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“Présentation du nouveau dispositif expérimental
dédié à l’irradiation en ligne de glaces d’intérêt

astrophysique IGLIAS”

Basile AUGE

Depuis  plusieurs  années,  une  partie  de  l’équipe  MADIR  s’intéresse  à  l’évolution
chimique  ou  structurelle  sous  irradiation  d’analogues  de  glaces  interplanétaires  ou
interstellaires.  IGLIAS est  le nouveau dispositif  expérimental  qui  permettra de réaliser ces
études. Il comporte une chambre UHV (1.5 10-10 mbar) dans lequel se trouve une tête froide
porteuse de 3 fenêtres. Les glaces seront condensées sur celles ci et seront analysées par un
spectromètre  infrarouge sous vide primaire  et  un spectromètre  ultraviolet-visible fibré.  Les
premiers résultats obtenus avec IGLIAS seront présentés ici.

Figure1: IGLIAS : Irradiation de GLaces d’Intérêt Astrophysique



“Quantum cutting in Tb3+-Yb3+ co-doped SiNx
layers 

for Si Solar Cell efficiency improvement”
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Increasing solar cell (SC) efficiency while keeping low cost process is one of the big challenges
that the silicon solar industry is facing. One of the solutions consists in tuning the light received by
the SC for absorbing more IR photons thanks to a frequency conversion layer. This work focus on
down-conversion layers (DCLs) which was deposited on top of SC for increasing the number of IR
photons that energetically match the Si SC band gap.  In general,  the single DCL absorbs UV
photons and converts them in two IR ones. This new distribution of photons maximizes the number
of IR photons at the expense of UV one and allows to maximize photogenerated carriers with
energy slightly above the SC band gap at the expense of hot carriers. This results in a decrease of
the energy losses due to the thermalization of hot carriers in the SC. Previous study of our group
on SiOxNy: Tb3+-Yb3+ [1] had shown promising results with achieving a quantum internal efficiency
up to 183%. However, a silicon SC industry compatible process is required to be integrated in any
SC system improvement. From this stand point, we have fabricated a DCL constituted of a SiN x

matrix doped with Tb3+ and Yb3+ ions by reactive magnetron co-sputtering. Indeed, SiNx is already
used in the Si solar industry as antireflective material which ensures its compatibility with Si SC
and  offers  low  cost  production.  In  addition,  removing  the  oxygen  from  the  matrix  allows  the
incorporation  of  rare  earths  without  clusters  formation  that  would  limit  the  rare  earth  ions
luminescence efficiency.

The optical properties of the undoped SiNx host matrix were investigated prior doping with Tb3+

ions.  We have optimized the system obtained (via the deposition parameters)  with the aim of
achieving an intense photoluminescence (PL) emission from Tb3+ ions. Subsequently, Yb3+ ions
were incorporated to generate an intense PL emission at  980 nm through a wide UV domain
excitation. The cooperative energy transfer taking place between Tb3+-Yb3+ ions involved in the
down-conversion is  highly  dependent on the distance between the two ions.  Thus,  in order to
achieve an even higher quantum efficiency, a multilayer approach based on alternating stack of Tb-
and Yb-doped sublayers has been developed to increase the number of excited Yb3+ ions. The
effect, how this approach influences the properties of DCL frequency conversion process will be
discussed in details during the presentation. A study with layers deposited on Si solar cells is then
made to determine the effect of those layers on the cell efficiency.

References: 
[1] Y.-T. An, C. Labbé, J. Cardin, M. Morales, F. Gourbilleau, Highly Efficient Infrared Quantum Cutting in
Tb3+- Yb3+ Codoped Silicon Oxynitride for Solar Cell Applications, Adv. Opt. Mater. 1 (2013) 855–862.



