- o
AR e

s 8 =B

MODELISATION,
EXPLORATION DES MATERIALX
[ X J

1,15 [€ts/30min])

qy(nm™*)

ofb-=-=-r--

Université
Grenoble Alpes

Self-assessment document
Research Unit: MEM — UMR_E9001
Modeling and Exploration of Materials laboratory




e“\ng 9

.f;': v :‘;/’2
UMR MEM self-assessment document ==
JP )

This activity report is the self-assessment document for the evaluation campaign 2019-2020 group A of HCERES.
The visit of the HCERES committee was on Tuesday January 7, and Wednesday January 8 2020.



e"\\’\9 9,

'Z:L‘ ;EE UMR self-assessment document
2,00
Year@

,
A
=
S
L)
N

Research Unit
Self-assessment document

EVALUATION CAMPAIGN 2019-2020
GROUP A

GENERAL INFORMATION

Name of the unit concerned by the current contract: Modélisation et Exploration des Matériaux
Name of the unit concerned by the next contract (if different):

Acronym of the current contract: MEM

Scientific field (hame two fields if interdisciplinary evaluation): Sciences and Technology (ST)
Scientific sub-domains (in Hcéres' nomenclature) in descending order of importance:

ST2 (Physics - ST2_3: Materials, Structure and Solid-State Physics)

ST4 (chemistry - ST4_1: Theoretical and analytical chemistry)

ST6 (Information and communication technology sciences - ST6_1: computing)

Director for the current contract: Francois Rieutord

Director (or project leader) for the next contract: Thierry Deutsch

Type of application:
Identical renewal Fusion, scission, restructuring O Ex nihilo creation O
Academic institutions and dffiliated organisms:

List of Institutions and Organisms supervising the Research Unit for the current and next contract:

Current contract: | Next contract:
CEA | -CEA
UGA | -UGA
| - CNRS

Choice of the research unit’s interdisciplinary evaluation (or of one or more in-house teams):
Yes O No
Clinical research activities:

Yes [ No
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THE UNIT: MODELLING AND EXPLORATION OF MATERIALS (MEM)

1- Presentation of the MEM unit

History, localisation of the unit

The MEM laboratory has been created on the the first of January 2016. MEM stands for Modelling and Exploration
of Materials (Modélisation et Exploration des Matériaux). The MEM laboratory (“service” in terms of CEA structure)
aimed at grouping together different teams whose common point is fo be centred on a given experimental
technique, or class of techniques. It fits in the “recherche fondamentale et instrumentation associée” and in the
“Large facilities (TGIR)" programs (*mailles”) of the CEA. The initial and present mission of the teams is to be
expertsin their field, pushing the techniques to the forefront of current developments, for the benefit of the other
labs within the institute (INAC at the beginning, IRIG now) or more generally for the CEA or the French
community. Hence the MEM teams "DNA" includes collaborations with other labs and institutions, to have them
benefit from the methodological developments carried out in the lab. The CEA name for laboratory (="service”)
hence fully deserves its name for our activity. Although MEM researchers do have specialties in certain physics
or chemistry areas, or on certain class of materials, their main driver is not based on a specific theme or class of
materials but rather on an experimental or modelling technique. Most researchers have a material science
background.

Most of the teams were initially (ie before 2016) within the SP2M service, and their contour has not changed
when included among the MEM service. The neutron tfeam MDN came from SPSMS. Hence the two “solid state
physics” labs SP2M and SPSMS were reorganized into Pheligs and MEM services. In addition, the NMR team of
the SCIB laboratory (now SYMMES) joined the MEM also.

The location of the different teams is spread over the polygone scientifique, due to the different locations of
theirinstruments. This ranges from the EPN campus (ILL for neutrons and ESRF for synchrotron), then at C5 building
for part of the NMR team, the SGX and LSIM laboratories. Service headquarters and secretaries are located in
C5. Finally, part of the NMR (DNP) team and the electron microscopy team are located in Minatec to share
insfruments with LETI and LITEN teams. Of course, such a spread location within a research unit is not ideal for
cross team collaborations, but the common preoccupations of our rather specific activities brings some
intellectual proximity between team leaders and members.

Structure of the unit

As mentioned, each team is centered on a given experimental technique or class of techniques:

-the L_SIM laboratory bears the modelling part of the research unit: they are specialized in developing
ab-initio simulation codes based on Density Functional Theory (DFT) or other techniques. They develop
specialized codes (e.g. BigDFT) well-suited for material and device simulation.

- the LEMMA (Laboratoire d'Etude des Matériaux par Microscopie Avancée) groups researchers experts
in electron microscopy and ions techniques. They use the state-of-the-art Transmission Electron Microscopes of
the PFNC (PlateForme NanoCaractérisation de Minatec) to develop techniques to study at high resolution the
structure, composition and strain in nanomaterials. Important to mention is the development of ion slicing
technique based on FIB (e.g. FIB SEM tomography).

- the MDN laboratory groups researchers operating or using (among others) neutron diffractometers or
friple axis spectrometers for investigating magnetic structures and excitations. Our instruments are operated as
CRG instruments at ILL, in collaboration with the JUhlich Forschung Zentrum. Some of these instruments were
inifially installed on the CEA Grenoble research reactor Siloe, and then transferred (1997) to ILL as CRG (e.g.
external) instruments.

- The NRS team has a similar history. It was set up at the construction of ESRF in 1993 to group CEA
researchers that would operate with CNRS colleagues French CRG beamline at ESRF. Most of the researchers
are specialized in the study of nanostructures and in surface and interface grazing incidence techniques.

- The RM (NMR) team groups experts in NMR for the study of materials. The tfechniques range from
standard NMR spectroscopy (solid and liquid) to relaxometry and hyperpolarization technique such as DNP MAS
NMR. The team has developed in collaboration with the low temperature service (SBT) unique setups for DNP
at very low temperatures.

- The SGX group includes many lab X-ray instruments to be used on a daily usage by researchers from
the institute — Their equipment and competence include high resolution X-ray scattering, small angle scattering,
reflectometry, powder and single crystal diffraction.
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Unit's workforce and means

The research unitis a common CEA-UGA research unit, with a large dominance of CEA members (95%).
Our unit includes only 3 assistant professors from the University (1 being presently detached to ESRF). Hence the
evolution of workforce within the unit is determined by the general trend within the CEA fundamental research,
i.e. little or no recruitments and consequently, a decrease of the global workforce.

Same statement can be done for the financial means. The funding at CEAs full cost, i.e. includes salaries
of permanent people. Unfortunately, the constant reduction of this funding with a small decrease of the number
of workers has resulted in a deficit between dotation and fixed expenses. Hence the laboratory can only rely on
external resources to

1) Compensate for the lack of resources for salaries and fixed expenses (network, fluids, electricity,

office building), typically 500k€/y.

2) Getsome means to carry out research activity and maintain equipment (lab running, investments,

etc...)
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m Flux entrant CEA
4 =il = Recette externe
& _Sub N10 = personnel| pra—
- N
3l
ol
< E
= 2 2
— 49
17 H
H |
0 2014 ‘Dzms 2016 ! 2017 ! 2018 0 T T )
30 40 50 60 70
Age
Budget evolution (revenue only). Blue is the permanent
personnel budget allocation, red is the lab income Age distribution of the MEM (permanent staff). Average is

managed by CEA (e.g. large facility instrument funding, 52.
contracts managed by other labs (ex: DRT) with funds
fransferred to the lab, or direct CEA programs) and green
is direct external income (Europe, ANR, efc). Depending
on the success fo different calls, these numbers may vary.

Being a fundamental research lab, income possibilities to funding agencies are very competitive and
this put every researcher in the lab under high pressure for funding. The present level of income (estimated on
the 5 year basis) does not allow a large enough self-financing capacity. This has been confirmed in several
instances: when instruments break out after a long working lifetime, there is no or little possibility to renew or
replace them, except for very specific actions that are difficult to anticipate.

The same statement can be made for staffing. Only one person has been recruited during the 5-year
period considered here (note that the recruitment of an ERC grantee is under way at the time of writing) while
we experienced a few departures (4 +1[June 19]). Consequently, the age distribution shifts constantly with a
2019 average around 52y. Undoubtedly, this is a serious problem ahead.

Scientific policy

As the research unit was non-existing during the previous evaluation, we can only rely for the unit on the
evaluations in individual teams. The creation of the MEM laboratory was a response to fry to better organize the
institute (INAC at the time), grouping together teams that, contrary to classical labs, are not centred on a given
scientific issue or material but act more on technical developments to improve scientific instruments. The idea
was also to share common problems and allow more easy material investigation and problem solving using
mulfiple techniques. The easier sharing and access to large and expensive instruments fo a wider community
was part of the idea in the MEM creation.

The two drivers for MEM are thus to:

-provide the community (institute, CEA, France) with state-of-the-art instruments and expertise covering most
of traditional material investigation techniques

12 Evaluation campaign 2019-2020 — Group A
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-develop a few specific very advanced techniques to remain at the forefront of material investigation.

The different fechniques made available to the community by the MEM lab are

Electron Microscopies where a unique suite of instruments is available thanks to the Minatec
Nanocharacterization platform. It includes aberration-corrected transmission electron microscopes. The
expertise developed on these microscopes concerns strain measurements, chemical analysis and 2D materials.
The lab expertise includes also ion etching and analysis techniques and significant developments have been
carried out using the combination of focused ion beam (FIB) and scanning electron microscopy (SEM) into a
powerful tomography technique. Limited manpower and financial means have led to a shutdown of the
medium energy ion scattering instrument (MEIS), which has been fransferred (01/2017) to another laboratory
(IN2P3, Lyon).

Ab-initio modelling with a large material expertise. The group has expertise in ab-initio code
development and applications. This is used to investigate and predict material properties, such as structure,
defects or excitations. Code development and implementation on HPC are still actively pursued. One new
significant evolution in the group themes is the silicon CMOS spin qubit modelling, which is key for a possible
quantum computer development using silicon technology.

Synchrofron and more generally X-ray scattering are also strong components of the lab with the NRS
and SGX teams. These labs specialize in micro- and nanostructure characterization. The synchrotron team
provides personnel for the running of CRG beamlines, essentially centred on the BM32 “interface” beamline. The
completion of the new UHV surface diffractometer allowing in-situ growth investigations has been achieved
thanks to an Equipex funding. In the lab, new high resolution and powder diffractometers have been installed.
The new EBS source of ESRF presently under construction will set new challenges to the team.

The neutron scattering group host researchers involved in some French CRG instruments at ILL. They
speciadlize in magnetic material studies, both for static structures (D23) and magnetic excitations and lattice
dynamics (IN12 and IN22). The instruments are now fully open to the community, and many science
collaborations are very active and productive around these instruments. The future shutdown of the French
neutron source Orphee (end of 2019) will also put large expectations from these few French neutron instruments.

The NMR team groups experts of the technique. In addition to classical solid or liquid NMR, mostly
applications- oriented, a strong development of low temperature (<100K, He cooled) Dynamic Nuclear
Polarization is being carried out in the team with the help of the low temperature laboratory (SBT). A key
contribution and recognition to this work is the ERC grant allocated to Gael de Paepe. A new low field
relaxometer is also being developed in the lab.

The different teams of the MEM lab, although working on different themes and often in different fields share a
common strategy for their development. Due to the very large cost of the instrumentation, most instruments
have to be shared and financing can be born only by a rather large community. As a counterpart, the
instruments have to be opened to this community with a necessary service to the community members. The
range of the service to community users depends on the instruments. It is typically the institute (formerly INAC,
now IRIG) for smaller instruments (lab X-ray diffractometers, NMR spectrometers, and electron microscopes) but
extends to nation-wide and international service for synchrotron or neutron beamlines. The intra-institute service
model follows different cost sharing agreements between teams and labs: direct cost sharing of experiments
(NMR), lab cost sharing (SGX) or institute cost sharing (LEMMA). The nation-wide service at ILL and ESRF includes
external funding (included in the CEA-managed part, red bars on budget graph). Beam time distribution and
management in this case is done through program committees and different coordination structures: “Structure
d'exploitation”, “Fédération Francaise de diffusion neutronique” with participation of other research institutions
(CNRS).

Parallel to this service part, researchers in MEM have to develop their own research usually pushing the current
techniques to their ultimate limits and demonstrating the benefits of new techniques. Developing cutting edge
techniques is also necessary to build successful research projects that could allow the financing of these new
or better instruments.

At the CEA, there is no statutory separation between engineers and researchers that could correspond to the
service and research types of activities. As a result, most people in MEM carry out the two duties. Although the
two activities enrich each other and bring lots of openings and collaborations, aiming at these two objectives
at the same time puts generally a high level of pressure on researchers, especially in a context where the overall
manpower is decreasing and most activities are understaffed. In particular, there is a lack of support personnel
(e.g. technicians) considering the high technical level of most of our activities.
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Our scientific strategy at MEM has been to favour as much as possible cross team actions to work against
isolation and separation, while remaining on institute and CEA themes. Among these themes where internal
interactions have taken places one can cite

2D materials - These materials represent challenges to observe them and to characterize their structure
and defects. The lab is able to study these structures that include very few atoms using advanced
microscopy fechniques and synchrotron X-ray diffraction. The specificity of modelling these structures
has also been tackled within the L_Sim lab.

Semiconductor materials: in the institute and in the Pheligs lab, a number of material growth instruments
are available, and these are used to grow semiconducting sfructures. The strain inserted in these
structures modifies the band structure and hence the opto-electrical properties of these compounds.
Here again, modelling the property changes of the structures upon stress is a challenge.

Batteries and specially Lithium batteries are promising material for energy storage e.g. for electric
vehicles applications. Our structure and spectroscopic tools (electron microscopy (TEM, EDX, EELS) ,
synchrotron radiafion (Small and Wide X ay scattering , X-ray Raman absorption spectroscopy,
tomography) , and NMR are key tools to investigate both bulk materials and interfaces in these
electrochemical systems.

2- Presentation of the MEM unit’'s research ecosystem

Most of our production consist of research papers. Overall both quantity (3p/y/researcher) and quality of
research papers are good for the lab. Many of the papers are obtained in collaborations. The main
collaborations are with other labs within former INAC (about half of our publications). As for external
collaborations, Institut Néel and LETI/LITEN institutes are our main collaborators and correspond overall to also
more than half our publications. (See Fig).

Pheligs

CNRS

Symmes

Collaborations with labs external from the institute as
measured using common publications. A full circle
corresponds to about half of our publications.

Collaborations with labs within the institute. Here
again, a full circle corresponds to about half of our
publications.
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The MEM lab is a joint unit between CEA and UGA including only 3 assistant professors from the UGA. The lab is
attached to the PEM pole of research of the University. Different LAbex are active in the Grenoble area and our
lab is mainly affiliated to the LANEF and GANEX labex and to a lesser degree to the ARCANE Labex (bio-inspired
chemistry). The labex LANEF have confributed to equipment financing (e.g. the high resolution SmartLab™
diffractometer for LANEF) and conftribute to full- or half - PhD fellowships.

The NRS and MDN teams are in close collaboration with ESRF and ILL facilities. As a matter of facts, collaborators
from these teams are totally or partly hosted on the EPN campus, a few hundred meters away from the CEA
campus. The relations with these large facilities are excellent and based on a long-standing mutual knowledge.
However, our tfeams should contractually operate the instruments on an independent and stand-alone basis,
and no contractual assistance from these international institutes is due to our feams. Yet, some of our instruments
are unique and of interest to the international community so that exchange and collaboration between experts
of both sides is frequent. Many of our PhD students have been hired by the ESRF and our tfeams often act as go-
betweens the local academic or school system and these international large facilities. Note that the proximity
of these large facilities brings some visibility to our activity, because we can benefit from their size and
organization. However, their aftractiveness as international facilities causes also some drain of manpower and
competences from our lab.

Most of the personnel belongs to the CEA and very close collaborations exist with the otherlalbs from the institute,
mostly Pheligs (most of the teams from MEM and Pheligs were initially in the same lab SP2M) and also SYMMES
(formerly SPraM).

We have also significant collaborations with industry, either for insfrument manufacturing (Bruker, FEl) for joint
development of methods, or for the applications. This collaboration takes the form of contract studies,
collaborator sharing (KAO), or involvement in common labs (FEI, SOITEC...). This represents significant income
for the running cost of the instruments.

It should be mentioned also that, in addition to professors and assistant professors, a few CEA researchers from
the unit are involved in teaching tasks. This includes practicals in the Hercules and ESONNS schools and teaching
in some classes at master level. We do also practicals in the CESIRE (L3/M1 level). Many of the lab supervisors
and students are related to the doctoral schools “Physique” and "Chimie et Sciences du Vivant”. Note that
both the founder, director and study director of the Hercules international school are/have been members of
the MEM lab. Here again, the lab members play a key role at the interface between the large facilities and the
local educational university system, contributing to the international visibility of the university.

3- Research products and activities for the MEM unit
Scientific track record

The track record of our scientific activity is of good quality and quantity

Overall, the lab publishes typically 100 scientific papers per year which averages to more than 3 papers/
researcher/year not considering the separation between engineer and research work (typically the lab counts
less than 30 full time researchers). The impact factor is of high quality with typically more than 20% (117/515) of
publications with impact factor above 7, including Phys. Rev. Lett., JACS, Nanolett, Nature group publications
etc. We refer the reader to Annex 4 and individual team reports to have a detailed view of our science
highlights. The publication track record of the different teams is of course different depending on their core
activity and their balance between service duties and own research. The lab has many international
collaborations and about half of our publications include a member of a foreign laboratory.

Among the science themes that come often among our scientific highlights, one should cite 2D materials
(studied using TEM, X-ray or Simulation), silicon or other semiconductor nanostructures (TEM, X-ray, simulation ...),
energy storage systems as e.g. Li batteries (TEM, FIB SEM X ray NMR, Simulation).

As mentioned, most MEM researchers do not carry by themselves a focused research activity but work within
collaborations. Yet, when the experimental or simulation techniques plays a key role, several publications or
research contracts are also led by MEM researchers. As an example, 2 European research contracts ERC have
been obtained for the MEM lab (one by G. de Paepe on DNP, and another one by MI Richard, a former PhD
student and close collaborator, under recruitment in the lab at the time). Other research contracts have been
obtained, with a MEM researcher as a main proposer.
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Experimental work and findings lead also to patent filing. Methodological developments have led to several
patent filing (e.g. about the development of low temperature DNP NMR instrumentation) and our expertise

gained on some material properties (often in collaboration with applied research) has also led to patent filing
and licensing, especially in the semiconductor material area (e.g. GaN or SOl structures).

4- Organisation and life of the MEM unit

Steering, life, organisation in the unit

The direction of the unit is the interface between the lab and the institute where most personnel issues are
freated for CEA employees (career, perks, bonus efc.). So, an important role of the director is to discuss with the
different team leaders and institute responsibles to ensure a fairest evaluation of lab members. Regular meetings
and discussions with team leaders have been carried out (1/month) and consensus decision making has always
been reached, thanks to a cooperative spirit that has been set up within the lab. Being a small lab, direct
interactions between unit members are easy. Formal meetings (twice a year) of the Conseil d'Unité including
representatives of the different categories of workers is another place where problems can be discussed.

The different locations of the different teams, from Minatec to EPN campus is of course a factor that does not
favor day-to-day "coffee-machine” interactions, or interactions between the direction and the teams. We set
up “prospective” meetings within each team to review their activity and discuss the team strategy. Other team
leaders or members are invited to these day-long exercises. These tfeam meetings are organized at the location
of another team (e.g. at EPN campus for Minatec based teams) allowing cross inferactions between team
members around instruments at the end of the day.

Parity, scientific integrity, health and safety, sustainable development and environmental impacts, intellectual
property and business intelligence

Being largely a CEA structure hosted on a CEA cenfre, little specific actions could be undertaken at the lab
level.

On gender issues, being essentially a material physics lab, we have a small number of female colleagues (12%).
Yet 2 out of 6 team leaders are women, and the recruitment of an ERC-grantee Marie-Ingrid Richard should
improve our statistics. We welcome of course female PhDs and Postdocs, and the ratio is higher than for
permanent people.

No specific scientific integrity policy is conducted at the lab level but there are at the CEA several control steps
(e.g. "autorisation de publication”) that could contribute to avoid misconducts. The evaluation of personnel at
the CEA includes many aspects and we try to focus on time-averaged global evaluation reducing the pressure
on individuals to obtain very high impact results in short times.

We welcome PhD and postdoc students in our lab and we are committed to giving them a good training. Due
to our service activity, and dependence on schedule of large instruments, this task may sometfime be
complicated. As a consequence, the average number of PhD fully attached to the lab is rather small.

Health and safety are essentially taken over at the institute or above level. Specific actions on RPS (“Risques
Psycho-Sociaux”) have been carried out with the safety engineer, medical services and management, with
meetings to allow personnel to express their concerns and problems. The high workload on personnel (e.g. on
large facilities) is a key factor for stress and is taken very seriously by the management.

Ourlabincludes disabled people and we of course take part in the specific actions carried out at the employer
level on this subject (training of management, adaptation of workstation, medical equipments...)

For sustainable development and environmental impact, again, this is treated at the centre level. Financed at
the lab level is the installation of closed cooling loops to avoid use of industrial water (for lab X-ray generators).
The use of closed loop refrigerators for low temperature cooling is also favoured whenever possible. A number
of lab and team bikes (>10) are available to facilitate displacements between the different teams, with a free
maintenance of bikes at the centre level.

Most teams in the lab have industrial contracts, and are aware of problems associated with intellectual property
and business intelligence. We benefit also from the action taken at the centre level. Since CEA-Grenoble is
driven by the Technological Research Division, these issues are very present in the safety and security actions
taken at the centre level.
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Five-year project and strategy of the MEM unit

SWOT analysis
Strengths Weaknesses
Good scientific production Low level of support staff especially for service
activity
High level of complementary expertise
Small teams

Unigue instruments
Aging instruments
Large variety of income sources (Europe, France,

Industry) Aging staff (52y)
Weak level of funding for running/ renewal of
instruments

Opportunities Threats/Risks

Central role of Grenoble in TGIR (new source EBS @ Retirement of staff/loss of competence
ESRF), new program at ILL
Instrument breakdown
Extension of the institute to new domains (Biology)

Recognized importance of simulation/ data policy in
new programs

Structure, workforce and scientific orientations

Structure
"Coping with the drought of financial and manpower resources”

The perspective of a much-improved situation for funding or staffing in the years to come seems quite unrealistic.
As a consequence, we believe that strategies to cope with reduced funding and staffing should be carried on.
These include pooling of equipment whenever possible, and facilitating personnel movements between
structures and labs. Our long-standing collaborations with CNRS personnel in our different teams lead us to
consider that having the CNRS as a supervising institution would ease a lot the common work on our instruments,
avoiding situations of CNRS personnel that would find themselves isolated in their host lab. This would allow a
recognition of their conftribution to the common work. Most large facilities can be operated on a national basis
only and having a lab that is able to smoothly integrate people from both CEA and CNRS institution (in addition
to University) would certainly be a win-win operation. Note that at the moment, many of our CNRS collaborators
belong either to Institut Néel or to the Spintec/Symmes CEA/CNRS labs, with whom relations are excellent.

Scientific orientation
"Coping with data deluge”

Simulation, modelling and data mining are expected to play an increased role in research and development
and this is true for material research also. The creation of the L_Sim team specializing in this type of research,
several years ago, has been visionary and we now have to try better benefit from their presence and knowledge
in the lab. Simulations can of course be used (or are mandatory) to analyse experimental results. This is true e.g.
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for NMR where DFT codes are routinely used to calculate spectra. This is tfrue also for other spectroscopic
measurements with electrons or light (e.g. Raman) where bandgap calculations are necessary to experiment
interpretation (EELS or Raman).

To develop, optimize, benchmark and run its codes, the lab (within the L_SIM) has developed a recognized
expertise in high performance computing. This competence should be key for other teams also: we observe on
some techniques that, due to large and fast detectors, the amount of raw data produced during an experiment
can be quite large. High performance computing (GPUs, neural networks...) may be needed in some instances
to cope with these large data volumes and allow experiment driving in real time. This includes the use of efficient
tools and algorithms which have been developed for simulation purposes and that could be used for data
freatment also (e.g. wavelet transforms). An increased role of arfificial inteligence and machine-learning based
software is also expected (pattern recognition etc)

This may also influence the way we provide service to the community, as we may now need to include provision
for specialized data treatment tools (software and hardware) probably as cloud services: SaaS laaS Paas!.
Specific support for data treatment is already done today (e.g. The LaueTools suite) but this will be amplified in
the future. New operating models have to be defined and proposed (Notebooks, Containers...)

Data policy of public funded institutions requires that we comply to a number of rules in our data management,
including metadata supply. Research programs aiming at screening material properties using big data and |A
tools are deemed to develop in the years to come. The role of aim-specific experimental research has to be
maintained though and proper database feeding in material science carefully considered. Experience from
biologists now in the institute (IBS) e.g. on protein structure database management and contribution may be of
interest to material scientist.

"Complementarity and coherence”

Finally, we hope to pursue cross team researches where the lab can bring its complementarity of different skills.

On 2D materials, the collaboration that was initiated within the “2D factory” CEA program, could be pursued.
Emphasis will now be put on the material processing and use of 2D membranes. Some actions have been taken
in collaboration with DRT, since these materials may now be ready to enter practical usage. Research has been
engaged on the transfer of these layers between substrates, based on the bonding and fransfer expertise
gained in silicon. The use of 2D layers as membranes for the study of confined fluid flow is also a perspective of
collaboration with other labs, in parallel to pores in biological membranes that are studied in the new insfitute.

The NMR X-ray complementarity has been demonstrated in several instance (battery material, hydrogen
storage, perovskites...), with standard short range order/ long range order complementarity. The gain in NMR
sensitivity brought by DNP may allow this type of studies to be done on interfacial layers, in complement to
grazing incidence X-ray techniques. The complementarity in the methodology may also be developed around
experimental techniques like ptychography, where oversampling is used to ease inversion of coherent
scattering patterns. New instruments (ESRF EBS and Low voltage aberration corrected TEMs) are the triggers for
these developments.

The recent inclusion of the lab inside a bigger institute together with biologists from the fundamental research
division of the CEA may bring new opportunities to our lab, as our techniques may be key assets to contribute
to biology subjects. Aready demonstrated is e.g. the key interest of FIB-SEM tomography techniques to study
micro-algae and their role in carbon cyle. Expertise in NMR and electron microscopy is already present in other
labs, but new techniques like low T DNP may bring revolutionary input to their disciplines by allowing e.g. Studies
of biological objects at natural isotopic abundance.

' Saas,Paas, laas stand for Software, Platform, Infrastructure as a Service.
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We hope to be able to recruit new collaborators in the years to come. Recruitment of the ERC consolidator
grantee Marie-Ingrid Richard is underway and confirms the lab atftractiveness. This will be an additional
momentum in the development of new techniques making use of new beam properties (coherence) and new
acquisition scheme (ptychography), in between direct and reciprocal space. This will be of interest to both X-
ray and electron microscopy teams.

Critical is the situation for service at neutron and synchrofron, with a need of young collaborators to contribute
to user assistance and technical developments. This demand is also put to the university, as our lab has played
a key role in the interface between university and large facilities.

Other teams are also in dire need for additional manpower. Hiring a data scientist/architect would be useful for
the whole unit to help bearing the numerical fransition fo come. Reinforcing the technical capability of the
NMR team for both service and development is also necessary, which would allow e.g. the general spread of
low temperature DNP NMR in the community.
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TEAM1: ATOMISTIC SIMULATION (L_Sim)

L_Sim research team self-assessment document

1- Presentation of the L_Sim team

Introduction

The Laboratory of Atomistic Simulation (L_Sim) is mainly located at the C5 building except for the group of
YM Niquet (3 persons) which is hosted in the Laboratory of Simulation and Modelling (CEA-LETI) in order to
facilitate strong collaborations with the technological research direction (DRT) of CEA. The aim of L_Sim is to
develop new computational methods to calculate the electronic structures and properties of materials and
devices at the atomic level and to study, in collaboration with some experimentalist teams, material structures
and properties as defects in semi-conductors, grain boundaries, 2D materials, and organic molecules.

A first team of 5researchers (DC, TD, LG, FL, and PP) develops and uses the BigDFT code for their studies. Started
in 2005, BigDFT is based on wavelet to solve the Kohn-Sham equations in the Density Functional Theory (KS-DFT)
in order to calculate the electronic structure and the total energies of molecules.

Since 2011, I. Duchemin, in strong collaboration with X. Blase, G. d’ Avino (Néel Institute, CNRS) and D. Jacquemin
(Nantes University) have been developing Fiesta and now beDeft to calculate charged and neutral excitations
in molecules using GW and Bethe-Salpeter equations (BSE) from the Many-Body Perturbation Theory (MBPT).

Since 2004, in strong collaboration with LSM(CEA-DRT) and IEMN Lille, YM. Niquet, has been developing a multi-
scale multi-physics tool, TB_Sim mainly oriented to the study of transport and electronic properties of CMOS and
photonic devices based on non-equilibrium Green functions. Since 2017, his research topic was switched to the
modelling of silicon qubits in fight collaboration with experimentalists from CEA (PHELIQS laboratory and LETI)
and Néel institute (ERC Synergy quCube).

Unit's workforce and means

Permanent staff (01/2019)

Non-permanent staff

Damien Caliste, CEA researcher

Thierry Deutsch, CEA researcher, team leader

Ilvan Duchemin, CEA researcher, main
developer of Fiesta and beDeft

Luigi Genovese, CEA researcher, main
developer of BigDFT

Frédéric Langon, CEA researcher (retired

07/2019, scientific adviser)

Yann -Michel Niquet, CEA researcher, main
developer of TB_Sim

Pascal Pochet, CEA researcher, team deputy

Post-doctoral researchers

L Ratcliff (2012-2014), S Mohr (2013-2015), M Bronsgeest
(2013-2014), A Cerioni (2014-2015), E Vandyukova-Zvereva
(2014-2016), J Li (2013-2015, 2018-2020), JM Escalante
Fernandez (2014-2015), Z Zeng (2015-2017), B Videau (2016-
2018), JC Alvarez Quiceno (2018-2020), A Degomme (2018-
2021), S Selvaraj (2018-2020)

PhD students

C Faber (2011-2014), D Timerkaeva (2012-2015), G Brenet
(2012-2016), S Mathur (2013-2016), M Moriniere (2013-2016),
L Bourdet (2015-2018), B McGuigan (2013-2018), K Moratis
(2016-2019), B Venitucci (2017-2020), E Annevelink (2017-

2021), S Gupta (2018-2021)

The laboratory budget is of about 200 k€ per year, which is shared info non-permanent salaries (approx. 80 %),
running costs (approx. 10 %), and investments (approx. 10%). Most of the funding is coming from European and
ANR projects.

Scientific policy

Methodology and software development, within a network of partner laboratories, are the strength of the
laboratory. The award-winning HPC codes, BigDFT, TB_Sim and Fiesta, are recognized mainly in the ab initio
community as some innovative approaches to study, faster and more accurately, the structure and properties
of materials.

Thanks to these predictive and powerful tools, we study defect engineering applied to semi-conductors and 2D
materials. P. Pochet and D. Caliste studied the formation energies of different neutral and charged defects in
different materials such as HgCdTe with a contract with the Sofradir company specialist in the infrared vision
business. In the European EXTMOS project, using BigDFT and the optical properties with Fiesta, the electronic
structure of OLED films was determined. Different architectures of CMOS as FDSOI or nanowire transistors were
modelled using TB_Sim to explain the behaviours and to predict their characteristics for smaller geometries.
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2- Presentation of the L_Sim team’s research ecosystem

The team collaborates strongly for the development of the codes especially around the HPC (High Performance
Computing) and algorithms. We have tight collaborations with computer scientists (INRIA, LIG, RIKEN, BSC) to
develop massively parallel algorithms or using accelerated platforms (Graphics Processing Units) but also
mathematicians (CERMICS) and physicists (Néel Institute, LETI). Because we have no permanent computer
scientists in our group, these collaborations are very important to improve the quality or our programming thanks
to the software engineering. We have been participating to different networks as the European Centre of
Excellence EoCoE (2015-2018) and the European centre of excellence MaX (2019-2022) which groups the main
European DFT developer groups (SISSA, EPFL, JUlich, ICN2).

We are involved into the federative structure of UGA, GRICAD, and are contributing to the CECAM local node
(European network organizing high level scientific workshops). T. Deutsch is the head of the Centre forPredictive
Simulation (CSP) which regroups the laboratory of simulation from IRIG (MEM/L_Sim and SPINTEC), LETI (LSM), and
LITEN. Strong Interactions with experimentalists of MEM (mainly LEMMA and NRS), PHELIQS laboratory (NPSC,
SINAPS, and LATEQS laboratories), CNRS (Néel Institute), LETI, LITEN, and with foreign laboratories (Urbana-
Champaign, Montreal University, Boston College, Imperial College, Basel University, and EPFL) allows for high
research impact in domains where our innovative approaches provide a competitive benefit.

3- Research products and activities for the L_Sim team

Software development activities

This software legacy represents a very large effort in programming (TB_Sim 500,000 code lines roughly 30
man.years, BigDFT 500,000 lines roughly 30 man.years, Fiesta, 100 000 lines 10 man.years, beDeft 50,000 lines
3 man.years) with some development overlapping. BigDFT uses the Gain library from Fiesta. TB_Sim was also
accelerated in GPU as BigDFT. Hiring also computer scientists in our group (B. Videau and A. Degomme) is
important to have a computer background and to interact strongly with the computer scientists.

During the period 2014-2019, we improved considerably the software quality of our codes based on version
control as git, non-regression tests and contfinuous integration. We developed the linear scaling approach and
extended our developer network around BigDFT. beDeft is a rewriting of Fiesta to enlarge its capabilities based
on C++ and Lua scripts. TB_Sim was considerably extended in order to simulate the physics associated to qubits.
Python associated with Jupyter notebooks is widely used fro pre- and post-processing of our simulation results.

Scientific activity
Four main scientific themes:

e Developments of high-performance computing methods in the field of DFT for large systems and for linear
response. We use mainly our BigDFT tool to explore new formalisms or new possibility to simulate large systems
with different kinds of approximations.

e Determination of the structure, defects (point, line and surface defects) and elementary mechanisms, using
ab initio methods, mainly for semi-conductors and 2D materials.

e The calculation of opftical spectroscopy of molecules based in GW/BSE in a solvent via an embedding
scheme related to the OLEDs

e The electronic transport properties for devices as CMOS and qubits.

Linear scaling algorithms for Kohn-Sham (KS) Density Functional Theory (DFT), developed already some time
ago?, have recently become accessible to a broader community thanks to the infroduction of reliable and
robust approaches (see 4 and references therein). This fact has important consequences for the interpretation

2§ Goedecker, “Linear scaling electronic structure methods,” Rev. Mod. Phys. 71, 1085 (1999).
3D R Bowler and T Miyazaki, “O(N) methods in electronic structure calculations.” Rep. Prog. Phys. 75, 036503 (2012)
4 LE Ratcliff, S Mohr, G Huhs, T Deutsch, M Masella, L Genovese, Wiley, Interd. Rev. Comp. Mol. Sci. 7, €1290 (2017).
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and the design of first-principle approaches, as the possibility
fo tackle systems of unconventionally large sizes allows to
address new problems and questions. For a system containing
many thousand atoms, it is likely that the fundamental
constituents (or "moieties”) of the system are of O(1), i.e. their
size does not increase with the total number of atoms of the
system. It appears therefore interesting to single out such
moieties, and to try to model their mutual interactions with a
less complex description. Thanks to linear scaling DFT, the full
quantum-mechanical (QM) calculation of the original system
can be used as an assessment of the quality of the simplified
description. When linking together various length scales, such
considerations are not just optional, but they rather become
compulsory. Performing a set of production QM simulations
with an approach being unnecessarily costly would provide
a study of poor quality, as the simulation scheme entangles
intferactions with different length scales and couplings. Taking
these considerations into account allows one to focus on the
region of the system that require a high level of theory,

providing a better understanding of the fundamental
mechanisms and avoiding an unnecessary waste of
computational resources.

Overview of atomistic simulation methods, showing
the length-scales over which, they are applied and
the transferability, i.e. the extent to which they give
accurate results with no retuning.

H1: Reducing the complexity of Large-Scale Density Functional Calculation
Permanent staff: L. Genovese, T. Deutsch
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Example of Fragmentation of a small piece of DNA in solvent

investigated by BigDFT code.

Seven pseudo-fragments for a SiC nanofube

generated from a combination of a six unit periodic

NT template and an eight unit finite NT template.

The fundamental principle of such a reduction of the complexity of the calculation lies in the identification of
the essential moieties (i.e. “fragments”) of a system out of an atomic description. These fragments should then,
inturn, be treated with an adequate methodology depending on the specific needs. A less complex description
of a system might contribute to decreasing the computational cost of the calculation; however, this is not the
sole advantage. Within such a scheme the observable quantities that can be extracted for the system as a
whole can also be assigned separately to each of the fragments. Such a procedure enables a better
understanding of the relevant mechanisms which govern the interactions among the constituents of the system,
together with the design and validation of coarse-graining models, that are adapted for systems of length scales
for which atomistic QM models would be unnecessarily costly or even out of reach.

In a publication®, we derived a simple quantitative way of determining whether a chosen fragmentation is
reasonable. If this is the case, the fragments become “independent” of each other and can be assigned
“pseudo-observables”, i.e. quantities with an interpretable physico-chemical meaning. We have also
introduceds in this context a pseudo-fragment method based on LS-DFT which is able to freat extended systems
containing some degree of repetition, e.g. a periodic system comprising many repeat unifs.

5S Mohr, M Masella, LE Rafcliff, Li Genovese, J. Chem. Theory and Computation 13, 4079 (2017)
6 LE Ratcliff and L Genovese J. Phys.: Condens. Matter 31 285901 (2019)
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Such an approach might easily be defined if, instead of taking an isolated template fragment, one embeds the
pseudo-fragment in a representative environment. As with the molecular fragment approach, this can result in
considerable computational savings. More interestingly, it also provides the opportunity to explore in details the
errors infroduced by different levels of approximation.

This approach to large scale calculations extends the range of possible applications to new fields, and to
communities traditionally focused on larger systems. In a similar manner to the uptake of DFT in the Quantum
Chemistry community, things are progressing as if we are entering a “second era” of DFT calculations, where
DFT and, more generally, large-scale quantum mechanical treatments, are susceptible to wide diffusion in other
communities. Work is ongoing to extend this formalism in communities like electrochemistry and biology.

Point defect engineering involves three researchers in the group (DC, FL & PP). The activity has been settled
more 15 years ago as a support to the microelectronic field (Leti), mainly in silicon. It has been extended during
the period to 2D materials and 3D semiconductors compounds to explain their structure, growth mechanism or
doping ability. A part of the work is a support to experimental work through ANR projects (ANR Emouvan, 2D
fransformers, and Mechaspin), industrial grants (SOFRADIR) or local informal collaborations (LEMMA, PHELIQS,
SPINTEC, LTM). This leads to several experimental/theoretical papers on both 3D and 2D semiconductors.
Another part of the work is more theoretical. We implemented a QM/MM approach in BigDFT, in collaboration
with UdeM, to treat surface reconstruction. The exploration of the Potential Energy Surface (PES) is also another
bottleneck as we have to find a defect reconstruction. We have started to use point defects themselves in the
PES exploration (collaboration with UIUC). The concept was demonstrated for a fullerene molecule but should
be applied to surface or bulk systems. Finally, we also develop with UIUC a framework based on van der Waals
dislocations to explain some properties of vertical heterostructures of 2D materials.

H2: Preferential hydrogen etching on Si(001) explained by surface Density Functional Theory calculations
Permanent staff: D. Caliste, P. Pochet

The integration of llI-V semiconductors on silicon is still a
hot topic as it will open up a way to co-integrate Si
CMOS logic with photonic devices. Nevertheless, anti-
phase boundaries are created when growing llI-V
materials on low-miscut Si(001) surfaces. They act as
non-radiative recombination centfres and degrade the
photonic performances of devices. Their existence is
due to single-layer steps (SL) on the silicon surface during
growth. To inhibit their formation, commonly used
strategies are: filted substrates or Si(211) substrates. Both
techniques don't integrate well with Si CMOS industry
standards. Another possibility is to increase the miscut
angle by converting single-layer steps info double layer
3 (DL) steps. Unfortunately, DL are thermodynamically less
i0 16 -3 30 28 stable in usual growth conditions. We propose an
etching process that is applied on low miscut (0.15°)
Formation energy of di-vacancy rows (DVR) and lines (DVL)  (Cz)-grown silicon (001) wafers of 300mm’. In an
versus hydrogen chemical potential. Hydrogen induces a MOCVD reactor designed for IIl-V growth, the wafer is
bias between DVL and DVR. annealed in presence of Ha. From AFM measurements, it
is clear that such process is converting the standard Si surface into a DL one. We have conducted atomistic
simulations to understand the role of hydrogen etching into the conversion of SL into DL.

The reconstructed Si(001) surface is creating dimers. Removing a dimer from the Si(001) surface creates a so-
called dimer-vacancy. These surface defects tend to aggregate into lines (DVL) or rows (DVR) [2]. DVR are
natural precursors to create steps, since atoms of the first layer naturally rearange into a /2 rotated 2 x 2
reconstruction. As extended defects, they induce important elastic deformations that propagate up to the 15
layer from the surface. We have used a QM/MM approach based on BigDFT and its ability o properly treat
surface boundary conditions. The above lllustration shows the formation energies of DVR (brown and pink
curves) and DVL (green and blue curves) with respect to hydrogen chemical potential. In a hydrogen-poor
regime, both defects have a similar formation energy. DVRs are not favoured and we don’t expect the creation
of DL steps. Indeed, the AFM image of such surface features SL steps in (110) and (1-10) directions. When
hydrogen contfent is increased, there is a partial pressure of hydrogen span where the DVRs (pink curve) will
dominate over DVLs. DVRs can then migrate and aggregate to form DL steps, as seen on the AFM image.

7 M. Martin et al., APL 109, 253103 (2016)
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This atomistic investigation has demonstrated the peculiar role of hydrogen passivation of the step precursors,
favoring the DVRs in a specific hydrogen partial pressure regime.

Over the recent years, the scientific production of I. Duchemin has been largely focussed on both methodology
and numerical developments, with the idea to develop efficient algorithms that lead to high performance
implementation of Many Body Perturbation related quantitiesé. As a milestone in this direction, the first Bull-Fourier
award was obtained in 2014, recognizing his effort as the main developer of the Fiesta HPC initiative.

This algorithmic and coding effort is complemented by numerous studies on systems of interest with a particular
focus set on Organic Photovoltaics and OLED devices?. Most of these studies are the fruit of a collaboration
between |. Duchemin, X. Blase from CNRS Neel Institute and D. Jacquemin from Nantes University. In particular
numerous benchmarks assessing the accuracy of both GW and Bethe Salpeter methodologies serves now as
reference in the literature'©,

This interest for organic materials and organic devices has led to the integration of embedding technique such
as the polarizable continuum model (PCM) withing the GW and Bethe Salpeter Formalism'!, demonstrating the
importance of the inclusion of the environment electrostatic response in order to access quantities that can be
confronted to experience. These developments have been continued within the EXTMOS European project and
undertaken by Gabriele D' Avino and Jing Li from CNRS Neel Institute.

Finally, recent developments around the Resolution-of-the-ldentity technique'? have opened a path for an
efficient MBPT calculations, with a first demonstration on cubic scaling RPA total energies'® and an ongoing
development on cubic scaling GW quasiparticle energies.

H3: Hybrid and Constrained Resolution-of-Identity Techniques for Coulomb Integrals
Permanent staff: |. Duchemin, X. Blase (CNRS/I. Néel)
1000 7 These recent years have been dedicated to an important

2 fffgg%jg iiiﬁfigﬁﬁ m _~®  effort on the comprehension and development around the
S'C—’ ______ AN L so-called Resolution-of-the-Identity  (Rl)  technique, in
B 1007]-- - N 8 . ;;’ application to computation within the Quantum Chemistry
g ‘O;;.:.8" “J;-e (QC) and Many Body Perturbation Theory (MBPT) frameworks.
B 04 il gi*lp? The Resolution of the Identity technique stems from Gaussian
‘% "f;”’ basis QC community and was initially dedicated to the speed
% K}‘: up of Hartree and latter Fock Exchange energies by replacing
Y. electronic co-densities by a linear combination of Gaussian
s @ 4 auxiliary functions. This powerful technique has nowadays
< been extended well beyond the boundary of Gaussian basis
© 015 T ‘ T y and Hartree Fock electronic quantities. In particular, it has
300 500 1000 2000 3250

been at the Heart of our O(N4) GW framework Fiesta since
2011.

Our recent development ranged from the mathematical foundation of the RI'4 to its application for the
description of environment electrostatic effect on MBPT energies for solvated molecules's, while demonstrating
O(N3) low scaling order algorithm for Random Phase Approximation (RPA) of molecular total energies’s.

AO basis size

This latter development stems from the understanding of the mathematical foundation of the resolution of the
Rl technique, with very promising application in particular to a cubic scaling GW quasiparticle energies
algorithm that is currently being investigated. All the work mentioned so far have been implemented in the new
c++ code beDeft that targets massively parallel environment, opening the possibility of large-scale calculations
for a more realistic description of complex systems.

TB_Sim is a high-performance platform for the modelling of the electronic, optical and transport properties of
semiconductor nanostructures. It has been used in the first half of the reporting period for the modelling of
strained Germanium lasers and for the simulation of advanced silicon devices for micro-electronics, in fight

8 X Blase, | Duchemin, D Jacquemin, Chemical Society Reviews 47 (3), 1022 (2018)

? C Faber, P Boulanger, C Attaccalite, | Duchemin, X Blase, Philosophical Transactions of the Royal Society A (2014)
10D Jacquemin, | Duchemin, X Blase J. chemical theory and computation 11 (11), 5340-5359 (2015)

"' | Duchemin, CA Guido, D Jacquemin, X Blase, Chemical science 9 (19), 4430-4443 (2018)

12| Duchemin, J Li, X Blase, J. chemical theory and computation 13 (3), 1199-1208 (2017)

13l Duchemin, X Blase, J. Chem.Phys. 150, 174120 (2019)

4] Duchemin, J Li and XBlase, JCTC, 13, 3, 1199-1208 (2017)

15| Duchemin, C.A. Guido, D.Jacquemin and X.Blase, Chem. Sci.,9, 4430 (2018)

16| Duchemin and X Blase, J. Chem. Phys. 150, 174120 (2019)
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collaboration with CEA/LETI and ST Microelectronics (through, in particular, the ANR projects QUASANOVA and
NOODLES). We have notably achieved the first Non-Equilibrium Green’s Functions (NEGF) simulation of an
industrial CMOS technology, the 28 nm silicon-on-insulator node from ST Microelectronics. We have answered
pending questions about the physics of the devices, and we have de-embedded the different mechanisms
limiting the mobility of the carriers and the contact resistances. Taking advantage of these extensive
comparisons with experimental data, we have then been able to make reliable predictions for the ultimate
nanowire nodes developed, in particular, at CEA/LETI. In the second half of the reporting period we have
leveraged on the experience gained on classical CMOS devices to move to silicon quantum bits. We have
explored different aspects of the physics of silicon spin qubits, such as spin-orbit interactions (see highlight
below). We are now tightly connected to the different teams fabricating and characterizing these qubits at LETI
and PHELIQS, and help them designing the qubits and interpreting the experimental data through microscopic
simulations down fo the atomic scale when needed.

H4: Modeling spin-orbit interactions in silicon spin qubits.
Permanent staff: Y. M. Niquet, PhD students: L. Bourdet, B. Venitucci, post-Doc: J. Li

Spin-orbit coupling is a relativistic effect that couples the spin and orbital motion of a particle. In semiconductor
qubits, a stfrong enough spin-orbit coupling allows for the electrical manipulation of electron and hole spins
(through the so-called Electric Dipole Spin Resonance or EDSR). Following experimental demonstrations atf
INAC/PHELIQS','8, we have modelled EDSR in realistic silicon qubits using atomistic tight-binding and multi-bands
k.p Hamiltonians within the TB_Sim code. We show that the EDSR of electrons results from a subftle interplay
between spin-orbit and valley physics. This interplay is strengthened in the silicon-on-insulator (SOI) qubits
fabricated at CEA/LETI by the low symmetry of the “corner” quantum dofts that form in these devices (see figure).
We have proposed an original manipulation protocol based on the use of the SOI substrate back gate in order
to transform reversibly a spin qubit (preftty immune to charge noise but hardly controllable electrically) intfo a
valley qubit (that can be efficiently manipulated by EDSR)'?. As for holes, we have introduced a versatile “g-
matrix” formalism to describe the electrical response of the spins2. This
formalism provides a very efficient framework for the analysis of the
experiments, and for analytical as well as numerical modelling. In this
framework, we demonstrate that silicon shows the best opportunities
(among conventional semiconductors) for fast electrical hole spin
manipulation thanks to its very large valence band anisotropy?!.

A SOI qubit as modelled with the TB_Sim code. The silicon nanowire channel
is coloured in yellow, the SiO2 oxide in dark blue, the HfO2 oxide in purple,
and the control gate in light blue. An iso-surface of the squared wave
function of the electron trapped under the gate is outlined in orange. The
electron is localized in a highly asymmetric “corner” dot at the edge of the
nanowire covered by the gate.

4- Organisation and life of the L_Sim team

Steering, life, organisation in the unit

We have few team meetings (3 per years) but discuss actively thanks to the Slack collaborative tools. This
collaborative tool is also used to exchange information about code developments, discussion about new
articles and experimental and simulation results with our collaborators. Slack is well adapted for the exchange
of scientific work, can create easily thread about a specific topic and has the advantage to keep history about
a subject. Coffee around a whiteboard, each morning is also a way to exchange about new ideas. For 3 years,
we started to use repositories (github, gitlab and also NOMAD) and Jupyter notebooks to share our data from
our articles.

17 A. Corna, L. Bourdet, R. Maurand, A. Crippa, D. Kotekar-Patil, H. Bohuslavskyi, R. Laviéville, L. Hutin, S. Barraud, X. Jehl, M.
Vinet, S. de Franceschi, Y.-M. Niquet and M. Sanquer, npj Quantum Information 4, 6 (2018)

18 A. Crippa, R. Maurand, L. Bourdet, D. Kotekar-Patil, A. Amisse, X. Jehl, M. Sanquer, R. Laviéville, H. Bohuslavskyi, L. Hutin, S.
Barraud, M. Vinet, Y.-M. Niquet and S. de Franceschi, Physical Review Letters 120, 137702 (2018)

19 L. Bourdet and Y.-M. Niquet, Physical Review B 97, 155433 (2018)

2 B. Venitucci, L. Bourdet, D. Pouzada and Y.-M. Niquet, Physical Review B 98, 155319 (2018)

21 B. Venitucci and Y.-M. Niquet, Physical Review B 99, 115317 (2019)
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We also participate in the Centre for Predictive Simulation (CSP, 2 meetings per year). This centre is virtual but
permits to have a quite large computer cluster in the CEA centre (3,000 cores) and to set up internal, national
or European projects. We have the goal to have a common place to facilitate scientific discussions.

Parity, scientific integrity, health and safety, sustainable development and environmental impacts, intellectual
property and business intelligence.

There is no woman in the group but we had two female PhD students (C Faber and D Timerkaeva) and two
female postdocs (L Ratcliff and E Zvereva). Damien Cadliste is a first aider for the C5 building. 4 patents were
deposited during the period with experimentalists. We prioritize to use an open licence as GPL in order to share
and spread our developments. For some case, proprietary licence is more adapted for some domains where
large groups are leader.

We have a contract with the SOFRADIR Company. All our European projects are in collaboration with
companies and some ANR projects also.

Five-year project and strategy of the L_Sim team

L_Sim SWOT analysis

Strengths

Weaknesses

Large panel of own developed codes

Experienced staff about physics, materials, HPC and
algorithms

Large networks of collaborations on DFT
development with the main codes (Quantum
Expresso, ABINIT, CP2K, Fleur, Yambo), on point
defect engineering with theoretical and
experimental groups.

No computer scientist in the group and no possibility
to hire one.

No specialist about the exploration of potential
energy surface (PES) in the group, the topic is only
developed through collaborations (Basel, UdeM,
uluC)

Short duration of the funded projects which are not
compatible with a long-term development of
research topic

Collaborations with experimentalists fluctuates with
rules of funding agency that do not favour local or
long-term collaborations.

Opportunities

Threats/Risks

Collaboration with biologists with the new created

Difficulty to fund developments of codes.

institute IRIG.
Short duration of post-doc contracts is a lack of
attractivity.

Structure, workforce and scientific orientations
Our four main scientific themes will be pursued during the five next years based on the current projects and the
networks of our partners.

The mechanistic models based on Linear scaling DFT are able to extract specific physical observables that may
be related to the distribution of the electrons. Such observables are routinely employed in Material Science and
Quantum Chemistry Communities, but are seldom used in life science or biology. This research will be
fundamental for the identification of a common dictionary that may franslate the quantities which are
accessible from mechanistic approaches to the typical indicators that are of interest in the context of enzymatic
activity, more generally in bioremediation. The future activity would be to identify the grounds for the
establishment of a research paradigm that integrate electronic structure calculation techniques with
approaches in bioinformatics.

More specifically, we will test such a research paradigm in the laccase-aflatoxin example. We will employ the
outcome of the present investigation to fry to design the optimal features that a hypothetical enzyme should
have in view of de-toxification. Such an approach will be interesting in designing a “function provider” out of a
mechanistic-based investigation. We are presently proposing a mechanistic approach to improve the
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efficiency of microbial laccase, a promising environmentally-friendly enzyme, for mycotoxin degradation in view
of de-toxification, in collaboration with Boston College and RIKEN. We will utilize recent advances in
computational power and quantum mechanical (QM) approaches to perform full QM mechanistic modeling
of the enzyme. We outline a ground-breaking multidisciplinary effort to formulate and validate first-principle
models and capitalize on the resulting insights to rationally design enzymes optimized for mycotoxin
degradation. Developing a know-how for rational enzyme design will have huge implications for health, the
environment, and industry, beyond the case of mycotoxin degradation studied here.

The activity on point defect engineering will be pursue through the different ongoing and future experimental
collaborations depending on the funded grants. For example, we are involved in an ANR proposal to study the
impact of vacancies in Hybrid-organic-inorganic-Perovskite materials. This proposal was not funded in the two
last calls. Besides, we will continue to work through collaborations (UIUC, UdeM) on the exploration of the PES
using point defects. The framework of van der Waals dislocations will be used to predict interesting vertical
heterostructures of 2D materials. In particular we aim to apply this framework in the growing field of 2D
superconductors.

The recently developed Resolution of the identity based on a real-space dual formalism allows not only to
decrease the computational complexity of some of the MBPT electronic quantities such as RPA total energy or
GW quasiparticle energies, it also facilitates the calculation of other quantities that have a simpler expression in
their real-space formulation rather than the usual Kohn Sham or auxiliary basis counterparts. This is in particular
the case of RPA forces for which an O(N3) expression can be achieved, a step toward accurate description of
relaxation effect in the excited state.

The years to come should thus logically be dedicated to explore the possibilities opened by these new
developments. In parallel, the work on embedding coupled with MBPT approach will be pursued, in particular
the exploration of a formulation based on fragments, that should also decrease the complexity of such
calculation for large systems.

Most of the activity related to TB_Sim code will be focused on the microscopic modelling of silicon qubits. This
work will be carried out in the frame of the ERC synergy project quCube (2019-2025), which is led by CEA/LETI
(M. Vinet), CEA/IRIG (S. De Franceschi) and Tristan Meunier (CNRS/Néel). We are and will be involved in the
design of the qubits, in the interpretation of the experiments, and in the exploration of the physics of these
devices (spin manipulation, readout, decoherence, etfc...). We will, in particular, set-up a comprehensive
microscopic framework for the modelling of semiconductor qubits, able to account for material properties at
the atomistic level, and to make reliable predictions about the dynamics of the qubits, the variability of the
devices, and the mechanisms limiting the coherence. We will endeavour to develop our network of
collaborations with the partners of CEA in Europe, and will pay attention to the rapid development and evolution
of this field, in particular in terms of options for materials and devices.

Research products and activities of the L_Sim team
Articles

Scientific articles (total number) 136
20% most significant articles
2019

1. M D'Alessandro, L Genovese, Locality and computational reliability of linear response calculations for
molecular systems; Physical Review Materials 3 (2), 02380 (2019).

2. B Venitucci and YM Niguet, Simple model for electrical hole spin manipulation in semiconductor
quantum dofts: Impact of dot material and orientation, Physical Review B, vol. 99, no. 11, 115317 (2019).

3. 1Duchemin and X Blase, Separable resolution-of-the-identity with all-electron Gaussian bases:
Application to cubic-scaling RPA, J. Chem. Phys. 150, 174120 (2019)

4. LE Rafcliff, L Genovese, Pseudo-Fragment Approach for Extended Systems Derived from Linear-Scaling
DFT, J. Phys.: Condens. Matter 31, 285901 (2019).

5. B McGuigan, HT Johnson and P. Pochet, Coupling Point Defects and Potential Energy Surface
Exploration via Grand-Canonical Minima Hopping, Computational Materials Science 166, 1-8 (2019).

2018
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6. | Duchemin, CA Guido, D Jacquemin and X Blase, The Bethe-Salpeter formalism with polarisable

confinuum embedding: reconciling linear-response and state-specific features, Chem. Sci., 9, 4430-4443
(2018).

7. J.Mansir, P. Conti, Z. Zeng, Pla Jarryd J, P. Bertet, M. W. Swift, C Van de Walle, M LW Thewalt, B Sklenard,
YM Niguet, and J JL Morton, Linear hyperfine tuning of donor spins in silicon using hydrostatic strain,
Physical review letters, vol. 120, no. 16, p. 167701 (2018).

8. ACrippa, R Maurand, L Bourdet, D Kotekar-Patil, A Amisse, X Jehl, M Sanquer, R Laviéville, H Bohuslavskyi,
L Hutin, S Barraud, M Vinet, YM Niguet, and S De Fanceschi, Electrical spin driving by g-matrix modulation
in spin-orbit qubits, Physical review letters, vol. 120, no. 13, p. 137702 (2018).

9. FElancon, L Genovese, J Eymery, Towards simulation at picometer-scale resolution: Revisiting inversion
domain boundaries in GaN, Physical Review B 98, 165306 (2018).

10. S Mohr, M Eixarch, M Amsler, MJ Manftsinen, L Genovese, Linear scaling DFT calculations for large
Tungsten systems using an optimized local basis, Nuclear Materials and Energy 15, 64-70 (2018).

2017

11. [ Duchemin, J Li and X Blase, Hybrid and Constrained Resolution-of-ldentity Techniques for Coulomb
Integrals, JCTC, 13, 3, 1199-1208 (2017).

12. G Fisicaro, L Genovese, O Andreussi, S Mandal, N N Nair, N Marzari, S Goedecker, Soft-sphere continuum
solvation in electronic-structure calculations, Journal of chemical theory and computation 13 (8), 3829-
3845 (2017).

13. P_Pochet, BC McGuigan, J Coraux, and HT Johnson, Toward Moiré engineering in 2D materials via
dislocation theory, Applied Materials Today 9, 240-250 (2017).

14. S Mohr, M Masella, LE Ratcliff, L Genovese, Complexity reduction in large quantum systems: fragment
identification and population analysis via a local optimized minimal basis, Journal of chemical theory
and computation 13 (9), 4079-4088 (2017).

15. ZZeng, FTriozon, S Barraud, and YM Niguet, A Simple interpolation model for the carrier mobility in trigate
and gate-all-around silicon NWFETs, IEEE Transactions on Electron Devices, vol. 64, no. 6, p. 2485-2491
(2017).

2016

16. ML Bowers, C Ophus, A Gautam, F Lancon, U Dahmen, Step Coalescence by Collective Motion at an
Incommensurate Grain Boundary, Phys. Rev. Lett. 116, 106102 (2016).

17. K Lejaeghere, G Bihimayer, Torbjérn Bjérkman, P Blaha, S Blugel, V Blum, D Cdliste, | E Castelli, S J Clark,
A D Corso, S D Gironcoli, T Deutsch, J K Dewhurst, | D Marco, C Draxl, M Dutak, O Eriksson, J A Flores-
Livas, K F Garrity, L Genovese, P Giannozzi, M Giantomassi, S Goedecker, X Gonze, O Grdnds, E Gross,
A Gulans, F Gygi, D Hamann, P J Hasnip, N Holzwarth, D lusan, D B Jochym, F Jollet, D Jones, G Kresse,
K Koepernik, E KUcUkbenli, Y O Kvashnin, | L Locht, S Lubeck, M Marsman, N Marzari, U Nitzsche,
L Nordstréom, T Ozaki, L Paulatto, C J Pickard, W Poelmans, M | Probert, K. Refson, M. Richter,
GM Rignanese, § Saha, M Scheffler, M Schlipf, K.Schwarz, S Sharma, F Tavazza, P Thunstrom,
A Tkatchenko, M Torrent, D Vanderbilt, M J Van Setten, V V Speybroeck, J M Wills, J R Yates, G Zhang,
S Cottenier, Reproducibility in density functional theory calculations of solids, Science 351 (6280),
aad3000 (2016).

18. X.Gonze, F. Jollet, F A. Araujo, D. Adams, B. Amadon, T. Applencourt, C. Audouze, J-M Beuken, J Bieder,
A Bokhanchuk, E Bousquet, F Bruneval, D Cdliste, M C6té, F Dahm, F D Pieve, M Delaveau, M D Gennaro,
B Dorado, C Espejo, G Geneste, L Genovese, A Gerossier, M Giantomassi, Y Gillet, D R Hamann, L He, G
Jomard, J Laflamme Janssen, S L Roux, A Levitt, A Lherbier, F Liu, | LukaCevi¢, A Martin, C Martins, M JT
Oliveira, S Poncé, Y Pouillon, T Rangel, GM Rignanese, A H Romero, B Rousseau, O Rubel, A A Shukri, M
Stankovski, M Torrent, MJ Van Setften, B Van Troeye, M J Verstraete, D Waroquiers, J Wiktor, B Xu, A Zhou,
J W Zwanziger, Recent developments in the ABINIT software package, Computer Physics
Communications 205, 106-131 (2016).

19. M Martin, D Cdliste, R Cipro, R Alcotte, J Moeyaert, S D. , F Bassani, T Cerba, Y Bogumilowicz, E Sanchez,
Z Ye, XY Bao, JB Pin, T Baron, P_Pochet, Toward the IlI-V/Si co-integration by controlling the biatomic
steps on hydrogenated Si (001), Applied Physics Letters 109 (25), 253103 (2016).
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20. J Li, YM Niguet, and C Delerue, Magnetic-phase dependence of the spin carrier mean free path in
graphene nanoribbons, Physical review letters, vol. 116, no. 23, p. 236602 (2016).

2015

21. M S Bronsgeest, N Bendiab, S Mathur, A Kimouche, H T Johnson, J Coraux, and P_Pochet, Strain
Relaxation in CVD Graphene: Wrinkling with Shear Lag, Nano Letters 15 (8), 5098-5104 (2015).

22. C Faber, P Boulanger, C Aftaccalite, E Cannuccia, | Duchemin, T Deutsch, X Blase, Exploring
approximations to the self-energy ionic gradients, Physical Review B 91 (15), 155109 (2015).

23. W Beugeling, E Kalesaki, C Delerue, YM Niguet, D Vanmaekelbergh, and CM Smith, Topological states
in multi-orbital HgTe honeycomb latftices, Nature communications, vol. 6, p. 6316 (2015).

24. LE Raficliff, L Grisanti, L Genovese, T Deutsch, T Neumann, D Danilov, W Wenzel, D Beljonne, J Comil,
Toward fast and accurate evaluation of charge on-site energies and transferintegrals in supramolecular
architectures using linear constrained density functional theory (CDFT)-based methods, Journal of
chemical theory and computation 11 (5), 2077-2086 (2015).

25. S Mohr, LE Raftcliff, L Genovese, D Cdliste, P Boulanger, S Goedecker, T Deutsch, Accurate and efficient
linear scaling DFT calculations with universal applicability, Physical Chemistry Chemical Physics 17 (47),
31360-31370 (2015).

2014

26. S Korbel, P Boulanger, | Duchemin, X Blase, MAL Marques, S Botti, Benchmark many-body GW and
Bethe-Salpeter calculations for small transition metal molecules, Journal of chemical theory and
computation 10 (9), 3934-3943 (2014).

27. C Faber, P Boulanger, C Attaccalite, | Duchemin, X Blase, Excited states properties of organic molecules:
from density functional theory to the GW and Bethe-Salpeter Green's function formalisms, Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 371, 201302171
(2014).

28. S Mohr, L E Ratcliff, P Boulanger, L Genovese, D Caliste, T Deutsch, S Goedecker, Daubechies wavelets
for linear scaling density functional theory, The Journal of chemical physics 140 (20), 204110 (2014).

29. YM Niguet, VH Nguyen, F Triozon, | Duchemin, O Nier, and D Rideau, Quantum calculations of the carrier
mobility: Methodology, Matthiessen's rule, and comparison with semi-classical approaches, Journal of
Applied Physics, vol. 115, no. 5, p. 054512 (2014).

30. B Voisin, VH Nguyen, J Renard, X Jehl, S Barraud, F Triozon, M. Vinet, | Duchemin, YM Niguet, S De
Franceschi, and M Sanquer, Few-electron edge-state quantum dots in a silicon nanowire field-effect
fransistor, Nano letters, vol. 14, no. 4, p. 2094-2098 (2014).

31. M Scardamaglia, B Aleman, M Amati, C Ewels, P_Pochet, N Reckinger, J-F Colomer, T Skaltsas, N
Tagmatarchis, R Snyders, L Gregoratti, C Bittencourt, Nitrogen implantation of suspended graphene
flakes: Annealing effects and selectivity of sp2 nitrogen species, Carbon 73, 371-381 (2014).

32. LK Béland, E Machado-Charry, P Pochet, N Mousseau, Strain effects and intermixing at the Si surface:
Importance of long-range elastic corrections in first-principles calculations, Physical Review B 90 (15),
155302 (2014).

The remaining 80% articles

30

2019

33. RA Puglisi, S Caccamo, C Bongiormno, G Fisicaro, L Genovese, Direct observation of single organic
molecules grafted on the surface of a silicon nanowire, Scientific reports 9 (1), 5647 (2019).

34. S Zhu, P Pochet, HT Johnson, Controlling Rotation of 2D Material Flakes, ACS nano (2019).

35. G Kremer, JC Alvarez-Quiceno, S Lisi, T Pierron, CG Pascual, M Sicoft, B Kierren, D Malterre, J Rault, P Le
Fevre, F Bertran, YJ Dappe, J Coraux, P Pochet, Y Fagot-Revurat, Electronic band structure of ultimately
thin silicon oxide on Ru (0001), ACS Nano 13 (4), 4720-4730 (2019).
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36.

37.

J Li, | Duchemin, OM Roscioni, P FriedE. h, M Anderson, E Da Como, G Kociok-Kdhn, W Wenzel, C
Zannoni, D Beljonne, X Blase, G D'Avino, Host dependence of the electron affinity of molecular dopants,
Materials Horizons 6 (1), 107-114 (2019).

A Artioli, P Rueda-Fonseca, K Mordtis, JF Motte, F Donatini, M den Hertog, E. Robin, R. André, YM Niguet,
E Bellet-Amalric, J Cibert, D Ferrand, Probing the light hole/heavy hole switching with correlated
magneto-optical spectroscopy and chemical analysis on a single quantum dot, Nanotechnology 2019

2018

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

CJ Alvarez, MT Dau, A Marty, C Vergnaud, H Le Poche, P Pochet, M Jamet, H Okuno, Impact of a van
der Waals interface on intrinsic and extrinsic defects in an MoSe2 monolayer, Nanotechnology 29 (42),
425706 (2018).

MT Dau, M Gay, D Di Felice, C Vergnaud, A Marty, C Beignell, G Renaud, O Renault, P Mallet, T Le
Quang, JY Veuillen, L Huder, V T Renard, C Chapelier, G Zamborlini, M Jugovac, V Feyer, Y J Dappe,
P Pochet, M Jamet, Beyond van der Waals Interaction: The Case of MoSe2 Epitaxially Grown on Few-
Layer Graphene, ACS nano 12 (3), 2319-2331(2018).

D Timerkaeva, C Attaccalite, G Brenet, D Caliste, P Pochet, Response to Comment on Structural,
electronic, and optical properties of the CC complex in bulk silicon from first principles, Journal of
Applied Physics 124, 086102 (2018).

A. Corna, L. Bourdet, R. Maurand, A. Crippa, D. Kotekar-Patil, H. Bohuslavskyi, R. Laviéville, L. Hutin,
S. Barraud, and X. Jehl, M. Vinet, S. De Franceschi, YM Niguet, M. Sanquer, Electrically driven electron
spin resonance mediated by spin-valley-orbit coupling in a silicon quantum dotf, npj Quantum
Information, vol. 4, no. 1, p. 6 (2018).

B. Venitucci, L. Bourdet, D. Pouzada, and YM Niguet, Electrical manipulation of semiconductor spin
qubits within the g-matrix formalism, Physical Review B, 98, 155319, (2018).

B. Videau, K. Pouget, L Genovese, 1. Deutsch, D. Komatitsch, F. Desprez, J.-F. Méhaut, BOAST: A
metaprogramming framework to produce portable and efficient computing kernels for HPC
applications, The International Journal of High-Performance Computing Applications 32, 28-44 (2018).

