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Delay systems are among the favorite sources of
chaos in physical-layer secure communications.
The reason for this popularity is the high-
dimensionality of the chaos generated, which
makes them computationally difficult to break
using standard embedding-based nonlinear time
series analysis techniques.

Unfortunately, if the delay is known, it is pos&ibl

to break these cryptosystems using tailored
techniques that require low computational
resources. It is thus crucial to hide the delay
value.

We have studied delay identification from the
time series of the optical intensity of the most
popular source of optical chaos, which is the
external-cavity laser (ECL). This device is
composed of a laser diode subjected to external
optical feedback coming from an external mirror.
The optical chaos community believed that it was
always possible and easy to identify the delay of
this system. We have shown that contrary to
common belief, delay identification can become
difficult for a certain range of operating
conditions. The feedback strength must be chosen
relatively small, in order to favor the competition
between the two timescales present in an external-
cavity laser, which are the delay) and the
period of the relaxation oscillatiorigzo) between

the photon and carrier populations. In addition,
choosing a delay value close to the period of the
relaxation oscillations favors the appearance of
chaotic dynamics whose characteristic time scales
are neithert nor fro but are the result of
complex nonlinear interactions betweeand 7z,

In this case, it is not possible to identify théuea

of the delay? or of fgo using conventional time
series analysis techniques [1-2]. Figure 1(a2)
illustrates such a case. The delayed mutual
information of the intensity does not reveal any
info on the delay value, whereas it does exhibit a
pronounced peak at the delay value for the
dynamical regimes usually considered in the
literature (Fig. 1(d2))
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Fig. 1 Mutual information of the times series of the ogtic
intensity of an ECL for two different feedback sigéhs. The

vertical dashed line represents the delay valug) Gpecial

dynamical regime for which the delay is not ideabfe. (d2)

Standard case in which the delay is easily idetif(after [1]
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We have been able to give a dynamical
interpretation of the possibility or impossibilibf
identifying ¢ and fro, based on the characteristic
time scales that appear in the cascade of
bifurcations leading to weakly-developed chaos
[3-5].

Perspectives for future work include the
experimental verification of these theoretical
predictions, and the development of more
complex setups in which the delay is modulated
by a chaotic state variable.

[1] D. Rontani, A. Locquet, M. Sciamanna and D.
S. Citrin, “Loss of time-delay signature in the
chaotic output of an ECSL”, Opt. Lett. 32, 2960-
2962 (2007).

[2] D. Rontani, A. Locquet, M. Sciamanna and D.
S. Citrin, “Masking the time delay from the
chaotic output of an ECSL”", Proc. of SPIE 6997,
1-8, Strasbourg (France), (2008), pp.1-8.

[3] A. Locquet, D. Rontani, M. Sciamanna, and
D.S. Citrin, “Identification du retard d’'un laser a
cavité externe”, Comptes-rendus de la®™f1
Rencontre du Non-Linéaire, Paris (France), 2008,
pp. 121.

[4] A. Locquet, “Chaos-based communications
using semiconductor lasers”, invited presentation
(45 min) at the World Congress of Nonlinear
Analysts 2008, in Orlando (USA).

[5] D. Rontani, A. Locquet, M. Sciamanna, D.S.
Citrin, and S. Ortin, “Time-delay identification in
the chaotic output of a semiconductor laser with
optical feedback: a dynamical point of view”,
submitted to JQE (2008).
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External-cavity lasers are the most popular light
sources in optical chaos-based communications.
These systems typically use edge-emitting diode
lasers. Another type of diode laser, the vertical-
cavity surface-emitting laser is becoming
increasingly popular because of its numerous
advantages, which include: a small threshold
current, circular beam profile with small
divergence, wafer-scale testing, and 2D array
capabilities. VCSELs present specific
polarization-dynamics properties. Their origin
stems from their typically weak polarization
anisotropies, which lead to a strong competition
between two linearly-polarized (LP) modes
oriented along two orthogonal directions (called
and y in the following). The dynamics of a
VCSEL thus present additional degrees of
freedom linked to the behavior of its state of
polarization.

We must understand the synchronization of these
promising devices to be able to exploit their
behavior in a chaotic communications scheme. In
this perspective, we have numerically studied two
configurations of unidirectionally coupled
VCSELs, corresponding to two interesting
experimental schemes.

The first configuration is represented in Fig.1.
The external feedback applied to the master laser
induces a chaotic behavior of this laser, and this
chaotic output is optically injected into the open-
loop slave. Depending on the values of anisotropy
parameters and on initial conditions, chaos can be
exhibited either in one or two LP modes. In the
first case, the laser dynamics are similar to ttiat
an edge-emitter, while in the latter case, the
dynamics exhibit a specific polarization
competition which leads to a chaotic evolution of
the state of polarization. We observe very
interestingly that the (anticipated) synchronizatio
quality is much larger when two modes rather
than when only one mode is involved [1,3,5]. This
demonstrates theoretically that the increased
complexity induced by the competition between
polarization modes leads to better synchronization
and justifies the interest in VCSELs for chaos-
based communications.

In the second configuration, the master laser is
subjected to feedback and exhibits chaos in both
polarization modesx(andy). One of thesexj is
selected, rotated tp by 9C, and then injected in
an open-loop slave. In the absence of optical

injection, the solitary slave produces a GMLP
light. The injected light is perpendicular to the
natural direction of polarization of the slave lase
and will tend to make the laser polarization
direction switch to that of the injected light. $hi
type of optical injection is called orthogonal
injection. We have determined that two regimes
of isochronous synchronization exist [2,4,5]. The
first appears for small detuning between the
master and slave lasers. In this case, the slave
polarization switches by 9@o that of the injected
field, and the intensity and phase of the slavg onl
LP mode synchronize with that of the injected
field. The second regime appears for a larger
detuning (several tens of GHz) between the
master and slave frequencies. The optical
injection still induces the appearance of a LP
mode at the slave which is parallel to the injected
field. However, due to the detuning, this injection
is not sufficiently strong to make the laser
polarization switch completely to that of the
injected field, and thus anx-LP mode
perpendicular to the injection remains active at
the receiver laser. The slayd P mode injection
locks with the injected field and thus exhibits
high-quality synchronization. Thex--LP slave
mode, on the other hand, does not interact
coherently with the injected field, but competes
with they-LP mode for carriers.

Emitter
VCSEL

Receiver
VCSEL

Fig. 2 Two unidirectionally coupled chaotic VCSELs. Olkis
optical isolator, BS a beam splitter, and M an mxemirror.

Perspectives include checking the feasibility and
limitations of polarization encoding. Preliminary
results show that it is possible to encode an
information-bearing message on the polarization,
without affecting the field intensity. This could
allow for chaotic communications at very high bit

rates (tens or hundred of Gb/s).

[1] M. Sciamanna, |. Gatare, A. Locquet, and K. &atov,
Phys. Rev. E 75, 056213 (2007).

[2] I. Gatare, M. Sciamanna, A. Locquet, and K. &atov,
Opt. Lett. 32, 1629 (2007).

[3] A. Locquet, M. Sciamanna, |. Gatare, and K. &atov, in
Technical Digest of CLEO Europe 2007, Munich (Geng)a

[4] I. Gatare, M.Sciamanna, A. Locquet, and K. Ratoa, in
Technical Digest of the PHASE International Workshieletz
(France), p.64.

[5] K. Panaiotov, I. Gatare, A. Locquet, M. Nizettel.
Thienpont, A. Uchida, and M. Sciamanna, invited grapt
ICONO/LAT 2007, Minsk.
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Optical chaos-based cryptosystems typically
realize the secure transmission of a single
message between a chaotic emitter and a chaotic
receiver. We are developing techniques to
transmit several messages at the same time, on the
same optical channel, to increase the bit rate and
make a better use of the very wide spectrum of
chaotic carriers.

The conceptually simplest way of realizing the
multiplexing of chaotic signals would be to
transpose wavelength-division multiplexing to the
context of chaotic carriers, through the use, for
example, of several chaotic lasers at different
wavelengths. But our goal is to try to exploit
properties specific to nonlinear dynamical
systems to multiplex chaotic carriers in an
original and efficient way. In particular,
properties such as dual synchronization open new
perspectives in terms of multiplexing. A dual
synchronization scheme is represented in Fig.1.
The two emitters are two different chaotic
systems (either their nature is different, or they
are of the same nature but have different
parameters). Their output signals are added to one
another, and the resulting signal is propagated to
the receivers, which are replicas of the emitters.
Under certain conditions, each receiver
synchronizes with the corresponding emitter.

Emitter 1 Receiver 1

Emitter 2 Receiver 2

Fig.1 Schematic representation of a dual
synchronization scheme involving two emitter
and two receiver systems.

It is remarkable that the synchronization of each
receiver individually is possible despite the fact
that the temporal and spectral overlap between the

emitter chaotic carriers can be very significant.
This is fundamentally different from conventional
forms of multiplexing such as WDM or OTDM.
From a more general perspective, the property of
dual synchronization shows that it is possible to
propagate directly the sum of chaotic carriers,
without needing to use different wavelengths. It is
possible to imagine further that each of these
carriers will be used to mask a different message,
and that these messages will be individually
retrieved by the receivers. This approach presents
several advantages. First, it increases the
transmitted bit rate, without increasing
significantly the spectrum used, and thus also
increases the spectral efficiency of chaotic
communications. Second, the fact that an
eavesdropper will intercept the sum several
chaotic signals, instead of just one, will certainl
make it more difficult to break the system.

We have preliminary results which show that,
using special couplings between the emitters and
receivers, it is possible to encrypt and decrymt tw
messages independently using optoelectronic
feedback cryptosystems. Along those lines, we
plan to extend these results to the very popular
optical-feedback cryptosystems. The main issue
for this type of cryptosystem will be to
demonstrate that chaos synchronization and
message extraction is possible even in the absence
of optical frequency detuning between the lasers.
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The second of our tasks is the construction of an
experimental testbed to validate these protocols,
pictured in Figure 1.

The third task is the development of state-of-the-

art error correcting codes that are necessaryein th

reconciliation phase of the protocols. These codes
can also serve as a basis for the extension of

Funding: ANR

Partners: ENST, U. Franche-Comté,
SmartQuantum, Photline

The security of digital cryptographic algorithm
is based on unproven mathematical assumptigns.
It is desirable for high security applications to

protect against  potential mathematical

breakthroughs or the emergence of novel classes
of computers, such as quantum computers, which
can theoretically break the RSA public k
cryptosystem with a few thousand quantum bi
Quantum information theory proves that opticgl
frequency protocols using physical noige
processes of the communications channel
result in perfect security so that no mathematical
breakthrough or possible computing device can
result in an eavesdropper gaining any amount| of
information shared between two cooperating
users.
This testbed takes place within HQNET, |a
project led by GT-L involving three academi
and two commercial partners (one that has
fielded commercial QKD systems). It is focused o
on the use of optical communication links
distribute secret keys, called quantum ke\s
distribution (QKD). HONET seeks to improv
the speed, stability, and integration of QK
systems with higher level communication layers.

