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« P2N » programme 
 

YEAR 2010 

 
 

 

 

Project title AMOS - Accurate Measurement of Orientation and 
Strain in Nanostructures  

 
Abstract 

 
 

 

The AMOS project is constructed around three mature diffraction 

techniques (micro-Laue-X-ray diffraction, EBSD and NBED) that 
can measure simultaneously orientation, phase and strain in 

submicronic structures. Recent developments - only achieved by 
a few laboratories in the world and especially by some partners 
of this project - have shown the potential powers of these 

techniques. The three techniques have been selected because 
they cover different lateral resolution ranges and because they 

have slightly different and common approaches: comparing and 
discussing the techniques should benefit to everyone and for 
some applications, especially in microelectronics, it is vital to 

have data at different scales. More generally in order to build 
efficient devices, it is vital to determine the exact structure 

(orientation and phase) of the device but also the strain (and so 
stress) as strain can greatly change the properties of devices or 
destabilize the structure of devices.  

The aims of the AMOS project are thus to (A1) develop (A2) 
benchmark and (A3) apply these 3 diffraction techniques for 

measuring the local orientations and strains in components of 
future nanodevices in the field of microelectronics and new 
energy technologies.  

The 3 techniques will be developed, for instance by installing 
new detectors or mirrors in X-ray or by using better microscopes 

in NBED. To achieve the benchmark goal, two kinds of samples 
will be studied:  simple test structures where strain and 
orientation are well known (these structures will be included in 

task T1) and a selection of real devices that are grouped in two 
categories and form two other tasks: (T2) nanostructures used 

in microelectronics and (T3) nanostructures used in new energy 
applications. Four laboratories of this project (SIMAP, INAC, SMS 

and LETI) have developed state of the art software and tools to 
achieve the measure of either strain or orientation. These 
partners will work in collaboration with makers of 

nanostructures, STmicroelectronics and LITEN, that will be 2 
other partners. Deep collaborations with growers of these 

nanostructures will be realized in order to extract from the 
experimental analysis as much information as possible. 
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The final goal of this project is really to demonstrate that our 
selection of diffraction techniques can improve our 

understanding of materials and help in optimizing the realization 
of the selected new devices.  Main studied topics will be (T2.1) 
Polycrystalline copper line interconnections (in particular 

understanding what is the mechanism of degradation by 
electromigration) (T2.2) 3D device integration (T3.1) Lithium 

batteries and (T3.2) SOFC cells. 

 
Partners 

 

INAC/SP2M 
SIMAP 

ARMINES + SMS 
CEA LETI 

CEA LITEN 
STMicroelectronics  

 

Coordinator 
 

Jean-Luc ROUVIERE - INAC/SP2M 

jean-luc.rouviere@cea.fr 

 
ANR funding 

 

1 020 448 € 

 
Starting date 
and duration 

 

December 2010 - 36 months 

 

 
Reference 

 

ANR-10-NANO-015 
 

Cluster label  
 

MINALOGIC 

 

mailto:jean-luc.rouviere@cea.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title Baltrap - Nanophotonics Based Optical Trapping 
 

 
Abstract 

 
 

 

A new concept of nanophotonic devices is proposed in this 
project, opening the way to the production of a wide range of 

innovative 3D Micro-Nano-Photonic device structures: as an 
illustration of the potential of our approach, it is further 

proposed the demonstration of very efficient optical nano-
tweezers. This new concept is based on the hybrid combination 
of photonic crystals and metallic nanoantennas. Preliminary 

theoretical results obtained in our group have shown that 
appropriate “engineering” of the interaction between the 

photonic crystal and the nanoantenna can result in the 
production of a huge electromagnetic field within in a 
nanometric volume. Such enhancement leads to giant optical 

forces that have the capability to trap nano-objects at the 
expense of a very low optical input driving power. It is pointed 

out that, among other attractive characteristics, the elegance of 
this approach resides in the straightforward way this 
nanophotonic structure is addressed, i.e. using a plain wide 

Gaussian beam (waist around 10µm). Most of the light of this 
wide beam is funnelled into the nanoantenna with an efficiency 

that is by far superior to that achievable with direct free space 
coupling. The photonic crystal acts here as a perfect 
electromagnetic field feeder for the nanoantenna. In brief, 

surface-addressable photonic crystal membrane structures can 
be considered as ideal light harnessers, providing optimum 

conversion of the incoming elusive free space optical beam to 
nanoantennas.  When applied to the realization of optical nano-
tweezers, this approach will allow for positioning of nano-objects 

with a nanometric precision. This last point addresses one 
important bottleneck for practical applications in 

nanotechnology: the ability to address and to deterministically 
position, nanostructures that are realized via a bottom-up 

approach.   

 
Partners 

 

INL – CNRS  
FEMTO-ST 

LovaLite 
 

Coordinator 
 

Taha Benyattou - INL - CNRS 
taha.benyattou@insa-lyon.fr 

 

mailto:taha.benyattou@insa-lyon.fr
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ANR funding 
 

659 700 € 

 
Starting date 

and duration 
 

December 2010 - 36 months 

 
 

Reerence 
 

ANR-10-NANO-002 
 

Cluster label  
 

Microtechniques 
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title BIONANOTIP - Carbon Nanotube AFM tips for 
biotechnology 

 
Abstract 

 
 

 

Biosensors are bioanalytical and biomedical devices aimed at 
measuring precisely the quantity and/or the function of a target 

molecular complex (ligand-receptor). Nanobiotechnology aims at 
developing more reliable devices with an increasing sensitivity, 

robustness, and a decreasing cost. A key step in the 
development of biosensors is the covalent attachment of 
biomolecules to solid surfaces. The success of this step implies 

that the attached molecule (usually the receptor) retains its 
native conformation and its cognate function. According to the 

structure-function relationship, it is assumed that when a 
receptor is functional its native structure is preserved.  
Consequently, the goal of BIONANOTIP is to develop novel 

techniques for assembling biosensor surfaces, grafting receptors 
on these surfaces, and demonstrating that these receptors 

retained their activity. The strategy used for the biosensor 
surface is self-assembled monolayers (SAMs). SAMs are highly-
ordered two-dimensional structures that form spontaneously on 

a variety of solid surfaces. They provide a convenient route to 
tailor their surface properties such as wettability, corrosion 

resistance, and biocompatibility. In the BIONANOTIP project, the 
immobilization step of biomolecules onto SAMs surface, will be 
realized at ISM. This Laboratory has already reported the 

synthesis of silylated coupling agents which have been used to 
tailor new SAMs for biosensors applications. Moreover theses 

modified surfaces are readily imaged by atomic force microscopy 
(AFM).   AFM is a powerful tool able to image sample surfaces at 
a nanometer scale as well as to measure biomolecular 

interactions in the range of piconewton forces (10-12 N). Owing 
to the exceptionally good signal-to-noise ratio (S/N), AFM is the 

only technique able to image single molecules at high resolution 
in physiological conditions. However, to improve spatial 

resolution, it was shown a few years ago that carbon nanotubes 
(CNTs) could be manually attached to a commercial tip or grown 
on an AFM tip by chemical vapor deposition.  CNTs are ultra-

light weight, chemically stable, and possess an apex diameter of 
the order of 1 nm for single wall CNT which allows the 

improvement of lateral resolution. Native CNTs will be used to 
characterize SAMs and to perform topographical images in the 
BIONANOTIP project; results will be compared to those obtained 

with classical silicon-based tips.  
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CNTs will be functionalized at CBMN with a biomolecule (usually 
a ligand) to perform the functional test of receptors grafted on 

SAMs. The long term strategy developed in our approach is to 
use a single probe, the biofunctionalized CNT, to perform the 
topographical analysis of SAMs and to perform the functional 

test of grafted receptor. The challenge of one of the tasks will be 
to selectively functionalize CNTs at the nanotube apex by an 

original dipping procedure.  The efficiency of the CNT 
functionalization will be tested at the LIRM by dynamic force 
spectroscopy (DFS). Due its piconewton force sensitivity, DFS 

has became a widely used technique for investigating several 
force-related molecular mechanism such as polymer stretching, 

cell adhesion, cell-receptor recognition, protein 
folding/unfolding, antibody-antigen recognition, providing new 

insights into their structure-function relationships, even in 
physiological and pathological contexts. DFS allows the 
characterization of the energy landscape of the rupture of 

interaction between a ligand and a receptor. Current formalisms 
allow the identification of the presence of single or multiple 

parallel bonds in a ligand-receptor interaction. This specificity of 
DFS will be used to characterize the energy landscape of the 
interaction between grafted receptors on SAMs and attached 

ligand on CNTs. In particular, the well-characterize avidin-biotin 
system will be used to confirm the presence of single ligands at 

the apex of CNTs.   