LE Ratcliff, A Degomme, JA Flores-Livas, S Goedecker, L Genovese, Affordable and accurate large-
scale hybrid-functional calculations on GPU-accelerated supercomputers, Journal of Physics:
Condensed Matter 30 (9), 095901 (2018).

D Timerkaeva, C Attaccalite, G Brenet, D Cdliste, P Pochet, Structural, electronic, and optical properties
of the CC complex in bulk silicon from first principles, Journal of Applied Physics 123 (16), 161421 (2018).

DS De, S Saha, L Genovese, S Goedecker, Influence of an external electric field on the potential-energy
surface of alkali-metal-decorated Cé0, Physical Review A 97 (6), 063401 (2018).

DS De, JA Flores-Livas, S Saha, L Genovese, S Goedecker, Stable structures of exohedrally decorated
Cé0-fullerenes, Carbon 129, 847-853 (2018).

J Li, G D'Avino, | Duchemin, D Beljonne, X Blase, Accurate description of charged excitations in
molecular solids from embedded many-body perturbation theory, Physical Review B 97 (3), 035108
(2018).

L Bourdet, L Hutin, B Bertfrand, A Corna, H Bohuslavskyi, A Amisse, Alessandro Crippa, Romain Maurand,
Sylvain Barraud, Matias Urdampilleta, Christopher B&uerle, Tristan Meunier, M Sanquer, X. Jehl, Silvano
De Franceschi, YM Niguet, M Vinet, All-Electrical Control of a Hybrid Electron Spin/Valley Quantum Bit in
SOI CMOS Technology, IEEE Transactions on Electron Devices 65 (11), 5151-5156 (2018).

J Li, NH Le, KL Litvinenko, SK Clowes, H Engelkamp, SG Pavlov, H-W HUbers, VB Shuman, LM Portsel, AN
Lodygin, Yu A Astrov, Nikolai V Abrosimov, Carl R Pidgeon, A Fisher, Z Zeng, YM Niguet, B N Murdin, Radii
of Rydberg states of isolated silicon donors, Physical Review B 98 (8), 085423 (2018).

DJ Ibberson, L Bourdet, JC Abadillo-Uriel, | Ahmed, S Baraud, Ma J Calderén, YM Niguet, M Fernando
Gonzalez-Zalba, Electric-field tuning of the valley splitting in silicon corner dofts, Applied Physics Letters
113 (5), 053104 (2018).

L Bourdet, YM Niguet, All-electrical manipulation of silicon spin qubits with tunable spin-valley mixing,
Physical Review B 97 (15), 155433 (2018).
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53. FVigneau, ZZeng, W Escoffier, P Caroff, R Leturcq, YM Niguet, B Raguet, M Goiran, Anisotropic fransport

32

54.

properties of quasiballistic INAs nanowires under high magnetic field, Physical Review B 97 (12), 125308
(2018).

JC Estrada Saldana, YM Niguet, JP Cleuziou, EJH Lee, D Car, S R Plissard, Erik PAM Bakkers, Silvano De
Franceschi, Split-channel ballistic tfransport in an InSb nanowire, Nano letters 18 (4), 2282-2287 (2018).

2017

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

E Zvereva, D Cdliste, P Pochet, Interface identification of the solid electrolyte interphase on graphite,
Carbon 111, 789-795 (2017).

TN Tran Thi, J Morse, D Caliste, B Fernandez, D Eon, J Hartwig, C Barbay, Synchrotron Bragg diffraction
imaging characterization of synthetic diamond crystals for optical and electronic power device
applications, Journal of applied crystallography 50 (2), 561-569 (2017).

S Mohr, W Dawson, M Wagner, D Caliste, T Nakagjima, L Genovese, Efficient Computation of Sparse
Matrix Functions for Large-Scale Electronic Structure Calculations: The CheSS Library, Journal of
chemical theory and computation 13 (10), 4684-4698 (2017).

D Timerkaeva, D Cadliste, T Deutsch, P Pochet, Oxygen in silicon: Switch in the diffusion-mediated
mechanism, Physical Review B 96 (19), 195306 (2017).

G Fisicaro, M Sicher, M Amsler, S Saha, L Genovese, S Goedecker, Surface reconstruction of fluorites in
vacuum and aqueous environment, Physical Review Materials 1 (3), 033609 (2017).

S Saha, L Genovese, S Goedecker, Metastable exohedrally decorated Borospherene B 40, Scientific
reports 7 (1), 7618 (2017).

W Choi, E Seabron, PK Mohseni, JD Kim, T Gokus, A Cernescu, P Pochet, H T Johnson, W L Wilson, X Li,
Direct electrical probing of periodic modulation of zinc-dopant distributions in planar gallium arsenide
nanowires, ACS nano 11 (2), 1530-1539 (2017).

MT Dau, C Vergnaud, A Marty, F Rortais, C Beigné, H Boukari, E Bellet-Amalric, V Guigoz, O Renault, C
Alvarez, H Okuno, P Pochet, M Jamet, Millimeter-scale layered MoSe2 grown on sapphire and evidence
for negative magnetoresistance, Applied Physics Letters 110 (1), 011909 (2017).

C Azarias, C Habert, S Budzallk, X Blase, | Duchemin, D Jacquemin, Calculations of n—1* Transition
Energies: Comparisons Between TD-DFT, ADC, CC, CASPT2, and BSE/GW Descriptions, The Journal of
Physical Chemistry A 121 (32), 6122-6134 (2017).

J Li, G D'Avino, A Pershin, D Jacquemin, | Duchemin, D Beljonne, X Blase, Correlated electron-hole
mechanism for molecular doping in organic semiconductors, Physical Review Materials 1 (2), 025602
(2017).

J Li, M Holzmann, | Duchemin, X Blase, V Olevano, Helium Atom Excitations by the GW and Bethe-
Salpeter Many-Body Formalism, Physical review letters 118 (16), 163001 (2017).

Q Li, M Strange, | Duchemin, D Donadio, GC Solomon, A strategy to suppress phonon fransport in
molecular junctions using T-stacked systems, The Journal of Physical Chemistry C 121 (13), 7175-7182
(2017).

D Jacquemin, | Duchemin, X Blase, Is the Bethe-Salpeter formalism accurate for excitation energies?
Comparisons with TD-DFT, CASPT2, and EOM-CCSD, The journal of physical chemistry letters 8 (7), 1524-
1529 (2017).

A Gassenq, S Tardif, K Guilloy, N Pauc, M Bertrand, D Rouchon, JM Hartmann, J Widiez, J Rothman,
YM Niguet, | Duchemin, J Faist, T Zabel, H Sigg, F Rieutord, A Chelnokov, V Reboud, V Calvo, High-quality
and homogeneous 200-mm GeOl wafers processed for high strain induction in Ge, Silicon Photonics Xll
10108, 1010818 (2017).

D Escudero, | Duchemin, X Blase, D Jacquemin, Modeling the Photochrome-TiO2 Interface with Bethe-
Salpeter and Time-Dependent Density Functional Theory Methods, The journal of physical chemistry
letters 8 (5), 936-940 (2017).

A Gassenq, S Tardif, K Guilloy, | Duchemin, N Pauc, JM Hartmann, D Rouchon, J Widiez, YM Niguet,
L Milord, T Zabel, H Sigg, J Faist, A Chelnokov, F Rieutord, V Reboud, V Calvo, Raman-strain relations in
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highly strained Ge: Uniaxial{ 100),{ 110) and biaxial (001) stress, Journal of Applied Physics 121 (5), 055702
(2017).

71. D Jacquemin, | Duchemin, A Blondel, X Blase, Benchmark of bethe-salpeter for friplet excited-states,
Journal of chemical theory and computation 13 (2), 767-783 (2017).

72. C Azarias, | Duchemin, X Blase, D Jacquemin, Bethe-Salpeter study of cationic dyes: Comparisons with
ADC (2) and TD-DFT, The Journal of chemical physics 146 (3), 034301 (2017).

73. R Mizokuchi, P Torresani, R Maurand, Z Zeng, YM Niguet, M Myronov, S De Franceschi, Hole weak anti-
localization in a strained-Ge surface quantum well, Applied Physics Letters 111 (6), 063102 (2017).

74. A Tadjine, YM Niguet, C Delerue, Universal behaviour of electron -factors in semiconductor
nanostructures, Physical Review B 95 (23), 235437 (2017).

75. J Li, YM Niguet, C Delerue, Complexity of the hot carrier relaxation in Si nanowires compared to bulk,
Physical Review B 95 (20), 205401 (2017).

76. I Zeng, F Triozon, YM Niquet, Carrier scattering in high-k/metal gate stacks, Journal of Applied Physics
121 (11), 114503 (2017).

77. CKiriso, F Triozon, C Delerue, L Schneider, F Abbate, E Nolot, D Rideau, YM Niguet, G Mugny, C Tavernier,
Modeled optical properties of SiGe and Si layers compared to spectroscopic ellipsometry
measurements, Solid-State Electronics 129, 93-96 (2017).

78. G Mugny, J Li, F Triozon, YM Niguet, D Rideau, C Delerue, Electronic structure and electron mobility in
Si1- xGex nanowires, Applied Physics Letters 110 (5), 052102 (2017).

2016

79. BC McGuigan, P Pochet, HT Johnson, Crifical thickness for interface misfit dislocation formation in two-
dimensional materials, Physical Review B 93 (21), 214103 (2016).

80. L.Bourdet, J. Li, J. Pelloux-Prayer, F. Triozon, M. Cassé, S. Barraud, S. Martinie, D. Rideau, and YM Niquet,
Contact resistances in trigate and FinFET devices in a non-equilibrium Green's functions approach,
Journal of Applied Physics, vol. 119, no. 8, p. 084503 (2016).

81. G Fisicaro, L Genovese, O Andreussi, N Marzari, S Goedecker, A generalized Poisson and Poisson-
Boltzmann solver for electrostatic environments, The Journal of chemical physics 144 (1), 014103 (2016).

82. T Rangel, D Cadliste, L Genovese, M Torrent, A wavelet-based Projector Augmented-Wave (PAW)
method: Reaching frozen-core all-electron precision with a systematic, adaptive and localized wavelet
basis set, Computer Physics Communications 208, 1-8 (2016).

83. AV Tyumnina, H Okuno, P _Pochet, J Dijon, CVD graphene recrystallization as a new route to tune
graphene structure and properties, Carbon 102, 499-505 (2016).

84. F Vigneau, © Gul, YM Niguet, D Car, SR Plissard, W Escoffier, E PAM Bakkers, | Duchemin, B Raquet,
M Goiran, Revealing the band structure of InSb nanowires by high-field magnetotransport in the
quasiballistic regime, Physical Review B 94 (23), 235303 (2016).

85. K Guilloy, N Pauc, A Gassenq, YM Niquet, JM Escalante, | Duchemin, S Tardif, G Osvaldo Dias, D
Rouchon, J Widiez, JM Hartmann, R Geiger, T Zabel, H Sigg, J Faist, A Chelnokov, V Reboud, V Calvo,
Germanium under high tensile stress: nonlinear dependence of direct band gap vs strain, ACS
photonics 3 (10), 1907-1911 (20146)

86. A Gassenq, K Guilloy, N Pauc, JM Hartmann, GO Dias, D Rouchon, S Tardif, J Escalante, | Duchemin,
YM Niguet, A Chelnokov, V Reboud, V Calvo, Study of the light emission in Ge layers and strained
membranes on Si substrates, Thin Solid Films 613, 64-67 (2016).

87. D Jacquemin, | Duchemin, A Blondel, X Blase, Assessment of the Accuracy of the Bethe-Salpeter
(BSE/GW) Oscillator Strengths, Journal of chemical theory and computation 12 (8), 3969-3981 (2016).

88. JLi, G d'Avino, | Duchemin, D Beljonne, X Blase, Combining the Many-Body GW Formalism with Classical
Polarizable Models: Insights on the Electronic Structure of Molecular Solids, The journal of physical
chemistry letters 7 (14), 2814-2820 (2016).

89. A Gassengq, S Tardif, K Guilloy, G Osvaldo Dias, N Pauc, | Duchemin, D Rouchon, JM Hartmann, J Widiez,

J Escalante, YM Niguet, R Geiger, T Zabel, H Sigg, J Faist, A Chelnokov, F Rieutord, V Reboud, V Calvo,
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Accurate strain measurements in highly strained Ge microbridges, Applied Physics Letters 108 (24),
241902 (2016)

90. | Duchemin, D Jacquemin, X Blase, Combining the GW formalism with the polarizable continuum model:
A state-specific non-equilibrium approach, The Journal of chemical physics 144 (16), 164106 (2016).

91. D Jacquemin, | Duchemin, X Blase, Assessment of the convergence of partially self-consistent BSE/GW
calculations, Molecular Physics 114 (7-8), 957-967 (2016).

92. X Blase, P Boulanger, F Bruneval, M Fernandez-Serra, | Duchemin, Erratum: “"GW and Bethe-Salpeter
study of small water clusters” [J. Chem. Phys. 144, 034109 (2016)], The Journal of chemical physics 145
(16), 169901 (2016).

93. X Blase, P Boulanger, F Bruneval, M Fernandez-Serra, | Duchemin, GW and Bethe-Salpeter study of smalll
water clusters, The Journal of chemical physics 144 (3), 034109 (2016).

94. K Moratis, Siew Li Tan, S Germanis, C Katsidis, M Androulidaki, K Tsagaraki, Z Hatzopoulos, F Donatini,
J Cibert, YM Niquet, H Mariette, NT Pelekanos, Strained GaAs/InGaAs core-shell nanowires for
photovoltaic applications, Nanoscale research lefters 11 (1), 176 (2016).

95. J Li, E Lampin, C Delerue, YM Niguet, Theoretical investigation of the phonon-limited carrier mobility in
(001) Si films, Journal of Applied Physics 120 (17), 174301 (2016).

96. H Bohuslavskyi, D Kotekar-Pafil, R Maurand, A Corna, S Barraud, L Bourdet, L Hutin, YM Niguet, X Jehl,
S De Franceschi, M Vinet, M Sanquer, Pauli blockade in a few-hole PMOS double quantum dot limited
by spin-orbit interaction, Applied Physics Letters 109 (19), 193101 (2016).

97. J Pelloux-Prayer, M Casse, F Triozon, S Barraud, YM Niguet, JL Rouviere, O Faynot, G Reimbold, Strain
effect on mobility in nanowire MOSFETs down to 10 nm width: Geometrical effects and piezoresistive
model, Solid-State Electronics 125, 175-181 (2016).

98. LBourdet, J Li, J Pelloux-Prayer, F Triozon, M Cassé, S Barraud, S Martinie, D Rideau, YM Niguet, Contact
resistances in trigate and FinFET devices in a non-equilibrium Green's functions approach, Journal of
Applied Physics 119 (8), 084503 (2016).

99. X Jehl, YM Niguet, M Sanquer, Single donor electronics and quantum functionalities with advanced
CMOS technology, Journal of Physics: Condensed Matter 28 (10), 103001 (2016).

100.S Pouch, F Triozon, N Chevadlier, T Mélin, YM Niguet, Electronic structure investigation of Al 0.7 Ga 0.3
As/GaAs nanometric heterostructures by Kelvin force microscopy, RSC Advances 6 (8), 6782-6787
(2016).

2015

101.LE Ratcliff, L Genovese, S Mohr, T Deutsch, Fragment approach to constrained density functional theory
calculations using Daubechies wavelets, The Journal of chemical physics 142 (23), 234105 (2015).

102.D Jacquemin, | Duchemin, X Blase, 0-0 Energies Using Hybrid Schemes: Benchmarks of TD-DFT, CIS(D),
ADC(2), CC2, and BSE/GW formalisms for 80 Real-Life Compounds, Journal of chemical theory and
computation 11 (11), 5340-5359 (2015).

103.G Brenet, D Timerkaeva, EN Sgourou, CA Londos, D Caliste, P Pochet, An atomistic vision of the Mass
Action Law: Prediction of carbon/oxygen defects in silicon, Journal of Applied Physics 118 (12), 125706
(2015).

104.S Mathur, S Vlaic, E Machado-Charry, AD Vu, V Guisset, P D. , E Hadji, P Pochet, J Coraux, Degenerate
epitaxy-driven defects in monolayer silicon oxide on ruthenium, Physical Review B 92 (16), 161410 (2015).

105.N Cherkashin, FX Darras, P_ Pochet, S Reboh, N Ratel-Ramond, A Claverie, Modelling of point defect
complex formation and its application to H* ion implanted silicon, Acta Materialia 99, 187-195 (2015).

106.GK N'Tsouaglo, LK Béland, JF Joly, P Brommer, N Mousseau, P Pochet, Probing potential energy surface
exploration strategies for complex systems, Journal of chemical theory and computation 11 (4), 1970-
1977 (2015).

107.L Genovese, T Deutsch, Multipole-preserving quadratures for the discretization of functions in real-space
electronic structure calculations, Physical Chemistry Chemical Physics 17 (47), 31582-31591 (2015).
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108.J Li, HPC Miranda, YM Niguet, L Genovese, | Duchemin, L Wirtz, C Delerue, Phonon-limited carrier mobility
and resistivity from carbon nanotubes to graphene, Physical Review B 92 (7), 075414 (2015).

109.LE Ratcliff, L Genovese, S Mohr, T Deutsch, Fragment approach to constrained density functional theory
calculations using Daubechies wavelets, The Journal of chemical physics 142 (23), 234105 (2015).

110.A. Gautam, C. Ophus, E. Lancon, P. Denes, U. Dahmen , Analysis of grain boundary dynamics using
event detection and cumulative averaging, Ultramicroscopy 151, 78-84 (2015).

111.A Gassenq, K Guilloy, G Osvaldo Dias, N Pauc, D Rouchon, JM Hartmann, J Widiez, S Tardif, F Rieutord,
J Escalante, | Duchemin, YM Niguet, Richard Geiger, T Zabel, Hans Sigg, J Faist, A Chelnokov, V Reboud,
V Calvo, 1.9% bi-axial tensile strain in thick germanium suspended membranes fabricated in optical
germanium-on-insulator substrates for laser applications, Applied Physics Letters 107 (19), 191904 (2015).

112.Q Li, | Duchemin, S Xiong, GC Solomon, D Donadio, Mechanical tuning of thermal transport in a
molecular junction, The Journal of Physical Chemistry C 119 (43), 24636-24642 (2015).

113.D Jacquemin, | Duchemin, X Blase, 0-0 Energies Using Hybrid Schemes: Benchmarks of TD-DFT, CIS(D),
ADC(2), CC2, and BSE/GW formalisms for 80 Real-Life Compounds, Journal of chemical theory and
computation 11 (11), 5340-5359 (2015).

114.D Jacquemin, | Duchemin, X Blase, Benchmarking the Bethe-Salpeter formalism on a standard organic
molecular set, Journal of chemical theory and computation 11 (7), 3290-3304 (2015).

115.R Lavieville, F Triozon, S Barraud, A Corna, X Jehl, M Sanquer, J Li, A Abisset, | Duchemin, YM Niguet,
Quantum dot made in metal oxide silicon-nanowire field effect transistor working at room temperature,
Nano letters 15 (5), 2958-2964 (2015).

116.D Niedzialek, | Duchemin, TB de Queiroz, S Osella, A Rao, R Friend, X Blase, S Kimmel, D Beljonne, First
principles calculations of charge transfer excitations in polymer—fullerene complexes: Influence of
excess energy, Advanced Functional Materials 25 (13), 1972-1984 (2015).

117.T Hahn, J Geiger, X Blase, | Duchemin, D Niedzialek, S Tscheuschner, D Beljonne, Heinz Bdssler, Anna
K&hler, Does Excess Energy Assist Photogeneration in an Organic Low-Bandgap Solar Cell2, Advanced
Functional Materials 25 (8), 1287-1295 (2015).

118.YM Niguet, | Duchemin, VH Nguyen, F Triozon, D Rideau, Remote surface roughness scattering in fully
depleted silicon-on-insulator devices with high-k/SiO2 gate stacks, Applied Physics Letters 106 (2).
023508 (2015).

119.J Li, G Mugny, YM Niguet, C Delerue, Drift velocity versus electric field in{ 110) Si nanowires: Strong
confinement effects, Applied Physics Letters 107 (6), 063103 (2015).

120.X Jehl, B Voisin, B Roche, E Dupont-Ferrier, S De Franceschi, M Sanquer, M Cobian, YM Niguet, B Skiénard,
O Cueto, R Wacquez, M Vinet, The coupled atom transistor, Journal of Physics: Condensed Matter 27
(15), 154206 (2015).

2014

121.Y Wang, P Pochet, CA Jenkins, E Arenholz, G Bukalis, S Gemming, M Helm, S Zhou, Defect-induced
magnetism in graphite through neutron irradiation, Physical Review B 90 (21), 214435 (2014).

122.CP Ewels, D Erbahar, P Wagner, X Rocquefelte, R Arenal, P Pochet, M Rayson, M Scardamaglia, C
Bittencourt, P Briddon, Nitrogen segregation in nanocarbons, Faraday discussions 173, 215-232 (2014).

123.M Scardamaglia, B Aleman, M Amati, C Ewels, P_Pochet, N Reckinger, JF Colomer, T Skaltsas,
N Tagmatarchis, R Snyders, L Gregoratti, C Bittencourt, Nitrogen implantation of suspended graphene
flakes: Annealing effects and selectivity of sp2 nitrogen species, Carbon 73, 371-381(2014).

124.S Tardif, A Titov, E Arras, | Slipukhina, EK Hlil, S Cherifi, Y Joly, M Jamet, A Barski, J Cibert, E Kulatov, Y A
Uspenskii, P_Pochet, X-ray magnetic circular dichroism in (Ge, Mn) compounds: experiments and
modelling, Journal of Magnetism and Magnetic Materials 354, 151-158 (2014).

125.SA Ghasemi, TJ Lenosky, M Amsler, A Sadeghi, L Genovese, S Goedecker, Energetic and vibrational
analysis of hydrogenated silicon m vacancies above saturation, Physical Review B 90 (5), 054117 (2014).
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126.B Natargjan, L Genovese, T Deutsch, ME Casida, Corrigendum fo **Wavelet-based linear-response time-

dependent density-functional theory: Excited-states modeling of fluorescent compounds with UV-vis
spectra calculations’ [Chem. Phys. 402 (2012) 29], Chemical Physics 436 (437), 63-64 (2014).

127.S Mohr, P Pochet, M Amsler, B Schaefer, A Sadeghi, L Genovese, S Goedecker, Boron aggregation in
the ground states of boron-carbon fullerenes, Physical Review B 89 (4), 041404 (2014).

128.L Darchy, N Hanifi, F Vialla, C Voisin, PA Bayle, L Genovese, C Celle, JP Simonato, A Filoramo, V Derycke,
P Chenevier, A highly selective non-radical diazo coupling provides low cost semi-conducting carbon
nanotubes, Carbon 66, 246-258 (2014).

129.VH Nguyen, YM Niguet, F Triozon, | Duchemin, O Nier, D Rideau, Quantum modeling of the carrier
mobility in FDSOI devices, IEEE Transactions on Electron Devices 61 (9), 3096-3102 (2014).

130.P Boulanger, S Chibani, B Le Guennic, | Duchemin, X Blase, D Jacquemin, Combining the Bethe-Salpeter
Formalism with Time-Dependent DFT Excited-State Forces to Describe Opfical Signatures: NBO
Fluoroborates as Working Examples, Journal of chemical theory and computation 10 (10), 4548-4556
(2014).

131.P Boulanger, D Jacquemin, | Duchemin, X Blase, Fast and accurate electronic excitations in cyanines
with the many-body Bethe-Salpeter approach, Journal of chemical theory and computation 10 (3),
1212-1218 (2014).

132.F Vigneau, V Prudkovkiy, | Duchemin, W Escoffier, P Caroff, YM Niguet, Renaud Leturcq, Michel Goiran,
Bertrand Raquet, Magnetotransport subband spectroscopy in InAs nanowires, Physical review letters
112 (7), 076801 (2014).

133.J Li, N Jomaa, YM Niguet, M Said, C Delerue, Hole mobility in Ge/Si core/shell nanowires: What could
be the optimum?, Applied Physics Letters 105 (23), 233104 (2014).

134.R Zoubkoff, F Triozon, YM Niguet, S Latil, Boron and nitfrogen codoping effect on transport properties of
carbon nanotubes, Physical Review B 90 (12), 125418 (2014).

135.VH Nguyen, YM Niguet, P Dollfus, The interplay between the Aharonov-Bohm interference and parity
selective tunneling in graphene nanoribbon rings, Journal of Physics: Condensed Matter 26 (20),
205301(2014).

136.B Voisin, M Cobian, X Jehl, M Vinet, YM Niguet, Christophe Delerue, S De Franceschi, M Sanquer, Control
of the ionization state of three single donor atoms in silicon, Physical Review B 89 (16), 161404 (2014).

Review articles (total number) 2

1. X Blase, | Duchemin, D Jacquemin, The Bethe-Salpeter equation in chemistry: relations with TD-DFT,
applications and challenges, Chemical Society Reviews 47 (3), 1022-1043 (2018).

2. LE Ratcliff, S Mohr, G Huhs, T Deutsch, M Masella, L Genovese, Challenges in large scale quantum
mechanical calculations, Wiley Interdisciplinary Reviews: Computational Molecular Science 7 (1), €1290
(2017).

Books

Book chapters (total number) 2
Book chapters in English or another foreign language 2

1. Wavelet-Based Density Functional Theory on Massively Parallel Hybrid Architectures (pages: 115-134),
L Genovese, B Videau, D Caliste, JFMéhaut, S Goedecker, TDeutsch in Electronic Structure
Calculations on Graphics Processing Units: From Quantum Chemistry to Condensed Matter Physics,
Editor(s): Ross C. Walker Andreas W G6tz, First published:19 February 2016, ISBN:9781118661789

2. Introduction to Quantum Transport (p. 163-222), F Triozon, S Roche, YM Niguet in Simulation of Transport
in Nanodevices, John Wiley & Sons, Inc, 2016

Production in conferences / congresses and research seminars

Meeting abstracts (non-exhaustive list)
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20
1.

19

M Moriniére, M Cote, T Deutsch, L Genovese, Computing Raman Spectra with Wavelets Using The BigDFT
Code, APS March Meeting, Boston 2019

L Genovese, M D'Alessandro, Locality and Computational Reliability of Linear Response Calculations for
Molecular Systems, APS March Meeting, Boston 2019

M Stella, L Ratcliff, LGenovese, Towards a systematic multi-scale method for TADF-based OLED materials
in the BigDFT code, APS March Meeting, Boston 2019

L Ratcliff, S Mohr, T Deutsch, L Genovese, Towards Paradigm Shifts in Electronic Structure Calculation for
Large Systems: Wavelets, Fragments and Advanced Treatments of Excited States, APS March Meeting,
Boston 2019

T Deutsch, L Genovese, A Degomme, L Ratcliff, Affordable and accurate large-scale hybrid-functional
calculations on GPU-accelerated supercomputers, APS March Meeting, Boston 2019

2018

6.

11.

YM Niquet, L Bourdet, Z Zeng, F Triozon, Carrier mobilities and contact resistances in nanowire devices,
2018 IEEE 18th International Conference on Nanotechnology (IEEE-NANO)

X Jehl, R Maurand, A Crippa, A Corna, YM Niguet, B Bertrand, L Hutin, S Barraud, M Vinet,
M Urdampilleta, T Meunier, M Sanquer, S De Franceschi, From Electron Pumps to Spin Quantum Bits in
Silicon, 2018 Conference on Precision Electromagnetic Measurements (CPEM 2018)

| Duchemin, D Jacquemin, D Beljonne, X Blase, Embedded many-body perturbation theory for organic
and hybrid disordered systems, J Li, G D'Avino, APS March Meeting 2018

L Ratcliff, S Mohr, M Masella, L Genovese, Opportunities for Simulating Large Systems using Accurate
and Efficient Density Functional Theory Calculations, APS March Meeting 2018

. WHuhn, A Garcia, L Genovese, V Havu, M Jacquelin, W Jia, M Keceli, Unified Access To Kohn-Sham DFT

Solvers for Different Scales and HPC: The ELSI Project, APS March Meeting 2018

Reproducibility in LR-TDDFT: The Importance of The Continuum of Unoccupied Orbitals, M Moriniére,
L Genovese, T Deutsch, APS March Meeting 2018

2017

12.

L Genovese, S Mohr, L Raftcliff, Linear scaling density functional theory in Daubechies wavelets basis:
Towards paradigm shifts in large-scale electronic structure calculations, abstracts of papers of the
American chemical society 254, 2017

. L Hutin, B Bertrand, R Maurand, M Urdampilleta, B Jadot, H Bohuslavskyi, L Bourdet, YM Niguet, X Jehl,

S Barraud, C Bduerle, T Meunier, M Sanquer, S De Franceschi, M Vinet, Harnessing Si CMOS technology
for quantum information, 2017 Silicon Nanoelectronics Workshop (SNW)

2016

14.

15.

L Genovese, L Ratcliff, M Masella, Unbiased QM/MM approach using accurate multipoles from a linear
scaling DFT calculation with a systematic basis set, S Mohr, APS March Meeting 2016

G Fisicaro, L Genovese, O Andreussi, N Marzari, S Goedecker, Complex wet-environments in electronic-
structure calculations, APS March Meeting 2016

. L Ratcliff, L Genovese, S Mohr, T Deutsch, Enhancing Linear-Scaling DFT for Extended Systems via a

QM/QM Fragment Approach, APS March Meeting 2016

. T Deutsch, L Genovese, Invited talk in the SIAM conference SIAM (applied mathematics), April 2016,

Paris

. TDeutsch, L Genovese, Invited talkin PASC16 conference (Platfomr for Advanced Scientific Computing

Conference), Lausanne June 2016

. T Deutsch, Plenary invited talk in PMAA’16 conference (Parallel Matrix Algorithms and Applications,

Bordeaux, July 2016
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L Genovese, S Mohr, LE Ratcliff, D Caliste, T Deutsch, S Goedecker, The flexibility of Daubechies wavelets
for Linear Scaling DFT calculations, APS March Meeting 2016

21. C Delerue, W Beugeling, E Kalesaki, YM Niquet, D Vanmaekelbergh, Topological States in Multi-Orbital
Honeycomb Lattices of HgTe Quantum Dots, APS March Meeting 2016

22. | Duchemin, GW and Bethe-Salpeter equation calculations with FIESTA code, Maison de la simulation,
June 2016, invited talk.

23. | Duchemin, Combining the GW Formalism with the Polarizable Continuum Model: a State-Specific Non-
Equilibrium Approach. GDR REST, Contributed talk, Roscoff 2016

24. E Zvereva , D. Caliste and P Pochet, Interface |dentification of the Solid Electrolyte Interphase on
Graphite, E-MRS symposium U, Lille, talk, May 2016

25. P Pochet, B McGuigan and H. Johnson, Critical thickness for interface misfit dislocation formation in two-
dimensional materials, E-MRS symposium Y, talk, Lille, May 2016

26. P Pochet et al., Dislocation in 2D: curse or blessing?, Graphene Canada, Montreal, October 2016

27. C Delerue, W Beugeling, E Kalesaki, YM Niguet, D Vanmaekelbergh, Topological States in Multi-Orbital
Honeycomb Lattices of HgTe Quantum Dots, APS March Meeting 2016

2015

38. DH Pham, V Perrier, QH Tran, L Genovese, L Duval, Méthode de Galerkin en base mixte
ondelettes/gaussiennes pour le calcul de structures électroniques en chimie quantique, SMAI 2015

39. L Genovese, San Sebastian PsiK 2015

40. M Den Hertog, K Hajraoui, P Pochet, C Zeiner, A Lugstein, F Donatini, Characterization of metal contacts
on semiconducting Nanowires using electrical biasing in a transmission electron microscope, 14e
Collogue de la Société Francaise des Microscopies 2015

41. S Mathur, S Viaic, E Hadiji, P Pochet, J Coraux, Emergence and conftrol of crystaline domains in two-
dimensional silica, APS March Meeting 2015

42. L Ratcliff, L Genovese, S Mohr, T Deutsch, Linear-scaling density-functional theory with wavelets:
challenges and opportunities for petascale and beyond, APS Meeting Abstracts 2015

43. L. Bourdet, J. Li and YM Niguet,Contact resistances in Trigate devices in a Non-Equilibrium Green's
Functions framework, International Workshop on Computational Electronics (IWCE), Purdue, USA,
September 2015

44, | Duchemin, Workshop "Theory and Modeling for PV", Marseille, France, Invited talk, , October,1st and
2nd, 2015

45. T Deutsch, L Genovese, Plenary invited conference, Tromso, Norway,January 2015

46. T Deutsch, L Genovese, Invited talk in Workshop PATC (Prace Advanced Training Courses), June 2015

47. T Deutsch, Plenary invited conference in HPC2015, Montreal, June 2015

Atrticles published in conference proceedings / congress: 46

2019

38

1.

F Lancon, N Gunkelmann, D Caliste and L Rouviéere, Get 3D coordinates from electron microscopy
images, build approximants, solve the structure: Incommensurate interface in silicon and silver-ratio,
Intergranular and Interphase Boundaries in Materials, July 2019

2. FZ Boito, JF Méhaut, T Deutsch, B Videau, F Desprez, Instrumental Data Management and Scientific
Workflow Execution: the CEA case study, IPDPSW 2019-Internatfional Parallel and Distributed Processing
Symposium 2019

2018

3. M Vinet, L Hutin, B Berfrand, S Barraud, JM Hartmann, YJ Kim, V Mazzocchi, A Amisse, H Bohuslavskyi, L

Bourdet, A Crippa, X Jehl, R Maurand, YM Niguet, M Sanqguer, B Venitucci, B Jadot, E Chanrion, P-A
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Mortemousque, C Spence, M Urdampilleta, S De Franceschi, T Meunier, Towards scalable silicon
quantum computing, 2018 IEEE International Electron Devices Meeting (IEDM)

L Hutin, B Bertrand, R Maurand, A Crippa, M Urdampilleta, YJ Kim, A Amisse, H Bohuslavskyi, L Bourdet, S
Barraud, X Jeh, YM Niguet, M Sanquer, C Bduerle, T Meunier, S De Franceschi, M Vinet, Si MOS
technology for spin-based quantum computing, 2018 48th European Solid-State Device Research
Conference (ESSDERC)

B Bertrand, L Hutin, L Bourdet, A Corna, B Jadot, H Bohuslavskvi, A Crippa, R Maurand, S Barraud,
M Urdampilleta, C B&uerle, T Meunier, M Sanquer, X Jehl, S De Francerschi, YM Niguet, M Vinet,
Development of spin quantum bits in SOl CMOS technology, 2018 IEEE 18th International Conference
on Nanotechnology (IEEE-NANO)

L Hufin, L Bourdet, B Bertrand, A Corna, H Bohuslavskyi, A Amisse, A Crippa, R Maurand, S Barraud,
M Urdampilleta, C Bdauerle, T Meunier, M Sanquer, X Jehl, S De Franceschi, YM Niguet, M Vinet, All-
electrical control of a hybrid electron spin/valley quantum bit in SOI CMOS technology, 2018 IEEE
Symposium on VLS| Technology

2017

7.

M Cassé, J Pelloux-Prayer, Z Zeng, YM Niguet, F Triozon, S Barraud, G Reimbold, An improved mobility
model for FDSOI TriGate and other mulfi-gate Nanowire MOSFETs down to nanometer-scaled
dimensions, 2017 IEEE SOI-3D-Subthreshold Microelectronics Technology Unified Conference (S3S)

J-Ch Barbé, S Barraud, O Rozeau, S Martinia, J Lacord, P Blaise, Z Zeng, L Bourdet, F Triozon, YM Niguet,
Stacked nanowires/nanosheets GAA MOSFET from technology to design enablement, 2017
International Conference on Simulation of Semiconductor Processes and Devices (SISPAD)

R Berthelon, F Andneu, F Triozon, M Cassé, L Bourdet, G Ghibaudo, D Rideau, YM Niguet, S Barraud,
P Nguyen, C Le Royer, J Lacord, C Tabone, O Rozeau, D Dutartre, A Claverie, E Josse, F Arnaud, M Vinet,
Impact of strain on access resistance in planar and nanowire CMOS devices, 2017 Symposium on VLS|
Technology

. L Hutin, B Bertrand, R Maurand, M Urdampilleta, B Jadot, H Bohuslavskyi, L Bourdet, YM Niguet, X Jehl,

S Barraud, C Bduerle, T Meunier, M Sanquer, S De Franceschi, M Vinet, SOI CMOS technology for
quantum information processing, 2017 IEEE International Conference on IC Design and Technology
(ICICDT)

2016

11.

12.

T. Radetic, M.L. Bowers, C. Ophus, A. Gautam and F. Lancon, High Resolution Electron Microscopy of
Grain Boundary Motion During Island Grain Shrinkage, U. Dahmen, Microscopy & Microanalysis 2016

B Daudin, J Eymery, F Lancon, JM Zuo, JL Rouviéere, Picometre-precision atomic structure of inversion
domain boundaries in GaN, B Haas, RA MclLeod, T Auzelle, European Microscopy Congress 2016:
Proceedings

. K Guilloy, A Gassenq, N Pauc, S Tardif, F Rieutord, JM Escalante, | Duchemin, YM Niguet, P Gentile,

G Osvaldo Dias, D Rouchon, J Widiez, JM Hartmann, Alexei Chelnokov, R Geiger, T Zabel, H Sigg, J Faist,
V Reboud, V Calvo, Nonlinear direct band gap and Raman shift strain dependence in germanium
under high uniaxial stress, E-MRS spring meeting (2016).

. G Mugny, FG Pereira, D Rideau, F Triozon, YM Niguet, M Pala, D Garetto, C Delerue, A study of diffusive

fransport in 14nm FDSOI MOSFET: NEGF versus QDD, 2016 46th European Solid-State Device Research
Conference (ESSDERC)

. VReboud, A Gassenq, K Guilloy, G O Dias, J Escalante, S Tardif, N Pauc, J Hartmann, J Widiez, E Gomez,

et al., Ultra-high amplified strain on 200 mm optical Germanium-On-Insulator (GeOl) substrates: towards
CMOS compatible Ge lasers, in Silicon Photonics XI, vol. 9752, p. 97520F, International Society for Optics
and Photonics, 2016.

. L Bourdet, J Li, J Pelloux-Prayer, F Triozon, M Cassé, S Barraud, S Martinie, D Rideau, YM Niguet, Contact

resistances in Trigate devices in a Non-Equilibrium Green's Functions framework, 2016 Joint Infernational
EUROSOI Workshop and International Conference on Ultimate Integration on Silicon (EUROSOI-ULIS)
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17. ZZeng, F Triozon, YM Niguet, S Barraud, Size-dependent carrier mobilities in rectangular silicon nanowire

40

20.

21.

22.

23.

24.

25.

26.

27.

28.

devices, 2016 International Conference on Simulation of Semiconductor Processes and Devices
(SISPAD)

. A Gassenq, K Guilloy, S Tardif, J Escalante, YM Niguet, | Duchemin, JM Hartmann, D Rouchon, J Widiez,

J Rothman, T Zabel, E Marin, H Sigg, J Faist, N Pauc, F Rieutord, A Chelnokov, V Reboud, V Calvo, Non-
linear bandgap strain dependence in highly strained germanium using strain redistribution in 200 mm
GeOl wafers for laser applications, 2016 IEEE 13th International Conference on Group IV Photonics (GFP)
(2016).

. TZabel, E Marin, R Geiger, C Bozon, S Tardif, K Guilloy, A Gassenq, J Escalante, YM Niguet, | Duchemin,

J Rothman, N Pauc, F Rieutord, V Reboud, V Calvo, JM Hartmann, J Widiez, Alexei Tchelnokov, J Faist,
Hans Sigg, Highly strained direct bandgap Germanium cavities for a monolithic laser on Si, 2016 IEEE
13th International Conference on Group IV Photonics (GFP) (2016).

A Gassengq, S Tardif, | Duchemin, K Guilloy, GO Dias, D Rouchon, JM Hartmann, J Widiez, JM Escalante
Fernandez, Daivid Fowler, YM Niguet, J Faist, R Geiger, T Zabel, H C Sigg, N. Pauc, F Rieutord,
A Chelnokov, V Reboud, V Calvo, Synchrotron-based Laue micro-diffraction and Raman spectroscopy
investigation of highly-strained GeOl micro-bridges for photonics applications, SPIE Photonics West
(2016).

JLi, YM Niguet, C Delerue, Manipulating spin polarization and carrier mobility in zigzag graphene ribbons
using an electric field, 2016 IEEE International Electron Devices Meeting (IEDM)

V Reboud, J Widiez, JM Hartmann, E Gomez, A Gassenq, K Guilloy, M Bertrand, S Tardif, JM Escalante,
N Pauc, D Fowler, E Bellet Amalric, D Rouchon, | Duchemin, YM Niguet, F Rieutord, R Geiger, T Zabel,
E Marin, H Sigg, J Faist, A Chelnokov, V Calvo, Fabrication of 200 mm Germanium-On-Insulator (GeQl):
A step toward a Germanium photonic platform, 2016 IEEE 13th International Conference on Group IV
Photonics (GFP) (2016).

O Rozeawu, S Martinie, T Poiroux, F Triozon, S Barraud, J Lacord, YM Niguet, C Tabone, R Coquand,
E Augendre, M Vinet, O Faynot, J-Ch Barbé, NSP: Physical compact model for stacked-planar and
vertical Gate-All-Around MOSFETs, 2016 IEEE International Electron Devices Meeting (IEDM)

J Pelloux-Prayer, M Cassé, S Barraud, F Triozon, Z Zeng, YM Niguet, J-L Rouviere, G Reimbold, Transport
in TiGate nanowire FET: Cross-section effect at the nanometer scale, 2016 IEEE SOI-3D-Subthreshold
Microelectronics Technology Unified Conference (S3S)

Z Zeng, F Triozon, YM Niguet, Carrier scattering by workfunction fluctuations and interface dipoles in
high-K/metal gate stacks, 2016 International Conference on Simulation of Semiconductor Processes
and Devices (SISPAD)

L Bourdet, J Li, J Pelloux-Prayer, F Triozon, M Cassé, S Barraud, S Martinie, D Rideau, YM Niguet, High and
low-field contact resistances in trigate devices in a Non-Equilibrium Green's Functions framework, 2016
International Conference on Simulation of Semiconductor Processes and Devices (SISPAD)

S De Franceschi, L Hutin, R Maurand, L Bourdet, H Bohuslavskyi, A Corna, D Kotekar-Patil, S Barraud,
X Jehl, YM Niguet, et al., SOI technology for quantum information processing, in 2016 IEEE International
Electron Devices Meeting (IEDM), p. 13-4, IEEE, 2016.

J Bigot, V Grandgirard, G Latu, JF Méhaut, L Felipe Millani, C Passeron, S Quinito Masnada, J Richard, B
Videau, Building and Auto-Tuning Computing Kernels: Experimenting with BOAST and StarPU in the
GYSELA Code, CEMRACS 2016 - Numerical challenges in parallel scientific computing, 2016, Marseille,
France. pp.152- 178, (10.1051/proc/201863152)

2015

29.

30.

31.

A Cresti, H Okuno, P Pochet, Flowered graphene: Structure and electron transport properties, Annual
meeting of the GDRi Graphene and Nanotubes, Nov 2015, Aussois, France

J Li, H. Miranda, YM Niguet, L Genovese, | Duchemin, L Wirtz et C Delerue, The role of dimensionality on
phonon-limited charge transport: From CNTs to graphene, International Workshop on Computational
Electronics (IWCE), Purdue, USA (September 2015).

ML Bowers, A Gautam, C Ophus, F Lancon and U Dahmen, Collective Atomic Motion at a 90° <110> Tilt
Grain Boundary in Gold, Microscopy & Microanalysis 2015
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32.

33.

34.

35.

36.

37.

38.

39.

K Guilloy, N Pauc, A Gassenqg, P Gentile, S Tardif, F Rieutord, V Calvo, JM Escalante, | Duchemin,
YM Niguet, G Osvaldo Dias, D Rouchon, J Widiez, JM Hartmann, A Chelnokov, V Reboud, R Geiger, T
Zabel, H Sigg, J Faist, OPTICAL SPECTROSCOPY AND X-RAY MICRODIFFRACTION STUDY OF HIGHLY
STRAINED GE NANOSTRUCTURES, 12th International Conference on Group IV Photonics (2015).

K Guilloy, N Pauc, A Gassenq, P Gentile, S Tardif, F Rieutord, J Escalante, | Duchemin, YM Niguet,
V Calvo, G Osvaldo Dias, D Rouchon, J Widiez, JM Hartmann, D Fowler, A Chelnokov, V Reboud,
R Geiger, T Zabel, H Sigg, J Faist, Photocurrent spectroscopy and X-ray microdiffraction study of highly
strained germanium nanostructures, 2015 IEEE 12th International Conference on Group IV Photonics
(GFP), 173-174 (2015).

A Gassenq, S Tardif, K Guilloy, N Pauc, J Escalante, | Duchemin, YM Niguet, F Rieutord, V Calvo, G
Osvaldo Dias, D Rouchon, J Widiez, JM Hartmann, D Fowler, A Chelnokov, V Reboud, R Geiger, T Zabel,
H Sigg. J Faist, Distributed Bragg reflectors integration in highly strained Ge micro-bridges on 200 mm
GeOl substrates for laser applications, 2015 IEEE 12th International Conference on Group |V Photonics
(GFP)

GO Dias, D Rouchon, J Widiez, JM Hartmann, D Fowler, A Chelnokov, V Reboud, A Gasseng, S Tardif, K
Guiloy, N Pauc, J Escalante, | Duchemin, YM Niguet, F Rieutord, V Calvo, J Faist, R Geiger, T Zabel, H
Sigg, Design rules to control the tensile strain in Ge y-membranes fabricated from GeOl substrates for
photonics applications, 2015 IEEE 12th International Conference on Group IV Photonics (GFP)

JM Escalante, A Gasseng, S Tardif, K Guiloy, N Pauc, F Rieutord, V Calvo, G Osvatdo Dias, D Rouchon, J
Widiez, JM Hartmann, D Fowler, A Chelnokov, V Reboud, | Duchemin, YM Niguet, Non-linear model of
electronic band structure to highly tensile-strained Germanium, 2015 IEEE 12th International Conference
on Group |V Photonics (GFP)

A Gassenqg, G Osvaldo Dias, K Guiloy, S Tardif, N Pauc, D Rouchon, J Widiez, JM Hartmann, D Fowler,
A Chelnokov, J Escalante, | Duchemin, YM Niguet, R Geiger, T Zabel, H Sigg, J Faist, F Rieutord, V
Reboud, V Calvo, DBR based cavities in strained Ge microbridge on 200 mm Germanium-On-Insulator
(GeOl) substrates: tfowards CMOS compatible laser applications, The European Conference on Lasers
and Electro-Optics 2015

C Tavernier, FG Pereira, O Nier, D Rideau, F Monsieur, G Torrente, M Haond, H Jaouen, O Noblanc,
YM Niguet, MA Jaud, F Triozon, M Casse, J Lacord, JC Barbe, TCAD modeling challenges for 14nm
FullyDepleted SOI technology performance assessment, 2015 International Conference on Simulation
of Semiconductor Processes and Devices (SISPAD)

G Mugny, D Rideau, F Triozon, YM Niguet, C Kriso, FG Pereira, D Garetto, C Tavernier, C Delerue, Full-
zone k p parametrization for Ill-As materials, 2015 International Conference on Simulation of
Semiconductor Processes and Devices (SISPAD)

2014

40.

41.

42.

43.

44,

J Li, C Delerue, YM Niguet, F Triozon, L Genovese, A computational model for the investigation of
phonon-limited charge fransport in 2D systems, 17th International Workshop on Computational
Electronics, IWCE 2014

J Pelloux-Prayer, M Cassé, S Barraud, P Nguyen, M Koyama, YM Niguet, F Triozon, | Duchemin, A Abisset,
A I|drissi-Eloudrhiri, S Martinie, J-L Rouviere, H Iwai, G Reimbold, Study of the piezoresistive properties of
NMOS and PMOS Q-gate SOI nanowire transistors: Scalability effects and high stress level, 2014 |EEE
International Electron Devices Meeting, 20.5. 1-20.5. 4 2014

B Voisin, YH Nguyen, J Renard, X Jehl, S Barraud, F Triozon, M Vinet, | Duchemin, YM Niquet, S de
Franceschi, M Sanquer, Edge-states at the onset of a silicon trigate nanowire FET, 2014 Silicon
Nanoelectronics Workshop (SNW)

YM Niguet, VH Nguyen, F Triozon, | Duchemin, J Li, O Nier, D Rideau, Modeling of FDSOI and trigate
devices: What can we learn from Non-Equilibrium Green's Functions2, 2014 International Workshop on
Computational Electronics (IWCE)

G Mugny, D Rideau, F Triozon, YM Niquet, FG Pereira, A Soussou, | Duchemin, D Garetto, C Tavernier,
H Jaouen, C Delerue, Image and many-body effects in ultra-thin gate insulator MOSFET with In0. 53Ga0.
47 As channel material and their influence on gate leakage current, 17émes Journées Nationales du
Réseau Doctoral en Micro-Nanoélectronique, JNRDM 2014
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45. S Guarnay, F Triozon, S Martinie, YM Niguet, and A Bournel, Monte Carlo study of effective mobility in

short channel FDSOI MOSFETs, in 2014 International Conference on Simulation of Semiconductor
Processes and Devices (SISPAD), p. 105-108, IEEE, 2014.

46. D Rideau, F Monsieur, O Nier, YM Niguet, J Lacord, V Quenette, G Mugny, G Hiblot, G Gouget, M Quoirin,
et al., Experimental and theoretical investigation of the ‘apparent’mobility degradation in Bulk and
UTBB-FDSOI devices: a focus on the near-spacer-region resistance, in 2014 International Conference on
Simulation of Semiconductor Processes and Devices (SISPAD), p. 101-104, IEEE, 2014.

Other products presented in symposia / congress and research seminars 18

Electronic tools and products
Softwares

1. TB_Sim (propriatory licence, 500,000 code lines roughly 30 man.years), mulfi-scale, multi-physics tool to
simulate electronic transport and properties of nanoscale devioces (CMOS transistors, nanowires,
photonics, qubits)

2. BigDFT (GPL licence, 500,000 lines roughly 30 man.years), Daubechies wavelet based to calculate the
electronic structure in the Kohn-Sham-DFT formalism using psuedopotenetials, documentation in the
web site http://bigdft.org, the repository in hitps://gitlab.com/I sim/bigdft-suite

3.  GW/BSE Fiesta (100 000 lines 10 man.years), Many-body perturbation theory using a Gaussian basis set,
http://perso.neel.cnrs.fr/X. .blase/fiesta/

4. BeDeft (50,000 lines 3 man.years), rewritten code using some components of Fiesta using c++
language and lua scripts with a new resolution of identity.

5. V_Sim (100,000 lines, 15 man.years),visualisation tool, https://qgitlab.com/I_sim/v_sim

6. Gain, library to compute integrals for Gaussian basis set used in Fiesta,lbeDEFT and BigDFT

7. BOAST, automatic generation of optimized kernels, developed by Brice Videau in collaboration with
INRIA (repository https://github.com/Nanosim-LIG/boast)

Databases

e Results added in the database NOMAD repository https://nomad-repository.eu/

Other products
Theorised artistic creations, staging, movies

The studies by F. Lancon onincommensurate intferfaces and by L. Genovese on electronic-structure calculations
were presented in an original and humorous way by the troupe "Les n + 1" of the company "Les ateliers du
spectacle” from 2012 to 2016. Their play "L'apéro mathématiques" included a show on "what's in the head of
Eic Frelancon and Gino Giuvelese" (see http://www.ateliers-du-spectacle.org/spectacle/lapero-
mathematiques/).

Reviewing activities
Reviewing of articles

e Physical Review Letter, Physical Review B, Physical Review Materials, Physical Review Applied, Applied
Physics Letters, Nanoletters, Journal of Physical Physics, Computer Physics Communication

Reviewing of research institutes

e Head of the HCERES committee of Laboratoire des Solides irradiés (LSI), TD, 11/2019

Academic research grants
European (ERC, H2020, etc.) and international (NSF, JSPS, NIH, World Bank, FAO, etc.) grants — partnership
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1. HiC FP7, Novel in situ and in operando techniques for characterization of interfaces in electrochemical
storage systems, 2013-2017, PP

2. EXTMOS FP8, multi-scale modelling for OLEDS, 2015-2019, ID, D, LG

3. EoCoE, FP8 Centre of Excellence about high performance computing towards exascale in the field of
Energy, 2015-2018, TD, LG

4. MaX, H2020 Centre of Excellence about HPC in the field of Materials, 2018-2021, DC, D, LG

MOS-QUITO, MOS-based quantum information technology, 2016-2019, YMN

6. ERC Synergy quCube to realize Si qubits 2019-2023, YMN

o

National public grants (ANR, PHRC, FUI, INCA, etc.) — coordination
1.  ANR MAQSI, Modeling and Assessment of Qubits on Silicon, 2018-2021, YMN
2. ANR 2D Transformers, Two-dimensional Phase Transformation Materials, 2014-2020, PP

National public grants (ANR, PHRC, FUI, INCA, etc.) — partnership

7. ANR NOODLES, NanOdevice mODeling for Low powEr applicationS, 2015-2017, YMN

1. ANR ESPADON, Anisotropic quantum dots for better spin and photon control, 2016-2018, YMN

2. ANR EMOUVAN, UV light emission with nanowires, 2016-2019, DC

3.  ANR Mechaspin, Positioning at the atomic scale and coherent mechanical control of the spin of a
magnetic atom, 2017-2021, PP, DC

4. Ancre MACMA (M. Saubanere, University of Montpellier), improve DFT to study electorchemical
interfaces, 2019-2020, LG

Local grants (collectivités territoriales) — coordination

1. Wage AGIR UGA project to have visitors about wavelets Mathematics, 2016-2017, LG
PIA (labex, equipex etfc.) grants — partnership

1. LANEF, L_Sim team

2. S.de (PhD grant of Maxime Morinére), 1D, LG

Grants from foundations and charities (ARC, FMR, FRM, etc.) — partnership
1. 2D factory DSM-DRT CEA project, PP
2. CEA project PHOTONIQUE (about Ge laser), ID, YMN
3. ZeroPOVA DSM-DRT CEA project, Zero Power and Zero Variability for sub 5 nm Heterogeneous Single
Atom Devices, 2013-2014, YMN
4. SITEQ DSM-DRT CEA project, Silicon Technologies for Quantum Information, 2017-2020, YMN

Intfernational grants — coordination
e “Moirel] Engineering in 2D Materials Beyond Graphene” (ARO USA 2017-2020) PI: H Johnson, Co-PI:
PPochet

Intfernational grants — partnership
e “Brazilian student exchange” (CAPES, Brazil 2019-2024) PI: G Dalpian

Visiting senior scientists and post-doc
Post-docs (total number) 12
1. Brice Videau (EoCoE, 2016-2018), automatic generation of optimized kernels, BOAST
2. Augustin Degomme (EXTMOS, MAX, 2018-2021), GPU containers, optimizations, convolutions library

Foreign post-docs
3. Laura Ratcliff (2012-2014), linear scaling method, fragment approach, constrained DFT
4. Stephan Mohr (2013-2015), linear scaling method
5. Alessandro Cerioni (2014-2015), Poisson solver
6. E. Vadnyukova-Zvereva (HIC, 2014-2016), solid electrolyte interface model for battery
7. Jing Li (ZeroPOVA 2013-2015, 2018-2020)
8. José Maria Escalante Fernandez (PHOTONIQUE 2014-2015), Laser Ge
9. Zaiping Zeng (NOODLES 2015-2017)
10. Merijntje Bronsgeest (CROISIC, 2012-2014), Croissance de 2D
11. Shuze Zhu PRDA at UIUC (ARO 2017-2019) 2D materials and Moiré
12. Juan Camillo Alvarez Quiceno (2D Transformer, 2018-2020), transformation de phase dans 2D
13. Selva Selvargj (2018-2020), SOFRADIR contract about defects in HQCdTe
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Contracts for a post-doc in a foreign university

14. Paul Boulanger (one year) Montréal University
15. Maxime Moriniere (two years), Montréal University

Visiting scientfists (total number) 5

Foreign visiting scientists
1. Pr. Harley Johnson, University of lllinois at Urbana-Champaign (UIUC), invited six-month UJF professor
(2016)
2. Pr. Gustavo Dalpian, University of ABC, Sao Paulo (initial visit to settle a Brazilian student exchange grant
running 2019-2023)
Marco d’'Alessandro, Roma (several weeks 2018-2019), linear response methodology
William Dawson, RIKEN (1 week, 2019), fragment approach and aflatoxine calculation
Anders Bergman, Uppsala University (one year, 2016-2017), magnetism
Giuseppe Fisicaro, Catania University (several weeks, 2016-2019)
Laura Rafcliff (several weeks, 2018-2019)
Boris Nectoux (one week, 2016)

® N o0~ w

Scientific recognition

Prizes and/or distinctions
e 2014 Bull-Atos Fourier prize (FIESTA, | Duchemin and X. Blase)

Chair of learned and scientific societies
1. Athanasios Dimoulas (LANEF chair of Excellence 2016-2017) about two-dimensional (2D) transition metal
dichalcogenide (TMD) materials
Organisations of meetings and symposia (out of France)
1. Symposium “Materials by design for Energy applications” co-organized by P. Pochet within E-MRS
spring meeting 2016,
2. International CECAM workshop “Multiscale modelling of organic semiconductors: from elementary
processes to devices”, September 2017, Grenoble

Interaction of the L_Sim team with the non-academic world, impacts on economy,
society, culture or health

Patents
Accepted patents 3
1. Procédé de recristallisation d'un matériau carboné, tel que du graphéne ou des nanotubes de
carbone, Jean Dijon, H. Okuno, P. Pochet, Raphael Ramos, WO2017037396A1 (2016)
2. Method for manufacturing solar cells, attenuating lid phenomena, P Pochet, S Dubois, US Patent
9,412,896 (2016)
3. Single-electron fransistor and its fabrication method, S Barraud, | Duchemin, L Hutin, Y Niquet, M Vinet,
US Patent 9,911,841

Filed patent 1
4. Procédé de contréle d'un dispositif & qubit de spin, L Bourdet, L Hutin, YM Niguet, M Vinet, submitted in
June 28. 2017, France

Socio-economic interactions
Industrial and R&D contracts
e 2 R&D contracts with SOFRADIR (2016 and 2018)

Expertise

Participation in expert committees (ANSES etc.)
1. President of Material committee for the national computational allocation (TD)
2. Userrepresentative in CCRT national supercomputer centre (DC)
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3. Member of the evaluation committee of GENCI (PP)
4. Director of the Centre for Predictive Simulation, CSP, T Deutsch, 2017-present

Involvement of the L_Sim team in training through research

Educational outputs

E-learning, MOOCs, multimedia lessons, etc.
1. TP Cesire with F. Lancon between 2 and 3 groups per year, one day fraining (2014-2018)
2. Cours CUDA/OpenCL école doctorale UJF, L Genovese and B. Videau (March 2015)
3. MOOC UJF, A la recherche d'autres planétes habitables, M Moriniére(June-July 2016)

Training
Habilitated (HDR) scientists
1. Thierry Deutsch (2008)
2. Frédéric Lancon (1984)
3. Y.-Michel Niquet (2013)
4. P. Pochet (2012)
HDR obtained during the period 0

PhD students (total number) 12

1. Carina Faber (2011-2014), supervisors X Blase (Néel) and T Deutsch, defense 26/11/2014
Dilyara Timerkaeva (2012-2015), supervisors P Pochet and D Caliste, defense 10/4/2015
Gilles Brenet (2012-2016), supervisors P Pochet and D Caliste, defense 10/5/2016
Shashank Mathur (2013-2016, Exp.), supervisors J Coraux (Néel) and P Pochet, defense 16/9/2016
Maxime Moriniere (2014-2016) supervisors T Deutsch and L Genovese, defense 15/12/2016
Huong Pham (IFPEN collaboration), supervisors V Perrier IMAG) and L Genovese, defense 30/6/2017
Léo Bourdet (2015-2018), supervisor YM Niquet, defense 22/11/2018
Brian McGuigan (PhD UIUC, 2013-2018) supervisors H Johnson (UIUC) and P Pochet, defense 10/12/2018
9. Kimon Moratis (2016-2019), supervisor YM Niquet
10. Benjamin Venitucci (2017-2020), supervisor YM Niquet
11. Emil Annevelink (PhD UIUC, 2017-2021) supervisors E Ertekin (UIUC), H Johnson (UIUC) and P Pochet,
12. Sameer Gupta (2018-2021), supervisors P Pochet and D Caliste

© N AW

Defended PhDs 8
Mean PhD duration 3 years

Internships (M1, M2)
1. Raivo Andrian (BSc MIT)
Corentin Nélias (M2, INSA-Lyon)
Alex Cornic (M1, UGA)
James Diamond (BSc, UdeM)
Louis Gravel (MSc, UdeM)
Ganesh Ananthakrishnan (Msc, UIUC)
Tawfiqur Rakib (Msc, UIUC)
Adrien Foueillessar (M1)
Quentin Debray (M2, ENSTA)

A I e e
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TEAM 2: ADVANCED ELECTRON MICROSCOPY (LEMMA)

1- Presentation of the LEMMA team

Introduction

The LEMMA group develops and uses electron and ion beam microscopy, as well as associated spectroscopies,
to study inorganic and, more recently, organic materials. The main task of our team is to improve new or
advanced characterization techniques using TEM, SEM, FIB and MEIS instruments, required for IRIG's materials
research activities (INAC before 2018). Prior to 2016, LEMMA was a part of the SP2M (Service de Physique des
Matériaux et des Microstructures), which conducted research activities primarily on the photonic and electronic
properties of semiconductor and inorganic materials. The team has thus been specialized for a long fime in
atomic scale imaging, strain mapping and thin film chemical analysis, which are essential for the development
of crystalline semiconductor materials. Today the techniques we develop are extended to other areas such as
materials for energy applications and biology, in accordance with the strategy established by the IRIG institute,
as well as for microelectronics in a strong collaboration with the LETI institute. Located on Minatec’s Nano
characterization platform (PFNC), LEMMA has access to a wide range of state-of-the-art equipment, including
2 aberration-corrected transmission electron microscopes (TEMs) and 4 dual beam FIB-SEM machines. The team
possesses a large variety of skills in advanced atomic-scale microscopy techniques and quantitative imaging,
chemical analysis, tomography and field mapping that contributes to local and national scientific communities.

Unit's workforce and means

Permanent staff Non-permanent staff
JALABERT Denis Researcher Thesis defenses 2014-2019 : 8
JOUNEAU Pierre-Henri Researcher Post-Docs 2014-2019 : 6
MOLLARD Nicolas Technician PhD : 8 (13 total supervisions)
OKUNO Hanako, team leader Researcher Visitors: 3
ROBIN Eric Researcher Internships (M1, M2): 5
ROUVIERE Jean-Luc Researcher
Extended collaborators (permanent staff of CEA)
Left in 2014 to INAC direction BOUGEROL Catherine CEA-CNRS: PHELIQS
BAYLE-GUILLEMAUD Pascale Researcher GAUTIER Eric CEA-CNRS: SPINTEC

The team is composed of six permanent staff (5 scientific researchers and 1 technician) and an average of 4
non-permanent staff (postdocs and PhD students). The team also hosts two researchers from neighbouring
laboratories, PHELIQS and SPINTEC, who work mainly for the needs of their own scientific topics. All our research
is carried out in the microscopy and spectroscopy facilities at the CEA-MINATEC PFNC. During the evaluation
period, the permanent team has not changed. The last recruitment in the LEMMA team was in October 2012
(H. Okuno); with no additional staff since the last departure in September 2014 (P. Bayle-Guillemaud then joined
INAC management). The age pyramid of the LEMMA is given below. This underscores the serious need to recruit
additional young staff even though the number of experienced researchers is also a strength for the team. One
of the main tasks of the team is to maintain the equipment. The lack of permanent staff becomes a crucial
problem of the team. It resulted in closing an activity on Medium Energy lon Scattering (MEIS), developed since
many years. The MEIS equipment was moved to another laboratory (IN2P3 Lyon) in 2016.

= Annexe 1
mAnnexe 2

Staff

25-30 30-35 3540 4045 45-50 50-55 55-60 60-65
Age

The laboratory budget is of about 250 k€ per year, which is shared into running costs (approx. 60 %), non-
permanent salaries (approx. 35 %) and investments (approx. 5 %). Most of the funding is coming from European
and ANR projects.

Evaluation campaign 2019-2020 — Group A 47



e"\r\g 9

RISGUPAZ
-~ :‘r‘ ,T‘:né

LEMMA research team self-assessment document —.m—
)

's'c‘e\'e

Scientific policy

The scientific objective of our group is to develop and apply new or advanced characterization techniques for
nanomaterials studies. As a result of the current technological improvement in instruments and the increasingly
demanding characterization needs, the team aims to provide outstanding microscopy techniques using the
latest generation instruments available at the PFNC. In line with the recommendation made in the previous
HCERES report, our current activities are not limited to extreme microscopy as a goal, but aims to use these
techniques to directly contribute to nanomaterials researches by addressing a wide range of issues. The teamis
strongly involved in IRIG materials research activities, and assists neighbouring laboratories in a wide variety of
topics ranging from microelectronics, photonics, spintronics, and, more recently, energy materials and cell
biology. This generates a dynamism that far exceeds the LEMMA team.

The team’s activities are based on several industrial and institutional contracts. Industrial contracts mainly
supported technical developments, e.g. in order to integrate new analytical systems in the instruments in
collaboration with equipment manufacturers (FEl), or to develop analytical methods that meet the specific
requirements of microelectronics companies (IBM, ALEDIA). The team members are directly involved in several
national (ANR), regional (LANEF) and international (European) projects with national and international
collaborations. In addition to historically developed scientific topics, such as semiconducting materials in the
photonic electronics and spintronics fields, the feam is opening up its expertise to new area of research through
infensive involvement in several projects with wide consortiums. For example, two consecutive European
projects on the advanced characterization of battery materials (BACCARA and SINTBAT) have brought
opportunities to specialize in materials for energy application for é years. Other consecutive European projects
(Gladiator and CONNECT) enabled the team to develop low-voltage microscopy for low-dimensional materials
to provide the information required for the development and fundamental understanding of1D and 2D
components.

2- Presentation of the LEMMA team’s research ecosystem

PFNC: the nano-characterization platform of Minatec

The LEMMA team is a founding partner of the nano-characterization platform (PFNC) at Minatec initiated by
the three institutes of CEA-Grenoble, IRIG, LETI and LITEN, on which the characterization tools are shared for the
activities of basic and applied research activities of each division. Through the PENC, we have access to funding
for a significant number of advanced equipment, including state-of-the-art microscopes. PFNC researchers
specidlize in specific advanced techniques, enabling high-level research through strong and extensive
collaborations. Our team plays an important role in the scientific animation of the PFNC in order to maintain the
excellence and visibility of the platform at the global level. Our privileged collaboration with CEA-DRT institutes
(LETI and LITEN) within the PFNC also offers us opportunities for involvement in industrial contracts.

Training, Support and Education

LEMMA is a part of a joint unit between the CEA and the UGA and is also attached to the PEM (Physics,
Engineering and Materials) division of research of the University. In this context, the team is involved in research
fraining through the supervision and co-supervision of PhD students as well as in training programs (ESONN). The
team also offers its expertise and facilities to local and national scientific communities (PFNC-Grenoble and the
French network of microscopy METSA). The training and support of IRIG microscope users is also an important
task.

Main collaborators

Industrial partners: FEl, ALEDIA, IBM

Institutional partners: IRIG: MEM/L_Sim, PHELIQS/NPSC, SPINTEC, IBS, BIG/PCV, BIG/CBM, GIN, LETI, LITEN, IRAMIS,
Institute Néel.

3- Research products and activities for the LEMMA team
Research products: Over the past five years, the LEMMA team has published approximately 130 articles,
including 4 papers in the Nature publishing group, 7 in the ACS journals and 7 in Nanoletters. Some thirty

contributions were presented at conferences, including 10 invited talks at internafional conferences on
microscopy and materials science.

48 Evaluation campaign 2019-2020 — Group A



e{\r\g 9,
o

O W\, %
5 5]" ’Tl:~4
—.m— LEMMA research team self-assessment document
.02
's'c‘e\"3

During this period, the technical developments have been extended in line with what was proposed in the
previous HCERES report. Both high-resolution TEM and STEM techniques, at low and high voltage, have been
greatly improved by the availability of a new Gatan OneView camera and the development of an in-house
software for acquiring image series summations. Remarkable progress has also been made in nanodiffraction
techniques for faster and more accurate analysis. The evolution of the EDX analytical method for quantitative
chemical analysis inifially developed in the team was demonstrated on the aberration corrected TEM (Titan
Themis) equipped with the new generation Super-X detectors, and on the FlatQuad detector on the scanning
electron microscope (SEM). One of the strengths of our team was to be able to develop these different
techniques despite of our small size. This has been made possible through proper investments within the PFNC,
and because these developments are often based on small changes in equipment and methods. By doing
these developments, the LEMMA team expects to help researchers better understand the structures they have
elaborated and to establish a link between atomic structure and properties. In addition to its historical scientific
topics, such as semiconducting materials, over the last 5 years, low voltage aberration-corrected TEM has been
developed in order to answer various questions about two-dimensional (2D) materials. Development of 3D FIB-
SEM analytical methods have been strengthened, particularly for applications in the fields of biology and
battery materials. This is beginning to shed light on new-scale analysis for a deeper understanding of these
sensitive materials. Other activities such as EELS spectroscopy and MEIS have been continuously developed in
this period. Especially the chemical analysis of battery materials has been intensively studied using STEM-EELS
technigue. The MEIS has been used for a precise quantitative chemical analysis of diverse interfaces associating
to the strain information. However, the MEIS activity in the team was closed in 2016 due to the heavy task to
maintain the equipment.