Research at GT-L focuses on three differgnfig 2: Secrecy capacity vs. signal to noise ratio a
aspects. The first of these is the development oéceiver for 50 km transmission. Post-selectiandases
physical layer QKD protocols and associateédinal key rate.

physical layer security concepts into RF
communications and RFID tags.
Y_. .. o
Jig. 1: Quantum key distribution testbed
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proofs of security. We have published two
different novel protocols, both suited for ultra-
high rate continuous-variable QKD that is suitable
for clock rates of 10 Gb/s, an improvement by a
factor of 1000 over current state of the art for
continuous-variable QKD. One protocol replaces
signaling and pseudo-random number generation
with the spontaneous emission of an erbium-
doped fiber amplifier [1]. The second uses QPSK
discrete signaling and post-selection. We have
presented the first continuous variable QKD
security proof for discrete signaling. Discrete
signaling simplifies the transmitter, but the
primary advantage is that it greatly speeds the
reconciliation phase of the protocol, currently the
limiting factor [2]. Figure 2 shows that the
postselection used in the protocol improves the
secrecy capacity of the channel.

[1] Z. Zhang, A. Locquet, P. L. Voss, and
Philippe Gallion, "A simple, extremely large
bandwidth QKD system,” CLEO-Europe,
Munich, Germany, 2007.

[2] Z. zhang and P. L. Voss, “A path towards 10
Gb/s continuous variable QKD,” Invited talk at
LPHYS’08, Trondheim, Norway, July, 2008. Z.
Zhang and P. L. Voss, “Security of a Discretely
Signaled Continuous Variable QKD Protocol
against Collective Attacks,” Frontiers in Optics,
Rochester, N.Y., October 2008. Z. Zhang and P.
L. Voss, “Security of discretely signaled
continuous variable quantum key distribution for
high rate systems”, Submitted @ptics Express
2008.
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The issues of privacy and security in wireless
communication networks have taken on an
increasingly important roleas these networks
continue to flourish worldwide. Traditionally,
security is viewed as an independent feature
addressed above the physical layer, and all widely
used cryptographic protocols (e.g., RSA and
AES) are designed and implemented assurtting
physical layer has already been established and
provides an error-free link. In contrast with this
paradigm, there exist both theoretical and
practical contributions that support the potential
of physical layer security ideas to significantly
strengthen the security of digital communication
systems. The basic principle dhformation-
theoreticsecurity, which is now widely accepted
as the strictest notion of security, calls for the
combination of cryptographic schemes with
channel coding techniques that exploit the
randomness of communication channels to
guarantee that the messages sent cannot be
decoded by a third party maliciously
eavesdropping on the wireless medium.

We investigated both theoretical and practical
aspects of information-theoretic security for
guasi-static wireless fading channels, and we
proposed the first practical protocol achieving
information-theoretically secure communications
over wireless channels. Our work is based on the
communication channel model illustrated in
Figure 1.

Our theoretical analysis unveiled the critical role
of fading toward achieving positive secure
communications rates in wireless environments.
In particular, secure communications are in
principle always possible, even in situations

where the eavesdropper has a better average
Signal-to-Noise  Ratio (SNR) than the
eavesdropper.

Based on the insight provided by the theoretical
analysis, we proposed a practical protocol based
on one-way communications to achieve non-zero
secure communication rates. The protocol
opportunistically exploits the fluctuations of
fading coefficients to generate information-
theoretically secure keys, which are subsequently
used to encrypt messages. The protocol is based
on a pragmatic four-step approach to secure
communications: randomness sharing,
information reconciliation, privacy amplification,
and encryption. An important ingredient of the
protocol is a specifically developed reconciliation
method for continuous random variables, which is
based on Low-Density Parity-Check (LDPC)
codes and multi-level coding, and operates close
to the fundamental limits predicted by Shannon
theory. We introduced a set of reasonable metrics
to assess the performance of the protocol; its
behavior was analyzed in the idealized situation
where channel state information is known
perfectly and instantaneously at both the receiver
and the transmitter, but it was proved to be also
efficient in more realistic situations where only
imperfect channel state information can be
obtained. In particular, we identified a
communication regime where the protocol is
optimal and incurs no loss of performance.

Perspectives for future work include the
implementation of the protocol in an experimental
testbed, as well as the investigation of new code
constructions that would reduce the complexity of
the protocol while still maintaining a similar ldve
of performance.

[1] M. Bloch, J. Barros, M. R. D. Rodrigues, S.
W. McLaughlin, “Information Theoretic Security
for Wireless Channels: Theory and Practice”, in
Proc. Information Theory and Application
Workshop, San Diego, CA, USA, February 2007

[2] M. Bloch, J. Barros, M. R. D. Rodrigues, S.
W. McLaughlin, “Wireless Information-Theoretic
Security”, IEEE Transactions on Information
Theory, special issue on Information Theoretic
Security, Vol. 54, no. 6, pp. 2515-2534, June
2008

Figure 3. Wireless communication model.
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Quantum  communications and  quantum
information science is currently limited by the
devices that have been created. This project aims
to take advantage of advances in nano-and micro-
fabrication in order to fabricate novel nonlinear
waveguide devices for quantum communications,
and to demonstrate innovative functionality. Of
particular interest is the construction of a
waveguide that phase-matches the pure third-
order nonlinear optical interaction efficiently.
This is a forty year old unsolved problem in
nonlinear optics, which if solved allows for on-
chip amorphous and inexpensive nonlinear
waveguide devices to be constructed. The forward
process would permit pure third-harmonic
generation. The reverse process, third-order
parametric amplification, emits triply correlated
photons and thus construction of this device
would extend the range of available quantum
sources beyond single-photon and twin-photon
sources, providing a new building block for
guantum communications networks.

FIG. 1: Experimental Setup (Ti:Sapphire & OPO)

Many different proposals have been made for
phase-matching the pure third harmonic process
but they have not resulted in successful
demonstrations except for in bulk crystals, where
the overall nonlinear interaction is limited to a
short length and large beam spot, limiting

efficiencies to 2%. Waveguide implementations
have also failed due to the narrow bandwidth of
phase matching. In practice, a small phase-
matching  bandwidth results in extreme
requirements on waveguide uniformity, usually in
the sub-angstrom range.

To date we have investigated several novel
configurations, one of which shows phase-
matching over 150 nm, translating into greatly
increased manufacturing tolerances of the order of
tens of nanometers in transverse waveguide
dimension. The first generation waveguide has
been manufactured and is currently under test.
Further theoretical work is underway to
investigate unique properties of waveguides
having deep sub-micron features. This allows for
much larger waveguide effects in order to counter
the usual waveguide and material dispersion. This
deep submicron approach has led to satisfying the
phase matching condition over a large band in a
tightly confining waveguide.

Also under investigation are methods to improve
other third order nonlinear devices. We are also
investigating novel four-wave mixing devices in
order to make these frequency conversion devices
more useful.

[1] D. Chapron and P. L. Voss, “Quantum Noise
in Third-Order Optical Parametric
Amplifiers,” OSA 2008 Topical in Nonlinear
Optics Sorrento, Italy, 2008. Invited.

[2] D. Chapron, Z. Zhang, and P. L. Voss,
“Quasi-phase matched four wave mixing in a
guasi-phase matched waveguide for efficient
parametric amplification,” EOS Annual
Meeting, Paris, France, September 2008.
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Continued development of GaN-based light
emitting diodes is being hampered by constraints
imposed by current non-native substrates. Most of
the GaN work has thus been done on c-plane
sapphire (c-AlOs) and 6H-SiC substrates. Both of
them have a significant lattice mismatch with
GaN (3.5 and 16.1 % respectively). This
generates strain in the epilayers, generating
dislocations and degrades crystalline quality. To
solve this problem, the use of an alternative
substrate that exhibits a smaller lattice mismatch
with GaN is highly desirable. ZnO and LiNhO
(LN) are promising alternative substrates, offering
smaller in-plane lattice mismatch (1.8 and 6.8%
respectively). However, conventional MOVPE
growth of GaN on sapphire substrates is not
applicable for LN and ZnO/AD; substrates.

We have successfully grown hexagonal GaN on
ZnO and differently oriented x and z-cut LN
substrates using low temperature/pressure
MOVPE with N, as a carrier gas and
dimethylhydrazine as N source [1-4].
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Fig.1:SEM image of an ion-milled cross-section of
Pt/GaN/zZnO/c- Al,O3
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Fig2:XRD 2 - scans for GaN layers grown on z- and x-cut
LiINbOj; substrates

It should be noted that LN has also been used for
optoelectronic applications such as optical
switching devices and second harmonic
generators due to its large electro- and nonlinear-
optical coefficients. Furthermore, the successful
epitaxial growth of wide band gap GaN film on
LN substrate could lead to the fabrication of
integrated multifunctional electrical and optical
devices. Such devices utilize both GaN and LN
properties, making it possible to develop fully
integrated optoelectronic devices, combining
sources, detectors and waveguides on a single LN
substrate.

[1] D.J. Rogers, F. Hosseini Teherani, A. Ougazmgsle
Gautier, L. Divay, A. Lusson, O. Durand, F. WyczigB.
Garry, T. Monteiro, M.R. Correira, M. Peres, A. Mgy D.
McGrouther, J.N. Chapman and M. Razeghi, “Use @ Zinin
films as sacrificial templates for metal organigpea phase
epitaxy and chemical lift-off of GaNApplied Physics Letters
91, 071120 (2007).

[2] A. Ougazzaden, D. J. Rogers, F. Hosseini Tefier
Moudakir, S. Gautier, T.Aggerstai8, Ould Saad, J. Martin,

Z. Djebbour, O. Durand, G. Garry, A. Lusson, D. Mc@her

& J.N. Chapman “Growth of GaN by MOVPE on ZnO-
buffered c-sapphire Substratek”of Crystal Growth, Volume
310, Issue 5, 1 March 2008, Pages 944-947

[3] A. Ougazzaden, T. Moudakir, T. Aggerstam, Gsa&rJ.P.
Salvestrini, S. Gautier, A. Sirenko, “GaN thin fénon z- and
x-cut LINbO3 substrates by MOVPERhysica Status Solidi

C, 1-3 - (2008)

[4] T. Moudakir, G. Orsal, N. Maloufi, S. GautieM.
Bouchaour, T. Aggerstam, S. Ould Saad, J.P. SalvigsA.
Ougazzaden, “Structural study of GaN grown on deen
LiINbO3 by MOVPE”,Eur. Phys. J. Appl. Phys43, 295-299
(2008)
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The development of wide band gap
semiconductors offers new possibilities of
applications in optoelectronics as well as in
hyperfrequency domains. The last decade has
shown the first LEDs in blue and white colours as
well as compact optical lasers sources for
different applications such as high density
storage, biomedical, purification, surface
treatments, nano-lithography. The structures of
these devices are currently fabricated from
AlGaN and InGaN nitride materials on sapphire
or Silicon carbide substrates with high lattice
mismatch which makes their growth very difficult
and threat the reliability of the final devices.

We develop in this work a novel class of
materials based on BAIGaN. These new alloys
have similar characteristics than those of InGaN
and AlGaN materials with the advantage to be
lattice matched on SiC and AIN substrates.
BAIGaN with lattice matching exhibits emitting
wavelength in the range of 340 nm to 190 nm for

Bo.odG&.ooN and B osAl g 9N respectively.

FIG 1 White light absorption edges and PL
intensities of BGaN layers with different boron
composition (x) grown on AIN template

The work is based on the MetalOrganic Vapour
Phase Epitaxy (MOVPE) process with which we
explored boron incorporation in BGaN, BAIN
ternary materials and BAIGaN quaternary
materials. Boron incorporation was previously
achieved up to 3.6 % in simple layers [1] and led
up to 5% in multi-layers structures. Quaternary
was explored using super-lattices considered as
pseudo alloys. Even if the lattice matching id stil
far in terms of boron composition, our studies
identified some interesting properties of the
BAIGaN materials system.