“Polarity inversion at the <0001> ZnO/GaN hetero-

interface for high electron mobility applications”
S.Q.Li1 

R. Mohamad1, J.Chen1, M. B. Ullah2, H. Morkoç2, P. Ruterana1

1CIMAP, UMR 6252 CNRS, ENSICAEN, UCBN, CEA, 6 Boulevard du Maréchal Juin, 14050 Caen Cedex, France

2Department of Electrical and Computer Engineering, Virginia Commonwealth University, Richmond, Virginia 23284, USA

  Wurtzite structure ZnO with band gap ~3.3eV at room temperature has attracted a great deal of
attention  for  light  emission,  notwithstanding  the  lack  of  stable  p-doping.  To circumvent  this
drawback, (0001)-GaN/c-sapphire templates have become good candidates for epitaxial ZnO films
owning to their  structural  quality with a moderate lattice mismatch of  2.1%. Moreover, O-polar
ZnO/Ga-GaN layers are important for the fabrication of hetero-polar high mobility 2D electron gas
transistors. In this work, we have succeeded in the growth of O-polar ZnO epilayers on Ga-polar
GaN/C-sapphire  templates.  A  detailed  high  resolution  transmission  electron  microscopy
investigation has been carried out in order to determine the mechanisms that underlie this polarity
inversion.  It  was revealed that  the change takes place within one to three monolayers at  the
GaN/ZnO interface. For clarifying the atom bonding structure of  interface (Ga-N, Ga-O, O-Zn),
Electron  Energy  Loss  Spectrum  (EELS)  and  the  elemental  EDS  mapping  is  applied  on  this
interface has been carried out.  This experimental  investigation is carried out  with an atomistic
modelling of the interfacial phenomena using Stillinger-Weber potentials. We propose a chemical
and electronic structure of this interfacial transformation.



 

 

“ Etude des signaux Bystander émis par des 

cellules de Cartilage cultivées en 3D et irradiées in 

vitro dans un contexte de radiothérapie 

conventionnelle et d’Hadronthérapie” 
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Lors d’une radiothérapie conventionnelle (Rayons X) ou non-conventionnelle (Hadronthérapie), 

l’impact des irradiations sur les tissus sains pose des questions essentielles de radiobiologie, ces 

tissus sains se trouvant sur le trajet du faisceau lors du traitement d’une tumeur. Parmi ces 

questions, quel est l’impact de l’effet Bystander radio-induit ? Ce mécanisme fait intervenir des 

signaux de stress encore mal identifiés, émis par une ou plusieurs cellules irradiées vers les 

cellules non irradiées adjacentes ou très proches, pouvant produire des effets biologiques proches 

de ceux obtenus dans la zone irradiée. Afin d’étudier ce phénomène, nous utiliserons différentes 

techniques de biologie moléculaire dont : des tests de clonogénicité permettant d’étudier la survie 

des cellules après un traitement, des électrophorèses bidimensionnelles permettant l’analyse du 

protéome cellulaire, des analyses de milieux conditionnés permettant d’identifier les signaux 

Bystander émis par les cellules irradiées. En parallèle de ces techniques d’étude, nous 

développerons un modèle de culture de cellules en 3D via l’utilisation de « pellets » (agrégats 

cellulaires). Ce modèle cellulaire sera ensuite irradié à haut (ions carbone) ou bas (rayons X) TEL. 

Egalement, nous tenterons en collaboration avec une équipe de Marcoule de différencier le 

protéome de deux types cellulaires qui auront été cultivé en mélange grâce à des notions de 

protéogénomique via la technique de protéomique shotgun. Cette collaboration nous permettra de 

développer une technique innovante mais surtout un outil très intéressant pour l’étude du 

phénomène Bystander. A l’issu de ce projet, si nos résultats montrent une importance capitale des 

signaux Bystander dans la réponse à un traitement par radiothérapie, ils devront impérativement 