 
Partners 

 

ISM, UMR 5255 CNRS, Université Bordeaux I  
CBMN, UMR 5248 CNRS, Université Bordeaux I 

LIRM, CEA Marcoule 
 

Coordinator 
 

Bernard BENNETAU - ISM 
b.bennetau@ism.u-bordeaux1.fr 
 

ANR funding 
 

597 265 € 

 
Starting date 
and duration 

 

December 2010 - 36 months 

 

 
Reference 

 

ANR-10-NANO-003 
 

Cluster label  
 

 

 
 
  

mailto:b.bennetau@ism.u-bordeaux1.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title CANOE - Nano-magnetic sensors applied to non-
destructive evaluation 

 
Abstract 

 
 

 

Industries undergo today a strong pressure to reinforce the 
reliability and the safety of the products, while improving their 

productivity. To take up this challenge, they use non destructive 
testings (NDT) methods which gather processes ready to 

provide information on the health of a part without deteriorating 
it. Among the existing techniques, eddy currents method (EC) 
occupies a major place by ensuring the detection of the 

subjacent or surface breaking flaws.     The EC method knows 
today a deep change to fulfill an increase in the performances of 

inspections required by the industries. The stake lies in the 
detection of very small flaws (<100µm) and buried flaws (under 
several mm), while decreasing time inspection to improve the 

rentability. To answer these constraints, new technologies of 
magnetic sensors are investigated. These technologies, resulting 

from collective manufacturing, present a high sensitivity and a 
good resolution, and offer interesting prospects in terms of 
phase-array realization. The IMAGINE project, labellized in 2005 

in the call PNANO, showed the feasibility of the adaptation of 
magneto-resistance and magneto-impedance nano-components 

to the non destructive testing. However, an important work 
remains to be undertaken to make evolve these promising 
technologies from laboratory use to industrial exploitation.    

CANOE aims at proposing technical development making reliable 
the manufacture of phase array EC probes containing magnetic 

nano-components. This project will lead to the realization of 
demonstrators integrating giant magneto-resistances (GMR) and 
magneto-impedances (MI). In the field of the GMR, technological 

developments will be implemented to improve the sensitivity of 
the sensors. Concerning the nano-component the replacement 

of the IrMn barrier by the use of antiferromagnetic insulating 
(NiO) will reduce the effects of shunt, the improvement of the 

packaging of the probe will reduce the lift-off. An exploratory 
work will in addition be done to transpose GMR technology on 
flexible substrate. In the field of the magneto-impedances, the 

scientific developments will make possible to realization of phase 
array probe containing MI nano-components. Innovating 

developments will be implemented such as the design of a phase 
arra architecture, the realization of micro-winding around the 
nano-component.    
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CANOE will federate during forty-two months eight partners: 
CEA LIST will ensure the coordination of the project, the design, 

integration and the evaluation of the EC probes, THALES and the 
UMR 137 will carry out the phase array sensors containing GMR, 
the LGEP and the IEF will ensure the development of phase 

array sensors containing MI, AREVA and EADS IW will bring the 
application context to the project and the SME STATICE will take 

part in the integration of the EC probes, and will ensure the 
industrial transfer of developed technologies.  CANOE will 
propose more sensitive and phase array EC probe, and thus 

more powerful for the NDT market. Smaller flaws and/or located 
in difficult zones for inspection could be detected (turbine 

blades, tubes, weldings, riveted structure).  

 
Partners 

 

CEA LIST, UMR 137, IEF, SUPELEC-LGEP, THALES R&T, EADS 
IW, 2 industrial partners 
 

Coordinator 
 

Natalia Sergeeva-Chollet - CEA LIST 

natalia.sergeeva-chollet@cea.fr 
 

ANR funding 
 

916 000 € 
 

Starting date 

and duration 
 

December 2010 - 42 months 

 
 

Reference 
 

ANR-10-NANO-018 
 

Cluster label  
 

SYSTEM@TIC Paris région 

 

mailto:natalia.sergeeva-chollet@cea.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title GLUCOPAC - Micro glucose fuel cell on porous 
silicon with abiotic and bio inspired catalysts 

 
Abstract 

 
 

 

GLUCOPAC aims at developing a glucose micro fuel cell. The 
glucose fuel cells seem very promising: glucose is an energy 

source which is natural and abundant. Sony recently 
demonstrated the potential of the glucose fuel cells for nomad 

applications such as walkman, showing a 300cm3 system that 
could supply a power output of 50mW. In addition, the presence 
of glucose in the human‟s body makes the fuel cells particularly 

attractive as implantable energy sources.   The micro batteries 
already present very competitive power densities but, for some 

applications, the necessity to recharge the batteries is 
problematic. For that reason, alternative energy micro sources 
appear crucial. GLUCOPAC aims at making micro-sustainable 

energy sources (operating time> 6000h), performing (P> 
5mW/cm2), generic for various applications, with micro / nano 

manufacturing processes. To meet its objectives, the project 
proposes an innovative architecture based on a porous silicon 
membrane nano-functionalized and non-deformable. This 

membrane serves as the ionic conductor and mechanical support 
to the stack of the active layers. The latter, consisting of abiotic 

and bio-inspired nano catalysts, will be built on 200mm silicon 
substrates using printing techniques. In order to develop a 
manufacturing process with a minimal environmental impact, 

technological choices will be guided by an analysis of the 
ecological processes all over the project.   The work program 

GLUCOPAC is divided into three phases. From M0 to M12, the 
fabrication process of the nano-porous support will be scale up 
from 100mm to 200mm substrates. Meanwhile, the catalyst 

nano-structured layers are developed. From M12 to M30, CEA 
and UJF collaborate to achieve the stacking of active layers with 

deposition techniques like inkjet. RECUPYL analysis the proposed 
processes. Testing of the power output and life time will help 

determining the optimum stacking. These experimental results 
will initiate the exploration stage of the industrial business plan. 
From M30 to M36, the failure analysis will be used to optimize 

the power output and lifetime of microsource. In M36, a 
durability of 6000 h is expected with a power output of 

5mW/cm2 (for test environments with separation of oxygen and 
glucose) and 100µW/cm2 (for test environments physiological 
type - subcutaneous). Meanwhile, the industrial recovery plan 

will be defined.    
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The major results expected from the project are:   - A micro-
hybrid energy source for many generic applications, with a 

power / high volume   - A method for making eco-compatible 
design with volume production of microwave source.   - A 
breakdown in terms of integration of nanomaterials based on 

organic silicon technology   - An industrial recovery plan 
including a strategy for market entry.    

 
Partners 

 

CEA-Liten, FEMTO-ST, DCM/UJF-CNRS, LMP, RECUPYL 
 

Coordinator 
 

Jessica Thery - CEA-Liten 

jessica.thery@cea.fr 
 

ANR funding 
 

955 300 € 
 

Starting date 

and duration 
 

December 2010 - 36 months 

 
 

Reference 
 

ANR-10-NANO-019 
 

Cluster label  
 

MINALOGIC 

 

mailto:jessica.thery@cea.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title Grafonics - Functionalized graphene sheets: 
Application in hybrid C-MOS electronics 

 
bstract 

 
 

 

The Grafonics project proposes to control the opening of the 
band gap of graphene by functionalizing its surface as well as to 

characterize the resulting electrical properties. For the purpose 
of these studies the modified graphene will be integrated in 

suited devices (transistor like configuration with back gate or 
electrochemical gate) and the electrical characteristics will be 
measured. More precisely, photosensitive molecules will be 

immobilized in order to control the characteristics of the 
graphene channel by irradiation.  A theoretical simulation 

approach will be carried out in order to correlate the 
experimental transport properties to the nature of the chemical 
modification of the graphene surface upon molecule 

immobilization. Two kinds of graphene will be provided and 
used: on one hand, exfoliated graphene whose structural quality 

is adapted to accurate studies of the electronic and photo-
electronic effects, and on the other hand, epitaxial graphene 
obtained by SiC sublimation more dedicated to validate scalable 

devices on large area.    This project offers to couple two facets: 
(i) a fundamental approach which combine synthetic molecular 

chemistry, surface grafting, building up of graphene 
components, spectroscopical characterizations and “in situ” 
electrical measurements complemented by simulation studies of 

the electronical transport properties; (ii), an approach more 
focused on technological research with the implementation of 

hybrid devices electro- and photo-trigerred.   