Technical developments in the team

High Resolution techniques
Permanent staff: H. Okuno, J.L. Rouviére, PhD student: B. Haas, F. Agnese, Post-doc: C. Alvarez, R. Macleod, Visitor: Pr J Zuo

Improvements and studies in high-resolution (HR) imaging have always been an important specialty of the
LEMMA group. The last 5 years have seen a series of small improvements in tools and methods that have led to
interesting material results. HR-TEM experiments are now mainly used for 2D-materials studies and nanocrystals
analysis (see 2D-material below, and??). The low-voltage Cs-corrected HR-TEM (80kV) with the use of a gun
monochromator has been particularly optimized. The new Gatan OneView camera allows one to record movies
and permits to understand the creation of defects under the electron beam (see Highlight 6). The quality of HR-
STEM images has been impressively improved by acquiring series of image that nearly get rid of scanning errors
and improve the signal to noise ratio. For instance, the average chemical width of CdTe/HgTe interfaces has
been determined?. Initially, STEM image series were acquired with scripts, and then registered and averaged
with a python software, Zorro?4. However, the Thermofisher Velox acquisition/averaging software is currently the
easier way to make these image series. To analyze these STEM images, two main homemade softwares have
been used. The old GEM-GPA script written more than 10 years by Dr J-L Rouviéere is regularly upgraded and
improved. Thanks to Prof. J Zuo, a new template matching algorithm (TeMA) has been written?> and used in
several studies. In particular in Kim (2018)2¢, TeMA was used to separate adjacent atomic columns in InAs/GaSb
multilayers and provided cation and anion sub-lattice strain maps. Cation and anion vacancies were detected
thanks to the induced local lattice relaxations. In addition, the quantitative method described by Dr. Lebeau
and Rosenaeur has also been successfully applied to several materials issues (see semiconductor part and PhD
B Haas).

Diffraction based techniques
Permanent staff: J.L. Rouviere, PhD student: B. Haas, F. Agnese, Y. Martin. Post Doc: R. Macleod, V. Boureau

Diffraction patterns contain a lot of information and have been used and developed at LEMMA for about 15
years for two main applications: polarity determination and strain mapping. Recently, we also used N-PED
patterns to measure electric and magnetic fields (¥see highlight below). In the last 5 years, we have improved
our ‘old scripting’ acquisition by developing either a new driver for our Hamamatsu camera (in collaboration
with Dr E. Rauch), but the stability and resolution of the microscope on which it was installed was not sufficient,
or, more successfully, a new precession acquisition module on our TITAN Themis. Developed within the joint
CEA/FEl laboratory, this module improves the precession tuning, simplifies the selection of the map area by using
STEM images and considerably increases the acquisition speed by a factor 6. As a result of these improvements

2 PhD Thesis, F. Agnese, Advanced fransmission electron microscopy studies of semiconductor nanocrystals synthesized by
colloidal methods, 2018

2 Haaos, B., T., C., Jouneau, P.-H., Berier, N., Meunier, T., Ballet, P., Rouviere, J.-L., 2017. Appl. Phys. Lett. 110, 263102.

24 hitps://qithub.com/robbmcleod/zorro

25 Zuo JM , Shah AB, Honggyu Kim H, Yifei Meng Y, Gao W, Rouviére JL., Ultramicroscopy 136 (2014) 50-60

2 Kim, H., Meng, Y., Kwon, J.-H., Rouviére, J.-L., Zuo, J.M., 2018, IUCrJ 5, 67-72.

2B Haas, D Cooper and JL Rouviere Patent FR16585%94 - US20180076005A1
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N-PED has been widely applied and has led to a significant number of publications (see the semiconductor
section below). In collaboration with D. Cooper of LETI, we started a detailed comparison of electron techniques
that measure electric and magnetic fields. Due to the filing of a patent, only holography and new DPC
(Differential Phase Contrast) measurements for electric field have been compared in the first published paper?,
In a post-doc work, V. Boureau improved the calculation of the centre of mass and we have made maps of
magnetic and electrical field around a magnetic nanowire by using holography and diffraction pattern series??.
These first results are encouraging but will require further analysis.

Quantitative chemical analysis
Permanent staff: E. Robin, N. Mollard, PhD students: M.A. Luong, Post-doc: M. Lopez-Haro. Visitor: M.V. Braza-Blanco

Important work has been done to improve the detection, distribution and quantitation of chemical elements
analyzed by Energy Dispersive X-ray (EDX) spectrometry in SEM and TEM. In the frame of the IZAC project, partly
supported by FEl (post-doc M. Lopez-Haro) we have developed a new chemical quantification routine that can
be applied over a wide range of accelerating voltage (5-200 kV) and on various materials, i.e. from thin to
massive structures and from pure substances to multi-element compounds.3° The routine was also implemented
with a new model of X-ray absorption allowing absorption comrection of low energy X-ray in heterogeneous
specimens. The routine is today currently applied in SEM and TEM to the determination of the mass-thickness
and composition of a wide variety of nanostructures with relative precision better than £5%31. In the frame of
the DOMINO project, supported in part by Aledia, a start-up from CEA-LETI, we have developed the potential
of wide solid angle EDX detectors (FlatQuad 5060 in SEM and SuperX detectors in TEM) for characterizing low-
levels of dopants (down to 108 at/cm3) at the nano-scale (10 nm) in SEM and TEM (see highlight 2). This can be
achieved thanks to three major innovations that are: 1) the use of specific X-ray filters for enhancing the signal-
to-noise ratio, 2) the implementation of new analytical procedures for removing the residual background of X-
ray spectra, and 3) the development of a new computational code for processing and quantifying data using
the IZAC code. At last, we have developed in collaboration with the Neel institute, in the frame of the ANR-
ESPADON project, a fast and easy method for the quantitative 3D reconstruction of core-shell nanostructuress2,

3D imaging techniques (FIB-SEM nano-tomography & atom probe tomography (APT))
Permanent staff: P.-H Jouneau, PhD B. Bonef, L. Amichi

FIB-SEM nano-tomography has been developed in our tfeam since the acquisition of the Zeiss Nvision 40
instrument in 2010. This technique is based on the observation of a bulk sample in a dual-beam FIB-SEM
microscope: a gallium ion beam is used to progressively remove thin slices (typically 2 to 30 nm) from a sample.
The exposed surface is sequentially imaged, slice after slice, with the electron beam, with a spatial resolution
down to 2 nm. FIB-SEM thus provides in a few hours a complete automatic scan of a large volume (of up to
several tens of microns) with anisometric resolution down to three nm. This technique is today required in diverse
research fields (i.e. microelectronics, materilas for energy such as batteries, biological samples etc.), fo provide
robust and automated acquisitions of large volumes with a resolution comparable to that of TEM. During the last
5 years an important work has been done in the team on developing tools and methods to get beftter, faster
and more quantitative results. An important progress has been achieved on data analysis. Besides image
quality, successful 3D FIB-SEM reconstructions of biological samples rely on high quality analysis of very large
data sets (automatic segmentation, stafistical analysis) to obtain quantitative measurements. Thus, we have
implemented in our laboratory software for (semi-Jautomatic segmentation (llastik, Fiji, etc), analysis and
visudlization (Paraview, Avizo, Blender...). A new instrument was installed in 2018, in collaboration with LETI and
LITEN, in the frame of the PFNC. This microscope, a Zeiss Crossbeam 550, is the first dedicated specifically to 3D-
imaging in our institute. During its installation, particular attention was given fo improve the long-term stability
(with, for example, a control room separated from the instrument in order to increase thermal stability).

In addition to the FIB-SEM imaging technique, we have also investigated these last 6 years the potential of atom
probe tomography (ATP) to analyze semiconductors materials at the nanoscale. This technique should make it
possible to obtain quantitative 3D chemical information, such as the distribution of dopant atoms in 2D or 1D
structures grown by epitaxy techniques (MBE, MOCVD). This work was carried out mainly in the context of two
PhD work in co-supervision between LEMMA and PHELIQS (Bastien Bonef, 2012-2015, and Lynda Amichi, 2015-
2018), focused on the characterization of doping respectively in lI-VI and GaN semiconductor structures. These
studies have allowed us to understand the interests, but also the limits of this technique, which actually make it

28 Haas, B., Rouviere, J.-L., Boureau, V., Berthier, R., Cooper, D., 2019, Ultramicroscopy 198, 58-72.

2 Boureau V, Rouvielire JL, Stano M, Fruchart O and Cooper. Abstract IMC2018 Melbourne

30 E. Robin, Patent N°EP3032244B1, 2016

31B. Bonef, M. Lopez-Haro, L. Amichi, M. Beeler, A. Grenier, E. Robin, P.H. Jouneau, N. Mollard, I. Mouton, C. Bougerol, E.
Monroy, Nanoscale Research Letters, 2016, 11, pp.461

32 P, Rueda-Fonseca, E. Robin, E. Bellet-Amalric, M. Lopez-Haro, M. Den Hertog, Y. Genuist, R. André, A. Artioli, S. Tatarenko, D.
Ferrand, J. Ciberf, Nano Letters, 2016, 16 (3), pp.1637-1642
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possible to image dopants in 3D (such as very small clusters of a few tens of atoms), but which require careful
precautions to obtain quantitative results.

Materials study using advanced techniques
Semiconductors

Permanent staff: J-L. Rouviére, E. Robin, PhD students: B. Haas, F. Agnese, M.A. Luong, Post Doc: R. MaclLeod, M. Lopez-Haro,
Visitor: Pr J Zuo, M.V. Braza-Blanco

The team has been involved in several projects (EMOUVAN, ESPADON) supported by academic partners (ANR,
LANEF) or industrial partners (Aledia, IBM, FEl) for the study and characterization of semiconducting materials.
Forinstance, improvementsin high-resolution and diffraction-based techniques have allowed us to study various
semiconducting multilayers and devices. This has resulted in numerous publications on microelectronics devices
(coll. IBM, coll. LETI) and semiconducting 2D layers (GeSn, topological HgTe/CdTe, fluorine-doped SnO2 (FTO)
thin films on (110) rutile TiO2, AIGaN/GaN layers, coll. Sofia Anfipolis). Another example concerns the
improvement of the EDX technique which made it possible to quantify the low levels of P dopants in Ge
nanowires and the Mg, Si, Ge and In dopants in (Ga,Al)N nanostructures (see Highlight 2). The EDX technique
has also been successfully applied for the quantitative reconstruction of chemical core-shell nanostructures on
a wide range of semiconducting materials (ZnCdTe, AllnGaN, InGaAs, SiGe, GeSn efc...) with several
applications in the field of nanoelectronics, optoelectronics and photonics. In addition, we have explored a
new TEM sample preparation method we called FIB-MicroCleavage (FMC). It consists of using a FIB and a
micromanipulator to make grooves and cleave locally a tiny sample under vacuum.

Lithivm-ion batteries
Permanent staff: P.-H Jouneau, P. e Bayle-Guillemaud, PhD Student: M. Bonniface, Post-doc: P. Kumar

The growing need for high-performance lithium-ion batteries has led to a considerable research effort to
develop new materials, as well as to understand the reaction processes of electrode and electrolyte, as well as
their degradation during use. These studies involve structural and chemical characterizations at various scales,
from the micrometer to the atomic scale. Our laboratory has been involved in this field for a long time with the
development and the use of innovative tools, notably based on HR-(S)TEM imaging. EELS spectroscopy and FIB-
SEM nano-tomography. This work has been done on a continuous basis in the frame of several major projects
(e.g. European projects Baccara and Sinbat) and thanks to several PhD and postdocs. The originality of our
involvement lies in the fact that it is always carried out in close collaboration with the other CEA laboratories
working on these problems, either those working on complementary characterization techniques within IRIG
(such as NMR spectroscopy, x-ray or neutron diffraction, in-situ analysis at ESRF), or those more focused on
technological developments (mainly at the LITEN institute). This positioning within complementary teams has
proved fruitful in this area where the problems are intrinsically multi-scale and of various aspects (structural,
chemical, electrical...). This gives us now a real legitimacy to apply to new projects of the European research
community in this field. Our works try mainly to unravel the crystal structures and chemical evolution of the
electrode and solid-electrolyte materials, the fluctuations near the interfaces, and the evolution of the coexisting
phases (see Highlight 4). For example, the STEM method developed in order to map the SEl and LixSi distribution
has complemented other characterization investigations such as NMR and surface analysis (TOF-SIMS & XPS) to
help the understanding of the failure mechanism of Si-based electrodes3?, and the investigation of new
electrolytes to improve battery safety34 [3]. A major issue in this field is to understand the mechanisms of fading
capacity, and numerous perspectives exist to better investigate these materials, such as the use of local
diffraction analysis, 3D reconstruction, and cryo-electron FIB-SEM and TEM.

1D & 2D materials: Structure and Dynamics
Permanent staff: H. Okuno, PhD Student: Y. Martin, Post-doc: C. Alvarez, D. Kalita

During 5 years, the team has been involved in several national and international collaborative projects to study
2D materials. Various techniques of microscopy, required to answer diverse questions, have been developed
using low-voltage aberration-corrected TEMs (Titan ultimate and Titan Themis). The detection of structural
anomalies at the atomic scale in these low-dimensional materials, including defect, dislocations and dopants,
is crucial to understand and to control their growth and physical properties. In the early years, atom-by-atom
TEM and STEM imaging of atomically thin layers were developed in conjunction with a sophisticated and
appropriate sample preparation process. Multiscale analysis consisting of domain mapping and detailed
analysis of the atomic structure on grain boundaries and defects revealed a new growth mechanism based on

33 N. Dupré, P. Moreau, L. Quazuguel, M. Boniface, A. Bordes, C. Rudisch, P. Bayle-Guillemaud, D. Guyomard, Electrodes in
Full-cell configuration Chemistry of Materials 2016, pp2557-2572

3¢ N. Dupré, P. Moreau, E. de Vito, L. Quazuguel, M. Boniface, H. Kren, P. Bayle-Guillemaud, D. Guyomard, Chemistry of
Materials 2017, 29(19) pp8132-8146
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a peculiar recrystallization in CVD graphene, in collaboration with CEA-LITEN.35 In multilayer 2D systems, the
metastable phases that appear in epitaxially grown TMDs were determined in conjunction with synchrotron XRD
experiments and DFT calculation. The result revealed the possibility of a commensurate charge density wave
structure in TiTe23¢ and of Weyl semimetal phase in MoTe2’” at room temperature, in the framework of LANEF
Chair of Excellence with A. Dimoulas (National Centre for Scientific Research, Greece). Direct imaging of
individual dopant atoms in low-dimensional materials (1D and 2D) has also been performed in the framework
of European projects (FP7: Gladiator and H2020: CONNECT). A novel Pt-salt doping of graphene for high-
conductive transparent electrodes were developed and an atomic scale dopant analysis has revealed
evidences of the stabilization of the dopant on the surface of grapheness. The developed doping concept was
infegrated into carbon nanotube interconnect device and EELS analysis under the electron irradiation
confirmed the degradation mechanism. Structural defects in 2D materials are considered as a parameter-
tuning knob for material properties. In order to explore the ability to engineer atomic defects, an in-situ
observation of structural modification was developed using a high-speed camera and an in-situ heating sample
holder, in the framework of CEA-intemnal project (2D Factory) and ANR projects (MoS2 Valley Control). The
recording of tfemporary resolved atom displacements under electron irradiation and/or temperature, defect
dynamics in 2D monolayers were studied. Recently, the impact of van der Waals substrate on the defect
formation in MoSe2 layer was demonstrated using such in-situ observation (see Highlight 5).

Biological materials
Permanent staff: P.-H Jouneau, PhD Student: Clarisse Uwizeye (co-supervision with BIG/PCV)

Originally used in materials science, FIB-SEM nano-tomography revolutionizes the field of 3D imaging in cell
biology by providing automated acquisitions of large volumes with a resolution comparable to that of the TEM
for these samples. To meet the growing demand, we have developed long-term collaborations with several
teams of biologists (mainly from IRIG laboratories) both to improve the use of this technique in bioclogy, and to
apply it to some interesting topics.

A special effort was put on biological samples preparation using protocols similar to those used for TEM. In
collaboration with Benoit Gallet (IBS) and D. Falconnet (BIG/PCV), we studied new protocols (harder resins,
cryo-fixation, larger heavy metal labelling) to better preserve biological structures, and improve resistance to
high doses of electrons.

Then, the technique has been applied in the framework of various project (DRF-impulsion FIB-BIO, several co-
directed PhD theses and M2 internships) for:

- Imaging of subcellular organelles in algae and plants (collaboration with BIG/PCV). FIB-SEM helps to reveal the
3D arrangement and the interactions of plastids in various marine taxa (Highlight 3). We therefore expect a
better understanding of the mechanisms of photosynthesis, as well as its structural adaptations following
acclimation to environmental changes (light, temperature, nutrients, and pH).

- To understand the fate of silver nanoparticles in hepatocytes (collaboration with BIG/CBM). The health impact
of Ag-NPs, which are increasingly used for their antibacterial and antifungal activity, raises questions. Between
20 and 80 ug of Ag-NP are ingested per day, which can cross biological barriers and accumulate in the liver.
We investigate the fate of Ag-NP in hepatocytes on a 3D model of HepG2 cells in culture. Coupled with other
imaging techniques and spectroscopies, FIB-SEM help us to describe the kinetics of the distribution of Ag-NP
from cellular entry to excretion into the bile duct, and to evidence the associated structural changes, e.g. on
the mitochondrial network.

- Study the configuration of synapses in animal models of brain diseases (collaboration with GIN). Astrocytes that
fill the interstices of the neural network and cover the synapses play a key role in the neural network. Their
alteration can contribute to the pathophysiology of diseases such as epilepsy, Alzheimer's disease or
Huntingfon's disease. By imaging neuronal fissue with FIB-SEM, we try to identify astrocytic processes and to
measure the surface of contact between astrocytes and synapses.

H1: Simultaneous sirain and electric field maps
J.-L. Rouviere, B. Haas, Coll. D. Cooper (CEA/LETI)

35 A. V. Tyurnina, H. Okuno, P. Pochet, J.Dijon, Carbon, 2016, 102, pp.499-505

36 S. Fragkos, R. Sanfo, C. Alvarez, A. Bosak, P. Tsipas, D. Tsoutsou, H. Okuno, G. Renaud, A. Dimoulas, Advanced Materials
Interface, 2019, pp.1801850

37 P, Tsipas, D. Tsoutsou, S. Fragkos, R. Sant, C. Alvarez, H. Okuno, G. Renaud, R. Alcotte, T. Baron, A. Dimoulas, ACS Nano,
2018, 12 (2), pp.1696-1703

38 H. Le Poche, A. Carella, J. Dijon, H. Okuno, E. Roux, Patent FR3 058 997-A1, 2017
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We show that by adjusting correctly the size of the diffraction pattern and the camera length, the in-plane
electric and strain field maps of a sample can be computed simultaneously from the same set of diffraction
pattern (figure H1)3? 40, However, this simultaneous measurement may not be the easiest and optimum way to
proceed. Indeed, in order to have a high precision in the electric field, the tfransmitted beam must be spread
over a large number of pixels. In order to have a high precision in the strain field, several diffracted beams must
be present. Both requirements lead to a quite large diffraction pattern size (at least 2kx2k pixels), which
significantly slows down the acquisition time. As, in addition, a second series of diffraction must be acquired
under vacuum for electric field measurement in order to correct for the intrinsic diffraction shiftf during beam
shift, these leads to quite large data sefts. If one is not interested to measure the electric field and the strain field
exactly at the same place, performing 2 separate diffraction maps of reasonable size (512x512), one optimized
for strain and the other optimized for electric field is presently more efficient for speed and data storage. After
this first proof of concept that led to a patent, we plan to apply this new tool to studies on transistors and lll-
nitride material.

Figure H1: Simultaneous electric and strain
field measurement from N_PED on an o-
plane AIN/GaN multilayer observed along
the c-direction. (a) A typical N-PED pattern
of the 50x50 pattern series displayed in a
logarithmic colour scale. (b-c-d-e-f-g-h)
il Different images obtained from the
20 Pes B 20 N s e 20 1M numerical analysis of the N-PED series. (b)
[ IR e S iivie]  Numerical HAADF. The bright region on top is
S () (GRS e (RS aton & an artefact from intensity fluctuation. It
- should be noted how this intensity variation
has no influence on the other images. (c)
Vertical in-plane electric field (d) horizontal
in-plane electric field (e) ‘Vertical’ in-plane
strain gyy (f) ‘Horizontal’ in-plane strain ex (Q)
in-plane shear e, and (h) in-plane rotation.
A dislocation is seen at the centre of the top
interface.

20 .nm 20 nm

H2: Si donor incorporation in GaN nanowires
E. Robin, N. Mollard, Coll. Fang Z., Robin E., Rozas-Jimenez E., Cros A., Donatini F., Pernot J., Daudin B. (CEA-PHERIQS)

With increasing interest in GaN-based devices, the control and evaluation of doping are becoming more and
more important. We have studied the structural and electrical properties of a series of Si-doped GaN nanowires
(NWs) grown by molecular beam epitaxy (MBE) with typical dimensions of 2-3 pm in length and 20-200 nm in
radius. In particular, high-resolution energy dispersive X-ray spectroscopy (EDX) revealed a higher incorporation
of Si in the NWs than that in two-dimensional (2D) layers, and the segregation of Si at the edge of the NW with
the highest doping (see figure). Moreover, direct transport measurements on single NWs have shown a
controlled doping with a resistivity of 102 fo 1073 Q-cm, and a carrier concentration increasing from 1017 to 102
cm-3. Field effect fransistor (FET) measurements combined with finite element simulation by NextNano3 software
have put in evidence the high mobility of carriers in the non-intentionally doped NWs4!,

39 B. Haas, D Cooper and JL Rouviere Patent FR16585%94 - US20180076005A1

+0B. Haas 2017 PhD Thesis. Development of quantitative diffraction and imaging-based techniques for scanning fransmission
electron microscopy.

4 Fang Z etal., Nanoletters 2015, 15, 6794-6801

Evaluation campaign 2019-2020 — Group A 53



e{mg 9,

O W\, 4((
-~ :r. "r. -3

LEMMA research team self-assessment document =\
)

&Cere

Figure H2: EDX maps of the cross-section of two NWs grown
with Si cell temperature of 950 °C obtained (a) at 200 kV
using a FEI Osiris TEM equipped with super X detectors and
(b) at 4kV using a ZEISS Ultra 55 SEM equipped with FlatQuad
annular detfector (PFNC-Minatec, CEA-Grenoble). Two
elements are highlighted, with green and red
corresponding to Si and Ga, respectively. Si concentrations

and specimen thickness (red curve in (c)) were computed
using the ®(pz)-corrected zeta-factor method (see IZAC
560 8 project above) both for STEM EDX data (blue line profile in
‘-‘; 3 (c)) and SEM EDX data (white circlesin (c)) showing a good
S 60 1 250 % agreement between both techniques. The solubility limit of
o 200 Si in GaN NWs can be estimated to be around 2.5+0.5 1020
= ~2.510%at cm3 % at/cm?3 according to the maximum concentration in the
S ' F 150 2 core.
100 5
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H3: Understanding the cell organization and metabolism of Phaeodactylum tricornutum
In collaboration with BIG / PCV (S. Flori, J. Lupette, D. Falconnet, G. Finazzi, et al.)

Phaeodactylum tricornutum belong to the family of diatoms, a major phylum of the phytoplankton, which has
been present in oceans and freshwater ecosystems for about 100 million years. Diatoms are responsible for
about 20% of photosynthesis activity on Earth. This particular diatom has been extensively analyzed by FIB-SEM
tomography, and the 3D images, supplemented by the results of others techniques, have provided several novel
insights on the organization of this cell and on its metabolism.

FigureH3: 3D reconstruction of a Phaeodactylum cell with its various organelles (chloroplast,
mitochondria and nucleus).

A first result was obtained on the ulirastructure of the periplastidia compartment (PPC), which is the residual
cytoplasm of a red algal symbiont42. This opens up new perspectives for understanding the origin of the
secondary plastid formation in diatoms and its sophisticated relationship with other cell compartments. FIB-SEM
images have also provided a better understanding of the mechanism of photosynthesis in this alga43.
Photosynthesis, a mechanism for the production of chemical energy from light energy, is made possible by two
small photochemical plants, called photosystems | and Il. However, for photosynthesis to occur, these two
photosystems must not be in contact to avoid short circuits. In plants, they are separated by structures that do
not exist in phytoplankton. However, our images have permitted to evidence the existence of micro-domains
separating, as in plants, the two photosystems, thus allowing an efficient photosynthesis. Finally, in the case of
nitrogen stress, diatoms reallocate carbon to triacylglycerol storage inside lipid droplets (LDs), a potential
precursor of bio-fuel. The architecture of the diatom LDs is unknown, and the FIB-SEM images have provided
new information*4, revealing that the LD proteome highlights connections with the outermost membrane of the
plastid and the endomembrane vesicular system.

2 Flori, S. et al. Protist 167, 254 (2016)
8 Flori, S. et al. Nature communications 8, 15885 (2017)
| ypette, J. et al., Algal Research 38, 101415 (2019).
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These three results, obtained on the same algae, illustrate the power of the FIB-SEM technique. This helps to
better understand the organization of subcellular components, and this can give new ideas on their functional
process.

H4: Nanoscale chemical evolution of silicon negative electrodes characterized by low-loss STEM-EELS
M. Boniface, L. Quazuguel (CNRS/IMN), J. Danet, D. Guyomard (CNRS/IMN), P. Moreau (CNRS/IMN) and P. Bayle Guillemaud

Silicon is one of the most promising negative electrode materials for next generation lithium-ion batteries with a
maximum uptake of 3.75 Li per Si atom, while graphite is limited to 1 Li atom per 6 C atoms corresponding to a
gravimetric capacity about ten times lower. Its use as a commercial electrode is however limited by the high
ireversible capacity caused by the colossal volume expansion (up to 270% for Lis.7sSi) upon its electrochemical
alloying reaction with lithium. This swelling causes interfaces to be repeatedly shifted during cycling, thus
exposing unpassivated surfaces to the electrolyte and leading to the continuous formation of solid electrolyte
interface (SEl) and irreversible lithium consumption. In addition to the loss of cyclable lithium in a full cell
configuration, swelling also causes silicon nanoparticles (SiNPs) to be progressively isolated from both electronic
and ionic transport networks because of the morphological instability and the SEI accumulation, respectively.
Continuous solid electrolyte interface (SEI) formation remains the limiting factor of the lifetime of silicon
nanoparticles (SiNPs) based negative electrodes in batteries. Methods to clearly diagnose electrode
degradation are of utmost necessity to streamline further developments. We have demonstrated that electron
energy-loss spectroscopy (EELS) in a scanning transmission electron microscope (STEM) can be used to quickly
map SEl components and quantify LixSi alloys from single experiments with resolutions down to 5 nm45. Exploiting
the low-loss part of the EEL spectrum allowed us to circumvent the degradation phenomena that have so far
crippled the application of this technique on such beam-sensitive compounds. Our results provide
unprecedented insight into silicon aging mechanisms in full cell configuration. We observe that the SEI
morphology is extremely heterogeneous at the particle scale but with clear chemical evolutions with extended
cycling coming from both SEI accumulation and a fransition from lithium-rich carbonate-like compounds to
lithium-poor ones. Thanks to the retrieval of several results from a single dataset, we were able to correlate local
discrepancies in lithiation to the initial crystallinity of silicon as well as to the local SEl chemistry and morphology.
This study emphasizes how initial heterogeneities in the percolating electronic network and the porosity affect
SiNPs aggregates along cycling. These findings pinpoint the crucial role of an optimized formulation in silicon
based thick electrodes.

)

. .

— LF
Carbon black
Li,COs

Li,O

Normalized intensity (a.u.)

50 60 10 20 30 40 S0 6 70
Energy loss (eV) d Energy loss(eV)

Silicon A — Residuals

LirSis / LiF

LisSle [ Li:CO,
W LiSia

LizaSis /
[ \ —  Exp. spectrum

™|

30 40 50 60

Normalized intensity (a.u) O

m 15 100 nm '

Energy Loss (V) Energy Loss (eV)

Figure H4: (a) EELS reference plasmon spectra for LiF, carbon black, Li2CO3, and Li20. (b) Plasmon spectra of Li2CO3
acquired at different electron doses. (c) Reference plasmon spectra of LixSi alloys. (d) Example of MLLS fitting on the
experimental spectrum integrated over four pixels of (e). e) Color map of LiF (green), Li2CO3 (purple), carbon black
(teal), Li7Si3 (yellow), Li15Si4 (red), and Si (white), obtained through MLLS fitting of aspectrum image from an electrode
charged to 3000 mAh g-1. The scale baris 100 nm.

H5: In-situ observation of formation and migration of defects in van der Waals heterostructure
C. Alvarez, H. Okuno, Coll. P. Pochet (CEA/MEM/L_Sim), T.M. Dau, M. Jamet (CEA/Spinfec), H. Le Poche (CEA/LITEN)

4 M. Boniface, L. Quazuguel, J. Danet, D. Guyomard, P. Bayle-Guillemaud, Nanoletters 2016, 16(2), 7381-7388
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Two dimensional (2D) layered structures, such as
graphene and fransition metal dichalcogenides
(TMDs), have shown significant potential for
future electronics and optoelectronics due to
their unique electronic structures. Recently,
tfuning the electronic properties of these
atomically thin materials has become one of the
exciting challenges. The modification of atomic
structures by introducing atomic scale ordered
defects has been demonstrated as a powerful
strategy to control their band structures. Despite
the growing interest in 2D materials, the growth
of defect-free 2D materials on desired substrates
remains a challenge. Identification and
characterization of these inevitable intrinsic
growth defects are thus an essential process.
Further exploitation of possible defect
modifications and manipulations might shed
light on potential utilization of defect structures
in device processing. For this purpose, we

studied infrinsic defects in MBE grown MoSe2
Figure H5: Atomic structure of growth related infrinsic 4/4 P line monolayer and their role in extrinsic defect

defecf. in MoSe2 monoloygr grown on grophene s.ubs.frofe and  formation induced by post-growth processing
formation of MoSe nanowire via extrinsic defect diffusion olqng using an aberration corrected  fransmission
infrinsic line defects under the electron irradiation at high . .
temperature. e.lectr.on microscopy (AC-TEM) wh!ch olloyvs fo
visualize atomic structures of atomically thin 2D
layers and simultaneously to form defects by electron irradiation. In order to investigate the phenomena under
near-device situation, we performed the irradiation experiments on MoSe2 on its van der Waals graphene
substrate. The formation, migration and elimination of intrinsic and extrinsic defects are studied with respect to
the substrate. The results revealed the possibility to independently modify the MoSe2 monolayer by the
infroduction of an external energy even in the presence of a strong epitaxial coupling with the graphene
substrate during growth4é. A particular intrinsic growth defects, 4/4 P type of Se deficient line defects, has been
identified and this structure plays an important role as a defect diffusion canal to reorganize the beam induced
defects info MoSe metallic wires. These results shed light to the defect engineering in 2D materials to design their
atomic structure with new functionalities.
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Hé: Quasi-two-dimensional electron system at the interface between LaAlO3 and $iTiO3 band insulators
D. Jalabert, Coll. H. Zaid

An international collaboration has been set up to investigate the novel behaviour observed at the interface of
LaAIO3/SrTiOs heterostructures, such as two-dimensional metallic conductivity, magnetic scatftering and
superconductivity. In this system, both the origins and quantification of such behaviour are complicated due to
aninterplay of mechanical, chemical and electronic factors. Medium Energy lon scattering (MEIS) was used to
measure with subnanometric depth resolution the chemical and strain profiles near the interface of
LaAIO3/SrTiO3s heterostructures. Depending on the thickness of the LaAlOs film deposited on a SrTiOs substrate,
the interface evidences different electrical behaviour. Above a crifical thickness of 4 unit-cells (1 u.c. ~0.38 nm)
the sample exhibits a conductive interface while below this limit, the sample remains insulating. To investigate
this phenomenon, two samples were grown with respectively 3 and 5 u.c. of LaAIOs deposited on SrTiOs. The
infermixing and structural distortions within the crystal lattice were quantitatively measured near the interface
with a resolution in depth of one unit-cell size#’. A strong link between intermixing and structural distortions at
such interfaces is highlighted: intermixing is more pronounced in the hetero-couple with conductive interface,
while in-plane compressive strains extended deeper within the substrate of the hetero-couple with the insulating
interface. This allows a better understanding of local interface mechanisms leading to conductivity#48.

46 C. Alvarez, M.T. Dau, A. Marty, C. Vergnaud, H. Le Poche, P. Pochet, M. Jamet and H. Okuno, Nanotechnology 2018, 29,
425706.

47 H. Zaid, M. H. Berger, D. Jalabert, M.Wallls, R.Akrobetu, |. Fongkaew, W. R. L. Lambrecht, N. J.Goble, X. P.A.Gao, P. Berger
and A. Sehirlioglu, Scientific Reports 6, 28118 (2016)

8 H, Zaid, M. H. Berger, D. Jalabert, M. Walls, R. Akrobetu, N. Goble, X. Gao, P. Berger, |. Fongkaew, W. Lambrecht, and A.
Sehirlioglu, Journal of Applied Physics, 123, 155304 (2018)
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Figure Hé: (a) La/(La+Sr) chemical profile throughout the first atomic layers. (b & c) Profiles of c/a for samples
with film thicknesses of 3 u.c. (b) and 5 u.c (v). Purple circles represent the c/a values around La atoms.
Green circles represent the c/a values around Sr atoms. Red squares represent the theoretical c/a values
for intermixed heterostructure assuming a sole elastic epitaxial strain.

4- Organisation and life of the LEMMA team

The team organizes a weekly group meeting for technical and scientific exchanges. PhD students, pot-docs
and permanent staff regularly present the most recent results. Several external researchers are invited to give
seminars in extended group meetings. The feam confributes to the organization of the nano-characterization
platform (PFNC) with the microscopy groups of LETI and LITEN. Technical and scientific meetings are held once
a month to discuss the status of each equipment and common short- and long- tferm strategies for a good
operation and scientific developments within the PENC. There is a steering committee within the PFNC, which
consists of IRIG, LETI and LITEN directions. Important collective decisions concerning operational and financial
matters within the PFNC are steered and validated by the steering committee. A scientific steering committee
consisting of external researchers (from French and Swiss laboratories) also follows the operation and activities
at the PENC. This helps to operate the platform with a world-class excellence.

Parity: The team consists of a permanent staff with T woman and 5 men. The gender balance in non-permanent
staff (PhD students and post-docs) has been relatively good over the evaluation period.

Safety: A safety responsibility is organized in a relationship between the team, the PFNC and the IRIG institute
to assure experimental and human safety.
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Five-year project and strategy of the LEMMA team
LEMMA SWOT analysis
Strengths Weaknesses
Diversity of competences and expertise Limited opportunities to have young researcher,
PhD, post-doc
A strong network of local, national and international
collaboration Lack of man power: number of personnel
Substantial scientific production (about 140 articles)
Opportunities Threats/risks
PFNC (inter-institutional platform) allows access to No immediate opportunities for hiring new staffs
numerous equipment and a dynamic with
researcher in other institutes Limited financial support/projects for new
equipment
Thanks to PFNC, access to more collaborations with
important industrial companies (FEl, IBM, Divergence of activities and strategies between the
STMicroelectronics, ZEISS...) different institutes at PFNC
Grenoble scientific environment: excellent
academic laboratories and industrial and applied
research organisms
Extension to new research field: re-organization of
the institute opens collaboration with biological
laboratories

Most of strengths and opportunities of the team are related to the PENC allowing access to a wide range of out-
standing microscopes. The LEMMA team has played an important role since long years in the PENC by
developing the advanced analytical methods thanks to the rich environment. However, in these years it has
been seen animbalance between the institutes (IRIG, LETI and LITEN) due to the lack of man power and funding
for new investments within the IRIG institute. This would bring a crucial problem in near future to be able to
confinue high level of fundamental research activities in the team.

Structure, workforce and scientific orientations

The LEMMA team wishes to continue to expand in the near future the various themes and techniques developed
over the last 5 years: high-resolution (S)TEM imaging, diffraction, FIB-SEM nano-tomography and chemical
analysis, to provide further capabilities for materials science. These developments will be driven by the needs of
material/device improvements, where chemistry, strain, structure and charges have to be controlled at the
nanoscale and atomic scales. The ambition of the team is to provide within the PENC a full set of electron and
ion imaging techniques, allowing characterizing in 3D complex nanostructures or devices.

Some of the most promising perspectives are described below:

New diffraction-based techniques towards ultimate material information

For more than 30 years, LEMMA has built knowledge on high resolution and diffraction methods. Recent
advances in computing methods and techniques tends to indicate that ptychography should become one of
the most complete and powerful fechnique of microscopy. Ptychography is a particular 4D-STEM experiment
where there are overlaps of the probe during its scanning and where all the information are obtained after an
iterative numerical analysis of the acquired diffraction patterns. LEMMA has been preparing these
ptychography studies for many years, forinstance through its strain-electrical-magnetic field studies and through
Pr. Zuo's chair of excellence on a connected topic: 3D-coherent Diffractive Imaging (3D-CDI) and through its
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collaboration with Dr V. Favre-Nicolin who was part of the 3D-CDI project and goes on developing an efficient
GPU ptychography software, pynx, at ESRF. By combining 4D-STEM and ptychography we hope to answer
important characterization topics in piezo-electric, microelectronics, spintronics and 2D materials. Our
preliminary results on 4D-STEM on electric field measurements are very encouraging. In principle, ptychography
experiments should give unique information such as the details characterization of the input wave function, the
wave functions and the atomic projected potentials within a limited number of slices of the observed samples.
Most of the ptychography softwares assume a weak interaction between the electron beam and the sample,
which is best achieved in 2D-materials. This is why we plan to have a strong connection between our 2D-
materials studies and ptychography/4D-STEM developments: two PhDs working in collaboration on
ptychography and 2D materials should start in 2019 and the MAGICVALLEY ANR project should combine
spectroscopy/4D-STEM/Ptychography/ab-initio simulations to study charges and structures in doped 2D
materials. Following our preliminary results, the deviation of the centre of mass of the direct fransmitted beam in
4D-STEM diiffracted patterns should permit to obtain atomic resolution charge density maps, while ptychography
and spectroscopy techniques should give more structural and chemical information that could be compared
to ab-initio simulations. In addition, in collaboration with Dr V. Favre-Nicolin from ESRF, we would like to develop
a ptychography software that gets rid of the weak beam interaction approximation.

New developments in EDX quantitation

We will continue the development of the IZAC code towards low energies (<5 kV), and to improve databases
for low X-ray emissions, especially for L and M lines. Our objective is to explore the potential of the method for
quantifying soft X-ray emissions. Indeed, in the future we would also like to investigate a new type of
spectrometer that allows the simultaneous detection of soft X-rays over a wide range of energies, with a nominal
lower energy of 50 eV and an unprecedented spectral resolution of 0.3 eV. This should allow mapping the
chemical bonding state of several elements, including Li, with huge applications in the field of Li-ion batteries.
Because of its excellent peak/background ratio, this new technology has a high potential for analyzing traces
of light elements at concentrations as low as a few tens of ppm, as demonstrated in the literature. In addition,
soft X-ray emissions can be obtained at low voltage (below 2 kV) leading to a spatial resolution better than 10
nm for most materials. These promising features should permit many applications in materials science including
nanoelectronics, optoelectronics and photonics. For example, it should be possible to investigate the elemental
and chemical state 2D distribution of a wide range of dopants, including B and P in (Si, Ge); Nin (Sb, Ga)As; Mg,
Si, Ge in (AlLGa)N,... Another promising application is the quantitative 3D reconstruction of chemical and
biological nano- and micro-structures using the FIB-SEM “slice&view" technique.

Progresses in FIB-SEM 3D analysis

In the near future, we expect to develop the FIB-SEM nano-tomography activity around several new
technological and conceptual developments, always in collaboration with various partners in our institute. Our
aim s to be able to develop new and original competencies thanks to our technical expertise of the instrument.
One of the main limitations of FIB-SEM nano-tomography is its relative slowness imposed by the acquisition time
of SEM images, with the typical durations of a few hours to a few days. Faster acquisitions of FIB-SEM volumes
through the use of compressed sensing techniques will be developed in next 5 years. We intend to investigate
new and potentially faster strategies for acquiring images based on "compresed sensing" methods in
collaboration with several CEA groups havig a strong expertise in image acquisition algorithm, especially at
Neurospin (Philippe Ciuciu, medical imaging) and Cosmostat (J.L. Stark, data acquisition in astronomy) and
with Zeiss to implement them technically on the microscope, taking infto account the experimental limits
(constraints related to the detectors, to the physical systems of image acquisition, to the software controlling
the microscope ...). Depending on the material structure and size, the strategies could be slightly different. This
is why, we plan to optimize the acquisitions for two different fields: images of cells (brain, liver tissue, algae) and
images of semiconductor structures (nano-porosity in vias or implanted layers). A DRF-impulsion grant will allow
us to start this work soon.

Improvement in data handling and in large volume segmentations

Big-data handling and quantitative analysis of large 3D-volumes have become important issues in many of the
developed techniques and particularly for Time resolved in-situ observation, 4D-STEM data sets and FIB-SEM 3D.
LEMMA will try to find efficient solutions to these issues by having helps, advices and investments from local and
CEA partners, Comsmostat (J.L. Stark, data acquisition in astronomy) e.g. in compress. PENC is aware that it
has to develop efficient data handling and analysis and tests are presently performed on GPU-based system:s.
The collaboration with Dr. V. Favre-Nicolin who wrote the GPU-accelerated Pynx software at ESRF and L_SIM
who developed GPU-accelerated ab-initio software will be particular important.
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Equipment, platforms

The team is located at Nano-Characterization Platform and has access to following equipment by sharing with
other institutes (mainly LETI and LITEN). Percentage of our access fime is defined for each microscope.

1. Titan Ultimate Thermo Fisher (2013-): 40% of machine time

Equipped with double aberration corrector, dual-EELS,
monochromator, high-speed Camera (one-view), 80-300kV

- HR-TEM and STEM

- Diffraction based techniques
- 4D-STEM

- STEM-EELS spectroscopy

Mainly used for
- Technical developments
- 2D materials study

2. Titan Themis Thermo Fisher (2017-): 40%

Equipped with probe aberration corrector, dual-EELS, Super X
EDX detector, 80-200kV

HR- STEM

- Diffraction based techniques
STEM-EELS spectroscopy
STEM-EDX spectroscopy

Mainly used for
- Technical developments
- Battery materials study

3. FIB-SEM cross-beam Zeiss XB550 (2019-): 33%
Dual beam (electron/ion): SEM, FIB

Mainly used for
- TEM specimen preparation
- FIB-SEM slice & view 3D imaging
- Technical development
- Baftery materials study
- Biological materials study

4. FIB-SEM Zeiss NVision 40 (2010-): 25%
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Dual beam (electron/ion): SEM, FIB
EDX detector

Mainly used for
- TEM specimen preparation
- FIB-SEM slice & view 3D imaging
- Technical development
- Biological materials study

5. OtherTEMs: 3
6. OtherFIBs: 2
7. SEMs: 3

Research products and activities of the LEMMA team

Articles

Scientific arficles (fotal number) 137
20% most significant articles

2019

1.

Understanding the crystallization behaviour of surface-oxidized GeTe thin films for phase-change memory
application, A.N.D. Kolb, N. Bernier, E. Robin, A. Benayad, J.-L. Rouviére, C. Sabbione, F. Hippert and P.
Noé, ACS Appl. Electron. Mater.,2019, (10.1021/acs.aelm.9b00070)

In Situ Transmission Electron Microscopy Analysis of Aluminum— Germanium Nanowire Solid-State Reaction,
K El hajraoui, M. A. Luong, E. Robin, F. Brunbauer, C. Zeiner, A. Lugstein, P. Gentile, J-L. Rouviellre, and M.
Den Hertog, Nano Lett., 2019, 19, 2897-2904;_(¢10.1021/acs.nanolett.8b005171)

Polarity conversion of GaN nanowires grown by plasma-assisted molecular beam epitaxy, A. Concordel, G.
Jacopin, B. Gayral, N. Garro, A. Cros, JL Rouviere, B. Daudin, Applied Physics Letters, 2019, 114 (17),
ppP.172101. (10.1063/1.5094627)

Room temperature commensurate charge density wave in epitaxial strained TiTe2 multilayer films
S. Fragkos, R. Santo, C. Alvarez, A. Bosak, P.Tsipas, D. Tsoutsou, H. Okuno, G.Renaud, A. Dimoulas,
Advanced Materials Interface, 2019, pp.1801850. (10.1002/admi.201801850)Algal Remodeling in _a
Ubiquitous Planktonic Photosymbiosis, J. Decelle, H. Stryhanyuk, B. Gallet, G. Veronesi, M. Schmidt, S.
Balzano, S. Marro, C. Uwizeye, P.H. Jouneau, J. Lupette, J. Jouhet, E. Maréchal, Y. Schwab, N. Schieber, R.
Tucoulou, H. Richnow, G. Finazzi N. Musat, Current Biology, 2019, 29 (6), pp.968-
78.e4. (10.1016/j.cub.2019.01.073)

Algal Remodeling in a Ubiquitous Planktonic Photosymbiosis, J. Decelle, H. Stryhanyuk, B. Gallet, G. Veronesi,
M. Schmidt, S. Balzano, S. Marro, C. Uwizeye, P.H. Jouneau, J. Lupette, J. Jouhet, E. Maréchal, Y. Schwab, N.
Schieber, R.Tucoulou, H. Richnow, G. Finazzi, N. Musat, Current Biology, 2019, 29 (6). pp.968-
78.e4. (10.1016/j.cub.2019.01.073)

2018

6.

Monolithic Axial and Radial Metal-Semiconductor Nanowire Heterostructures, M. Sistani, M. Luong, M. Den
Hertog, E. Robin, M. Spies, B. Fernandez, J. Yao, E. Bertagnolli, A. Lugstein, Nano Letters, 2018, 18 (12),
pPpP.7692-7697. (10.1021/acs.nanolett.8003366 )

Role of the different defects, their population and distribution in the LaAIO3 /SrTiO3 heterostructure's
behaviour, Hicham Zaid, Marie-H. Berger, D. Jalabert, M. Walls, R. Akrobetu, N.J. Goble, X.P.A. Gao, P.
Berger, I. Fongkaew, W. Lambrecht, A. Sehirlioglu, Journal of Applied Physics, 2018, 123 (15), 155304, pp.5.
(10.1063/1.5024554)

Impact of a van der Waals interface on intrinsic and extrinsic defects in an MoSe 2 monolayer, C. Alvarez,
Minh Tuan Dau, Alain Marty, Céline Vergnaud, H. Le Poche, P. Pochet, Matthieu Jamet, H. Okuno,
Nanotechnology, 2018, 29 (42), pp.425706. (10.1088/1361-6528/aadééf)

Massless Dirac Fermions in ZrTe 2 Semimetal Grown on InAs(111) by van der Waals Epitaxy, P. Tsipas,
D. Tsoutsou, Softirios Fragkos, Roberto Sant, C. Alvarez, H. Okuno, G. Renaud, Reynald Alcotte, Thierry Baron,
Athanasios Dimoulas, ACS Nano, 2018, 12 (2), pp.1696-1703. ¢(10.1021/acsnano.7/b08350)
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10. Dislocation-free axial InAs-on-GaAs nanowires on silicon, Daria Beznasyuk, E. Robin, M. Den Hertog, Julien
Claudon, Moira Hocevar, Nanotechnology, 2017, 28 (36), pp.365602. (10.1088/1361-6528/aa7d40)

11. Peak separation method for sub-lattice strain analysis at atomic resolution: Application to InAs/GaSb
superlattice, Honggyu Kim, Yifei Meng, J.L. Rouviere, Jian-Min Zuo, Micron, 2017, 92, pp.6-
12. (10.1016/j.micron.2016.10.003)

12. High precision strain mapping of topological insulator HgTe/CdTe, B. Haas, Candice T., P.H. Jouneau,
N. Bernier, Tristan Meunier, Philippe Ballet, J.L. Rouviere, Applied Physics Letters, 2017, 110 (26),
PP.263102. (10.1063/1.4989822)

13. Plastid thylakoid architecture optimizes photosynthesis in diatoms, S. Flori, P.H. Jouneau, Benjamin Bailleul,
Benoit Gallet, Leandro F Estrozi, Christine Moriscot, Olivier Bastien, Simona Eicke, Alexander Schober,
Carolina Rio Bdrtulos, E. Maréchal, Peter G Kroth, Dimitris Petroutsos, Samuel Zeeman, Cécile Breyton, Guy

Schoehn, D. Falconet, Giovanni Finazzi, Nature Communications, 2017, 8,
pp.15885. (10.1038/ncommsi15885)
2016

14. Quantitative reconstructions of 3D chemical nanostructures in nanowires, Pamela Rueda-Fonseca, E. Robin,
E. Bellet-Amalric, Miguel Lopez-Haro, M. Den Hertog, Y. Genuist, R. André, Alberto Artioli, Serge Tatarenko,
D. Ferrand, Joel Cibert, Nano Letters, 2016, 16 (3), pp.1637-1642. (10.1021/acs.nanolett.5b04489)

15. Composition Analysis of llI-Nifrides at the Nanometer Scale: Comparison of Energy Dispersive X-ray
Spectroscopy and Atom Probe Tomography, Bastien Bonef, Miguel Lopez-Haro, Lynda Amichi, Mark Beeler,
Adeline Grenier, E. Robin, P.H. Jouneau, N. Mollard, Isabelle Mouton, C. Bougerol, Eva Monroy, Nanoscale
Research Letters, 2016, 11, pp.461. (10.1186/s11671-016-1668-2)

16. Atomic-resolved depth profile of strain and cation intermixing around LaAIO 3 /SiTiO 3 interfaces, Hicham
Zaid, Marie-H. Berger, D. Jalabert, M Walls, R Akrobetu, | Fongkaew, W.R.L. Lambrecht, N.J. Goble, X.P.A.
Gao, P Berger, Alp Sehirlioglu, Scientific Reports, 2016, 6, 28118, p.13 (10.1038/srep28118)

17. CVD graphene recrystallization as a new route to tune graphene structure and properties, A. V. Tyurnina,
H. Okuno, P. Pochet, Jean Dijon, Carbon, 2016, 102, pp.499-505. ¢10.1016/j.carbon.2016.02.097)

18. InGaN nanowires with high InN molar fraction: growth, structural and optical properties, Xin Zhang, Hugo
Lourenco-Martins, S. Meuret, Mathieu Kociak, B. Haas, J.L. Rouviere, P.H. Jouneau, C. Bougerol,
T. Avuzelle, D. Jalabert, X. Biquard, B. Gayral, B. Daudin, Nanotechnology, 2016, 27 (19),
pp.195704. (10.1088/0957-4484/27/19/195704)

19. Ultrastructure of the Periplastidial Compartment of the Diatom Phaeodactylum tricornutum, S. Flori,
P.H. Jouneau, Giovanni Finazzi E. Maréchal, D. Falconet, Profist, 2016, 167 (3), pp.254-
267. (10.1016/j.protis.2016.04.001)

2015

20. Si Donor Incorporation in GaN Nanowires, Z. Fang, E. Robin, E. Rozas-Jiménez, Ana Cros, F. Donatini,
N. Mollard, Julien  Pernof, B. Daudin, Nano  Letters, 2015, 15 (10), pp.6794-
6801. (10.1021/acs.nanolett.5002634)

21. Combining 2 nm Spatial Resolution and 0.02% Precision for Deformation Mapping of Semiconductor
Specimens in a Transmission Electron Microscope by Precession Electron Diffraction, D. Cooper, N. Bernier,
J.-L. Rouviere, Nano Letters, 2015, 15 (8), pp.5289-5294. (10.1021/acs.nanolett.5b01614)

22. Attribution of the 3.45 eV GaN nanowires luminescence to inversion domain boundaries, T. Auzelle, B. Haas,
M. Den Hertog, J.L. Rouviére, B. Daudin, B. Gayral, Applied Physics Letters, 2015, 107 (5),
PP.051904. (10.1063/1.4927826)

2014

23. Three-dimensional analysis of Nafion layers in fuel cell electrodes, M. Lopez-Haro, L. Guetaz, T. Printemps, A.
Morin, S. Escribano, P.-H. Jouneau, P. Bayle-Guillemaud, F. Chandezon, G. Gebel, Nature Communications,
2014, 5 (1), (10.1038/ncommsé229)

The remaining 80% articles

2019
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24. Understanding the crystallization behaviour of surface-oxidized GeTe thin films for phase-change memory
application, A.N.D. Kolb, N. Bemier, E. Robin, A. Benayad, J.-L. Rouviéere, C. Sabbione, F. Hippert and P.
Noé, ACS Appl. Electron. Mater.,2019, (10.1021/acs.aelm.2b00070)

25. Monoalithic fabrication of nano-to-millimeter scale integrated transistors based on transparent and flexible
siicon nanonets, Thi Thu Thuy Nguyen, T. Cazimajou, M. Legallais, T. Arjmand, Viet Huong Nguyen, M. Mouis,
B. Salem, E. Robin, and C. Ternon, Nano Futures, 2019, (10.1088/2399-1984/ablebc)

26. Electrical and optical properties of heavily Ge-doped AIGaN, R Blasco, A. Ajay, E. Robin, C. Bougerol, K
Lorentz, A Alves, I. Mouton, A Amichi, A Grenier, E. Monroy, Journal of Physics D: Applied Physics, 2019, 52
(12), pp.125101. (10.1088/1361-6463/aafec2)

27. The architecture of lipid droplets in the diatom Phaeodactylum tricornutum, J. Lupette, A. Jaussaud, K.
Seddiki, C. Morabito, S. Brugiere, H. Schaller, M. Kuntz, J.L. Putaux, P.H. Jouneau, F. Rébeillé, D. Falconet, Y.
Coute, J. Jouhet, M. Tardif, J. Salvaing, E. Marechal, Biomass, Biofuels and Bioproducts, 2019, 38,
pp.101415. (10.1016/ j.algal.2019.101415)

28. Direct comparison of off-axis holography and differential phase contrast for the mapping of electric fields
in semiconductors by transmission electron microscopy, B. Haas, J.L. Rouviere, V. Boureau, R. Berthier, D.
Cooper, Ultramicroscopy, 2019, 198, pp.58-72

29. Improvement of the critical temperature of NbTIN films on lll-nitride substrates, H. Machhadani, J. Zichi, C.
Bougerol, S. Lequien, J.L. T. sin, N. Mollard, A. Mukhtarova, V. Zwiller, J.M. Gérard, E. Monroy, Superconductor
Science and Technology, 2019, 32 (3), pp.035008. (10.1088/1361-6668/aaf99d)

30. Probing the light hole / heavy hole switching with correlated magneto-optical spectroscopy and chemical
analysis on a single quantum dot, A. Artioli, P. Rueda-Fonseca, K. Moratis, J.F. Motte, F. Donatini, M. Den
Hertog, E. Robin, R. André, Y.M. Niquet, E. Bellet-Amalric, J. Cibert, D. Ferrand, Nanotechnology, 2019, 30
(17), pp.175301. (10.1088/1361-6528/aaff17)

2018

31. Determination of atomic vacancies in InAs/Gasb strained-layer superlattices by atomic strain, Honggyu Kim,
Yifei Meng, Ji-Hwan Kwon, J.L.  Rouviere, Jian Min Zuo, IUCrd, 2018, 5 (1), pp.67-
72. (10.1107/52052252517016219)

32. Imaging Plastids in 2D and 3D: Confocal and Electron Microscopy, S. Flori, P.H. Jouneau, Benoit Gallet,
Leandro F Estrozi, Christine Moriscot, Guy Schoehn, Giovanni Finazzi, D. Falconet, Methods in Molecular
Biology, 2018, 1829, pp.113-122. (10.1007/978-1-4939-8654-5 7)

33. Synergic Effect on Oxygen Reduction Reaction of Strapped Iron Porphyrins Polymerised around Carbon
Nanotubes, Manel Hanana, H. Arcostanzo, Pradip Das, Morgane Bouget, Stéphane Le Gac, H. Okuno,
Renaud Cornut, B. Jousselme, Vincent Dorcet, Bernard Boitrel, Stéphane Campidelli, New Journal of
Chemistry, 2018, 42, pp.19749-19754. (10.1039/C8NJ04516J)

34. Variability Study of MWCNT Local Interconnects Considering Defects and Contact Resistances - Part Il
Impact of Charge Transfer Doping, Rongmei Chen, Jie Liang, Jaehyun Lee, Vihar P. Georgiev, Raphael
Ramos, H. Okuno, Dipankar Kalita, Yuanging Cheng, Liuyang Zhang, Reetu Raj Pandey, Salvatore Amoroso,
Campbell Millar, Asenov Asen, Jean Dijon, Aida Todri-Sanial, IEEE Transactions on Electron Devices, 2018, 65
(11), pp.4963-4970. (10.1109/TED.2018.2868424)

35. Plasma Heavily Nitrogen-Doped Vertically Oriented Graphene Nanosheets (N-VOGNSs) for High Volumetric
Performance On-Chip Supercapacitors in lonic Liquid, D. Aradilla, Marc Delaunay, Michael Buhagiar,
Dmitry Aldakov, Jéréme Faure-Vincent, H. Okuno, Jean-Michel Gérard, Gerard Bidan, Current Smart
Materials, 2018, 3 (1), pp.32-39

36. Insights info polythiol-assisted AgNP_dissolution induced by bio-relevant molecules, Marianne Marchioni,
T. Gallon, Isabelle Worms, P.H. Jouneau, Colette Lebrun, Giulia Veronesi, Delphine Truffier-Boutry, Elisabeth
Mintz, P. e Delangle, Aurelien Deniaud, Isabelle Michaud-Soret, Environmental science.Nano, 2018, 5 (8),
pp.1911-1920. (10.1039/c8en00340h )

37. Understanding Electromigration in Cu-CNT Composite Interconnects: A Multiscale Electrothermal Simulation
Study, Jaehyun Lee, Salim Berrada, Fikru Adamu-Lema, Nicole Nagy, Vihar P. Georgiev, Toufik Sadi, Jie
Liang, Raphael Ramos, Hamilton Carrillo-Nunez, Dipankar Kalita, Katharina Lilienthal, Marcus Wislicenus,
Reetu Raj Pandey, Bingan Chen, Kenneth B. K. Teo, Goncalo Goncalves, H. Okuno, Benjamin Uhlig, Aida
Todri-Sanial, Jean Dijon, Asen Asenov, IEEE Transactions on Electron Devices, 2018, 65 (9), pp.3884-
3892. (10.1109/TED.2018.2853550)

38. Comprehension of peculiar local emission behaviour of InGaAs quantum well by colocalized
nanocharacterization combining cathodoluminescence and electron microscopy techniques, Joyce
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Roque, Georges Beainy, Névine Rochat, N. Bernier, Sylvain D., Jeremy Moeyaert, Mickaél Martin, Thierry
Baron, J.L. Rouviere, Journal of Vacuum Science & Technology B Microelectronics and Nanometer
Structures, 2018, 36 (4), pp.042901. (10.1116/1.5033363)

Demonstration of a 2 x2 programmable phase plate for electrons, Jo Verbeeck, Armand Béché, Knut
Mdller-Caspary, Giulio Guzzinati, Minh Anh Luong, M. Den Hertog, Ultramicroscopy, 2018, 190, pp.58 -
65. (10.1016/j.ultramic.2018.03.017)

Dopant radial inhomogeneity in Mg-doped GaN _nanowires, Alexandra-Madalina Siladie, Lynda Amichi,
N. Mollard, Isabelle Mouton, Bastien Bonef, C. Bougerol, Adeline Grenier, E. Robin, P.H. Jouneau, Nuria
Garro, Ana Cros, B. Daudin, Nanotechnology, 2018, 29 (25), pp.255706. (10.1088/1361-6528/aabbdb)

Effect of the nanowire diameter on the linearity of the response of GaN-based heterostructured nanowire
photodetectors, Maria Spies, Jakub Polaczynski, Akhil Ajay, Dipankar Kalita, Minh Anh Luong, Jonas
Ldhnemann, B. Gayral, M. Den Hertog, Eva Monroy, Nanotechnology2018, 29 (25),
PP.255204. (10.1088/1361-6528/aab838)

Proposition of a model elucidating the AIN-on-Si (111) microstructure, N. Mante, S. Rennesson, E. Frayssinet,
L. Largeau, F. Semond, J.L. Rouviere, G. Feuillet, P. Vennegues, Journal of Applied Physics, 2018, 123 (21),
pp.215701

Silver nanoparticle fate in mammais: Bridging in vitro and in vivo studies, Marianne Marchioni, P.H. Jouneau,
Mireille Chevallet, Isabelle Michaud-Soret, Aurelien Deniaud, Coordination Chemistry Reviews, 2018, 364,
pp.118-136. (10.1016/j.ccr.2018.03.008)

lon blocking dip shape analysis around a LaAIO 3 /SrTiO 3 interface, D. Jalabert, Hicham Zaid, Marie-
H. Berger, I. Fongkaew, W.R.L. Lambrecht, A. Sehirlioglu, Nuclear Instruments and Methods in Physics
Research Section B: Beam Interactions with Materials and Atoms, 2018, 423, pp.67-
71. (10.1016/j.nimb.2018.03.010)

Understanding and improving the low optical emission of InGaAs quantum wells grown on oxidized
patterned (001) silicon substrate, J. Roque, B. Haas, S. D., N. Rochat, N. Berier, J. Rouviére, B. Salem, P.
Gergaud, J. Moeyaert, M. Martin, F. Bertin, T. Baron, Applied Physics Letters, 2018, 112 (20), pp.202104

An innovative large scale integration of silicon nanowire-based field effect transistors, M. Legallais, T.T.T.
Nguyen, M. Mouis, B. Salem, E. Robin, P. Chenevier, C. Ternon, Solid-State Electronics, 2018, 143, pp.97-
102. (10.1016/j.ss€.2017.11.008)

Nanowire growth and sublimation: CdTe quantum dots in ZnTe nanowires, Marta Orrul], E. Robin, M. Den
Hertog, Kimon Moratis, Y. Genuist, R. André, D. Ferrand, Joel Cibert, E. Bellet-Amalric, Physical Review
Materials, 2018, 2 (4), pp.043404. (10.1103/PhysRevMaterials.2.043404)

Graphene as a Mechanically Active, Deformable Two-Dimensional Surfactant, Sergio Viaic,
N. Rougemaille, Alexandre Artaud, Vincent Renard, Loic Huder, J.L. Rouviére, Amina Kimouche, Benitos
Santos, Andrea Locatelli, Valérie Guisset, Philippe D., Claude Chapelier, Laurence Magaud, Benjamin
Canals, Johann Coraux, Journal of Physical Chemistry Letters, 2018, 9 (10), pp.2523-
2531. (10.1021/acs.jpclett.8b00586)

Single-Walled Carbon Nanotube/Polystyrene Core-Shell Hybrids: Synthesis and Photoluminescence
Properties, Lucile Orcin-Chaix, Gaelle Trippé-Allard, Christophe Voisin, H. Okuno, Vincent Derycke, Jean
Sebastien Lauret, Stéphane Campidelli, Journal of Materials Chemistry C, 2018, 6, pp.4786-
4792. (http://dx.doi.org/10.1039/C7TC05565J). (10.1039/C7TC05565J)

Highly Efficient Spin-to-Charge Current Conversion in Strained HgTe Surface States Protected by a HgCdTe
Lavyer, P. Noel, C. T., Y. Fu, L. Vila, B. Haas, P. H. Jouneau, S. Gambarelli, T. Meunier, P. Ballet, J. P. Attané,
Physical Review Letters2018, 120 (16), pp.167201. (10.1103/PhysRevLett.120.167201)

High spatial resolution correlated investigation of Zn segregation to stacking faults in ZnTe/CdSe
nanostructures, Bastien Bonef, Adeline Grenier, Lionel Gérard, P.H. Jouneau, R. André, Didier Blavette,
C. Bougerol, Applied Physics Letters, 2018, 112 (9), pp.093102. ¢10.1063/1.5020440)

Strain, stress, and mechanical relaxation in fin-patterned Si/SiGe multilayers for sub-7 nm nanosheet gate-
all-around device technology, S. Reboh, R. Coquand, S. Barraud, N. Loubet, N. Bernier, G. Audoit, J.-L.
Rouviere, E. Augendre, J. Li, J. Gaudiello, N. Gambacorti, . Yamashita, O. Faynot, Applied Physics Letters,
2018, 112 (5), pp.051901. (10.1063/1.5010997)

Growth of Ge 1—x Sn x Nanowires by Chemical Vapor Deposition via Vapor-Liquid-Solid Mechanism Using
GeH 4 and SnCl4, Thibault Haffner, Mohammed Zeghouane, Franck Bassani, P. Gentile, Alban Gassenq,
Fares Chouchane, N. Pauc, Eugenie Martinez, E. Robin, Sylvain D., Thierry Baron, Bassem Salem, Physica
Status Solidi (A), 2018, 215 (1), pp.1700743. (10.1002/pssa.201700743)
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54. Antiphase boundary free GasSb layer grown on 300 mm (001)-Si substrate by metal organic chemical vapor
deposition, T. Cerba, M. Martin, J. Moeyaert, 8. D., J. Rouviere, L. Cerutti, R. Alcotte, Jean-Baptiste Rodriguez,
M. Bawedin, H. Boutry, F. Bassani, Y. Bogumilowicz, P. Gergaud, E. Tournié, T. Baron, Thin Solid Films, 2018, 645,
pp.5-9. (10.1016/j.tsf.2017.10.024)

55. Direct Observation at Room Temperature of the Orthorhombic Weyl Semimetal Phase in Thin Epitaxial
MoTe2, P. Tsipas, Sofirios Fragkos, D. Tsoutsou, C. Alvarez, Roberto Sant, H. Okuno, G. Renaud, Athanasios
Dimoulas, Advanced Functional Materials, 2018, 28 (33), pp.1802084. (10.1002/adfm.201802084)

2017

56. Low-temperature and scalable CVD route to WS2 monolayers on SiO2/Si substrates, Stéphane Cadot, Olivier
Renault, D. Rouchon, D. Mariolle, Enmanuel Nolot, Chloé Thieuleux, Laurent Veyre, H. Okuno, Francois
Martin, Elsje Alessandra Quadrelli, Journal of Vacuum Science & Technology A: Vacuum, Surfaces, and
Films, 2017, 35 (6), pp.061502. (10.1116/1.4996550)

57. Carbonate and lonic Liquid Mixes as Electrolytes To Modify Interphases and Improve Cell Safety in Silicon-
Based Li-lon Batteries, N. Dupré, Philippe Moreau, E. de Vito, Lucille Quazuguel, Maxime Boniface, Harald
Kren, P. e Bayle-Guillemaud, Dominique Guyomard, Chemistry of Materials, American Chemical Society,
2017, 29 (19), pp.8132 - 8146. (10.1021/acs.chemmater.7b01963)

58. Operando Raman Spectroscopy and Synchrotron X-ray Diffraction of Lithiation/Delithiation in Silicon
Nanoparticle Anodes, Samuel Tardif, Ekaterina Pavienko, Lucille Quazuguel, Maxime Boniface, Manuel
Maréchal, Jean-Sébastien Micha, Laurent Gonon, Vincent Mareau, Gérard Gebel, P. e Bayle-Guillemaud,
Francois Rieutord, Sandrine Lyonnard, ACS Nano, 2017, 11 (11), pp.11306-11316. (10.1021/acsnano.7b05796)

59. Growth and structural properties of step-graded, high Sn content GeSn layers on Ge, J Aubin, J. Hartmann,
A. Gassengq, J. Rouviere, E. Robin, V. Delaye, D. Cooper, N Mollard, V. Reboud, V. Calvo, Semiconductor
Science and Technology, 2017, 32 (9), pp.094006

60. Hydrophobicity of Gold Nanoclusters Influences Their Interactions with Biological Barriers, Estelle Porret, Lucie
Sancey, Angela Martin-Serrano, Maria Montafez, Ralf Seeman, Akram Yahia-Ammar, H. Okuno, Francisca
Gomez, Adriana Ariza, Niko Hildebrandt, Jean-Baptiste Fleury, J.L. Coll, X. Le Guével, Chemistry of Materials,
2017, 29 (17), pp.7497-7506. (10.1021/acs.chemmater.7002497)

61. Dislocation-free axial InAs-on-GaAs nanowires on silicon, Daria Beznasyuk, E. Robin, M. Den Hertog, Julien
Claudon, Moira Hocevar, Nanotechnology, 2017, 28 (36), pp.365602. (10.1088/1361-6528/aa7d40)

62. Atomic Scale Structural Characterization of Epitaxial (Cd,Cr)Te Magnetic Semiconductor, Bastien Bonef,
Hervé Boukari, Adeline Grenier, Isabelle Mouton, P.H. Jouneau, Hidekazu Kinjo, Shinji Kuroda, Microscopy
and Microanalysis, 2017, 23 (4), pp.717-723. (10.1017/s1431927617000642)

63. 3D Characterization of Silicon Based Electrode Material for Advanced Lithium-lon Storage Technologies, T.
Vorauer, J. Rose, P. Jouneau, P. Bayle-Guillemaud, B. Fuchsbichler, S. Koller, R. Brunner, Microscopy and
Microanalysis, 2017, 23 (S1), pp.2026-2027. (10.1017/S1431927617010790)

64. High-precision deformation mapping in finFET transistors with two nanometre spatial resolution by precession
electron diffraction, D. Cooper, N. Bernier, J.L.. Rouviere, J.L. Rouviere, Yun-Yu Wang, Weihao Weng, Anita
Madan, Shogo Mochizuki, Hemanth Jagannathan, Applied Physics Letters, 2017, 110 (22), pp.223109

65. SiGe Bandgap Tuning for High Speed Eam, Lorenzo Mastronardi, Mehdi Banakar, Ali Khokhar, Thalia
Dominguez Bucio, Callum Littlejohns, N. Bernier, E. Robin, Jean-Ruc Rouviere, Hugo Dansas, Narciso
Gambacorti, Goran Mashanovich, Frédéric Gardes, ECS Transactions, Electrochemical Society, Inc., 2017,
77 (6), pp.59-63

66. Epitaxial electrical contact to graphene on SiC, T Le Quang, L Huder, F Lipp Bregolin, A Arfaud, A Okuno, S
Pouget, N Mollard, G Lapertot, A. G. M Jansen, F Lefloch, E. F. C. Driessen, C Chapelier, V. T. Renard, Carbon,
Elsevier, 2017, 121, pp.48-55. (10.1016/j.carbon.2017.05.048)

67. Atomic Layer Deposition Alumina-Passivated Silicon Nanowires: Probing the Transition from Electrochemical
Double-Layer Capacitor to Electrolytic Capacitor, Dorian Gaboriau, Maxime Boniface, Anthony Valero,
Dmitry Aldakov, Thierry Brousse, P. Gentile, Said Sadki, ACS Applied Materials & Interfaces, 2017, 9 (15),
pp.13761 - 13769. (10.1021/acsami.7b01574)

68. Atomic Layer Deposition Alumina-Passivated Silicon Nanowires: Probing the Transition from Electrochemical
Double-Layer Capacitor to Electrolytic Capacitor, Dorian Gaboriau, Maxime Boniface, Anthony Valero,
Dmitry Aldakov, Thierry Brousse, P. Gentile, Said Sadki, ACS Applied Materials & Interfaces, 2017, 9 (15),
pp.13761-13769

69. Structural evolution of dilute magnetic (Sn,Mn)Se films grown by molecular beam epitaxy, Vasily Kanzyuba,
Sining Dong, Xinyu Liu, Xiang Li, Sergei Rouvimov, H. Okuno, Henri Mariette, Xuegiang Zhang, Sylwia
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Ptasinska, Brian Tracy, D. Smith, Margaret Dobrowolska, Jacek Furdyna, Journal of Applied Physics, 2017,
121 (7). pp.075301. (10.1063/1.4976206)

Spin-Charge Conversion Phenomena in_Germanium, Simén Oyarzin, Fabien Rortais, Juan-C. Rojas-
Sanchez, FedE. o Bottegoni, Piotr Laczkowski, Céline Vergnaud, Stéphanie Pouget, H. Okuno, Laurent Vila,
Jean-Philippe Attané, Cyrille Beigne, Alain Marty, Serge Gambarelli, Clarisse Ducruet, Julie Widiez, Jean-
Marie George, Henri Jaffrés, Matthieu Jamet, Journal of the Physical Society of Japan, 2017, 86
(1), (10.7566/JPSJ.86.011002)

High quality epitaxial fluorine-doped SnO2 films by ultrasonic spray pyrolysis: Structural and physical property
investigation, Shan-Ting Zhang, J.L. Rouviere, Vincent Consonni, Hervé Roussel, Laetitia Rapenne, Etienne
Pernot, D. Munoz-Rojas, Andreas Klein, Daniel Bellet, Materials and Design, 2017, 132, pp.518-
525. (10.1016/j.matdes.2017.07.037)

A hybrid method using the widely-used WIEN2k and VASP codes to calculate the complete set of XAS/EELS
edges in a hundred-atoms system, Gaél Donval, Philippe Moreau, Julien Danet, Séverine Jouanneau-Si
Larbi, P. e Bayle-Guillemaud, Florent Boucher, Physical Chemistry Chemical Physics, 2017, 19 (2), pp.1320 -
1327. (10.1039/c6cp06445k)

A Survey of Carbon Nanotube Interconnects for Energy Efficient Integrated Circuits, Aida Todri-Sanial,
Raphael Ramos, H. Okuno, Jean Dijon, Abitha Dhavamani, Marcus Widlicenus, Katharina Lilienthal,
Benjamin Uhlig, Toufik Sadi, Vihar Georgiev, Asen Asenov, Salvatore Amoroso, Andrew Pender, Andrew
Brown, Campbell Millar, Fabian Motzfeld, Bernd Gotsmann, lJie Liang, Goncalo Goncalves, Nalin
Rupesinghe, Ken Teo, IEEE Circuits and Systems Magazine -New Series-, 2017, 17 (2), pp.47-
62. (10.1109/MCAS.2017.2689538)

Control of the incubation time in the vapor-solid-solid growth of semiconductor nanowires, M Orrd, M Den
Hertog, E. Robin, Y Genuist, R. André, Joel Cibert, E. Bellet-Amalric, Applied Physics Letters, 2017, 110 (26),
PP.263107. (10.1063/1.4985713)

Millimeter-scale layered MoSe 2 grown on sapphire and evidence for negative magnetoresistance, M. Dau,
C. Vergnaud, A. Marty, F. Rortais, C. Beigné, H. Boukari, E. Bellet-Amailric, V. Guigoz, O. Renault, C. Alvarez,
H. Okuno, P. Pochet, M. Jamet, Applied Physics Letters, 2017, 110 (1), pp.011909. ¢10.1063/1.4973519)

Revealing topological Dirac fermions at the surface of strained HgTe thin films via Quantum Hall transport
spectroscopy, C. T., O. Crauste, B. Haas, P. H. Jouneau, C. Bduerle, L. P. Levy, Edmond Orignac, D.
Carpentier, P. Ballet, T. Meunier, Physical Review B : Condensed matter and materials physics, 2017, 96 (24),
P.245420. (10.1103/PhysRevB.96.245420)

A novel 2-step ALD route to ultra-thin Mo$S {2}$ films on Si$O {2}$ through a surface organometallic
intermediate, Stéphane Cadot, Olivier Renault, Mathieu Frégnaux, D. Rouchon, Emmanuel Nolot, Kai Szeto,
Chloé Thieuleux, Laurent Veyre, H. Okuno, Francois Martin, Elsje Alessandra Quadrelli, Nanoscale, 2017, 9

(2), pp.538--546. (10.1039/c6nr06021h)

2016

78.