We recently studied optical properties of
BGAN alloy grown on AIN template substrates
[2] by mean of white light transmission and
photoluminescence (FIG 1). Both
characterizations techniques indicated that, in
opposition to common expectations, the material
band gap decreases with boron incorporation. A
corresponding bowing parameter of 9.5 eV was
numerically adjusted from our experimental
results with respect to non-linear Vegard's law
(see FIG 2).

FIG. 2 Bandgap diagram of GAN, AIN and BN
nitride materials. BGaN curve with bowing is
compared to the Vegard’'s linear interpolation
law.

Boron containing GaN-based materials
was also proposed by our team to reduce the
threading dislocations in hetero-structures. Irt,fac
thanks to TEM measurements, a thin,®ay oo\
material layer was found to stop the progression
of the threading dislocations through the hetero-
structure leading to, according to our preliminary
results, a reduction of the threading dislocations
density in the top layer.

Current  investigations cover the
optimisation of BAIN MOVPE growth for
distributed Bragg mirrors applications. BGaN
materials are still under optimization in High

Electron Mobility Transistors (HEMT) structures

[1] A.Ougazzaderet al, J. Crystal Growth 298
(2007) 316-319
[2] A.Ougazzadenet al Appl. Phys. Let 93,
(2008), 083118
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GaN and related alloys nanostructures

such as nanodots, nanorods and nanowires are

promising for the achievement of new low defect
density material systems with potential

applications in short wavelength optoelectronics
functionalities. Some of these applications have
been realized with the fabrication of nanorods-
based LEDs and photonic crystals. Nano selective
area growth (NSAG) appears to be an excellent
way to success in growing semiconductors
nanostructures. NSAG approach has many
advantages as removing random nucleation and
allowing the control of the shape and the density
of the nano-structured material. This advanced
nanotechnology opens the field for a new
generation of nanophotonic devices where the
precise position of the material at the nanoscale
on the wafer is a key issue for subsequent

processing and assessment. NSAG has also a

tremendous potential in the growth of GaN on
highly mismatched substrates such as silicon
thanks to the new strain relief mechanisms
available at nanoscale.

The purpose of this study is to explore
the possibility of Nano Selective Area Growth
(NSAG) of GaN based materials to achieve high
quality crystal in heteroepitaxial growth. The
study combines both the techniques of
lithography and MOVPE to selectively grow GaN
epitaxial layer on different types of substrates. T
grow a regular array of NSAG structures, a SiO
mask is deposited on the substrate using chemical
vapor deposition. Then an array of openings with
a diameter of 100 nm and 120 nm wide stripes is
developed in the mask by using electron-beam
lithography and reactive ion etching. These
openings played a role of the nucleation sites for
the GaN nanostructure growth. The GaN growth
is carried out in a MOVPE T-shaped reactor [1].
The study was first and successfully leaded on
GaN template substrates [2]. Figure 1 shows a
planar view of a SEM micrograph of a NSAG
layer grown on a nano-patterned sample of SiC.
A perfect selectivity has been obtained as no GaN

polycrystals formed on the mask. Regular arrays
of GaN nanodots with a uniform diameter of 100
nm as well as two GaN nanostripes orientated
along the <1120> direction are visible. Both the
nanodots and nanostripes with smooth and
homogeneous side walls are completely confined
inside the mask openings. In the upper right of
figure 1 are two high magnification images of the
nanodots. Their morphology is highlighted and
consists in a self terminated nano-pyramid
terminated by six {101} smooth facets due to the
3-fold symmetry of the GaN. This pyramidal
shape of the GaN nanodots has been evidenced by
atomic force microscopy as it is shown on figure
2.

FIG. 1 SEM image of a NSAG layer
of GaN grown on SiC-6H substrates.

FIG. 2 Detailed AFM image of a single
hexagonal GaN nano-dot.

Toward this ends, micro-scaled as well
as nano-scaled selective area growth of GaN has
been grown on Sapphire, SiC and GaN and AIN
templates successfully. The role of growth
conditions have been successfully investigated in
order to grow isolated nanostructures (as it is
shown on figures 1 and 2) or epitaxial lateral
overgrowth (ELO) structures. The concept of
nano-ELO is very important to get coalesced
structures in order to form a high quality GaN
planar layer. Continuation of this study will
hopefully lead to commercial, industrial, and
residential applications of this technology.

[1] S. Gautieret al, Journal of Crystal Growth,
Volume 298, January 2007, Pages 428-432

[2] J. Martin et al, Materials Science and
Engineering: B, Volume 147, Issues 2-3, February
2008, Pages 114-117
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llI-N  devices serve a large market in
optoelectronics, especially in construction of
sources such LEDs, edge emitting lasers and
vertical cavity surface emitting lasers (VCSELS).
UV VCSELs may displace conventional diode
lasers due to small device size, excellent beam
shape, and surface emission. Of particular interest
for high dislocation materials such as lIlI-N, the
small size (few microns) permits a high quality
structure with low dislocation density. Moreover,
in opposition to lasers, the threshold is very low.

Figure 1 (top right corner) illustrates the typical
structure of a VCSEL, The component of a
VCSEL are two high reflectivity DBR mirrors
separated by an active region.

Reflexivity versus lambda Rmax=99.91 %

Reflexivity (%)
o
g
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FIG. 1: schematic structureof a VCSEL and DBR
simulation (99.9% reflectivity)

18 2 22 24 26 28
lambda (m)

In this project, we propose to develop UV
VCSELs based on a new design and on new
boron-based wide- bandgap materials.

One of the most challenging parts in UV VCSEL
fabrication is the design and development of
Bragg mirrors reaching a reflectivity of 99.9%.

The second challenge is the optical quality of the
active region. The last issue is the current
injection for electrical pumping.

First, we focused on the first issue by performing
a Matlab program to simulate Distributed Bragg
reflectors. The program is 100% operational and
being used. Then, we focused our efforts on the
development of the required llI-Nitride materials
growth process by Metalorganic Vapour Phase
Epitaxy (MOVPE). Figure 2 shows experimental

X-ray diffraction spectrum of a 273 nm emitting
AlGaN /AIN multi quantum wells structure. The
good fit between experimental data and
simulation addresses the good structural quality of
the materials and the sharpness of the interfaces.

FIG 2: X-Ray diffraction of AlGaN/AIN Multi
Quantum Wells Structure — Simulation in blue
and experiment in red

The only demonstrated nitride DBRs are based on
AlLGa, 4 N/Al Ga,  N. Those mirrors

have been much studied in order to obtain a high
optical reflectance while working in at deep UV
wavelengths, however their performances are still
limited by material absorption issues, In fact no
wavelength below 300nm is currently reachable.
To overcome this issue, we designed a high
reflectivity DBR using boron-based materials that
can reach the deep UV. The result of our
simulations are shown in Figure 1. 99.9% is
obtained at 280 nm. One of the main advantages
of boron-based materials is that they avoid strain-
induced structural degradation and cracking. We
can thus obtain a strain free DBR (compensated
mirrors).

[1] A. Ougazzaden, S. Gautier, T. Aggerstam, J.
Martin, M. Bouchaour, T. Baghdadli, S.O.
Saad, S. Lourdudoss, N. Maloufi, Z.
Djebbour, F, Jomard, “Progress on new wide
bandgap materials BGaN, BGaAIN and their
potential applications,” Proceedings of the
SPIE — The international Society for optical
Engineering, v 6479, 8 Feb., p64791G-1-7,
(2007).

[2] A. Ougazzaden, S. Gautier, T. Moudakir, Z.
Djebbour, Z. Lochner, S. Choi, H.J. Kim, J.-
H. Ryou, R.D. Dupuis, A.A. Sirenko,
“Bandgap bowing in BGaN thin films,” APL,
v 93, p 083118, (2008).
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Recently, discussion of depletion of Earth’s oll
reserves have sparked renewed interest in solar
cells. Recent discoveries and advances in growth
have paved the path towards the use of novel
designs and novel semiconductors. In particular,
the revision of the fundamental band gap of
Indium Nitride (InN) from 1.9eV to 0.7eV has
turned attention to the nitrides group. As shown
Fig.1, Indium Gallium Nitride (InGaN) is
certainly the most promising semiconductor
material for photovoltaic applications. The system
covers an unusually large range of the solar
spectrum and ideal multi-junction solar cells
made from these materials have a theoretical
efficiency limit of 86,8%, as compared to current
performance of around 35% in other materials
systems.

FIG. 1: Spectrum coverage of InGaN
versus traditionally used IlI-V
semiconductors

This project is to use our group’s experience in
nitride material growth to explore the possibiktie
offered by these semiconductor materials in the

domain of solar cells [1]. We hope to combine
low cost substrates (silicon, glass) with theséihig
efficiency materials.

We are undertaking theoretical modeling of
nitrides for solar cells, being performed under a
contract with France Telecom. InGaN growth is
also well underway, with promising preliminary
results.

[1] A. Ougazzaden, D.J. Rogers et al., “Growth of
GaN by MOVPE on ZnO-buffered c-sapphire
substrates”, 310, 944 (2008)
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The goal of this project is to pioneer the next
generation current sensor for both direct and
alternating current. Specifically, the challenge is
to create a small, lightweight device capable of
operating in a harsh environment that is immune
to temperature changes and external
electromagnetic interference. This is
accomplished through two main tasks. The first
task is to design a novel type of sensor that will
overcome the limitations of current devices.
Efforts will be focused on MEMS-type sensors
because the decrease in size, weight, and
fabrication cost are highly desirable. The second
task is more fundamental than the first and is the
core of the project. A multiphysics model will be
developed for optimizing the materials used to
construct the sensor. This model will account for
such design aspects such as mechanical, thermal,
electrical, and magnetic behavior.

In addition to providing a superior device for
sensing electrical current, this research makes
numerous contributions to engineering science as
well. At its core, this problem is multidisciplingr

requiring collaboration among several
engineering fields. This aspect in itself is
beneficial because it aids the distribution of

knowledge. Another outcome is the further
integration of intelligent materials into MEMS.
Separately, both technologies have great potential
but it has yet to be seen what they can accomplish
together. Finally, this research expands material
modeling ability by relating macroscopic
behavior to microscale mechanical, electrical, and
magnetic properties.

During the past year, a design has been selected
for implementation and testing. Based on the
needs of the industry, the most promising solution
is a combination of MEMS and magnetism. The
basic idea is to measure the interactions between
magnetic material and the current in the busbar.
To do this, a magnetic material is mounted onto a
simply supported beam. As the magnet interacts
with the magnetic field generated by the current,
the beam will bend. This displacement can be
measured using capacitance. If the beam itself is
considered as a movable plate in a parallel plate
capacitor, as the beam moves the capacitance will
change. While this type of solution is not logical
on the macroscale, it does work well at the

microscale. For example, accelerometers used in
the auto industry often employ capacitive
detection for airbag deployment.

Once the initial design, shown in Figure 1, had
been completed, the next phase was to create a
proof of concept prototype.

FIG. 1. Schematic of the Magnetic Beam
Capacitor

The bulk of the research effort from the past year
has been focused on creating this device. First, th
original design had to be optimized to account for
process limitations. Minimum feature size and
maximum thicknesses were important factors
during this stage. Once the theoretical design was
ready for fabrication, a process was created.