 
Partners 

 

INAC, CEA LETI, CEMES, LCVN, ST 
 

Coordinator 
 

Pascale MALDIVI - INAC 
pascale.maldivi@cea.fr 

 
ANR funding 

 

978 155 € 
 

Starting date 
and duration 

 

December 2010 - 36 months 

 

 
Reference 

 

ANR-10-NANO-004 
 

Cluster label  
 

 

mailto:pascale.maldivi@cea.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title HYBIOTAG - Towards generation of new 
luminescent and multifunctional hybrid 

nanoparticles for bioimaging and biosensing 
 

Abstract 

 
 

 

Progress in biomedical imaging depends on the development of 
probes that combine low toxicity with high sensitivity, 

resolution, and stability. Toward that end, a new class of highly 
fluorescent core-shell silica nanoparticles with narrow size 
distributions and enhanced photostability, known as C dots, 

provide an appealing alternative to quantum dots. Here, C dots 
are evaluated with a particular emphasis on in-vivo applications 

in cancer biology. It is established that C dots are nontoxic at 
biologically relevant concentrations, and can be used in a broad 
range of imaging applications including intravital visualization of 

capillaries and macrophages, sentinel lymph node mapping, and 
peptide-mediated multicolour cell labelling for real-time imaging 

of tumour metastasis and tracking of injected bone marrow cells 
in mice. These results demonstrate that fluorescent core-shell 
silica nanoparticles represent a powerful novel imaging tool 

within the emerging field of nanomedicine.   

 
Partners 

 

LMI 

SEESIB 
GReD 
CEA 
 

Coordinator 
 

Rachid MAHIOU - LMI 

rachid.mahiou@univ-bpclermont.fr 
 

ANR funding 
 

601 825 € 

 
Starting date 

and duration 
 

December 2010 - 36 months 

 
 

Reference 
 

ANR-10-NANO-001 
 

Cluster label  
 

 

 

mailto:rachid.mahiou@univ-bpclermont.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title INTREPID - Integrated resonators for multicolor 
infrared photodetection 

 
Abstract 

 
 

 

The study of optical properties of metal nanostructures has been 
significantly increasing during the last decade, a field known as 

plasmonics, motivated by interesting properties such optical 
filtering and concentration of light. The development of this 

expertise is especially relevant to infrared imaging, because it 
renders possible the integration of optical functions in the focal 
plane. The expected gains for the systems are on the 

compactness (filtering function integrated to the detector), cost 
(increase in operating temperature) and performance (lower 

dark current, and thus potentially the cost of cooling). The 
applications are numerous, such as non destructive testing, 
aerospace, security and medical.  The objective of the INTREPID 

project is to demonstrate a multicolor infrared imaging array, 
based on the use of plasmon modes. This demonstration will be 

undertaken in CdHgTe technology, and in emerging technology 
based on III-V superlattices. This project brings together 
academic and industry players of international stature in cooled 

infrared imaging. Sofradir, industrial in the market of cooled 
infrared imaging, is a partner of this project. Both considered 

technologies are developed at the national level, in a joint 
laboratory Sofradir-LETI for CdHgTe, and CNRS / IES for III-V 
superlattices technology. Expertise in plasmonics for the photo-

detection is provided by the CNRS / LPN, author of pioneering 
work in the field, and LETI. Finally, ONERA is responsible for 

characterizing the infrared cooled imaging systems.      

 
Partners 

 

LETI-CEA, IES-CNRS, LPN-CNRS, DOTA-ONERA, Industrial 
partner 
 

Coordinator 
 

Nicolas LHERMET - LETI 

nicolas.lhermet@cea.fr 
 

ANR funding 
 

1 693 980 € 

 
Starting date 

and duration 
 

December 2010 - 30 months 

 
 

Reference 
 

ANR-10-NANO-005 
 

 

mailto:nicolas.lhermet@cea.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title MECHANANO - MECHAnized NANOmachines for 
two-photon activation 

 
Abstract 

 
 

 

The proposed research program is a multi-faceted study of 
multifunctional mechanized nanoparticles.  It is a collaborative 

effort between ICGM, UR1 and UCLA and combines the expertise 
of the French groups (2-photon photochemistry and 

photophysics and organic/inorganic mesoporous materials) with 
that of the U.S. group (multifunctional mesoporous silica 
nanoparticles with pore openings controlled by molecular 

machines). The primary objective is to design, synthesize and 
operate nanoparticles that trap and release molecules by 2-

photon activation which is motivated by potential applications in 
biological photodynamic therapy.   Multifunctional nanomaterials 
which carry out two or more functions simultaneously, are 

attracting increasing attention. Of particular importance to this 
proposal are materials activated by light that are luminescent 

(for imaging) and respond to light in useful ways. Well known 
monofunctional nanomaterials are quantum dots for imaging, 
and gold nanorods for hyperthermal effects. The new function to 

be explored in this proposal is trapping and photo-stimulated 
release of cargo molecules with applications to drug delivery. 

Photo-functional materials offer the advantages of non-invasive 
external control, temporal (on and off) control, and spatially 
localized control (in illuminated regions). The mesostructure of 

the particles provides the cargo-carrying function, and grafting 
of fluorescent molecules provides the imaging function.  The 

recent resurgence in 2-photon photophysical and photochemical 
research is motivated in part by biological applications. Visible 
and UV light do not penetrate biological tissue very deeply, thus 

limiting applications to surfaces. Red and near-IR light has much 
deeper tissue penetration and is not as damaging to 

biomolecules, but lacks the energy to carry out many desired 
photochemical and photophysical functions. 2-photon activation 

(TPE) has the properties of deep tissue penetration (due to the 
long wavelengths used) and energetic excitation (due to the 
additive nature of the process). Another advantage is the 

increased spatial (3D) control at the focal point of the excitation 
(e.g. 3D lithography).  In all cases, the TPE is the “trigger” that 

causes the nanomachine to respond with a large amplitude 
motion that allows trapped molecules in the pores of the 
mesoporous nanoparticle to escape into the external solution. 
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The 1st goal in the research towards TPE of mechanized 
nanoparticles is direct activation of the nanomachine itself. The 

limitations are that the machine must be photoactive and must 
also be designed to have a large 2-photon cross section.  The 
2nd goal is indirect activation where a molecule with a large 2-

photon cross section is excited and then passes the excitation 
energy along to the nanomachine. Forster energy transfer from 

the transducer (acting as the energy donor) to the nanomachine 
(acting as the acceptor) will be used to power nanomachines.   
The third goal is to use the particle itself as the transducer. We 

will design and synthesize organic/inorganic nanoparticles with 
high 2-photon cross sections.  The results of the proposed 

studies will be a new generation of functional mechanized 
nanomaterials that are stimulated by 2-photon photochemical 

and photophysical processes. By combining the strengths of the 
French and American research groups, both new understanding 
and new materials will be developed. These materials may have 

important biological applications (including on-command drug 
delivery) because of the deep tissue penetration and the 3D 

spatial control of the TPE. 

 
Partners 

 

ICGM  
CPM 

UCLA 
  

Coordinator 
 

Michel WONG CHI MAN - ICGM 
michel.wong-chi-man@enscm.fr 
 

ANR funding 
 

383 837 € 
 

Starting date 
and duration 

 

March 2011 - 42 months 

 

 
Reference 

 

ANR-10-NANO-022 
 

Cluster label  
 

 

 

mailto:michel.wong-chi-man@enscm.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title MESONNET - Mesocosm network  for 
Environmental Nanotechnology Risk Assessment 

 
Abstract 

 
 

 

The potential diversity of nanomaterials is staggering, with 
countless variations in size, shape, surface chemistry, chemical 

composition, coatings and composites. Our project responds to 
the challenge of relating a vast array of nanomaterial properties 

to their potential environmental exposure, biological effects, and 
ecological consequences. Rather than approach this daunting 
task on an exhaustive case-by-case basis, our vision is to 

elucidate the general principles that determine nanoparticle 
behavior and translate this knowledge into the language of risk 

assessment to provide guidance in addressing existing and 
future concerns surrounding the environmental implications of 
nanomaterials. Our current knowledge of the fundamental 

interactions of nanomaterials with living systems and their 
potential effects on ecosystem function is in the formative stage 

at best. Some headway has been made in exploring the 
potential impacts of nanomaterials on human health. However, 
investigation of the roles of nano-scale objects as agents of 

evolutionary change, environmental perturbation, and their 
effect on ecosystem structure and function have lagged behind 

advances in fabricating, measuring and manipulating materials 
at the nano-scale. To remedy this situation, nanoscientists must 
be engaged with environmental scientists. But, leaders in 

environmental biology, biogeochemistry, ecotoxicology, and 
ecology must also look for ways to apply nanoscience to their 

own fields while interacting with government and industrial 
scientists to create rigorous methods and protocols that have 
scientific legitimacy across disciplines. Our project provides the 

mechanism for accomplishing these vital tasks through an 
extensive, tightly networked array of scientists and labs 

representing a wide range of disciplines that are connected to 
society at large. Our overarching objective is to elucidate the 

role of nano-scale phases in ecosystems, their interactions with 
organisms, and the mechanisms by which they exert their 
influence  To accomplish the objectives, we will draw on a core 

of internationally recognized leadership (US and CEINT 
Consortium and French with the GDR-I I-CEINT consortium) in 

five areas of expertise:  
1) nanomaterial chemistry and fabrication, 2) Exposure i.e 
Transformation, reactivity in the water column, 3) Exposure i.e: 