79.

80.

81.

82.

83.

66

Towards a full retrieval of the deformation tensor F using convergent beam electron diffraction, Yannick
Martin, J.L. Rouviere, J. M. Zuo, Vincent Favre-Nicolin, Ulframicroscopy, 2016, 160, pp.64-
73. (10.1016/j.ulisamic.2014.12.002)

Evidence for spin-to-charge conversion by Rashba coupling in metallic states at the Fe/Ge(111) interface
S. Oyarzun, A. Nandy, F. Rortais, C. Rojas-Sdnchez, M. Dau, P. Noel, P. Laczkowski, S. Pouget, H. Okuno, L.
Vila, C. Vergnaud, C. Beigne, A. Marty, J.-P. Attane, S. Gambarelli, M. George, H. Jaffres, S. Blugel, M. Jamet,
Nature Communications, 2016, 7, (10.1038/ncomms13857)

Non-conductive ferromagnets based on core double-shell nanoparticles for radio-electric applications,
H. Takacs, Bernard Viala, Vanessa Herman, Jean-Hervé Tortai, Florence Duclairoir, Juvenal Alarcon Ramos,
P.H. Jouneau, H. Okuno, Gwenole Tallec, SpringerPlus, 2016, 5 (1)

Ge doping of GaN beyond the Mott transition, A. Ajay, J Schérmann, M Jiménez-Rodriguez, C Lim, F Walther,
M Rohnke, M Mouton, L Amichi, C. Bougerol, M. Den Hertog, E Eickhoff, E. Monroy, Journal of Physics D:
Applied Physics, 2016, 49 (44), pp.445301. (10.1088/0022-3727/49/44/445301)

Nanoscale Chemical Evolution of Silicon Negative Electrodes Characterized by Low-Loss STEM-EELS, Maxime
Boniface, Lucille Quazuguel, Julien Danet, Dominique Guyomard, Philippe Moreau, P. e Bayle-Guillemaud,
Nano Letters, 2016, (10.1021/acs.nanolett.6002883)

Chemical composition fluctuations and strain relaxation in INGaN nanowires: The role of the metal/nitrogen
flux ratio, Xin Zhang, Matthias Belloeil, P.H. Jouneau, C. Bougerol, B. Gayral, B. Daudin, Materials Science
in Semiconductor Processing, 2016, 55, pp.79 - 84. (10.1016/j.mssp.2016.03.006)
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84. Designing 3D  Multihierarchical —Heteronanostructures  for High-Performance  On-Chip  Hybrid
Supercapacitors: Poly(3,4-(ethylenedioxy)thiophene)-Coated Diamond/Silicon Nanowire Electrodes in an
Aprotic lonic Liquid, D. Aradilla, Fang Gao, Georgia Lewes-Malandrakis, Wolfgang Mduller-Sebert, P. Gentile,
Maxime Boniface, Dmitry Aldakov, Boyan lliev, T. Schubert, Christoph Nebel, Gérard Bidan, ACS Applied
Materials & Interfaces, 2016, 8 (28), pp.18069-18077. (10.1021/acsami.6b04816)

85. XPS investigations of graphene surface cleaning using H 2 - and CI 2 -based inductively coupled plasma, D.
Ferrah, O. Renault, C. Petit-Etienne, H. Okuno, C. Berne, V. Bouchiat, G. Cunge, Surface and Interface
Analysis, 2016, 48 (7), pp.451 - 455. (10.1002/sia.6010)

86. Depth profiling analysis of HFON on SiON ultrathin films by parallel angle resolved x-ray photoelectron
spectroscopy and medium energy ion scattering, Laurent Fauquier, Bernard Pelissier, D. Jalabert, Francois
Pierre, Delphine Doloy, C. Beitia, Thierry Baron, Surface and Interface Analysis, 2016, 48 (7)., pp.436 -
439. (10.1002/s5i0.5917)

87. Structure and Dopant Engineering in PEDOT Thin Films: Practical Tools for a Dramatic Conductivity
Enhancement, Magatte Gueye, Alexandre Carella, N. Massonnet, Etienne Yvenou, S. Brenet, Jérbme
Faure-Vincent, Stephanie Pouget, Frangois Rieutord, H. Okuno, Anass Benayad, Renaud Demadirille, Jean-
Pierre Simonato, Chemistry of Materials, 2016, 28 (10), pp.3462-3468. (10.1021/acs.chemmater.6001035)

88. Diffusion-driven growth of nanowires by low-temperature molecular beam epitaxy, P. Rueda-Fonseca, M.
Orru, E. Bellet-Amailric, E. Robin, M. Den Hertog, Y. Genuist, R. André, S. Tatarenko, J. Cibert, Journal of
Applied Physics, 2016, 119 (16), pp.164303. (10.1063/1.4947269)

89. Multiprobe Study of the Solid Electrolyte Interphase on Silicon-Based Electrodes in Full-Cell Configuration, N.
Dupré, P. Moreau, E. de Vito, L. Quazuguel, M. Boniface, A. Bordes, C. Rudisch, P. e Bayle-Guillemaud, D.
Guyomard, Chemistry of Materials, 2016, 28 (8), pp.2557 - 2572. (10.1021/acs.chemmater.5004461)

90. Large magnetic anisotropy enhancement in size controlled Ni nanowires electrodeposited into nanoporous
alumina tempilates, J. de La Torre Medina, H Hamoir, Y Veldzquez-Galvdn, S. Pouget, H. Okuno, L. Vila, A.
Encinas, L. Piraux, Nanotechnology, 2016, 27 (14), (10.1088/0957-4484/27/14/145702)

91. Interfacial chemistry in a ZnTe/CdSe superlattice studied by atom probe tomography and transmission
electron microscopy strain measurements, B. Bonef, B. Haas, J-L. RouviEre, R. André, C. Bougerol, A. Grenier,
P-H. Jouneau, J-M. Zuo, Journal of Microscopy, 2016, 262 (2), pp.178 - 182. (10.1111/jmi.12340)

92. Strain relaxation of CdTe on Ge studied by medium energy ion scattering, Jean-Christophe Pillet, F. H. Pierre,
D. Jalabert, Nuclear Instruments and Methods in Physics Research Section B-Beam Interactions with
Materials and Atoms, 2016, 384, pp.1-5. (10.1016/j.nimb.2016.07.020)

93. Efficient eco-friendly inverted quantum dot sensitized solar cells, Jinhyung Park, Muhammad T. Sajjad,
P.H. Jouneau, Arvydas Ruseckas, Jerome Faure-Vincent, Ifor D. W. Samuel, Peter Reiss, Dmitry Aldakov,
Journal of Materials Chemistry A, 2016, 4 (3), pp.827-837. (10.1039/c5ta06769c)

94. Strain mapping of semiconductor specimens with nm-scale resolution in a transmission electron microscope
D. Cooper, Thibaud Denneulin, N. Bernier, Armand Beche, J.L. Rouviere, Micron, 2016, 80, pp.145-
165. (10.1016/j.micron.2015.09.001)

95. Different in vitro exposure regimens of murine primary macrophages to silver nanoparticles induce different
fates of nanoparticles and different toxicological and functional consequences, C. Aude-Garcia, Florent
Villiers, Véronique Collin-Faure, Karin Pernet-Gallay, P.H. Jouneau, Stéphanie Sorieul, Geoffrey Mure, Adéle
Gerdil, Nathalie Herlin-Boime, Marie Carriere, Thierry Rabilloud, Nanotoxicology, 2016, 10 (5), pp.586-596
(10.3109/17435390.2015.1104738)

96. Strain effect on mobility in nanowire MOSFETs down to 10 nm width: Geometrical effects and piezoresistive
model, Johan Pelloux-Prayer, Mikael Casse, Francois Triozon, Sylvain Barraud, Y.-Michel Niquet,
J.L.  Rouviere, Olivier Faynot, G. Reimbold, Solid-State Electronics, 2016, 125, pp.175-
181. (10.1016/j.s5€.2016.09.002)

97. Designing 3D  Multihierarchical —Heteronanostructures  for High-Performance On-Chip  Hybrid
Supercapacitors: Poly(3,4-(ethylenedioxy]thiophene)-Coated Diamond/Silicon Nanowire Electrodes in an
Aprotic lonic Liquid, D. Aradilla, Fang Gao, Georgia Lewes-Malandrakis, Wolfgav Mueller-Sebert, P. Gentile,
Maxime Boniface, Dmitry Aldakov, Boyan lliev, T. J. S. Schubert, Christoph E. Nebel, Gerard Bidan, ACS
Applied Materials and Interfaces, 2016, 8 (28), pp.18069-18077. (10.1021/acsami.6b04816)

98. Graphene monolayer produced on Pt reusable substrates for transparent conductive electrodes
applications, L. Golanski, D. Rouchon, H. Okuno, P. Fugier, International Journal of Nanotechnology, 2016,
13 (8/9), pp.678. (10.1504/IJNT.2016.079671)
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99. Atomic-scale restructuring of hollow PtNi/C electrocatalysts during accelerated stress tests, Laetitia Dubau,
Miguel Lopez-Haro, Julien Durst, Frédéric Maillard, Catalysis Today, 2016, 262, pp.146-
154. (10.1016/j.cattod.2015.08.011)

100.Structure _and Dopant Engineering in PEDOT Thin Films: Practical Tools for a Dramatic Conductivity
Enhancement, Magatte N. Gueye, Alexandre Carella, N. Massonnet, Etienne Yvenou, S. Brenet, Jerome
Faure-Vincent, Stephanie Pouget, Francois Rieutord, H. Okuno, Anass Benayad, Renaud Demadirille, Jean-
Pierre Simonato, Chemistry of Materials, 2016, 28 (10), pp.3462-3468. (10.1021/acs.chemmater.6b01035)

101.Direct Synthesis of Highly Conductive tert-Butylthiol-Capped CulnS2 Nanocrystals, Aurelie Lefrancois,
Stephanie Pouget, Louis Vaure, Miguel Lopez-Haro, Peter Reiss, ChemPhysChem, 2016, 17 (5), pp.654-
659. (10.1002/cphc.201500800)

102.No cytotoxicity or genotoxicity of graphene and graphene oxide in murine lung epithelial FET cells in vitro
Stefan Bengtson, Kirsten Kling, Anne Mette Madsen, Asger W. Noergaard, Nicklas Raun Jacobsen, Per Axel
Clausen, Beatriz Alonso, Amaia Pesquera, Amaia Zurutuza, Raphael Ramos, H. Okuno, Jean Dijon, Hakan
Wallin, Ulla Vogel, Environmental and Molecular Mutagenesis, 2016, 57 (6), pp.469-482. (10.1002/em.22017)

103. Compact guantum dot-antibody conjugates for FRET immunoassays with subnanomolar detection
limits, Lucia Mattera, Shashi Bhuckory, K. D. Wegner, Xue Qiu, Fabio Agnese, Christophe Lincheneau,
Tim Senden, D. Djurado, Loic J. Charbonniere, Niko Hildebrandt, Peter Reiss, Nanoscale, 2016, 8 (21),
pp.11275-11283. (10.1039/c6nr03261c)

104. Metal homeostasis disruption and mitochondrial dysfunction in hepatocytes exposed to sub-toxic doses
of zinc oxide nanoparticles, M. Chevallet, Benoit Gallet, A. Fuchs, P.H. Jouneau, K. Um, E. Mintz, |.
Michaud-Soret, Nanoscale, 2016, 8 (43), pp.18495-18506. (10.1039/cénr05306h)

105. Growth mechanism of InGaN nanoumbrellas, Xin Zhang, B. Haas, J.L. Rouviere, E. Robin, B. Daudin,
Nanotechnology, 2016, 27 (45), pp.455603. (10.1088/0957-4484/27/45/455603)

106. Uniform phosphorus doping of untapered germanium nanowires, Kevin Guilloy, N. Pauc, P. Gentile,
E. Robin, Vincent Calvo, Nanotechnology, 2016, 27 (48), pp.485701. (10.1088/0957-4484/27/48/485701)

107. Strain Field in Ultrasmall Gold Nanoparticles Supported on Cerium-Based Mixed Oxides. Key Influence of
the Support Redox State, Miguel Lopez-Haro, Kenta Yoshida, Eloy Rio, Jose A. Perez-Omil, Edward D.
Boyes, Susana Trasobares, Jian-Min Zuo, Pratibha L. Gai, Jose J. Calvino, Langmuir, 2016, 32 (17),
pPP.4313-4322. (10.1021/acs.langmuir.6b00758)

108. Non-conductive ferromagnets based on core double-shell nanoparticles for radio-electric applications,
Helene Takacs, Bernard Viala, Vanessa Herman, Jean-Herve Tortai, Florence Duclairoir, Juvenal Alarcon
Ramos, P.H. Jouneau, H. Okuno, Gwenole Tallec, SpringerPlus, 2016, 5, pp.496. (10.1186/540064-016-
2099-3)

2015

109. Nanoscale strain distributions in embedded SiGe semiconductor devices revealed by precession
electron diffraction and dual lens dark field electron holography, Y. Y. Wang, D. Cooper, J.L. Rouviere,
C. E. Murray, N. Bemier, J. Bruley, Applied Physics Letters, 2015, 106 (4), pp.042104. (10.1063/1.4906513)

110. Solid-State NMR and DFT Combined for the Surface Study of Functionalized Silicon Nanoparticles, Daniel
Lee, Monu Kaushik, Romain Coustel, Yves Chenavier, Myriam Chanal, Michel Bardet, Lionel Dubois,
H. Okuno, Névine Rochat, Florence Duclairoir, Jean-Marie Mouesca, Gaél De paépe, Chemistry - A
European Journal, 2015, 21 (45), pp.16047-16058. (10.1002/chem.201502687 )

111. Solid-State NMR and DFT Combined for the Surface Study of Functionalized Silicon Nanoparticles, Daniel
Lee, Monu Kaushik, Romain Coustel, Yves Chenavier, Myriam Chanal, Michel Bardet, Lionel Dubois,
H. Okuno, Névine Rochat, Florence Duclairoir, Jean-Marie Mouesca, Gaél de Paépe, Chemistry - A
European Journal, 2015, 21 (45), pp.16047-16058. (10.1002/chem.201502687)

112. The influence of AIN buffer over the polarity and the nucleation of self-organized GaN nanowires,
T. Auzelle, B. Haas, Albert Minj, C. Bougerol, J.L. Rouviere, Ana Cros, Jaime Colchero, B. Daudin,
Journal of Applied Physics, 2015, 117 (24), pp.245303. (10.1063/1.4923024)

113. Linking morphology with activity through the lifetime of pretreated PtNi nanostructured thin film
catalysts, D. A. Cullen, Miguel Lopez-Haro, P. e Bayle-Guillemaud, Laure Guétaz, M. K. Debe, A. J.
Steinbach, Journal of Materials Chemistry A, 2015, 3 (21), pp.11660-11667. (10.1039/c5ta01854d)

114. Core-shell nanostructure in a Ge0.9Mn0.1 film observed via structural and magnetic measurements
Pierre Dalmas de Reotier, E. Prestat, P. e Bayle-Guillemaud, Mustapha Boukhari, André Barski, Alain
Marty, Matthieu Jamet, A. Suter, T. Prokscha, Z. Salman, E. Morenzoni, Alain Yaouanc, Physical Review B
: Condensed matter and materials physics, 2015, 91 (24), pp.245408. (10.1103/PhysRevB.91.245408)
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115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

2014

127.

128.

129.

Low-Lanthanide-Content CeO2/MgQO Catalysts with Outstandingly Stable Oxygen Storage Capacities:
An In-Depth Structural Characterization by Advanced STEM Techniques, Miguel Tinoco, Juan J. Sanchez,
Maria P. Yeste, Miguel Lopez-Haro, Susana Trasobares, Ana B. Hungria, P. e Bayle-Guillemaud, Ginesa
Blanco, Jose M. Pintado, Jose J. Calvino, ChemCatChem, 2015 7 (22), pp.3763-
3778. (10.1002/cctc.201500855)

Synthesis and surface chemistry of high quality wurtzite and kesterite Cu2ZnSnS4 nanocrystals using tin(ll)
2-ethylhexanoate as a new tin source, Grzegorz Gabka, Piotr Bujak, Maciej Gryszel, Andrzej Ostrowski,
Karolina Malinowska, Grazyna Z. Zukowska, Fabio Agnese, Adam Pron, Peter Reiss, Chemical
Communications, 2015, 51 (65), pp.12985-12988. (10.1039/c5cc04151a)

Abrupt Schottky Junctions in Al/Ge Nanowire Heterostructures, S. Kral, C. Zeiner, M. Stoeger-Pollach, E.
Bertagnolli, M. Den Hertog, M. Lopez-Haro, E. Robin, Khalil El Hajraoui, A. Lugstein, Nano Letters, 2015,
15(7), pp.4783-4787. (10.1021/acs.nanolett.5b01748)

Synthesis, Internal Structure, and Formation Mechanism of Monodisperse Tin Sulfide Nanoplatelets
Antoine Kergommeaux, Miguel Lopez-Haro, Stéphanie Pouget, Jian-Min Zuo, Colette Lebrun, Frédéric
Chandezon, Dmitry Aldakov, Peter Reiss, Journal of the American Chemical Society, 2015, 137 (31),
PP.9943-9952. (10.1021/jacs.5b05576)

Solving difficult structures with electron diffraction, J. M. Zuo, J.L. Rouviére, IUCrJ, 2015, 2, pp.7-
8. (10.1107/52052252514026797)

Atomic arrangement at ZnTe/CdSe interfaces determined by high resolution scanning transmission
electron microscopy and atom probe tomography, Bastien Bonef, Lionel Gérard, J.L. Rouviere, Adeline
Grenier, P.H. Jouneau, E. Bellet-Amalric, Henri Mariette, R. André, C. Bougerol, Applied Physics Letters,
2015, 106 (5), pp.051904. (10.1063/1.4907648)

An innovative 3-D nanoforest heterostructure made of polypyrrole coated silicon nanotrees for new
high performance hybrid micro-supercapacitors, D. Aradilla, Dorian Gaboriau, Gérard Bidan,
P. Gentile, Maxime Boniface, Deepak Dubal, Pedro Gémez-Romero, Jan Wimberg, T. J. S. Schubert,
Said Sadki, Journal of Materials Chemistry A, 2015, 3 (26), pp.13978-13985. (10.1039/c5ta03435¢)

MBE growth and interfaces characterizations of strained HgTe/CdTe topological insulators, C. T., X.
Baudry, Jean-Paul Barnes, M. Veillerot, P.H. Jouneau, Stéphanie Pouget, O. Crauste, T. Meunier, L. P.
Levy, P. Ballet, Journal of Crystal Growth, 2015, 425, pp.195-198. (10.1016/].jcrysgro.2015.02.046)

Impact glass spherules in the Chicxulub K-Pg event bed at Beloc, Haiti: Alteration patterns, Xenia Ritter,
Alexander Deutsch, Jasper Berndt, E. Robin, Meteoritics and Planetary Science, 2015, 50 (3), pp.418-
432. (10.1111/maps.12432)

Critical Influence of Nanofaceting on the Preparation and Performance of Supported Gold Catalysts
Miguel Tinoco, Susana Fernandez-Garcia, Miguel Lopez-Haro, Ana B. Hungria, Xiaowei Chen, Ginesa
Blanco, Jose A. Perez-Omil, Sebastian E. Collins, H. Okuno, Jose J. Calvino, ACS Catalysis, 2015, 5 (6),
ppP.3504-3513. (10.1021/acscatal.5000086)

Redox Photocatalysis with Water-Soluble Core Shell CdSe-ZnS Quantum Dots, Timothee Chauvire, Jean-
Marie Mouesca, Didier Gasparutto, J.L. Ravanat, Colette Lebrun, Marina Gromova, P.H. Jouneau,
Jéréme Chauvin, Serge Gambarelli, Vincent Maurel, Journal of Physical Chemistry C, 2015, 119 (31),
pp.17857-17866. (10.1021/acs.jpcc.5004396)

Dry efficient cleaning of poly-methyl-methacrylate residues from graphene with high-density H-2 and H-
2-N-2 plasmas, G. Cunge, D. Ferrah, C. Petit-Etienne, A. Davydova, H. Okuno, D. Kalita, Vincent
Bouchiat, Olivier Renault, Journal of Applied Physics, 2015, 118 (12), pp.123302. (10.1063/1.4931370)

Strain_mapping at the nanoscale using precession electron diffraction in transmission electron
microscope with off axis camera, Matthieu Vigouroux, V. Delaye, N. Bernier, R. Cipro, D. Lafond, G.
Audoit, T. Baron., J.L. Rouviere, M. Martin, Bernard Chenevier, F. Bertin, Applied Physics Letters, 2014, 105
(19), pp.191906. (//WOS:000345216100037). (10.1063/1.4901435)

Modeling and Integration Phenomena of metal-metal direct bonding technology, L. Di Cioccio, F.
Baudin, P. Gergaud, V. Delaye, P. Jouneau, F. Rieutord, T. Signamarcheix, ECS Transactions,
Electrochemical Society, Inc., 2014, 64 (5), pp.339-355. (10.1149/06405.033%ecst)

Characterization of the Microstructure of HgCdTe with p-Type Doping, C. Lobre, P.-H. Jouneau, L.
Mollard, P. Ballet, Journal of Electronic Materials, Institute of Electrical and Electronics Engineers, 2014,
43 (8), pp.2908-2914. (10.1007/s11664-014-3147-9)
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130. MBE Growth of Strained HgTe /CdTe Topological Insulator Structures, P. Ballet, C. T., X. Baudry, C. Bouvier,

Books

131.

132.

133.

134.

135.

136.

137.

O. Crauste, T. Meunier, G. Badano, M. Veillerot, J. P. Barnes, P. H. Jouneau, L. P. Levy, Journal of
Electronic Materials, 2014, 43 (8), pp.2955-2962. (10.1007/s11664-014-3160-z)

Digital model for X-ray diffraction with application to composition and strain determination in strained
InAs/GaSb superlattices, Yifei Meng, Honggyu Kim, J.L. Rouviere, Dieter Isheim, D. Seidman, Jian-Min
Zuo, Journal of Applied Physics, 2014, 116 (1), pp.013513. (10.1063/1.4887078)

Practical aspects of strain measurement in thin SiGe layers by (004) dark-field electron holography in
Lorentz _mode T. Denneulin, D. Cooper, J.L. Rouviere, Micron, , 62, pp.52-
65. (10.1016/j.micron.2014.02.017)

XAFS and HAADF STEM combined characterization for size requlated Ni nanocluster catalyst and its
unique size dependence for water gas shift reaction, Hirotake Kitagawa, Nobuyuki Ichikuni, H. Okuno,
Takayoshi Hara, Shogo Shimazu, Applied Catalysis A . General, 2014, 478  pp.66-
70. (10.1016/j.apcata.2014.03.031)

U-Th-REE-Hf bearing phases in Mediterranean Sea sediments: Implications for isotope systematics in the
ocean, Sandra Marchandise, E. Robin, S. Ayrault, Matthieu Roy-Barman, Geochimica et
Cosmochimica Acta, 2014, 131, pp.47-61

Cu2ZndSn(S1-xSex)4 thin films for photovoltaic applications: Influence of the precursor stacking order on
the selenization process, Giovanni Alfamura, Louis Grenet, C. Bougerol, E. Robin, D. Kohen, H. Fournier,
Arnaud Brioude, Simon Perraud, Henri Mariette, Journal of Alloys and Compounds, 2014, 588, pp.310 -
315. (10.1016/j.jallcom.2013.11.068)

Lattice and strain analysis of atomic resolution Z-contrast images based on template matching, Jian-
Min Zuo, Amish Shah, Honggyu Kim, Yifei Meng, Wenpei Gao, J.L. Rouviere, Ultramicroscopy, 2014, 136,
ppP.50-60. (10.1016/j.ultramic.2013.07.018)

M -Plane GaN/InAIN Multiple Quantum Wells in Core=Shell Wire Structure for UV Emission, Christophe
Durand, C. Bougerol, Jean-Francois Carlin, Georg Rossbach, Florian Godel, J. Eymery, P.H. Jouneau,
Anna Mukhtarova, Raphaél Butté, N. Grandjean, ACS photonics, 2014, 1 (1), pp.38-
46. (10.1021/ph400031x)

Book chapters (total number) 2

Book chapters in English or another foreign language 5

1.

2.

D. Jalabert, lan Vickridge, and Amal Chabli. Swiff lon Beam Analysis in Nanosciences. John Willey & Son,
(2017).1SBN 9781119005063. doi: 10.1002/9781119005063.

M. Kuhn, S. Ceaq, J. Zhang, M. Wormington, T. Nuytten, I. De Wolf , J-M Zuo and J-L Rouviere Transistor Strain
Measurement Techniques and their applications (chapter 6) of the book : Metrology and Diagnostic
Technigues for nanoelectronics edited by Z. Ma and D. G. Seiler Pan Stanford Publishing (2016) ISBN-

13: 978-9814745086

Electronic tools and products

Softwares

IZAC : software in VBA for EXCEL

1.

2. GEM-ED : script of digital micrograph

3. TeMA : a mixture of C++ and digital micrograph script

4. Precession Mk_Il : a new module in FEI microscope software
5. Zorro : python software

Databases

IZAC database for K, L, M emissions lines and associated relative intensities

Instruments and methodology

70
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Prototypes
Here is the liste of software realised by LEMMA and its close collaborators during the reporting period.

1. IZACis a new EDX quantification routine wirtten by E. Robin. It is based on a patented P (pz)-corrected
zeta-factor method (Robin, patent N°EP3032244B1, 2016) whose principle is fo correct the measured X-
ray intensity from matrix effects which affect the generation and emission of the radiations resulting from
the partial deceleration of the electron beam and potential absorption of the radiations in the analyzed
volume [Robin, 2016]. It thus differs from commonly used quantification routines which assume either no
deceleration (k- and zeta-factor methods) or total deceleration (ZAF and %(pz) methods) of the
electron beam in the specimen. The routine is also implemented with a new model of X-ray absorption
allowing absorption correction of low energy X-ray in heterogeneous specimens. The routine can
applied both in SEM and TEM over a wide range of accelerating voltage and on various materials, i.e.
from thin to massive structures and from pure substances to multi-element compounds.

2. GEM-ED : A user friendly Digital Micrograph script to analyse series of local diffraction patterns written
by J-L Rouviére. Used by close collaborators (IBM and CEA-Grenoble), the software read different
format of diffraction patterns (individual files or one stack of patterns) and compute different types of
image : bright field, dark field, High Annular Dark field, different 2D strain and electric/magnetic maps.
During the last 5 years, the soffware have been greatly improved by introducing new image filters,
different material phases and the measurement of electric and magnetic fields. Within the CEA-FEI
common lab, the core functions of GEM-ED for strain measurements have been implemented in the FEI
epsilon software, sold by FEl on demand.

3. TeMA : Template Matching algorithm package written by Pr. J. Zuo during its chair of excellence in
Grenoble. It is a mixture of C++ and Digital Micrograph script. Available on demand to Pr. J. Zuo. Dr J-L
Rouviere has also written a simpler, but partial version Digital Micrograph script, GEM-TeMA. The software
starts by defining templates by averaging smartly different subareas. These templates are then used to
determine accuratly the atomic column positions. Finally strain maps are constructed.

4. Precession Mk-1l : A new precession module developped within the CEA-FEI common lab. It was written
by FEl, but pushed and tested by PFNC. This module improves the precession tuning, simplifies the
selection of the map area by using STEM images and importantly increases by a factor 5 the previous
acquisition speed.

5. Ptychocontrol : python software written by Dr R. McLeod during its post-doc position. The software allows
to control the different lenses of microcope and acquire series of local diffraction patterns or images
obtained by varying a given parameter of the microscopy.

6. 1Zorro : hitps://github.com/robbmcleod/zorro. python software written inifially by Dr R. McLeod during
its post-doc position, but further extended by himself in Swizerland for biological applications. The code
registers and eventually averages series of images.

Platforms and observatories

The team is a part of the METSA (the French microscopy network), whereas the team provides access the
micrroscopes and their expertises to French research community.

Reviewing activities

Reviewing of articles
The members of the feam are solicited as referees for the following scientific journals:
Advanced Materials, Carbon, Nuclear Instruments, Methods in Physics Research B, Ultramicroscopy, Nature

Academic research grants

European (ERC, H2020, etc.) and international (NSF, JSPS, NIH, World Bank, FAO, etc.) grants — coordination
1. BACCARA : Battery and supercapacitor characterization and testing (FP7, 2013-2016)

European (ERC, H2020, etc.) and international (NSF, JSPS, NIH, World Bank, FAO, etc.) grants — partnership

2. Gladiator : Graphene Layers : Production, Characterization and Integration (FP7, 2013-2017)
3. CONNECT: Carbon nanotube composite interconnects (H2020, 2016-2018)
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4. SINTBAT: Silicon based materials and new processing technologies for improved lithium-ion batteries
(H2020, 2016-2020)

National public grants (ANR, PHRC, FUI, INCA, etc.) — partnership
1. MoS2ValleyControl : Valley dependent optics and transport in MoS2 monolayers and deviced (2015-
2017)
MAGICVALLEY: Magnetism induced valley polarization in large scale 2D materials (2018-2022)
ESPADON : Engineering Spins and Photons from Anisotropic DOfts in Nanowires (2015-2019)
EMOUVAN : EMissiOn de lumiére UV Avec des Nanofils/UV light emission with nanowires (2015-2019)
MECHASPIN : atomic scale control and MECHAnical SPIN driving of a magnetic atom (2018-2021)
SESAME : Impact of SizE and StrAin on crystallization of chalcogenides for the ultimate scaling of
phase change Memories (2016-1019)
7. COSMOS : Correlation du microscopie électronique en transmission avec des mesures optique et
électrique effectués sur le méme nanofils unique (2013-2015)

S R ol

Local grants (collectivités territoriales) — coordination
1.  CEA DRF-impulsion project FIB-Bio
2. CEA DRF-impulsion projet Fast_FIB-SEM

Local grants (collectivités territoriales) — partnership
1 CEA project 2D factory

PIA (labex, equipex etfc.) grants — partnership
1. LANEF 3D-CDI: Chair of excellence of Pr. Zuo
2. LANEF: Chair of excellence of Pr. A. Dimoulas

Visiting senior scientists and post-doc

Post-docs (total number): 6

Post-docs financed by ANR, CEA funding, European projects, LANEF
Robert Mc Leod

Bastien Pellegrin

Andrea Kolb

C. Allvarez

Dipankar Kalita

. Praveen Kumar

(Foreign post-docs: 5)

S R ol

Visiting scientfists (total number) 3

1. Prof. Jim Zuo: University of llinois, U.S.

2. Prof. Althanasis Dimoulas: NCSR, Greece

3.  Maria Veronica Branza-Blanco: Université de Cadix
(Foreign visiting scientists: 3)

Scientific recognition

Organisations of meetings and symposia (out of France)

1. J-L Rouviére : Rouviere co-organizer of the microscopy session Quantification and modelling at the
Microscopy Conference in Lausanne (2017)

2. J-L Rouviére : Symposium co-organizer at MRS spring meeting, Phoenix (USA) symposium CM1 New
Frontiers in Aberration Corrected Transmission Electron Microscopy (2016)

3. J-L Rouviére : Organizer of a microscopy session on Strain Map and Orientationat the French
Microscopy Conference in Nice (2015)

Invitations fo meetings and symposia (out of France)

1. H. Okuno, Structure control of two-dimensional layers : toward functional materials, presented at MSE
2016, Darmstdt, Germany 2016

2. H. Okuno, Structural investigation of 2D materials: From growth toward controlled properties,
presented at 3@ EU-Japan Workshop on Graphene and Related 2D materials, Sendai, Japan 2018

3. D. Jalabert, MEIS analysis at the nanoscale, advantages/disadvantages versus X-Rays and TEM,
presented at the 22nd International Conference on lon Beam Analysis, Opatija, Croatia 2015

4. J-L Rouviere, AVS (American Vaccuum Society) San José (USA) oct. 18-23, 2015
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5. J-L Rouviere, Frontiers of Characterization and Metrology for Nanoelectronics (FCMN) Dresde (USA) 14-
16 avril 2015

6. J-L Rouviere, M&M 2015 (Microscopy and MicroAnalsis ) Aug. 2-6 2015, Portland (USA)

7. J-L Rouviere, invité au workshop ACEM (Aberration Corrected Electron Microscopy) 27mars 2016

8. J-L Rouviere, M&M 2017 St Louis (USA)

Interaction of the LEMMA team with the non-academic world, impacts on economy,
society, culture or health

Patents

Accepted patents 5

1. Procédé de recristallisation d'un materiau carboné, tel que du graphene ou des nanotubes de
carbone, J. Dijon, H. Okuno, P. Pochet, R. Ramos, Patent WO20190373%6, 2016

2. Procédé de dopage de graphéne, H. Le Poche, A. Carella, J. Dijon, H. Okuno, E. Roux, Patent
FR3 058 997-A1, 2017

3. Method for the determination of the mass thickness and the composition of a zone of an object using
an electron beam and measurements of x-ray intensities, E. Robin, Patent N°EP3032244B1, 2016

4. Method of determining the deflection of an electron beam resulting from an electric field and/or a
magnetic field, B Haas, D Cooper and JL Rouviere Patent FR1658594 - US20180076005A1

5. Méthode de fraitement de clichés de diffraction permettant d’obtenir des images offrant un
contraste plus homogéne. brevet déposé le 5 mai 2017 par B. Haas, N. Bernier et J. L. Rouviére

Socio-economic interactions

Industrial and R&D contracts

1. Collaboration agreement CEA/FEI (one year post-doc in 2014): developing EDX quantification in TEM
using the zeta-factor method

2. Collaboration agreement CEA/ALEDIA (2015): quantifying Mg dopant in GaN with wide solid angle
EDX detector

3. Simulation Monte Carlo de l'interaction gammas et neutrons dans des écrans de protection de type
NOVASHIELD développés par la société LEMERPAX (2016)
https://www.lemerpax.com/produits/novashield/

Creation of labs with private-public partnerships
Joint laboratory with FEl

Involvement of the LEMMA team in training through research

Training

Habilitated (HDR) scientists: 3

1. Jean Luc Rouviere

2. E. Robin

3. D. Jalabert
PhD students (total number): 13 (Supervision in the team and co-supervision)
Defended PhDs in the team: 7
Yannick Martin (2014)
Bastien Bonef (2015)
Maxime Boniface (2017)
Kalim El Hajraiyu (2017)
Benedkt Haas (2017)
Fabio Agnese (2018)
. Lynda Amichi (2018)
Mean PhD duration 39 months
Internships (M1, M2): 5

No ok~ owd -~
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TEAM 3: MAGNETISME ET DIFFRACTION NEUTRONIQUE (MDN)

1- Presentation of the MDN team

Introduction

The Magnétisme et Diffraction Neutronique (MDN) laboratory operates three neutron scattering instruments as
Collaborating Research Group (CRG) at the Institut Laue Langevin (ILL), Grenoble in collaboration with the JUlich
Centre for Neutron Science (JCNS). The aim of the laboratory is to develop and make available to the users
community neutron scattering tools, through the running of the following single crystal neutron scattering
instruments: the two-axis diffractometer D23 and two three-axis spectrometers IN22 and IN12. An own research
activity of the team often performed in collaboration is grafted on this main task. The laboratory is specialized
in polarized neutrons (longitudinal and sphE. al polarimeftry, spin echo) and high magnetic field studies (static
15 T and pulsed 40 T). Research activities are focused on basic knowledge in condensed matter physics
spanning topics from fundamental magnetism (low dimensional quantum spin systems, frustrated magnetism,
mulfipolar and orbital physics, unconventional metals and superconductivity, ...) to functional materials
(multiferroic, magnetocaloric, thermoelectric materials, ...).

Unit's workforce and means

Permanent staff (01/2019) Non-permanent

F. Bourdarot, CEA researcher, responsible of IN22 Post-doctoral researchers

P. Fouilloux, CEA technician K. Beauvois, co-responsible of D23 (2017-2019)

B. Grenier, Assistant professor at UGA S. Chattopadhyay, co-responsible of D23 (2015-2016)
B. Longuet, CEA technician K. Zhernenkov, instrumentation for IN22 (2013-2015)

F. Mantegazza, CEA engineer

S. Raymond, CEA researcher, co-responsible of IN12, PhD students (affiiated at MDN)

tfeam leader Q. Faure (2015 - 2018)
E. Ressouche, CEA researcher, responsible of D23 N. Biniskos (2015 - 2018)
B. Vettard, CEA technician (ILL students noft affiliated at MDN)

S. Turner (2018 - ...)
L. Chaix (2011 - 2014)

Two researchers from JCNS (K. Schmalzl and W. Schmidt) are attached to the CRG instruments (see Annex MDN-
A). A specificity of the MDN staff is the high ratio of support (technician/engineer) to research staff and a small
amount of non-permanent staff, which is a commonality among large scale facilities. Over the evaluation
period two CEA employees retired: the distinguished researcher and responsible of IN22, L.P. Regnault, and the
IN22 technician, B. Geffray. The last recruitment in the MDN team dates back to January 2000 (S. Raymond) and
since that time about ten people left the MDN laboratory. The age pyramid of MDN is given below.

3 -

Population

O 1 1 1 1 1
28 32 36 40 44 48 52 56 60 64

Age

The laboratory budget is of about 850 k€, which breaks into salaries (approx. 73 %), infrastructure costs (approx.
18 %), running costs (approx. 6%) and investments (approx. 3%). Most of the funding is coming from dedicated
CEA budget originating from the action 13 (large scale facility) of the program 172 (interdisciplinary
technological and scientific research) of the ministry of innovation research and higher education. This
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allocation does not cover the entire running costs of the spectrometers and therefore since 2015, the laboratory
rents beamtime to Switzerland though a collaboration agreement between MDN and Ecole Polytechnique
Fédérale de Lausanne that represents SERI (state Secretariat for Education, Research and Innovation). This
agreement was a Swiss-based initiative originating from a former MDN post-doctoral student now professor at
EPFL and president of the Swiss Neutron Science Society. Typical financial flows are given in the table below for
the year 2018. Salaries of permanent staff are not indicated, they are covered from action 13 budget at the
level of 463 k€, which covers four researcher/engineer and three technicians, the missing part being taken by
another CEA budget line. In 2017, the French federation for neutron scattering (2FDN) has been created to
organize the French neutron community access and helps the laboratory for missions and small investments. It
also provides reimbursement for French users coming on our instruments. This latter funding for users does not
appear on MDN budget but is very important for the attractivity of the laboratory. Two ANR grants have been
obtained during the evaluation period MAGFINS (12/2010-12/2015) for the development of high pulsed
magnetic fields and DYMAGE (10/2013-03/2018) for the study of multiferroic materials. Finally, PhD grants were
obtained from UGA for Q. Faure and from JCNS for N. Biniskos (1/2 grant for a PhD common between CEA and
JCNS).

Financial flows for investment, running costs and non-permanent staff (except PhD) in 2018.

Funding source Incomes Expenses

Large scale facility (action 13) | Running costs 122 k€ | Infrastructure at ILL (2 CRG): 107 k€
Helium: 20 k€

Swiss-CRG contract 155 k€ | Post-doc D23: 55 k€
Running costs (outside helium): 30 k€
Investment: 15 k€
Institute financial levy: 50 k€

2FDN 12 k€ | Mission: 2 k€
Investment: 10 k€

Total 289 k€ 289 k€

Scientific policy

The main mission of the laboratory is to operate the D23, IN22 and IN12 instruments at ILL, fo provide beamtime
to the neutron scafttering user community and to propose new neutron instrumentation and new neutron
scafttering methods. Our activity concerns both the European and French user communities (See section 4 for
the allocation of beamtime). D23 and IN22 belong to CEA and IN12 belongs to JCNS. A contract between JCNS
and CEA defines the repartition of beamtime and staff (See Annex MDN-A). In this frame, the day to day
technical responsibility of the three instruments is undertaken by CEA technical staff.

Before 2016, the MDN team was part of the SPSMS laboratory (Service de Physique Statistique, Magnétisme et
Supraconductivité) which was built on the synergy between crystal growth, bulk measurements, neutron
scattering and theory. In 2016, MDN was attached to the MEM laboratory which gathers several teams that are
built around a technic rather than around a scientific fopic and are aiming to explore matter and characterize
materials. This change has reinforced the strategy for MDN to be oriented toward the user community. This
evolution turns out to be in line with two elements external to MDN: the phasing out of the research axis
“magnetism and superconductivity” at INAC in 2013 and the shutdown of the Orphée reactor in LLB, Saclay
planned in 2019. The first point leads to a shift of the research topics in MDN and two researchers, previously
involved in the study of strongly correlated f-electron systems with other SPSMS teams, have developed a
research activity on energy materials (magnetocaloric and thermoelectric compounds). It is to be noted that
the dichotomy between fundamental physics and functional materials is somehow artificial since concepts as
well as measurement methods are intertwined. Furthermore, fundamental questions of magnetism often serve
as benchmark for new instrumentation (see e.g. the development of the 40 T pulsed field magnet). The second
element that comes into play in the change of strategy of MDN is the planned shutdown of the Orphée reactor.
Some of the instruments of LLB have their counterpart in the MDN ones (2T versus IN22, 612 versus D23, 4F1 versus
IN12) and shifting our activity fowards French users helps to partly compensate the corresponding lack of
beamtime to come.

Considering all the activities in MDN, it is estimated that 2/3 of the time is devoted to the user community and
1/3 of the time to the own research activity of the feam which is not limited to scientific topics and encompasses
the development of neutron instrumentation and methods.
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The MDN team is involved in research training through the supervision of PhD students (MDN students and co-
supervision of ILL students), in the organization of schools and courses (e.g. HERCULES) and in lectures (or
practicals/tutorials) regularly given in summer schools leading often to publications of neutron scattering
techniques related articles or presentations available on internet (See Annex MDN-C).

2- Presentation of the MDN team research ecosystem

The operation of the CRG instruments is governed by a contract between ILL and CEA and a subcontract
between CEA and JCNS. The CEA instruments are governed by the IRIG (INAC before 2019) and the TGIR (Trés
Grandes Infrastructures de Recherche) unit at the DRF (Direction de la Recherche Fondamentale). The
coordination between the different French institutes operating neutron scattering instruments in France (LLB and
CRG at ILL) is now made by the 2FDN. The 2FDN organizes the selection panels of French experiments (See
section 4). The MEM laboratory is a mixed unit (UMR) with UGA, attached to PEM (Physics, Engineering and
Materials) research pole. The diagram below indicates the link between the different actors involved.

CEA-DRF |+——— ILL
TGIR |

ICRG at ILL with French contribution

CRAMS > C_RIG_
( | | \
IN6 /023, IN22 INI2\ IN13 DIB D50

LLB ww MDN JCNy LiPhy Institut Néel 3SR-UGA

|

UGA

Beyond this local ecosystem, the work at MDN involves key collaborations with JCNS (Germany), Barcelona
University (Spain), EPFL, ETH-Zurich and PSI (Switzerland), LLB (Saclay), LNCMI (Toulouse) and Institut Néel
(Grenoble).

3- Research products and activities for the MDN team

CRG Instruments operation

Over the period 2014-2018, the ILL reactor performed 14 cycles leading to 629 days of reactor operation. This is
significantly below the “normal operation” due to foreseen long maintenance shutdowns combined with
unexpected technical and administrative failures (pending work authorization from French Nuclear Safety
Authority). In fact, the reduction of available reactor days by approximately 33% over the evaluation period
largely helped us to run our instruments given the limited staff. The first table below indicates the total number
of experiments and the balance between experiments and instrumentation days. Lost days corresponds to
failure of electronics, mechanics, cryogenics or sample. In total, the MDN laboratory provided about 1600 days
of beamtime for users (including the JCNS time) accommodating 264 experiments. Since on average 2-3 users
come for an experiment, this leads to 660 continuous-flow hosted users.

Number of experiments | Days for experiments | Days for Instrumentation Lost Days
IN12 95 526 83 20
IN22 83 510 82 37
D23 86 559 54 16
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The requested beamtime is summarized in the Table below for the ILL selection panel (over 2014-2018) and for
the 2FDN selection panels that started in 201 6. The repartition and allocation of beamtime between the different
parties is given in section 4. Depending on the instrument and the selection panel, the oversubscription rates lie
in the range between 2.2 and 3.8. These ratios are narrowed to the range 2.5 - 3.5 when averaging the ILL and
2FDN panels. French users often apply in both panels for different or same proposals. These overall data show
that our tfechniques are of high interest to many active scientific fields.

ILL requested days ILL allocated days 2FDN requested days 2FDN allocated days
(2014 - 2018) (2014 - 2018) (2016 - 2018) (2016 - 2018)
IN12 576 150 152 57
IN22 495 164 228 65
D23 426 194 230 71

Instrumentation activity
The instrumentation developments performed during the evaluation period are given in the Annex MDN-C, part
1.5. It consists in the:

- Start of the commissioning of the multi analyser option on IN12.
- Installation of the 40 T pulsed magnetic field instrumentation.

- Constfruction of an analyser on D23.

- Construction of a 15kV electric field stick.

Scientific activity

The MDN team has produced about 90 articles, including 16 papers in the Nature publishing group, one in the
Science group and 9 papers in the Physical Review Letters. Aimost half of the total number of papers were
published in the Physical Review B. About forty contributions have been presented in conferences among which
8 invited talks in infernational conferences on magnetism, energy materials and neutron scattering techniques.

The scientific highlights below showcase fundamental researches ranging from basic knowledge (H1-H3) to
functional materials (H4-H6). These highlights focus on the topics where researchers of the MDN team are
strongly involved. H1 reports studies performed in the frame of the PhD of Q. Faure evidencing a new topological
phase transition under magnetic field in an Ising-like spin chain. H2 illustrates how fundamental questions on
correlated 5f electronic states can be addressed by new instrumentation, here the 40 T pulsed magnetic field
cryo-magnet developed in the frame of the MAGFINS ANR. In H3, studies on the unconventional superconductor
CeColns, both by a Swiss tfeam and by our group, show the connection between dynamical and static
magnetic properties, their interplay with superconductivity and the switching of magneto-superconducting
domains. H4 presents results on multiferroics systems studied within the ANR DYMAGE and the PhD of the ILL
student I. Urcelay-Olabarria. Finally, H5 and Hé deal with energy materials and associated thermal properties of
solids through the study of compounds for room temperature magnetic refrigeration (joint CEA and JCNS PhD
of N. Biniskos) and thermoelectricity with the determination of phonon lifetime by spin echo methods on three-
axis spectrometer.
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H1: Topological quantum phase transition in the Ising-like antiferromagnetic spin chain BaCo2V20s
Publication: Nature Physics 14 (2018) 867.

The universal concept of phase transitions, usually characterized by a symmetry breaking, has played a crucial
role in the description of many phenomena in condensed matter physics. However, since the seminal ideas of
Berezinskii, Kosterlitz and Thouless (Nobel Prize in Physics 2016), topological excitations are at the heart of our
understanding of a novel class of phase transitions. Here, we provide evidence for a quantum phase transition
separating two unconventional magnetic phases characterized by different kinds of topological excitations.

Topology has brought a new insight into our understanding of condensed matter physics. For instance,
topological phase fransitions exhibit no symmetry breaking and are characterized by topological
defects / excitations (discontinuities that cannot be removed by a continuous deformation unless annihilated
by their anti-defects). In most cases, those fransitions are controlled by a single type of topological objects, for
instance solitons (kinks and 360° rotation of a pendulum for instance) or vortices. However, there are richer and
less studied classes of topological phase transitions where two different setfs of fopological excitations compete
with each other.

This is what we have found in the magnetic oxide BaCo2V20s. In this material, which consists in chains of Co2*
carrying effective anisotropic spin-1/2, the spins are strongly coupled antiparallel to each other in the “Ising”
c-direction (see Figure 1a). Due to crystallographic peculiarities, applying a transverse uniform magnetic field H
along b produces an additional transverse and staggered magnetic field along a. The latter competes with the
Ising anisotropy and forces the spins to bend along a (see Figure 1b), as evidenced by neutron diffraction on
D23, driving a phase transition beyond He = 10 T.

The nature of this transition was further elucidated by combining inelastic neutron scafttering experiments
and numerical infinite Time Evolving Block Decimation (iTEBD) calculations. We could show that for H = 0, the
spin dynamics is governed by an assembly of spinons carrying a spin 2. Because of inter-chain couplings, they
are tied up in bound states coming in three flavors (2 transverse degenerate, polarized along a and b, and 1
longitudinal, polarized along ¢), forming a discrete excitation spectrum. Above Hc, however, the low-energy
spectrum essentially consists in two well-defined branches, corresponding to spin 1 tfransverse modes polarized
along b and c. These excitations can be understood as kinetic bound states formed by two adjacent spinons
strongly attached by the staggered field and moving tfogether along the chain. Figure 2 illustrates how the
magnetic field operates this change. Importantly, the very good agreement between the experimental and
numerical results (see Fig. 2a and 2b, respectively) fully validates our model.

The magnetic excitations characterizing the phases on both sides of the fransition are thus two different types
of solitfonic topological objects in competition. Our experimental results can be further described in field theory
by the so-called "double sine-Gordon model", that can be relevant well beyond the field of magnetism.

200
150
100
50
0

(aJH=0

(b)H>10T A —

@ --

Q=301

Energy (meV)
N

@
| experiment | numerics
0 2 4 6 8 10 12 0 2 4 6 8 10 12

H(T) H(T)
Figure 1: (a) Zero.field magnetic structure .(blue Figure 2: (a) Experimental intensity color map showing the
arrows) of a single Co* screw chain of magnetic field dependence of the magnetic excitations in
BGCOzVZQg (blue and red'spheres are Cp gnd BaCo2V20s for a transverse field applied along the b-axis and for
O respectively). (b) Applying a magnetic field Q= (3,0, 1). (b) Theoretical intensity color map to be compared
along b creates an additional staggered field to the experimental one, obtained from iTEBD calculations of the
along a (red arows), which produces a new S(Q.E) neutron scattering dynamical structure factors. The intensity
rotated magnetic arrangement shown by the color scale shown on the right is in arbitrary units.

blue arrows.
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H2: Field-induced spin-density wave beyond hidden order in URu2Si2
Publication: Nature Comm. 7 (2016) 13075.

Over the last four decades, URu2Si2 remains one of the most enigmatic strongly-correlated-electron systems. Its
physics has revealed a unique richness and offers a fertile testing ground for new conceptsin condensed matter
science. In spite of intense research, no consensus on the order parameter of its low-temperature hidden-order
(HO) phase exists. Here, thanks to neutron diffraction under new pulsed magnetic fields up to 40 T, we identify
the field-induced phases of URu2Si2 as a spin-density-wave state. The transition to the spin-density wave
represents a unique touchstone for understanding the HO phase.

The application of extreme conditions permits to modify the ground state of a system and get new insights about
it. In URu2Si2 under pressure, the HO state is replaced by an antiferomagnetic phase, whose order parameter is
a moment aligned antiferromagnetically along ¢ with the wavevector ko = (0 0 1). Under a high magnetic field
applied along ¢, a cascade of first-order phase transitions at the fields H1 = 35T, Hz = 36-37 T (rising-falling fields),
and Hs = 39 T, leads to a polarized paramagnetic regime above Hs. Thanks to a new cryo-magnet (developed
by the LNCMI-Toulouse, the CEA-Grenoble, and the ILL-Grenoble) allowing neutron diffraction up to 40 T, we
have determined the magnetic structure of URu2Si2 in fields between 35 and 39 T.

After testing different wave-vectors, a magnetic signal has been detected at ki = (0.6 00) and at (1.6 0-1) (an
equivalent position). The figure a shows the time profile of a magnetic field pulsed up to 38 T, as well as the time
dependence of the diffracted neutron intensities recorded during 38-T pulses of these Q-vectors. Figure c
emphasizes in the window 32-41 T, the field-dependence of the diffracted neutron intensities. The enhancement
of the infensity at T= 2 K, absent at T= 18 K, shows that long-range ordering with wavevector ki is established at
high field and low temperature. At T = 2 K, the intensity with wavevector ki is enhanced in fields higher than H;
=35 T and drops down to the background level in fields higher than Hs = 39 T. With a normalization on structural
Bragg peak, the magnetic intensity has been estimated to correspond to a Fourier component (mg) of 0.25 uB/U.

In the HO state, the magnetic fluctuations peaked at the hot wavevectors ko and ki indicate the proximity of
quantum phase fransitions associated with long-range ordering with the same wavevectors. With pressure, the
disappearance of the hidden order coincides with a transfer of weight from magnetic fluctuations with
wavevector ko intfo antiferromagnetic order with the same wavevector. With magnetic field, we have observed
here that a spin-density wave is stabilized with the wavevector ki, which may coincide with a loss of intersite
magnetic fluctuations, as indicated by the enhanced magnetization (see Figure b).

In an ifinerant picture of magnetism, long-range magnetic ordering with a wavevector km can be related to a
partial or complete nesting of two parts of the Fermi surface. In URu2Siz, 5f electrons hybridize with electrons from
the conduction bands. Modifications of the Fermi surface and carrier mobility accompany the establishment of
the HO phase at the temperature To, and Fermi surface nestings with the wavevectors ko and ki can be
identified. However, no long-range magnetic order has been reported yet in the HO phase of URu2Si2. Resulting
from the Fermi surface reconstruction at Hi, the nesting with ki is probably reinforced, leading to the onset of
the spin-density wave with the wavevector ki.
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H3: Interplay between magnetism and superconductivity in CeColns Switching of magnetic domains reveals
spatially inhomogeneous superconductivity
Publication: Nature Physics 10 (2014) 126.

The interplay of magnetic and charge fluctuations can lead to quantum phases with exceptional electronic
properties. A case in point is magnetically driven superconductivity where magnetic correlations fundamentally
affect the underlying symmetry and generate new physical properties. The superconducting wavefunction in
most known magnetic superconductors does not break translational symmetry. However, it has been predicted
that modulated triplet p-wave superconductivity occurs in singlet d-wave superconductors with spin-density-
wave (SDW) order. Here we report evidence for the presence of a spatially inhomogeneous p-wave Cooper
pair-density wave in CeColns. We show that the SDW domains can be switched completely by a finy change
of the magnetic field direction, which is naturally explained by the presence of triplet superconductivity. Further,
the Q-phase emerges in a common magneto-superconducting quantum critical point. The Q-phase of CeColns
thus represents an example where spatially modulated superconductivity is associated with SDW order.

Figure: Switching of magneto-superconducting
;‘ domains. a, Integrated infensity of the Qn - (red

39‘ 5 " G circles) and the Qv -domain (blue diamonds) as

: ? a function of the tilt angle ¥ (see sketch b). A

S ST mono-domain population is observed for | ¥ | >
<I 0.05°, which can be macroscopically switched in

b2 a sharp fransition. Thus, the magnetic field

UoH=1.4T, T=100 mK direction allows direct access and control of the

i 2 ) 2 4 complex quantum state in the Q-phase.
A

Integrated intensity (a.u.)

H4: Ising Incommensurate Spin Resonance of CeColns: A dynamical precursor of the Q-phase
Publication: Phys. Rev. Letters 115 (2015) 037001.

The concept of soff mode is central to condensed matter physics; it emphasizes the relationship between the
excitation spectrum and the ground state of different phases of matter in a variety of situation ranging from
lattice dynamical instability in ferroelectrics to Bose-Einstein condensation of magnons in magnetic insulators.
Unconventional superconductivity modifies the magnetic excitation spectrum of a metal by a feedback effect
corresponding to the apparition of a new collective mode, the spin resonance. Here it is shown by detailed
inelastic neutron scattering experiments performed on the model d-wave unconventional superconductor
CeColns that the spin resonance mode has the same symmetry as the adjacent field induced magnetic
ordered phase, the Q-phase. Up to now the spin resonance of CeColns was believed to be peaked at the
antiferromagnetic wave-vector Qar=(0.5, 0.5, 0.5). However, a new generation of experiments, made possible
by the IN12 upgrade, allow to evidence that the resonance peak position is in fact incommensurate and
peaked at Qic=(0.45, 0.45, 0.5) corresponding o the propagation vector of the Q-phase. It is also found that the
resonance spin fluctuations are of Ising nature and their direction corresponds to the one of the magnetically
ordered moments of the Q-phase. These facts strongly support a scenario where the static order is realized by
a condensation of the superconducting spin resonance.

T=145K

Figure: a) The spin resonance energy (red

< @ aalenaley - ‘ points) splits under magnetic field while the

: -, incommensurate ordering, the Q-phase, (blue

points) induced at 10.5 Tin the superconducting

phase disappears at Hez in the normal phase. b)

T Color-coded intensity plot of the INS spectra as

M emy a function of Qu and E for @=(Qu, Qu, 0.5) at 1.45

K c) Polarized INS spectra taken at Qar=(0.5, 0.5,
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H4: Multiferroics

Multiferroics are materials that combine two (or more) types of ferroic ordering, most commonly ferroelectricity
and either fero- or antiferromagnetism. Such materials in which ferroelectric and magnetic orderings are
coupled have huge potential applications: indeed, a magnetic field can control the electric polarization, and
an electric field can control the magnetic structure. This property is particularly interesting for devices with
switchable magnetic states. How the magnetoelectricity occurs at the atomic level is therefore a hot topic.

Magnetoelectric effect and phase transitions in CuO in external magnetic fields
Publication: Nature Communication 7 (2016) 10295.

Apart from being so far the only known binary multiferroic compound, CuO has a much higher transition
temperature into the multiferroic state, 230K, than any other known material in which the electric polarization is
induced by spontaneous magnetic order, typically lower than 100K. Although the magnetically induced
ferroelectricity of CuO is firmly established, no magnetoelectric effect has been observed so far as direct
crosstalk between bulk magnetization and electric polarization counterparts. Bulk measurements show that high
magnetic fields of ~ 50 T are able to suppress the helical modulation of the spins in the multiferroic phase and
dramatically  affect the  electric Figure: Commensurate to

polarization. Moreover, just below the incommensurate field-

spontaneous transition from , induced phase transition in
commensurate (paraelectric) to CuO at Q]TQ ': neU;FTOk? fOCk'?gl
incommensurate (ferroelectric) 15 curves (rotation of the crysta

structures at 213 K, even modest
magnetic fields induce a transition into
the incommensurate structure and then
suppress it at higher field. Thus,
remarkable hidden magnetoelectric
features are uncovered, establishing
CuO as prototype multiferroic  with

HoH (T)

around the diffractometer
vertical axis) as a function of
H. The position A3 ~162.8°
corresponds to g = (0.500
0.000 0.500), whereas A3 ~
164.5° comesponds to q =
(0.509 0.000 0.483).

abundance of competitive magnetic
interactions.

X phase of MNWO4
Publication: Physical Review B 90 (2014) 024408.

The natural mineral hUbnerite MNWOQOy4 is regarded as one of the best examples of a magnetically induced
multiferroic system with spiral magnetic structure. In zero magnetic field, a polar cycloidal magnetic structure,
the so-called AF2 phase, exists between about 7.4 and 12.5 K and is sandwiched between two nonpolar phases
with collinear magnetic structures known as AF1 and AF3. A long-standing issue, the magnetic structure of the
so-called X phase of MNWOy4, has been solved by single-crystal neutron diffraction. Emerging from the AF2
ferroelectric phase which presents an electric polarization P//b, this phase is reached by application of a
magnetic field along the b axis and is characterized by a flop of the electric polarization towards the a axis. We
have identified this new phase as a reoriented cycloidal spin structure, AF2'. Unlike for the usual magnetic-field-
induced spin-flop fransitions, this high-field flopped phase does not directly develop from the low-field phase
but emerges via the nonpolar collinear commensurate AF1 phase, which creeps in between. This evolution is in
good agreement with the observed field-induced change in P, and Pq electric polarization as well as with
magnetic suscepfibility data.

14] z Figure 1: Magnetic phase (aA)FuZO;‘hageT ” (b}\#g}-:)hag?j rd
g| diagram of MnWOy (H//b). > /
124 collinear CM . & The dash green ellipse .
ol AF1 a7 §| indicates the part of the z g - p 4
P=0 ° il phase diagram on which y
€ 3 ad our neufron diffraction bL C / b\—. )

% 6 A study is focused (CM= a b a a b a
o 8. odedicw commensurate : ICM =y =108 s =2

s Pllb incommensurate). AF1 phase g AF2’ phase &
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i i I Figure 2: Magnetic : i
6 7 8 9 10 11 12 13 14 sftructuresunder (a)zero
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H5: Spin fluctuations drive the inverse magnetocaloric effect of MnsSis
Publicatfion: Phys. Rev. Lett. 120 (2018) 257205.

Interest for magnetocaloric materials has been increasing in the last decades in view of applications for room
temperature refrigeration. In this context the system MnsxFexSis has recently been investigated for its moderate
magnetocaloric effect (MCE) corresponding to the cooling by adiabatic demagnetization. In that respect, the
compounds with a composition around x=4 present, near 300 K, an isothermal entropy change of about -2
J/kg.K for a field variation between 0 and 2 T. In contrast to the common direct MCE, the parent compound
MnsSis exhibits, below 70 K, an inverse MCE, a cooling by adiabatic magnetization, of comparable magnitude,
but opposite sign. On cooling from the paramagnetic state, MnsSis undergoes two successive anfiferomagnetic
phase transitions towards AFM2 (Tn2=100 K) and AFM1 (Tni=66 K) states. AFM2 is a collinear phase while AFM1 is
a non-collinear and non-coplanar magnetic moments phase. In both antiferomagnetic states, magnetic and
non-magnetic states of Mn coexist among the different crystallographic sites. The inverse MCE is associated with
the fransition from AFM1 to AFM2 under magnetic field.

Inelastic neutron scattering (INS) studies were performed in MnsSis in order to get microscopic information on its
spin and lattice dynamics and to reveal key ingredients at play in its magneto-thermodynamics properties. By
using polarized INS, we have shown that the high temperature antiferromagnetic phase (AFM2) is characterized
by an unusual magnetic excitation spectrum, where both propagative spin waves and diffuse spin fluctuations
coexist. Moreover, we have shown that the cooling by adiabatic magnetization is associated with field induced
spin fluctuations. Indeed, when the magnetic field induces the switch from AFM1 to AFM2, the peculiar
magnetic excitation spectrum of AFM?2 is restored starting from a zero field AFM1 phase, where only spin-waves
exist. Since spin fluctuations involve more microscopic states than the discrete spin-wave modes, their
reappearance increases the magnetic entropy. This peculiar situation leads to the counterintuitive effect of an
entropy increase associated with a magnetic field increase, which corresponds to the inverse MCE. These
properties of functional interest are infricately related to fundamental questions of magnetism: the competition
between bounding and magnetism in Mn-based systems and geometrical frustration in metallic magnets.
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Figure: (Left) Color-coded intensity plot of the INS data collected at a constant energy transfer of 5 meV as a function of
Q=(Qn.2,0) and temperature. The broad diffuse signal characteristic of the PM and AFM?2 states is replaced by sharp spin-
waves in the AFM1 phase. (Right) Spectra obtained at 50 K around Q=(Qn,2,0) under 0 and 10 T magnetic field for an energy
fransfer of 3meV. The sharp spin-waves at 0 T are replaced by broad signal characteristic of the AFM2 phase at 10 T.