With a design and process in hand, fabrication
started on the current sensor. The process went
through three improvement stages. Each time a
problem was encountered, the process was refined
to eliminate it. At the end of the first prototygin
effort a working device had not been made, but
significant progress was evident. In the upcoming
months changes will be made to make the process
more reliable and a second prototyping run will
begin. Figure 2 shows a device near completion.

FIG. 2: Magnetic Beam after

Electroplating the Magnet.

Capacitor



Substitution of the AgCdO
contact material in
contactors and relays

Research team: F. Pdn#. Cherkaoufi®

1) Ph.D student, 2) G.T. faculty, 3) project leader

Funding: Leach International, Région
Lorraine

Partners: L.P.M.M.

AgCdO is one of the most widely used contact
materials in the world because of its outstanding
performance. Nevertheless, due to environmental
considerations, it will soon be forbidden by
European environmental directives. Therefore,
finding a good substitute is of crucial importance.
Electrical arc erosion plays a crucial role in the
reliability and life of power switching devices.
Depending on the contact material behavior in
response to an electrical arc, surface damages can
induce severe changes in contact material
properties that will impact the power switching
device functioning. Consequently, electrical arc
effects and consequences on the contact material
surface are of first importance. In this context,
during the period 2007-2008 we have focused our
activities on two research axes: electrical arc
effects on AgCdO contact material, and complete
macroscopic Arc erosion model.

I. Electrical arc effects on AgCdO contact
material

Experiments have been conducted on five power
switching devices which have been tested under
different conditions. They have been respectively
subjected to 1, 2, 3, 10, and 100 electrical arcs
under the same operating conditions: supply
current of 400 A, circuit voltage of 28 V DC, and
resistive load.

1.1 Evolution of the AgCdO contact material
surface microstructure with the number of arcs
Surface dynamics play a crucial role in the
contact material behavior in response to several
electrical arcs. The way the surface
microstructure will have changed after a certain
number of arcs will directly impact the contact
material properties and will consequently
influence its response and performance.

FIG. 1: SEM picture of a cavity full of granules.

1.2 Investigation on AgCdO layer dynamics

Layer dynamics significantly contribute to the
contact material behavior in response to several
electrical arcs. Indeed, the microstructure
configuration changes induced by arcing
influence surface dynamics and directly impact
the contact material properties which will modify
its response. The same kind of experiments has
been done on AgSnOAnalysis is in progress.

II. Complete macroscopic Arc erosion model

Arc erosion process mainly results from two
modes: vaporization of contact material under
heat energy coming from the electrical arc and
splash erosion induced by driving forces such as
electromagnetic force, and the Buoyancy and
Marangoni effects. A complete macroscopic arc
erosion model which takes into account the two
arc erosion modes has been developed.

FIG. 2: Experimental data and model results of
AgCdO cathode arc erosion.

This model will be used to compare the arc
erosion ability of different contact material in
order to find the best substitute to AgCdO. It will
also be used to evaluate the most influential
contact material properties on the arc erosion
process. We will conduct some other experiments
to finish validating our model. White light
interferometry will be used to get from samples
the total amount of material removed due to the
electrical arc.

[1] F. Pons, M. Cherkaoui, I. llali and S.
Dominiak, “Evolution of the AgCdO contact
material surface microstructure with the
number of arcs”, Acta Matln Review
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Oxidation  resistant metallic alloys are
increasingly employed in industrial systems
operating at moderately high temperatures (600 to
1200°C), owing to their lower fabrication cost
and better formability than the traditionally used
ceramic compounds. Nevertheless in common
cases, the metallic alloy is exposed directly or
indirectly to an oxidizing atmosphere, and an
oxide scale inevitably develops at the exposed
surface.

Investigations, mainly experimental, have been
conducted for several decades to identify alloys
compositions leading to optimized oxide scales,
and to understand the processes of oxide scales
development and the contributions of alloy
constituents and operating conditions and
environments. However, many questions remain
and despite great progress, the lifetime of such
systems is still often limited by oxidation related
issues. Stress development and resulting
phenomena, such as crack development and oxide
scale spallation and failure, is among the most
critical of these issues.

Several processes have been identified or
considered for stress generation and relaxation,
resulting in stresses up to several gigapascals, or
large deformations of the oxide scale and the
interfacial region of the metallic alloy. Both
situations are very detrimental to the systems
lifetime and usually result in mechanical failute a
mid term. However, for some systems of major
industrial interest as thermal barrier coatings
(TBC) for aircraft engines or power generation
turbines, or interconnects for solid oxide fuelzel
(SOFC), no consensus has been reached on the
precise mechanisms and their contributions, as
well as the role of minor elements in the metallic
alloy composition. Indeed, the addition in minor
proportions  of certain elements have
demonstrated dramatic effects on the oxide scale
development: growth  kinetics, geometry,
microstructure; as well as on the stress generation
leading to significant improvement of the systems
lifetime. The most renowned of these additives
are the so-called reactive elements (as yttrium,
cerium, lanthanum...) and their oxides, which
now enter the composition of all commercial

alloys. However again the mechanisms behind
these effects are not well understood, preventing
further optimizations.

In this project, oxide scale growth and associated
stress development during high temperature
oxidation are investigated. Two different oxides,
alumina and chromia, in two different industrial
systems, thermal barrier coatings and solid oxide
fuel cell interconnects are studied. The stress
origins and their coupling with the oxide scale
growth have been reviewed, along with the
influence of metallic alloy composition,
particularly of minor additions on key properties.
This study has motivated specific investigations

on interface processes and lead to the
development of an innovative treatment of
interface  propagation coupled with stress

generation. This formulation is completed with a
comprehensive self-consistent framework adapted
to high temperature oxidation and including oxide
scale growth and associated stress development
processes with parameters relevant to the alloy
composition influence. A numerical simulation
tool has been developed and two practical cases
are considered for analysis (some results are
presented in Figure 1). It is believed that this
work will contribute to the modeling and
investigation of phase transformation phenomena
and their coupling with mechanical stress.
Furthermore, the simulations and analyses of high
temperature oxidation cases will contribute to a
better understanding of the mechanisms leading to
mechanical failure and their relations with the
metallic alloy properties and composition.

Oxide scale interfaces at 10(-), 106f-and 400(*) hrs.

Contour plot of lateral stress component after 480 h

FIG. 1: Simulation results of thermal barrier
coating oxidation at 1100°C.
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This thesis focuses on multiscale approaches for
modeling and designing of multifunctional
composite materials for damping applications.
The main objective is to develop a multiscale
modeling framework that implements hierarchical
models from atomistic level modeling to
structural level modeling in order to include
material creation in the design of the system as a
whole. Since damping applications are of interest
in this study, we begin by exploring some
avenues to design high loss materials. To this
end, the mean-field micromechanical model
introduced by Lipinski et al. is extended to
include frequency dependence through the
viscoelastic correspondence principal. Then the
slightly weakened interface micromechanical
model of Qu is also extended to investigate
imperfect interface effect on damping behavior of
viscoelastic composite materials. To investigate
the size effect on damping behavior of
viscoelastic composite materials, we first develop
and validate a robust atomistic-continuum
interface model for effective properties of elastic
composite materials containing ellipsoidal nano-
inhomogeneities. This approach bridges the gap
between discrete systems (atomic level
interactions) and continuum mechanics. An
advantage of this approach is that it is developed
from earlier models that consider inhomogeneities
shape, thereby enabling both the nano-
inhomogeneities shape and the nano-interphase
shape to be simultaneously accounted for in
computing the overall composite stiffness with
any case of material and surface/interface
anisotropies. On structural level modeling, we
developed an analytical tool to study the static
behavior of laminated glass beams with silicone
material at ends. Then two sandwich finite
elements have been developed to study static and
modal behavior of viscoelastic sandwich beams
and plates with complex boundaries conditions.
Based on automatic differentiation and
asymptotic numerical method, we developed the
Diamant MATLAB toolbox which is a powerful

tool to investigate many nonlinear problems

namely complex non linear eigenvalue problem.
Using all theses numerical tools, we investigate
the effects of the materials microstructures on the
modal and acoustic properties of the automotives
windshields. To finish, this work shows a simple

example of designing the windshield materials
microstructures to fulfill four design requirements

of the whole windshield structure in service by

solving a multi-objectives optimization problem.

FIG. 1: Visualization of the hierarchical
multiscale modeling framework of an automobile
windshield using different modeling techniques at
each length scale.

FIG. 2: Schematic of the nested hierarchical
modeling approaches and solution schemes for
automotive windshield materials design through
multi-objectives optimization problem.

[1] P. Lipinski, E.H. Barhdadi, and
M. Cherkaoui. Micromechanical modeling of an
arbitrary ellipsoidal multi-coated inclusion.
Philosophical Magazine 86(10):1305-1326,
2006.

[2] J. Qu. The effect of slightly weakened
interfaces on the overall elastic properties of
composite materialsMechanics of Materials
14:269-281, 1993.
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This projects aims at investigating the particular
size effects occurring in nanocrystalline (NC)

materials. Among others, these materials are
characterized by the simultaneous activation of
grain boundary sliding and grain boundary

dislocation emission. Therefore the role of grain
boundaries, which is not yet well understood, is of
great interest in NC materials.

FIG. 1: Hierachal scale transition.

For this purpose atomistic simulations of the
behavior of pure tilt grain boundaries were
performed. The idea there was to extract

parameters representing the mechanism (e.g.

activation enthalpy, critical activation stress)
which  were  then introduced in a
phenomenological model describing the behavior
of grain boundaries [1]. Among others, it was for
the first time that grain boundary ledges can act a
dislocation sources. The above mentionned
simulations stimulated further interest as to the
elastic behavior of pure tilt grain boundaries
subjected to normal loading [2]. Performing
tensile simulation on a series of tilt grain
boundaries revealed two never observed
phenomena. First, it was shown that the well-
known Shuttleworth equation —typically used in
fluid mechanics- does not apply to interfaces
subjected to normal loading.

Second, it was show that grain boundaries
containing C structural units are likely to underg
an elastic asymmetric structural transition.
Moreover, these grain boundaries were shown to
be able to store strain energy more efficientiyntha

the perfect lattice.

Finally, the last aspect of this project consistéd
introducing a novel hierarchal scale transition
technique allowing to account for both the effect
of imperfect interfaces and that of grain boundary
dislocation emission. The strategy, presented in
Figure 1, consisted of representing the
polycrystalline materials as a three-phase
composite material. The macroscopic response of
the material was then obtained via the use of (1) a
Mori-tanaka scheme with imperfect interface
bonding and, (2) a two phase self-consistent
scheme with perfect interface bonding.

This novel yielded excellent predictions of the

effect of grain boundary sliding and grain

boundary dislocation emission. Among others, it
was shown that the breakdown of the Hall-Petch
law cannot be attributed solely to grain boundary
dislocation emission. Indeed grain boundary
sliding, accommodated by dislocation emission
are likely to cause the abnormal size effects.

[1] “Dislocation  nucleation  Dislocation
Nucleation from Bicrystal Interfaces and Grain
Boundary Ledges: Relationship to
Nanocrystalline Deformation”, L.Capolungo, D.
Spearot, M.Cherkaoui, D. Mc Dowell, J.Qu, K.
Jacoh JMPS, 55, 2300-2327, 2007.