Transfert in porous media (soil, sediments and biofilms), 
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4) Fate and Impacts of NP in terrestrial and auqatic micro and 
mesocosms, 5) Modelling and Risk Assessment. Each of these 

areas of expertise is vital to a comprehensive investigation of 
the environmental impacts of nanomaterials.   Our research 
project consists of tightly integrated, cross-disciplinary 

collaborative projects that bring together highly successful 
research programs that have defined the very issue of 

environmental impacts of nanomaterials and represent the most 
advanced ecological impact and risk assessment capabilities. 
The central research tool is based on micro and pocket size 

adjustable mesocosms which will be managed by three Ecology  
laboratories and a Phyto Technical Platform (Rio and Ibisa 

labelled). The choosen nanoparticles CNT, CeO2, TiO2 and Ag° 
represent the most used in very common materials (composites, 

fuel, cements, glasses, health care products....). Their important 
release in the environment is conditionned by their large 
utilization. For example nano TiO2 will represent 95% of TiO2 in 

2025, Ag° is a component of ~500 commercial products. Their 
potential toxicity for ecosystems is associated to hydration, 

aggregation, dispersion, dissolution, redox phenomena... and 
they represent the very actual processes which could affect the 
ecosystems. The other teams are specialized in synthesis of NP 

and characterization, studies of the transformation in aquatic 
and bitic media, transport and transfert in porous media and 

modelling and to finish in modelling of the risqk assessment.   

  
Partners 

 

CEREGE, LCMCP, IMEP, ECOLAB, CIRIMAT, LIONS-IRAMIS-
SIS2M, LCBM, LEMiRE, CEA-Liten LITEN/LCSN, LIEBE, IN-

FAME, Institut Néel, BIOPUCES (IRTSV), CEA Grenoble, 
CINAM, LHYGES  
 

Coordinator 

  
Jean-Yves BOTTERO - CNRS 
bottero@cerege.fr 

 
ANR funding 

 

1 960 610 € 

 
Starting date 
and duration 

 

December 2010 - 48 months 

 

 
Reference 

 

ANR-10-NANO-006 
 

Custer label  
 

 

 

mailto:bottero@cerege.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title MOCA - Single crystal dielectric thin films for 
integrated capacitors 

 
Abstract 

 
 

 

The MOCA project is dedicated to the study of thin films single 
crystals from the perovskite family obtained on Silicon substrate 

by epitaxial routes. The materials developed will be Pb(Zr,Ti)O3 
(PZT) with Zr/Ti=52/48 and (Ba,Sr)TiO3 (BST) with 

Ba/Sr=70/30. Three different deposition techniques will be 
performed: Molecular Beam Epitaxy (MBE), sol gel and Pulsed 
Laser Deposition (PLD). The targeted proofs of concept are three 

fold: acoustic resonators, high-K capacitors and piezoelectric 
actuators. The final aim of MOCA is to provide a clear status on 

the superiority of the epitaxial single crystal thin films compared 
to their polycrystalline counterpart. Four partners will be 
involved in MOCA. CEA LETI Minatec will be the leader of the 

project and will process the sol gel layers (PZT and BST) 
deposited on SrTiO3 (STO) buffered layers, which is mandatory 

to obtain single crystals on Si. LETI will also realise several proof 
of concepts devices: resonators with FEMTO, capacitors and 
piezoelectric or electrostrictive actuators. He will characterize 

these devices. INL will bring his expertise on MBE to the 
consortium. He will prepare the template Si wafers with the STO 

layer and will work specifically on this template layer. He will 
also prepare BST active layers in order to compare their 
properties to the one obtained with the other techniques. A 

demonstrator will be done by the partners (actuators or/and 
resonators). INL will provide the template layers to the partners. 

SPMS will work on the PLD route as it is also a recognized way 
to obtain single crystals as thin films. He will also help the 
consortium to characterize the structural behaviour of the layers 

deposited. FEMTO will realize resonators and characterize them. 
The consortium is very complementary on this dedicated topic of 

perovskite single crystal on Si. Finally, ST Tours, industrial with 
a long experience of integrating PZT capacitors with Si, will 

elaborate specifications and will test the capacitors based on 
single crystals perovskite in the framework of the MOCA project. 
The partners have already several common projects and 

developed the know-how to work together for a long time.  

 
Partners 

 

CEA, CNRS-INL, SPMS, FEMTO, ST Tours  
 

Coordinator 

  
Emmanuel Defay - CEA 
edefay@cea.fr 

mailto:edefay@cea.fr
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ANR funding 
 

833 687 € 
 

Starting date 
and duration 

 

November 2010 - 36 months 

 
 

Reference 
 

ANR-10-NANO-020 
 

Cluster label  
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title NANOSCANNER - Carbon nanotube 
photocathodes for stationary CT scaners 

 
Abstract 

 
 

 

Classical computed tomography scanners incorporate a rotating 
ring or “gantry” which holds the X-ray source and the X-ray 

sensors. They exhibit a high resolution but are large, heavy and 
are characterised by a low throughput. Using multiple X-ray 

sources, low cost, stationary (gantry free) and efficient scanners 
could be fabricated. Xintek (American company) proposes to 
use, for each X-ray tube, a carbon nanotube (CNT) cathode 

driven by a control circuit. In this case, the cathode is grounded 
and the anode is biased at high voltage. The anode cooling is 

then complex. Each electron source can be advantageously a 
CNT photocathode driven by a laser diode. As the circuit driving 
the laser power is insulated from the cathode, this cathode can 

be biased at high voltage and the anode can be grounded. The 
anode cooling is then facilitated. Moreover, for low/medium 

power scanners, one can use a transmitting target X-ray window 
(e.g. a tungsten film deposited on a beryllium window) that 
delivers wide angle X-ray beams. This allows to increase the 

analysed volume.    The long term objective of this project is to 
develop a new generation of optically switchable multiple X-ray 

source for compact, efficient and low cost CT scanners for 
medical applications. High in depth resolution imaging implies 
the use of a large number of X-ray sources (around 50). When 

one X-ray tube is emitting X-rays, the emission from other tubes 
should be low. To satisfy the requirements of high resolution CT 

scanners, an ON/OFF ratio of 1000 is required. Other 
requirements relates to the ON current (10 mA/mm2) and to the 
fabrication of photocathodes operating with backside 

illumination (to ease their integration).    CNT photocathodes 
based on silicon p-i-n photodiodes exhibit an ON/OFF ratio of 30. 

In order to meet the ON/OFF ratio requirement (1000), an 
alternative to p-i-n photodiodes is to use a photoconductor 

based on a high resistivity low-temperature-grown GaAs (LTG-
GaAs) developed by IEMN. This material exhibit a resistivity of 
around 107 W.cm and a high breakdown voltage of 200 - 300 

kV/cm.  The CNT photocathode studied in this project will be an 
array of individual and vertically oriented multiwall CNTs, each 

nanotube being associated with a LTG GaAs photoswitch.    Such 
arrays are already fabricated by different laboratories (including 
LPICM) on doped silicon substrates. 
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The growth method is plasma enhanced chemical vapour 
deposition (PECVD) on Ni catalyst dots. The crystalline quality 

exhibited by the nanotubes is not sufficient to attain the 
objective of current density. To improve the CNT crystalline 
quality, LPICM has initiated the study of the growth of aligned 

CNTs on Fe (instead of Ni) catalyst using a new water vapour 
based PECVD process and showed that these nanotubes exhibit 

a significantly higher crystalline quality. Thus arrays of individual 
CNTs grown on Fe nanodots will be studied.    The workprogram 
includes one task for management, dissemination and 

exploitation and another one to study the safety procedures of 
the photocathode process. Task 2 will deliver an accurate model 

of the photocathode. Task 3 will define the CNT technology, the 
photoswitch technology and the method to fabricate/transfer a 

photoswitch on transparent substrates. Task 4 will demonstrate 
a photocathode on a GaAs substrate (front side illumination) 
with an ON/OFF ratio of 1000. Finally Task 5 will show a 

photocathode operating with back side illumination and 
delivering an ON current of 10 mA/mm2 and an ON/OFF ratio of 

1000.    Thales has already shown that a CNT X-ray tube exhibit 
a good life time. This project will allow Thales Electron Devices 
to develop a new generation of optically switchable multiple X-

ray source. The first application is the development of low cost, 
compact and efficient stationary (gantry free) CT scanners. The 

total market addressed by this new generation of multiple X-ray 
sources is estimated to be above $250 million per year.  