être pris en compte dans les protocoles de radiothérapie pour limiter les risques encourus par les 

tissus sains lors de ces traitements. Dans le cas contraire, ces expériences seraient en cohérence 

avec le principe de précaution devenu règle d’or en matière de protection sanitaire. 
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The main advantages of the InAlN/GaN High Electron Mobility Transistors over other III-N based

devices are its high refractive index contrast to GaN and the possibility of achieving strain free

layers lattice matched to GaN. Therefore, the promising behaviors of InAlN layers in opto- and

micro- electronics are studied closely by many groups. Nevertheless, the growth conditions of this

alloy still remains to be mastered and further systematic investigations are needed in order to obtain

high quality  layers.  During the growth,  intrinsic  degradations  have been reported  consisting  of

pinholes  and  hillocks  which  lead  to  high  roughening  surface  morphology  and  even  to  poly-

crystallinity. The degradation mechanisms which have been proposed in the literature are a) the

opening of threading dislocations from the GaN into pinholes towards the top of the AlInN layer,

and b) the coalescence of hillocks which transforms into defective areas. In the following, we report

different  behaviors  even  for  lattice  matched  layers  around  18%  indium  content.  We  have

investigated samples grown by metal organic vapor phase epitaxy, with different state of strain and

thicknesses using various growth parameters. From Scanning Transmission Electron Microscopy

(STEM),  and  energy  dispersive  X-ray  spectrometry  (EDX),  we  propose  a  comprehensive

mechanism for the degradation of crystalline quality of the AlInN layers in correlation with the 
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The purpose of this thesis is the improvement of flax fiber reinforced composites obtained by 
vacuum molding. The relatively high degree of porosity in this kind of composites (figure), due to 
the lack of compatibility between epoxy matrix and flax fibers and the structure of flax fabric, 
remains a major constraint for their use in the industrial world. Hence, we have used a combination 
of carbon and flax fibers in order to optimize the properties of the assembly. Several stacking 
sequences have been tested to analyze the influence the addition of carbon fiber plies and 
basically their position inside the laminate structure on the water recovery, the tensile and buckling 
test behaviors. The results shows that, due to their hydrophilic behavior, the location of flax plies on 
the surface of the structure exposes them to more moisture and increases the absorption of water. 
In the same way, tensile and buckling test prove that stacking sequences with external carbon plies 
present the larger rigidity and consequently the larger critical buckling loads. Moreover as the 
stacking sequences with external carbon plies have the weakest porosity rate, their Young modulus 
is higher than material with porosity, as a result, the composites following the rule of external 
carbon plies are the more resistant to buckling and tensile solicitation.  

   

 
 

Figure: Volume rate of each component (matrix, fibre and porosity) of the different composite plates 
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In recent years, the use of ions in cancer treatments has increased due to their high 
relative biological efficiency. Furthermore, ion beams provide, in comparison with 
conventional radiotherapy (X-rays), a local massive dose deposition in the tumor volume, 
limiting the irradiation of surrounding healthy tissues. This technique is particularly 
interesting for radio-resistant cancers such as cartilage tumors (chondrosarcoma). The 
LARIA lab, located at GANIL (Caen) recently focused on cellular stress induced by radio- 
and hadrontherapy. Indeed, the interaction of ions with biological matter gives rise to 
molecular ionization and fragmentation, creation of electrons, radicals… These species 
could act as stress messengers for cartilage cells. In a very recent common project, LARIA 
and our group proposed to check this hypothesis. In order to irradiate collagen proteins 
(the main constituent of cartilage) with ion beams, we are currently developing the PIBALE 
experimental set-up. I will present the last results we obtained on this development. 
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III-nitride alloys (AlGaN, InAlN, InGaN) are the building blocks for devices such as high power high 
mobility transistors and light emitters, they are used in the form of quantum wells or thick layers. In 
particular, recent reports show that the growth of thick layers is difficult and may lead to defective 
structures. The proposed explanations have relied mainly on the growth modes and the strain 
relaxation, but not especially on the metallurgical constraints of alloy formation. In this work, we 
have carried out atomistic calculations of phase diagrams for group-III nitride ternary compounds 
within the framework of Stillinger-Weber potentials. It appears that, in the bulk form, the critical 
temperatures (Tc) for these alloys are 2717K for InxAl1-xN, 1718K for InxGa1-xN and 177K for 
AlxGa1-xN, respectively, which means that as thick layers, the stability of InAlN and InGaN alloys 
is probably limited. We point out that the Tc may be decreased when the layers are grown under 
strain, indeed compression and extension have the same effect on the spinodal curve above 1.5% 
strain but between 1.5% and 2% there is a change in behavior and if compression is 2% Tc 
increases but if one applies a stress of 2% (extension) Tc decreases. However it appears that Tc 
increases in case of compressive strain (>=2%), as may be the case of the AlInN alloy. 