[2] "On the elastic tensile deformation of <100>
bicrystal interfaces in copperSpearot, D.E.,
Capolungo, L., Qu, J., Cherkaoui, M.
Computational Materials Scienc2007.

[3] “Self-consistent scale transition with
imperfect interfaces: application to
nanocrystalline materials.” L.Capolungo, S.

Benkassem, M.CherkaquActa Materiala, 2008.
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In electronics assemblies, solder joints serve as
both electronic connection and mechanical
support for components and substrates. Solder
joints submitted to many thermomechanical
stresses usually stand as one of the weakest point
in assembly and usually determine the lifetime of
the assembly. Solder joint reliability depends on
packaging specificities and application
environments. In high reliability applications,
failure mechanisms leading to the damage of
solder joints are mainly thermo mechanical
phenomena. Fatigue, thermal diffusion
phenomena and thermal extension mismatch
produce solder strength decreasing.

Evaluation and development of materials capable
of increasing the reliability of electronic
equipment is a constant need. The electronics
industry, however, is facing significant
international legislative and market pressures to
phase out the use of tin-lead solders and switch to
lead-free alternatives. Such a switch will require
significant capital expenditures and may have a
broad impact on public health and the
environment. The electronics industry, as well as
public interest and governmental organizations,
are concerned about the lack of research to date
on the potential environmental effects of the
alternatives to tin-lead (SnPb) solder.

Objective of this project is to study the
manufacture of a novel lead-free solder
formulation to develop a potential alternative to
lead-based high temperature melting point solder
for high reliability requirements and in
accordance with governmental directives.

FIG. 1: A case study with 4 time/temperature
profiles -"Lead-Free & Traditional Soldering
With & Without Bottom-Side Preheat".
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The study of the interaction of acoustic and etasti
waves with periodic structures has attracted new
research in the last decade in part due to the
interest in phononic crystals as the acoustic
counterparts of photonic crystals in optics.

One of the research directions of the Laboratory
for Ultrasonic Non-destructive Evaluation is the
study of ultrasonic diffraction on periodic
structures, with periodically corrugated surfaces
as one example of such structures. Periodically
corrugated surfaces function as acoustic
diffraction gratings, generating diffracted modes
(as shown in Fig. 1) that propagate in different
discrete directions that can be determined from
the classical grating equation.

FIG. 1. Schematic of acoustic diffraction gratingd/ave
vectors and angles of diffraction not to scale. |€dgibns
within solid not shown.

One consequence of the ultrasonic diffraction that
occurs on a periodic surface is the potential for
the generation of surface waves, such as Scholte-
Stoneley waves. On smooth surfaces, the
conditions required for the generation of surface
waves are stricter than those corresponding to
periodically corrugated surfaces. In addition,
surface waves, such as Rayleigh waves and
Scholte-Stoneley  waves, are  particularly
important in NDE/NDT applications because of

the manner in which they can propagate along a,

surface, allowing the inspection of a surface for
defects.

Corrugation (whether random or periodic) of a
surface can result from a material’s grain
structure, lamination, fiber reinforcement, or

surface preparation, etc. Therefore, the study of
diffraction on corrugated surfaces may also be
applied to the study of fiber-reinforced

composites. Another contrast between periodic
surfaces and smooth surfaces is that certain
unique features occur in the reflection and
transmission spectra obtained from periodically

corrugated surfaces which do not appear in the
spectra resulting from smooth surfaces. In
particular, Wood anomalies, which are
discontinuities in amplitude that can be observed
experimentally at certain frequencies, occur in the
reflection spectra from periodically corrugated
surfaces.

The diffraction occurring on periodic surfaces is
also responsible for the ultrasonic backward beam
displacement (shown in Fig. 2). This phenomenon
can occur when an ultrasonic bounded beam is
incident on a periodic surface, and it resultshia t
backward displacement of the specularly reflected
beam from where it would occur on a perfectly
smooth surface. Although this phenomenon was
first discovered over 20 years ago, a unique
ultrasonic scanner installed in the UMI laboratory
has enabled new experiments to be conducted in
this area. New features, yet to be published,
concerning the frequency dependence of this
extraordinary effect, have been obtained. The
experimental capability is a strong complement to
the team’s already existing theoretical expertise i
ultrasonic diffraction.

FIG. 2. The ultrasonic backward beam displacement.

Because a series of periodic surfaces can fit the
profile of a phononic crystal, the team intends to
apply its knowledge on diffraction on periodic
surfaces to further the understanding of wave
propagation in phononic crystals. In addition, the
team is linking its developments in ultrasonic
diffraction to auditory acoustics and has
performed research on ancient buildings (the El
Castillo pyramid at Chichen Itza in Mexico and
the theatre of Epidaurus in Greece, in particular)
and on modern noise reduction using corrugated
walls and panels.

Sarah W. Herbison, Nico F. Declercq, “Theoreticad a
experimental ultrasonic investigation of a thin tplawvith
regions of different periodic double-corrugation®aper ,
2aPADb16, J. Acoust. Soc. Am., Vol. 123, No. 5,213146,
2008

Sarah W. Herbison, Nico F. Declercq , Mack A. Besde,
“Measurement of the diffraction field of a periogliy
corrugated interface and study of ultrasonic backvizeam
displacement” oral presentation at ‘Tribute to Prbf.
Antoni  Sliwinski’ — 10" school on acousto-optics and
applications, Gdansk-Sopot, 12-15 May 2008, Poland



Acoustic diffraction on
periodic architectural
structures

Research team: Dr. Nico F. Decleréq
1) G.T. faculty, 2) project leader

In contemporary architecture there exist several
examples of the use of corrugated ceilings and
walls, most often for esthetical reasons,

sometimes also for acoustical purposes. A famous
modern example is the Terminal 4 building of

Madrid Barajas airport in Spain.

The research mainly focuses on cases where
filtering effects occur, such as at the well-known
auditorium at the municipal library of Vyborg in
Russia. The ceiling consists of strips of wood
attached to a corrugated ceiling.

Fig : Aalto’s discussion room (auditorium) at the
Municipal Library in Vyborg, Russia (built during
Finnish rule when the city's name wdspuri in
Finnish) is an internationally acclaimed design by
the Finnish architect Alvar Aalto. The library,
built in 1933-35 and "considered the first
manifestation of regional modernism”, used to be
famous for its wave-shaped ceiling in the
auditorium.

Aalto’s purpose was to make every position
within the room acoustically of equal value
enabling the speaker to position himself anywhere
in the room without changing the audibility to the
audience. By means of numerical simulations, we
have discovered that Aalto’s approach may not
have been correct, since he considered only a ray
approach, but the overall result, namely a better
distribution of sound throughout the room, is still
obtained.

In classical architecture, a renowned example of
the use of a corrugated structure is the Hellanisti
theater of Epidaurus in Greece. It has been shown
by our team, that the seat rows act as acoustic
filters enabling the reduction of noise in order to
make speech and music clearer to the audience.
Filtering is caused by diffraction effects duette t

periodic structure formed by the rows of seats.
Even whispering people can be heard throughout
the theater, which makes it really legendary.

Fig: The Hellenistic theater of Epidaurus in
Greece

Another example, studied earlier, is the El
Castillo pyramid at Chichen Itza in Mexico,
where the staircase filters an echo and transforms
the sound of a handclap into a chirping bird.
Additional studies have shown a raindrop effect,
transforming the sound of footsteps into
raindrops.

Fig. The staircase of the El Castillo pyramid at
Chichen lItza.

The research mainly focuses on numerical
simulations and theoretical studies of the différen
acoustical phenomena caused by corrugated
structures and complements the ongoing research
in ultrasonics with corrugated surfaces and
phononic crystals, performed by the whole team.

1. Nico F. Declercq, et al , ,On the acoustics of a
specifically designed library discussion room wétbrrugated
ceiling”, presentation 3aAAa5, at “155th Meeting tife
Acoustical Society of America”, 30 June--4 July 80®aris,
France

2. Nico F. Declercq, Cindy S. A. Dekeyser, “Acoustic
diffraction effects at the Hellenistic amphitheatesf
Epidaurus: seat rows responsible for the marvedmasistics”,

J. Acoust. Soc. Am. 121(4), 2011-2022, 2007



Ultrasonic polar scan imaging of
damaged fiber reinforced
composites

Research Team: S. HerbispR.
McKeorf, L. SatyanarayanN. F.

Declercd
1) Ph.D student, 2) M.S. student,, 3) post-doG 4). faculty,
5) project leader

Ultrasonic polar scans can be used to estimate
composite material properties such as stiffness,
fiber orientation and/or the extent of damage. The
scope of this study is divided into three partse Th
first part involves the development of a model to
simulate the polar scan images in a carbon fiber
reinforced composite (CFRC) material. The
second part of the study involves the validation of
the simulation results by comparing them with the
experimental polar scan images of the CFRC. In
order to estimate the progress of damage along
the sample length, polar scans were carried out on
CFRC samples which had been tested in bending
and tension until fracture. Time of flight and
amplitude information was used to construct
images of the directional growth of damage at
different distances from the localized region of
fracture and conclusions were drawn. The
novelty of this study is the use of time of flight
information to complement the results obtained
using amplitude based measurements.

Figure: CFRP composite sample damaged due to
tensile loading

Figure : Polar scan setup

Lately, we have developed a technique that forms
a combination of amplitude and phase
measurements (time of flight) to clearly identify
damage evolution as a function of the position in
a composite and as a function of the type of

damage.

Figure: Experimental polar scan image of the
maximum amplitude in the intact/'undamaged
composite sample before being subjected to
fatigue loading

Figure: Experimental polar scan plot of the time
of flight in the tensile loaded composite sample at
a position near the damage

[1] L. Satyanarayan, Nico F. Declercq,
“Combined Polar / C-scan ultrasonic
investigation of damaged fiber reinforced
composites” oral presentation at ‘Tribute to
Prof. Dr. Antoni Sliwinski’ — 1& school on
acousto-optics and applications, Gdansk-Sopot,
12-15 May 2008, Poland

[2] Kyle Barbour, John M. Vander Weide,

Sarah W. Herbison, Nico F. Declercq, L.
Satyanaryan, “Ultrasonic polar c-scan system
for range of material sizes and its capabilities
for non-destructive testing”, poster
presentation 4pPAf2, at “155th Meeting of the
Acoustical Society of America”, joint with

“5th Forum Acusticum of the European
Acoustics Association”, “9th Congrés Francais
d’Acoustique of the French Acoustical
Society”, integrating the “7th EUROpean
conference on NOISE control (euronoise)”,
“the 9th European Conference on Underwater
Acoustics (ecua)” and the “60th Anniversary
of the French Acoustical Society”, 30 June--4
July 2008, Paris, France



Electroactive polymer foams
for ultrasonic transducers

Research Team: S. Naraﬂlahl.

Declerd, Y. Berthelof?
1) post-doc, 2) G.T. faculty, 3) project leader

Funding: CNRS, Conseil Régional de
Lorraine,

Partners: TU-Darmstadt

In order to ascertain the structural integrity and
the reliability of mechanical structures, thereais
need to develop a reliable, fast, accurate, non-
destructive evaluation (NDE) technique to
qualify/quantify the defects inside a component.
Traditional ultrasonic inspection can be broadly
categorized as contact and immersion based
testing. Both have their limitations, and a
promising alternative isir-coupled ultrasonics
(ACU) mainly because it eliminates the need for a
couplant and hence in situ scanning and real time
testing becomes possible. The recent discovery of
a new class of piezoactive polymer foams is a
very promising avenue to develop new air-
coupled ultrasonic transducers, because of their
excellent impedance matching with air compared
to traditional transducers.

