of the issue is schedu
d led fo
f r May/June 2014.
All submissions will be reviewed in accordance with the normal procedures of the Journal.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Off
ffice - Chin Tan Lutz
Phone: 732-465-5813
Email: c.tanlutz@ieee.org)
t ://mc.manuscriptcentral.com/jstqe-pho
The fo
f llowing documents ar
a e required using online submission at: http
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up
u to 8 pages for a contributed pap
a er).
Manuscripts over the page limits will have an overlength charge of $220.00 per page imposed.
m
Biographies of all authors are
mandatory
r , photographs are optional. See Tools for
f Authors at http://www.ieee.org/web/publications/authors/transjnl/index.html
2) MS Word document with fu
f ll contact information for all authors.
JSTQE uses the iThenticate soft
f ware to detect instances of overlapping
a
and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are
justified by clear
a ly stating the distinction between a submitted paper and previous publications
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Silicon Photonics
Submission Deadline: October 1, 2013
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Silicon
Photonics. Silicon photonics has been the subject of intense research activity in both industry and academia as a compelling
technology paving the way for next generation energy-efficient high-speed computing, information processing and communications
systems. The trend is to use optics in intimate proximity to electronic circuits, which implies a high level of optoelectronic
integration. This evolution towards silicon-based technologies is largely based on the vision that silicon provides a mature
integration platform supported by the enormous existing CMOS manufacturing infrastructure which can be used to cost-effectively
produce integrated optoelectronic circuits for a wide range of applications. The solicited areas include (but are not limited to):
• Silicon photonic physics, theory, modeling and simulations
• Active and passive devices (waveguide structures, modulators, switches, photodetectors, resonators, sensors, subwavelength
structures, wavelength multiplexers, spectrometers, photonic crystals, nanoplasmonics, amplifiers, light sources, etc.)
• Integrated optical circuits for datacom, WDM networks and coherent communications
• Strategies for optoelectronic integration (e.g., III-V lasers, organic-Si devices, isolators, etc.)
• Cost efficient packaging and testing solutions
• Applications in aerospace, bioimaging, biophotonics, photovoltaics, quantum communications, sensing, and
telecommunications
The Primary Guest Editor for this issue is Laurent Vivien, CNRS - University of Paris Sud, France. The Guest Editors are Pavel
Cheben National Research Council, Canada; Patrick Lo Guo-Qiang, Institute of Microelectronics/A*Star, Singapore; Lorenzo
Pavesi, University of Trento, Italy; and Zhiping (James) Zhou, Peking University, China.
The deadline for submission of manuscripts is October 1, 2013. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for July/August 2014.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
IEEE/Photonics Society
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are
justified by clearly stating the distinction between a submitted paper and previous publications.
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Fiber Lasers
Submission Deadline: December 1, 2013
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Fiber
Lasers. The purpose of this issue of JSTQE is to document leading-edge work in this field through a collection of original and
invited papers ranging from fundamental physics to applications. This special issue will be solely devoted to the most recent
achievements in fiber laser technology and serve as universal resource for future development. The scope of the issue covers all
aspects of theoretical and experimental laser research including:
 Fiber design and fabrication
 Ultra high power fiber lasers
 Fiber-processing techniques
 Wavelength tunable fiber sources
 Laser architectures and pumping methods
 Ultra narrow-linewidth fiber laser
 Fiber frequency comb sources
 Picoseconds and femtosecond fiber sources
 Fiber supercontinuum sources
 Beam combination of fiber lasers.
 Photonic crystal fibers and lasers
The Primary Guest Editor for this issue is Sulaiman Wadi Harun, University of Malaya, Malaysia. The Guest Editors are Shaif-ul
Alam, University of Southampton, UK; Andrey S. Kurkov, Russian Academy of Science, Russia; Mukul Chandra Paul, Central
Glass and Ceramic Research Institute, India; and Zhipei Sun, Aalto University, Finland.
The deadline for submission of manuscripts is December 1, 2013. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for September/October 2014.
All submissions will be reviewed in accordance with the normal procedures of the Journal.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
IEEE/Photonics Society
The following documents are required during the mandatory online submission at: http://mc.manuscriptcentral.com/jstqe-pho.
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. See the Tools for Authors link: www.ieee.org/web/publications/authors/transjnl/index.html.
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously
published papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are
justified by clearly stating the distinction between a submitted paper and previous publications.
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