 
Partners 

 

TRT  

IEMN 
LPICM 
 

Coordinator 

  
Pierre Legagneux - TRT 
pierre.legagneux@thalesgroup.com 

 
ANR funding 

 

591 998 € 

 
Starting date 
and duration 

 

01/12/2010 - 36 months 
 

 
Reference 

 

ANR-10-NANO-008 
 

Cluster label  
 

 

mailto:pierre.legagneux@thalesgroup.com
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title NANOTHER - Multimodal functionalized carbon 
nanotube/iron oxide nanoparticle hybrids for 

imaging and therapeutic applications 
 

Abstract 

 
 

 

The continuous growing of Nanotechnology has brought to 
challenging innovations in medicine revolutionizing the field of 

therapy, in particular the delivery of biologically active 
compounds and the local treatments of diseases. The main input 
of today‟s Nanotechnology in the biomedical field is that it allows 

real progress to achieve temporal and spatial site-specific drug 
delivery, local therapy, and imaging.  In this context, the 

NANOTHER project will focus on the design, the synthesis and 
the therapeutic applications of multifunctional functionalized 
carbon nanotube/iron oxide nanoparticle conjugates. These 

hybrids will serve as multimodal imaging and therapy platforms. 
Indeed, the association of the magnetic properties of iron oxide 

nanoparticles (NPs) to the characteristics of carbon nanotubes 
(CNTs) is an innovative approach that will allow opening new 
possibilities in terms of imaging, activation and spatial 

manipulation in vivo via magnetic stimulation.  CNTs are 
promising for biomedical applications as they are capable of 

crossing many biological and biophysical barriers. Moreover, the 
high aspect ratio and large surface area allows functionalizing 
CNTs with multiple copies of different molecules of interest.  In 

the NANOTHER project, we propose to prepare magnetic CNTs 
by filling the empty internal cavity of the nanotubes or by 

decoration of their outer surface with magnetic materials such 
as iron oxide NPs. CNTs possessing magnetic properties will 
offer the potential for imaging, as well as hyperthermia. The iron 

oxide NPs bring additional functions to CNTs for imaging, as they 
are used as negative contrast agent for magnetic resonance 

imaging (MRI), and for therapy with magnetically-induced 
hyperthermia. Due to their optical properties, CNTs can absorb 
near-infrared (NIR) light and convert the energy into heat. This 

property will be also used in the NANOTHER project for 
hyperthermia treatments as an alternative to magnetically-

induced thermal ablation. The required quantity of CNTs to 
induce hyperthermia by IR irradiation is lower by comparison 

with magnetic iron oxide NPs activated by high frequency 
magnetic field. Therefore, the double therapy by exploiting one 
single nano-object certainly offers several advantages on the 

treatment of cancer.  
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The CNT/NP complexes will be used for imaging by derivatizing 
either the CNTs or the NPs with dendrimers chelating different 

radionuclides. The choice of the dendritic molecules is motivated 
by the fact that they are discrete and monodisperse entities 
which relevant characteristics (e.g. size, hydrophilicity, 

molecular weight, biocompatibility) can be finely tuned as a 
function of their generation. To improve the thermal ablation 

effect and to provide molecular-level contrast, we plan to further 
functionalize the CNT/NP complexes with targeting agents. The 
development of target-specific MRI contrast agents (CAs), 

directed to defined molecular markers, could dramatically 
improve the imaging of a specific disease, due to the 

accumulation of MRI contrast agent at the region of interest. 
Alternatively, the magnetic properties of the CNT/NP conjugates 

will be also exploited to concentrate the CNT/NP hybrids at the 
site of disease by applying a magnetic field.  The CNTs will be 
detectable by MRI for biodistribution studies. In addition, we 

plan to induce cytotoxic effects by magnetic manipulation. It will 
be possible to improve internalization of the nano-constructs by 

oscillating magnetic forces. We can also envisage an intracellular 
activation by low frequency alternating magnetic field via 
possible rotation of CNTs to stress intracellular target by 

application of a magnetic field. The therapeutic potential of such 
innovative multimodal hybrids will be applied in vivo to two 

cancer models: neuroblastoma and melanoma.    

 
Partners 

 

CNRS, UPR9021  
CNRS, IPCMS  

LPCML – CREATIS-LRMN/Université Claude Bernard Lyon 1 
CNRS, UMR7057, Université Paris Diderot 
 

Coordinator 

  
Alberto BIANCO - CNRS 
a.bianco@ibmc-cnrs.unistra.fr 

 
ANR funding 

 

633 022 € 

 
Starting date 
and duration 

 

December 2010 - 36 months 
 

 
Reference 

 

ANR-10-NANO-008 
 

Cluster label  
 

Alsace Biovalley (ex Innovations thérapeutiques) 

mailto:a.bianco@ibmc-cnrs.unistra.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title NPLIN-4-DRUG - Non Photochemical Light 
Induced Nanoscale Nucleation. Control of 

Crystalline Material Polymorphism: Application to 
Pharmaceutical Drugs 

 
Abstract 

 
 

 

Studying polymorphism of pharmaceutical compounds is a 
growing field of activity. This is due, on one hand, to the 
economic pressure of the pharmaceutical industry and on the 

other hand, to the more important awareness of the 
polymorphism (or pseudo-polymorphism) consequences on the 

medicament properties (chemical and physical stability, 
solubility, dissolution rate, bioavailability, mechanical properties, 
manufacturing process …).  Ideally, the experimental study of 

polymorphism necessitates the master of crystallization of 
desired polymorphic forms and the obtaining of not-yet-

characterized phases. An original method of nucleation, “Non 
Photochemical Light Induced Nucleation” (NPLIN), makes 
possible the control of the nucleation at the nanoscale by using 

the pulsed laser (pulse length about 10 nanosecondes) 
polarization properties.    We propose to demonstrate the 

feasibility and the potentiality of this method applied to “Active 
Pharmaceutical Ingredient” (API) and to apply it on active 
molecules with a real issue in the context of polymorphism in 

order to bring answer elements to the specific problem posed.     
The three target API‟s we would like to study are:  - Compounds 

displaying problems of crystallization or having not-yet-resolved 
polymorphism  - Chiral compounds for which the use of NPLIN 
method could permit a crystallization of the two enantiomers 

from a racemic mixture  - Compounds frequently used in the 
framework of active pharmaceuticals and called model 

compounds.    In order to demonstrate the feasibility and the 
potentiality of this method applied to API‟s, we will conceive and 
realize nucleation experiments by controlling all parameters not 

only during the solution preparations (humidity control, 
atmosphere,…) but also at the optical level (power control, 

wavelength, polarization, …). We will also work on the 
conception and realization of experimental set-ups combined to 
the X-ray diffraction in order to follow in situ the kinetic of 

crystallization and to better understand the nucleation 
phenomenon. 
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These experimental studies will be complemented by the 
development of new tools for modeling the involved mechanism 

in the nucleation process and the interaction with the 
nanosecond pulse of a polarized laser light; the idea behind is to 
describe these nano-objects (few tens of molecules) by using ab 

initio methods for the core and dynamic methods for the surface 
of the particles. Experimental results, modeling and statistical 

studies of the crystal packing of the target compounds will be 
combined in order to conclude about the NPLIN method action at 
the nanoscale and to predict which API could be a good 

candidate for this method of crystallization. In parallel, we will 
try to give answer to the considered API‟s problematic by 

studying:  - Thermodynamic aspects of the relative stability of 
the different compounds  - Electronic and electrostatic properties 

of the target compounds through a fundamental approach 
combining both high resolution X-ray diffraction and ab initio 
theoretical calculations    With this approach, we will be able to 

get a better understanding of phenomena linked to solubility and 
bioavailability, themselves requiring knowledge of molecular 

interactions in the crystal; in other words, to try to understand 
the active molecules polymorphism impact on their physico-
chemical properties. The expected results can be summarized as 

follows: 
- To get a better understanding of nucleation mechanism under 

an intense electric field at the nanoscale in order to master this 
new crystallization technique. 
- To provide a better understanding of the polymorphism 

problematic of about ten selected active molecules.    Finally, 
these studies can lead, in the medicament manufacturing, to a 

new control technique in the production of a specific polymorph 
phase of an active molecule.     