This project aims at developing transducers using
novel porous polymer foam  (cellular
polypropylene) piezoelectret materials. When a
voltage is applied, these materials exhibit a
phenomenon similar to the inverse piezoelectric
effect. The defining features of the piezo-like
polymer foam are small, elliptically shaped and
electrically polarized gas bubble voids located
inside the polymers. The literature on these new
foams indicates that the electromechanical
coupling is not well understood. Predictions are
based on a crude 1D model. To provide a better
understanding of the foams and their
performances as sensors and actuators, a 3D-
model has been developed [1,2] to predict the
macroscopic electro-mechanical coupling of the
material as a function of the microstructures (size
orientation, and geometry of the micro-
inclusions). The model is based on effective
medium theory. An interesting prediction is that
the ds piezoelectric coupling coefficient
drastically increases when the eccentricity of the
micro-inclusions increases thus providing useful
guidelines for the manufacturing of the foams.

The project also focuses on the experimental
characterization of electro-mechanical coupling of
the polymer foams wusing a laser Doppler
vibrometer to measure the normal surface
displacements [3]Figure 1 below shows the

broadband response of the film, flat up to 250

kHz, with a resonance around 300-400 kHz.
Ultrasonic C-scans of the polymer films show that
there are regions with fewer inclusions, which
leads to a locally lower value of the piezoelectric
coupling coefficient ¢, as measured by the laser
viborometer and shown in Figure 2.
Characterization of the heterogeneity is important
in the design of high-performance transducers.
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Figure 1: Amplitude response (A/V) of the polymer
foam driven by an AC voltage up to 400 kHz.

_ (@) _ (b)
Figure 2(a): C-scan image of a polymer foam
sample showing a zone of low void fraction;

2(b): comparison with viborometer measurement.

In summary, (1) a sophisticated 3D-model is
available that predicts the electro-mechanical
coupling of these new materials as a function of
the microstructure; (2) we have experimentally
characterized the piezoactive coupling and
performances of the foams. The next step will be
to design and test different transducer
configurations of these novel polymer foam air-
coupled transducers.

[1] M. Haberman, Y. Berthelot, “Differential
effective medium model of piezoelectret foams,” J.
Appl. Phys. 102, 124903 (2007)

[2] M. Haberman, Y. Berthelot, “Micro-
electromechanical Modeling of Closed Cell Piezo-
polymer Foams,” Proceedings of the International
Congress on Ultrasonics, Vienna, Austria (April-
2007).( RB Stephens Best paper Award).

[3] L. Satyanarayan, J. Vanderweide, N. Declercq,
Y.Berthelot, "Investigation of a novel polymer foam

material for air-coupled ultrasonic transducer
applications",Etude de la propagation ultrasonare e
vue du contréle nondestructif, (Juin-2008), Anglet.



SURE International

Research Team: P. L. Vds&. May?

1) G.T. faculty, 2) project leader
Funding: N.S.F.

Partners: Morehouse College, Spelman
College

SURE International is led by Dr. Gary May, and

implemented at Georgia Tech Lorraine by Dr.

Paul Voss. SURE International extends Dr. May's
SURE (SUmmer Research Experience) program
for excellent minority undergraduate students into
an international R&D experience.

The goal of SURE International is to apply the
successful SURE program in Europe and put
these students at the forefront of international
R&D. The initial grant provides for 15 students
over 3 years. Our partners at Morehouse College
and Spelman College (two leading HBCU's in
Atlanta) help to recruit the students. Their 12
week stay in France spent performing research
with partners in French research institutions
and/or Georgia Tech faculty researching in Metz.

They are also assigned a graduate student mentor.

Fig 1: 2008 SURE International. Left to right:
Chris Lesesne, Brianna Jackson, Brandon Stanley,
Alexandra Warr, Paul Voss, and David Sanders
Il.

Fig. 2: SURE International student Alexandra
Warr operating an atomic force microsope with
Prof. Nabila Maloufi.

They gain an understanding of research
opportunities and research practices outside the
U.S. as well as advice on applying for graduate
school in the U.S. In addition, the students visit
industrial R&D centers, including Airbus
(Toulouse, France), Goodyear (Luxembourg), and
Delphi (Luxembourg), to learn how company
R&D works in the E.U., the largest market on
earth. They get some idea of how regulatory,
labor, and cultural environments are different in
the E.U. They attend weekly videoconference
research lectures from Atlanta and free French
language and culture classes at GT-L.
Assessment tools compare SURE International to
SURE Atlanta in terms of outcome (graduate
school attendance) and affect on attitudes towards
a research career. Additional questions gauging
the international experience will provide
additional insight.

2007 projects:

Danielle Reid & Dr. Nadine Bourgeois
« Shape memory alloy strain measurement using
paint and digital image correlation »

Alicia Lane & Dr. Sophie Roche
« Electrochemistry in ionic liquids »

Michael Hurst & Dr. Jean-Paul Sylvestrini
« Optical and electro-optical characterizations of
planar channel waveguides »

Alvin McNair & Dr. Abdallah Ougazzaden

« Software for the visualization and simulation of
strain lines in GaN heterostructures using X-ray
diffraction »

Harry Bowden, Jr. & Dr. Jean-Jacques Gaumet
« Laser ablation mass spectrometry of uranium
oxides »

2008 Projects:

Chris Lesesne & Dr. Paul Voss

« Privacy amplification in quantum
cryptography »

Brandon Stanley & Dr. Nico Declercq

« Polymer foams for air-coupled ultrasonic
transducer applications

David Sanders, Il & Dr. Jean-Francois Férard
« Ecotoxilogical evaluation of the reservoir of an
EDF nuclear power plant »

Alexandra Warr & Dr. Abdallah Ougazzaden
« Atomic force microscope principles and
applications »

Brianna Jackson & Dr. Jean-Jacques Gaumet
« 1:1 Synthesis of CdZn »
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by MOVPE in a new design of reactor using DMHy aiids,” Proc. IC MOVPE Conferenc2006,
pp.369.

A. Ougazzaden, S. Gautier, C. Sartel, N. MaloufiMartin, and F. Jomard, "BGaN materials on
GaN/sapphire substrate by MOVPE using N2 carries, gapresented at the IC MOVPE 2006,
Miyazaki, Japan, June, 2006.

S. Gautier, C. Sartel, S. Ould Saad, N. MaloufiMartin, and F. Jomard, and A. Ougazzaden,
“MOVPE Growth Study of BxGa(1-x)N on GaN TemplatabStrate,” presented at the EMRS spring
meeting 2006, Nice, France, June, 2006

C. Sartel, S. Gautier, S. Ould Saad, N. MaloufiMartin, A. Sirenko, and A. Ougazzaden, “Low
temperature homoepitaxy of GaN by LP-MOVPE usingn&hylhydrazine and Nitrogen,” Poster,
EMRS spring meeting 2006, Nice, France, June 2006.

S. Gautier, C. Sartel, J. Martin, S. Ould SaadB#hanno, A. Sirenko, F. Mériche, A. Boudrioua, Z.
Djebbour, C.Bazin, F. Jomard and A. Ougazzadenu¥dau matériau a grand gap BGaN pour les
applications optoelectroniques dans l'ultravioleroissance et caractérisation,” Poster, INOG5200
Metz, France, Novembre 2006.

J. Martin, S. Gautier, C. Sartel, N. Maloufi, A.Rdane, L. Le Gratiet, A. Martinez, S. Ould Saad| an
A. Ougazzaden, "Etude par épitaxie en phase vameuorganométalliques de la micro et nano épitaxie
du GaN sur pseudo substrat GaN, " Poster, Maté280%, Dijon, France, 13-17 November 2006.
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N. F. Declercq, "Acousto-Optic Schlieren photognapt study the nature of ultrasonic bounded beam
effects”, Journées Ultrasons-Laser, Université dind, Amphithéatre de I'Ecole Nationale Supérieure
du Mans, Le Mans, France, 7-8 December 2006

Nico F. Declercq, Bart Sarens, Oswald Leroy, “Béfit enhancement of ultrasonic surface wave
stimulation on the inaccessible side of a thicktrigoic corrugated plate”, Plenary session, IX
International Conference for Young Researchers: &\Electronics and its Applications in Information
and Telecommunication Systems, Non-DestructiveiigsSecurity and Medicine”, St Petersburg State
University of Instrumentation, St Petersburg, RaisSict 9 2006.

Nico F. Declercq, Joris Degrieck, Rudy Briers, Oklnaeroy, "Special acoustic effects caused by the
staircase of the El Castillo pyramid at the Maymswf Chichen-Itza in Mexico", Proceedings of the
IX-th Western Pacific Conference on Acoustics WESPIX, June 26-28 2006, Grand Hilton Seoul,
Korea

A. Locquet, S. Ortin, V. Udaltsov, L. Larger, DGitrin, and L. Pesquera, “Delay time identification
optical delay systems”, Proceedings of SPIE 61&4&sBourg (France), 2006, edited by D. Lenstra, M.
Pessa, and |. White, p.61840L-1.
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A. Ougazzaden, J.P. Salvestrini, T. Aggerstam, &inGautier, “MOVPE Growth of GaN on LiNbO3
Substrate,Proc. 7th International Conference on Nitride Semniductors (ICNS7) Las VegdaX07, pp
30.

S. Gautier, T. Aggerstam, A. Soltani, J. Martin, Bbuchaour, T. Baghdadli, S.Ould Saad, and A.
Ougazzaden, “Study of structural and electricalpproes of BGa(Al)N alloys grown by MOVPE,”
Proc. EW-MOVPRBBratislava,2007, pp. 261-264.

J. Martin, L. Le Gratiet, S. Gautier, W. H. Goh, Martinez, N. Maloufi, A. Ramdane, and A.
Ougazzaden, “Nanodots GaN arrays using MOVPE satective Area Growth,Proc. EW-MOVPE
Bratislava,2007, pp. 347-349.

S. Gautier, J. Martin, T. Moudakir, G. Orsal, Sl®8aad, M. Bouchaour, N. Maloufi, J. P. Salvestrin
and A. Ougazzaden, “MOVPE growth of GaN thin films LiNbO3 substrate,Proc. EW-MOVPE
Bratislava,2007, pp. 139-142.

T. Moudakir, G. Orsal, N. Maloufi, S. Gautier, MoBchaour, T. Aggerstam, S. Ould Saad, J. P.
Salvestrini and A. Ougazzaden, “Structural studyGafN grown on oriented LiNbOby MOVPE,”
Proc. Innovations on Thin Films Processing and Characigion Nancy —France007, pp 67.

A. Ougazzaden, “Progress on new wide bandgap iast&GaN, BAIN, BGaAIN and their potential,”
presented at the SPIE (Symposium on Integrated éBguitvonic Devices 2007), San Jose, CA, USA,
January 20-25, 2007.

J. Martin, A. Martinez, W. H. Goh, S. Gautier, Nujiiis, L. Le Gratiet, J. Decobert, A. Ramdane, N.
Maloufi and A. Ougazzaden, “New Approach of NandeBtve Area Growth (NSAG) for a precise
control of GaN nanodots grown by MOVPE,” presentdthe 2007 E-MRS Spring Meeting,
Strasbourg, France, May 28-June 01, 2007.