Hé: Direct measurement of individual phonon lifetimes in the clathrate compound Ba7z.s1Geao0.s7AUs.33
Publicatfion: Nature Comm. 8 (2017) 491

The engineering of thermal conductivity in semiconducting materials is a cenfral issue in the development of
modern technologies. Low thermal conductivity is important in materials used in technology products as it
provides thermal insulation and thus the reduction of heat transfer, ensuring that products do not overheat. It is
also important for thermoelectrics, as it drives its efficiency. This study provides a direct quantitative
measurement of phonon lifetimes in a clathrate, providing a novel picture of thermal conductivity in complex
materials.

Understanding how heat propagates in a material is a key issue in many different fields. For instance, with
thermoelectric materials, which can transform heat into electricity, researchers try to reduce the thermal
conductivity - a key parameter in the efficiency equation of these materials - as much as possible. However, an
understanding of the detailed mechanism of heat propagationin structurally complex compounds is still lacking.
The heat is carried out by phonons that, while travelling in a material, collide with defects or other phonons, in
turn reducing the thermal conductivity. The more collisions there are, the smaller the thermal conductivity. This
is measured by the mean distance a phonon travels without coallision (phonon mean free path) or by the mean
fime between two phonon collisions (phonon lifetime): the phonon mean free pathis the product of the phonon
lifetime by the phonon velocity.
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We have experimentally measured at the ILL, for the first time, the phonon lifetime of a thermoelectric material
clathrate renowned forits very low, ‘glass-like’, thermal conductivity. This material is a periodic packing of cages
constructed with Ge and Au atoms enclosing heavy Ba atoms. For a long time, it was believed that the glass-
like thermal conductivity of clathrates resulted from ‘phonon glass’ behaviour, with very short mean free paths
of the order of interatomic distances (i.e. 0.3-0.5 nm). As it has been shown in previous experiments on clathrates,
an overview of the dispersion measured on three-axis instruments at the LLB and on the fime-of-flight
spectrometer IN5 at the ILL demonstrates that the acoustic phonons that are effective in carrying heat are in
fact confined to a very limited wavevector and energy range, typically of between 0 to 6 meV.

Measuring long lifetime with friple-axis instruments is challenging because of the energy resolution that can be
achieved. Using a high-resolution set-up and detailed comparison with a Ge reference sample already gives a
very long, measured phonon mean free path. However, a more conclusive experimental input is achieved using
the neutron spin-echo resonance techniques installed on the IN22 three-axis spectrometer. Thanks to the
extremely high quality of the single grain sample used, with an overall mosaic spread equal to 0.01 °, a phonon
mean free path by one order of magnitude larger than expected by thermal conductivity can be measured.

Our results were very surprising: a phonon mean free path ranging from tens to hundreds of nm, much larger
than that expected in the ‘phonon glass’ scenario. In particular, even close to the Brillouin zone boundary,
phonon mean free paths were of the order 15 nm, i.e 10 unit-cells. This is shown in the figure, where the phonon
lifetime is illustrated by the decay of the wave representing the phonon frequency. Such a result canin fact be
reconciled with a simple theory of heat propagation, once the number of acoustic phonons carrying heat is

properly considered. . ) e
) Figure: The background illustrates the periodic structure of the

clathrate, with a unit cell (shown as a white square on the left with a
parameter 1 nm). The Ba atomsinred are enclosed in the cages. The
colored curve is the inelastic neutron scattering as measured on the
neutron time-of-flight spectrometer IN5 at room temperature around
the strong zone centre Teo (Q = 3.6 A1). The decaying sinusoidal
curve illustrates the phonon propagation and its time decay (or
lifetime) for a phonon wavelenath equal to 2 nm.

4- Organisation and life of the MDN team

Steering, life, organisation in the unit

Steering: Each year an annual report on each instrument is provided and is evaluated by the ILL scientific
council. The steering committee of the 2FDN, which meets once a year, provides the global recommendations
of CEA, CNRS and UGA authorities for the operation of French CRG instruments at ILL. The management board
of 2FDN, which includes the MEM director and the MDN group leader, meets every month to organize the daily
life of the 2FDN as well as to define operational and technical perspectives for neutron scattering in France.

Animation: The affectation of the staff on the instruments in given in the annex MDN-A. Technical meetings are
organized on average every two months and are aiming to discuss the maintenance work to be performed on
the instruments (cryogeny, mechanics, and electronics) and the technical upgrades. The scientists participate
to the ILL group meetings they are afttached to: ILL diffraction group for D23 and ILL spectroscopy group for IN22
and IN12. The opportunity of internal seminars (by group members including post-doctoral PhD students or users
of our beamlines) are tfransformed into formal seminars mostly in the frame of college 4 or 5 seminars at ILL and
unconventional magnetism seminars at the Institut Néel.

Beamtime allocation: The overall beamtime is distributed by three different selection panels at ILL, Maier-Leibnitz
Zentrum (external German beamtime and internal JCNS) and “tables rondes” of the 2FDN. A new website
(Phoenix) was created by LLB and 2FDN in 2016 in order to submit French proposals for the CRGs and the LLB
instruments. The Swiss beamtime is aftributed through the ILL selection panel, picking up high grade proposals
rejected by national balance. The repartition of beamtime is given in the Table below. The internal fime acts as
a buffer due to the limited scientific staff and it serves mostly for instrumentation development and tests. In the
past years, due to the erratic operation of the ILL reactor, this internal time has been in practice cut and largely
given back to the external users.

% D23 IN22 IN12
ILL 30 30 30
CRG-JCNS 11 12 35
CRG-CEA Swiss contract 11 15 8
CRG-CEA 2FDN fime 15 15 13
Internal fime 33 28 14
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It is to be specified that the reception of users as concerns accommodation and safety formalities is provided
by ILL services as stipulated in our CRG contracts and that logistics for 2FDN selection panel and users involves
administrative work done by LLB staff.

Parity; scientific integrity; health and safety; sustainable development and environmental impacts; intellectual
property and business intelligence.

Parity: The only woman of the team is assistant professor at the UGA. For PhD students, there is a better gender
balance over the evaluation period.

Safety: A safety responsible is present in the team and works closely with ILL and CEA safety officers.

Scientific integrity: The deployment of Digital Object Identifier (DOI) has started at ILL in 2014 and such a
permanent number is affected to each experiment carried out on IN22 and IN12 and will be implemented on
D23 in relation with the future software change. Data DOIs promote experiments to peers and potential funding
bodies, as well as to publishers and journals. DOI are cited in publications arising from a given experiment. An
infernet portal gives public access to the data after a non-disclosure period during which access to data is
restricted to the experimental team.

Five-year project and strategy of the MDN team

MDN SWOT analysis

Strengths Weaknesses

State to the art neutron instrumentation Lack of manpower for local contact duties, aging
-> attracts users, allow to perform unique staff

experiments. -> Psychosocial risk, accident risk

Balance between users platform and own research
-> Lack of continuity

Experienced staff
-> high success rate of experiments, high impact Fragmentation of beamtime between many bodies
publications -> Lack of visibility

Lack of recognition by Institute of the role for users
-> Lack of support for funding and staffing

Complexity of organization of neutrons in France
-> Loss of efficiency

Opportunities Threats/Risks

Orphée reactor shutdown Lack of budget for instrument operation and
-> Shift of barycentre of neutron scattering activity | maintenance

towards Grenoble -> reduction of activity

Absence of recruitment

-> reduction of activity, risks for staff
New CRG instfruments af ILL

-> Collaborations and resourcing for the MDN

group Diversion of users, of single crystal sample growth

->reduction of activity

Development of 2FDN
-> Visibility and recognition of the role of MDN Lack of investment on instruments
-> fatal failure, loss of neutron cycle

Unanticipated ILL technical or administrative
shutdown
-> end of activity
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Structure, workforce and scientific orientations

The perspectives for MDN laboratory are strongly tied fo its ecosystem, the operation of the ILL reactor and the
situation of French neutron scattering with the closure of the Orphée reactor. The roadmap of the 2FDN
(http://2fdn.neel.cnrs.fr/IMG/pdf/Feuillederoute_2FDN.pdf) presents a frame allowing to keep an expertise in
neutron scaftering techniques in France. It is proposed to run a suite of CRG instruments at ILL (and at PSI,
Switzerland) and a national compact accelerator driven neutron source in parallel to the rise of the European
Spallation Source (ESS).

In this scheme, it is foreseen to perpetuate the three instruments in which MDN is involved and the important
dates are the renewal of the IN12 contract and the subcontract with JCNS for 2021 and the renewal of D23 and
IN22 contracts for 2022. It is to be noted that ILL has also to overcome its difficulties with French Nuclear Safety
Authority and to succeed its renovation project (Endurance) in order to operate fully after the long shutdown
foreseen for 2020 (about 12 months). The constructions of new CRG instruments by LLB at ILL will lead to
increasing collaboration with this laboratory. The future cold three-axis spectrometer GAPS has obvious
similarities to IN12 and together with IN22 and INé, this will constitute a critical mass of people working on neutron
spectroscopy. The future small angle scattering instrument SAM will have a polarized neutron option with spin
echo techniques similar to the ones developed on IN22. Thanks fo the good relationships between colleagues
of MDN and LLB, a constructive working is expected. Nonetheless in order to fulfil these missions, the recruitment
of a scientist and an increase of funding are needed. This will allow o stop the beamtime access confract with
Switzerland and shift the corresponding beamtime for the French users.

As concern scientific orientations, basic research constitutes the "“core business” of MDN given the specificity of
itfs neutron scattering instrumentation. While there is no scrutiny right on the scientific topics proposed by the
users, the frend at MDN is to develop the studies on functional materials, energy materials and materials for
information storage. On another hand the excellence in fundamental problems should be kept. Among others,
medium term studies will concern the effect of longitudinal magnetic field and impurities on topological phase
fransitions and the study of the magnetic structure and spin dynamics of the frustrated Cairo pentagon lattice
system. Multiferroics will be investigated through new materials recently synthetized like non-centrosymmetric
ferrites (e.g. Brownmiillerite CazFeAlOs). For thermoelectricity, through the PhD of S. Turner and the spin echo
option on IN22, new high enfropy alloys and electron-phonon coupling in selected materials exhibiting
temperature dependent Seebeck effect will be studied. On magnetocaloric compounds, the conclusion
obtained on materials for room temperature refrigeration will be strengthened and materials for adiabatic
demagnetization refrigeration at low temperatures (below 2 K) like Yb:GasOi2 will be investigated (space
applications). The main instrumentation project is the upgrade of the spin echo option on IN22 with a conversion
from a prototype to a user-friendly option. A part concerning the capacitor is already taken over by LLB
engineers and technicians. Other instrumentation projects are the commissioning of UFO on IN12 by
demonstrating its performance using well-studied samples. A change of D23 software in line with the choices of
the ILL diffraction group is also foreseen and other perspectives for D23 include animprovement of the polarized
neutrons setup.

To conclude, over the last five years, MDN changed its paradigm from primarily in-house oriented research to
primarily users-oriented activity, changed from SPSMS to MEM, changed from INAC to IRIG. Despite these
confinuous changes and their associated exira work burden, the MDN laboratory kept providing neutron
beamtime on three instruments and a high quality of research output. This was realized at the expense of working
conditions for the staff who is likely not able to maintain this rythm in the near future, especially when ILL will
recover its full operation. Today, the challenge for MDN is unique and consists in running instruments at large
scale facilities in a multiple ecosystem (IRIG, 2FDN, LLB) without sufficient recurrent funding and without
recruitment over the past twenty years.
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Operational organisation chart

I Group leader : S. Raymond (CEA) l ’ Assistant professor : B. Grenier (UGA)

Instrument team

D23 IN22 IN12
1% responsible : E. Ressouche (CEA) 1% responsible : F. Bourdarot (CEA) 1%t responsible : K. Schmalzl (JCNS)
2" responsible : W. Schmidt (JCNS) 2" responsible : S. Raymond (CEA)

Technician : P. Fouilloux (2/3 D23) (CEA) || Technician : B. Vettard (1/3 IN22) (CEA) || Technician : B. Vettard (2/3 IN12) (CEA)
P. Fouilloux (1/3 IN22) (CEA)

Electronic team
Electronic Engineer and safey : F. Mantegazza (CEA)
Electronic technician : B. Longuet (CEA)

Equipment, platforms

The laboratory is involved in the operation of three instruments at ILL and of a sample environment fleet.
Diffractometer D23
D23 is a two-axis diffractometer with a lifting detector installed on a thermal supermirror guide and can be
operated in the range 1-3 A. D23 options are:

- A graphite PG002 or a Cu200 monochromator.

- Apolarized neutrons option (heusler111 in fransmission).

- Anindependent analyser and detector bench on the lifting arm.

- Afour-circle option.

Thermal neutron three axis spectrometer IN22
IN22 is installed on a thermal supermirror guide and can be operated in the 5-120 meV incident energy range.
The available options are:

- A graphite PG002 or a Cul11 monochromator.

- Apolarized neutrons option (Heusler monochromator and/or Heusler analyzer).

- A 40 T-pulsed magnetic field option.

- Lero field spin-echo option.

Cold neutron three axis spectrometer IN12
IN12 is installed on a cold supermirror guide. The velocity selector and graphite PG002 monochromator provide
incident neutfrons in the energy range 2.5-30 meV. IN12 opftions are:

- A polarized neutrons mode (transmission polarizing cavity and/or Heusler analyzer).

- A mulfi-analyser multi-detector option (in commissioning).

Sample environment
The MDN laboratory operates its own sample environment (and exchange it both ways with ILL instruments) :
- A 12T vertical field magnet (asymmetric for polarized neutrons).
- Adilution fridge insert (50 mK for a cryostat or the 12 T magnet).
- An3He fridge insert (300 mK for a cryostat or the 12 T magnet).
- An electric field stick (15 kV).
- AsphE. al polarization device CRYOPAD.
- Five helium flow cryostats.
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12 T vertical field magnet on D23 and spin echo option on IN22

Research products and activities of the MDN team

Articles

Most significant publications

1. Topological quantum phase transition in the Ising-like antiferromagnetic spin chain BaCo2V20s, Q. Faure, S.
Takayoshi, S. Petit, V. Simonet, $. Raymond, L.-P. Regnault, M. Boehm, J. S. White, M. Mdnsson, C. Riegg, P.
Lejay, B. Canals, T. L. Shunsuke, C. Furuya, T. Giamarchi, B. Grenier, Nature Physics, Nature Publishing Group,
2018, 14(7), pp.716-722.

2. 40-tesla pulsed-field cryomagnet for single crystal neutron diffraction, F. Duc, X. Tonon, J. Billette, B. Rollet, W.
Knafo, F. Bourdarot, J. Béard, F. Mantegazza, B. Longuet, J.E. Lorenzo, E. Leliévre-Berna, P. Frings, L.-P. Regnault,
Rev.Sci.lnstrum., 2018, 89 (5), pp.053905.

3. Topological quantum phase fransition Evidence for dynamic kagome ice, Elsa Lhotel, S. Petit, M. Ciomaga
Hatnean, J. Ollivier, H. Mutka, E. Ressouche, M. R. Lees, G. Balakrishnan, Nature Communications, Nature
Publishing Group, 2018, 9, pp.3786.

4. Spin Fluctuations Drive the Inverse Magnetocaloric Effect in MnsSis, N. Biniskos, K. Schmalzl, S. Raymond, S.
Petit, P. Steffens, J. Persson, T. Brickel, Physical Review Letters, American Physical Society, 2018, 120 (25).

5. Phonon dispersion curves in Cr2AIC single-crystals, A. Champagne, F. Bourdarot, P. Bourges, P. Piekarz, D.
Pinek, I. Gelard, J.-C. Charlier, T. Ouisse, Materials Research Letters, 2018, é (7), pp.378 - 383.

6. Direct measurement of individual phonon lifetimes in the clathrate compound Ba7.s1Ge4o.s7AUs 33, Pierre-
Francois Lory, Stephane Pailhes, Valentina M. Giordano, Holger Euchner, Hong Duong Nguyen, Reiner Ramlau,
Horst Borrmann, Marc Schmidt, Michael Baitinger, Matthias lkeda, Petr Tomes, Marek Mihalkovic, Céline Allio,
Mark Robert Johnson, Helmut Schober, Yvan Sidis, Frédéric Bourdarot, Louis Pierre Regnault, Jacques Ollivier,
Silke Paschen, Yuri Grin, Marc De Boissieu, Nature Communications, Nature Publishing Group, 2017, 8, pp.491.

7. 3d-4f coupling and multiferroicity in frustrated Cairo Pentagonal oxide DyMn20s, S. Chattopadhyay, S. Petit,
E. Ressouche, S. Raymond, V. Balédent, G. Yahia, W. Peng, J. Robert, M. Lepetit, M. Greenblatt, P. Foury-
Leylekian, Scientific Reports, Nature Publishing Group, 2017, 7, pp.14506.

8. Field-induced magnetic instability within a superconducting condensate, Daniel Gabriel Mazzone,
Stephane Raymond, Jorge Luis Gavilano, E. Ressouche, Christof Niedermayer, Jonas Okkels Birk, Bachir
Ouladdiaf, Gael Bastien, Georg Knebel, Dai Aoki, Gerard Lapertot, Michel Kenzelmann, Science Advances,
American Association for the Advancement of Science (AAAS), 2017, 3 (5), 5 p.
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9. Field-induced spin-density wave beyond hidden order in URu2Si2, W. Knafo, F. Duc, Frédéric Bourdarot,
K. Kuwahara, H. Nojiri, D. Aoki, J. Billette, P. Frings, X. Tonon, E. Lelieévre-Berna, J. Flouquet, L.-P. Regnault, Nature
Communications, Nature Publishing Group, 2016, 7 (1), pp.13075.

10. Magnetoelectric effect and phase transitions in CuO in external magnetic fields, Zhaosheng Wang, Navid
Qureshi, Shadi Yasin, Alexander Mukhin, E. Ressouche, Sergei Zherlitsyn, Yurii Skourski, Julian Geshev, Vsevolod
Ivanov, Marin Gospodinov, Vassil Skumryev, Nature Communications, Nature Publishing Group, 2016, 7,
pp.10295.

11. The upgrade of the cold neutron three-axis spectrometer IN12 at the ILL, Karin Schmalzl, Wolfgang Schmidt,
Stéphane Raymond, H. Feilbach, C. Mounier, B. Vettard, T. Brueckel, Nuclear Instruments and Methods in
Physics Research Section a-Accelerators Spectrometers Detectors and Associated Equipment, 2016, 819,
pp.89-98.

12. Observation of magnetic fragmentation in spin ice, Sylvain Petit, Elsa Lhotel, Benjamin Canals, Monica
Ciomaga Hatnean, Jacques Ollivier, Hannu Mutka, E. Ressouche, Andrew Wildes, M. R. Lees, G. Balakrishnan,
Nature Physics, Nature Publishing Group, 2016, 12, pp.746.

13. Modulated magnetism in PrPtAl, Gino Abdul-Jabbar, Dmitry A. Sokolov, Christopher D. O'neill, Christopher
Stock, Didier Wermeille, Franz Demmel, Frank Kriger, Andrew G. Green, Florence Lévy-Bertrand, Béatrice
Grenier, Andrew D. Huxley, Nature Physics, Nature Publishing Group, 2015, 11 (4), pp.321-327.

14. Ising Incommensurate Spin Resonance of CeColns: A Dynamical Precursor of the Q Phase, Stéphane
Raymond, Gerard Lapertot, Physical Review Letters, American Physical Society, 2015, 115 (3), pp.037001.

15. X phase of MNWQOyg, |. Urcelay-Olabarria, E. Ressouche, A. Mukhin, V. Yu. Ivanov, A. Kadomtseva, Yu. Popov,
G. Vorob'Ev, A. Balbashov, J. Garcia-Mufoz, V. Skumryev, Physical Review B : Condensed matter and
materials physics, American Physical Society, 2014, 90 (2), pp.024408.

16. Magneto- to electro-active transmutation of spin waves in EFMNOs, Laura Chaix, S. De Brion, Sylvain Petit,
Rafik Ballou, Louis-Pierre Regnault, Jacques Ollivier, Jean-Blaise Brubach, P. e Roy, Jérbme Debray, P. Lejay,
Andres Cano, E. Ressouche, Virginie Simonet, Physical Review Letters, American Physical Society, 2014, 112
(13), pp.137201.

17. Switching of magnetic domains reveals spatially inhomogeneous superconductivity, Simon Gerber, Marek
Bartkowiak, Jorge Gavilano, E. Ressouche, Nikola Egetenmeyer, Christof Niedermayer, Andrea Bianchi, Roman
Movshovich, E. Bauer, Joe Thompson, Michel Kenzelmann, Nature Physics, Nature Publishing Group, 2014, 10
(2), pp.126 - 129.

Remaining publications

18. Lifetime-shortened acoustic phonons and static order at the Brillouin zone boundary in the organic-
inorganic perovskite CHsNHsPbCls, M. Songvilay, M. Bari, Z.-G. Ye, Guangyong Xu, M. Gehring, W. Ratcliff, K.
Schmalzl, E. Bourdarot, B. Roessli, C. Stock, Physical Review Materials, American Physical Society, 2018, 2 (12).

Distinct domain switching in Ndo.osCeo.95Colns at low and high fields, G. Mazzone, R. Yadav, M. Bartkowiak, J.
Gavilano, S. Raymond, E. Ressouche, G. Lapertot, M. Kenzelmann, Scientific Reports, Nature Publishing Group,
2018, 8 (1),

19. Influence of the magnetic field on the stability of the multiferroic conical spin arrangement of
Mno.soC00.20WQy4, |. Urcelay-Olabarria, E. Ressouche, Y. Ivanov, V. Skumryev, Z. Wang, Y. Skourski, A. Balbashov,
Yu. Popov, G. Vorob'Ev, N. Qureshi, J. Garcia-Muhoz, A. Mukhin, Physical Review B : Condensed matter and
materials physics, American Physical Society, 2018, 98 (13).

20. Single-crystal neutron diffraction study of hexagonal multiferroic YoMnOs under a magnetic field, S.
Chattopadhyay, V. Simonet, V. Skumryev, A. Mukhin, V. Yu. Ivanov, M. Aroyo, D. Dimitrov, M. Gospodinov, E.
Ressouche, Physical Review B: Condensed matter and materials physics, American Physical Society, 2018, 98
(13), pp.134413.

21. Elastic Softness of Hybrid Lead Halide Perovskites, Afonso Da Cunha Ferreira, A. Létoublon, Serge Paofai,
Stéphane Raymond, C. Ecolivet, Benoit Rufflé, Stéphane Cordier, C. Katan, Makhsud Saidaminov, Ayan
Zhumekenov, Osman Bakr, Jacky Even, Philippe Bourges, Physical Review Letters, American Physical Society,
2018, 121 (8), pp.085502.
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22. Field-induced ordering in a random-bond quantum spin ladder compound with weak anisofropy,
G. Perren, A. Lorenz, E. Ressouche, A. Zheludeyv, Physical Review B : Condensed matter and materials physics,
American Physical Society, 2018, 97 (17).

23. Manifolds of magnetic ordered states and excitations in the almost Heisenberg pyrochlore antiferromagnet
MgCr204, S. Gao, K. Guratinder, U. Stuhr, J. White, M. Mansson, B. Roessli, T. Fennell, V. Tsurkan, A. Loidl, M.
Ciomaga Hatnean, G. Balakrishnan, S. Raymond, L. Chapon, O. Garlea, A. Savici, A. Cervellino, A. Bombardi,
D. Chernyshov, Ch. RUegg, J. Haraldsen, O. Zaharko, Physical Review B : Condensed matter and materials
physics, American Physical Society, 2018, 97 (13).

24. Spin-wave dynamics and exchange interactions in multiferroic NdFes(BOz3)4 explored by inelastic neutron
scattering, .V. Golosovsky, A.K. Ovsyanikov, D.N. Aristov, P.G. Matveeva, A.A. Mukhin, M. Boehm, L.-P.
Regnault, L.N. Bezmaternykh, Journal of Magnetism and Magnetic Materials, Elsevier, 2018, 451, pp.443-449

25. Neutron Spin Resonance in the 112-Type Iron-Based Superconductor, Tao Xie, Dongliang Gong, Haranath
Ghosh, Abyay Ghosh, Minoru Soda, Takatsugu Masuda, Shinichi Itoh, Frédéric Bourdarot, Louis-Pierre Regnault,
Sergey Danilkin, Shiliang Li, Huigian Luo, Physical Review Letters, American Physical Society, 2018, 120 (13),
pp.137001.

26. Suppression of Magnetic Order before the Superconducting Dome in MnP, Shin-Ichiro Yano, Diane Lancon,
Henrik Ronnow, T. Hansen, E. Ressouche, Navid Qureshi, Bachir Ouladdiaf, Jason Gardner, Journal of the

Physical Society of Japan, Physical Society of Japan BAA#IE¥%, 2018, 87 (2).

27. Field-induced States and Excitations in the Quasicritical Spin-1/2 Chain Linarite, Eron Cemal, Mechthild
Enderle, Reinhard Kremer, Bjorn Fak, E. Ressouche, Jon Goff, Mariya Gvozdikova, Mike Zhitomirsky, Tim Ziman,
Physical Review Letters, American Physical Society, 2018, 120 (6), pp.067203.

28. Polarized-neutron investigation of magnetic ordering and spin dynamics in BaCo2(AsOu4)2 frustrated
honeycomb-lattice magnet, Louis-Pierre Regnault, Cyrille Boullier, J.E. Lorenzo, Heliyon, 2018, 4 (1), pp.e00507.

29. Spin-isofropic continuum of spin excitations in antiferromagnetically ordered Fe107Te, Yu Song, Xingye Lu, L.-
P. Regnault, Yixi Su, Hsin-Hua Lai, Wen-Jun Hu, Qimiao Si, Pengcheng Dai, Physical Review B : Condensed
matter and materials physics, American Physical Society, 2018, 97 (2), pp.024519.

30. Coulomb spin liquid in anion-disordered pyrochlore Tb2Hf207, Romain Sibille, Elsa Lhotel, Monica Ciomaga
Hatnean, Ggran J. Nilsen, Georg Ehlers, Antonio Cervellino, E. Ressouche, Matthias Frontzek, Oksana Zaharko,
Vladimir Pomjakushin, Uwe Stuhr, Helen C. Walker, Devashibhai T. Adroja, Hubertus Luetkens, Chris Baines, Alex
Amato, Geetha Balakrishnan, Tom Fennell, Michel Kenzelmann, Nature Communications, Nature Publishing
Group, 2017, 8, pp.892.

31. Magnetic anisotropy in anfiferromagnetic hexagonal MnTe, D. Kriegner, H. Reichlova, J. Grenzer, W.
Schmidt, E. Ressouche, J. Godinho, T. Wagner, S. Martin, A. Shick, V. Volobuev, G. Springholz, V. Holy, J.
Wunderlich, T. Jungwirth, K. Vyborny, Physical Review B : Condensed matter and materials physics, American
Physical Society, 2017, 96 (21).

32. Phase Diagram and Soliton Picture of a Spin-Peierls Compound D-F 5 PNN, Yuji Inagaki, Tatsuya Kawae,
Naoko Sakai, Naoyuki Kawame, Takao Goto, Jun Yamauchi, Yasuo Yoshida, Yutaka Fuijii, Takashi Kambe, Yuko
Hosokoshi, Béatrice Grenier, Jean-Paul Boucher, Journal of the Physical Society of Japan, Physical Society of

Japan BAMIEFER, 2017, 86 (11), pp.113706.

33. The magnetic properties and structure of the quasi-two-dimensional antiferomagnet CoPS3, A. R. Wildes,
V. Simonet, E. Ressouche, R. Ballou, G. J. Mcintyre, Journal of Physics: Condensed Matter, IOP Publishing, 2017,
29 (45), pp.455801.

34. Spin excitation anisotropy in the optimally isovalent-doped superconductor BaFe2(Aso.7Po.3)2, Ding Hu,
Wenliang Zhang, Yuan Wei, Bertrand Roessli, Markos Skoulatos, Louis Pierre Regnault, Genfu Chen, Yu Song,
Huigian Hu, Shiliang Li, Pengcheng Dai, Physical Review B : Condensed matter and materials physics,
American Physical Society, 2017, 96 (18), pp.180503(R).

35. Spin Resonance and Magnetic Order in an Unconventional Superconductor, G. Mazzone, Stéphane
Raymond, J.1. Gavilano, P. Steffens, A. Schneidewind, G. Lapertot, M. Kenzelmann, Physical Review Letters,
American Physical Society, 2017, 119 (18).
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36. Temperature and polarization dependence of low-energy magnetic fluctuations in nearly optimally doped
NaFeo.9785C00.0215As, YU Song, Weiyi Wang, Chenglin Zhang, Yanhong Gu, Xingye Lu, Guotai Tan, Yixi Su,
Frédéric Bourdarot, A. Christianson, Shiliang Li, Pengcheng Dai, Physical Review B : Condensed matter and
materials physics, American Physical Society, 2017, 96 (18), pp.184512.

37. Transverse acoustic phonon anomalies at intermediate wave vectors in MgV204, T. Weber, B. Roessli, C.
Stock, T. Keller, K. Schmalzl, Frédéric Bourdarot, R. Georgii, R. Ewings, R. Perry, P. Boni, Physical Review B :
Condensed matter and materials physics, American Physical Society, 2017, 96 (18), pp.184301.

38. Magnetic field induced phase transitions and phase diagrams of multiferroic Mno.9sC000sWO4 with
cycloidal spin structure, |. Urcelay-Olabarria, E. Ressouche, Z. Wang, Y. Skourski, V. Ilvanov, Y. Popov, G.
Vorobev, A. Balbashov, N. Qureshi, J. Garcia-Mufioz, V. Skumryev, A. Mukhin, Physical Review B : Condensed
matter and materials physics, American Physical Society, 2017, 96 (10).

39. Spin dynamics of the magnetocaloric compound MnFesSis, N. Biniskos, Stéphane Raymond, K. Schmalzl, A.
Schneidewind, J. Voigt, R. Georgii, P. Hering, J. Persson, K. Friese, T. Brickel, Physical Review B : Condensed
matter and materials physics, American Physical Society, 2017, 96 (10).

40. Magnetic order, hysteresis, and phase coexistence in magnetoelectric LICoPOy, Ellen Fogh, Rasmus Toft-
Petersen, E. Ressouche, Christof Niedermayer, Sonja Lindahl Holm, Maciej Bartkowiak, Oleksandr Prokhnenko,
Steffen Sloth, Frederik Werner Isaksen, D. Vaknin, Niels Bech Christensen, Physical Review B : Condensed
matter and materials physics, American Physical Society, 2017, 96 (10), pp.104420.

41. Magnetic and dielectric order in the kagomelike francisite CusBi( SeO3)202Cl, E. Constable, S. Raymond, S.
Petit, E. Ressouche, F. Bourdarot, J. Debray, Michaél Josse, O. Fabelo, H. Berger, S. De Brion, V. Simonet,
Physical Review B : Condensed matter and materials physics, American Physical Society, 2017, 96 (1),
pp.014413.

42. J1-J2 square lattice antiferromagnetism in the orbitally quenched insulator MOOPOy4, L. Yang, M. Jeong, P.
Babkevich, M. Katukuri, B. Nafradi, E. Shaik, A. Magrez, H. Berger, J. Schefer, E. Ressouche, M. Kriener, I.
Zivkovié, O. Yazyev, L. Forro, H. Rgnnow, Physical Review B : Condensed matter and materials physics,
American Physical Society, 2017, 96 (2).

43. Spin excitation anisotropy in the paramagnetic tetragonal phase of BaFe2As2, Yu Li, Weiyi Wang, Yu Song,
Haoran Man, Xingye Lu, Frédéric Bourdarot, Pengcheng Dai, Physical Review B : Condensed matter and
materials physics, American Physical Society, 2017, 96 (2). pp.020404.

44, Impurity-induced spin pseudogap in SrCuO2 doped with Mg, Zn, or La, Dalila Bounoua, Romuald Saint-
Martin, Sylvain Petit, Patrick Berthet, Francoise Damay, Yvan Sidis, Frédéric Bourdarot, Loreynne Pinsard-
Gaudart, Physical Review B : Condensed matter and materials physics, American Physical Society, 2017, 95
(22), pp.224429

45. Low-temperature magnetic structure and electron paramagnetic resonance properties of the quasi-one-
dimensional S = 1/2 Heisenberg helimagnet CuCl2-:2NCsHs, A. Ponomaryov, L. Zviagina, J. Wosnitza, M. Thede,
E. Ressouche, K. Yu. Povarov, A. Zheludev, C. Landee, S. Zvyagin, Physical Review B: Condensed matter and
materials physics, American Physical Society, 2017, 95 (19).

46. Determination of the magnetic structure of CePtan; by means of neutron diffraction, Matthias Raba,
E. Ressouche, N. Qureshi, Claire Colin, V. Nassif, S. Ota, Y. Hirose, R. Settai, Pierre Rodiére, |. Sheikin,Physical
Review B : Condensed matter and materials physics, American Physical Society, 2017, 95 (16), pp.161102.

47. Field-induced phase diagram of the XY pyrochlore anfiferromagnet Er2Ti2Oy, E. Lhotel, J. Robert, E.
Ressouche, F. Damay, I. Mirebeau, J. Ollivier, H. Mutka, P. Dalmas de Réotier, A. Yaouanc, C. Marin, C.
Decorse, S. Petit, Physical Review B : Condensed matter and materials physics, American Physical Society,
2017, 95 (13), pp.134426.

48. Absence of long-range order in the frustrated magnet SrDy204 due to frapped defects from a
dimensionality crossover, N. Gauthier, A. Fennell, B. Prévost, A. Uldry, B. Delley, R. Sibille, A. Désilets-Benoit, A.
Dabkowska, G. Nilsen, L.-P. Regnault, J. White, C. Niedermayer, V. Pomjakushin, A. Bianchi, M. Kenzelmann,
Physical Review B : Condensed matter and materials physics, American Physical Society, 2017, 95 (13),
pp.134430.

49. Spin pseudogap in the S = 1/2 chain material Sr,CuOs with impurities, G. Simutis, S. Gvasaliya, S. Beesetty, T.
Yoshida, J. Robert, S. Petit, A. Kolesnikov, M. Stone, Frédéric Bourdarot, H. Walker, T. Adroja, O. Sobolev, C.
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Hess, T. Masuda, A. Revcolevschi, B. Buchner, A. Zheludev, Physical Review B : Condensed matter and
materials physics, American Physical Society, 2017, 95 (5). pp.054409.

50. Field-driven magnetostructural transitions in GeCo204, X. Fabréges, E. Ressouche, F. Duc, S. De Brion,
M. Amara, C. Detlefs, L. Paolasini, E. Suard, L.-P. Regnault, B. Canals, P. Strobel, V. Simonet, Physical Review B :
Condensed matter and materials physics, American Physical Society, 2017, 95 (1), pp.014428.

51.Magnetic structure of LasCusOns, K. Prokes, E. Ressouche, A. Mohan, B. Wolter, B. Buchner, C. Hess, Physical
Review B : Condensed matter and materials physics, American Physical Society, 2017, 95 (2), pp.024405.

52. Spin fluctuations in Sri.sBao.sRUO4 : An inelastic neutron scattering study with polarization analysis, Z. Li, H.
Guo, C.-F. Liu, Frédéric Bourdarot, W. Schmidt, M. Skoulatos, A. Komarek, Physical Review B : Condensed
matter and materials physics, American Physical Society, 2017, 95 (4), pp.045105.

53. Spiral spin-liquid and the emergence of a vortex-like state in Mnsc2S4, Shang Gao, Oksana Zaharko,
Jonathan S. White, Gregory S. Tucker, Bertrand Roessli, Romain Sibille, Tom Fennell, Christian RGegg, Vladimir
Tsurkan, Alois Loidl, Yixi Su, Frédéric Bourdarot, Dmitry Chernyshov, Nature Physics, Nature Publishing Group,
2017, 13, pp.157-161.

54. Anisofropic magnetic interactions and spin dynamics in the spin-chain compound Cu(py)2Br2 : An
experimental and theoretical study, J. Zeisner, M. Brockmann, S. Zimmermann, A. WeiBe, M. Thede, E.
Ressouche, K. Yu. Povarov, A. Zheludev, A. KIUmper, B. Buchner, V. Kataev, F. GoGhmann, Physical Review B :
Condensed matter and materials physics, American Physical Society, 2017, 96 (2), pp.024429.

55. Exchange anisotropy as mechanism for spin-stripe formation in frustrated spin chains, M. Pregelj, O.
Zaharko, M. Herak, M. Gomilsek, A. Zorko, L. Chapon, Frédéric Bourdarot, H. Berger, D. Arcon, Physical Review
B : Condensed matter and materials physics, American Physical Society, 2016, 94 (8), pp.081114.

56. Helical bunching and symmetry lowering inducing multiferroicity in Fe langasites, Laura Chaix, Rafik Ballou,
Andres Cano, Sylvain Petit, S. De Brion, Jacques Ollivier, Louis-Pierre Regnault, E. Ressouche, Evan Constable,
Claire Colin, A. Zorko, Valerio Scagnoli, Joél Balay, P. Lejay, Virginie Simonet, Physical Review B : Condensed
matter and materials physics, American Physical Society, 2016, 93, pp.214419.

57. Magnetic field-temperature phase diagrams of multiferroic (NiosCoo.1)(3V20s, Navid Qureshi, E. Ressouche,
A. A. Mukhin, V. Yu lvanov, S. N. Barilo, S. V. Shiryaev, V. Skumryev, Physical Review B : Condensed matter and
materials physics, American Physical Society, 2016, 94 (17), pp.174441.

58. Revealing the mechanism of passive fransport in lipid bilayers via phonon-mediated nanometre-scale
denisity fluctuations, Mikhail Zhernenkov, Dima Bolmatov, Dmitry Soloviov, Kirill Zhernenkov, Boris P. Toperverg,
Alessandro Cunsolo, Alexey Bosak, Yong Q. Cai, Nafure Communications, Nature Publishing Group, 2016, 7, 9,
11575.

59. Comparative study of the field-induced and spontaneous AF2' multiferroic phases in MNWO4 and
Mno.90C00.10WO4 within the magnetic symmetry framework, Irene Urcelay-Olabarria, Jose Luis Garcia-Munoz,

E. Ressouche, Alexander A. Mukhin, Vassil Skumryev, Journal of Applied Crystallography, International Union of
Crystallography, 2016, 49, pp.520-527.

60. Spin anisotropy due to spin-orbit coupling in optimally hole-doped Bao.c7Ko.ssFe2As2, Yu Song, Haoran Man,
Rui Zhang, Xingye Lu, Chenglin Zhang, Meng Wang, Guotai Tan, Louis-Pierre Regnault, Yixi Su, Jian Kang,
Rafael M. Fernandes, Pengcheng Dai, Physical Review B : Condensed matter and materials physics, American
Physical Society, 2016, 94 (21), pp.214516.

61. Magnetic structure and magnon dynamics of the quasi-two-dimensional antiferomagnet FePSs, D.
Lancon, H. C. Walker, E. Ressouche, B. Ouladdiaf, K. C. Rule, G. J. Mcintyre, T. J. Hicks, H. M. Ronnow, A. R.
Wildes, Physical Review B : Condensed matter and materials physics, American Physical Society, 2016, 94 (21),
pp.214407.

62. Antiferroquadrupolar correlations in the quantum spin ice candidate Pr22r207, Sylvain Petit, Elsa Lhotel,
Soléne Guitteny, O. Florea, Julien Robert, Pierre Bonville, Isabelle Mirebeau, Jacques Ollivier, Hannu Mutka,

E. Ressouche, Claudia Decorse, Monica Ciomaga Hatnean, G. Balakrishnan, Physical Review B : Condensed
matter and materials physics, American Physical Society, 2016, 94, pp.165153.

63. Magnetic structure of the quasi-two-dimensional anfiferromagnet NiPSs, Andrew Wildes, Virginie Simonet,
E. Ressouche, Garry James Mcintyre, Avdeev Maxim, Emmanuelle Suard, S. A. J. Kimber, Diane Lancon, G.
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Pepe, Boujemaa Moubaraki, T. Hicks, Physical Review B : Condensed matter and materials physics, American
Physical Society, 2015, 92, pp.224408.

64. Mesoscopic correlations in To2Ti207 spin liquid, S. Guitteny, |. Mirebeau, P. Dalmas de Réotier, C. V. Colin, P.
Bonville, F. Porcher, B. Grenier, C. Decorse, S. Petit, Physical Review B : Condensed matter and materials
physics, American Physical Society, 2015, 92 (14), pp.144412.

65. Giant magnetic field dependence of the coupling between spin chains in BaCo2V20s, Martin Klanjsek,
Mladen Horvati¢, S. Krémer, S. Mukhopadhyay, H. Mayaffre, Claude Berthier, E. Canévet, Beatrice Grenier,
P. Lejay, Edmond Orignac, Physical Review B : Condensed matter and materials physics, American Physical
Society, 2015, 92 (6), pp.060408(R).

66. Observations on the Resonant Mode in Superconducting KxFe2-ySe2, J. Lim, R. Morisaki, L. Lemberger, L.-P.
Regnault, Y. Takano, H. Takeya, E. Blackburn, H. Kawano-Furukuwa, Journal of the Physical Society of Japan,

Physical Society of Japan B AYIEFS, 2015

67. Experimental realization of long-distance entanglement between spins in antiferomagnetic quantum spin
chains, S. Sahling, G. Remenyi, C. Paulsen, P. Monceau, V. Saligrama, C. Marin, A. Revcolevschi, L.-P. Regnault,
S. Raymond, J. Lorenzo, Nature Physics, Nature Publishing Group, 2015, 11 (3), pp.255 - 260.

68. Longitudinal and transverse Zeeman ladders in the Ising-like chain antiferromagnet BaCo2V20s, B. Grenier,
Sylvain Petit, Virginie Simonet, E. Canévet, L.-P. Regnault, Stéphane Raymond, Benjamin Canals, Claude
Berthier, P. Lejay, Physical Review Letters, American Physical Society, 2015, 114, pp.017201.

69. Distinct itinerant spin-density waves and local-moment antiferromagnetism in an intermetallic ErPd2Siz single
crystal, Hai-Feng Li, Chongde Cao, Andrew Wildes, Wolfgang Schmidt, Karin Schmalzl, Binyang Hou, Louis-
Pierre Regnault, Cong Zhang, Paul Meuffels, Wolfgang Loeser, Georg Roth, Scientific Reports, Nature Publishing
Group, 2015, 5, pp.7968.

70. Finite-temperature scaling of spin correlations in an experimental realization of the one-dimensional Ising
quantum critical point, M. Halg, D. Huevonen, T. Guidi, D. L. Quintero-Castro, M. Boehm, Louis Pierre Regnault,
M. Hagiwara, A. Zheludev, Physical Review B : Condensed matter and materials physics, American Physical
Society, 2015, 92 (1), pp.014412.

71. Evidence for Coexistence of Bulk Superconductivity and ltinerant Antiferomagnetism in the Heavy Fermion
System CeCo(Ini«Cdy)(s5). Ludovic Howald, Evelyn Stilp, Pierre Reotier, Alain Yaouanc, Stéphane Raymond,
Cinthia Piamonteze, Gérard Lapertot, Christopher Baines, Hugo Keller, Scientific Reports, Nature Publishing
Group, 2015, 5, pp.12528.

72. Fluctuations and All-In-All-Out Ordering in Dipole-Octupole Nd2Zr2Oy7, Elsa Lhotel, Sylvain Petit, Solene
Guitteny, O. Florea, Monica Ciomaga Hatnean, Claire Colin, E. Ressouche, M. R. Lees, G. Balakrishnan,
Physical Review Letters, American Physical Society, 2015, 115, pp.197202.

73. Crystal structure and phonon softening in CaalrsSnis, D. G. Mazzone, S. Gerber, J. L. Gavilano, R. Sibille, M.
Medarde, B. Delley, M. Ramakrishnan, M. Neugebauer, Louis Pierre Regnault, D. Chernyshov, A. Piovano, T. M.
Fernandez-Diaz, L. Keller, A. Cervellino, E. Pomjakushina, K. Conder, M. Kenzelmann, Physical Review B :
Condensed matter and materials physics, American Physical Society, 2015, 92, pp.024101.

74. Structural inhomogeneities in FeTe0.65e0.4: Relation to superconductivity, K. Prokes, M. Schulze, S. Hartwig,
N. Schaefer, S. Landsgesell, C. G. F. Blum, D. Abou-Ras, M. Y. Hacisalihoglu, E. Ressouche, D. B. Ouladdiaf, B.
Buechner, S. Wurmehl, Journal of Crystal Growth, Elsevier, 2015, 432, pp.95-104.

75. Lattice dynamics of the heavy-fermion compound URusSiz2, J. Buhot, M. A. Measson, Y. Gallais, M.
Cazayous, A. Sacuto, Frédéric Bourdarot, Stéphane Raymond, Gérard Lapertot, Dai Aoki, Louis-Pierre
Regnault, A. Ivanov, P. Piekarz, K. Parlinski, D. Legut, C. C. Homes, P. Lejay, R. P. S. M. Lobo, Physical Review B :
Condensed matter and materials physics, American Physical Society, 2015, 91 (3), pp.035129.

76. Field-induced spin density wave and spiral phases in a layered antiferomagnet, M. B. Stone, M. D.
Lumsden, V. O. Garlea, Beatrice Grenier, E. Ressouche, E. C. Samulon, I. R. Fisher, Physical Review B :
Condensed matter and materials physics, American Physical Society, 2015, 92, pp.020415.

77. Neutron diffraction investigation of the H-T phase diagram above the longitudinal incommensurate phase

of BaCo2V20s, B. Grenier, V. Simonet, B. Canals, P. Lejay, M. Klanj$ek, M. Horvati¢, and C. Berthier, Physical
Review B : Condensed matter and materials physics, American Physical Society, 2015, 92, pp.134416.
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78. Anisotropic neutron spin resonance in underdoped superconducting NaFe1xCoxAs, Chenglin Zhang, Yu
Song, L.-P. Regnault, Yixi Su, M. Enderle, J. Kulda, Guotai Tan, Zachary Sims, Takeshi Egami, Qimicao Si,
Pengcheng Dai, Physical Review B : Condensed matter and materials physics, American Physical Society,
2014, 90 (14), pp.40502(R).

79. Incommensurate antiferromagnetic order in the manifoldly-frustrated SrTb204 with transition temperature
up to 4.28 K, Hai-Feng Li, Cong Zhang, Anatoliy Senyshyn, Andrew Wildes, Karin Schmalzl, Wolfgang Schmidt,
Martin Boehm, E. Ressouche, Binyang Hou, Paul Meuffels, Georg Roth, T. Brickel, Frontiers in Physics, Frontiers,
2014, 2,

80. Short-range cluster spin glass near optimal superconductivity in BaFe2-xNixAs2, Xingye Lu, D. Tam, Chenglin
Zhang, Huigian Lu, Meng Wang, Rui Zhang, Leland Harriger, T. Keller, B. Keimer, L.-P. Regnault, T. Maier,
Pengcheng Dai, Physical Review B : Condensed matter and materials physics, American Physical Society,
2014, 90 (2), pp.024509.

81. Switching of the magnetic order in CeRhins-xSnx in the vicinity of its quantum critical point, S. Raymond, J.
Buhot, E. Ressouche, F. Bourdarot, G. Knebel, G. Lapertot, Physical Review B : Condensed matter and
materials physics, American Physical Society, 2014, 90 (1).

82. Quantum Ciriticality and Lifshitz Transition in the Ising System CeRu2Si2 : Comparison with YbRh2Si2, Alexandre
Pourret, Dai Aoki, Mounir Boukahil, Jean-P. Brison, Wiliam Knafo, Georg Knebel, Stéphane Raymond, Mathieu
Taupin, Yoshichika Onuki, Jacques Flouquet, Journal of the Physical Society of Japan, Physical Society of

Japan BAMIEFE, 2014, 83 (), pp.061002.

83. Magnetic-field-enhanced aniferromagnetism in the noncentrosymmetric heavy-fermion superconductor
CeP1sSi, K. Kaneko, O. Stockert, B. Fk, Stéphane Raymond, M. Skoulatos, T. Takeuchi, Y. Onuki, Physical Review
B : Condensed matter and materials physics, American Physical Society, 2014, 89 (24).

84. Kinetics of the multiferroic switching in MNWO4, M. Baum, J. Leist, Th. Finger, K. Schmalz, A. Hiess, L. .
Regnault, P. Becker, L. Bohaty, G. Eckold, M. Braden, Physical Review B : Condensed matter and materials
physics, American Physical Society, 2014, 89 (14), pp.144406.

85. (3 + 1)-dimensional crystal and antiferomagnetic structures in CeRuSn, K. Prokes, V Petficek, E. Ressouche,
S. Hartwig, B. Ouladdiaf, J Mydosh, R. Hoffmann, Y-K Huang, R. P&ttgen, Journal of Physics: Condensed Matter,
IOP Publishing, 2014, 26 (12).

86. Magnetic Order in Ceo95sNdo.osColns: The Q-Phase at Zero Magnetic Field, Stéphane Raymond, Scheilla
Ramos, Dai Aoki, Georg Knebel, Viadimir Mineev, Gerard Lapertot, Journal of the Physical Society of Japan,

Physical Society of Japan AA#IEFS, 2014, 83 (1).

87. Symmetry protected hidden order and magnetic neutron Bragg diffraction by URu2Siz, Dmitry Khalyavin,
Stephen Lovesey, Alexey Dobrynin, E. Ressouche, Rafik Ballou, Jacques Flouquet, Journal of Physics:
Condensed Matter, IOP Publishing, 2014, 26, pp.046003.

Review articles
88. Neutron scattering studies on URu2Si2, Frédéric Bourdarot, Stéphane Raymond, Louis-Pierre Regnault

Philosophical Magazine, Taylor & Francis, 2014, 94 (32-33), pp.3702 - 3722.

Books

89. Reminder: Magnetic structures description and determination by neutron diffraction, E. Ressouche, Fcole
thématique de la Société Francaise de la Neutronique, Neutrons et Magnétisme , V. Simonet, B. Canals, J.
Robert, S. Petit and H. Mutka eds, EDP Science 2014, Vol.13, pp.02001.

90. Polarized neutron diffraction, E. Ressouche, Ecole thématique de la Société Francaise de la Neutronique,
Neutrons et Magnétisme , V. Simonet, B. Canals, J. Robert, S. Petit and H. Mutka eds, EDP Science 2014 Vol.13,
pp.02002.

91. Magnetic excitations, Stéphane Raymond, Ecole thématique de la Société Francaise de la Neutronique,
Neutrons et Magnétisme , V. Simonet, B. Canals, J. Robert, S. Petit and H. Mutka eds, EDP Science 2014. Vol.13,
pp.02003.
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Production in conferences / congresses and research seminars

Conference proceedings

92. Finite size effect on the magnetic excitations spectra, phonons and heat conduction of the quasi- one-
dimensional spin chains system SrCuQO2, Dalila Bounoua, Romuald Saint-Martin, Sylvain Petit, Frédéric
Bourdarot, Loreynne Pinsard-Gaudart, Physica B: Condensed Matter, Elsevier, 2018, 536, pp.323 - 326.
Proceedings of the international conference on Strongly Correlated Electron Systems 2017.

93. URu2Si2 under intense magnetic fields: From hidden order to spin-density wave, W. Knafo, D. Aoki, G.W.
Scheerer, F. Duc, F. Bourdarot, K. Kuwahara, H. Nojiri, L.-P. Regnault, J. Flouquet, Physica B: Condensed Matter,
Elsevier, 2018, 536, pp.457 - 460. Proceedings of the international conference on Strongly Correlated Electron
Systems 2017.

94. Field-Induced Order in Heavy-Fermion Compound YbCo2Zn2o, Koji Kaneko, Stéphane Raymond, E.
Ressouche, Gerard Lapertot, Tetsuya Takeuchi, Yusuke Hirose, Fuminori Honda, Yoshichika Onuki, Journal of
the Physical Society of Japan Suppl., 2014. Proceedings of the international conference on Strongly Correlated
Electron Systems 2013.

Contributions to international conferences/workshops (invited talks are listed again in another section)
2018

Polarized Neutrons for Condensed Matter Investigations 2018 (Abingdon, UK) :

K. Beauvois (oral), N. Biniskos (invited), S. Raymond (poster)

Highly Frustrated Magnetism 2018 (Davis, USA) :

K. Beauvois (poster)

International Conference on Magnetism 2018 (San Francisco, USA) :

B. Grenier (invited), Q. Faure (poster)

Institut Laue Langevin & European Spallation Source user meeting (Grenoble, France):

B. Grenier (oral)

New perspectives for low-temperature refrigeration with advanced magnetocaloric materials (Cergy, France):
S. Raymond (invited)

2017

International Conference on Neutron Scattering 2017 (Daejeon, Coreq) :

N. Biniskos (poster), B. Grenier (oral)

Strongly Correlated Electron Systems 2017 (Prague, Czech republic) :

Q. Faure (oral)

EUROMAT 2017 (Thessaloniki, Greece) :

N. Biniskos (oral)

APS march meeting 2017 (New Orleans, USA):

S. Raymond (invited)
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2014

Single-crystal Diffraction with Polarized Neutrons, Flipper 2016 (Tutzing, Germany):
S. Raymond (invited)

Highly Frustrated Magnetism 2016 (Taipei, Taiwan):

B. Grenier (invited)

International Conference on Magnetic Refrigeration at Room Temperature, 2016 (Turin, Italy):
N. Biniskos (poster)

Neutrons for Energy, MLZ conference 2016 (Bad Reichenhall, Germany):

N. Biniskos (invited)

Workshop From Matter to Materials and Life, 2016 (Hamburg, Germany):

N. Biniskos (poster)

2015

European Conference on Neutron Scattering 2015 (Zaragoza, Spain):

B. Grenier (oral), S. Raymond (oral)

2014

Strongly Correlated Electron Systems 2014 (Grenoble, France):

S. Raymond (poster), B. Grenier (poster), E. Ressouche (invited)

International workshop "Quantum Spin Dynamics: From Exotic Excitations to Novel Transport and Non-
Equilibrium Phenomena" (Dresden, Germany):

B. Grenier (oral)

Contribution to national conferences/workshops in France
Journées de la Matiere Condensée 2018 (Grenoble) :

K. Beauvois (oral), F. Bourdarot (oral), Q. Faure (oral), S. Raymond (poster)
Journées De la Neutronique 2018 (Roquebrune sur Argens):
K. Beauvois (oral)

Journées De la Neutronique 2017 (Carry le Rouet):

N. Biniskos (oral), B. Grenier (invited)

Journées De la Neutronique 2016 (Carqueiranne):

Q. Faure (oral)

Journées De la Neutronique 2015 (Evian):

S. Raymond (oral)

GDR Matériaux, Etats ElecTroniques, Interactions et Couplages non-Conventionnels, School 2018 (Banyuls-sur-
mer):

Q. Faure (poster)
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GDR Matériaux, Etats ElecTroniques, Interactions et Couplages non-Conventionnels 2017 (Latresne):

Q. Faure (oral)

GDR Matériaux et Interactions en Compétition 2015 (Mittelwihr):

B. Grenier (oral)

Complementarity between Optics and Neutron Spectroscopy in the THz domain, SON2017 (Grenoble):

Q. Faure (oral)

Contribution to national conferences/workshops in Germany
Deutsche Physikalishe Gesellschaft 2018 (Berlin): N. Biniskos (oral)
Deutsche Physikalishe Gesellschaft 2017 (Dresden): N. Biniskos (oral)

Deutsche Physikalishe Gesellschaft 2016 (Regensburg): N. Biniskos (oral)

Research Seminars

Paul Scherrer Institute, Switzerland : S. Raymond, Q. Faure
Forshungzentrum JUlich, Germany : S. Raymond

ETH Zurich, Switzerland : B. Grenier

Laboratoire Léon Brillouin, Saclay, France : B. Grenier, Q. Faure,
Institut Néel, Grenoble, France : Q. Faure, S. Raymond

LNCMI, Toulouse, France : F. Bourdarot

Electronic tools and products

The group developped its own software for the instrument control of IN22 until 2017 and then shifted to the ILL
software and participates in its upgrade.
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Instruments and methodology

UFO on IN12: IN12 is developing a multi analyser — mulfi
detector option with more flexibility than existing RITA type
instruments: IN12-UFO (Universal Focussing Option). This new
secondary spectrometer is inferchangeable with the present
set-up. 15 analysers can be moved on rails and can be rotated
individually, and a two-dimensional detector consisting of 15
horizontal position sensitive 3He-tubes will allow to program
simultaneous scans in Q-w-space. A focal point that is realised
by a movable diaphragm defines the only opening between
the analysers and detector in order to prevent cross talk and

to reduce the background. In the recent years several tests
with neutrons have been performed. Issues concerning
mechanical stability and background reduction have been
identified and the necessary improvements have been
successfully carried out. Currently software for scan
construction and data extraction and analysis will be
established for a user-friendly handling of this multiplex set-up.
First promising results have been obtained on the magnetic
excitation spectrum of BaCo2V20s that was studied with the
conventional TAS option. This option is developped by JCNS
staff with technical help from CEA staff.

Schematic drawing of the IN12 UFO multi
analyser — multi detector option.

40 T on IN22 : Within the framework of the MAGFINS ANR project (CEA/INAC/SPSMS, LNCMI/Toulouse, ILL and
Institut NelJel collaboration), we have developed a new pulsed-field set-up for the CRG thermal three-axis
spectrometerIN22, optionally transformed into a powerful diffractometer (high counting rate 3He detector, time-
resolved acquisition system). The challenge was to design and built a high field, long pulse and high repetition
rate, pulsed-field cryo-magnet, by strongly improving the nitrogen-based cooling system. Successful
measurements with this new cryo-magnet were performed since 2014 with several publications. On the
technical side, these first results confirmed the main characteristics of the device (nominal field up to 40T (30 T
previously), large pulse duration ~100 ms (10 times larger than before), pulse repetition rate of 1 minute at 20 T
and 6 minutes at 40 T (the same than before but with a larger maximum field), liquid nitrogen consumption of
about 600 I/day, but a consumption of He 5 times lowers than before. A new high-counting rate 3He multi-wire

detector (collaboration with Joint Institute of Nuclear Physics, Dubna) is also available. It is used when the
diffracted beam has a rate larger than 15000c/s as ifs safuration is above 1000000c/s. Because of a lower
efficiency (70%) it is not used when the rate is lower than 15000c/s (efficiency of usual He detector =100%).

Analyzer for D23 : in order fo improve the signal to noise ratio, a PG analyzer has been installed on the liffing arm
of D23 (and therefore is not limited to the equatorial plane). This device was built as a full option with its own
detector allowing for a quick change between the two configurations during an experiment if needed. It has a
fixed diffraction angle, that is a fixed kr : the incoming wavelength should be adapted to this value (and
corresponds to ki =2.662 A1). The necessary Q-space trajectory corrections for the scattering angles were
implemented in the software. This development was fully made by the MDN team from the conception to the
realization. It was funded by the ANR DYMAGE.

Isolant
Anode:

Echantillon

Cathode
réglable

Layout of the analyzer option on D23.  Vacuum chamber with electrodes.

Electric field stick : For studying phenomena in solid-state physics, temperature, magnetic field, and pressure
are the most common parameters that one can vary during an experiment. With the resurgent interest in
magneto-electric multiferroics materials, electric field emerges as a necessary supplementary confrol
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parameter. However, since most of the experiments are performed at low temperature, in the presence of an
He exchange gas to assure good thermal contact between the sample and the cryogenic device, a strong
limitation in the applied voltage on the sample is due to the break down voltage of the gas. To overcome this
dificulty, we have designed a stick with a sample containing vacuum chamber that fits into all cryomagnets
and standard cryostats at our disposal. The stick allows for voltages up to 15 kV on typically 5x5x5 mm3 samples,

and can be adapted for different scattering geometries. This project was funded by the ANR DYMAGE and fully
developped by the MDN team.

Other products
The delivery of the instrument beamtime is addressed in the main fext (section 3).

Reviewing activities

Papers
32 papers were rewieved among which 94% for the American Physical Society (Phys. Rev. B, Phys. Rev. Lett.).

1 research project was evaluated for the 2017 program « Canada 150 research chairs ».

Experiments

Members of the MDN team participated in the following experiments selection panel at large scale facilities :
FRM-II, Munich : Spectroscopy panel (S. Raymond).

Laboratoire Léon Brillouin, Saclay : Diffraction panel (E. Ressouche), Inelastic panel (F. Bourdarot).

CZ beamtime on THALES selection panel at ILL (L.-P. Regnault).

Expertise

L.P. Regnault is member of the Instrument Development Team of the HYSPEC spectrometer operated by
Brookhaven National Laboratory at Oak Ridge National Laboratory.

Academic research grants

ANR MAGFINS 2010-2015
Coordinator : LNCMI Toulouse ILL
Other partners outside MDN : ILL and Institut Néel
Scope : Intrumentation and physics with pulsed field magnet.
Summary of outcome : realization of 40 T pulsed magnetic field for neutron scattering, 5 publications.
ANR DYMAGE 2013-2018
Coordinator : Institut Néel

Other partners outside MDN : Laboratoire Léon Brillouin, synchrotron SOLEIL
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Scope : Identify, understand and manipulate magnetoelectric objects (structures, domains, excitations)
in multiferroic compounds and associated neutron instrumentation.

Summary of outcome : Realization of electrical field stick and D23 analysers, 8 publications.
Swiss-CRG contract 2015-2016, 2017-2018, 2019

Partner : EPFL representing the Swiss state Secretariat for Education, Reseach and Innovation
Scope : beamtime access

Summary of outcome : 11 publications, contributes to the formation of Swiss PhD students (Perren, Mazzone,
Bettler, Gurtinder, Simulus... )

Visiting senior scientists and post-doc

Post-doc

Ketty Beauvois, second responsible of D23 diffractometer

Funded by the Swiss-CRG contract

Publication in progress, 4 oral and poster presentations

Sumanta Chattopadhyay, second responsible of D23 diffractometer
Funded by the Swiss-CRG contract

2 publications

K. Zhernenkov (2013 - 2015), instrumentation for IN22

Funded by MAGFINS ANR

1 publication

Scientific visitors

Yuji Inagaki, Kyushu University (Japan) : grant from the Japan Society for Promotion of Science (summer 2018).
Quantum magnetism, sample growth and bulk measurements

Igor Zalyzniak, Brookhaven National Laboratory (USA) : invited professor grant from UGA (summer 2017).
Quantum magnetism, neutron instrumentation and methods

Temur Enik, Joint Institute for Nuclear Research, Dubna (Russia) (Sept.-Oct. 2014)

Development of high counting rate detector for the pulsed magnetic field on IN22

Scientific recognition

Invited talk in international conferences and workshops
Polarized Neutrons for Condensed Matter Investigations 2018 : N. Biniskos.
International Conference on Magnetism 2018 : B. Grenier

New perspectives for LT refrigeration with advanced magnetocaloric materials 2018 : S. Raymond
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March meeting, APS 2017 : S. Raymond

Single-crystal Diffraction with Polarized Neutrons, Flipper 2016 : S. Raymond
Neutrons for Energy, MLZ conference 2016 : N. Biniskos

Highly Frustrated Magnetism 2016 : B. Grenier

Strongly Correlated Electron Systems 2014 : E. Ressouche

Interaction of the unit and of each team / theme with the non-academic world, impacts
on economy, society, culture or health

Socio-economic interactions / Patents

None.

Socio-economic interactions

Indirect economic output (tfransport, accomodation) from the 660 continuous-flow users coming for
experiments on our CRG instruments.

Expertise

Consulting was made by L.-P. Regnault for the AZ-system company specialized in mechanics for neutron
scattering instrumentation and that has equipped D23, IN22 and IN12 since the construction of the CRG.

Public outreach
Scientific highlights for institutional websites (CEA, UGA):
The apparent inner calm of quantum materials

https://www.univ-grenoble-alpes.fr/news/headlines/the-apparent-inner-calm-of-quantum-materials-
345513.kjsp

A phase transition between two phases ... that are nearly identical!

http://www.cea.fr/drf/english/Pages/News/Scientific-results/2017/a-phase-transition-between-two-phases-
that-are-nearly-identical.aspx

Article in the japanese newspaper « The science News » (31/01/204) on the interplay between magnetism and
superconductivity in CeColns.

Involvement of the MDN team in training through research

Educational outputs

Alecture by B. Grenier « Structures cristallographiques et magnétiques par diffraction des neutrons : la puissance
des symétries » was video recorded in the 2018 school of the GDR « Materiaux Etats ElecTroniques, Interactions
et Couplages non-Conventionnels ». It is avaialbe on the website of the school and usefull for people wishing to
deepen their understanding of this topic.
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Three chapters (Reminder: Magnetic structures description and de’rer[ninoﬂon by neutron diffraction, polarized
neutron diffraction and magnetic excitations) were published in the Ecole thématique de la Société Francaise

de la Neutronique, Neutrons et Magnétisme , V. Simonet, B. Canals, J. Robert, S. Petit and H. Mutka eds, EDP
Science 2014, Vol.13, pp.02001. They are accessible on internet and free of charge.

Scientific productions (articles, books, etc.) from theses

13 articles arising from MDN PhD students have been published in intfernational journals. This includes articles
from students of the present (Biniskos, Faure, Chaix) and from the former evaluation period (Canevet, Urcelay-
Olabarria). In general all articles related to PhD works are indeed not published during the time of the PhD.
Beyond the usual publication time, this is also due to the long process between proposal submission, beamtime
allocation, experiment time and data analysis.

Training

Habilitation
S. Raymond (2006)
F. Bourdarot (2013)

E. Ressouche (2015)

PhD students affiliated at MDN laboratory
Quentin Faure
Quantum phase transition in the quasi-1D Ising-like antiferromagnet BaCo2V20s
UGA grant between Institut Néel and MDN
10/2015-11/2018
Directors / Supervisors by : V. Simonet (Institut Néel), B. Grenier (MDN)
Nikolaos Biniskos
Inelastic neutron scattering on magnetocaloric compounds.
1/2 JCNS and 1/2 CEA grants
06 /2015-09 /2018

Directors / Supervisors : T. Brickel (JCNS), S. Raymond (MDN), K. Schmailzl (JCNS).

PhD students outside MDN laboratory and supervised by MDN researchers
Laura Chaix

Couplage magnéto-électrique dynamique dans les composés multiferroiques : langasites de fer et
manganites hexagonaux

ILL grant
04/2011 - 09/2014

Directors / Supervisors : V. Simonet (Institut Néel), S. de Brion(Institut Néel), E. Ressouche (MDN)
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Shelby Turner

Comprendre le transport thermique: le défi de résoudre les durées de vie des phonons acoustiques
1/2 ILL grant +1/2 IDEX UGA

10/2018-...

Directors / Supervisors : H. Schober (ILL), S. Pailhes (ILM, Lyon), V. Giordanni (ILM, Lyon), M de Boissieu (SINAPS,
Grenoble), F. Bourdarot (MDN)

Organisation of schools

HERCULES School 2016 -2018

Since Autumn 2016, B. Grenier is director of studies of the European school HERCULES on Neutrons and
Synchrotron Radiation for Science (previously, she was a member of the organising committee). This annual one-
month school takes place in Grenoble with one week outside of Grenoble in a partner large scale facility. It
provides training for students, postdoctoral and senior scientists from European and non-European universities
and laboratories, in the field of Neutron and Synchrotron Radiation for condensed matter studies (Biology,
Chemistry, Physics, Materials Science, Geosciences, Industrial applications). The school receives about 80
students of more than 20 different countries per year. The course includes more than 50 lectures, hands-on
practicals and tutorials in small groups, visits of partner facilities, and a poster session. Each student follows a
dedicated 'practicals and tutorials' programme, distributed over about 15 half-days, hosted in partner institutions
(ILL, ESRF, CNRS, CEA, IBS in Grenoble, SOLEIL/LLB, Elettra/FERMI, PSI, or DESY/European XFEL outside Grenoble).

UGA Science Summer School 2014 - 20146

B. Grenier has been coordinating the scientific course “Introduction to large scale facilities (LSF): probing matter
with neutron and synchrotron radiation" of the UGA Science Summer School in Summers 2014, 2015, and 2016
(this school no longer exists). This 6 weeks school was dedicated to high level bachelor students in physics,
chemistry, or biology, from all over the world, wiling to become researchers. It welcomed about 12 students per
year in the LSF course, and about the same number for each of the two other scientific modules ("Intfroduction
to Physical Computing" and "Intfroduction to Biochemistry"). The LSF module included lectures, tutorials, and lab
work on crystallography, neutron scattering and synchrotron radiation, as well as a visit of ILL and ESRF.

HERCULES Specialised Course 2015 (HSC18)
B. Grenier co-organised a HERCULES Specialised Course in September 2015 on "Neutrons and Synchrotron

Radiation for Magnetism". This one-week school welcomed 24 participants (mostly PhD students) in Grenoble
and consisted in 3 days of lectures and 2 days of hands-on practicals at ILL and ESRF.