 
 
 
Reference: 
[1] G. P. Merceroz, G. Cosendey, J. F. Carlin, R. Butté, and N. Grandjean,  J. Appl. Phys. 113, 063506 (2013).  
[2] Jin-Wu Jiang, Nanotechnology 26 (2015) 315706 
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 An increasing number of industrial or scientific applications require high-power lasers in 
different ranges of wavelengths, specifically in the near and mid infrared as well as in the visible. 
Fiber based laser sources are particularly efficient and reliable, combining high power scaling and 
excellent spatial quality. The spectacular rise in power of these sources is however limited to a few 
wavelengths comprised between 1 and 2 µm.  
  
 Our objective is to develop high-power Nd-doped fiber based sources operating on the 
three-level transition near 900 nm, which corresponds to the shortest laser wavelengths in silica 
fibers. After the non-linear conversion of the IR power, it is then possible to obtain a blue laser 
source near 450 nm, giving access to many applications including biomedical, sub-marine LIDAR 
and confocal microscopy. 
 
 In collaboration with our industrial partner Ixfiber, we developed a laser source which is 
wavelength tunable from 872 nm to 936 nm with a narrow spectral linewidth of 35 pm and 22W of 
maximum output power [1]. We also studied modal selection with a multimodal fiber Bragg grating 
used in a Nd-doped fiber based double-pass amplifier scheme. The results show the possibility to 
selectively amplify the fundamental mode, thus leading to a diffraction-limited output beam despite 
the multimodal behavior of the fiber. Finally, we demonstrated an intra-cavity frequency-doubling 
scheme providing up to 7W of deep blue in a diffraction-limited beam.   
 

Reference: 
[1] B. Leconte, B. Cadier, H.Gilles, S. Girard, T. Robin and M. Laroche, Opt. Letters, 40(17), 2015 
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Adenine, C5H5N5, is a purine nucleobase and part of important biomolecules such as DNA and 
RNA. Several theories claim that complex organic molecules have reached the early Earth via 
comets and meteorites1. Indeed, the findings of the recent space missions support the  
claims 2. Also, the analysis of carbonaceous meteorites on Earth shows presence of nucleobases, 
including adenine3, which strongly indicate its existence in outer space. Nonetheless, space is 
permeated by ionizing radiation which can have damage effects on these molecules. The aim of 
the present study is to evaluate the resistance of adenine exposed to cosmic ray analogues  
(swift heavy ions). The destruction or resistance of adenine in the condensed phase have been 
studied with different projectiles such as UV photons 4, X-rays5 and electrons6. However, there is 
no such data about the effects of heavy ions at high energy. In this work, we will focus on the 
effects caused upon adenine from exposure to galactic cosmic ray analogues. Using different swift 
heavy ions, we determined the destruction cross section of adenine as a function of the electronic 
stopping power. Preliminary results of irradiation of other nucleobases (cytosine and uracil) will be 
also showed. 
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The III  nitrides (Ga, In)N semiconductors have remarkable properties.  The most
important is their direct band gap ranging from 0.65 eV to 3.4 eV for InN and GaN. By
growing InGaN, it  is theoretically possible to cover the whole visible spectral  range for
multicolor light emitting diodes (LEDs) and laser diodes (LDs). The use of InGaN/GaN
multiple quantum wells (MQWs) in GaN on sapphire has already proved its efficiency in
the near UV and green range1 .Unfortunately, there is a large lattice mismatch of GaN and
InN2, which can lead to generation of defects for high indium content QWs The objective of
this work is to correlate the growth parameters, optical properties with the local structure
and chemical composition of these InGaN/GaN heterostructures produced by metalorganic
chemical vapor deposition (MOCVD). 