A. Ougazzaden, “Growth of GaN by MOVPE on ZnO-budfE c-sapphire Substrates” presented at the
2007 E-MRS Spring Meeting, Strasbourg, France, Ryjune 01, 2007.

D. J. Rogers, F. Hosseini Teherani, A. OugazzadenDivay, T. Moudakir, T. Aggerstam, D.
McGrouther and J. N. Chapman, “Sacrificial ZnO Téate Approach for Chemical Lift-off of GaN
from c-Al,O; Substrates,” Poster, Manufacturing LEDs for Liggtiand Displays, 10-11 September
2007 Conference Center Adlershof, Berlin, Germany.

F. Liu, Y. Su, and P. L. Voss, “Optimal operatingnditions and modulation format for 160 Gb/s
signals in a fiber parametric amplifier used asl@wdight delay line element,” /Optical Fiber
Conference/, Anaheim, CA, March 2007.

Nico F. Declercq and Cindy S. A. Dekeyser, “Thewstizs of the Hellenistic Theatre of Epidaurus:
The Important Role of the Seat Rows”, Oral Predantaat the Acoustics Week in Canada /Comptes
Rendus de la semaine Canadienne d’Acoustique, antwregress of the Canadian Acoustics
Association (CAA), Montreal, QC, 9-12 October 20C&nada

Ebrahim Lamkanfi , Nico F. Declercq , Wim Van Paggra , Joris Degrieck "Leaky Rayleigh waves
propagating around the corner of a thick solidepl&tinite element analysis”, Oral Presentation 4pPA
at the 153rd Meeting of the Acoustical Society ahe¥ica, Hilton Salt Lake City Center, Salt Lake
City, Utah, 4--8 June 2007, USA

Nico F. Declercq , Bart Sarens ,”Scholte-Stonelegvev generation by means of diffraction on a
corrugated surface: Influence of corrugation shapeal Presentation 4pPA6 at the 153rd Meeting of
the Acoustical Society of America, Hilton Salt Lagi&y Center, Salt Lake City, Utah, 4--8 June 2007,
USA
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Jorge Antonio Cruz Calleja , Nico F. Declercq, "Atoustic raindrop effect at Chichen Itza in Mexico”
Oral Presentation 3pAA5 at the 153rd Meeting of Aleeustical Society of America, Hilton Salt Lake
City Center, Salt Lake City, Utah, 4--8 June 2003A

Nico F. Declercq , Cindy S. A. Dekeyser, “On theowstics of Hellenistic amphitheaters”, Oral
Presentation 3pAA3 at the 153rd Meeting of the Atimal Society of America, Hilton Salt Lake City
Center, Salt Lake City, Utah, 4--8 June 2007, USA

Nico F. Declercq, “Reflective barrier yields corgike evidence of Rayleigh waves being the cause of
ultrasonic beam displacement upon incidence orlid somersed in water”, Poster presentation R21-
1718-p126 at The International Congress on UltriasoftCU 2007), Vienna University of Technology,
April 9-12, 2007, Vienna, Austria.

Nico F. Declercq, Oswald Leroy, “Study of propagati of Fourier decomposed bounded
inhomogeneous waves in comparison with the mathieat@oncept of infinite inhomogeneous waves”,
Poster presentation R21-1722-p128 at The Intemalti€ongress on Ultrasonics (ICU 2007), Vienna
University of Technology, April 9-12, 2007, Viennauystria.

Nico F. Declercq, “The effect of the incident boeddbeam shape on the Schoch effect”, Oral
presentation R17-1733-p109 at The International g@&ss on Ultrasonics (ICU 2007), Vienna
University of Technology, April 9-12, 2007, Viennaystria.

Nico F. Declercq, “Fourier analysis of backscattgreffect”, Poster presentation R07-1729-p77 at The
International Congress on Ultrasonics (ICU 2007ervia University of Technology, April 9-12, 2007,
Vienna, Austria.

J.M Vander Weide, N.F Declercq Development ofrapée 2-D model for crack behavior. Poster at
Ecole Thématique: Acoustique et Ondes Non linéatepplications. lle d'Oléron, France, June 10-15,
2007.

Nico F. Declercq, Cindy S. A. Dekeyser, “The acmssof the Hellenistic Theatre of Epidaurus: the
important role of the seat rows”, Invited Keynotecture at International Symposium on Room
Acoustics ISRA 2007 SEVILLA, Sevilla, Spain, 10-$2pt 2007.

Nico F. Declercq, Cindy S. A. Dekeyser, “The acmssof the Hellenistic Theatre of Epidaurus: the
important role of the seat rows”, Invited preseaotat the ICA International Congress on Acoustics,
Madrid, Spain, 2-7 Sept 2007.

M. Haberman, Y. Berthelot, “Micro-electromechanicilodeling of Closed Cell Piezo-polymer
Foams,” International Congress on Ultrasonics, Wé&nAustria (April 9-12, 2007Received the RB
Stephens Best paper Award

A. Locquet, M. Sciamanna, |. Gatare, and K. Pao&iotSynchronization regimes of unidirectionally
coupled VCSELs with orthogonal optical injectiorih Technical Digest of CLEO Europe 2007,
Munich (Germany).

K.G. Koprdll, A. Locquet, and P.L. Voss, “Evolutiofi spatial patterns of optical quantum noise by Z-
translation of thin Kerr nonlinear media”, in Tedtal Digest of the IPSO International Workshop,
Metz (France), March 2007.

I. Gatare, M.Sciamanna, A. Locquet, and K. Panajot6Polarization synchronization in
unidirectionally coupled VCSELSs, in Technical Diges the PHASE International Workshop, Metz
(France), p.64.

Z. Zhang, A. Locquet, P.L. Voss, and P. Gallion,sitple, extremely large bandwidth, modulator-free
QKD system”, in technical digest of CLEO Europe 20®lunich (Germany).

K. Panaiotov, |. Gatare, A. Locquet, M. Nizette, Hhienpont, A. Uchida, and M. Sciamanna,
“Polarization dynamics in externally-driven VCSEL sivited paper at ICONO/LAT 2007, Minsk.

E Diamanti, S Fossier, J Lodewyck, M Bloch, R Garfeatron, E Karpov, T Debuisschert, N J Cerf, R
Tualle Brouri, S W McLaughlin, P Grangier, Implenetion of an all fiber continuous variables
guantum key distribution system, in Internationain€@rence on Quantum Information Processing and
Communication, Barcelona, Spain, October 2007.

J Lodewyck, M Bloch, R Garcia Patron, S FossieKaEpov, E Diamanti, T Debuisschert, N J Cerf, R
Tualle Brouri, S W McLaughlin, P Grangier, Quantigy distribution device with coherent states, in
Proc. of SPIE Optics East, Boston, MA, USA, Septenttd07, pp. 67800Z/1-14

Matthieu Bloch, Joao Barros, Steven W McLaughlirgdBical Information Theoretic Commitment, in
Proc. 45th Allerton conference on Communication @@drand Computing, Allerton, USA, September
2007, pp. 1035-1039

J Lodewyck, M Bloch, S Fossier, E Diamanti, T Deisahert, R Tualle Brouri, P Grangier, Distribution
guantique de cle a 25 km au moyen dun dispostiifefiutilisant des variables continues, in 10eme
Colloque sur les Lasers et 'Optique QuantiquenGoée, France, July 2007

Sunil Kaimalettu, Andrew Thangaraj, Matthieu Blo@teven W McLaughlin, Constellation Shaping
using LDPC Codes, in Proc. IEEE International Sysipm on Information Theory, Nice, France, June
2007, pp. 2366-2370
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Matthieu Bloch, Joao Barros, Miguel R D Rodrigu8sgven W McLaughlin, Information Theoretic
Security for Wireless Channels Theory and Practic®roc. 2007 Information Theory and Application
Workshop, San Diego, CA, USA, February 2007
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W. H. Goh, J. Martin, A. Martinez, L. Le Gratiet,, Ramdane, S. Gautier, N. Maloufi, and A.
Ougazzaden, “Selective area growth of GaN nanoaodsnanostripes on AIN/AI203 by metal organic
vapor phase epitaxyProc. IC MOVPE 2008, pp. 117.

W. E. Fenwick, T. Zaidi, S. Gupta, H. Yu, A. MeltoA. Ougazzaden, and I. T. Ferguson “Effects of
group V doping and IlI-N Co-Doping on ZnO thin fitngrown by MOVPE,Proc. IC MOVPE 2008,
pp. 205.

J. Rogers, F. H. Teherani, A. Ougazzaden, T. Moudak Aggerstam, M. Razeghi, O. Durand, G.
Garry, D. McGrouther and J. N. Chapman, “SacrifiziaO template approach for chemical lift-off of
GaN from sapphire substrates”, 20-23 january 2608¢. Of SPIE Vol. 6895.

T. Moudakir, A. Ougazzaden, S. Gautier, D. J. Regér. H. Teherani, F. Wyczisk, G. Garry, D.
McGrouther, and J. N. Chapman, “Microstructural &@wpositional Characteristics of GaN thin films
grown on ZnO buffered c-sapphire Substrates by MBY/Proc. IC MOVPE 2008, pp. 319.

S. Ould Saad, N. Dupuis, J. Décobert, and A. Oumdemz, “Micro-Raman for compositions
characterization of Selective Area Growth AlGalnAsaterials by Metal-Organic Vapor-Phase
Epitaxy,” Proc. IC MOVPE 2008, pp. 389.

A. Ougazzaden, W. H. Goh, J. Martin, S. Ould-S&dGautier, Martinez, L. Le Gratiet, A. Ramdane,
and N. Maloufi, “NanoHeteroEpitaxie of GaN by MOVPR& Optoelectronic Applications in the UV
Range,” presented at the Workshop NaNo Scienceye$r France, April 28-29, 2008.

W. E. Fenwick, S. Gupta, H. Yu, A. Melton, T. Zaidi. Ougazzaden, and I. Ferguson, “MOCVD
growth of transition-metal doped GaN and ZnO foinspnic applications” presented at the 2008 IC
MOVPE, Metz, France, June 01-06, 2008.

A. Ougazzaden, “New Materials BGaN, BGaAIN for Uppdications,” presented at th& €ollogue on
Coherent and Incoherent UV-VUV and X sources UVXnfecence, Dourdan, France, October 7-10,
2008.

G. Orsal, N. Maloufi, S. Gautier, M. Bouchaour, ahdOugazzaden, “Effect of boron incorporation on
nucleation and growth behavior of BGaN/GaN grownMi®VPE" presented at the 2008 IC MOVPE,
Metz, France, June 01-06, 2008.

S. Gautier, T. Aggerstam, S. M. O'Malley, A. A. &iko, Z. Djebbourd, T. Moudakir, and A.
Ougazzaden, “AlGaN/AIN MQW's grown by MOVPE on AlNemplate substrates for UV
applications” presented at the 2008 IC MOVPE, MEtance, June 01-06, 2008.

D. Chapron and P. L. Voss, “Quantum Noise in OptRarametric Amplifiers,” OSA 2008 Topical in
Nonlinear Optics, Sorrento, Italy, 2008. Invited.