Interventions in schools
Lecture in the SISN Advanced School 2018 the "Magnetic structures from neutron diffraction”, B. Grenier

Lecture in the 2018 School of the GDR Materiaux Etats ElecTroniques, Interactions et Couplages non-
Conventionnels (MEETICC) "Structures cristallographiques et magnétiques par diffraction des neutrons : la
puissance des symétries”, 2018, B. Grenier

Lecture in the School ANF Microdiffraction Laue "Cristallographie”, 2017, B. Grenier

Three-Axis Spectrometer practical in Hercules specialized course “Neutrons and Synchrofron for Magnetism”,
2015, S. Raymond

Lecture in the annual HERCULES school "Refresher lecture on crystallography”, 2014 — 2018, B. Grenier

Lectures, practicals, and tutorials in the annual UGA Science Summer School "Crystallography" and "Neutron
scattering”, 2014 — 2016, B. Grenier

Lecture in the School 2014 of the GDR Matériaux et Interactions en Compétition (MICO) "Matériaux
"Cristallographie et techniques expérimentales associées", B. Grenier
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TEAM 4: NANOSTRUCTURES AND SYNCHROTRON RADIATION (NRS)
1- Presentation of the NRS team

Infroduction

The missions of the NRS laboratory are focused on the study of nanostructures with synchrotron radiation.
First called Interface and Synchrotron Radiation Laboratory, it has been created at the early stages of the
European Synchrotron Radiation Facility (ESRF). It contributes to the scientific and technological
objectives defined by CEA and by the French community within the framework of the French X-ray
synchrotron large scale facilities. These tasks require very specific synchrotron equipments and scientific
skills to carry out high-level experiments on a broad range of subjects supporting both academic research
and societally relevant applications (labelled Al-7 in the next chapters). NRS laboratory is mainly using
ESRF beamlines located in Grenoble to perform its research, but also the French synchrotron Soleil, and
other European and worldwide synchrotrons when their uses are technically justified. We operate three
instruments on the BM32-IF beamline of the ESRF whose construction and development rely on the
laboratory members. The laboratory is located on two sites at ESRF and at CEA.

Unit's workforce and means

The team is composed of 6.5 researchers (equiv. full fime) and 1 engineer. Over the evaluation period,
Vincent Favre-Nicolin, an assistant professor at UGA belonged to the permanent staff of the laboratory,
he has been on leave at ESRF since 2016. Francois Rieutord became the head of MEM, after being the
head of NRS. He continues to confribute scientifically to several themes of the laboratory (A1, A4, A5, Aé).
Joél Eymery coming from IRIG/PHELIQS/NPSC took the head of the laboratory at the end of 2016 and
Samuel Tardif was the last permanent person hired by the laboratory in Dec. 2016. Marie-Ingrid Richard,
coming from Aix-Marseille University will be hired by CEA to work at the NRS laboratory before the end of
2019 (the exact date is not known at this time).

Permanent staff (01/2019) & activity label (see below) Non-permanent (01/2019)

X. Biquard, CEA researcher, HDR A5, Aé 2 Post-doctoral researchers

J. Eymery, CEAresearcher, HDR, team leader A1, A2, Aé Loic Renversade Ab
P. Hecquet, CEAresearcher A7 Maciej Jankowwski A3
G. Renaud, CEA researcher, HDR A3, A6

2 PhD students (affiliated at NRS)

C. Revenant (50 %), CEA researcher, HDR A4 .

F. Rieutord (20%) CEA researcher, HDR Al A2, Ad-6 | Gastan Girard (located af ESRF) A2

O. Robach (80%), CEA researcher A6, A2, A5 | Roberfo Sant (locafed af ESRF) A3

S. Tardif, CEA researcher Al, A2, A4 9 PhD students

O. Ulrich, CEA engineer Ab, A1-5 (NRS staff direction) Al-A-6

Jean-Sébastien Micha, a CNRS engineer belongs to the permanent staff of the IRIG/DIESE/SYMMES
laboratory with the UMR status with CNRS. He is involved in the management of the BM32-IF beamline and
also in the operation of the uLaue instrument and code development. He is not a permanent staff of NRS,
but he participates directly in our objectives (A4-Ab).

2 PhD students have been included to the laboratory budget, and 11 PhDs have been managed by the
NRS researchers during the period (8 are under way). Most of these PhDs are registered at the University
Grenoble Alpes and principally at the Ecole Doctorale de Physique and Ecole Doctorale d’Electronique,
Automatique, Traitement du Signal, when CEA/Leti is involved. One of the comments of the last HCERES
evaluation of the laboratory was “Attracting PhDs and post docs may be difficult on such instrumental
teams, which may explain the small number of PhDs (2)." This is sfill true but that is compensated by strong
involvement in many PhDs of CEA laboratories. This has the advantage (i) to participate to our research
axes (referred to Al-7 in the annex list), (i) to establish strong scientific collaborations, (iii) fo promote the
use of synchrotron in other laboratories and for CEA missions, and (iv) to have external funding.

The laboratory budget is about 500 k€ per year, which breaks into non-permanent salaries, running costs,
and investments (See details in the ANNEX 4). The funding, quite diverse as shown later, is coming from
French government, ANR, CEA, Europe and industry.
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Scientific policy

The previous recommendations of the HCERES committee pointed out the “question to find topics where
this complex characterization can bring an impact which should be as large as the tools are complex
and expensive”. This point has really been a major concern and we developed indeed a sfructured
scientific policy based on the following two main axes:

e E1 - Involvement at ESRF with the operating of the French-CRG beamlines of the ESRF, and more
specifically the Interface BM32-IF beamline (“maille: Trés Grands Instruments de Recherche”). The CNRS
and the CEA have jointly constructed and operate the CRG-IF beamline at ESRF to propose powerful X-
ray beams, state-of-the art techniques and analysis tools to French surface/interface researchers. One
third of the beamtime is allocated in counterpart to the European scientific community. This beamline
opened at the beginning of the ESRF, was the first CRG Beamline operational. BM32 is now composed
of technical and scientific staff coming from CEA (NRS) and CNRS (INP/SYMMES UMR 5819 and Institut
Néel). CRG-IF beamline is member of the 5 French beamlines located at the ESRF forming the F-CRG
facility, which is coordinated by CNRS and CEA with operating structures: “Structure d’exploitation”,
“conseil d’administration”, “conseil scientifique”. Detailed reports on the beamtime allocation, users,
domains... can be found in the following link: http://f-crg.fr. It allows us to optimize the financial
resources and state our strategy with respect to other beamlines at ESRF and SOLEIL by specifying the
skills to promote or to share... This coordination leads to a stfrong complementarity between the
instruments and topics. Indeed, we develop mainly experiments using the high X-ray energy range
provided by ESRF that is much above what is accessible at Soleil. A major task started in Dec. 2018 with
the Extremely Brilliant Source project of the ESRF (see the five-year project).

E2 - In-house thematic studies with the fulfiment of the CEA missions in fundamental and applied
research, mainly driven by three programs of CEA (called “mailles”): (i) Fundamental Research in Physics
and associated instruments, (ii) Information and Communication Technologies (ICT) and (i) New
Technologies for Energy. In this context, we participate also to the Nano Characterization Platform PFNC
of CEA in the X-ray field.

The laboratory carries out cutting edge research on focused domains based on our equipment and on
the staff specific expertise. And in addition to these focused in-house research (detailed hereafter), the
lab members have also a three-fold involvement with our collaborators: (i) to help in proposal writing, in
identifying the ad hoc techniques to solve a scientific or technical question and in designing the most
relevant experiment, (i) fo act as an interface between the CEA laboratory users and synchrotron
facilities, (i) to process the raw data and extract useful information. To perform these tasks, the
laboratory has proactive roles to improve some instruments, to manage experiments and imagine new
ones, and fo participate to data analysis, but also to find resources and contracts that are mandatory
to keep a leader position.

We got a second remark from the committee about our 5-year strategy saying “This is ambitious. However,
if this allows opening the thematic and establish more collaboration in domains with real challenges and
large impact, then it is worth doing this technological effort.” This report will show in the following that the
promised technical development of the beamline has been performed and also that it led to the
definition of real scientific challenges with the establishment of French and international collaborations.

2- Presentation of the NRS team research ecosystem

E1 - Involvement at ESRF

The BM32 beamline is dedicated to study the physics and chemistry of surfaces, interfaces, thin films and
nanostructures and the mechanical properties at the micron scale. It holds three experimental stations
that operate either with polychromatic or monochromatic beam of ~100 ym to sub-um sizes, 6
days/week except annual shutdowns (see Fig. NRS1). It is granted by the Large-Scale Facility program of
CEA and CNRS.
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The GMT station uses
Fig. NRSI: penetrating hard X-ray
View of (30 keV) to investigate
the three interfaces between
insfruments  4ense materials

of the A

BM32 (liquid/liquid or
beamline IIQUId/SOIId) by well-
at ESRF. established techniques,
among others:  X-ray
Reflectivity (XRR), Wide

Angle (XRD/WAXS) and
Small Angle Scattering (SAXS). Because of its very versatile design, the GMT instrument fits the needs of a
wide community for “soft » and « hard » condensed matter with both fundamental and technology-
related aspects, e.g. nanowires, wafer bonding, in operando Si nanoparticles swelling during Li-ion
battery cycling charge (electrochemical cell developed by CEA.

The INS2 station is based on the combination of an MBE/CVD/UHV reactor chamber and of an X-ray
diffractometer allowing for the preparation of surfaces/interfaces and the growth of nano-films/particles
and for their simultaneous studies, in situ and/or operando, using techniques such as Surface X-Ray
Diffraction (SXRD) and Grazing Incidence X-ray Scattering/Diffraction at wide (GIXS/D) and Small (GISAXS)
angles. A recent EQUIPEX funding (CRG/F) allowed to design and realize a completely new state of the
art experimental station providing unprecedented capabilities for in situ experiments with a highly-
equipped reactor chamber (large panel of CVD/MBE/gas sources) combined with ultra-high vacuum
surface tools. It allows for the characterization/growth/modifications of a large variety of materials, with
specific developments insuring the lowest possible background; hence the highest achievable signal-
over-noise rafio and fast data acquisition. The addition of a gas injector allowed for the development of
recent CEA research subjects using this station, especially the in-situ growth of 1D semiconductor
nanowires and 2D materials such as graphene.

The pLave station, is unique in Europe. Using a white (5-30 keV) X-ray nanobeam (~500 nm) with
appropriate 2D detectors provides a 2D microstructural mapping using Laue microdiffraction. The recent
addition of techniques providing structural information with high resolution in strain and depth resulted in
an X-ray 3D microscope suited, e.g. for accurate metrology in microelectronic devices and to stress level
conftrol in heterogeneous materials for energy and metallurgy.

E2 - In-house thematic studies
Several long-term kinds of research are conducted by the laboratory personnel on a few selected
topics (detailed in the next chapter):

e Al: Physics of SOl materials: for the past ten years, the laboratory has been conducting in-depth studies
with local partners of the CEA DRT/Leti, particularly with groups involved in the development of these
materials as part of a common CEA-SOITEC laboratory. These studies are related to the understanding
of the physics underlying the technology processes (i.e. implantation, bonding, fracture) and make use
of several laboratory experimental setups: mass spectrometer to quantify implanted species, infra-red
and confocal microscopes to study bubbles and cavities, laser interferometry to estimate wafer
separation during the fracture. The gap and sealing conditions between bonded wafers have been
extensively measured by high-energy X-ray reflectivity on the BM32 beamline, fracture nucleation by
full-field X-ray microscopy at IDO1@ESRF and propagation by fime-resolved topography at ID19@ESRF.
This action is presently funded by the SOITEC company through the CEA-SOITEC laboratory and by the
ANR Fraindy (Fracture Initiation and Dynamics, 2019-2022).

A2: Electronics & optics materials strain and composition in Si transistors and nitride materials for light
emission studied by nanobeams and new approaches (coherent and full-field diffraction). We have a
strong scientific collaboration with the ESRF X-Ray NanoProbe (XNP) group (IDO1, ID13, ID16 beamlines)
and the development of analysis softwares. We participated to a Long-Term Project (LTP) with Aix-
Marseille University, CNRS/SIMAP and University Paris Sud called Quantitative diffraction on single nano-
structures for mechanical, photonic and electronics applications (2012-2015). This work benefits from
strong relationships with CEA IRIG/PheliQs/NPSC laboratory for nanowire crystal growth, optics and
structures, the CNRS/C2N for nanodevice realization and CEA IRIG/PheliQs/SiINaPS and DRT/Leti for
state-of-the-art samples of transistors, emitters, detectors and technology access. We participated to
the Lanef and GaNEX ANR Labex (recently extended). We get funding from CEA Bottom-Up programs
LUMIX (2017-2020) and ANR funding: Mechanics of Nano-Objects studied by in-situ X-ray diffraction,
MECANIX (2011-2015), Nanowire based integrated platforms, Platofils (2014-2018), Exploratory Carnof,
PiezoFlex (2015-2017).
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e A3: 1D & 2D materials grown under the X-ray beam: structure and kinetics. For a long fime, the laboratory
has been conducting in situ synchrotron X-ray scattering studies of nano-materials (3D, 2D and 1D)
during their growth, using physical (MBE) or chemical (CVD) evaporation processes on BM32. The most
recent studies were the growth of graphene on Iridium and the organization of metallic particles on top
of the resulting moiré superstructure; the growth of silicon-germanium nanowires according to the VLS
process, and, more recently, the growth of different 2D materials, mostly based on Te and S as
chalcogen; this later being provided thanks fo Hz2S gas. In parallel to investigating the growth laws and
processes, the tfeam developed the related fechniques (GIXD, SXRD, GISAXS) and their analyses, as well
as the corresponding diffractometer. A completely new diffractometer and associated UHV-CVD setup
(called INS2) has been developed thanks to an EquipEx funding (CRG/F 11-EQPX-0010, 2012-2019) and
has shown its broad versatility with many experiments accepted by the committees. A fruitful
collaboration with A. Dimoulas who has got a Chair of excellence in 2016 from the Lanef Labex and
with other IRIG partners (SPINTEC, MEM/L_Sim, 2D factory program) and CNRS Institut Néel partners,
allowed many successful studies of important Te-based dichalcogenides. The lab is also involved in a
H2020 FET-Horizon project (Liquid Metal Catalyst, LMCAT, 2017-end 2020) aiming to study the ongoing
chemical reactions and growth mechanisms on molten catalysts (e.g. graphene on liquid copperin a
dedicated reactor designed by the consortium) with many European partners.

e A4: Crystallographic phases and kinetics in battery & sol-gel materials with IRIG partners (i.e. MEM/SGX
and SYMMES/STEP), and with DRT/Liten. Granted by the project H2020-685716 (Silicon based materials
and new processing fechnologies for improved lithium-ion batteries, Sintbat, 2016-2020).

e A5: II-VI materials for high-performance IR detectors. Micro-Laue and EXAFS studies granted by CEA
intfernal transfers (between DRT/DOPT and MEM/NRS). Also, in collaboration with IRIG/PheliQs/NPSC and
the Technical University of Lisbon.

e A6: Instrumental developments. The laboratory must continue its constant efforts to keep our
equipments at the best level, for the beamline optics in order to accompany the ESRF upgrade, as well
as detectors and instruments. We have also to facilitate the users work to perform some data analysis
that become always heavier due to the generalization of fast 2D detectors with many pixels. This task is
done in coordination with ESRF scientific policy and European synchrotron procedures. One important
project corresponds to the Micro-Laue methodology developments. Granted by a French-German
ANR-16-CE?2-0024 project (X-ray Laue Microscopy to Understand Fatigue Damage, XMicroFatigue,
2017-end 2019) with the Max-Planck-Institut fUr Eisenforshung, DUsseldorf. This work contributes directly
to all the users of this instrument. The CRG/F INS2 EquipeX project mentioned just above (A3) has also
benefited from the high-level expertise and experience of the CRG/IF beamline staff as well as that of
the SERAS laboratory of the CNRS-Grenoble for the 3D computer assisted conception.

o A7: Simulation of model vicinal surfaces. An activity is focused of the quantification and relationships
between surface energies and stresses by using empirical potentials for silicon and metallic vicinal
surfaces.

Main collaborators external to MEM
Industrial partners: SOITEC, SOFRADIR

Institutional partners: IRIG : PHELIQS/NPSC ; CNRS : Institut Néel, C2N; Lefti; Liten; Leiden University
Netherlands ; NCSR Democritos Greece; Technical Univ of Lisbon Portugal

3- Research products and activities for the NRS team
Scientific tfrack record

During this 5-year period, the NRS team has produced about 112 articles, with 24 papers in high-impact
factor journals (IF>7) including 1 (IF>20). About 29 proceeding papers have been written. The laboratory
staff participated also to the writing of 5 book chapters and to the editorial management of 3 journals
(lists are given at the end of this part.

NRS Scientific topics:

A1. Physics of SOl materials
Permanent staff: F. Rieutord, S. Tardif, J. Eymery, PhD student: D. Massy

Solid/solid interfaces are ubiquitous in micro- or opto-electronics devices but are difficult to study using
standard surface probes. Hard X-rays used under grazing incidences combine the benefits of a large
penetration depth and interface sensitivity. These techniques have been developed on the BM32
beamline at ESRF taking full advantage of the ESRF source features. Wafer bonding interface studies were
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performed in collaboration with DRT-LETI and the SOITEC company (see highlight H1). Fundamental issues
associated to the contact of solid surfaces at nanometre scale were addressed, showing the influence
of van der Waals atftraction, surface roughness and material elasticity. Specific adhesion behaviours
could also be evidenced?. In the important case of hydrophilic surface bonding, the role and reactions
of interfacial water was studied. The transport kinetics of this confined fluid along the interface could also
be studied thanks to the good time and size resolution achievable with these synchrotron X-ray beamss°,
The nanometre gaps obtained by bonding and their study using X-rays have been used subsequently by
colleagues from CEA DEN (Marcoule) to investigate the effect of confinement on the reactivity of ionic
solutions. Finally, opposite to bonding interfaces, crack interfaces and dynamic crack propagation in
crystals was also investigated. Important results were obtained on the role of acoustic waves in the field
of dynamic fracture of brittle materials.

A2. Electronics & optics materials: strain and composition
Permanent staff: J. Eymery, V. Favre-Nicolin, F. Rieutord, S. Tardif, O. Robach, O. Ulrich, J.-S. Micha
(CNRS/SYMMES), PhD student: G. Girard

Nanobeams and coherent diffraction for (opto-)electronic nanostructures

Optimizing the performances of semi-conductor nanostructures for electronic and optoelectronic
devices relies on a precise control of the strain, shape, defects with an accurate characterization of
individual objects. Two main assets of the last generation X-ray synchrotron beams, i.e. nanofocusing and
coherence have been used extensively to perform (i) coherent diffraction imaging (the sample is
illuminated at a single position and is rotated either to gather a tomography dataset or around a Bragg
diffraction peak) and (i) ptychography (the sample is illuminated at a series of overlapping positions by
the incident beam with diffraction recorded on a 2D detector either in forward scattering or at Bragg
condition). Bragg diffraction analysis with the PyNX package, allows recovering both the strain in the
object and the X-ray probe features. A ptychographic reconstruction of a 1.7 nm insertion of InAs in a
GaAs nanowire is given as an example>! in Fig. NRS2.
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Fig. NRS2: (Left) Ptychographic reconstruction of the (113) reflection of a GaAs nanowire with an insertion of 1.7 ML of InAs.
Brightness corresponds to the amplitude and colour to the phase (related to strain). The probe shape is shown in the inset.s!
(Right) lllustration of the XEOL technique (with energy images corresponding to the emission of a core-shell INnGaN/GaN wire)
combined with X-ray fluorescence mapping.54

High-energy focused beams (around 50 nm in diameter) are also used to investigate the relationships
between light emission and composition by combining X-ray Excited Optical luminescence and X-ray
fluorescence. We performed mappings recording at each points the light emission and the fluorescence
spectra. In,Ga-composition of core-shell INGaN/GaN wire heterostructures and photovoltaic devices
have been analysed on ID16B@ESRF to get light and composition variations in nanostructures as well as
the influence of polarity inversion on doping concentration and emission features’2. Such multispectral
analyses are also extended to working devices (LEDs, transistors and u-displays) taking advantages of
high-energy X-ray. Two mainstream activities of CEA corresponding to state-of-the-art 10 nm thick Si
fransistor channels and 10 nm AIGaN layers for high power HEMT fransistors have been measured on the
IDO1 at ESRF beamline with the partial illumination of a single object or by (coherent-) diffraction mapping
33, The aim of these measurements - that can be also performed under electrical excitation - is to go

4 F. Rieutord, C. Rauer, H. Moriceau, Interfacial closure of contacting surfaces, EPL, 107, 34003, 2014.

50 M. Tedjini, F. Fournel, H. Moriceau, V. Larrey, D. Landru, O. Kononchuk, S. Tardif, F. Rieutord, Interface water diffusion
in silicon direct bonding, Appl. Phys. Lett., 109, 111603, 2016.

51 Q. Mandula, M. Elzo Aizarna, J. Eymery, M. Burghammer, V. Favre-Nicolin, PyNX.Ptycho: a computing library for X-ray
coherent diffraction imaging of nanostructures, J. Appl. Cryst., 49, 1842, 2016.

52 D. Salomon, A. Messanvi, J. Eymery, G. Martinez-Criado, Silane-Induced N-Polarity in Wires Probed by a Synchrotron
Nanobeam, Nano Letters, 17, 946, 2018.

53 F. Mastropietro, J. Eymery, G. Carbone, S. Baudot, F. Andrieu, V. Favre-Nicolin, Time-Dependent Relaxation of
Strained Silicon-on-Insulator Lines Using a Partially Coherent X-Ray Nanobeam, Phys. Rev. Lett., 111, 215502, 2013.
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beyond the determination of average strain value, to get inhomogeneities inside patterns and statistics
in-between single objects (see Fig. NRS3a). It generally involves new experimental and computational
developments. X-ray diffraction methods operated on BM32 and BM02 have been applied to Light
Emission Diodes based on multiple quantum wells and quantum dots. It participated significantly to the
opfimization of new MOVPE and MEB nitride-wire heterostructures by using X-ray diffraction and have
been complemented by XAFS techniques to refine the interplay between strain and short-range order in
InGaN alloys. Nitride piezoelectric materials have been also studied by coherent diffraction imaging on
IDO1@ ESRF to revisit the atomic structure of inversion domain boundaries in GaN>5 that is one of the most
important defects in nitride materials (see Fig. NRS3b).
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Fig. NRS3: (a) (113) diffraction from a strain Silicon on Insulator line (width 225 nm, height 70 nm) with a partially coherent x-ray
nanobeam and related displacement field along depth (uz).5 (b) Coherent X-ray Bragg imaging (112 reflection) of a phase
object corresponding to an Inversion Domain Boundary in GaN wires%> with extracted density and displacement fields
(IDO1@ESRF beamline).

Lave microdiffraction mapping of orientation and deformation

The Laue microdiffraction (uLaue) instrument addresses the needs of the CEA to map crystal orientations
and deformations at the sub-micron scale, e.g. in integrated circuits, micro structured components (but
also nuclear fuel, piping steels or fuel cells). Suitable for any mono- or polycrystalline (possibly defective)
material with grains larger than 100 nm, the uLaue provides a local measurement of the orientation of the
crystal (Euler angles) and of the symmetries (Laue class) without any need to rotate the sample, as
opposed to other diffraction imaging techniques (e.g. 3DXRD or CDI). Bending and twisting within the
crystal can be obtained from the spatial derivatives of the orientation angles. Measured strain values can
also be converted in terms of stress assuming the mechanical parameters of the material (see the
example shown in Fig. NRS4). Large sample space and relatively quick acquisitions allow in-situ
measurements (applied fields, temperature, etc.). Compared to high angular resolution electron back-
scattering diffraction, yLaue offers a larger analysis depth and a better absolute precision on the strain,
at the cost of a lower spatial resolution.

(a) Laue pallcT (b)
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Fig. NRS4: (a) yLaue experimental setup, using the LaueTools software. (b) Full strain tensor components measured in
microstructured, suspended monocrystalline Ge membranes (DRF/IRIG). (c) Differential aperture depth resolved grains
orientation in Z.

A limitation of the ulLaue is the insensitivity fo hydrostatic changes since the energy of the diffracting
photons is usually unknown. We have developed several technical improvements to circumvent this issue,

54 C. Durand, JF. Carlin, C. Bougerol, B. Gayral, D. Salomon, JP. Barnes,_J. Eymery, R. Butté, N. Grandjean, Thin-Wall
GaN/InAIN Multiple Quantum Well Tubes, Nano Lett., 17, 3347, 2017.

35S, Labat et al., [11 authors — J. Eymery], Inversion Domain Boundaries in GaN Wires Revealed by Coherent Bragg
Imaging, ACS Nano, 9, 9210, 2015.
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i.e. using the “rainbow filter" method or energy sensitive detectors.> For example, we were able to
measure the full strain tensor in Ge micro-structures under tensile stress® and to evidence the non-linear
relation between longitudinal strain and Raman spectral shift. Additionally, recent efforts pushed fowards
depth-resolution using the differential aperture tfechnique (i.e. by scanning an absorbing wire over the
surface to friangulate the origin of the Bragg reflections) and using fomography (see next paragraph).

3D strain mapping using uLave topography

The need to resolve the strain distribution across interfaces and in actual devices has driven the
development of depth-resolved pylLaue, e.g. for the failure analysis in embedded interconnects (see Fig.
NRS5). Using the fomography approach, i.e. by rotating the sample in the beam and recording the
corresponding
Laue patterns, a (a)
detailed 3D
description of
the grains (strain
and orientation)
in the probed
volume can be
obtained. It was
successfully
applied to
evidence the strain fields in and around through-silicon via (TSV) made of polycrystalline cylinders of
copperin silicon %8,

(b) *2 N Fig. NRS5: (a) Tomo-Laue

Cu grains map -I experiment, a Cu TSV sample is

i / rotated in the beam while
b recording the Laue pattern,
which allows the grain map
) reconstruction.

A (b) Absorption nano-
A tomography reconstruction of
] six Cu TSV in Si to illustrate a
— typical sample (TSV diameter).

A3. 1D & 2D materials grown under the X-ray beam: structure and kinetics
Permanent staff: G. Renaud, O. Ulrich, PhD students: T. Zhou, B. Jean, R. Sant, Post-Docs: V. Cantelli, M.
Jankowski, associated CNRS members: especially O. Geaymond

The capability to monitor structures during their growth under suitable clean atmosphere is one of the
assets of large facilities. Optimizing the growth to achieve 1D & 2D materials of the highest structural
quality and over large areas is a major challenge that has been tackled by the INS2 instrument along two
main directions: (1) the in-siftu growth of SiGe nanowires (NWs) with the dedicated instrumental
developments? of UHV-CVD using digermane and disilane and (2) the in-situ growth and structural studies
of novel 2D materials: graphene and Transition Metal Dichalcogenides (TMDCs).

(1) 1D SiGe NWs have been the object of intense studies because of their high potential for many
applications e.g. in micro-nano-optoelectronics. Their properties are directly linked to their shape, strains
and composition, which in furn are determined by the growth. MBE and CVD were combined fo grow
SiGe NWs by the Vapor-Liquid-Solid (VLS) process. The growth of state-of-the-art pure Ge, Si as well as
core-shell and axial GeSi heterostructures was achieved and they were analysed during their growth in
situ, combining small and wide-angle X-ray scattering. The incubation time between the onsets of gas-
exposure and NW growth has been studied as a function of size, temperature and flux and qualitatively
interpreted. The strain and intermixing were analysed in core-shell NWs grown under different conditions
by use of anomalous diffraction. Oriented MBE deposition of Ge and Au on one side of Si NWs was also
performed fo bend them in situ. A comparison of experimental and with theoretical bending profiles
allowed deducing the surface and interface stresses during growth.

56 Q. Robach, JS. Micha, O. Ulrich, O. Geaymond, O. Sicardy, J. Hartwig, E. Rieutord, A funable multicolour ‘rainbow’
filter for improved stress and dislocation density field mapping in polycrystals using X-ray Laue microdiffraction, Acta
Cryst., A69, 164, 2013.

57 S. Tardif et al., [17 authors — 8 CEA authors], Lattice strain and tilt mapping in stressed Ge microstructures using X-ray
Laue micro-diffraction and rainbow filtering, J. Appl. Cryst., 49, 1402, 2016.

38 D. Sanchez et al., [11 authors — O. Ulrich, J.-S. Micha, O. Robach], X-ray u-Laue diffraction analysis of Cu
through-silicon vias: A two-dimensional and three-dimensional study, J. Appl. Phys., 116, 163509, 2014.

5?7 V. Cantelli, O. Geaymond, O. Ulrich, T. Zhou, N. Blanc, G. Renaud, The In-situ growth of Nanostructures
on Surfaces (INS) endstation of the ESRF BM32 beamline: a combined UHV-CVD and MBE reactor for in
situ X-ray scattering investigations of growing nanoparticles and semiconductor nanowires, J. Sync. Rad.,
22, 688, 2015.
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(2) The discovery of stable 2D materials such as graphene (Gr), having exceptional mechanical,
electronic and catalytic properties led us to develop their synthesis under ultra-clean conditions, with the
objective to study and optimize their structural quality. Strains, that are known to strongly affect the
properties of low-dimensional materials, were measured during the C2H2-based CVD growth of Gr on
Ir(111) and during temperature variations. Large strains, above 2%, are present during growth,0 as well as
during annealing because of the substrate expansion that forces positive rather than the predicted
negative Gr thermal expansion.!! The atomic structure of the 10% misfit-induced moiré was also
quantitatively determined by Surface X-Ray Diffraction.¢2 Nanoparticles, either preformed or grown by
atomic evaporation, were found to organize on this moiré.s3

Topological Dirac and Weyl semimetals are a new state of matter that shows linear dispersions (Dirac
cones) in all three dimensions in the reciprocal space. Weyl fermions predicted by quantum field theory
have never been observed in free space, so theirlow energy « incarnations »in semimetals offers a unique
opportunity to merge high energy elementary particle physics with condensed matter. Discovering and
engineering topological semimetals from the family of 2D TMDC materials could open the way for
exploitation of their unique topological properties by fabricating thin epitaxial films and devices on
suitable crystalline substrates.

The growth and structure of different TMDCs on different substrates (AIN, InAs, graphene, Au, Pt) was
explored, starting with MoSe2, an indirect semiconductor in the bulk that fransforms to a direct one when
monolayer-thické4. Similar studies were done on PtSe2, which transforms from semi metallic in the bulk to
semiconductor for a monolayer. The complete structure was solved, as well as the relation with the
substrate. An H2S gas source was added to investigate the CVD growth of the TMDC prototype, MoS2, on
Au(111). Intercalation using Cs atoms allowed a complete decoupling of the MoSz layer from its substrate,
paving the way for the realization of large, defect-free MoS: flakes. We also collaborated with NCSR
DEMOKRITOS in Greece to investigate the growth and structure of 2D HfTez,%5 ZrTes, ¢ TiTe2 and MoTez®”
thin films by MBE. These materials are rotationally aligned with the InAs substrates, having the lowest in-
plane mosaicity observed so far, and have a clear quasi van der Waals (vdW) gap with the substrate,
indicating high quality vdW epitaxy. Imaging of electronic band structure by in-situ provides for the first-
fime compelling evidence that 1T-HfTe2 and 1T-ZrTe2 are Dirac semimetals. The 2D Dirac cones persist
down to the ultimate 2D limit of a single layer indicating that ZrTe2 could be regarded as an electronic
analogue to graphene. Moreover, we made the first direct observation at room temperature of the
orthorhombic (Tq), type-Il Weyl semimetal phase in epitaxial MoTea. Its stability is a result of tensile strain
from the substrate which stabilizes an elongated interlayer antibonding state characteristic of To-MoTeaz.
In 1 ML 1T-TiTe2 we obtained evidence for a charge density wave instability af room temperature.

The current state-of-the-art synthesis method of two-dimensional materials (2DMs) involves the dissociative
adsorption of gas-phase precursors (CVD) on a solid catalyst. This process is slow by nature, inefficient,
and environmentally unfriendly. Using liquid metal catalysts (LMCats) instead of solid ones bears the

60 N. Blanc, F. Jean, A.V. Krasheninnikov, G. Renaud, J. Coraux, Strains Induced by Point Defects in
Graphene on a Metal, Phys. Rev. Lett. 111, 085501, 2013.

81 F. Jean, I.Zhou, N. Blanc, R. Felici, J. Coraux, G. Renaud, Effect of preparation on the commensurabilities
and thermal expansion of graphene on Ir(111) between 10 and 1300 K, Phys. Rev. B, 88, 165406, 2013 ;
F. Jean, I. Zhou, N. Blanc, R. Felici, J. Coraux, G. Renaud, Topography of the graphene/ir(111) moiré
studied by surface x-ray diffraction, Phys. Rev. B, 91, 245424, 2015.

62 D. Franz et al., [11 authors - G. Renaud], Atomic structure of Pt nanoclusters supported by
graphene/Ir(111) and reversible transformation under CO exposure, Phys. Rev. B, 93, 045426, 2016.

63 L. Capiod, A. Bardotti, A. Tamion, O. Boisron, C. Albin, V. Dupuis, G. Renaud, P. Ohresser and F. Tournus,
Elaboration of Nanomagnet Arrays: Organization and Magnetic Properties of Mass-Selected FePt
Nanoparticles Deposited on Epitaxially Grown Graphene on Ir(111), Phys. Rev. Lett. 122, 106802, 2019.

64 M.T. Dau et al., [20 authors - G. Renaud], Beyond van der Waals Interaction: The Case of MoSe:2
Epitaxially Grown on Few-Layer Graphene, ACS Nano, 12, 2319, 2018.

65 S. Aminalragia-Giamini, J. Marquez-Velasco, P. Tsipas, D. Tsoutsou, G. Renaud, A Dimoulas, Molecular
beam epitaxy of thin HfTe2 semimetal films, 2D Mater., 4, 015001, 2017.

66 P, Tsipas, D. Tsoutsou, S. Fragkos, R. Sant, C. Alvarez, H. Okuno, G. Renaud, R. Alcotte, T. Baron,
A. Dimoulas, Massless Dirac Fermions in ZrTe2 Semimetal Grown on InAs(111) by van der Waals Epitaxy,
ACS Nano, 12, 1696, 2018.

67 P, Tsipas, S. Fragkos, D. Tsoutsou, C. Alvarez, R. Sant, G. Renaud, H. Okuno, A. Dimoulas, Direct
Observation at Room Temperature of the Orthorhombic Weyl Semimetal Phase in Thin Epitaxial MoTez,
Adv. Funct. Mater., 1802084, 2018.
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prospect of a continuous production of 2DMs with unprecedented quality and production speed. LMCat
is a multinational collaborative project in the frame of FET-Open H2020 European calls; with the aim of in
situ investigation of graphene growth on the surface of molten copper using synchrotron X-ray scattering,
Raman spectroscopy, and optical microscopy techniques. The first results obtained by in situ optical
microscopy using our newly developed LMCat reactor are very exciting. We show that the shape of the
nucleated graphene flakesis a strong function of the CVD conditions, and the flakes tend to self-assemble
info a hexagonal mosaic pattern on molten copper. Analysis of the real-time movies taken by in situ
optical microscopy has provided us with unpreceded details about the dynamics of the flake growth and
self-assembly. Combined with theoretical simulations, a theoretical model has been developed to explain
the observed long-range interactions between the flakes, based on the capillary and electrostatic forces
between them.

AA4. Crystallographic phases and kinetics in battery & sol-gel materials
Permanent staff: S. Tardif, F. Rieutord, C. Revenant, O. Ulrich, J.-S. Micha (CNRS/SYMMES)

Recent years have seen numerous developments of experimental in situ and operando techniques (i.e.
while the device is running) to probe electrochemical systems such as batteries. This is due to the strong,
worldwide push in battery research, as well as by the necessity to probe metastable states during the out-
of-equilibrium operation of such devices. For example, the exact lithiation and delithiation mechanism of
graphite at all scales in the ubiquitous Li-ion battery are still debated. Another example is the question of
sodiation mechanisms in novel layered oxide material in which self-discharge prevents the ex situ
identification of the phases involved. To perform operando measurements, the experimental technique
must be sensitive enough to access the relevant timescales (i.e. signal/noise ratio must be optimized). It
must also be able to probe the region of interest in the battery. As a result, each technique requires a
bespoke, optimized electrochemical cell, behaving as close as possible to a standard cell, yet allowing
the measurements to be performed. Therefore, a series of ad hoc cells have been designed to probe (i)
electrode interfaces using reflectivity, (i) nanostructured electrode morphology using small-angle (x-rays
and neutron) scattering, (iii) electrode crystal structure using wide-angle scattering, (iv) 3D distributions
thereof using tomography, (v) electrode internal strain using diffraction and Raman spectroscopy.

08

Volume variation of the SiNP

(a)

£ 06 {

—

EslLiv T

o=

SElform. Lithiation | Delith. | Relith. Lithiation Delithiation

10° 28
¥ ¥ : % P
K q (1/A) Tame ()
10
(d) [ Tonic Liquid I | Carbonates l
Potential (V) Potential (V)

2 s 1 o1s 3 25 30 o5 1 o1s 2 3s 3

s m i <

: ... . - ) :

TN e

10000 20000 30000 40000 50000 60000

ot oe ISR

Reflection angle (%) Reflection angle (°)

Rad

is

£(107)

==

Reflected intensity (arb. unis)

Fig. NRSé: Examples of operando measurements: (a) coupled measurement of X-Ray Diffraction and Tomography imaging of
a Li/S system, (b) measurement of the internal strain in a Si nanoparticle electrode using high-resolution diffraction, (c)
morphological changes in similar particles using SAXS, (d) SEl formation and evolution during cycling in different electrolytes
using reflectivity.

Sol-gel and polymer structures

A wide range of experimental results were obtained using these electrochemical cells, some of which are
illustrated in Fig. NRSé. The internal strain in the core of crystalline Si nanoparticles could be measured
using both X-ray diffraction and Raman spectroscopy. For the first fime, the effect of cumulative strain
upon successive partial lithiation cycles were evidenced.8 Furthermore, the combination of experimental
techniques has proven very useful to achieve a better understanding of the mechanisms at play. An

68 S. Tardif et al., [12 authors — 12 CEA authors], Operando Raman Spectroscopy and Synchrotron X-ray
Diffraction of Lithiation/Delithiation in Silicon Nanoparticle Anode, ACS Nano, 11, 11306, 2017.
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interesting example is the simultaneous measurement of the wide- and small-angle scattering to measure
the crystal structure and grain morphology, respectively, at the same time.

Nowadays, there is a fremendous development of solution-processed thin films due to the possibility of
deposition on large surfaces, even flexible and at low cost. Sol-gel and molecular thin films are examples
of solution-processed thin films. Sol-gel processed thin films were studied with the example of In-Ga-Zn-O.
Such transparent conducting oxide plays a critical role in the fabrication of many current and emerging
optoelectronic devices. Despite a massive use of sol-gel thin films, there has been relatively little effort
directed toward understanding the fundamental physics of sol-gel thin films. In sol-gel processing,
annealing at high temperatures is required to turn the gel film into an oxide compound through chemical
reactions. Annealed IGZO films exhibit pores produced by the evaporation of residual organics. We have
shown direct evidence of the nanocluster organization using STEM/EDX and GISAXS on CRG-F
BMO2@ESRF.¢? Nanoclusters are not arranged af random, but undergo self-organization closely related to
the pore arrangement in films. In addition, the local structure of the nanoclusters was studied by X-ray
absorption spectroscopy CRG-F BM30 and was linked to the electronic properties.”’® A concentration-
driven instability model well describes the roughness and the porosity of the film and the structural data
were used to derive fundamental quantities, like the diffusion coefficient of the solution and the oxide
surface energy. The drying-shrinkage model illustrated for IGZO thin films is applicable to other porous thin
films and solvents. With the knowledge of fundamental parameters, it is possible to rationalize the
morphology of sol-gel thin films and ultimately to control the properties. We also study thin films elaborated
from molecular solutions. These fiims offer numerous applications, such as innovative electrolytes for
batteries or proton-exchange membrane fuel cells. The morphology of such deposits was studied by
GISAXS to determine the organization of the molecules with respect to the substrate as a function of film
thickness and substrate nature.

AS5. II-VI materials for high-performance IR detectors
Permanent staff: X. Biquard, O. Ulrich, J.S. Micha (CNRS/SYMMES)

High-performance IR detector materials are developed at CEA/Leti/DOPT since more than 30 years. For
military and space applications, they are made of a micrometer thick HgixCdxTe detection layer
deposited onto CdiyZnyTe, with x being chosen as a function of the targeted IR domain and y for lattice
match. HgCdTe is a brittle material with a low elastic limit and the resulfing dislocations are detrimental
for carrier collection. The final device performances are therefore directly linked to both HgCdTe
crystalline quality and strain, mostly coming from the heteroepitaxial lattice mismatch. To assess any
progress in the field of low residual strain on a micrometric sized pixel, we need a high-performance
measurement tool combining sub-micrometric spatial resolution with extreme strain resolution, namely
uLaue. Dedicated experimental and software developments made us increase strain resolution by an
order of magnitude (see fop right Fig. NRS7). The strain is found null inside substrate while HgCdTe displays
a constant compressive strain (defect-free zone, coherent with a bi-axial hypothesis) that reaches zero
again (dislocation zone) when arrived at the free surface of the layer. Once the HgCdTe layer has been
epitaxially grown onto the CdZnTe, three major technological processes are sequentially applied to full-
plate sample to obtain IR photodiodes (see bottom of Fig. NRS7): dry-etching to make pixel, capping
layer deposition for protection and finally annealing to ensure electrical activation. We used the same
full-sized HgCdTe/CdinTe plate to process our three samples so that we may individually assess the
influence of these technological processes’!. This example demonstrated that the pLaue technique is
perfectly suited to study high-performance IR photodiodes since it simultaneously provides the local
rotation at excellent resolution and the local strain with an extreme spatial resolution the sub-micrometric
scale.

¢? C. Revenant, M. Benwadih, Morphology of sol-gel porous In-Ga-Zn-O thin films as a function of
annealing temperatures. Thin Solid Films, 616, 643, 2016.

70 C. Revenant, M. Benwadih, O. Proux, Local structure around Zn and Ga in solution-processed In-Ga-
Zn-O and implications for electronic properties. Physica Status Solidi-Rapid Research Letters, 9, 652, 2015.
7T A. Tuaz, P. Ballet, X. Biquard, F. Rieutord, Micro-diffraction Investigation of Localized Strain in Mesa-
etched HgCdTe Photodiodes, Journal of Electronic Materials,46, 5442, 2017.
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Fig. NRS7: Top right: strain evolution inside layer
and substrate with depth demonstrating a 10-
: £ — 5 resolution. Top Left: TEM image of an IR
% detector pixel with ulaue 2D raster scan shown
e as red dots (lower corner is rounded because
i the rotating 35° ion miling is partially
shadowed by the deposited protection resin).
Bottom: Comparison of the 2D repartition of
the local (xz) orientation using the same
+80 arcsec rotation scale to assess effect of
the three main technological processes of
etching, passivation and annealing.
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Aéb. Instrumental developments
Permanent staff: O. Ulrich, X. Biquard, J. Eymery, G. Renaud, F. Rieutord, O. Robach, S. Tardif, J.-S. Micha
(CNRS/SYMMES)

LaueTools - 3D analysis - energy scans: A Python open-source software package (LaueTools:
http://sourceforge.net/projects/lauetools/) has been developed and is sfill under improvement to
analyse the 2D Laue patterns. LaueTools is a multi-developers modular and documented package
allowing digital image processing, Laue pattern recognition and structure refinement over a massive set
of data (parallel computing). Graph theory algorithms, template matching and suited projective
fransforms are used to handle complex cases such as superimposition of many Laue pattern or peaks
overlaps when standard analysis fails. Thanks to its flexibility, LaueTools supports the integration of two
major extensions of the standard Laue techniques allowing the high-resolved decomposition of the X-ray
scattered intensities with photons energy (by means of promising 2D energy dispersive detector) and
depth inside the specimen. Strong efforts are made towards a better ergonomic software for users to fully
handle and exploit their collected data.

Next-generation monochromators for X-rays: The unique combination of CEA expertise in synchrotron
instrumentation (DRF/IRIG) and in direct bonding techniques (DRT/LETI) allows the exploration of a novel
architecture for X-ray monochromators. The current monochromators design serves a double purpose:
selecting the energy and focusing the beam in the sagittal plane by curving the second crystal. Energy
selection dictates the crystal orientation, which is usually not mechanically optimal for focusing. The new
architecture is proposed on F-CRG beamlines to decouple and simultaneously optimize these two
requirements by using the direct bonding of a diffracting thin layer on a structured substrate. The former
can be selected based on bandwidth and transmittance and the latter can be selected based on its
mechanical properties. Initial finite elements modelling has shown promising results that will be tested on
a prototype in 2020 (CEA PTC project BondMono, 2018-2019, WO2006077329A1 patent).

Othertools/instruments developed by CEA at synchrotrons: Numerous custom operando electrochemical
cells have been designed for different types of experiments, e.g. observing interface effects using
reflectivity or small angle scattering, or bulk effects using (micro-) diffraction (ID13) or tomography (ID31).
Actual micro- and nano-devices also require careful preparation to be measurable, and smaller probes
to study properties at the relevant nano-scale (ID01, ID16). New techniques are also explored, such as X-
ray Raman Spectroscopy to probe chemical states in battery electrode materials (ID20). The
development of dedicated analysis sofftware is also often required to obtain meaningful data from
complex and possibly indirect measurements (e.g. for coherent diffraction techniques).

X-ray excited optical luminescence (XEOL) is an efficient technique to measure the opftical properties of
materials. XEOL have been performed at the ID16B ESRF beamline, to study e.g. the exciton confinement
and radiatfive time decays for blue light emission in INnGaN/GaN multiple quantum core-shell wells
deposited around GaN wires, and the effect of crystalline polarity on Si-dopant incorporation and wire
emission’273, XEOL has been also combined with XRF to correlate optical properties and In-composition,
one of the most important parameters driving the emitted light colour. Experiments with nano-beams
(~60 nm) provide high spatial resolution on nanostructures, but mappings are time consuming and probe

72 G. Martinez-Criado, J. Segura-Ruiz, B. Alén, J. Eymery, A. Rogalev and A. Homs, Exploring Single
Semiconductor Nanowires with a Multimodal Hard X-ray Nanoprobe, Advanced Materials, 26, 7873, 2014.
73D. Salomon, A. Messanvi, J. Eymery and G. Martinez-Criado, Silane-Induced N-Polarity in Wires Probed
by a Synchrotron Nanobeam, Nano Letters, 17, 946, 2017.
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a limited area. The CEA Transverse Nanoscience project LUMIX (2018-2019), coupled larger XEOL scanned
areas by collecting the light with parabolic mirrors and structural information by using the uLaue setup of
BM32. It provides strain and rotation information without sample alignment, and the sub-um source fits
well with scanning measurements with typical second counting time. This unique combination of
technique has been successfully demonstrated on core-shell wires and phosphor materials to correlate
strain and grain distribution to visible-light emission features. It is presently extended to p-displays and
detectors to perform statistical analysis of the device pixels.

A7. Simulation of model vicinal surfaces with empirical potentials
Permanent staff: P. Hecquet

This work is devoted to the understanding of the inter-step interactions on vicinal surfaces to go beyond
the usual Marchenko-Parshin model. The step stresses oj are calculated both in the vicinal system (x,y.z)
where z is normal to the vicinal and in the projected system (x,b,c) where b is normal to the nominal
terrace (see the left of the figure below), and also with two methods: the first, called the ‘Force’ method,
consists to calculate directly the pressure forces that exist on surface, while the second, called the ‘AE’
method, gives the step stresses by deforming the vicinal in the direction parallel to the vicinal surface (&yy
strain) and by calculating the energy excess proportional to this deformation.
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In the 'Force’ method, the step stress is Gyy=Cbb+ Gcc, all components vary as 1/L (see the right part of the
figure) indicating a repulsion by the step stresses. The normal component zz of the step stress always
vanishes over the period L. In the ‘AE' method, 6yy = opp and the first order deformation energy is Gub.&yy.
Along the bb direction, the energy corresponds to a step stress located at the step multiplied by an
interaction term due to neighbouring steps which varies as 1/L. The cc component is excluded in the
calculation of the first order deformation energy because the corresponding step stress located at the
step vanishes in the cc direction for large L, as for the normal zz direction. This has been confirmed by the
calculations on two different vicinals Cu(11n)74 and Cu(01M)75. This original result is also important to study
the faceting phenomenon, as observed e.g. in Au(111) vicinals.

Key events

e |t is particularly important for NRS to participate in fraining activities. V. Favre-Nicolin is the present
Director of the European School HERCULES (http://hercules-school.eu/) established in 1991, which
provides training for students, postdoctoral and senior scientists in the field of Neutron and Synchrotron
Radiation for condensed matter studies. Several persons of the laboratory participated actively to
lectures, seminars and practical on the beamline. Our formation effort is also extended to the
promotion of the ylLaue technique by organizing sessions to explain the data treatments with the
LaueTools software at the USRF Users meeting and during specialized CNRS training for data treatment.

e The laboratory participated in the organization of some conferences. One of them is important in our
field is The Biennal conference on High-Resolution X-ray Diffraction and Imaging, XTOP 12t that we
organized in Villard de Lans, France (14-19" Sept. 2019). V. Favre-Nicolin was the chairman and severall
persons were involved in the organizing committee. Another illustration of our investment in the
materials research field was the organization of the 17t European Workshop on Metal-Organic Vapour
Phase Epitaxy in Grenoble, France (18-21st June 2017).

o We selected the three scientfific highlights:

74 P, Hecquet, Surface energy and surface stress on vicinals Cu(1 1 n), Surface Science, 683, 7, 2019.
75 P. Hecquet, Surface energy and surface stress on vicinals by revisiting the Shuttleworth relation.
Surface Science, 670, 58, 2018.
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I: Bonding and fracture: study of solid/solid interfaces, to show our commitment with the SOITEC

Company
2: UHV-CVD growth of SiGe nanowires studied by X-ray scattering: growth, composition, strain &

bending to demonstrate the interest to perform in situ measurement during a crystal growth
3: Synchrotron X-rays follow invisible moving crystalline defect toillustrate the performance of the yLave

technique during in situ fatigue mechanical cycles
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H1: Bonding and fracture: study of solid/solid interfaces
For a number of years, we have been studying
different key steps of the SmartCut™
technology, in collaboration with applied
research (CEA-LETI) and industry (SOITEC). These
studies lead to fundamental physics questions,
related e.g. to the dynamics of confined fluid or

of crack propagation in fragile rupture.

SmartCut™ technology

The SmartCut™ technology is the leading
technology for Silicon on Insulator (SOI) substrate
manufacturing. The SOI substrates offer key
benefits compared to standard silicon substrates
when increased performances are sought with a
reduced energy consumption (e.g. mobile
electronic devices). In the SmartCut™ process,
a thin film of crystalline silicon is transferred to a
substrate using successive bonding and fracture
steps (see figure below).

A - 1. nitial silicon 8 @ o

Y 2. Oxidation

4. Cleaning and bonding
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L 4 A4 .
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SOl wafer

7. Donor wafer becomes new wafer A

Fig. 1: Sketch of the SmartCut™ process (SOITEC)

The high level of optimization of these steps
requires a fine control and deep knowledge of
the processes.

Flow of water in nanometer gaps

When bonding two solids together (step 4in fig),
an interface is formed between them which
exhibits some voids, due to the roughness of the
two solids. When bonding two flat and clean
silicon wafers, the gap has sub-nanometric width
and is partially filled with water. This can be
evidenced using hard X-ray reflection, as the
beams are able to cross one full wafer thickness
to reach the interface. Thanks to the high flux of
the BM32 beamline, this interface structure can
be measured at different points, as a function of
fime. As a consequence, we could study the
dynamics of the water front propagation along
the interface. The experiments show that despite
the high confinement (<1nm), the water is sfill
able to flow.7¢

76 Tedjini M. et al., Appl. Phys. Lett. 109 (2016) 111603.
77 Rieutord F. et al., ECS Transactions 86 (2018) 39.
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Fig. 2: Evolution with time of the interfacial reflectivity, at
10mm from the wafer edge due to water intake. Time lag
between curvesis 1.5h.

The dynamics of interfacial water could be
modelled from standard wetting parameters in
a peculiar porous medium equation.’”

Lamb waves in crack dynamics

The splitting (step 5 on fig) is the other key step of
SmartCut™. As observed experimentally, the
crack propagation is not straight and suffers
from a variety of instabilities that translate into
some roughness after splitting. The high level of
control in the process has allowed a detailed
study of the mechanics of crack propagation.
Using mostly optical and piezo electric
observations (and occasionally fast X-ray
imaging and reflectometry) we could model the
acoustic wave emission by a propagating crack
front. We could demonstrate that the instabilities
of the fracture front originate in Lamb waves
(mostly A0 waves) self-interacting with the crack
front’8, We could demonstrate some wave
selection mechanisms. Finally, the whole
distribution of crack patterns on the wafer could
be directly modelled.

Fig. 3: Post-split pattern visible (by diffuse light scattering)
on a 300 mm wafer (left: experiments, right: calculations).

78 Massy D. et al., Phys. Rev. Lett. 121 (2018)195501 - see also https://physicsworld.com/a/cracks-
interact-with-sound-in-silicon-to-create-patterns-resembling-kelvin-wakes/ and

https://physics.aps.org/articles/v11/113
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H2: UHV-CVD growth of SiGe nanowires studied by X-ray scattering: growth, composition, strain & bending

MBE and CVD were combined in the INS chamber
of the ESRF CRG BM32 beamline to grow Ge and Si
nanowires (NWs). State-of-the-art pure Ge, Si as well
as core-shell and axial GeSi nanowires were grown
and analyzed in situ, during their growth, with X-rays
scattering at small and wide angles. The incubation
fime between the exposure to gas and the onset of
NW precipitation has been studied as a function of
temperature, flux and size, and qualitatively
interpreted. The strain and intermixing were
analyzed in core-shell NWs grown under different
conditions by use of Multiple Anomalous Diffraction
under Grazing Incidence (GI-MAD). Oriented MBE
deposition of Ge and Au on one side of Si NWs was
used to bend them in situ, due to surface and
interfacial (misfit) stresses. The bending profile was
recovered by diffraction for different deposits. A
comparison with an ad hoc mechanical theory
allows deducing the surface and interface stress
during growth.

In situ studies of Si and Ge nanowire growth

The observations performed during the growth of Si
NWs are summarized in Fig. 1.

Fig. 1: GIXD & GISAXS measurements during the VLS
growth of Si NWs on Si(111) substrate.

With GISAXS, we first observed a sudden change in
the contact angle of the liquid catalyst as soon as
the precursor gas was infroduced. This is related to
the increase of Si content in the liquid alloy during
the supersaturation process, responsible for the so-
called incubation time. NW size modulation was
measured during growth using GIXD. The size
decreased from 230 to 150 nm, revealing the initial
growth of a larger NW base followed by the smaller
NW body. The NW length was deduced from
modulations in GISAXS measurements. The well-
known sawtooth faceting was observed by both
GISAXS and GIXD.

Growth of GeSi heterostructured NWs

We next moved to growing nanowire
heterostructures (Fig. 2).
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Fig. 2: SEM images of typical Si, Ge and SiGe
heterostructured NWs grown in the INS setup.

GI-MAD were performed on growing Ge/Si core-
shell NW, and the resulting strain/composition
profiles deduced at different growth stages.

In situ bending of NWs

Simulate integrated
int the

S protie displaced Bragg peaks |

Fig. 3: (A) Schematics of the bending experiment and
process flow chart of the analysis routine used for
retrieving (B) strain and (C) stress information from the
diffraction data.

The in situ bending of Si NWs was induced by Ge
deposition on one side of them. The strain profile
along the longitudinal direction of the NWs was
obtained by analyzing the position shift of the
displaced Bragg peaks whereas the total stress
applied on the NWs was deduced by fitting the NW
curvature, retrieved from integrated intensities of
the displaced Bragg peaks, with a formula based
on classic beam theory.

We were able to reconstruct the bended shape of
the NWs (Fig. 4A), and to retfrieve the related strain
and stress (Fig. 4B) information. The reconstructed
shape agrees well with ex situ Electron Microscopy
observations. Our findings indicate that the bending
induced by Ge deposition on Si NWs sidewall at
220°C is mainly driven by the misfit stress, which
scales almost linearly with Ge film thickness. The
result is distinctively different when conducted at RT:
the bending is found to be driven by the surface
stress, which evolves from tensile eventually to
compressive in the later stage.
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H3: Synchrotron X-rays follow invisible moving crytalline defect

A considerable part of current works on materials
and applied science focusses on the development
of setups and analysis tools for extracting the
structural properties at the relevant length scale,
which are often not available. Among afttractive
techniques, the 3D mapping by Laue
microdiffraction allows to extend the vision
capability of researchers on the key structural
parameters and fundamental mechanisms that
govern device reliability and efficiency.

Intense micrometre scale X-ray probe

The Laue microdiffraction setup sfill unique in
Europe aftracts a dozen of program committees
selected experiments per year in addition to in-
house research beamtime dedicated to
instrumental developments.  With a several
hundreds of nanometers spatial resolution, it
provides 2D orientation and strain  mapping
routinely. Due to its high strain sensitivity (10-4) the
techniqgque has become a reference and
metrological tool for microelectronics materials
(e.g. Ge for bandgap engineering®, through-Si
vias”? or energy-related polycrystals in particular
UOz2 [PhD M. lbrahim 2015]). The great advantage
of uLaue is to perform non- invasive/non-
destructively direct measurements (without any
assumptions) of microstructure or internal single
objects structure in situ or operando. Valuable
information on structural parameters can then be
provided (/supplied) to understand and control the
physical and chemical phenomena under
investigation.

Non-destructive and accurate tomographic mode
Contrary to scanning electronic microscopy, X-ray
uLaue microscope probe more in depth specimen
leading to a more representative and relevant
description of the structural properties including
crystaline  defects. However, in case of
heterogeneous materials — such as single crystal
with inner high strain or misorientation gradients —
depth decomposition of X-ray scattered signal is
required. Moreover, complete 3D resolved
microsfructure leads to better reliable and
accurate data on real materials to be confronted
to models. To fill these needs a 3D X-ray microscope
was developed thanks to ANR-DFG XMicroFatigue
project funding. As an extension of the standard
uLauve technique, the Differential Aperture X-ray
Microscopy scheme is applied allowing to obtain all
X-ray scattering contributions originating from small
slices along the beam beneath the surface. By 3D
mapping of a bent reference thin Si wafer crystal, it
has been demonstrated that accuracy on strain
and orientation was conserved even in this
tomographic mode.

79 M. Deluca M. et al., Journal of Applied Physics,
120 (2016)195104.

Evaluation campaign 2019-2020 — Group A

Detector

Absorbing wire
(W, 50 um)

Sample at
40°

Fig. 1: Principles of Differential Aperture Microscopy. A
50um in diameter absorbing wire is scanned close to the
sample surface while acquiring X-ray Laue peaks on 2D
detector. The localization of the X-ray scattering in sample
is obtained by ftriangulation using digital difference of
images taken at two calibrated contiguous wire positions
intercepting the Laue peak direction (red line).

Understanding fundamentals of fatigue damage
initiation

Both in structural and functional materials key-
questions concerning the mechanical properties
remain unanswered. Within the XMicroFatigue
project, the combination of 3D uLaue and insitu low
cycle fatfigue loading is applied onto a
fundamental and life limiting problem at the micron
scale: the cyclic interaction of few dislocations with
a grain boundary. Unprecedented insights into the
structural evolution of damage in materials under
deformation were recently obtained on micro pillar
made of two grains. At each loading step, from 3D
Maps complete microstructure — namely dislocation
locations and orientations and stress-induced strain
field- could be quantitatively measured. These data
will be subsequently used for the calibration of
Discrete Dislocation Dynamics simulations for
modelling crystal plasticity onset.

Fig. 2: (bottom) view of a
bicrystal pillar after the first
deformation step of a
fatigue cycle. (top)
Corresponding 3D map of
Lauve peak elongation
related to the number of
stored dislocations at the
grain boundary (vertical
plane perpendicular to
applied deformation Ax at
the middle of the pillar).
Voxel size: 1x1x1um3.
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4- Organisation and life of the NRS team

Steering, life, organisation in the unit

We have few team meetings (3 per years), but small groups discuss every day at the two sites (ESRF and CEA).
Technical meetings are structured with respect to the different actions of the laboratory (SOITEC, CRGs, Europe,
ANR ...).

Parity; scientific integrity; health and safety; sustainable development and environmental impacts; intellectual
property and business intelligence.

The permanent staff is composed of 7 males and 2 females (soon 3) and we apply the general rule at CEA to

promote parity and professional equality between men and women. We apply also all the safety, IP and
business intelligence rules of the CEA, IRIG institute.

Five-year project and stragey of the NRS team

NRS SWOT analysis

Strengths Weaknesses

Technical and scientific skills. Missing engineer-researcher position for the INS2
experiment and growth facility.

State-of-the-art instruments (high energy X-ray,
growthin UHV, uLaue...).

Clear scientific objectives with many collaborations. | Scientific field diversity may lead to dispersion and
Strong request for our beamtime. visibility decrease.

ESRF project dynamic.
Small ratio person/subject.

Strong organizational structures (F-CRG, CEA) and
common objectives with CNRS. Constant evaluation | Two sites (ESRF, CEA) leads to difficulties to share
forimprovement. information and develop a laboratory life. People
often involved in synchrotron experiments.

Opportunities Threats/Risks
ESRF-EBS upgrade opens new opportunity for No open funding call for F-CRG to accompany the
science and new scientific X-ray developments. ESRF-EBS upgrade.

Broad applications of our techniques serving several | Too many financing windows, difficulty to manage a
fields. scientific policy under these circumstances.
Necessity to get contracts for all kind of research,
even exploratory.

Losing the balance between fundamental/applied

research funding. Policy of France & CEA about very
Appropriate positions of our activities in the CEA, large-scale facilities.

French & EU context for funding.
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Structure, workforce and scientific orientations

With the ongoing upgrade of the ESRF machine, the ESRF-EBS (Extremely Brilliant Source) is scheduled to be
completed in the middle of 2020 with the planned start of new and refurbished beamlines and the exploitation
of novel X-ray detectors in 2022-2023. ESRF will become the first high-energy synchrotron worldwide to offer an
increase of a factor 40 in the briliance and ~100 in coherence of the X-rays delivered to insertion device users.
It will open new fields of research for condensed matter and life sciences.

The laboratory must be an actor and take profit of this major improvement to accomplish our scientific policy.

El-Involvement at ESRF

Due to the bending magnet source used by all the CRGs, the potential gain is much lower than the two order
of magnitudes of the insertion devices. Our improvement is directly depending on the upgrade of the optical
elements of the beamline (mirrors and monochromators) to take advantage of the high brilliance. Note that this
parameter is fundamental for grazing incidence experiments and nanobeams measurements, i.e. most of the
experiments carried on by the laboratory. To divide the counting time (for the same experiment) by a factor 3-
4 seems to be an achievable and significant objective for the users. Another significant increase of the BM32
throughput can be also obtained by transferring the pLaue setup to a dedicated room (up to now, GMT and
uLaue are sharing the same experimental hutch). A new installation should simplify all the setup alignment and
considerably decrease the time and effort of the beamline personnel in-between different types of experiments.
This option has been precisely studied and the costs have been evaluated by the operating structure of the F-
CRG. It has been already proposed to an ANR commission, which evaluated very positively the project (ranked
2nd), but an ANR PIA3 funding call has not been open yet. This delay is already very penalizing with respect to
the ESRF-EBS project and a lack of funding is a major threat for our laboratory to maintain our competitivity and
attractivity with respect to other synchrotrons (e.g. DESY in Germany, Lund in Sweden). Therefore, we must
continue efforts in this direction regardless of the acceptance of this request for funding to continue our strong
and fruitful collaboration with the ESRF. The first actions correspond to hire a software specialist fo participate to
the implementation of the new BLISS command software (the older was SPEC) on the F-CRG beamlines (on a
shared-cost basis), to refurbish part of our optics (polishing of mirrors) and to participate to new detector
acquisition.

Another priority corresponds to the increase of the workforce dedicated to INS2. With only one CEA researcher
contributing to the local contact and to our research program, the situation is quite delicate, and a CEA
research engineer is needed to prepare the experiments, to make full use of the technical upgrade of INS2 and
to continue to improve it. Note that this instrument combines the difficulties to reproduce good growth
conditions in a hon-dedicated setup, to find suited kinetics and to perform the X-ray measurements.

Another important task to tackle for the laboratory is also to improve data management and analysis. Indeed,
with the use of new 2D detector with many pixels and sometimes with operando measurements, a large volume
of datais generated, e.g. more than 10 To of diffraction pattern data for a week-long uLaue experiment. This is
the famous data deluge that is also observed in many other fields of science. We will have to participate to the
development of metadata treatment on large scale facilities (e.g. the Datahub/ICAT+ of the ESRF) and to follow
the PaNdata rules (consortium of all photon and neutron sources in Europe dedicated to sharing good practices
of data management). Apart from these data management evolution, we will have to provide some fast and
efficient tools to users to perform in-line pre-treatment and first data analysis. As an example, some extensions
of the Laue technique must be implemented in LaueTools fowards energy resolution and in-depth sample
analysis. Graph theory algorithms, template matching and suited projective transforms, are already used to
handle complex cases such as superimposition of many Laue pattern or peaks overlaps when standard analysis
fails. A collaboration with L_Sim and other partners could help us to take advantage of powerful advanced
machine learning or compressed sensing methods, as well as to improve our efficiency in data treatment by
using CEA computing infrastructures.

A second point in terms of data freatment is related to the opportunity to use the outstanding coherence quality
provided by the ESRF source. As already illustrated in A2, coherence is especially important for the study of strain
and defects in nanostructures, and implies a strong methodology development. We will have to continue to
collaborate, and expand our collaborations with ESRF partners. The role of UGA could be strengthened in this
field by opening a professor position in the Grenoble Large Scale Facilities (there is none at this time), to
participate in X-ray and Neutron teaching, to coordinate the Hercules European School, and also to drive
international collaborations.

E2-Evolution of in-house studies

Within the next five years, we can anticipate the development of new pixel energy-detectors that will add a
multispectral analysis to the uLaue technique. It will be important to collaborate to the development of this new
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type of equipment that will led to new opportunities in materials science, especially for the fast determination
of the full strain tensor, spot analysis and composition mappings. This track is linked to the data deluge treatment
and scientific cases will be chosen accordingly.

As already said in the unit's workforce description, Marie-Ingrid Richard, coming from Aix-Marseille University will
be hired by CEA to work at the NRS laboratory before the end of 2019. She got a consolidator ERC grant (called
Carine). One of our objectives will be to accompany her project, which fits well in the axes A2 and A3 of the
laboratory. Marie-Ingrid Richard will develop new state-of-the-art in sifu fechniques based on coherent x-ray
scattering and complementary chemical characterization to study in situ and operando the structural evolution
of catalytic nanoparticles in realistic conditions during a chemical reaction. This work will use the unique
capabilities of coherent diffraction Bragg imaging (CDI). Recent proof-of-concept experiments using Pt
nanocrystals demonstrated the sensitivity and spatial resolution of CDI under liquid conditions. New dedicated
instruments for CDI have just reached user operation on the IDO1 beamline and will take profit from the ESRF-EBS
upgrade. It is only now that this new imaging technique can be applied during a catalysis reaction and can
probe the structural changes of individual nanocrystals. This project might shed light into most relevant unsolved
issues (durability, activity...) that limit the efficiency of today’s industrial processes and will open new horizons in
catalysis research.

Equipment, platforms

The three equipments (INS2, GMT, uLaue) operated by the laboratory and the French-CRG at the BM32
beamline of the ESRF are already described in the main text.