For  this  investigation,  transmission  electron  microscopy  (TEM)  and  scanning
transmission electron microscopy (STEM) are used to reveal defects and quantitatively
determine the indium incorporation as well as its possible local fluctuations. 

For the moment, we have initiated our work using mostly conventional TEM, and in
this  instance,  preliminary results  have been obtained on a few samples,  starting from
those of poor optical performance. It comes out that in these samples strain relaxation has
been  started  with  the  formation  misfit  and  threading  dislocations  originating  from the
quantum  well  and  propagating  to  the  surface  of  the  device  in  form  of  half  loops.  A
qualitative comparison of the microstructure evolution between the studied samples will be
presented.

Reference:

1 - Jeong, H. et al. Carrier localization in In-rich InGaN/GaN multiple quantum wells for green light-emitting 

diodes. Sci. Rep. 5, 9373 (2015).

2 - Bazioti, C. et al. Defects, strain relaxation, and compositional grading in high indium content InGaN 
epilayers grown by molecular beam epitaxy. J. Appl. Phys. 118, 155301 (2015).
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Over the last decades, to gain a better understanding of the biological damages induced by 
radio/hadron-therapy cancer treatment at the molecular scale, research has mainly focused on 
irradiation of building blocks of DNA and proteins contained within the cell nucleus. However, 
irradiation of the extracellular medium might have important effects and contribute in a significant 
way to cellular stress. This particularly holds up for cartilage, which is composed of 2 % of 
chondrocyte cells embedded in a dense matrix mainly made of type II collagen, a fibrous protein. It 
is thus of great interest to get insight into molecular degradation of this protein induced by ionizing 
radiation. Type II collagen is made of the repetition of the amino acid sequence Xxx-Yyy-Gly, and 
features a high content of proline. This amino acid is often replaced by the unnatural 
hydroxyproline residue (Hyp) by a specific collagen post-translational modification. 
 
In recent studies, we aimed at studying the response of the biologically-relevant [245-270] peptidic 
sequence of human type II collagen to photo absorption on a broad range of photon energy: from 5 
to 550 eV. We performed UV photofragmentation experiments in collaboration with P. Dugourd’s 
group at the Institut Lumière Matière (Lyon, France) using a commercial mass spectrometer (linear 
ion trap) coupled to a tunable UV laser. VUV and soft X-ray experiments have been carried out at 
the BESSY II synchrotron facility (Berlin, Germany) using a home-made tandem mass 
spectrometer in collaboration with T. Schlathölter’s group (ZIAM, Groningen, Netherlands). In both 
experiments, multiply-protonated peptides were produced with electrospray ionization sources and 
mass-over-charge selected before the irradiation. 
 
I will show our results about the effects of protonation state as well as hydroxylation of proline 
residues on the peptide ionization and fragmentation patterns. 
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Laser sources emitting around 2 µm raises a great interest over the past few years for numbers 
of applications like medical surgery, atmospheric monitoring or LIDAR, thanks to the strong 
absorption of water and human tissues in this spectral range, which is “eye safe” [1]. 
Various approaches and configurations, based on Tm3+ and/or Ho3+ doped LiYF4 (YLF) as an 
active medium, are considered to achieve such a device : a bulk single crystal configuration, a 
waveguide configuration [2] and a thin disk configuration.  

Originality and benefits of the thin disk approach will be more particularly discussed in this 
talk. The Quasi-Continuous-Wave (QCW) laser oscillation at 2 µm has been achieved with 
a thin disk configuration based on a highly Tm3+ doped YLF single crystalline layer 
homoepitaxially grown on an undoped YLF substrate by Liquide Phase Epitaxy (LPE) [3]. 
This is a first demonstration of such a MIR laser with an epitaxial layer. These very 
promising results have been obtained by undoing a technological lock, through the growth 
of very high optical grade and crack-free epilayers that are few hundreds of microns thick. 
For this moment, several samples have been tested in a one pass cavity without cooling, 
for thicknesses of the epilayers varying from 80 µm until 240 µm and using a Ti:Saph laser 
at 793 nm as a pump. Thus, a slope efficiency of 8.8% in incident pump power and a 
maximum output power of 305 mW has been reached. These experimental results will be 
correlated to the theoretical simulations and discussed. Finally, the next steps and 
perspectives of this study will be presented. 
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Figure 1: (a) Transverse Observation in polarized microscopy of the 240 µm thick epilayer ; (b) Output power of the 