 
Partners 

 

SPMS 

EM2C 
PCIM 

PPB 
 

Coordinator 

  
Anne Spasojevic - SPMS 

anne.spasojevic@ecp.fr 
 

ANR funding 
 

446 813 € 
 

Starting date 

and duration 
 

December 2010 - 36 months 

 
 

Reference 
 

ANR-10-NANO-017 
 

Cluster label  
 

Alsace Biovalley (ex Innovations thérapeutiques) 

 

mailto:anne.spasojevic@ecp.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title N-POEM - Periodic nanostructures imprinted on 
polymers for electromagnetic applications 

 
Abstract 

 
 

 

The aim of N-POEM proposal is to design, fabricate and 
characterize emerging periodic nanostructures for three 

electromagnetic and optical functionalities: microwave regime 
absorption, filtering and antireflecting. These materials are 

based on strongly coupled periodic structures composed of sub-
micrometric patterns. This project groups expertise of different 
partners in nanofabrication, nanosciences including design and 

simulation. Nanofabrication processes will be based on 
nanoimprint on flexible polymer film. These processes will lead 

to the fabrication of arrays of nanostructures. Their interest is a 
reduction of technological steps, resulting in a decrease of 
production cost and time.  The aim of this project is to develop 

technological processes for industrial applications. It will lead to 
a high maturity level of nanoimprint technique, compatible with 

industrial requirements in new domains such as devices for 
aircraft manufacturing, photovoltaic‟s, information and 
communication technologies… The functionalities which will be 

addressed are : absorption in the microwave regime, filtering in 
the infrared range, and anti-reflexion in the [500nm-5µm] 

spectral domain. These three functionalities are representative 
of three kinds of demonstrators which will be realized during the 
project.   Demonstrators corresponding to microwave absorption 

and infrared filtering will be obtained by a coating of adequate 
material on nanopatterned polymer film. Industrial applications 

require large surface and light-weighted devices, especially for 
aircraft manufacturing. Thus, the substrates have to be flexible, 
thin and larger than 10x10 cm². Moreover fabrication processes 

have to be robust and low cost. This proposal highlights 
emerging large-scale lithography which combines high resolution 

and large surface with the nanoimprint technique.  It is also 
cheaper than standard lithographies used in microelectronics. 

Nanoimprint lithography allows easy patterning of organic 
substrates. The challenge consists here in using flexible 
substrates.  It is the sole solution to produce nanostructured 

large surface coating. In order to limit the number of 
technological steps and to reduce the fabrication cost, specific 

patterns (shape, aspect ratio ...) and processes (highly 
directional deposition technique) will be developed.   
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Demonstrators for antireflexion applications will be fabricated on 
Silicon substrates using a new duplication process based on 

nanoimprint. Indeed the structures are very complex and are 
therefore very difficult to achieve directly by standard 
lithography and etching processes. They will be realized once on 

silicon and will constitute a mold which will be duplicated on 
polymer film. This film will be used to reproduce the structures 

into silicon with a specific process.  Electromagnetic or optical 
functionalities will be fully characterized with respects to the 
corresponding wavelength range and compared to numerical 

models. Also, manufacturing issues will be investigated for mass 
production and concerns for reliability will be anticipated.       

 
Partners 

 

LTM 
Dassault Aviation 
IM2NP 

TOSA 
CEA 

ARKEMA 
 

Coordinator 

  
Cécile Gourgon – LTM 
cecile.gourgon@cea.fr 
 

ANR funding 
 

1 005 019 € 
 

Starting date 
and duration 

 

December 2010 - 40 months 
 

Reference 
 

ANR-10-NANO-016 
 

Cluster label  
 

SYSTEM@TIC Paris région  

MINALOGIC 
OPTITEC (ex Photonique) 

 

mailto:cecile.gourgon@cea.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title PATHOS - Perpendicular Anisotropy Materials for 
High-Density Non-volatile Magnetic Memory Cells 

 
Abstract 

 
 

 

The project aims at building the knowledge to fabricate 
perpendicular anisotropy magnetic tunnel junctions, and more 

generally the realization of perpendicular anisotropy layers for 
use as magnetic tunnel junction electrodes or perpendicular spin 

polarisers. The integration of perpendicular anisotropy layers 
together with MgO barriers presents a challenge in maintaining 
both the perpendicular anisotropy and the MgO spin filtering 

crystal structure, at the origin of its high tunnel 
magnetoresistance (TMR) values. Presently there is a clear 

advantage in terms of TMR signal in planar structures, but the 
perpendicular anisotropy approach will be the only viable way to 
go beyond the 35nm cell size. It allows for a better compromise 

between thermal stability and critical switching current density, 
since the reduction of cell size increases the vertical aspect 

ratio, and therefore also the bit thermal stability.  
Simultaneously with the perpendicular anisotropy material 
development, the demonstration of four different concepts will 

be realized. All of them require at least one perpendicular 
anisotropy layer.  1. Low demagnetization planar anisotropy 

MRAM cell, represents a low risk evolution of present planar 
anisotropy cells. There is an expected reduction of switching 
current density by a factor of 5, representing a good shot to 

bring it below the 1E6A/cm² „industrialization threshold‟   2. Spin 
polarised precessional switching MRAM concept aims at the 

highest switching speed, for operation in the GHz range.   3. 
Thermally assisted switching perpendicular anisotropy MRAM is a 
Spintec patented concept to reduce the spin polarised current 

density required to reverse a perpendicular anisotropy storage 
layer.   4. Perpendicular anisotropy MRAM cell concept 

represents a viable prospect for long term MRAM scaling below 
35nm.    The industrial viability of these concepts will be the 

final goal of the project. This will be achieved transferring one of 
these concepts into a full scale industrial prototype, requiring 
also the technology transfer of the necessary perpendicular 

anisotropy materials. The actual integration with existing spin-
transfer torque switching designs is not expected to require 

significant changes. Further design gains will be obtained 
through optimization to the MRAM concept results reducing 
transistor size and overall cell size.   
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The originality of the project is that for the first time these 
concepts are going to be explored in magnetic tunnel junctions, 

and not in full metallic systems as was the case until now. The 
MTJs have much larger magnetoresistance ratios than spin 
valves and the efficacy of the spin injection is greatly improved 

with respect to a Cu spacer. This determines even in planar 
systems a significant reduction of the critical current densities 

for spin transfer torque induced switching with at least a 
reduction by a factor of 10 or 100, going from high 1E7A/cm² in 
metallic systems to low 1E6A/cm² in tunnel junctions systems. 

The development goal of perpendicular MTJs is to reduce this 
critical current density to the 1E5A/cm² range. This reduction 

will translate to a reduction of cell selection transistor and 
improve the reliability of the memory cell because of a lower 

write voltage.     

 
Partners 

 

INAC/SPINTEC  
Crocus 

Néel 
 

Coordinator 

  
Ricardo SOUSA - INAC/SPINTEC 
ricardo.sousa@cea.fr 
 

ANR funding 
 

1 132 449€ 
 

Starting date 
and duration 

 

December 2010 - 36 months 
 
 

Reference 
 

ANR-10-NANO-013 
 

Cluster label  
 

MINALOGIC 

 

mailto:ricardo.sousa@cea.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title PDTX - Active Nanoplateforms for PhotoDynamic 
Therapy 

 
Abstract 

 
 

 

Treatment of glioblastoma multiforme (GBM), a malignant tumor 
of the brain, is one of the most challenging problems. Surgery 

remains the basic treatment in which the bulk of the tumor is 
removed and the peripheral infiltrating part is the target of 

supplementary treatments. Despite advances in neurosurgery 
and radiotherapy the prognosis for patients with GBM, life 
expectancy at five years is not higher than 10%. Gliomas 

treatment by radiotherapy requires high accuracy in delivering 
ionizing radiation to reduce toxicity to surrounding tissues. 

Photodynamic therapy (PDT) offers a localized treatment 
approach in which improvements in local control of malignant 
cerebral gliomas may result in significant improved survival. 

Recent studies have been reported on the application of 
interstitial PDT for the treatment of brain tumors such as GBM. 