Nico F. Declercq, Katrien Dewijngaert, Katelijn \@erhaeghe, Patricia Verleysen , ,On the acoustics
of a specifically designed library discussion rowith corrugated ceiling”, oral presentation 3aAAab,
at “155th Meeting of the Acoustical Society of Angar’, joint with “5th Forum Acusticum of the
European Acoustics Association”, “9th Congrés Faasmgd’Acoustique of the French Acoustical
Society”, integrating the “7th EUROpean confereaneNOISE control (euronoise)”, “the 9th European
Conference on Underwater Acoustics (ecua)” and“8@h Anniversary of the French Acoustical
Society”, 30 June--4 July 2008, Paris, France

Nico F. Declercq, “Determination of symmetry reteits between higher order material constants for the
study of nonlinear acoustic properties of piezagleccrystals of any symmetry class”. Oral
presentation 3aPAal4, at “155th Meeting of the Atical Society of America”, joint with “5th Forum
Acusticum of the European Acoustics Associatioi¥th“Congrés Francais d’Acoustique of the French
Acoustical Society”, integrating the “7th EUROpezonference on NOISE control (euronoise)”, “the
9th European Conference on Underwater Acousticsajéand the “60th Anniversary of the French
Acoustical Society”, 30 June--4 July 2008, Parisyniee

Nico F. Declercq, Katelijn Vanderhaeghe, Katriennwijegaert, Patricia Verleysen , “On the use of a
corrugated ceiling for noise reduction in roomgjsger presentation 4pAAd4., at “155th Meeting & th
Acoustical Society of America”, joint with “5th Fem Acusticum of the European Acoustics
Association”, “9th Congrés Francais d’Acoustiquetloé French Acoustical Society”, integrating the
“7Tth EUROpean conference on NOISE control (eurajdjs“the 9th European Conference on
Underwater Acoustics (ecua)” and the “60th Anniaeysof the French Acoustical Society”, 30 June--4
July 2008, Paris, France.

L. Satyanarayan, J. Vander Weide, N. F. Decler¢gBerthelot , “High Frequency Ultrasonic Imaging
of Novel Polymer Foams For Acoustic Transducer Amions”, oral presentation at XI International
Conference for Young Researchers: Wave Electroaias its Applications in the Information and
Telecommunication Systems, St Petersburg, May 2008.
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Sarah W. Herbison, Nico F. Declercq , Mack A. Bemde, “Measurement of the diffraction field of a
periodically corrugated interface and study of adonic backward beam displacement” oral
presentation at ‘Tribute to Prof. Dr. Antoni Sliwki’ — 10" school on acousto-optics and applications,
Gdansk-Sopot, 12-15 May 2008, Poland

L. Satyanarayan, Nico F. Declercq, “Combined Pdl&-scan ultrasonic investigation of damaged
fiber reinforced composites” oral presentationTatbute to Prof. Dr. Antoni Sliwinski’ — 10school on
acousto-optics and applications, Gdansk-Sopot,51R1dy 2008, Poland

Sarah W. Herbison, Nico F. Declercq, “Comparatitiedg of ultrasonic diffraction on periodically
corrugated surfaces: single and dual material glgiester presentation at ‘Tribute to Prof. Dr. émi
Sliwinski’ — 10" school on acousto-optics and applications, Gd&wget, 12-15 May 2008, Poland

E. Lamkanfi, N. F Declercq, W. Van Paepegem ardegyrieck, “Finite element study on the traveling
of Leaky Rayleigh waves around the extremity ohiak fluid-loaded solid plate” oral presentation at
‘Tribute to Prof. Dr. Antoni Sliwinski’ — 19 school on acousto-optics and applications, Gd&wiet,
12-15 May 2008, Poland

L. Satyanarayan, J. Vander Weide, N. F. DeclercgBéfthelot, "Investigation Of A Novel Polymer
Foam Material For Air Coupled Ultrasonic Transdudgrplications”, 5émes journées du GDR a
Anglet: Etude De La Propagation Ultrasonore en YbweControle Non-Destructif ,2 au 6 juin 2008,
Anglet, France

Ebrahim Lamkanfi, Nico F. Declercq, Wim Van Paepagé&-inite element simulation of the linear and
nonlinear interaction of progressive acoustic wavéth a standing acoustic wave field”, Oral
Presentation 3aPAa8, at “155th Meeting of the AtoalsSociety of America”, joint with “5th Forum
Acusticum of the European Acoustics Associatio®th“Congrés Francais d’Acoustique of the French
Acoustical Society”, integrating the “7th EUROpezonference on NOISE control (euronoise)”, “the
9th European Conference on Underwater Acousticsajéand the “60th Anniversary of the French
Acoustical Society”, 30 June--4 July 2008, Parisyriee

Ebrahim Lamkanfi, Nico F. Declercq, Wim Van Paepagédoris Degrieck, “Conversion of a Scholte -
Stoneley wave at the extremity of a fluid loadedt@l comparison between finite element method,
radiation mode theory and experiments”, oral prieg@amn 5aPAc7, at “155th Meeting of the Acoustical
Society of America”, joint with “5th Forum Acustiou of the European Acoustics Association”, “9th
Congrés Frangais d'Acoustique of the French AcoaktBociety”, integrating the “7th EUROpean
conference on NOISE control (euronoise)”, “the gilwropean Conference on Underwater Acoustics
(ecua)” and the “60th Anniversary of the French éstical Society”, 30 June--4 July 2008, Paris,
France

Sarah W. Herbison, Nico F. Declercq, “Theoretiaadl @xperimental ultrasonic investigation of a thin
plate with regions of different periodic doubleeayations”, oral presentation 2aPAb16, at “155th
Meeting of the Acoustical Society of America”, joiwith “5th Forum Acusticum of the European
Acoustics Association”, “9th Congrés Francais d'Astique of the French Acoustical Society”,
integrating the “7th EUROpean conference on NOISntrol (euronoise)”, “the 9th European
Conference on Underwater Acoustics (ecua)” and“8@&h Anniversary of the French Acoustical
Society”, 30 June--4 July 2008, Paris, France

Sarah W. Herbison, Nico F. Declercq, “Diffractiolngmomena associated with a composite plate
containing an interior periodically corrugated iféee”, oral presentation 2aPAb18, at “155th Megtin
of the Acoustical Society of America”, joint wittbth Forum Acusticum of the European Acoustics
Association”, “9th Congrés Francais d’Acoustiquetloé French Acoustical Society”, integrating the
“7Tth EUROpean conference on NOISE control (eurajdjs“the 9th European Conference on
Underwater Acoustics (ecua)” and the “60th Anniaeysof the French Acoustical Society”, 30 June--4
July 2008, Paris, France

Sarah W. Herbison, Nico F. Declercq, “Theoretidallg of the diffraction fields generated by a fluid
loaded plate with two-surface corrugation”, pogteesentation 2pPAc2, at “155th Meeting of the
Acoustical Society of America”, joint with “5th Fem Acusticum of the European Acoustics
Association”, “9th Congrés Francais d’Acoustiquetloé French Acoustical Society”, integrating the
“7Tth EUROpean conference on NOISE control (eura)djs“the 9th European Conference on
Underwater Acoustics (ecua)” and the “60th Anniaeysof the French Acoustical Society”, 30 June--4
July 2008, Paris, France

Kyle Barbour, John M. Vander Weide, Sarah W. HembjsNico F. Declercq, L. Satyanaryan,
“Ultrasonic polar c-scan system for range of malesizes and its capabilities for non-destructive
testing”, poster presentation 4pPAf2, at “155th Mueg of the Acoustical Society of America”, joint
with “5th  Forum Acusticum of the European Acoustiéssociation”, “9th Congrés Francais
d’Acoustique of the French Acoustical Society” eigtating the “7th EUROpean conference on NOISE
control (euronoise)”, “the 9th European ConferenceUnderwater Acoustics (ecua)” and the “60th
Anniversary of the French Acoustical Society”, 3Md--4 July 2008, Paris, France

John M. Vander Weide, Nico F. Declercq, “Theordtizevestigations into the use of linear and
nonlinear inhomogeneous waves for non-destructpatirtg”, poster presentation 4pPAgl, at “155th
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Meeting of the Acoustical Society of America”, joiwith “5th Forum Acusticum of the European
Acoustics Association”, “9th Congrés Francais d'Astique of the French Acoustical Society”,
integrating the “7th EUROpean conference on NOISntrol (euronoise)”, “the 9th European
Conference on Underwater Acoustics (ecua)” and“8@&h Anniversary of the French Acoustical
Society”, 30 June--4 July 2008, Paris, France

John M. Vander Weide, Nico F. Declercq ,. “Polaarsc as a nonlinear acoustics tool”, poster
presentation 4pPAg3, at “155th Meeting of the Adimas Society of America”, joint with “5th Forum
Acusticum of the European Acoustics Associatio®th“Congrés Francais d’Acoustique of the French
Acoustical Society”, integrating the “7th EUROpezonference on NOISE control (euronoise)”, “the
9th European Conference on Underwater Acousticsaléand the “60th Anniversary of the French
Acoustical Society”, 30 June--4 July 2008, Parisyniee

Jason Bach, Nico F. Declercq, David Ku, “Experina¢nihvestigation of the scattering of sound by
solid spheres in a liquid”, poster presentation Bd® at “155th Meeting of the Acoustical Society of
America”, joint with “5th Forum Acusticum of the Eapean Acoustics Association”, “9th Congrés
Francais d’Acoustique of the French Acoustical 8g¢j integrating the “7th EUROpean conference
on NOISE control (euronoise)”, “the 9th Europeamfeoence on Underwater Acoustics (ecua)” and
the “60th Anniversary of the French Acoustical i, 30 June--4 July 2008, Paris, France

Jason Bach, David Ku, Nico F. Declercq, “The scatteof sound by a moving sphere in a stratified
Liquid”, poster presentation 2pBBf5, at “155th Megt of the Acoustical Society of America”, joint
with “5th  Forum Acusticum of the European Acoustiéssociation”, “9th Congreés Francais
d’Acoustique of the French Acoustical Society” eigtating the “7th EUROpean conference on NOISE
control (euronoise)”, “the 9th European ConferenceUnderwater Acoustics (ecua)” and the “60th
Anniversary of the French Acoustical Society”, 3®d--4 July 2008, Paris, France

John Vander Weide, Nico F. Declercq and Mack Aea&&eale, “Solid side generation of backward
beam displacement on periodically corrugated seda®ral presentation at ‘Tribute to Prof. Dr.
Antoni Sliwinski’ — 10" school on acousto-optics and applications, Gd&wmet, 12-15 May 2008,
Poland

E. Lamkanfi, N. F Declercq, W. Van Paepegem aridedjrieck, “Numerical evidence of the tunneling
of Rayleigh waves beneath a reflective sound bafrie use of the finite element method”, oral
presentation at Xl International Conference For iygplResearchers on Wave Electronics and Its
Applications in Information and Telecommunicatioys®ms, St. Petersburg, Russia 25-30 May 2008
Nico F. Declercq, “Rayleigh’s approximation of dé€tion of sound on periodically corrugated
surfaces: applications in ultrasonics and archirattacoustics” INVITED presentation at ‘Tribute to
Prof. Dr. Antoni Sliwinski’ — 18 school on acousto-optics and applications, Gd&upet, 12-15 May
2008, Poland

Nico F. Declercq, “Diffraction of waves on periodicstructures: new experiments and new results
concerning acoustic, ultrasonic and acousto-optiffdaction phenomena”, invited presentation at Xl
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