microchip 20% Tm
3+

:YLF (240µm) laser as a function of the incident  pump power. 
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Solvent-induced modifications of the chemical and physical properties of a solute is a wide
field  of  interest  for  chemical  synthesis,  transport  phenomena,  radical  creation  and  geminate
recombination.  Though  the  solvent  effects  on  molecules  have  been  the  subject  of  numerous
experimental and theoretical works, limitations arise in the study of dynamical processes due to the
complexity  of  time-resolved  spectroscopic  experiments,  and  due  to  the  limited  computational
resources for ab initio calculations. In particular, ab initio methods can only accurately describe the
short time propagation of a few water molecules, which cannot represent full-solvation effects. To
overcome these difficulties, some models were developed to describe the interaction between a
solute  and  solvent  molecules[1][2].  They  were  successful  to  reproduce  a  limited  number  of
observables for the systems for which they were developed, in particular for solvated electron.
However they lack of transferability, i.e. they are not able to reproduce some basic quantities such
like equilibrium geometry or binding energy for a wide range of solutes.

During  the  second  part  of  my  PhD,  we  developed  a  zero-electron  pseudo-potential  to
reproduced the solute-water interaction. We consider the electronic density of water as insensitive
to the presence of the solute at first. This model is based on a fit of ab-initio calculations for an
isolated water molecule. The polarizability is taken into account by the use of a single polarization
center. At  least,  the interaction between other water molecule is treated by using the TTM3-F
model.

Preliminary  tests  have  been  performed  for  different  sizes  of  negatively  charged  water

clusters (H2
O )n=1−7

−
and for different solute-water clusters X−(H2

O )
n=1−3

(with X=OH-, Cl-, F-, HF,

NH3,  Ne,  H2,  Li+ and Na+).  Our  first  results  are  very promising and reproduce the equilibrium
geometry and the binding energies obtained from reference ab-initio calculations for the whole
range of solutes investigated here.

Figure 1: Reference and model equilibrium geometry of OH
−−( H2

O ) . The transparent (solide) picture

corresponds to the model (ab initio).

Reference:
[1] L. Turi, D. Borgis, J. Chem. Phys., 117 6186-6195 (2002)
[2] M. Cossi, N. Rega, G. Scalmani, V. Barone, J. Comput. Chem., 24 669-681 (2003)
[3] G. S. Fanourgakis, S. S. Xantheas, J. Chem. Phys., 128 074506 (2008)
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    The direct band gap of InxGa1-xN alloys can be engineered to emit light over the entire visible 
spectrum depending on the In content (x) of the film. Indeed, variation of the indium composition 
allows tuning the bandgap from 0.6 to 3.4 eV. InGaN-based alloys are thereby used to fabricate 
light-emitting diodes (LEDs), laser diodes (LDs)[1,2]. However, because of the immiscibility of alloy 
constituents, may take place chemically induced phenomena, such as phase separation, ordering 
and compositional pulling, resulting in complex defect microstructures that may critically depend on 
the growth conditions. Line and extended defects, such as threading dislocations (TDs), can 
induce local indium clustering. On the other hand, compositional pulling is a mesoscale 
phenomenon, due to the interfacial misfit produces the compressive strain, which impedes 
incorporation of the larger indium atoms, causing a gradually increasing indium concentration with 
increasing layer thickness. We have investigated InGaN layers grown by metalorganic vapour 
phase epitaxy (MOVPE) as well as molecular beam epitaxy (MBE). For the two growth techniques, 
we determine the specific defects that form versus the indium content and the layers thickness, the 
aim is to understand the strain relaxation mechanisms in order to assist in the growth of best 
crystalline quality layers for device applications. 
 