Nevertheless, light delivery remains a challenge issue. Only near 
infrared light in the range of 700-1100 nm can penetrate deep 
into the tissue because most tissue chromophores absorb 

weakly in the near infrared window. Unfortunately, most 
available photosensitizers have absorption bands at wavelengths 

shorter than 700 nm. Advances in nanobiotechnology have 
improved the prospects of delivery of therapeutics to GBM. 
Nanoparticles, as vectors, are able to overcome some of the 

problems experienced with conventional methods.    A novel 
approach to GBM treatment is suggested by the combination of 

radiotherapy and PDT, employing scintillating nanoparticles. 
Recent publications and our preliminary results lead us to 
suggest the development of nanoparticles for PDT, excited by 

radiotherapy (standard X-ray from an external corporal energy 
source) for the treatment of malignant cerebral gliomas. Our 

approach will consist in conjugating well adapted photosensitizer 
to the nanoscintillators based on gadolinium oxide compounds 

(Gd2O3:Tb3+, Gd2O3:Eu2+, Gd2O3:Eu3+Eu2+, 
Gd2O2S:Eu3+) which strongly absorb X-rays. When the 
nanoparticle-photosensitizer conjugates are targeted to the 

tumor tissue and stimulated by X-rays during radiotherapy, the 
particles generate light to activate the photosensitizer for PDT.   

The project consists of four phases: 
(1) the synthesis of the core-shell nanoparticles, 
(2) the optimization and validation of the photosensitizer 

conjugation; 
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(3) the Biotarget grafting (peptide grafting) to increase the 
selectivity of the nanoparticle for the cancer cell, and finally 

(4) the in-vitro and in-vivo biological evaluation for the 
validation of the strategy. 
The innovation will involve the use of in vivo luminescent 

nanoparticles so that an external light source is not required to 
generate singlet oxygen (1O2) and support PDT. This new 

modality of PDT will offer the benefits of an improved radiation 
therapy at lower doses of irradiation. Consequently, the 
potential of damage to healthy cells will be reduced.  The 

advantages of this new PDT-radiation therapy using 
functionalized nanoparticles are: 1) two effective treatments 

(radiation therapy and PDT are combined; 2) the modality is 
efficient for deep cancer treatment; 3) the risk of radiation 

damage to healthy tissue is low. Therefore, the radiation and 
photodynamic therapies are combined and occur simultaneously. 
Anatomic MRI using the selected scintillating nanoparticles 

(because Gd is a good MRI contrast agent), will be used to 
precise the extension of the tumor tissue.        

 
Partners 

 

CEMES 
PYLOTE 
LPCML 

NANO-H 
LRGP 

ICMR 
CRAN 
 

Coordinator 

  
Marc VERELST - CEMES 
verelst@cemes.fr 

 
ANR funding 

 

853 558 € 
 

Starting date 
and duration 

 

December 2010 - 40 months 
 

 
Reference 
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Cluster label  
 

Cancer-Bio-Santé 
Materalia (ex MIPI matériaux innovants et produits intelligents) 

 

mailto:verelst@cemes.fr
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title PECSDDeli - Processable intelligEnt  Colloids for 
MucoSal Drug Delivery 

 
Abstract 

 
 

 

The project aims at developing a mucosal drug delivery nano 
system simple to administer and to manufacture, based on safe, 

biodegradable and biocompatible polysaccharides. So the two 
major objectives of this project are :  i) to design a green and 

scalable process of manufacturing colloidal delivery systems 
using no toxic chemicals nor solvent and based on two 
polysaccharides renown for their safety,  ii) to develop a simple 

targeting strategy based on humanized monoclonal antibodies 
aiming at the natural reservoirs of the HIV virus which is our 

model to perform the feasibility of the concept.  The elaboration 
of the nanoassemblies will take place as follows:   - synthesis of 
colloidal PECs of chitosan and dextran sulfate with the objective 

of developing a sound, environmental friendly and acceptable by 
the regulatory agencies, process of manufacturing these 

nanoassemblies of natural products. These colloidal PECs should 
meet the following requirements: submicrometric size, stable in 
physiological medium, modular surface charge, loading capacity 

of low molar mass drugs and macromolecular targeting species;  
- incorporation of drugs or fluorescent dye in the carriers, using 

both PLA particles as model colloids and the colloidal PECs. The 
loading of colloidal PECs with the drugs will be carried out by 
IMP in collaboration with IBCP. Two model drugs will be 

considered: hydrophilic Emtricitabine (FTC) and hydrophobic 
Efavirenz.  - surface functionalization with the targeting 

antibodies provided by partner 4 and intended to fuel WP 4 & 5. 
Partners 1 & 2 involved in this task have already worked 
together in this field and so they have an outstanding 

experience in the adsorption of various proteins onto colloids 
such as PLA particles or colloidal PECs. The determination of the 

parameters that control the binding process as a function of the 
nature of the antibodies and the physico-chemical properties of 

the colloidal interface (surface charge, hydrophobicity, structural 
organization) will provide a sound understanding of the 
functionalisation process, a means to secure and provide 

robustness to the production process.    The targeting strategy 
of the natural reservoirs of HIV will be implemented as follows:   

- elaboration and production of two human IgA monoclonals one 
directed against HIV glycoprotein (gp41 part of gp160), the 
other one against a natural receptor expressed on potential HIV 

reservoirs, a4ß7 integrin.  
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The production technology is proprietary of the SME, B Cell 
Design. To obtain high affinity monoclonals to ensure the 

success of the targeting purpose, the adjuvant capacity of PLAs 
nanoparticles will be used via the other SME partner Phusis.  - 
selection of nanoassembly candidates will be carried out first 

according to a multi step process: 1) using a model cell 
monolayer containing M cells to screen the formulations of 

crossing a simple monolayer; 2) the mouse ligated loop model, 
that maintains the natural homeostasis of the intestinal mucosa, 
to provide improved data on the migrating capacity of each 

formulation; 3) use of a mouse model after oral or enteric 
administration to monitor the specific uptake of nanoassemblies 

in the presence of the natural acidic environment and intestinal 
mucus thanks to the Cell Vizio imaging technique; 4) use of 

cynolmogus macaques for the final selection of nanoassemblies 
candidate by sampling intestine biopsies and confocal analysis 
co-localization.  - evaluation of the specific targeting of HIV 

infected cell by the nanoassemblies screened above i) first, in 
vitro on HIV-1 infected cells ii) second, on SHIV infected 

cynomolgus, after enteric administration and monitored by 
imagery tools. The final objective is to demonstrate the 
feasibility of our targeting strategy for addressing in dedicated 

cells significant amount of ARD through the mucosal 
administration of smart nanosystems.          
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« P2N » programme 
 

YEAR 2010 

 
 

 

Project title PHEMTO - Thermal Femtosecond Phenomena And 
Metrology 

 
Abstract 

 
 

 

The main goal of this project is to develop a new instrument to 
fulfill an urgent need in the field of thermal characterization at 

short space and time scales. This will permit, for the first time, 
to locally characterize thermal conduction in nanomaterials at 

sub-micron spatial and sub-picosecond temporal resolution, for 
applications in fields such as microelectronics and renewable 
energies.     The proposed instrument combines a pump-probe 

femtosecond laser technique with a solid immersion lens 
confocal microcopy. The first feature is a sub-picosecond time 

resolved photo-thermal microscope in point measurement mode 
with sub-micrometer resolution. Thermoreflectance (TR) is used 
to measure surface temperature variation induced by a pump 

beam. From TR we can also extract information about nanoscale 
features contributing to heat transport, which can be contrasted 

with theoretical simulations, to yield a deeper understanding of 
phonon propagation in novel nanomaterials, such as 
superlattices, self-assembled quantum dots, hot spots etc. 

Simultaneously, the instrument will map the sample surface in 
X-Y scanning confocal mode, to measure the thermal and 

thermo-elastic fields with sub-micrometer resolution.    An 
essential originality and innovation of this project is the 
development of an instrument combining heterodyne optical 

sampling techniques with solid immersion confocal microscopy. 
This heretofore unrealized combination allows for quantitative 

internal thermal evaluation at sub-micron resolutions, and the 
availability provided by the open user platform will benefit many 
collaborators in the field.    The foreseeable scientific and 

technical challenges are: 
 - Enhancing the time resolution performance of the T-Pulse Duo 

heterodyne optical sampling system. 
 -   The severe limitations of optical sensors in terms of amount 

of transmitted light for transmission of optical energy and 
collection efficiency in reflection mode can be overcome by 
development and use of solid immersion optics. 

-  Fabrication of micro solid immersion lenses integrated into a 
confocal microscope is not feasible using classical micro-

machining techniques. We will solve this point by using top-
down lithographic and chemical methods available in the 
MIMENTO Technology Center of Besançon. 
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 - Amplitude and phase information are necessary for the full 
determination of thermal conductivity and interface resistance of 

various materials in studied heterostructures. Interferometer-
based thermoelastic imaging will be employed to collect the 
phase dependent part of the signal.    Scientific, technologic and 

economic spin off:    This large instrument, to be installed on the 
platform of the RTB in Besançon, meets industrial needs in 

terms of thermal characterization in short space and time scales. 
These needs are clearly expressed in the letter of support for the 
project to the folder (STMicroelectronics).   Moreover this project 

is in phase with the strategic domains of the platform RTB in 
Besançon (Micro-nano Acoustics and Micro-Nano Optics).    