Research products and activities of the NRS team
Articles

Scientific articles (112) — 239 May 2019
The most 20% significant (22 articles, chronological order):

1. Elaboration of Nanomagnet Arrays: Organization and Magnetic Properties of Mass-Selected FePt
Nanoparticles Deposited on Epitaxially Grown Graphene on Ir(111). P. Capiod, L. Bardotti, A. Tamion, O.
Boisron, C. Albin, V. Dupuis, G. Renaud, P. Ohresser, F. Tournus. Physical Review Letters, 2019, 122 (10),
(10.1103/PhysRevlett.122.106802)

2. Room Temperature Commensurate Charge Density Wave in Epitaxial Strained TiTe 2 Multilayer Films. S.
Fragkos, R. Sant, C. Alvarez, A. Bosak, P. Tsipas, D. Tsoutsou, H. Okuno, G. Renaud, A. Dimoulas. Advanced
Materials Interfaces, 2019, pp.1801850. (10.1002/admi.201801850)

3. Beyond van der Wadls Interaction: The Case of MoSe$ 2$ Epitaxially Grown on Few-Layer Graphene. M.
Tuan Dau, M. Gay, D. Di Felice, C. Vergnaud, A. Marty, C. Beigne, G. Renaud, O. Renaulf, P. Mallet, T. Le
Quang, J.-Y. Veuillen, L. Huder, V. Renard, C. Chapelier, G. Zamborlini, M. Jugovac, V. Feyer, Y. Dappe, P.
Pochet, M. Jamet. ACS Nano, 2018, 12, pp.2319 - 2331. (10.1021/acsnano.7b07446)

4. Massless Dirac Fermions in Zrfe 2 Semimetal Grown on InAs(111) by van der Waals Epitaxy. P. Tsipas, D.
Tsoutsou, S. Fragkos, R. Sant, C. Alvarez, H. Okuno, G. Renaud, R. Alcotte, T. Baron, A. Dimoulas. ACS Nano,
2018, 12 (2), pp.1696-1703. (10.1021/acsnano.7b08350)

5. Crack Front Interaction with Self-Emitted Acoustic Waves. D. Massy, F. Mazen, D. Landru, N. Ben Mohamed,
S. Tardif, A. Reinhardt, F. Madeira, O. Kononchuk, F. Rieutord. Physical Review Letters, 2018, 121 (19),
pPpP.195501. (10.1103/PhysRevlett.121.195501)

6. Direct Observation at Room Temperature of the Orthorhombic Weyl Semimetal Phase in Thin Epitaxial MoTe
2. P. Tsipas, S. Fragkos, D. Tsoutsou, C. Alvarez, R. Sant, H. Okuno, G. Renaud, A. Dimoulas. Advanced
Functional Materials, 2018, 28 (33), pp.1802084. (10.1002/adfm.201802084)

7. Crystallographic orientation of facets and planar defects in functional nanostructures elucidated by nano-
focused coherent diffractive X-ray imaging. M.-l. Richard, S. Fernandez, J. Eymery, J. P. Hofmann, L. Gao,
J. Carnis, S. Labat, V. Favre-Nicolin, E. Hensen, O. T., T. Schulli, S. Leake. Nanoscale, 2018, 10 (10), pp.4833-
4840. (10.1039/C7NR0O7990G)

8. Operando Raman Spectroscopy and Synchrotron X-ray Diffraction of Lithiation/Delithiation in Silicon
Nanoparticle Anodes. S. Tardif, E. Pavlenko, L. Quazuguel, M. Boniface, M. Maréchal, J.-S. Micha, L. Gonon,
V. Mareau, G. Gebel, P. Bayle-Guillemaud, E. Rieutord, S. Lyonnard. ACS Nano, 2017, 11 (11), pp.11306-
11316. (10.1021/acsnano.7b05796)

9. Micro-diffraction Investigation of Localized Strain in Mesa-etched HgCdTe Photodiodes. A. Tuaz, P. Ballet, X.
Biquard, F. Rieutord. Journal of Electronic Materials, 2017, 46 (), pp.5442-5447. (10.1007/s11664-017-5691-6)
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10. Thin-Wall GaN/InAIN Multiple Quantum Well Tubes. C. Durand, J.-F. Carlin, C. Bougerol, B. Gayral, D.

Salomon, J.-P. Barnes, J. Eymery, R. Bufté, N. Grandjean. Nano Letters, 2017, 17 (6), pp.3347 - 3355.
(10.1021/acs.nanolett.6004852)

11. Silane-Induced N-Polarity in Wires Probed by a Synchrotron Nanobeam. D. Salomon, A. Messanvi, J. Eymery,
G. Martinez-Criado. Nano Letters, 2017, 17 (2), pp.946 - 952. (10.1021/acs.nanolett.6004291)

12. Flexible White Light Emitting Diodes Based on Nitride Nanowires and Nanophosphors. N. Guan, X. Dai, A.
Messanvi, H. Zhang, J. Yan, E. Gautier, C. Bougerol, C. Durand, J. Eymery, M. Tchernycheva. ACS photonics,
2016, 3 (4), pp.597-603. (10.1021/acsphotonics.5b00696)

13. KB scanning of X-ray beam for Laue microdiffraction on accelero-phobic samples: application to in situ
mechanically loaded nanowires. C. Leclere, T. Cornelius, Z. Ren, O. Robach, J.-S. Micha, A. Davydok, O.
Ulrich, G. Richter, O. T. . Journal of Synchrotron Radiation, 2016, 23 (6), pp.1395-1400

14. Interface water diffusion in silicon direct bonding. M. Tedjini, F. Fournel, H. Moriceau, V. Larrey, D. Landru,
O. Kononchuk, S. Tardif, F. Rieutord. Applied Physics Letters, 2016, 109 (11), pp.111603. (10.1063/1.4962464)

15. PyNX.Ptycho: a computing library for X-ray coherent diffraction imaging of nanostructures. O. Mandula, M.
Elzo Aizarng, J. Eymery, M. Burghammer, V. Favre-Nicolin. Journal of Applied Crystallography, 2016, 49 (5),
pp.1842-1848. (10.1107/s1600576716012279)

16. Lattice strain and tilt mapping in stressed Ge microstructures using X-ray Laue micro-diffraction and rainbow
filtering. S. Tardif, A. Gassenq, K. Guilloy, N. Pauc, G. Osvaldo Dias, J.-. Hartmann, J. Widiez, T. Zabel, E.
Marin, H. Sigg, J. Faist, A. Chelnokov, V. Reboud, V. Calvo, J.-S. Micha, O. Robach, F. Rieutord. Journal of
Applied Crystallography, 2016, 49 (5), pp.1402-1411. (10.1107/s1600576716010347)

17. Inversion Domain Boundaries in GaN Wires Revealed by Coherent Bragg Imaging. S. Labat, M.-l. Richard,
M. Dupraz, M. Gailhanou, G. Beutier, M. Verdier, F. Mastropietro, T. Cornelius, T. Schulli, J. Eymery, O. T..
ACS Nano, 2015, 9 (9), pp.9210 - 9216. (10.1021/acsnano.5b03857)

18. On the reversibility of dislocation slip during small scale low cycle fatigue. C. Kirchlechner, P. J. Imrich, W.
Liegl, J. Poembacher, J.-S. Micha, O. Ulich, C. Motfz. Acta Materialia, 2015, 94, pp.69-77.
(10.1016/j.actamat.2015.04.029)

19. Tensile Strained Germanium Nanowires Measured by Photocurrent Spectroscopy and X-ray
Microdiffraction. K. Guilloy, N. Pauc, A. Gasseng, P. Gentile, S. Tardif, F. Rieutord, V. Calvo. Nano Letters,
2015, 15 (4), pp.2429-2433. (10.1021/n15048219)

20. Self-organized nanoclusters in solution-processed mesoporous IN-Ga-Zn-O thin films. C. Revenant, M.
Benwadih, M. Maret. Chemical Communications, 2015, 51 (7), pp.1218-1221. (10.1039/C4CC08521C)

21. Exploring Single Semiconductor Nanowires with a Multimodal Hard X-ray Nanoprobe. G. Martinez-Criado,
J. Segura-Ruiz, B. Alen, A. Rogalev, J. Eymery, R. Tucoulou, A. Homs. Advanced Materials, 2014, 26 (46),
pp.7873 - 7879. (10.1002/adma.201304345)

22. Integrated Photonic Platform Based on INnGaN/GaN Nanowire Emitters and Detectors. M. Tchernycheva,
A. Messanvi, A. de Luna Bugallo, G. Jacopin, P. Lavenus, L. Rigutti, H. Zhang, Y. Halioua, H. Julien, J. Eymery,
C. Durand. Nano Letters, 2014, 14 (6), pp.3515-3520. (10.1021/n1501124s)

Review articles (1)

23. Germanium based photonic components toward a full silicon/germanium photonic platform. V. Reboud,
A. Gasseng, J.M. Hartmann, J. Widiez, L. Virot, J. Aubin, K. Guilloy, S. Tardif, J.M. Fédéli, N. Pauc, A.
Chelnokov, V. Calvo. Progress in Crystal Growth and Characterization of Materials, 2017, 63 (2), pp.1-24.
(10.1016/j.pcrysgrow.2017.04.004)

Other articles (professional journals, etc.) (89)
2019
24. Incorporation of Europium into GaN Nanowires by lon Implantation. D. Nd. Faye, X. Biquard, E. Nogales,
M. Felizardo, M. Peres, A. Redondo-Cubero, T. Auzelle, B. Daudin, L. Tizei, M. Kociak, P. Ruterana, W.
Moller, B. Mendez, E. Alves, K. Lorentz. Journal of Physical Chemistry C, 2019, (10.1021/acs.jpcc.80b12014)

25. Carbon Monoxide Oxidation Promoted by a Highly Active Strained PdO Laver at the Surface of Au 30 Pd
70 (110). M.-C. Saint-Lager, M.-A. Languille, F. Aires, A. Bailly, S. Garaudée, E. Ehret, O. Robach. ACS
Catalysis, 2019, 9, pp.4448-4461. (10.1021/acscatal.8004190)

26. Epitaxial growth and structure of cobalt ferrite thin films with large inversion parameter on Ag(001). M. de
Santis, A. Bailly, I. Coates, S. Grenier, O. Heckmann, K. Hricovini, Y. Joly, V. Langlais, A. Ramos, C. Richter,
X. Torrelles, S. Garaudée, O. Geaymond, O. Ulrich. Acta Crystallographica Section B, Structural Science,
Crystal Engineering and Materials, 2019, 75 (1), pp.8-17. (10.1107/52052520618016177)
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27. Surface energy and surface stress on vicinals Cu(l 1 n). P. Hecquet. Surface Science, 2019, 683, pp.7-16.
(10.1016/j.5usc.2019.01.008)

2018
28. Three-point bending behaviour of a Au nanowire studied by in-situ Laue micro-diffraction. Z. Ren, T.
Cornelius, C. Leclere, A. Davydok, J.-S. Micha, O. Robach, G. Richter, O. T.. Journal of Applied Physics,
2018, 124 (18), (10.1063/1.5054068)

29. Green Electroluminescence from Radial m -Plane INGaN Quantum Wells Grown on GaN Wire Sidewalls by
Metal-Organic Vapor Phase Epitaxy. A. Kapoor, N. Guan, M. Vallo, A. Messanvi, L. Mancini, E. Gautier, C.
Bougerol, B. Gayral, F. H Julien, F. Vurpillot, L. Rigutti, M. Tchernycheva, J. Eymery, C. Durand. ACS
photonics, 2018, 5 (11), pp.4330-4337. (10.1021/acsphotonics.8000520)

30. Towards simulation at picometer-scale resolution: Revisiting inversion domain boundaries in GaN. F.
Lancon, L. Genovese, J. Eymery. Physical Review B : Condensed matter and materials physics, 2018, 98
(16), pp.165306. (10.1103/PhysRevB.98.165306)

31. Oxygen-Induced Changes of the Au 30 Pd 70 (110) Surface Structure and Composition under Increasing
O 2 Pressure. M.-C. Saint-Lager, M.-A. Languille, F. Cadete Santos Aires, A. Bailly, S. Garaudee, E. Ehret, O.
Robach. Journal of Physical Chemistry C, 2018, 122 (39), pp.22588-225%6. (10.1021/acs.jpcc.8b07068)

32. Structural and Dynamical Properties of Water Confined in Highly Ordered Mesoporous Silica in the Presence
of Electrolytes. M. Baum, D. Rebiscoul, F. Juranyi, F. Rieutord. Journal of Physical Chemistry C, 2018, 122
(34), pp.19857-19868. (10.1021/acs.jpcc.8b02182)

33. Piezo-Potential Generation in Capacitive Flexible Sensors Based on GaN Horizontal Wires. A. El Kacimi, E.
Pauliac-Vaujour, O. Delleqa, J. Eymery. Nanomaterials, MDPI, 2018, 8 (6), pp.426. (10.3390/nano8060426)

34. Radiation sensors based on GaN microwires. D Verheij, M. Peres, S Cardoso, L Alves, E. Alves, C. Durand, J.
Eymery, L Lorenz. Journal of Physics D: Applied Physics, 2018, 51 (17), pp.175105. (10.1088/1361-
6463/aab636)

35. Surface energy and surface stress on vicinals by revisiting the Shuttleworth relation. P. Hecquet. Surface
Science, 2018, 670, pp.58-67. (10.1016/j.5usc.2017.12.014)

36. Anomalous grazing-incidence small-angle X-ray scattering of Ga 2 O 3 -based nanoparticles. C. Revenant.
Journal of Applied Crystallography, 2018, 51 (2), pp.436-445. (10.1107/S1600576718001772)

37. Evidence of 3D strain gradients associated with tin whisker growth. J. Hektor, J.-B. Marijon, M. Ristinmaa, S.
Hall, H. Hall, S. lyengar, J.-S. Micha, O. Robach, F. Grennerat, O. Castelnau. Scripta Materialia, 2018, 144,
pp.1-4. (10.1016/j.scriptamat.2017.09.030)

38. Flexible Capacitive Piezoelectric Sensor with Vertically Aligned Ultralong GaN Wires. A. El Kacimi, E. Pauliac-
Vaujour, J. Eymery. ACS Applied Materials & Interfaces, 2018, 10 (5), pp.4794 -
4800.(10.1021/acsami.7b15649)

39. High stresses stored in fault zones: example of the Nojima fault (Japan). A.-M. Boullier, O. Robach, B.
lldefonse, F. Barou, D. Mainprice, T. Ohtani, K. Fujimoto. Solid Earth, 2018, 9 (2), pp.505-529. (10.5194/se-9-

505-2018)
40. Plasticity ininhomogeneously strained Au nanowires studied by Laue microdiffraction. Z. Ren, T.W. Cornelius,

C. Leclere, A. Davydok, J.-S. Micha, O. Robach, G. Richter, O. T. . MRS Advances, 3 (39), pp.2331-2339.
(10.1557/adv.2018.465)

41. Influence of water diffusion in deposited silicon oxides on direct bonding of hydrophilic surfaces. J.
Desomberg, F. Fournel, H. Moriceau, A. Roule, E. Barthel, F. Rieutord. Microsystem Technologies, 2018, 24
(1), pp.801-808. (10.1007/500542-017-3527-1)

42. Locadl strain redistribution in a coarse-grained nickel-based superalloy subjected to shot-peening, fatigue
or thermal exposure investigated using synchrotron X-ray Laue microdiffraction. G. Altinkurt, M. Févre, G.
Geandier, M. Dehmas, O. Robach, J.-S. Micha. Journal of Materials Science, 2018, 53, pp.8567-8589.
(10.1007/510853-018-2144-4)

2017
43. Comprehensive analyses of core-shell INGaN/GaN single nanowire photodiodes. H. Zhang, N Guan, V
Piazza, A Kapoor, C. Bougerol, J Julien, AV Babichev, C Cavassilas, M. Bescond, M Michelini, M. Foldyna,
E. Gautier, C. Durand, J. Eymery, M. Tchernycheva. Journal of Physics D: Applied Physics, 2017, 50 (48),
pP.484001. (10.1088/1361-6463/a0935d)
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44, X-ray imaging of single semi-conductor nanostructures for photonics and electronics. V. Favre-Nicolin, G.
Girard, J. Eymery, S. Leake, O. Mandula, M. Elzo-Aizarna, F. Andrieu, R. Berthelon, J.-M. Gérard, J. Claudon.
Acta Crystallographica Section A Foundations and Advances, 2017, 73 (a2), pp.C501-C501.
(10.1107/52053273317090726)

45, Full elastic strain tensor determination at the phase scale in a powder metallurgy nickel-based superalloy
using X-ray Laue microdiffraction. G. Alfinkurt, M. Févre, O. Robach, J.-S. Micha, G. Geandier, M. Dehmas.
Journal of Applied Crystallography, 2017, 50 (6), pp.1754 - 1765. (10.1107/s1600576717014558)

46. Influence of Palladium on the Ordering, Final Size, and Composition of Pd-Au Nanoparticle Arrays. A. Bailly,
G. Sitja, M.-C. Saint-Lager, S. Le Moadl, F. Leroy, M. de Santis, C. R. Henry, O. Robach. Journal of Physical
Chemistry C, 2017, 121 (46), pp.25864-25874. (10.1021/acs.jpcc.7b08254)

47. Thermal Evolution of Implantation Damages in Mg-Implanted GaN Layers Grown on Si. A. Lardeau-Falcy,
M. Coig, M. Charles, C. Licitra, J. Kanyandekwe, F. Milesi, J. Eymery, F. Mazen. ECS Transactions, 2017, 80
(7). pp-131-138. (10.1149/08007.0131ecst)

48. Dynamics of altered surface layer formation on dissolving silicates. D. Daval, S. Bernard, L. Remusat, B. Wild,
F. Guyot, J.-S. Micha, F. Rieutord, V. Magnin, A. Fernandez-Martinez. Geochimica et Cosmochimica Acta,
2017, 209, pp.51-69. (10.1016/j.9ca.2017.04.010)

49. Capping stability of Mg-implanted GaN layers grown on silicon. A. Lardeau-Falcy, M. Coig, M. Charles, C.
Licitra, Y. Baines, J. Eymery, F. Mazen. Physica Status Solidi (a), 2017, 214 (4), (10.1002/pss0.201600487

50. Molecular beam epitaxy of thin HfTe 2 semimetal films. S. Aminalragia-Giamini, J. Marquez-Velasco, P.
Tsipas, D. Tsoutsou, G. Renaud, A. Dimoulas. 2D Materials, 2017, 4 (1), pp.015001. (10.1088/2053-
1583/4/1/015001)

51. Raman-strain relations in highly strained Ge: Uniaxial (100), (110) and biaxial (001) stress. A. Gasseng, S.
Tardif, K. Guilloy, I. Duchemin, N. Pauc, J. Hartmann, D. Rouchon, J. Widiez, Y. Niquet, L. Milord, T. Zabel,
H. Sigg. J. Faist, A. Chelnokov, E. Rieutord, V. Reboud, V. Calvo. Journal of Applied Physics, 2017, 121 (5),
pP.055702. (10.1063/1.4974202)

52. Raman-strain relations in highly strained Ge: Uniaxial (100), (110) and biaxial (001) stress. A. Gassenq, S.
Tardif, K. Guilloy, I. Duchemin, N. Pauc, J. Hartmann, D. Rouchon, J. Widiez, Y. Niquet, L. Milord, T. Zabel,
H. Sigg. J. Faist, A. Chelnokov, E. Rieutord, V. Reboud, V. Calvo. Journal of Applied Physics, 2017, 121 (5),
pP.055702. (10.1063/1.4974202)

53. Direct measurement of local constitutive relations, at the micrometre scale, in bulk metallic alloys. E.
Plancher, V. Favier, C. Maurice, E. Bosso, N. Rupin, J. Stodolna, D. Loisnard, J.-B. Marijon, J. Petit, J.-S. Micha,
O. Robach, O. Castelnau. Journal of Applied Crystallography, 2017, 50 (3), pp.940-948.
(10.1107/S1600576717006185)

54. FOX, Current State and Possibilities. R. Cerny, V. Favre-Nicolin, J. Rohlicek, M. Husak. Crystals, MDPI, 2017, 7
(10), 10 p. (10.3390/cryst7100322)

55. X-Ray Reflectivity Analysis of SiO2 Nanochannels Filled with Water and lons: A New Method for the
Determination of the Spatial Distribution of lons Inside Confined Media. M. Baum, D. Rébiscoul, S. Tardif,
N. Tas, L. Mercury, E. Rieutord. Procedia Earth and Planetary Science, 2017, 17, pp.682 - 685.
(10.1016/j.proeps.2016.12.146)

2016
56. Unraveling the strain state of GaN down to single nanowires. T. Auzelle, X. Biquard, E. Bellet-Amalric, Z. Fang,
H. Roussel, A. Cros, B. Daudin. Journal of Applied Physics, 2016, 120 (22), pp.225701. (10.1063/1.4971967)

57. Analysis of the full stress tensor in a micropillar: Ability of and difficulties arising during synchrotron based
mu Laue diffraction. A. Davydok, B. Nagamani Jaya, O. Robach, O. Ulrich, J.-S. Micha, C. Kirchlechner.
Materials and Design, 2016, 108, pp.68-75. (10.1016/].matdes.2016.06.098)

58. Defect Evolution during Silicon Smartcut. F. Rieutord, S. Tardif, F. Mazen, D. Landru, O. Kononchuk. ECS
Transactions, 2016, 75 (4), pp.155-160. (10.1149/07504.0155ecst)

59. Flexible Photodiodes Based on Nitride Core/Shell p-n Junction Nanowires. N. Zhang, N. Dai, N. Guan, A.
Messanvi, V. Neplokh, V. Piazza, M. Vallo, C. Bougerol, F. Julien, A. Babichev, N. Cavassilas, M. Bescond,
F. Michelini, M. Foldyna, E. Gautier, C. Durand, J. Eymery, M. Tchernycheva. ACS Applied Materials &
Interfaces, 2016, 8 (39), pp.26198 - 26206. (10.1021/acsami.6b06414)

60. Optical properties of photodetectors based on single GaN nanowires with a transparent graphene
contact. A. Babichev, H. Zhang, N. Guan, A. Egorov, H. Julien, A. Messanvi, C. Durand, J. Eymery, M.
Tchernycheva. Semiconductors, 2016, 50 (8), pp.1097-1101. (10.1134/S106378261608008X)
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61. Study of the light emission in Ge layers and strained membranes on Si substrates. A. Gasseng, K. Guilloy, N.
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Pauc, J.-M. Hartmann, G. Osvaldo Dias, D. Rouchon, S. Tardif, J. Escalante, I. Duchemin, Y.-M. Niquet, A.
Chelnokov, V. Reboud, V. Calvo. Thin Solid Films, 2016, 613, pp.64-67. (10.1016/j.1sf.2015.11.039)

Determination of the cationic distribution in oxidic thin fiims by resonant X-ray diffraction: the
magnetoelectric compound Ga2-xFexO3. Supporting information. C. Lefevre, A. T. son, F. Roulland, V.
Favre-Nicolin, Y. Joly, Y. Wakabayashi, G. Versini, S. Barre, C. Leuvrey, A. Demchenko, N. Boudet, N. Viart.
Journal of Applied Crystallography, 2016, 49 (4), pp.1308-1314.
(10.1107/S1600576716010001/to5141sup1.pdf)

Structure and Dopant Engineering in PEDOT Thin Films: Practical Tools for a Dramatic Conductivity
Enhancement. M. Gueye, A. Carella, N. Massonnet, E. Yvenou, S. Brenet, J. Faure-Vincent, S. Pouget, F.
Rieutord, H. Okuno, A. Benayad, R. Demadrille, J.-P. Simonato. Chemistry of Materials, 2016, 28 (10),
pPp.3462-3468. (10.1021/acs.chemmater.6001035)

Dependence of the photovoltaic performance of pseudomorphic INnGaN/GaN multiple-quantum-well
solar cells on the active region thickness. A. Mukhtarova, S. Valdueza-Felip, L. Redaelli, C. Durand, C.
Bougerol, Eva Monroy, J. Eymery. Applied Physics Letters, 2016, 108 (16), pp.161907. (10.1063/1.4947445)

INGaN/GaN core/shell nanowires for visible to ultraviolet range photodetection. H. Zhang, A. Messanvi, C.

Durand, J. Eymery, P. Lavenus, A. Babicheyv, F. Julien, M. Tchernycheva. Physica Status Solidi (a), 2016, 213
(4), pp.936 - 940. (10.1002/pssa.201532573

On the accuracy of elastic strain field measurements by Laue microdiffraction and high-resolution EBSD: a
cross-validation experiment. E. Plancher, J. Petit, C. Maurice, V. Favier, L. Saintoyant, D. Loisnard, N. Rupin,
J.-B. Marijon, O. Ulrich, M. Bornert, J.-S. Micha, O. Robach, O. Castelnau. Experimental Mechanics, 2016,
56 (3), pp.483-492. (10.1007/s11340-015-0114-1)

Temperature evolution of defects and atomic ordering in Si 1= x Ge x islands on Si(001). M.-l. Richard, A.
Malachias, M. Stoffel, T. Merdzhanova, O. Schmidt, G. Renaud, T. Metzger, T. Schulli. Journal of Applied
Physics, 2016, 119 (8), pp.085704

Multi-Microscopy Study of the Influence of Stacking Faults and Three-Dimensional In Distribution on the
Optical Properties of m-Plane InGaN Quantum Wells Grown on Microwire Sidewalls. L. Mancini, D.
Hermndndez-Maldonado, W. Lefebvre, J. Houard, I. Blum, F. Vurpillot, J. Eymery, C. Durand, M.
Tchernycheva, L. Rigutti. Applied Physics Letters, 2016, 108 (4), pp.042102. (10.1063/1.4940748)

Atomic structure of Pt nanoclusters supported by graphene/Ir(111) and reversible fransformation under CO
exposure. D. Franz, N. Blanc, J. Coraux, G. Renaud, S. Runte, T. Gerber, C. Busse, T. Michely, P. Feibelman,
U. Hejral, A. Stierle. Physical Review B : Condensed matter and materials physics, 2016, 93 (4), pp.045426.
(10.1103/PhysRevB.93.045426)

Strain relaxation in He implanted UO2 polycrystals under thermal tfreatment: An in situ XRD study. H.
Palancher, R. Kachnaoui, G. Martin, A. Richard, J. C. Richaud, C. Onofri, R. Belin, A. Boulle, H. Rouquette,
C. Sabathier, G. Carlot, P. Desgardin, T. Sauvage, F. Rieutord, J. Raynal, Philippe Goudeau, A. Ambard.
Journal of Nuclear Materials, 2016, 476, pp.63-76. (10.1016/j.jnucmat.2016.04.023)

. InGaN nanowires with high InN molar fraction: growth, structural and optical properties. X. Zhang, H.

Lourenco-Martins, S. Meuret, M. Kociak, B. Haas, J.-L. Rouviere, P.-H. Jouneau, C. Bougerol, T. Auzelle, D.
Jalabert, X. Biquard, B. Gayral, B. Daudin. Nanotechnology, 2016, 27 (19), pp.195704. (10.1088/0957-
4484/27/19/195704)

Large and Uniform Optical Emission Shifts in Quantum Dots Strained along Their Growth Axis. P. Stepanoyv,
M. Elzo-Aizarna, J. Bleuse, N. S. Malik, Y. Cure, E. Gautier, V. Favre-Nicolin, J.-M. Gérard, J. Claudon. Nano
Letters, 2016, 16 (5), pp.3215-3220. (10.1021/acs.nanolett.6000678)

Unraveling the strain state of GaN down to single nanowires. T. Auzelle, X. Biquard, E. Bellet-Amailric, Z. Fang,
H. Roussel, A. Cros, B. Daudin. Journal of Applied Physics, 2016, 120 (22), pp.225701. (10.1063/1.4971967)

Integrated experimental and computational approach for residual stress investigation near through-silicon
vias. M. Deluca, R. Hammer, J. Keckes, J. Kraft, F. Schrank, J. Todf, O. Robach, J.-S. Micha, S. Defregger.
Journal of Applied Physics, 2016, 120 (19), pp.195104. (10.1063/1.4967927)

Tuning the conductivity type in a room temperature magnetic oxide: Ni-doped Ga0.6Fe1.403 thin films. A.
Demchenko, Y. Chang, E. Chikoidze, B. Berini, C. Lefevre, F. Roulland, C. Ulhag-Bouillet, G. Versini, S. Barre,
C. Leuvrey, V. Favre-Nicolin, N. Boudet, S. Zafeiratos, Y. Dumont, N. Viart. RSC Advances, 2016, 6 (34).
PP.28248-28256. (10.1039/céra01540a)
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76. Towards a full retrieval of the deformation tensor F using convergent beam electron diffraction. Y. Martin,

J-L. Rouviere, J. M. Zuo, V. Favre-Nicolin. Ulframicroscopy, 2016, 160, pp.64-73.
(10.1016/j.ulisamic.2014.12.009)

77. Strain profiles in ion implanted ceramic polycrystals: An approach based on reciprocal-space crystal
selection. H. Palancher, P. Goudeau, A. Boulle, E. Rieutord, V. Favre-Nicolin, N. Blanc, G. Martin, J. Fouet,
C. Onofri. Applied Physics Letters, 2016, 108 (3), pp.031903. (10.1063/1.4939972)

78. Accurate strain measurements in highly strained Ge microbridges. A. Gassenq, S. Tardif, K. Guilloy, G.
Osvaldo Dias, N. Pauc, I. Duchemin, D. Rouchon, J.-M. Hartmann, J. Widiez, J. Escalante, Y.-M. Niquet, R.
Geiger, T. Zabel, H. Sigg, J. Faist, A. Chelnokov, E. Rieutord, V. Reboud, V. Calvo. Applied Physics Letters,
2016, 108 (24), pp.241902. (10.1063/1.4953788)

79. Gamma bandgap determination in pseudomorphic GeSn layers grown on Ge with up to 15% Sn content.
Alban Gassenq, L. Milord, J. Aubin, K. Guilloy, S. Tardif, N. Pauc, J. Rothman, A. Chelnokov, J.-M. Hartmann,
V. Reboud, V. Calvo. Applied Physics Letters, 2016, 109 (24), pp.242107. (10.1063/1.49713%97)

80. Germanium under High Tensile Stress: Nonlinear Dependence of Direct Band Gap vs Strain. K. Guilloy, N.
Pauc, A. Gasseng, Y.-M. Niquet, J.-M. Escalante, |. Duchemin, S. Tardif, G. Osvaldo Dias, D. Rouchon, J.
Widiez, J.-M. Hartmann, R. Geiger, T. Zabel, H. Sigg, J. Faist, A. Chelnokov, V. Reboud, V. Calvo. ACS
photonics, 2016, 3 (10), pp.1907-1911. (10.1021/acsphotonics.6000429)

81. In-situ X-ray mu Laue diffraction study of copper through-silicon vias. D. Ferreira Sanchez, S. Reboh, M.
Larissa Djomeni Weleguela, J.-S. Micha, O. Robach, T. Mourier, P. Gergaud, P. Bleuet. Microelectronics
Reliability, 2016, 56, pp.78-84. (10.1016/j.microrel.2015.10.008)

82. Morphology of sol-gel porous In-Ga-Zn-O thin films as a function of annealing temperatures. C. Revenant,
M. Benwadih. Thin Solid Films, 2016, 616, pp.643-648. (10.1016/j.15f.2016.09.047)

83. Structure and Dopant Engineering in PEDOT Thin Films: Practical Tools for a Dramatic Conductivity
Enhancement. M. N. Gueye, A. Carella, N. Massonnet, E. Yvenou, S. Brenet, J. Faure-Vincent, S. Pouget,
F. Rieutord, H. Okuno, A. Benayad, R. Demadirille, J.-P. Simonato. Chemistry of Materials, 2016, 28 (10),
PP.3462-3468. (10.1021/acs.chemmater.6001035)

2015
84. Moiré induced organization of size-selected Pt clusters soft landed on epitaxial graphene. S. Linas, F. Jean,
T. Zhou, C. Albin, G. Renaud, L. Bardotti, F. Tournus. Scientific Reports, 2015, 5, pp.13053. (10.1038/srep13053)

85. Investigation of Photovoltaic Properties of Single Core-Shell GaN/InGaN Wires. A. Messanvi, H. Zhang, V.
Neplokh, F. H. Julien, F. Bayle, M. Foldyna, C. Bougerol, E. Gautier, A. Babichev, C. Durand, J. Eymery, M.
Tchernycheva. ACS Applied Materials & Interfaces, 2015, 7 (39), pp.21898-21906. (10.1021/acsami.5b06473)

86. The In situ growth of Nanostructures on Surfaces (INS) endstation of the ESRF BM32 beamline: a combined
UHV-CVD and MBE reactor for in situ X-ray scattering investigations of growing nanoparticles and
semiconductor nanowires. V. Cantelli, O. Geaymond, O. Ulrich, T. Zhou, N. Blanc, G. Renaud. Journal of
Synchrotron Radiation, 2015, 22 (3), pp.688-700. (10.1107/s1600577515001605)

87. Direct Bonding Mechanism of ALD-Al 2 O 3 Thin Films. E. Beche, F. Fournel, V. Larrey, E. Rieutord, C. Morales,
A.-M Charvet, F. Madeira, G. Audoit, J.-M. Fabbri. ECS Journal of Solid State Science and Technology, 2015,
4 (5), pp.P171-P175

88. Water Stress Corrosion in Bonded Structures. F. Fournel, C. Martin-Cocher, D. Radisson, V. Larrey, E. Beche,
C. Morales, P. Delean, E. Rieutord, H. Moriceau. ECS Journal of Solid State Science and Technology, 2015,
4 (5), pp.P124-P130. (10.1149/2.0031505jss)

89. Laue-DIC : a new method for improved stress field measurements at the micrometer scale. J. Petit, O.
Castelnau, M. Bornert, F. G. Zhang, F. Hofmann, A. M. Korsunsky, D. Faurie, C. Le Bourlot, J.-S Micha, O.
Robach, O. Ulrich. Journal of Synchrotron Radiation, 2015, 22, pp.980-994. (10.1107/S1600577515005780)

90. Local structure around Zn and Ga in solution-processed In-Ga-Zn-O and implications for electronic
properties. C. Revenant, M. Benwadih, O. Proux. Physica Status Solidi-Rapid Research Letters, 2015, 9 (11),
pP.652-655. (10.1002/pssr.201510322)

91. The Nature and Origin of "Double Expanded Austenite" in Ni-Based Ni-Ti Alloys Developing Upon Low
Temperature Gaseous Nitriding. M. Fonovic, A. Leineweber, O. Robach, E. A. Jaegle, E. J. Mittemeijer.
Metallurgical and Materials Transactions a-Physical Metallurgy and Materials Science, 2015, 46A (9).
pPP.4115-4131. (10.1007/511661-015-2999-9)

92. Direct wafer bonding of amorphous or densified atomic layer deposited alumina thin films. E. Beche, F.
Fournel, V. Larrey, F. Rieutord, F. Fillot. Microsystem Technologies-Micro-and Nanosystems-Information
Storage and Processing Systems, 2015, 21 (5), pp.953-959. (10.1007/s00542-015-2437-3)
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Mechanism involved in direct hydrophobic Si(100)-2x1:H bonding. C. Rauer, H. Moriceau, F. Rieutord, J.-M.
Hartmann, F. Fournel, A. M. Charvet, N. Bernier, N. Rochat, H. Dansas, D. Mariolle, C. Morales. Microsystem
Technologies-Micro-and Nanosystems-Information Storage and Processing Systems, 2015, 21 (5), pp.961-
968. (10.1007/500542-015-2443-5)

1.9% bi-axial tensile strain in thick germanium suspended membranes fabricated in optical germanium-on-
insulator substrates for laser applications. N. Pauc, D. Rouchon, J.-M. Hartmann, J. Widiez, S. Tardif, F.
Rieutord, J.-M. Escalante, I. Duchemin, Y.-M. Niquet, R. Geiger, T. Zabel, H. Sigg, J. Faist, A. Chelnokov, V.
Reboud, V. Calvo, A. Gassenqg, K. Guilloy, G. Osvaldo Dias. Applied Physics Letters, 2015, 107 (19),
pPpP.191904. (10.1063/1.4935590)

Fracture dynamics in implanted silicon. D. Massy, F. Mazen, S. Tardif, J.-D. Penot, J. Ragani, F. Madeira, D.
Landru, O. Kononchuk, F. Rieutord. Applied Physics Letters, 2015, 107 (), pp.092102. (10.1063/1.4930016)

Ordered domain lateral location, symmetry, and thermal stability in Ge:Si islands. M.-I. Richard, A.
Malachias, T. U. Schuelli, V. Favre-Nicolin, Z. Zhong, T. H. Metzger, G. Renaud. Applied Physics Letters, 2015,
106 (1), pp.012108. (10.1063/1.4905844)

Subcritical damping of S-A step energy on Si(001) vicinals by lowering terrace stress. P. Hecquet. Surface
Science, 2015, 639, pp.1-6. (10.1016/].5susc.2015.03.031)

Formation, stability, and atomic structure of the Si (111 ) = (6 x 6 ) Au surface reconstruction: A quantitative
study using synchrotron radiation. R. Daudin, T. Nogaret, A. Vaysset, T. Schulli, A. Pasturel, G. Renaud.
Physical Review B : Condensed matter and materials physics, 2015, 91 (16), pp.165426.
(10.1103/physrevb.921.165426)

Erratum: Effect of preparation on the commensurabilities and thermal expansion of graphene on Ir(111)
between 10 and 1300 K [Phys. Rev. B 88, 165406 (2013)]. F. Jean, T. Zhou, N. Blanc, R. Felici, J. Coraux, G.
Renaud. Physical Review B : Condensed matter and materials physics, 2014, 90 (23), pp.239901.
(10.1103/PhysReVvB.20.239901)

100. X-ray y-Lauve diffraction analysis of Cu through-silicon vias: A two-dimensional and three-dimensional

101.

study. D. Ferreira Sanchez, D. Laloum, M. Larissa Djomeni Weleguela, O. Ulrich, G. Audoit, A. Grenier, J.-S.
Micha, O. Robach, F. Lorut, P. Gergaud, P. Bleuet. Journal of Applied Physics, 2014, 116 (16), pp.163509.
(10.1063/1.4899318)

Modeling and Integration Phenomena of metal-metal direct bonding technology. L. Di Cioccio, F. Baudin,
P. Gergaud, V. Delaye, P.-H. Jouneau, E. Rieutord, T. Signamarcheix. ECS Transactions, 2014, 64 (5), pp.339-
355. (10.1149/06405.033%ecst)

102. GaN wire-based Langmuir-Blodgett films for self-powered flexible strain sensors. S. Salomon, J. Eymery, E.

Pauliac-Vaujour. Nanotechnology, 2014, 25 (37), pp.375502. (10.1088/0957-4484/25/37/375502)

103. Asymmetric grazing incidence small angle x-ray scattering and anisotropic domain wall motion in

obliguely grown nanocrystalline Co films. C. Quirds, L. Peverini, J. Diaz, A. Alija, C. Blanco, M. Vélez, O.
Robach, E. Ziegler, J. Alameda. Nanotechnology, 2014, 25 (33), pp.335704. (10.1088/0957-
4484/25/33/335704)

104. Interfacial closure of contacting surfaces. F. Rieutord, C. Rauer, H. Moriceau. EPL - Europhysics Letters,

2014, 107 (3), pp.34003. (10.1209/0295-5075/107/34003)

105. Experimental and theoretical analysis of fransport properties of core-shell wire light emitting diodes

probed by electron beam induced current microscopy. L. Redaelli, A. Mukhtarova, S. Valdueza-Felip, A.
Ajay, C. Bougerol, C. Himwas, J. Faure-Vincent, E. Monroy, P. Lavenus, A. Messanvi, L. Rigutti, A. de Luna
Bugallo, H. Zhang, F. Bayle, H Julien, J. Eymery, C. Durand, M. Tchernycheva. Nanotechnology, 2014, 25
(25), pp.255201. (10.1088/0957-4484/25/25/255201)

106. Growth of Ge islands on SrTiO3 (001) 2x1 reconstructed surface: Epitaxial relationship and effect of the

temperature. B. Gobaut, J. Penuelas, A. Benamrouche, Y. Robach, N. Blanc, V. Favre-Nicolin, G. Renaud,
L. Largeau, G. Saint-Girons. Surface Science, 2014, 624, pp.130 - 134. (10.1016/].susc.2014.02.009)

107. Interaction energy between dipole lines applied on symmetric (2x1) reconstructed Si(001). P. Hecquet.

Surface Science, 2014, 624, pp.80-88. (10.1016/j.susc.2014.02.001)

108. Improved conversion efficiency of as-grown InGaN/GaN guantum-well solar cells for hybrid integration.

128

S. Valdueza-Felip, A. Mukhtarova, L. Grenet, C. Bougerol, C. Durand, J. Eymery, E. Monroy. Japanese
Journal of Applied Physics, part 2 : Letters, 2014, 7 (3), pp.032301. (10.7567/APEX.7.032301)
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109. Correlation of Microphotoluminescence Spectroscopy, Scanning Transmission Electron Microscopy, and
Atom Probe Tomography on a Single Nano-object Containing an InGaN/GaN Multiguantum Well System.
L. Rigutti, I. Blum, D. Shinde, D. Hernandez-Maldonado, W. Lefebvre, J. Houard, F. Vurpillot, A. Vella, M.
Tchernycheva, C. Durand, J. Eymery, B. Deconihout. Nano Lefters, 2014, 14 (1), pp.107-114.
(10.1021/n14034768)

110. Local band bending and grain-to-grain interaction induced strain nonuniformity in polycrystalline CdTe
films. V. Consonni, N. Baier, O. Robach, C. Cayron, F. Donatini, G. Feuillet. Physical Review B : Condensed
matter and materials physics, 2014, 89, pp.35310. (10.1103/PHYSREVB.89.035310)

111. M -Plane GaN/InAIN Multiple Quantum Wells in Core=Shell Wire Structure for UV _Emission. C. Durand, C.
Bougerol, J.-F. Carlin, G. Rossbach, F. Godel, J. Eymery, P.-H. Jouneau, A. Mukhtarova, R. Butté, N.
Grandjean. ACS photonics, 2014, 1 (1), pp.38-46. (10.1021/ph400031x)

112. Integration techniques for surface X-ray diffraction data obtained with a two-dimensional detector. J.
Drnec, 1. Zhou, S. Pintea, W. Onderwaater, E. Vlieg, G. Renaud, R. Felici. Journal of Applied
Crystallography, 2014, 47 (1), pp.365-377. (10.1107/s1600576713032342)

Books

Management and coordination of scientific books / scientific book edition in English or another foreign
language (1)
1. XTOP: high-resolution X-ray diffraction and imaging. V. Favre-Nicolin, J. Baruchel, H. Renevier, J. Eymery, A.
Borbély. Journal of Applied Crystallography, 48 (3), pp.620-620, 2015

Book chapters (5)
2. Nitride Nanowires for Light Emitting Diodes. N. Guan, X. Dai, F. Julien, J. Eymery, C. Durand, M. Tchernycheva.
Light Emitting Diodes: Materials, Processes, Devices and Applications, pp.425-484, 2019, 978-3319992105.
(10.1007/978319-99211-2 12)

3. Chapitre 4 : Analyse avancée des gradients d'orientation et des contraintes par microdiffraction Laue des
rayons X. O. Robach, J.-S. Micha, O. Ulrich, B. Devincre, T. Hoc, G. Daveau, V. Consonni, J. Petit. Rayons X
et Matiere 5, RX2013, 2017

4. MOVPE growth and characterization of core-shell nanorod heterostructures for optoelectronics. J. Eymery,
D. Le Si Dang. Modeling, Characterization and Production of Nanomaterials, pp.323-335, 2015,
9781782422280. (10.1016/B978-1-78242-228-0.00012-0)

5. Metal-Organic Vapor Phase Epitaxy Growth of GaN Nanorods. J. Eymery. Wide Band Gap Semiconductor
Nanowires 1: Low-Dimensionality Effects and Growth, Wiley-ISTE, pp.245, 2014, 978-1-848-21597-9

6. Laue Microdiffraction at the ESRF. O. Robach, C. Kirchlechner, J.-S. Micha, O. Ulrich, X. Biquard, O.
Geaymond, O. Castelnau, M. Bornert, J. Petit, S. Berveiller, O. Sicardy, J. Villanova, F. Rieutord. Strain and
Dislocation Gradients from Diffraction, Imperial College Press, pp.156-204, 2014

Edited theses (2014-2018)
2 PhDs have been directly managed by the laboratory at the Univ. Grenoble Alpes:
- Damien Massy, Etude dynamique de la fracture dans la technologie Smart-Cut, 11 déc. 2015, F. Rieutord
director. Al.
- Tao Zhou, In Situ Synchrotron X-ray Scattering of SiGe NWs : Growth, Strain and Bending, 3. Nov. 2014, G.
Renaud director. A3.

11 PhDs have been supervised by NRS researchers (8 are presently under way), see the list below:

- Markus Baum, Le réle des propriétés de l'eau et des effets spécifiques des ions sur |'évolution du
nanoconfinement de la silice, 9 Nov. 2018, F. Rieutord supervisor. Grant CEA/ICSM Marcoule. Aé.

- Aurélien Lardeau, Dopage de couches de GaN sur substrat silicium par implantation ionique, 13 July 2018, J.
Eymery director. Grant CEA/Leti/DTSI. A2.

- AymE. Tuaz, Investigations structurales haute-résolution de photodiodes infrarouges de nouvelle génération,
21 Dec. 2017. X. Biquard supervisor, F. Rieutord director. Grant CEA/Leti/DOPT. A5.

- Marwan Tedjini, Etude du collage direct Silicium Silicium, Gestion de I'eau & linterface, 24 Oct. 2017, F.
Rieutord director, Grant CEA/Leti/DTSI, Al.

- Amine E Kacimi, Capteurs piézoélectriques souples a base de microfils de GaN en structure capacitive
10 Nov. 2017, J. Eymery director. Grant CEA/leti/DSYS. A2.

- Elodie Béche, Etude des collages directs hydrophiles mettant en jeu des couches diélectrigues, 6 Oct. 2017,
F. Rieutord director. Grant CEA/Leti/DTSI. Al.
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- Jean-Baptiste Marijon, Caractérisation 3D de la microstructure et des déformations élastiques des
polycristaux par microdiffractiodiffraction Laue, 11 Jul. 2017, O. Robach co-director. Grant Art
Métier Paris Tech. Aé.
- Agnes Messanvi, Composants photoniques & base de nanofils de nitrures d'éléments Ill : du fil unique aux
assemblées,16 Dec. 2015, J. Eymery director. Grant GANEX shared with U. Paris Sud. A2.
- Anna Mukhtarova, InGaN/GaN Multiple Quantum Wells for photovoltaics, 6 March 2015, J. Eymery director.
Grant CEA/IRIG/PHELIQS. A2.
- Fabien Jean, Growth and structure of graphene on metal and growth of organized nanostructures on top,
16 Jul 2015, G. Renaud director. Grant Ecole Doctorale de Physique Grenoble. A3.
- Caroline Rauer, Collage de silicium et d'oxyde de silicium : mécanismes mis en jeu, 9 Jul. 2014, F. Rieutord
director, Grant CEA/Leti/DTSI, Al.

Production in conferences / congresses and research seminars

Articles published in conference proceedings / congress (29)
20% most significant (5)
1. (Invited) Water Transport Along Si/Si Direct Wafer Bonding Interfaces. F. Rieutord, S. Tardif, I. Nikitskiy, F.
Fournel, M. Tedjjini, V. Larrey, C. Bridoux, C. Morales, D. Landru, O. Kononchuk. AIMES 2018, Electrochemical
Society ECS, Sep 2018, CANCUN, Mexico. pp.39-47, (10.1149/08605.003%ecst)

2. InGaN/GaN _nanowire flexible light emitting diodes and photodetectors. N. Guan, X. Dai, H. Zhang, L.
Mancini, A. Kapoor, C. Bougerol, F. Julien, N. Cavassilas, M. Foldyna, C. Durand, J. Eymery, M.
Tchernycheva. 2017 19th International Conference on Transparent Optical Networks (ICTON), Jul 2017,
Girona, Spain. (10.1109/ICTON.2017.8024808)

3. Cavity mode analysis of highly strained direct bandgap germanium micro-bridge cavities. F. Armand-Pilon,
T. Zabel, E. Marin, C. Bonzon, S. Tardif, A. Gassenq, N. Pauc, V. Reboud, V. Calvo, J. Hartmann, J. Widiez,
Alexei Chelnokov, J. Faist, H. Sigg. 2017 IEEE 14th International Conference on Group IV Photonics (GFP),
Aug 2017, Berlin, France. pp.17-18, (10.1109/GROUP4.2017.8082174)

4, Highly strained direct bandgap Germanium cavities for a monolithic laser on Si. T. Zabel, E. Marin, R. Geiger,
C. Bozon, S. Tardif, K. Guilloy, A. Gassenq, J. Escalante, Y. Niquet, I. Duchemin, J. Rothman, N. Pauc, E.
Rieutord, V. Reboud, V. Calvo, J. Hartmann, J. Widiez, A. Tchelnokov, J. Faist, H. Sigg. 2016 IEEE 13th
International Conference on Group IV Photonics (GFP), Aug 2016, Shanghai, China. pp.40-41,
(10.1109/GROUP4.2016.7739082)

5. (Invited) Water Stress Corrosion in Bonded Structures. F. Fournel, C. Martin-Cocher, D. Radisson, V. Larrey, E.
Beche, C. Morales, P.-A. Delean, F. Rieutord, H. Moriceau. 13th International Symposium on Semiconductor
Wafer Bonding - Science, Technology and Applications as part of the 226th Meeting of the Electrochem
Soc, Oct 2014, Cancun, Mexico. pp.121-132

Other conferences (24)

6. Nanogenerators based on piezoelectric GaN nanowires grown by PA-MBE and MOCVD. L. Lu, N. Jamond,
J. Eymery, E. Lefeuvre, L. Mancini, L. Larzeau, A. Madouri, O. Saket, N. Gogneau, F.H. Julien, M.
Tchernycheva

2018 IEEE 18th International Conference on Nanotechnology (IEEE-NANO), Jul 2018, Cork, Ireland. pp.1-2,
(10.1109/NANO.2018.8626416)

7. Cavity mode analysis of highly strained direct bandgap germanium micro-bridge cavities. F. Armand-Pilon,
T. Zabel, E. Marin, C. Bonzon, S. Tardif, A. Gasseng, N. Pauc, V. Reboud, V. Calvo, J. Hartmann, J. Widiez,
Alexei Chelnokov, J. Faist, H. Sigg. 2017 IEEE 14th International Conference on Group IV Photonics (GFP),
Aug 2017, Berlin, France. pp.17-18, (10.1109/GROUP4.2017.8082174)

8. Flexible Light Emitting Diodes Based on Nitride Nanowires. N. Guan, X. Dai, A. Messanvi, H. Zhang, J. Yan, E.
Gautier, C. Bougerol, M. Vallo, F. Julien, C. Durand, J. Eymery, M. Tchernycheva. CLEO: Science and
Innovations, May 2017, San Jose, United States. pp.STh3l.1

9. High-quality and homogeneous 200-mm GeOl wafers processed for high strain induction in Ge. A. Gassenq,
S. Tardif, K. Guilloy, N. Pauc, M. Bertrand, D. Rouchon, M. Hartmann, J. Widiez, J. Rothman, |. Duchemin, J.
Faist, T. Zabel, H. Sigg, F. Rieutord, A. Chelnokov, V. Reboud, V. Calvo, Y.-M. Niguet. SILICON PHOTONICS
Xll, Jan 2017, SAN FRANCISCO, United States. (10.1117/12.2251790)

10. Inductively coupled plasma etching of germanium tin for the fabrication of photonic components. L.
Milord, J. Aubin, A. Gassenq, S. Tardif, K. Guilloy, N. Pauc, J. Rothman, A. Chelnokov, J. Harfmann, V.
Calvo, V. Reboud. SPIE OPTO, Jan 2017, San Francisco, United States. pp.101080C, (10.1117/12.2252280)

11. Adhesion Energy and Bonding Wave Velocity Measurements. V. Larrey, G. Mauguen, F. Fournel, D.
Radisson, F. Rieutord, C. Morales, C. Bridoux, H. Moriceau. PRIME 2016, Oct 2016, Honolulu, United States.
pp.145-152, (10.1149/07509.0145ecst)
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12. Impact of Water Edge Absorption on Silicon Oxide Direct Bonding Energy. F. Fournel, M. Tedjini, V. Larrey,
F. Rieutord, C. Morales, C. Bridoux, H. Moriceau. PRIME 2016, Oct 2016, Honolulu, United States. pp.129-
134, (10.1149/07509.012%ecst)

13. Edge Water Penetration in Direct Bonding Interface. F. Rieutord, S. Tardif, D. Landru, O. Kononchuk, V.
Larrey, H. Moriceau, M. Tedijini, F. Fournel. PRIME 2016/230th ECS Meeting, Electrochemical Society, Oct
2016, Honolulu, United States. pp.163-167, (10.1149/07509.0163ecst)

14. Transfer of Ultra-Thin Semi-Conductor Films onto Flexible Substrates. P. Montméat, I. de Nigris Brandolisi, S.
Tardif, T. Enot, G. Enyedi, R. Kachtouli, P. Besson, F. Rieutord, F. Fournel. PRIME 2016/230th ECS Meeting,
Electrochemical Society, Oct 2016, Honolulu, United States. pp.247-252, (10.1149/07509.0247ecst)

15. Fabrication of 200 mm Germanium-On-Insulator (GeQl): A step toward a Germanium photonic platform.
V. Reboud, J. Widiez, J. Hartmann, E. Gomez, A. Gasseng, K. Guilloy, M. Bertrand, S. Tardif, J. Escalante,
N. Pauc, D. Fowler, E. Bellet Amailric, D. Rouchon, I. Duchemin, M. Niquet, F. Rieutord, R. Geiger, T. Zabel,
E. Marin, H. Sigg, J. Faist, A. Chelnokov, V. Calvo. 2016 IEEE 13th International Conference on Group IV
Photonics (GFP), Aug 2016, Shanghai, China. pp.140-142, (10.1109/GROUP4.2016.7739074)

16. Non-linear bandgap strain dependence in highly strained germanium using strain redistribution in 200 mm
GeOl wafers for laser applications. A. Gasseng, K. Guilloy, S. Tardif, J. Escalante, Y. Niquet, |. Duchemin, J.
Hartmann, D. Rouchon, J. Widiez, J. Rothman, T. Zabel, E. Marin, H. Sigg, J. Faist, N. Pauc, F. Rieutord, A.
Chelnokov, V. Reboud, V. Calvo. 2016 IEEE 13th International Conference on Group IV Photonics (GFP),
Aug 2016, Shanghai, China. pp.104-105, (10.1109/GROUP4.2016.7739054)

17. Nonlinear direct band gap and Raman shift strain dependence in germanium under high uniaxial stress. K.
Guilloy, A. Gassenq, N. Pauc, S. Tardif, F. Rieutord, J.-M. Escalante, |. Duchemin, Y.-M. Niquet, P. Gentfile,
G. Osvaldo Dias, D. Rouchon, J. Widiez, J.-M. Harfmann, A. Chelnokov, R. Geiger, T. Zabel, H. Sigg, J. Faist,
V. Reboud, V. Calvo. E-MRS spring meeting. May 2016, Lille, France

18. Nonlinear strain dependences in highly strained germanium micromembranes for on-chip light source
applications. K. Guilloy, A. Gassenq, N. Pauc, J.-M. Escalante, I. Duchemin, Y.-M. Niqueft, S. Tardif, F.
Rieutord, P. Gentile, G. Osvaldo Dias, D. Rouchon, J. Widiez, J.-M. Hartmann, D. Fowler, Al. Chelnokov, R.
Geiger, T. Zabel, H. Sigg, J. Faist, V. Reboud, V. Calvo. SPIE Photonics Europe, Apr 2016, Bruxelles, Belgium.
(10.1117/12.2227497)

19. Ultra-high amplified strain on 200 mm optical Germanium-On-Insulator (GeOl) substrates: towards CMOS
compatible Ge lasers. V. Reboud, A. Gassenq, K. Guilloy, G. Osvaldo Dias, J. Escalante, S. Tardif, N. Pauc,
J. Hartmann, J. Widiez, E. Gomez, E. Bellet Amalric, D. Fowler, D. Rouchon, |. Duchemin, Y. Niquet, E.
Rieutord, J. Faist, R. Geiger, T. Zabel, E. Marin, H. Sigg, A. Chelnokov, V. Calvo. SPIE OPTO, Feb 2016, San
Francisco, United States. pp.97520F, (10.1117/12.2212597)

20. Simulation par irradiation aux ions des dégdts d'iradiation dans le combustible nucléaire usé en situation
de stockage géologique : Apport des études par DRX. H. Palancher, E. Castelier, M. lorahim, A. Boulle, A.
Richard, P. Goudeau, M. Bornert, S. Caré, R. Belin, E. Rieutord, J.-S. Micha, N. Blanc, N. Boudet, A. Ambard.
Colloque Rayons X et Matiere, Dec 2015, Grenoble, France

21. Optical spectroscopy and X-ray microdiffraction study of highly strained Ge nanostructures. K. Guilloy, N.
Pauc, A. Gassenq, P. Gentile, S. Tardif, F. Rieutord, V. Calvo, J.-M. Escalante, |. Duchemin, Y.-M. Niquet, G.
Osvaldo Dias, D. Rouchon, J. Widiez, J.-M. Hartmann, A. Chelnokov, V. Reboud, R. Geiger, T. Zabel, H.
Sigg, J. Faist. 12th International Conference on Group IV Photonics, Aug 2015, Vancouver, Canada

22. Photocurrent spectroscopy and X-ray microdiffraction study of highly strained germanium nanostructures.
K. Guilloy, N. Pauc, A. Gassenq, P. Gentile, S. Tardif, F. Rieutord, J. Escalante, I. Duchemin, Y. Niquet, V.
Calvo, G. Osvaldo Dias, D. Rouchon, J. Widiez, J. Hartmann, D. Fowler, A. Chelnokov, V. Reboud, R.
Geiger, T. Zabel, H. Sigg. J. Faist. 2015 IEEE 12th International Conference on Group IV Photonics (GFP),
Aug 2015, Vancouver, Canada. pp.173-174, (10.1109/Group4.2015.7305219)

23. Distributed Bragg reflectors integration in highly strained Ge micro-bridges on 200 mm GeQl substrates for
laser applications. A. Gasseng, S. Tardif, K. Guilloy, N. Pauc, J. Escalante, . Duchemin, Y-M. Niquet, F.
Rieutord, V. Calvo, G. Osvaldo Dias, D. Rouchon, J. Widiez, J. Hartmann, D. Fowler, A. Chelnokov, V.
Reboud, R. Geiger, T. Zabel, H. Sigg, J. Faist. 2015 IEEE 12th International Conference on Group IV
Photonics (GFP), Aug 2015, Vancouver, Canada. pp.51-52, (10.1109/Group4.2015.7305999)

24. Design rules to control the tensile strain in Ge y-membranes fabricated from GeOl substrates for photonics
applications. G. Dias, D. Rouchon, J. Widiez, J. Hartmann, D. Fowler, A. Chelnokov, V. Reboud, A.
Gassenq, S. Tardif, K. Guiloy, N. Pauc, J. Escalante, |. Duchemin, Y-M. Niquet, F. Rieutord, V. Calvo, J. Faist,
R. Geiger, T. Zabel, H. Sigg. 2015 IEEE 12th International Conference on Group IV Photonics (GFP), Aug
2015, Vancouver, Canada. pp.133-134, (10.1109/Group4.2015.7305988)
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25. Non-linear model of electronic band structure to highly tensile-strained Germanium. J. Escalante, A.
Gassenq, S. Tardif, K. Guiloy, N. Pauc, F. Rieutord, V. Calvo, G. Osvaldo Dias, D. Rouchon, J. Widiez, J.
Hartmann, D. Fowler, A. Chelnokov, V. Reboud, |. Duchemin, Y.-M. Niquet. 2015 IEEE 12th International
Conference on Group IV Photonics (GFP), Aug 2015, Vancouver, Canada. pp.77-78,
(10.1109/Group4.2015.7305955)

26. Tensile strained germanium nanowires measured by photocurrent spectroscopy and X-ray microdiffraction.
K. Guilloy, N. Pauc, A. Gassenq, P. Gentile, S. Tardif, F. Rieutord, V. Calvo. E-MRS spring meeting, May 2015,
Lille, France

27. Fracture Dynamics during the Silicon Layer Transfer of the Smart Cut Process. D. Massy, F. Mazen, J. Ragani,
F. Madeira, D. Landru, F. Rieutord. 13th International Symposium on Semiconductor Wafer Bonding -
Science, Technology and Applications as part of the 226th Meeting of the Electrochem Soc, ECS, Oct
2014, Cancun, Mexico. pp.13-20, (10.1149/06405.0013ecst)

28. Direct Bonding Mechanism of ALD-AI203 Thin Films. E. Beche, F. Fournel, V. Larrey, F. Rieutord, C. Morales,
A.-M. Charvet, F. Madeira, G. Audoit, J.-M. Fabbri. 13th International Symposium on Semiconductor Wafer
Bonding - Science, Technology and Applications as part of the 226th Meeting of the Electrochem Soc,
ECS, Oct 2014, Cancun, Mexico. pp.57-65, (10.1149/06405.0057ecst)

29. Trapping of implanted hydrogen for ultrathin layer transfer. F. Mazen, F. Gonzatti, F. Madeira, S. Reboh, C.
Deguet, F. Lallement, D. Landru, E. Rieutord, A. Royal. 20TH International Conference On lon Implantation
Technology (IIT 2014), Jun 2014, Portland, United States. pp.1-4, (10.1109/iit.2014.6940054)

Instruments and methodology

Prototypes
The EquipEx funding (CRG/F 11-EQPX-0010, 2012-2019) leads to the installation of the new INS2
insfrument on the BM32@ESRF beamline. The installation phase is completed (2012-2016), and the
operating phase is under way.

Instruments
The three equipments (INS2, GMT, pLaue) operated by the laboratory and the French-CRG at the
BM32 beamline of the ESRF are already described in the main text.

Editorial activities

Participation in editorial committees (3)
1. G. Renaud, co-editor Journal of Applied Crystallography (IUCr), 2010-2019.
2. V. Favre-Nicolin, co-editor Journal of Synchrotron Radiation (IUCr), 2015-present.
3. J. Eymery, associate editor Progress in Crystal Growth and Characterization of Materials (Elsevier),
2016-present.

Reviewing activities

The laboratory staff is involved in many reviewing procedures and evaluation committees.
Reviewing of articles (~80) in many Journals.
Grant evaluation (~29) in many institutions ANR, Europe...

Reviewing of research institutes (7):
J. Eymery: SOLEIL, member PCR3 committee, 2016-2018
ESRF, president Applied Physics and Engineering committee, 2014
ESRF, Peak overload member, Applied Physics and Engineering committee, 2015
European Science Foundation, 2013-present
F. Rieutord: ESRF, Peak overload member, Applied Physics and Engineering committee, 2018
O. Robach: ESRF, CRG Spline, member of the committee, 2014-2017

Participation in institutional committees and juries (1):
F. Rieutord HCERES committee member, Laboratoire de Physique des Solides, Orsay (LPS) evaluation.

Academic research grants

European (ERC, H2020, etc.) and international (NSF, JSPS, NIH, World Bank, FAO, etc.) grants — partnership
PRC7 FET-OPEN LMCat (2017-2020),

National public grants (ANR, PHRC, FUI, INCA, etc.) — coordination
ANR Fraindy 2019-2022
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National public grants (ANR, PHRC, FUI, INCA, etc.) — partnership
ANR Platofil (2014-2018), ANR MECANIX (2011-2015), ANR MicroStress (2012-2015),
ANR NMGEN (2011-2015)
PIA (labex, equipex etfc.) grants — coordination
Equipex CRG/F, 2012-2019
Grants from foundations and charities (ARC, FMR, FRM, etc.) — coordination
Chair of excellence at LABEX LANEF 2016 for Athanasios Dimoulas,
Research Director at NCSR DEMOKRITOS in Athens

Visiting senior scientists and post-doc

Post-docs (6) including foreign post-docs (3)
Samuel Tardif (2015-2016) Eurotalents, Ivan Nikitskiy (2018-2019) Eurotalents and CEA PTC, Martin Vallo
(2016-2017) AND Platofil at CEA/IRIG/NPSC, Frédéric Boudaa (2014-2016) Equipex CRG/F, Maciej
Jankowski (2017-2019) Eu. LMCALT, Loic Renversade (2018-2019) ANR int. XMicroFatigue.

Visiting scientists (1)
Athanasios Dimoulas, Chair of excellence at LABEX LANEF 2016

Scientific recognition

Prizes and/or distinctions

1. 2016 EARTO INNOVATION awards for CEA (DRT/DOPT and DRF/INAC) in the Impact Expected category for
the development of the wireLED™ technology, a new generation of 3D LEDs with drastically reduced
production costs and higher performance. http://www.earto.eu/earto-events/earto-innovation-awards/earto-
innovation-awards-2016.html

2. 2016 Physics Price of the science magazine « La Recherche » in collaboration with CNRS for the arficle :
Flexible Light Emitting Diodes Based on Vertical Nitride Nanowires. X. Dai, A. Messanvi, H. Zhang, C. Durand, J.
Eymery, C. Bougerol, F. H. Julien and M. Tchernycheva. Nano Letters 15 (2015) 6958-6964. DOI:
10.1021/acs.nanolett.5002900

3. Best presentation award at the E-MRS Fall meeting 2015, Damien Massy. The paper was about Damien’s
PhD work, on Acoustic Emission from Crack Propagation in the Smart Cut™ Technology.

IUF members

V. Favre-Nicolin, junior member (2012-2016)

Organisations of meetings and symposia (participation to programme committee are not cited)

- Biennal conference on High-Resolution X-ray Diffraction and Imaging, XTOP 12t (V. Favre-Nicolin chair,
J. Eymery local committee), 14-19t Sept. 2019, Villard de Lans, France.

- European Workshop on Metal Organic Vapour Phase Epitaxy, EWMOVPE 17 (J. Eymery, chair),
18-21 June 2017, Grenoble, France.

- European Conference on Surface Science, ECOSS-32 (G. Renaud, local committee)
28 Aug. - 2 Sept. 2016, Grenoble, France.

- Journées de la Matiere Condensée SFP (J. Eymery, local committee)
27-31 Aug. 2018 Grenoble, France.

- Journées Nationales des Nanofils Semiconducteurs (J. Eymery, local committee)
13-15 Nov. 2019, Grenoble, France.

- Symposium on Surface Science 2015, 35’15 (G. Renaud, local committee)
22-28 mars 2015, Les Arcs 1800, France.

- Joint ESRF-ILL-CEA workshop on batteries (S. Tardif, local committee)
6-7 Nov. 2017, Grenoble, France.
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Invitations to meetings and symposia
- 11th International Conference on Nitride Semiconductors ICNS11 (J. Eymery, Beijing, China, Sept., 2015)

- International Reliability and Stress-Related Phenomena in Novel and Emerging Electronics Systems
(S. Tardif, Singapour, Jan. 30, 2018)

- MRS Spring Meeting (S. Tardif, Phoenix, USA, April 51)

- Infernational workshop GISAXS 2016 (C. Brizard, Hamburg, Germany, Nov. 2016)

- XI collogue Rayons-X et Matiere (J. Eymery, Grenoble, France, Dec. 2016)

- ECS Wafer Bonding (F. Rieutord, Hawaii, USA, Nov. 2016)

- ECS High Purity Silicon (F. Rieutord, Hawaii, USA, Nov. 2016)

- ECS Wafer Bonding (F. Rieutord, Cancun, Mexico, Nov. 2018)

- Materials for Advanced Metallization (F. Rieutord, Bruxelle, Belgium, 2016)

- Gettering and Defect Engineering in Semiconductor Technology (F. Rieutord, Berlin, Germany, Oct. 2019).
- Cristallographie, une clé de la connaissance - Crystallography, a key to knowledge

(V. Favre-Nicolin, UNESCO Paris, France, Janv. 22 2018)

Interaction of the NRS team with the non-academic world, impacts on economy,
society, culture or health

Patents

Invention disclosures (6) - filed in the 2014-2018 years
Accepted patents (6)

- Method for direct bonding of substrate including thinning of the edges of at least one of the two substrates
F. Fourne, S. Morales, H. Moriceau, F. Rieutord (US 2018/0158719)

- Dispositif optoélectronique a éléments semiconducteurs tridimensionnels et son procédé de fabrication. A.
Dussaigne, J. Eymery, D. Salomon, C. Durand, P. Gilet (FR 15 56744, WO/2017/00958)

- Procédé d'orientation d'objets allongés disposés en surface d'un substrat. J. Eymery, A. El Kacimi, O. Delleq,
E. Pauliac-Vaujour (FR 15 58717, US 2017/0080457)

- Procédé d'homogénéisation de la hauteur d'une pluralité de fils et dispositif utilisant de tels fils. J. Eymery, A.
El Kacimi (FR 17178042.2)

- Method of fabricating a transistor channel structure with uniaxial strain. S. Reboh, L. Grenouillet, F. Milesi, Y.
Morand, E. Rieutord (US 2016/9935019)

- Method for transferring a useful layer D. Landru, O. Kononchuk, N. Ben Mohamed, D. Massy, F. Mazen, F.
Rieutord (US 2015/9589830).

Involvement of the NRS team in fraining through research

Scientific productions (articles, books, etc.) from theses
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Scientific productions (articles, books, etc.) from theses

About 3 articles per PhD in average.

Training

Habilitated (HDR) scientists (5)
X. Biquard, J. Eymery, G. Renaud, C. Revenant, F. Rieutord
HDR obtained during the period

X. Biquard, Recherche Fondamentale via Rayons X synchrotron sur matériaux technologiques clefs, Oct. 23rd
2018, Univ. Grenoble Alpes.