References: 
[1] S. Nakamura, T. Mukai, and M. Senoh, Appl. Phys. Lett. 64, 1687 (1994). 
[2] F. A. Ponce and D. P. Bour, Nature 386, 351 (1997). 
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Solar panels have become one of the most promising answers to green and renewable
energy issues. Commercial mono c-Si solar cells have actually an efficiency of 22-25% which is
mainly limited by the thermalization of high energy photogenerated carriers due to the mismatch
between their energy and the c-Si band gap energy.

The quantum cutting (QC) is one of the interesting ways to improve the solar cells efficiency
by overcoming the thermalization effect  of  those hot  carriers.  A conventional solar  cell  is  then
topped  by  a  QC  layer  where  a  down  converting  (DC)  effect  takes  place  which  consists  in
converting the incident UV-Visible photon energy into two IR photons which are more efficiently
absorbed by Si solar cell.

In this study, we propose to investigate the Ce3+-Yb3+ co-doped system in a SiOxNy matrix.
Indeed, one of the advantages of this matrix is the reduction of the rare earth clustering observed
in other matrices such as SiOx. The UV energy is absorbed by Ce3+ ions between the 4f level and
the 5d band. This energy is transferred by a cooperative energy transfer mechanism to two Yb3+

ions which emit at a 980 nm wavelength (1.2 eV), slightly above the Si gap of the solar cell. 
Our layers are deposited by using a radio frequency co-sputtering technique, with help of

CeO2, Yb and Si targets under a nitrogen flow. The results reveal an intense photoluminescence of
Ce3+ ions. Such intensity is optimized by means of several deposition parameters: target power, the
nitrogen flow, deposition and annealing temperature. Structural investigations are performed with
help of RBS and HRTEM. 

For the sample presenting the most intense Ce3+ emission, a co-doping with Yb3+ ions is
carried out to test the cooperative energy transfer mechanism with the Ce3+ ions. To improve the
Ce3+-Yb3+  coupling rate, Bragg mirrors on top and bottom of the doped SiOxNy layer have been
designed. Simulations and experimental results are compared to define the optimized structure
favoring the trapping of UV photons as well as the maximum of IR photons redirected to the solar
cell.
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Swift Heavy Ions (SHI) irradiation experiments in materials are useful to reproduce 
radiation conditions of extreme environments like the outer space or nuclear plants. It is 
particularly interesting for nitride semiconductors due to their potential radiation exposition 
and their strong correlation between defects and properties. 

  In this work, AlxGa1-xN (with x=0; 0.1; 0.3; 0.5; 0.7; 0.85 and 1) nitride 
semiconductors have been irradiated with SHI at GANIL facility. Induced modifications are 
thereafter studied by different techniques such as Transmission Electron Microscopy 
(TEM), UV-visible spectroscopy and Raman spectroscopy. Using different irradiation 
conditions, the mechanisms of formation of these modifications are investigated, particularly 
the role of electronic and nuclear energy losses. 

In this communication, influence of the composition on optical absorption results will be 
discussed. UV-vis spectra show absorption bands, related to point defect formation in these 
materials after irradiation. In GaN, Ga vacancies have been identified and nuclear collisions alone 
seem to explain their formation, since the evolution of the area of the absorption band (related to 
the number of created point defects) follows a linear rule as a function of the number of 
displacements per atom (dpa) [1]: figure 1a. On the contrary, for alloys with x from 0.5 up to AlN, 
absorption bands related to N-vacancies were highlighted and an unexpected synergy between 
nuclear and electronic processes has been found to explain their formation [2] (figure 1b). 
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Figure 1: Absorption band area as a function of the number of dpa for different projectiles in (a) GaN 
and (b) AlN. In GaN, this area seems to follow a linear rule versus the number of dpa whearas in AlN 
(and for alloys with x>0.3), a synergy between dpa and Se has been demonstrated.  
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    My PhD-thesis is about the development of new hybrid composite materials by integrating 

flax plies in carbon laminate structures. By combining carbon and flax fabrics, the goal is to 

develop multifunctional materials capable of damping vibrations while also providing very 

high mechanical performance.  