Innovations are expected in the field of confocal microscopy at 
very high resolution especially with the development of a solid 

immersion optics that could give rise to a patent at the end of 
the project.   The work of CPMOH will be recovered through the 
exploitation of its patent by AMPLITUDE SYSTEMES but also 

enhanced by the use of its findings on thermal characterization 
which will be widely used by the instrument installed in the 

platform of Besancon. This project will therefore enable 
AMPLITUDE SYSTEMES a French company to position itself very 
clearly on this high-tech instrumentation by offering technical 

heterodyne optical sampling system last generation. The models 
and programs used for identification of thermal properties of 

nanostructured materials developed by the CPMOH could 
eventually be integrated into the programs package used in the 
potential industrial instrument.                  
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« P2N » programme 
 

YEAR 2010 

 

 

Project title PIGE - Giant piezoresistance in silicon structures 
for microsystems 

 
Abstract 

 
 

 

Piezoresistance (PZR), the change of electrical resistivity with 
an applied mechanical stress, is well known and was first 
measured in silicon almost 60 years ago. In addition to 

revealing details of the band structure, PZR is exploited in 
stress sensing applications. Recent literature shows an 

increasing interest in PZR-detected micro- and nanosystems 
movements. In most cases it is desirable to have the largest 
sensitivity possible, preferably in silicon-based devices. 

However the PZR coefficients in silicon cannot exceed -104 x 
10-11 Pa-1.  While sufficient for many applications, this is too 

small for others including those addressed below. Recent 
reports of “giant” PZR have therefore been hailed as offering 
a way over this barrier.  

GOAL 1: understand giant PZR of silicon nanowires. In 
this case the origin of the effect remains unclear and has 

been attributed to either a quantum mechanical effect or an 
electrostatic surface depletion effect. It is our intention to test 
the electrostatic model via PZR measurements on silicon 

surface depletion layers. 
GOAL 2: investigate 2-terminal enhanced PZR. Recently 

the PIGE partners reported an enhanced PZR in artificially 
structured 4-terminal silicon resistors. 4-terminal devices are 
difficult to integrate with standard electronics and have 

reduced sensitivity. The general concept, stress-induced 
current switching away from a metallic short circuit, could be 

valid for two-terminal devices at offset stresses of the order 
of several hundred MPa. In this case, large incremental PZR 
coefficients should be possible. The idea will be tested on 

silicon in a mechanical press. 
GOAL 3: demonstrate the utility of these approaches. 

We will develop a process to integrate sensors based on one 
or both of these concepts onto membranes or cantilevers. The 

resulting devices will be compatible with two specific 
applications: i) all-electrical AFM and ii) silicon membrane 
pressure sensors. Evaluation of prototype performance will be 

via comparison with current state-of-the-art devices. 
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« P2N » programme 
 

YEAR 2010 

 

 

Project title QUASANOVA - QUAntum Simulations and 
Assessment of NanOdeVice Architectures 

 
Abstract 

 
 

 

During more than four decades, the scaling of the transistors 
induced an improvement of their performances. However, it is 
unanimously recognized that new architectures will be 

necessary to reach gate length of the order of 10 nm as 
planned in the next generations of transistors. In this context, 

the development of new simulation tools capable of guiding 
the semiconductor industry towards the most suitable 
architecture constitutes one of the essential issues in the next 

few years. The device modeling became then a very 
competitive domain at the international level. Recently, 

several theoretical approaches capturing the quantum effects 
were developed, among which that of the non-equilibrium 
Green‟s Function. Even if these approaches still miss precision 

in the description of few effects, they have reached a degree 
of maturity allowing relevant confrontation with experimental 

data. This project proposes then for the first time a 
comparison between the most sophisticated theoretical 
approaches (i.e. based on non-equilibrium Green‟s function 

formalism) and experimental measurements performed on 
transistors at the state of the art of the CMOS technology. 

The final goal is to analyze by means of models 
experimentally validated, the limits of the nanowire transistor 
performances and to estimate their possible advantages over 

planar FD-SOI (fully depleted Silicon On Insulator) devices. 
We will then investigate the challenges to face for these two 

architectures by help of a consortium which merges 
complementary expertises ranging from simulation/modeling 
to fabrication and characterization of devices.  The collective 

effort of partners will be devoted to address the following 
issues:    (i) influence of the Si/SiO2 interface, (ii) influence of 

the electron-phonon coupling, (iii) study of hole transport: p-
type transistors, (iv) experimental data: characterization of 

FD-SOI and nanowire devices at the state of the art of the 
CMOS technology (gate length from 10 to 20 nm), (v) 
comparison of the FD-SOI and nanowire architectures based 

on the theoretical models.    We will progressively develop a 
three dimensional “experimentally validated” quantum 

transport modeling tool. It will allow to improve the analysis 
of the current characteristics and will be of a great relevance 
to optimize the architectures of the next generations of 

transistors.   
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QUASANOVA project offers a natural means for fusing the 
expertise of different groups which could lead to 

breakthroughs in the understanding of nano-transistors as 
well as providing novel tools for the simulation and the design 
of nano-transistors for the next generations circuit and 

system applications. 
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« P2N » programme 
 

YEAR 2010 

 

 

Project title THERMOSPIN - Bistable nanoparticles for thermal 
imaging at a high spatial and temporal resolution 

 
Abstract 

 
 

 

This fundamental research project aims at developing thermal 
nanocharacterization techniques with a high spatial and 
temporal resolution based on the use of bistable nanostructured 

molecular materials with predictable and controllable physical 
properties. This bistability is accompanied by a spectacular 

change of various physical properties (magnetic, mechanical and 
optical). Depending on the size and the composition of the 
molecular materials, the thermally activated spin state switching 

can occur with a rate from the nanosecond to the microsecond 
(around room temperature) enabling a very fast temperature 

characterization. In this project, metal nanowires, Joule-heated 
under various current injections in terms of amplitude and 
frequency modulation, will be used as thermal sources to 

explore a wide range of spatial and temporal windows and to 
validate the proposed techniques for solid and liquid phases.     

Three major challenges will be considered to attain on-chip 
single nanoparticle detection to reach the targeted spatial and 
temporal resolution (less than 100 nm and a few hundreds of 

nanoseconds): 
(i) Synthesis of molecular probes and fabrication of metallic 

nanosources along with their concomitant use to design 
functional thermal nanodevices : 
•    Bistable molecular probes will be synthesized as 

(re)dispersable nanoparticles with controlled size, shape, 
composition, surface chemistry and physical properties. The 

nanoparticle synthesis will be carried out by different methods 
including the use of capping ligands, surfactants, polymers and 
host matrices. The nanoparticles will be characterized using 

static and time-resolved spectroscopic methods. 
•   Metallic nanowires will be fabricated by e-beam lithography 

or metal electrodeposition into porous membranes. In the latter 
case, dedicated assembly techniques, based on dielectrophoresis 

or capillary-driven flows, will be used to obtain functional 
nanowires-based thermal nanodevices. 
 •   The molecular probes will be attached on the surface of 

metallic nanowires for thermal characterization in solid phase 
using directed assembly methods. Alternatively, colloidal 

suspension of molecular probes will be used for thermal 
characterization in liquid phases. 
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(ii) Modeling and simulation : 
 •   Physical properties of nanostructured bistable molecular 

materials will be simulated using microscopic elastic models on 
account of the elastic origin of the inter-molecular interactions in 
these materials.  •   Heat transfer within metallic nanowires in 

steady-state and transient regimes for solid and liquid phases 
will be obtained both from analytical approaches or finite 

element methods.     (iii) Thermal nanocharacterization :  •   In 
a first phase, fluorescence techniques will be developed by 
taking advantage of the fluorescence quenching effect which 

takes place within a given range of emission wavelengths for 
fluorophores in the presence of bistable molecular materials 

during spin transition. It is interesting to note that in many 
cases one can observe spectral changes in opposite directions 

within the same material (depending on the probe wavelength) 
providing thus a straightforward way for two-color 
measurements. In order to achieve single-particle detection we 

will design systems with efficient (resonant) energy transfer and 
implement state-of-the art detection techniques (colloidal 

lenses, FCS).  •   In a second, complementary approach, surface 
Plasmon resonance (SPR)-based detection techniques will be 
employed. To this aim, core-shell systems comprising a nobel 

metal (Au, Ag) core and a bistable shell will be designed, which 
are expected to display intense light scattering  with strong 

temperature dependence.  •   In parallel, thermal 
characterization based on electrical measurements will be 
performed to get additional information on the transient regime.   
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