    After a first part devoted to bibliography, I worked on the characterization of the flax 

reinforcement. The purpose of fabric flax characterization is to understand its complex textile 

architecture. Optical observations and measurements were performed on the fabric. 

Geometric parameters such as thickness, yarns diameter, tows width, spacing between 

warps and weft tows were determined. With these parameters we created a volumetric 

representation of the fabric through the software TexGen which gave us the fiber volume 

content. 

    The spacing between warps and weft tows is called porosity, a defect which severely 

degrades the mechanical properties of composite materials.  

    Currently, I am working on compaction tests on carbon and flax fabrics reinforcements. 

Several stacking of these fabrics will be tested. Our goal is to see if with a given compaction 

pressure we can fill to the maximum the porosity contained in the flax fabrics by the carbon 

fabrics which do not almost contain porosity, in order to obtain high fiber content for the 

hybrid laminate. 
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Within neodymium-doped laser crystals, the doping of fluorite-type single crystals reveal the 
unique possibility for broadband, high-energy, short-pulse laser amplification at 1µm [1-3], which 
makes these materials especially appealing to the field of nuclear physics, in particular for inertial 
confinement fusion (ICF), which require very high energy laser pulses with high repetition rates to 
achieve high efficiency. More precisely, Nd-doped CaF2 crystals exhibit high thermal conductivity 
[4], and emission bands as wide as the state-of-the-art Nd-doped glasses currently employed in 
laser amplification for ICF, which they are intended to replace. In this work, a complete and detailed 
spectroscopic investigation of CaF2:Nd3+ single crystals co-doped with various concentrations of 
Lu3+ ions was performed using several spectroscopy techniques including absorption, 
fluorescence, excitation spectra, time-resolved emission and excitation spectroscopy and lifetime 
measurements. The results show that an increase in Lu3+ concentration tends to increase the Nd3+ 
transitions’ quantum efficiency, as a consequence of the replacement of Nd-Nd clusters [5,6] by 
Nd-Lu clusters. By carefully choosing the Lu3+ concentration, the time windows used in time-
resolved spectroscopy, the excitation and fluorescence wavelengths, it is possible to isolate the 
absorption and emission spectra of each type of Nd-Lu clusters (labelled NL1 and NL2) and to 
further derive absorption and emission cross-sections for each active centre. Furthermore, we 
used Nd-Lu time-resolved excitation spectra to reconstruct the absorption spectra recorded in 
different samples in which Nd3+ clusters and the two types of Nd-Lu clusters coexist. By doing so, 
we were able to estimate the concentration of each type of Nd3+ centres as a function of the Lu3+ 
concentration, showing in particular that above 5%Lu3+, all quenched Nd3+ clusters have been 
replaced by emitting Nd-Lu clusters. Finally, laser operational parameters, such as radiative 
lifetimes and stimulated emission cross sections have been estimated, and the entire set of results 
has been proved self-consistent by a spectroscopic cross-check procedure. 
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In the first part of our work, we try to find the mix orientation in the unidirectional flax fiber plies 
using the method named structure tensor. 
In the second part of our work, we made the composite by plies lay-up method and analyzed the 
component proportion of unidirectional flax fiber composite by 3D volume fitting of the composite 
plate for better calculation accuracy of component ratios which combined mass and volume of the 
fiber, resin and porosities existed in the composite. 
After the composite plate had been made, we began the monotonic and RPL (repetitive 
progressive loading) test in the different strain rates and temperatures to understand the 
mechanical behavior of  elastic, plastic and viscoelastic aspects in the unidirectional flax fiber 
composites. 

 
 

 
 
 
Reference: 
[1] Z.E. Cherif,etc., Composite Structures 140, 240-251(2016). 

[2] C. Poilane,etc., Composite Structures 112, 100–112(2014). 

[3] N. Naouar,etc., Composite Structures. 116, 165–176(2014). 
[4] Bigun J, etc., IEEE Trans Pattern Anal Mach Intell. 26(12), 1590–1605 (2004). 

 
Université de Caen Normandie 

 

  
 

 
 

 
 

Institut de Physique 

 

 
 