PhD students (2+11)
Defended PhDs

2+11 (see list above)
Mean PhD duration

38 months in average (on 13 PhDs)
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TEAM 5: MAGNETIC RESONANCE (RM)

1- Presentation of the RM Team

Introduction

Since the last report, the major organizational change in January 2016 was the split of the RM team into
two parts, on the one hand the nuclear magnetic resonance (NMR) group and on the other hand the electron
paramagnetic resonance (EPR) group complemented by a senior expert in the DFT computation of
spectroscopic observables. The EPR spectroscopists and the DFT expert remained in an expanded chemistry
laboratory (SyMMES) while the NMR spectroscopists and several characterization and modeling physics
laboratories formed the newly created MEM service dedicated to the exploration and modeling of materials.
That important reorganization of the INAC institute was decided by Dr Yves Samson, the previous Head of the
INAC, and noft triggered by any specific recommendations of the previous HCERES visit. Concerning the NMR
group, the previous synergy with the EPR spectroscopists and the DFT expert was partly compensated by the
armrival of two physical chemists, Armel Guillermo (CNRS) and P. H. Fries (CEA) from the SYMMES laboratory. A.
Guillermo helped us to maintain the PFG NMR activity during the period 2017- March 2019 as a volunteer
scientific adviser though he refired in 2016. P. H. Fries is an expert in theoretfical methods, liquid solutions and
relaxometry techniques. To sum it up, since 2015, three colleagues have left the tfeam and one has joined it. The
number of permanent researchers has decreased from 9 to 7. The team is localized on two sites of the CEA
campus which are of about 1.5 km apart and poorly served by motor vehicles. The DNP group (G. De Paépe,
S. Hediger, D. Lee) has been installed on MINATEC campus while the practitioners of general and other
specialized NMR technigues (M. Bardet, P. A. Bayle, P.H. Fries and M. Gromova) do their research in the C5
building where are also localized the majority of the users of the NMR facility. The liquid/solid NMR facility is
composed of one 400 MHz for liquid NMR, on 500 MHz (liquid, solid and HRMAS NMR) and a 200 MHz solid state
NMR dedicated to operando and high-power PFG NMR. P.A. Bayle is full time in charge of the NMR facility. The
two relaxometers managed by P. H. Fries are also in the C5 building. Concerning the equipment, the DNP group
acquired a new DNP system and the second ultra-low-field relaxometer is under construction. Both instruments
were acquired thanks to Europeans funds. Currently, we are trying to obtain funds to renew part of the NMR
facility.

Unit’s workforce and means

Permanent staff (01/2019) Non-permanent
Michel Bardet* , CEA researcher, team leader Post-doctoral researchers (DNP goup)
Pierre Alain Bayle, CEA technician C. Fernandez de Alba (2013-2015), S. Paul (2014-

2015), F. Mentink-Vigier (2014-2016), S. Chaudhari

Gael De Pagpe, CEA researcher (2016-2017), 1. Marin-Montésinos (2015-2017), A. Smith

P. Henry Fries™, CEA researcher (2017-), D. Gauto (2018-)
Sabine Hediger, CNRS researcher PhD students (DNP goup)
Marina Gromova, Maitre de Conférence at UGA N. Duong (2012-2015), K. Mdarker (2014-2017), A.

Kumar (2017-), S. Badoni (2017-), N. Olejnik-Fehér
(2017-), R. Harrabi (2018-)

"Academic Guest at EPF from 15/10/2017 to 31/09/2018 * Staff representative on the works council and on the health,
safety and working conditions committee of the Grenoble research center, Member of the CEA scientific council (> 50 % of
his time over the period))

Daniel Lee, CEA researcher

The main sources of funding are the following
ANR - 2012 - Coord. — "CRYOMAS4DNP" — 417 k€ (consortium); ANR — 2016 — PRC - “TransPepNMR" — 168 k€
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H2020-ERC - 2016 — Coord — “"ULTMASDNP" — 2 M€; €; H2020 Research

Maintening costs for NMR facility and Innovation Action —"IDentIFY" - 6.6 M€ (consortium); H2020-IEF — 2018

- Fellowship — “BOLDNMR" - 178 k€ , H2020-COFUND - 2017 — Partner —
NaMeS — SINTBAT-TEESMAT, 1 ANR (2012-2016), 1 these phare CEA (2014-
2017), 1 postdoc ARCANE (2012-2014), 1 postdoc ARCANE (2015-2017),
1 AGIR-PEPS (2015-2017), Eurotalent (2017-2018), 1 ANR (2017-2021), 1
ERC consolidator (2016-2021), 1 Marie Curie Fellowship (2018-2020), 1
thése IDEX CDP Glyco@Alps (2018-2021); 1 thése phare CEA (2017-2020),
1 CEA DRF Impulsion (2016-2017); industrial patnerships : Bruker, STELAR,

24% Note that for their access to the NMR facility all the users even from RM
conftribute to the maintenance costs. In 2018 the total contributions was
mDRT mUGA mLRM  m DIESE 61 K€ for the three spectrometers, with the distribution given in the graph

opposite.

Scientific policy

The goals of RM is to develop and apply a large range of
NMR approaches to answer fundamental or applied
problematics addressed by colleagues either in its near
scientific environment or through international and
international networks. The strategy of the group is fo
handle scientific projects whose durations range from a
few months to several years. The choice of these projects is
either motivated by the skills of the laboratory members,
supported by the ANR and European projects, or induced
by internal demands and CEA missions. RM has also in
charge to maintain a NMR facility (spectrometer servicing,
user fraining, analyses or advanced study achievement)
dedicated to chemists and physico-chemists working
mainly on CEA campus. The NMR equipment of RM is
composed of two DNP solid-state NMR spectrometers
dedicated to the NMR DNP group, two relaxometers for the
relaxometry activity and three liquid/HRMAS/solid
spectrometers dedicated to the NMR facilty. One
technician isin charge of the NMR facility which welcomes

each year about 150 users from IRIG/DIESE and DRT/LITEN. The users are trained to be autonomous as far
as possible. In some sparse cases exterior analyses are realized by RM staff. There is no recurrent budget
dedicated to maintain the RM spectrometers. DNP and relaxometers spectrometers are mainly
maintained through their own projects and those of the NMR facility by the users themselves including
RM group.

Note that RM is localized on two geographic places on CEA campus: DNP group (3 permanents) and its
DNP spectrometers on the recent MINATEC campus and the remaining part of RM (4 permanents) in the
C5 building in which are also localized the majority of the users of the NMR facility. Note that G. De
Paépe is the group leader of DNP team, P. H. Fries is group leader of the relaxometry activity, since the
retirement of A. Guillermo the PFG NMR activity has been partitially taken into account and further
developped by M. Gromova, M. Bardet is in charge of NMR for energy and P. A Bayle is responsible for
the NMR facility. In the context of CEA-Grenoble, RM team is one of the "competence centres” of
Minatec Nanochaacterization Centre (PFNC) created in 2006.

2- Presentation of the RM team research ecosystem

Due to RM integration in the local, national and international contexts the following question can be addressed

What has the RM done over the last five years?

The following achievements can be answered:

+  Methodology and instrument developments for DNP solid-state NMR, operando NMR and PFG NMR

+  Designing new polarizing agents for DNP
+ Developing sustainable helium spinning DNP aft ultra-low temperature

+  Methodology and instrument developments of Fast Field Cycling -NMR relaxometry with biomedical

applications
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+ Understanding surface chemistry of nanocrystals: impact of ligand on stability, shape and size of
nanocrystals

*  Focusing on interfaces of hybrid materials: from functional polymers to biomaterials

«  Structural studies and aging behaviour of materials for electrical/ hydrogen storages (batteries and fuel
cells

+ Track the changes and their dynamics of electrolytes and SEl during battery cycling and aging

+  Structure determination of organic molecular assemblies without isotopic labeling: from small molecules
to protein amyloid aggregates

+ Locating and solving the structure of protein-ligand binding site: from in vitro developments to in cellulo
applications towards the conception of new inhibitors

+ Studies of archaeological and cultural materials using high-resolution solid-state NMR.

These results were obtained thanks to different collaborations, partnerships and networking:

CERMAV (UGA-CNRS), DCM (UGA-CNRS), Irig/SYyMMES (UGA-CEA-CNRS), Irig/LCBM (UGA-CEA-CNRS), Irig/SBT
(CEA-UGA), Irig/IBS (UGA-CEA-CNRS), Irig/PCV (UGA-CEA-CNRS), Institut Néel (UGA-CNRS), UPMC (LMCP), ICMG
Montpellier, Warsaw University of Technology / Polish Academy of Sciences, Massachusetts Institute of
Technology, Weizmann Institute of Technology, LNCMI (CNRS-UGA), NHMFL Tallahassee, PAGORA (INPG-UGA,
LETI (CEA-DRT), LITEN (CEA-DRT), ARC Nucleart (CEA-G) Carnegie Mellon University, Warsaw Polytechnic,

Ecole Polythechnigue Fédérale de Lausanne,

3- Research products and activities for the RM team

Developing new methods and instrumentation in DNP-enhanced NMR

The backbone of the DNP research carried out in the RM lab consists in advancing the field of high field magic
angle spinning dynamic nuclear polarization and solid-state NMR. To achieve this goal, we actively develop
advanced instrumentation and innovative methodology: from the design of improved pulse sequences to the
infroduction of new polarizing agents (that can be used as paramagnetic dopants in DNP experiments). Over
the last 5 years, this research direction has led to the publications of 9 papers and has directly involved 5 non-
permanent staff. Several collaborations have been successfully conducted with leading groups in the field (R.G.
Griffin at Massachusetts Institute of Technology and S. Vega at Weizmann Institute of Science) and a long-
standing and fruitful collaboration with Prof. S Sigurdsson (Iceland University) on the synthesis of polarizing agent
for DNP has been initiated and will be pursued in the coming years. Finally, our collaboration with Bruker Biospin
was strengthened over the last years leading to the co-development of a second generation of helium spinning
DNP probe.

Sustainable helium spinning MAS-DNP: fast MAS and ultra-low temperature. Over the last 5 years, we have made
significant progress in the field of sustainable helium spinning for DNP. This work implies a strong long-standing
collaboration with Irig/SBT (E. Bouleau and coall.). In 2015, we were one of the first groups in the world (fogether
with Osaka University) to demonstrate helium spinning using a closed-loop circuit combined with DNP at
temperature << 100 K (which corresponds to what can be reached with the commercial setup). With this proof-
of-principle, we were able to prove faster sample spinning with helium than with nifrogen and to demonstrate
about one order of magnitude of sensitivity increase by performing DNP at T << 100 K. 8Over the last two years,
we have invested significant efforts in designing and assembling a second generation of helium spinning DNP
probes — in close collaboration with Bruker. This new probe is currently being assembled and will be soon tested
together with an improved version of the cryogenic power supply (dubbed SACRYPAN). Hopefully, this should
allow us conducting sustainable helium spinning experiments on a daily basis in the coming years.

Insight into MAS-DNP mechanism using spin-dynamics simulations. The most efficient polarizing agents typically
belong to the nitroxide biradicals class. Their efficiency is usually assessed by measuring the ratio between the
NMR signal intensity in the presence and the absence of microwave irradiation gon/oft. Such a comparison is valid

8 Bouleau, E.; Saint-Bonnet, P.; Mentink-Vigier, F.; Takahashi, H.; Jacquot, J. F.; Bardet, M.; Aussenac, F.; Purea, A.; Engelke, F.;
Hediger, S.; Lee, D.; De Paepe, G. Chemical Science 2015, 6, 6806-6812.
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as long as the signal measured in the absence of microwaves is

No p-waves, T= 110K merely the Boltzmann polarization and is not affected by the spinning

e E %, of the sample. In our work we demonstrate that TOTAPOL and
0.5 e 4,%90, AMUPOL both lead to observable depolarization at ~110 K, and that
= Depolarizati Gy the magnitude of this depolarization is radical dependent. This
5061 ’2:,9 experimental work is analyzed using a theoretical model that explains
;0_4_ “o, how the depolarization process works under MAS and gives new
h % insights info the DNP mechanism and info the spin parameters, which
92 “,, are relevant for the efficiency of a biradical®’ A deeper
o e understanding of parameters affecting MAS-DNP is thus crucial for

0 2 4 6 8 10 the development of new polarizing agents and the successful
MAS frequency (kHz) implementation of the technique at higher magnetic fields (>10 T).

Hence, we developed an alternative approach to existing cross-effect and solid-effect MAS-DNP codes that
yields fast and accurate simulations of large spin ensemble.

Coupling DFT and high-field EPR measurements. Relating Polarizihg Agent (PA) chemical structure to DNP
efficiency has been, and is still, a long-standing problem. Over the last years, we have investigated the
relevance of advanced MAS-DNP simulations combined with DFT calculations and high-field EPR to qualitatively
and quantitatively predict hyperpolarization efficiency of particular PAs is analyzed. We demonstrated this
approach on AMUPol and TEKPol, two widely-used bis-nitfroxide PAs. The results notably highlight how the PA
structure and EPR characteristics affect the detailed shape of the DNP field profile. We also show that refined
simulations of this profile using the orientation dependency of the electron spin-lattice relaxation times can be
used to estimate the microwave B1 field experienced by the sample. Finally, we show how modelling the nuclear
spin-lattice relaxation fimes of close and bulk nuclei while accounting for PA concentration allows for a
prediction of DNP enhancement factors and hyperpolarization build-up times.82

Understanding and developing new Polarizing Agents for DNP. Thanks to our experimental and theoretical
development in the field of DNP, we were able to conduct in depth studies comparing bis-nitroxides and Trityl-
Tempo biradicals. Notably we were able to fully understand TEMTriPol-1 (a recently infroduced mixed biradical)
and fo design and propose a new family of simple and asymmetrical bis-nitroxides called AsymPol with
improved efficiency. See Highlight below .83

NMR Pulse Sequence development. In the field of pulse sequence development, we made two contributions:
the first one extends the applicability of supercycled sequences and the second enables the removal of solvent
signals in DNP-enhanced NMR spectra. More precisely, we have shown that 2D double-quantum single-
quantum correlation spectra with arbitrary spectral widths can be recorded with SR26 and related supercycled
recoupling sequences when applying Supercycle-Timing-Compensation (STiC) phase shifts. This concept widely
extends the applicability of supercycled sequences, most importantly for obtaining long-range distance
constraints for structure determination with solid-state NMR.84 In the second work, we intfroduce two methods to
suppress DNP solvent signals: a Forced Echo Dephasing experiment (FEDex) and TRAnsfer of Populations in
DOuble Resonance Echo Dephasing (TRAPDORED) NMR. These methods reintfroduce a heteronuclear dipolar
interaction that is specific to the solvent, thereby forcing a dephasing of recoupled solvent spins and leaving
acquired NMR spectra free of associated resonance overlap with the analyte.85

Main funds: ANR / H2020 / ERC / industrial contract

81 Mentink-Vigier, F.; Paul, S.; Lee, D.; Feintuch, A.; Hediger, S.; Vega, S.; De Paepe, G. Physical Chemistry Chemical Physics
2015, 17, 21824-21836.

82 Menftink-Vigier, F.; Barra, A. L.; van Tol, J.; Hedliger, S.; Lee, D.; De Paepe, G. Physical Chemistry Chemical Physics 2019, 21,
2166-2176.

8 Mentink-Vigier, F.; Vega, S.; De Paepe, G. Physical Chemistry Chemical Physics 2017, 19, 3506-3522.

84 Marker, K.; Paul, S.; Fernandez-de-Alba, C.; Lee, D.; Mouesca, J. M.; Hediger, S.; De Paepe, G. Chemical Science 2017, 8,
974-987.

85 Lee, D.; Chaudhari, S. R.; De Paepe, G. Journal of Magnetic Resonance 2017, 278, 60-66
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Highlight 1: Pushing NMR sensitivity limits using dynamic nuclear polarization with closed-loop cryogenic
helium sample spinning

We have reported on a strategy to push the (a)
limits of solid-state NMR sensitivity far beyond

its current state-of-the-art.8¢ The approach

relies on the use of dynamic nuclear
polarization and demonstrates
unprecedented DNP enhancement factors

for experiments performed at sample o e
temperatures much lower than 100 K, and stator WS o NUMOC HP He NMR probe
can translate into 6 orders of magnitude of gas
experimental time-savings. This leap-forward
was made possible thanks to the
employment of cryogenic helium as the gas
to power magic angle sample spinning (MAS) for dynamic nuclear polarization (DNP) enhanced NMR
experiments. These experimental conditions far exceed what is currently possible and allows currently reaching
sample temperatures down to 30 K while conducting experiments with improved resolution (thanks to faster
spinning frequencies, up to 25 kHz) and highly polarized nuclear spins. The impressive associated gains were
used to hyperpolarize the surface of an industrial catalyst as well as to hyperpolarize organic hano-assemblies
(self-assembling peptides in our case), for whom structures cannot be solved using diffraction techniques.
Sustainable cryogenic helium sample spinning significantly enlarges the realm and possibilities of the MAS-DNP
technique and is the route to fransform NMR into a versatile but also sensitive atomic-level characterization tool.

(b) cryogenic fluid magnet

i

¥
stator

Fig. 1 Schematics of (@) an NMR stator and (b) the ultra-low-
temperature MAS-DNP setup called NUMOC.

Highlight 2: Understanding and developing new radicals for DNP

Magic Angle Spinning Dynamic Nuclear Polarization allows enhancing NMR Larger D+2J
sensitivity in the solid-state by several orders of magnitude and has thus \
revolutionized atomic-scale structure determination. Currently, the most

popular polarizihng agents are composed of two nitroxides moieties
tethered by an organic linker. However, for magnetic fields higher than 5T
and MAS frequencies larger than 15 kHz, the best known biradicals are sfill
far from optimal. By investing time and efforts into understanding the spin
physics behind the polarization transfer mechanism, we were able to
deepenssignificantly our understanding and to relate the biradical structure )

and electronic properties to the DNP efficiency. Thanks to this progress we €g /

were able to propose a new family of polarizing agents, composed of NMR

asymmetric bis-nitroxides, in which a piperidine-based radical and a Depo \ S e 74
pyrrolinoxyl or a proxyl radical are linked together. 8The design of the enSIt'VIty
AsymPol family was guided by the use of advanced simulations that allow TB \

computation of the impact of the radical structure on DNP efficiency. These 4

simulations suggested the use of a relatively short linker with the intention to generate a sizable intramolecular
electron dipolar coupling/J-exchange interaction, while avoiding parallel nitroxide orientations. The
characteristics of AsymPol were further tuned, for instance with the addition of a conjugated carbon-carbon
double bond in the 5-membered ring to improve the rigidity and provide a favorable relative orientation, the
replacement of methyls by spirocyclohexanolyl groups to slow the electron spin relaxation, and the introduction
of phosphate groups to yield highly water-soluble dopants. An in-depth experimental and theoretical study for
two members of the family, AsymPol and AsymPolPOK, is presented here. We report substantial sensitivity gains
at both 9.4 and 18.8 T. The robust efficiency of this new family is further demonstrated through high-resolution
surface characterization of an important industrial catalyst using fast sample spinning at 18.8 T. This work
highlights a new direction for polarizing agent design and the criticalimportance of computationsin this process.

Probing and developing advanced materials using (DNP-enhanced) solid-state NMR

The DNP group is also developing advanced applications in the field of materials science, with 7 publications in
this domain, 4 non-permanent staff involved directly from this research direction, continued collaborations, 6
new academic collaborations, 5 new industrial collaborations. Overall, the research has targeted a variety of
key areas including biomaterials, catalysis, energy generation and storage, and nanocrystal semiconductors.
The industry collaborations have involved batteries, catalysis, phosphors, and polymers (simple organic as well
as hybrid organic/inorganic). Much work has been put info developing (DNP-enhanced) solid-state NMR

8 Bouleau, E.; Saint-Bonnet, P.; Mentink-Vigier, F.; Takahashi, H.; Jacquot, J. F.; Bardet, M.; Aussenac, F.; Purea, A.; Engelke, F.;
Hediger, S.; Lee, D.; De Paepe, G. Chemical Science 2015, 6, 6806-6812.

87 Mentink-Vigier, F.; Marin-Montesinos, |.; Jagtap, A. P.; Halbritter, T.; van Tol, J.; Hediger, S.; Lee, D.; Sigurdsson, S. T.; De
Paepe, G. Journal of the American Chemical Society 2018, 140, 11013-11019.
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spectroscopy so as to gain the greatest possible atomic-level understanding of these materials, often resulting
in improved understanding of the material chemistry and sometimes into optimized materials. This research is
conducted in strong collaborations with leading local, national and international chemists.

Advanced methods have been developed to probe structures and chemical modifications of nano-systems
important to energy research. When the bulk of a material is devoid of 'H nuclei, as is the case with many
inorganic systems, then adding exogenous polarizing agents in protonated solvents and performing 'H DNP and
then cross-polarization (CP) to nuclei from the analyte provides a sensitive and surface-selective analysis tool.
We have shown that this methodology can be exploited to observe only the first surface layer of y-alumina
(Al2O3), a widely-employed catalyst and catalyst support, evidencing the presence of penta-coordinated
alumina sites.88 These sites, thought to be responsible for the catalytic activity, were not observed in a separate
experiment designed to only detect bulk (not surface) nuclei. In addition, this methodology for sensitive and
surface-selective NMR spectroscopy was developed to study the grafting of organic functional groups to the
surface of inorganic silica (SiO2) nanoparticles [see FM below].8? The grafting of organic groups to inorganic
silicon nanoparticles (Si NPs) was also studied with solid-state NMR spectroscopy, and was consolidated with DFT
calculations.? The surfaces of Si NPs are highly reactive so organic functionalization was performed to passivate
these surfaces, and the detailed DFT/NMR characterization determined the presence of various grafting modes,
to different surface facets, as well as the presence of remaining silicon hydride moieties and the beginnings of
amorphous surface oxide (thus SiOx) layers. This result was crucial to the chemist looking to provide air-stable
siicon nanocrystals.

Hybrid organic-inorganic materials have been of large interest to the RM team. In addition to the
aforementioned examples, research directions have involved understanding interfacial interactions in industrial
materials, as well as in synthetic and natural biomaterials such as bones and teeth. For the latter research
direction, the RM team was able to show that with the sensitivity increases available from DNP, 43Ca at natural
isotopic abundance (0.1%) in carbonated hydroxyapatite (a synthetic mimic of bone mineral) was now
amenable to fast analysis through NMR spectroscopy.?! Notably, the obtainable sensitivity permitted the
acquisition of 2D correlation experiments, which enabled the differentiation of core and surface calcium
environments. This exciting research direction has resulted in a consortium of national actors (ICGM, LCMCP,
and INSERM), led by the RM team, to submit a proposal to the ANR to continue to develop this further and the
project is currently under review at the second stage. Being able to target surface calcium environments will
allow for the study of interactions of biominerals with organic molecules, which is crucial fo gain a better
understanding of important bone diseases such as osteoporosis as well as in the design of bio-compatible bone
grafts and bone replacements.

A further exciting research direction, in collaboration with a strong international partner (Warsaw Univ. of Tech.
and the Polish Academy of Sciences), involves gaining insights info the dynamic surface chemistry of
(predominantly ligand-capped) hybrid semiconductor nanocrystals, important in solar cells, for example.
Depending on the ligand, as well as the synthesis route, alarge variety of nanocrystal shapes, sizes, and stabilities
can be produced. These differences play a large role in the resulting properties. Although there are many
techniques available to study the inorganic core of these nanocrystals (TEM, PXRD etc.), being able to gain
insights into ligand-surface interactions remains particularly challenging. However, the RM team have shown
that a detailed understanding of these interactions, including inter-ligand spacing, ligand coordination mode
etc., can be obtained using advanced NMR methodology and signals gains from DNP. This work elucidated
why nanocrystals prepared via sol-gel or organometallic approaches led to materials with drastically different
properties. Owing to the success of this collaboration, a joint H2020-COFUND PhD student has been hired
between the feams, and a CEA sujet phare PhD student spends 50 % of her time working in this direction.

Continuing with the theme of energy-related materials, another ANR project has been submitted, with the RM
team as partners (along with LISE and CIRIMAT), and involves improving and understanding the performance of
next generation graphene-based supercapacitors. The project further expands on our developed methodology
and expertise.?2 The RM team not only works to detail the atomic-level structure of these materials, but also
modes of charge storage and material aging/degradation, which are critical for full device applications.

8 Lee, D.; Duong, N. T.; Lafon, O.; De Paepe, G. Journal of Physical Chemistry C 2014, 118, 25065-25076.

8 Lee, D.; Monin, G.; Duong, N. T,; Lopez, |. Z.; Bardet, M.; Mareau, V.; Gonon, L.; De Paepe, G. Journal of the American
Chemical Society 2014, 136, 13781-13788.

9 Lee, D.; Kaushik, M.; Coustel, R.; Chenavier, Y.; Chanal, M.; Bardet, M.; Dubois, L.; Okuno, H.; Rochat, N.; Duclairoir, F.;
Mouesca, J. M.; De Paepe, G. Chemistry-a European Journal 2015, 21, 16047-16058.

91 Lee, D.; Leroy, C.; Crevant, C.; Bonhomme-Coury, L.; Babonneau, F.; Laurencin, D.; Bonhomme, C.; De Paepe, G. Nature
Communications 2017, 8.

92 Banda, H.; Perie, S.; Daffos, B.; Taberna, P. L.; Dubois, L.; Crosnier, O.; Simon, P.; Lee, D.; De Paepe, G.; Duclairoir, F. Acs
Nano 2019, 13, 1443-1453.
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Highlight 3: Elucidating the atomic structures at the interfaces of organic-inorganic hybrids enables a detailed
understanding of their properties.’?

Functionalization  of siica  nanoparticles  with
organosiloxanes, particularly useful in proton exchange MMMM e
membrane fuel cells, can produce vertically or laterally
polymerized functions, or a combination of both. The
determination of which type of polymerization has Q
occurred is an old problem, with no significant solution. OV\
Two-dimensional solid-state 27Si-2°Si  correlation NMR

spectroscopy, whereby proximities between various -
silicon sites are probed, presents itself as a technique 1D
that could answer this. Unfortunately, the low natural S
isotopic abundance of 2°Si (< 5%), the NMR-active no DNP TS

isotope of silicon, and the expense of isotopic labeling SRS MR

with this nucleus prevents this kind of experiment since the resulting low sensitivity renders any experiment
impracticable. However, the RM team showed that DNP could be successfully employed to substantially
increase the NMR senisitivity so that these previously infeasible experiments could be performed almost routinely.
An experimental time-saving factor of 625 compared to conventional NMR was achieved, allowing 2D data to
be recorded in easily accessible timeframes (< 6 h). Analysis of the acquired NMR data showed that the required
condensation reaction conditions produced the desired lateral polymerization.
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Studying challenging biomolecules using DNP-enhanced solid-state NMR

The DNP group is also developing new applications in the field of small molecules and biomolecular NMR, with
6 publications in this domain, 4 non-permanent staff involved directly from this research direction. Overall, the
research has targeted a variety of key areas where we believe DNP-enhanced solid-state NMR can make a
difference compared to other atomic resolution techniques. In addition, we also kept in mind while designing
this research direction that performing 10-20 T DNP experiments at cryogenic temperature can also have some
strong disadvantages compared to other emerging NMR approaches, like forinstance, performing 'H detection
at very high magnetic field (>20 T) and very fast MAS (> 100 kHz). Beyond the fact that freezing the sample does
not allow studying dynamics of functional protein at RT, it also induces a (severe) broadening of the NMR
resonances (that depends on the flexibility of the system). This fact, combined with current MAS-DNP probe
technology limitation (<40 kHz MAS frequency) have so far prevented the successful implementation of H
detection under DNP conditions. In this context, we have focused our efforts towards methodological
developments in three research directions. The first one focuses on structural investigation of
organic/biomolecular assemblies at natural isotopic abundance (NA), from small molecules to protein
aggregates. Such developments are especially relevant for the study of samples that can not be isotopically
labeled (e.g. from plants, animals or patients). The second direction aims at developing a DNP methodology
that enables addressing binding sites or interfaces in (large) biomolecular systems. The goal is not only to locate
the ligand-binding site but also to extract structural information from the binding site at the atomic level. The
third axis investigates the use of DNP in the context of cellular environment, with a strong focus the cell envelope
itself.

Structure determination at natural isotopic abundance. In 2012, our group pioneered the development of 2D
13C-13C natural abundance spectroscopy by reporting the first 2D correlation experiment acquired on a sample
at NA in only 20 minutes thanks to the sensitivity enhancement of MAS-DNP. We pursued our efforts to develop
all methodological aspects required to establish the technique in the field of NMR crystallography and expand
it to biomolecular applications. Thus, we demonstrated for the first time the feasibility of 13C-1N correlation
spectroscopy at NA on a guanosine derivative forming supramolecular structures. Together with J- and dipolar
recoupled carbon-carbon 2D experiments, this experiment is key to address complete and non-ambiguous
assignment of molecules at NA.?3 In particular, we put info evidence the clear advantage of being at NA for
measuring long-range constraints compared to enriched samples, thanks to the simplified spin dynamics, which
can be considered as restricted within isolated two-spin systems. This greatly simplifies the interpretation of
polarization transfer curves, as demonstrated on self-assemblies of cyclic diphenylalanine peptide, for which we

93 Marker, K.; Pingret, M.; Mouesca, J. M.; Gasparutto, D.; Hediger, S.; De Paepe, G. Journal of the American
Chemical Society 2015, 137, 13796-13799.
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were able to probe n-stacking contacts responsible for the supramolecular arrangement.?4 We then applied this
methodology specifically based on samples at NA to peptide and protein aggregates responsible for the
neurodegenerative Huntington's disease.?> Structural fingerprints and constraints obtained on this biological
highly relevant system are promising for the future use of MAS-DNP in the investigation of material directly
removed from patients.

> {a) b) Figure. Experimental and simulated

2 1.0 { 1.0 2 I 13Ca - 13Ca buildup curves for the a)

E 0.8 { 0.8 polyproline PPIl-helix, and b) polyQ core

%0'6_ 064 of the first exon of mutant huntingtin

E 04 043 protein (Q44-HttEx1) at NA.

g ) intra-strand

2 027 | 027 — antiparallel Selective DNP-enhanced NMR (Sel-
: , il helx| A7 Parallel | poly@corel  pNp). The idea of fixing the polarizing

0 10 20 30 40 5 0 10 20 30 40 50

agent directly on the system of interest
has emerged since several years in
different groups, including ours, to address the optimization of the sample preparation or to target the molecule
of interest in a complex environment. This last idea suffers however from the bleaching of radical close-by
resonances due to paramagnetic relaxation. We turned this effect in our favor in an innovative approach
dubbed Sel-DNP, by combining ligand-functionalized paramagnetic construct with difference spectroscopy.?
Sel-DNP allows thus selectively highlighting and identifying residues present in the ligand binding site of a
biomolecular system. Demonstrated on the galactophilic lectin LecA (121 residues), Sel-DNP provided highly-
resolved spectra of the binding region, which enabled the de novo assignment of the binding interface residues.
We expect Sel-DNP to become an important method for the study of protein binding sites, e.g. membrane
proteins, possibly in their cellular environment.

Tmix (Ms)

Addressing cell envelopes by DNP. Interactions of proteins with the cell envelope are central to understand
many biological functions, and investigating them in a context close to their native environment is therefore of
the utmost importance. Considering the sensitivity problem resulting from the dilution of the system of interest,
DNP should play a crucial role in such applications, provided the complex structure of the cell membrane can
be enhanced. For this purpose, we developed a specific polarizihg agent able to insert inside bilayers and to
hyperpolarize the cell membrane and membrane-anchored proteins. Similarly, we pursued our investigation of
the bacterial cell wall to address the more complex and impermeable cell envelope of mycobacteria.

Main funds: ANR / H2020 / ERC / Labex ARCANE

Highlight 4: Welcoming natural isotopic abundance in solid-state NMR: from the crystallographic study of
organic nanoassemblies to the structural fingerprinting of protein aggregates using DNP

The self-assembly of small organic molecules finds applications in numerous fields. Their rational design requires
a detailed knowledge of their supramolecular structure. In this context, we proved the feasibility of a novel
concept of NMR-based 3D structure determination, based on the
deliberate use of samples at their natural isotopic abundance (NA, ig\

DNP-NMR at '*C
natural abundance
-5

1.1% for 13C), while exploiting MAS-DNP to compensate for the
reduced sensitivity. Thanks fo the natural dilution of NMR active
spins, unique and highly informative spectra can be recorded 9

which are impossible to obtain on an isotopically labeled system.
On the self-assembled cyclic diphenylalanine peptide, we 4
detected long-range intemuclear distances up to 7 A, allowing us . M :
to observe r-stacking, one of the most important non-covalent P & 3 'fﬁ;
interactions. Beyond nanoassemblies, this approach has been also successfully applied to probe the atomic
structure at NA of protein deposits responsible for the neurodegenerative Huntington's disease, enabling the
extraction of valuable new long-range 13C-13C distance constraints. This work opens up a new avenue to de
novo crystal structure determination by NMR and to the structural study of unlabeled protein aggregates
derived from cells, patients, and other hard-to-label sources.

%4 Marker, K.; Paul, S.; Fernandez-de-Alba, C.; Lee, D.; Mouesca, J. M.; Hediger, S.; De Paepe, G. Chemical
Science 2017, 8, 974-987.

?5 Smith, A. N.; Marker, K.; Piretra, T.; Boatz, J. C.; Matlahov, |.; Kodali, R.; Hediger, S.; van der Wel, P. C. A.; De
Paepe, G. Journal of the American Chemical Society 2018, 140, 14576-14580.

%6 Marin-Montesinos, |.; Goyard, D.; Gillon, E.; Renaudet, O.; Imberty, A.; Hediger, S.; De Paepe, G. Chemical
Science 2019, 10, 3366-3374.
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Highlight 5: Selective high-resolution DNP-enhanced NMR of biomolecular binding sites®”
Locating binding sites in biomolecular assemblies and solving their structures is of the utmost importance to

unravel functional aspects of the system and provide experimental data that can be used for structure-based
drug design. This often still remains a challenge, both in terms of selectivity and sensitivity for X-ray

crystallography, cryo-electron microscopy and NMR. In this
Y /\ context, we developed a novel method called Selective
/!‘}' DNP 3 Sel-DNP Dynamic Nuclear Polarization (Sel-DNP) that allows
e . " selectively highlighting and identifying residues present in
gag ~ 7 60" 3 7+ | the binding site. This powerful site-directed approach relies
S . 2% . b onthe use of localized paramagnetic relaxation
i1 o /:g-;f i" ,;-};;‘,”,‘{:‘1‘; . [ enhancement induced by a ligand-functionalized
F it T I paramagnetic construct combined with difference
S S | B0 . spectroscopy. The methodology has been demonstrated

) TR " on the galactophilic lectin LecA, for which we reported
e well-resolved DNP-enhanced specira, which enabled the
de novo assignment of the binding interface residues. Since this approach produces clean and resolved
difference spectra containing a limited number of residues, resonance assignment can be performed without
any limitation with respect to the size of the biomolecular system, and only requires the production of one

protein sample (e.g. uniformly 13C, >N labeled).

@ 0 4
Single-Quantum *3C / ppm

Liquid and solid-state NMR for energy

In the field of materials for energy over the last 10 years the demands for NMR, either as a classical control tool
or at an advanced level, leading to publications in which NMR palys a central role, has considerably increased.
The main targeted domains are the following:

a. Biomass conversion for fuels and biogas using torrefaction or pyrolyse?,
b. Fuel-cellmembranes: optimization, ageing and dynamics,
c. Materials for hydrogen storage (new axe...),
d. Materials for batteries:
- Pristine material characterization; inorganic (LiFePO4, LIMO...) and organic (PTCI, PTCLi¢)??,
- Electrolyte behaviour and dynamics (PFG-NMR),
- Black carbon from biomass.
All these investigated fields have been conducted in strong Li M, Ni, Mg, , O,

| 3BkHz MAS

collaboration with LITEN and about 10 publications over the period
were published. The main interest of solid-state NMR is undoubtedly the
possibility o follow the structural changes: To illustrate this feature the
figure opposite gives ex-situ high-resolution solid-state 7Li NMR of
cathode active material (LININNO) that were cycled at different
voltages. In this example one could not only trace lithiation and
delithiation process but also followed the structural consequences on
the remaining matrice going from an ordered to a disordered
structure. For this precise study a computational approach was
specifically dedicated to rationalize the results. For that, Li chemical
shifts, dipolar and hyperfine interactions were calculated for all the
possible configurations expected from the known X-ray structure and
evaluated against the experimental solid-state Li NMR data (coll. with
J. M. Mouesca, Symmes). In order to minimize the effect due to
hyperfine coupling, Li spectra were recorded at rather low field (4.7 T)
and at high spinning rate 60 KHz.

4000 3000 2000 1006 (1] =1000 =-2000
"Li chemical shift (ppm)

97 Marin-Montesinos, |.; Goyard, D.; Gillon, E.; Renaudet, O.; Imberty, A.; Hediger, S.; De Paepe, G. Chemical Science 2019, 10,
3366-3374.

%8 Melkior, T.; Barthomeuf, C.; Bardet, M. Fuel 2017, 187, 250-260.

9 Buzlukov, A.; Mouesca, J. M.; Buannic, L.; Hediger, S.; Simonin, L.; Canevet, E.; Colin, J. F.; Gutel, T.; Bardet, M. Journal of
Physical Chemistry C 2016, 120, 19049-19063.
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Over the last ten years a large a set of chemical shifts for Lithium in different chemical environments (graphite,
silicon, LIMO) have been collected which currently makes ex situ analyses of materials from pouch cells
prepared under very different types of conditions (electrochemistry, ageing, storage conditions and
formulations and processes themselves) very
efficient.’00 All those studies were conducted in

:Z(:Ir:'lyte tight collaborations with colleagues from LITEN.
)

A Moreover, to better understand the behaviour of
) N A the studied materials operando NMR, as fruitfully
Li deposition A /4‘/ developed in Grey’'s Laboratory, have appeared

as a complementary tool of the other NMR
approaches that are carried out in the laboratory.
A probe was specifically modified and NMR coils
designed to match the flat volume of the pouch
cells that are produced at LITEN. Using the
adequate filters and shielding operando NMR can
o 'Li F2(ppm] be camed out to follow with 7L NMR
electrochemical cycling of pouch cells.

400 200

Typical experiment is shown in the figure above carried out on our 4.7 T spectrometer showing for instance the
appearance of lithium metal and then its insertion in graphite depending on the electrochemical cycling.

Main funds: Sintbat, TEESMAT (Horizon 2020)

Liquid-state and PFG NMR for studies of ligands on the surface of nanocrystails.

Liquid state NMR - represent a powerful tool for the investigation of ligand shell on the surface of colloidal
nanocrystals (NC). 197 Most colloidal nanocrystals, come with a capping of organic ligands, and the chemistry
of this organic/inorganic interface affects their physical and chemical properties. For almost all the applications,
it is necessary to replace the original ligands, by other molecules. So, it is very important to identify the surface
ligands from the synthesis, but also after the step of functionalization of NCs. Different NMR experiments can be
carried out in order to identify these organic molecules. In the simplest cases (well resolved spectra of ligands
fightly bounded to NC), standard 1D NMR experiments can help to identify the bounded ligands on the basis of
observed peak broadening, chemical shifts modifications. As NMR represents a quantitative method, the density
of ligand on the surface of NC can be established. In more complex cases, two dimensional NMR and Diffusing
NMR made possible the studies of the affinity of the ligands for the NC surface and the exchange dynamics
between NC-bounded and free ligands in solution. In this context, we contributed to the studies of ternary metal
chalcogenide nanocrystals CulnSz (CIS). These NCs possess the optoelectronic properties tunable with size and
composition and they can be easily prepared with good size control and in high yield. Concerning the surface
state, many studies showed that it was very challenging to replace quantitatively the surface ligands of the as-
prepared NCs. In this context, we are looking to understand the formation mechanism and surface state of CIS
NCs synthesized using dodecanethiol (DDT) as solvent, surface ligand, and sulfur source. By means of
complementary 1D and 2D NMR techniques, we were able to draw a complete picture of the surface chemistry:
(1). The ligand shell is composed of a double layer consisting of dodecanethiolate and didodecyl sulfide
moleculesin 1:1 ratio, assembled in a head-to-tail manner. This ligand double layer is in full accordance with the
observed mass loss in thermogravimetric analysis. Furthermore, a high surface ligand density of 3.6 nm~2 has
been determined, which has important consequences for the functionalization of the CIS NCs. They have been
shown to withstand standard ligand exchange and aqueous phase fransfer procedures. Nonetheless, the
binding of dodecanethiolate occurs in a dynamic way, yet with a fast exchange rate (>50 s—1). Ifs desorption
and adsorption processes are accompanied by protonation and deprotonation reactions. Therefore, the use
of appropriate protonating agents is a promising strategy for the surface functionalization of CIS NCs obtained
with the DDT method. 102

100 Matadi, B. P.; Genies, S.; Delaille, A.; Waldmann, T.; Kasper, M.; Wohlfahrt-Mehrens, M.; Aguesse, F.; Bekaert, E.; Jimenez-
Gordon, |.; Daniel, L.; Fleury, X.; Bardet, M.; Martin, J. F.; Bultel, Y. Journal of the Electrochemical Society 2017, 164, A1089-
A1097.

101 Lefrancois, A.; Luszczynska, B.; Pepin-Donat, B.; Lombard, C.; Bouthinon, B.; Verilhac, J. M.; Gromova, M.; Faure-Vincent, J.;
Pouget, S.; Chandezon, F.; Sadki, S.; Reiss, P. Scientific Reports 2015, 5.

102 Gromova, M.; Lefrancois, A.; Vaure, L.; Agnese, F.; Aldakov, D.; Maurice, A.; Djurado, D.; Lebrun, C.; de Geyer, A.; Schulli,T.
U.; Pouget, S.; Reiss, P. Journal of the American Chemical Society 2017, 139, 15748-15759.
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Main funds: supported by SYMMES Laboratory
In situ NMR of seeds and microalgae to study lipid droplets

The neutral lipids (triacylglycerols (TAG)), forinstance in oleaginous crops, are accumulated inside seeds in small
SphE. al organelles — Lipid Droplets (LD). The molecules of ail - triacylglycerol (TAG) - represent a mobile part of
seeds, consequently they can be studied by liquid state NMR. In particular, diffusional or pulsed field gradient
nuclear magnetic resonance (PFGNMR) has been demonstrated to be a powerful method to measure the self-
diffusion coefficient and to characterize the restricted diffusion in mesoporous media and confined systems. 103

The successive steps of PFG NMR
measurement of LD size in vegetable seeds.

Step 1: sample conditioning Step 2: recording NMR data

-

Oiffusion time 4

For biological applications, the NMR
W" e . approach is very interesting because it is a
< non-invasive method and it allows the analysis

of hundreds of thousands of cells at once. In
particular, we extended the use of this
method fo weak gradients NMR probes which
S represent the standard NMR equipment. The
obtained results allowed the determination of
the mean LD size in different seeds and also to
e e 2 aen | COMTElate the LD size ant neutral lipid seed
=4 contents. Moreover, it was possible to
! demonstrate the LD-to-LD TAG displacements
" which  could represent an interesting
’ parameter in seed state monitoring during
storage. Currently, this approach is successfully extended to the studies of oil storage in microalgae used for 3th
generation biofuels developments, 104

Step 3: data processing
-

Step 4: result output
T -
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Main funds: CEA program” DRF impulsion”

Relaxometry: new instrumentation, methods, and theories with developments to medical
applications

In a fixed external magnetic field Bo, NMR reloxometry, i.e., the measurement of the relaxation rates of systems
of nuclear spins, provides a Fourier analysis of time correlation functions of the positions of these spins at their
Larmor resonance frequencies.'% Fast field-cycling (FFC) NMR relaxometry allows one to perform that Fourier
analysis over a frequency range covering six decades, thus providing a unique method to study, characterize
and authenticate any type of condensed non-metallic material by probing its molecular dynamics properties.

103 Gromova, M.; Guillermo, A.; Bayle, P. A.; Bardet, M. European Biophysics Journal with Biophysics Letters 2015, 44, 121-129.
104 Boulard, C.; Bardet, M.; Chardot, T.; Dubreucq, B.; Gromova, M.; Guillermo, A.; Miquel, M.; Nesi, N.; Yen-Nicolay, S.; Jolivet,
P. Planta 2015, 242, 53-68.

105 Fries, P. H.; Belorizky, E. Journal of Chemical Physics 2015, 143.
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106 | ong confined to a few specialized laboratories, this technique is developing mainly in Europe. In that context,
a new FFC-NMR relaxometer, capable to explore the frequency domain down to 100 Hz or less (Bo <2 uT), is
under development at RM within the framework of the European H2020 IDentlFY project. Note that FFC-NMR
instruments, where field-cycling is produced by a fast current variation in a large coil, can be transformed into
FFC-MRI scanners when they are equipped with appropriate pulsed field gradients.

This milestone for exploring slow molecular motion is accompanied, first, by a reinforced cooperation with
INSERM (Dr Hana Lahrech) with the goal of discovering biomarkers of pathology at low-field magnetic
resonance imaging (MRI) and, second, by theoretical and methodological developments!07.108 Thus, we
derived very simple analytical expressions of the quadrupole relaxation enhancement (QRE) of the longitudinal
relaxation rate of nuclear spins due to their intframolecular magnetic dipolar coupling with quadrupole nuclei
of arbitrary spins.'% These expressions were obtained by using the adiabatic approximation for evaluating the
time evolution operator of the quantum states of the quadrupole nuclei. The relaxation rate profiles vs Larmor
frequency of the hydrogen nuclei of water can display QRE peaks in living tissues when those hydrogen atoms
temporarily bind to protein nitrogen atoms which have quadrupole nuclei. As shown in the figure, such peaks
can reveal tissue modifications due to osteoarthritis which are invisible to standard high field MRI.

437 R?Q/s~1 normal -39 RgQ/s‘l osteocarthritis
41 — 6= 90° 8- 36° 40 — 6= 90° 8- 36°
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Besides, in FFC-NMR experiments, the magnetic field takes several values in turns. We proposed a formalism to
properly account for the finite duration of the step between two field values. This allows a correct interpretation
of the relaxation in systems with chemical exchange, such as living tissues where the water molecules with their
observed hydrogen nuclei move back and forth between intra and extra-cellular compartments. 109

To be complete, note that despite its versatile application to any possible materials containing magnetic nuclei
in motion, the samples that can be explored by NMR relaxometry should contain a sufficient number of
magnetic nuclei, for instance, at least about 1 mmol of hydrogen nuclei, which requires 10 mg of biological
fissues, water, organic solvents, or polymers.

Main funds: H2020 & COST EU programs: IDentlFY & EURELAX

4- Organisation and life of the RM team

Animation:

The scientific animation in the RM team is organized through regular workgroup meetings or seminars, either
inside a subgroup or at the team level. The RM team is also attending seminars from Irig when topics are
matching their scientific interest. All RM team members are fully involved in the scientific animation of Irig/MEM.

RMis also part of several local networks (Pole CBS/PEM, Labex Arcane, Idex CDP Glyco@Alps, etc.) that organize
regular meetings in the greater Grenoble area. The lab is often solicitated to give presentations in these networks
which is a very efficient way fo stimulate internal research but also to reach out to colleagues from Grenoble

106 Karimdjy, M. M.; Tallec, G.; Fries, P. H.; Imbert, D.; Mazzanti, M. Chemical Communications 2015, 51, 6836-6838.

107 Fries, P. H.; Belorizky, E. Molecular Physics 2019, 117, 849-860

108 Gimenez, U.; Lajous, H.; El Afifi, M.; Bidart, M.; Auboiroux, V.; Fries, P. H.; Berger, F.; Lahrech, H. Contrast Media & Molecular
Imaging 2016, 11, 535-543.

109 Gimenez, U.; Lajous, H.; El Atifi, M.; Bidart, M.; Auboiroux, V.; Fries, P. H.; Berger, F.; Lahrech, H. Contrast Media &
Molecular Imaging 2016, 11, 535-543.
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(from Large Scale Instrument facilities, CNRS/CEA/UGA campuses). Most of the students enrolled in the RM
belong to structured student groups (e.g. glyco-club from the CDP glyco@Alps) which enable a better
integration into their local scientific environment. This is a very effective way to strengthen local collaborations
and, in the end, to support the Idex project from the ComUE (communauté d'universités et établissements)
Université Grenoble Alpes.

For the NMR service M. Bardet and P.-A. Bayle have regular meetings. For the administration and general topics
the permanent staff have meeting every three weeks. For the NMR service; meetings can be scheduled to
discuss spectrometer planning and repair/maintenance problems with the users.

Parity: ~30 % of the permanent team are female; S. Hediger is a CNRS researcher and M. Gromova is Maitre
de conférence at the UGA. For PhD students, 67 % over the evaluation period are female.

Safety: Safety contacts are present at Minatec and C5 places but main safety tasks are assumed by works by
CEA safety officers (L. Miquet). D. Lee assumes local safety training responsibilities for RM at Minatec. S.
Hediger and P. A Bayle are first responders in terms of alarms (€quipe locale de premier secours) for buildings
51C (Minatec campus) and C5 respectively.

Scientific integrity: Each permanent of RM has to assure and to guarantee this mission. For all the research topics
the NMR data have been kept without restriction since the creation of RM. Laboratory books and data files are
kept by the tutors of all the non-permanents when they left the laboratory.

Five-year project and strategy of the RM team

RM SWOT analysis

Strengths Weaknesses

Project coordination Lack of technical support
Complementary skills in RM Staff renewal

Adaptability to emerging projects Equipment renewal

NMR facility management Localization on two sites

RM is embedded in a polyvalent characterization RM is not part of a Chemistry Department

environment
The lab is not affiliated to CNRS

International recognition of DNP group
Lack of EPR & DFT skills

Collaborations with the Chemistry department

(DIESE)!10 at IRIG, IBS and DRT No access to local wet lab
Opportunities Threats/Risks
Grenoble scientific environnement (Large Scale Losses of expertise

infrastructure + CNRS + UGA+IDEX)
CEA intframural program and dynamics Critical mass of the lab
Chemistry/biology & material science local projects

SBT partnership

110 DIESE, Département Interfaces pour I'Energie, la Santé, I'Environnement . IBS, Institut de Biologie Structurale. DRT, Direction
de la Recherche Technologique
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PIA3 « équipements structurants pour la recherche » | No recurrent funding for the maintenance and the
repair of the NMR equipment

No recurrent funding for new investment

Outdated NMR equipment

Structure, workforce and scientific orientations

Global perspectives for RM

The RM activities are naturally embedded in the Grenoble environment (DRF-lIrig and DRT-Leti/Liten) but also rely
on strong national and international collaborations with leading research groups or industrial partners. The RM
will continue to be very active and apply for local/institutional but also national and European funding calls.
Nevertheless, the RM lab will have to face several challenges in the coming years:

First the RM lab needs to make sure that its current positioning outside the newly created chemistry department
(DIESE) of Irig is sustainable and is not bringing strong practical limitations. For instance, we can question the
sustainability of running chemistry activities in a research team that is not affiliated to a chemistry unit.

Second, the RM lab needs to make sure that its positioning as an advanced NMR lab for chemisty/biology and
material science is sufficiently clear at the local but also at the national level. This is important, especially since
the RM needs to be able to maintain/renew expensive NMR equipment (useful fo the RM team but also to the
mulfiple users of the facitlity) and also upgrade to higher magnetic fields for the DNP activity. In 2011, the RM
was positioned as the 3 lab in the world to setup DNP at 9.4 T. Today there are about 45 DNP spectrometers
installed worldwide, among which 30 operate at 14to 21 T.

The RM hopes that there will be opportunities to regroup both the team and the NMR equipment in the future.
This could be the case with the renovation of the C5 building (currently envisioned but not confirmed yet) that
aims at relocationg all chemists from Irig (SYMMES and LCBM) in the same building. Having all the NMR
spectrometers in a common place will undoubtedly benefit local scientists and facilitate maintenance and
routine operation (such as magnet filing), as well as improve future synergy within the team.

Finally, it is important fo mention that the size of the RM lab has been continuously decreasing over the last years
and this is likely to continue in the coming years. In addition, it is very important to resolve several problems: the
lack of expertise in computational NMR, MD/DFT simulations and the severe workload and lack of technical
support. Also, the RM needs to be able to attract younger talented colleagues and the fact that the team is
not affiliated to CNRS (while hosting one CNRS researcher) is a clear limitation. Several young researchers have
expressed interest in joining the RM team but due to the limited number of CEA/UGA openings, none of these
applications could be envisioned.

NMR service and high-resolution NMR

In terms of scientific orientations for the next term, the NMR service mission assigned to RM will remain a priority.
As a matter of fact, an increase in synthesis activities at DIESE is expected and the demands in NMR both as a
control tool or for advanced studies should be honored. Moreover, a similar increase in the demands has be
already recorded at the DRT. In this context, both Pierre Alain Bayle (CEA technician, responsible of the
platform) and M. Gromova (MCF, UGA) will play a central role. M. Gromova will go on developing NMR strategy
based on pulsed field gradients (PFG) techniques. PFG NMR will be used to study ligand dynamics at the surface
of nanoparticles as well to measure the size of vesicles or droplets, both in synthetic or living systems (seeds and
algae), using in that case restrained diffusion approach. The role of Pierre-Alain Bayle will be central to further
develop NMR techniques in liquid state to allow the chemists to reach their objectives in their specific NMR
projects requiring appropriate sequences, heteroatoms, temperature, basic CPMAS analyses and HRMAS
studies). Over the last ten years RM has developed NMR for material for electrical collecting and storage. This
goal is mainly driven by M. Bardet in the solid state and Pierre Alain in liquid. As M. Bardet will doubtless be
retired within three years, the durability of the skills acquired around solid-state NMR for material for electrical
collecting and storage has to be considered. As the chance of hiring permanent people is very small,
colleagues at DRT will appoint, in their own laboratory, an apprentice engineer for three years who will be
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involved in this thematic. A permanent colleague from DRT has also expressed the wish to be involved part of
his fime in NMR. Therefore PFG NMR, high resolution NMR and operando NMR in this field will be pursued and
developed. Currently, operando NMR of pouch cellis fully accessible but only at room temperature, the current
probe will be modified to allow variable temperature studies.

The DNP group: Dynamic Nuclear Polariztion and (low temperature) solid-state MAS NMR

Over the last 5 years, the activity of the DNP group focused on the development of Dynamic Nuclear Polarization
(DNP) and its application for the study of challenging systems ranging from advanced materials to complex
biomolecules. This will continue in the 5 coming years.

Notably, unique instrumental developments have allowed for preliminary tests of DNP under magic angle
rotation at temperatures (30 K) lower than what can be reached with a commercial device (~ 105-115K). This
proof of concept allowed us to validate the relevance of our approach (improvement of the NMR sensitivity by
several orders of magnitude) and motivates the continuation of our effort in the 5 coming years (Coll. Irig/SBT).
We are currently working on the development of a completely independent cryostat and a second-generation
DNP probe (in collaboratfion with the world-leader manufacturer BRUKER). Beyond assembling a unique
instrument that will strenghten the leadership of the group worldwide, it is also envisioned fo take the helium
spinning technology to market. This would ensure both a very high visibility and an efficient way to generate
incoming funding. Several labs (~10 in the world) have shown a very strong interest to acquire the technology.
The next step, to be successful, is conditioned to the hiring of a RM research engineer to interface the
insfrumental development between the RM group and the SBT lab, and also to enforce the collaboration with
Bruker Biospin through a transfer of technology.

Our group has made significant progress in DNP methodology, with the development and use of advanced
simulations (spin dynamics) that can be used to relate the properties of the polarizing agents (geometry, EPR
parameters, efc.) fo the DNP hyper-polarization performances. With this approach, we are in a position to design
new polarizing agents in strong collaboration with synthetic chemists from Prof. S. Sigurdson’s group (Iceland
University). One patent application has been filed in 2018, together with a joint publication.''m Many more bi-
radical structures are currently under development and will undoubtely lead to new polarizing agents tailored
to specific conditions (solvent, affinity to a given substrate, temperature, magnetic field, low or high gamma
nuclei, etc.). One of the questions that needs be addressed in the coming years relates to bringing these radicals
to market, in order to ensure a maximum impact of our work. Several directions are currently under
consideration.

With respect to Material Science applications, we will continue to develop projects in tight collaboration with
chemistry groups either through local (e.g. Irig/ SYMMES, P. Reiss / D. Aldakov / L. Dubois / F. Duclairoir) or
infernational (e.g. Warsaw University of Technology, Prof. Lewinski) collaborations since we believe that this is
the best way fo ensure steady progress and to perform state-of-the-art DNP-NMR on advanced materials. The
main fields of application of our work will target ZnO NCs, photovoltaic perovskites, natural and synthetic
biomaterials (bone/teeth), and graphene-based supercapacitors, among others. Notably, we hope that the
access to ultra-low sample spinning tfemperatures (using cryogenic helium) and faster MAS will enable the
confinuous and improved study of insensitive nuclei (°N, 4Ca, 170, ¢’In, efc.) using smaller amount of materials
(particularly useful for thin film studies). At this point it is worth pointing out that we are currently trying to secure
funding to carry on in this direction. Two ANR projects have been submitted that are currently under evaluation
at the second stage. Finally, in the context of a transverse CEA program, we are also starting a collaboration
with T. Charpentier (CEA/DRF) and F. Angeli (CEA/DEN) on the detailed study of the surface layer of nuclear
waste glasses.

Regarding Biomolecular applications, we plan to pursue the development of the Sel-DNP approach, that we
recently infroduced in the context of carbohydrate-binding proteins (Coll. CERMAV and DCM, A. Imberty, O.
Renaudet), and extend it for the study of challenging protein-igand or protein-metal interactions (Coll.
Iig/LCBM, V. Artero, C. Cavazza, O. Sénéque), possibly under cellular environments (Coll. Irig/IBS, J.-P. Simorre).

111 Mentink-Vigier F., Marin-Montesinos |., Jagtap A. P., Halbritter T., van Tol J., Hediger S., Lee D., Sigurdsson S. T., and De
Paepe G. Journal of the American Chemical Society 2018 140, 11013-11019
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This direction of research will be supported by an ANR project (18 months postdoc secured) and possibly by an
ARCANE PhD fellowship (under evaluation). In addition, we also plan to continue in the direction of natural
abundance DNP NMR spectroscopy for the study of protein aggregates, possibly derived from animals or
patients. Access to ultra-low temperatures and ultra-fast MAS are clearly mandatory to pursue this direction
since this would allow sub mg of sample analysis. Several collaborations are envisioned with groups from the
Institut Frangois Jacob and/or the Grenoble Institute of Neuroscience.

The RM is also planning to strengthen its collaborations with industrial partners either with Bruker Biospin or with
chemical companies (Michelin, BASF, Wacker, etc.). A first contract with Bruker, dealing with the collaborative
development of a second generation of MAS-DNP probe, is currently under progress. A second confract is
envisioned in the field of frequency-agile microwave source and ultra-fast MAS. Note that the DNP group has
also applied for internal support (transverse CEA program Bottom-Up) to help accessing fast MAS technology.
A R&D contract with Michelin is almost finalized and should start in 2020. Beyond this type of R&D work, the RM
team is also seeking to open the DNP/NMR facility to industrial partners to help secure funding to contribute to
the important running and maintenance cost of the facility. Investing further in this strategy is nonetheless very
difficult because of the limited human resources of the DNP group (only 3 researchers).

Finally, it is also important to note that the RM team is one of the two main partners of an ambitious regional
project that involves most of the NMR players in Auvergne - Rhéne-Alpes, “I'Institut des Sciences Analytiques de
Lyon” (UMR 5280 CNRS / ENS de Lyon / UCBL), “I'Institut de Biologie des Protéines de Lyon (UMR 5086 CNRS /
UCBL)", as well as two laboratories from the Irig Institute, IBS (UMR 5075 CNRS / CEA / UGA) and MEM respectively.
The project aims at securing the funding for a liquid/solid SB NMR spectrometer operating at 1.2 GHz/28.2 T
(installed in ISA, Lyon), combined with a 800 MHz/527GHz WB DNP NMR system (installed in MEM/Grenoble).
These equipments will permit to tackle new types of applications in Structural Biology as well as in Material
Science, with a strong impact in medicine, catalysis, energy and environment. About 7 M€ have been secured
through regional support and about 15 M€ will be requested to the PIA3 (program “équipements structurants
pour la recherche”) as soon as the program is launched. The project has the support of CEA and the CNRS.

The hiring of a CEA research engineer is thus strategically important: first to ensure the transfer of technology of
the helium DNP technology, to help maintain the NMR instruments of the RM team, and to help secure the
access of the NMR and DNP plateforms to a larger number of users (academic and industrial). At the moment
the DNP group is organized as follows: GDP leads the group ensuring balanced advances in the three research
axes (1. method & instrumentation, 2. material science and 3. biomolecules). DL is in charge of the DNP NMR
spectrometers (maintenance and training) with the assistance of SH/GDP and is strongly involved in axes 1 and
2. SH is in charge of the safety and the finances of the group with assistance from DL/GDP, and is strongly
involved in axes 1 and 3. The group has a concerted strategy regarding funding applications for which all group
members are involved.

Relaxometry
The local ecosystem in medecine as well as the recognition of its usefulness for CEA missions will be decisive for
the development of the relaxometry techniques for which the Grenoble site is unique because of its

complementary NMR facilities allowing one to explore molecular dynamics over a very broad range of
frequencies from a few tens of Hz fo about 1.4 GHz.

Operational organisation chart

DNP team: G. de Paépe, S. Hediger and D. Lee
NMR service: P. A Bayle

NMR team: M. Bardet, M. Gromova, & P.A Bayle
Relaxometry team: P. H. Fries

Equipment, plafforms

NMR equipment at RM:
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DNP equipment:
- 400 MHz solid-state NMR with DNP (cryo, DNP & console 2011, Minatec campus)
Ultra-low temperature instrumentation
- 400 MHz solid-state NMR with DNP (magnet 2005, console & DNP 2017, Minatec campus)
New console, new DNP ERC GDP

NMR Service:
- 500 MHz liquid-/solid-state NMR (2013, C-5 building)
HRMAS & CPMAS probes
- 400 MHz liquid-state NMR (2013, C-5 building)
- 200 MHz solid-state NMR (magnet 1979, console 1999, C-5 building)
High power PFG NMR and operando NMR

Relaxometry equipement:
- Relaxometer (2004, C-5 building)
- New relaxometer (2018 C-5 building)
Home made prototype

ULTMAS with cryogenic helium

- Home made -

NMR facility FFC-NNR relaxometer Pouch cell & coil for operando NMR

- Home made - - Home made -

Research products and activities of the RM team
Articles

Scientific articles (total 53)
20% most significant articles

1. Selective high-resolution DNP-enhanced NMR of biomolecular binding sites. I. Marin-Montesinos, Goyard D.,
Gillon E., Renaudet O., Imberty A., Hediger S., and De Paepe G. Chemical Science 10, pp. 3366-3374,
2019.

2. Structural Fingerprinting of Protein Aggregates by Dynamic Nuclear Polarization-Enhanced Solid-State NMR
at Natural Isofopic Abundance. A. N. Smith, Marker K., Piretra T., Boatz J. C., Matlahov I., Kodali R.,
Hediger S., van der Wel P. C. A., and De Paepe G. Journal of the American Chemical Society 140, pp.
14576-14580, 2018.

3. The formation of polymer-dopant aggregates as a possible origin of limited doping efficiency at high dopant
concentration. J. Euvrard, Revaux A., Bayle P. A., Bardet M., Vuillaume D., and Kahn A. Organic
Electronics 53, pp. 135-140, 2018.
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4. Interfacial Ca2+ environments in nanocrystalline apatites revealed by dynamic nuclear polarization
enhanced Ca-43 NMR spectroscopy. D. Lee, Leroy C., Crevant C., Bonhomme-Coury L., Babonneau F.,
Laurencin D., Bonhomme C., and De Paepe G. Nature Communications 8, pp. 2017.

5. Growth Mechanism and Surface State of CulnS2 Nanocrystals Synthesized with Dodecanethiol. M. Gromova
Lefrancois A., Vaure L., Agnese F., Aldakov D., Maurice A., Djurado D., Lebrun C., de Geyer A., Schulli T.
U., Pouget S., and Reiss P. Journal of the American Chemical Society 139, pp. 15748-15759, 2017.

6. In vivo quantification of magnetically labelled cells by MRI relaxometry. U. Gimenez, Lajous H., El Afifi M.,
Bidart M., Auboiroux V., Fries P. H., Berger F., and Lahrech H. Contrast Media & Molecular Imaging 11,
pp. 535-543, 2016.

7. Li-Rich Mn/Ni Layered Oxide as Electrode Material for Lithium Batteries: A Li-7 MAS NMR Study Revealing
Segregation into (Nanoscale) Domains with Highly Different Electrochemical Behaviours. A. Buzlukov
Mouesca J. M., Buannic L., Hediger S., Simonin L., Canevet E., Colin J. F., Gutel T., and Bardet M. Journal
of Physical Chemistry C 120, pp. 19049-19063, 2016.

8. Nuclear depolarization and absolute sensitivity in magic-angle spinning cross effect dynamic nuclear
polarization. F. Mentink-Vigier, Paul S., Lee D., Feintuch A., Hediger S., Vega S., and De Paepe G. Physical
Chemistry Chemical Physics 17, pp. 21824-21836, 2015.

9. In vivo measurement of the size of oil bodies in plant seeds using a simple and robust pulsed field gradient
NMR method. M. Gromova, Guillermo A., Bayle P. A., and Bardet M. European Biophysics Journal with
Biophysics Letters 44, pp. 121-129, 2015.

10. Pushing NMR sensifivity limits using dynamic nuclear polarization with closed-loop cryogenic helium sample
spinning. E. Bouleau, Saint-Bonnet P., Mentink-Vigier F., Takahashi H., Jacquot J. F., Bardet M., Aussenac
F., Purea A., Engelke F., Hediger S., Lee D., and De Paepe G. Chemical Science 6, pp. 6806-6812, 2015.

11. Untangling the Condensation Network of Organosiloxanes on Nanoparticles using 2D Si-29-Si-29 Solid-State
NMR Enhanced by Dynamic Nuclear Polarization. D. Lee, Monin G., Duong N. T., Lopez I. Z., Bardet M.,
Mareau V., Gonon L., and De Paepe G. Journal of the American Chemical Society 136, pp. 13781-
13788, 2014.

The remaining 80% articles

2019

12. De novo prediction of cross-effect efficiency for magic angle spinning dynamic nuclear polarization. F.
Mentink-Vigier, Barra A. L., van Tol J., Hediger S., Lee D., and De Paepe G. Physical Chemistry Chemical
Physics 21, pp. 2166-2176, 2019.

13. Sparsely Pillared Graphene Materials for High-Performance Supercapacitors: Improving lon Transport and
Storage Capacity. H. Banda, Perie S., Daffos B., Taberna P. L., Dubois L., Crosnier O., Simon P., Lee D.
De Paepe G., and Duclairoir F. Acs Nano 13, pp. 1443-1453, 2019.

2018

14. Computationally Assisted Design of Polarizing Agents for Dynamic Nuclear Polarization Enhanced NMR: The
AsymPol Family. F. Mentink-Vigier, Marin-Montesinos |., Jagtap A. P., Halbritter T., van Tol J., Hediger S.
Lee D., Sigurdsson S. T., and De Paepe G. Journal of the American Chemical Society 140, pp. 11013-
11019, 2018.

15. Gelled Electrolyte Containing Phosphonium lonic Liquids for Lithium-lon Batteries. M. Leclere, Bernard L., Livi
S.. Bardet M., Guillermo A., Picard L., and Duchet-Rumeau J. Nanomaterials 8, pp. 2018.

16. MRl and luminescence detection of Zn2+ with a lanthanide complex-zinc finger peptide conjugate. M. Isaac,
Pallier A., Szeremeta F., Bayle P. A., Barantin L., Bonnet C.S., and Seneque O. Chemical Communications
54, pp. 7350-7353, 2018.

2017

17. At the very beginning of life on Earth: the thiol-rich peptide (TRP) world hypothesis. Y. Vallee, Shalayel 1., Ly K.
D., Rao K. V. R., De Paepe G., Marker K., and Milet A. International Journal of Developmental Biology
61, pp. 471-478, 2017.
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18. New Solid Electrolyte Na9AI(MoO4)(6): Structure and Na+ lon Conductivity. A. A. Savina, Morozov V. A.,

Buzlukov A. L., Arapoval l. Y., Stefanovich S. Y., Baklanova Y. V., D. ova 1. A., Medvedeva N. |., Bardet M.
Hadermann J., Lazoryak B. I., and Khaikina E. G. Chemistry of Materials 29, pp. 8201-8913, 2017.

19. Fast and accurate MAS-DNP simulations of large spin ensembiles. F. Mentink-Vigier, Vega S., and De Paepe
G. Physical Chemistry Chemical Physics 19, pp. 3506-3522, 2017.

20. Efficient cross-effect dynamic nuclear polarization without depolarization in high-resolution MAS NMR.
Mentink-Vigier, Mathies G., Liu Y. P., Barra A. L., Caporini M. A, Lee D., Hediger S., Griffin R. G., and
Paepe G. Chemical Science 8, pp. 8150-8163, 2017.

_F.
e

21. Inputs of solid-state NMR fo evaluate and compare thermal reactivity of pine and beech woods under
torrefaction conditions and modified atmosphere. T. Melkior, Barthomeuf C., and Bardet M. Fuel 187,
pp. 250-260, 2017.

22. Effects of Biphenyl Polymerization on Lithium Deposition in Commercial Graphite/NMC Lithium-lon Pouch-
Cells during Calendar Aging at High Temperature. B. P. Matadi, Genies S., Delaille A., Waldmann T.,
Kasper M., Wohlfahrt-Mehrens M., Aguesse F., Bekaert E., Jimenez-Gordon I., Daniel L., Fleury X., Bardet
M., Martin J. F., and Bultel Y. Journal of the Electrochemical Society 164, pp. A1089-A1097, 2017.

23. Irreversible Capacity Loss of Li-lon Batteries Cycled at Low Temperature Due to an Untypical Layer Hindering
Li Diffusion into Graphite Electrode. B. P. Matadi, Genies S., Delaille A., Chabrol C., de Vito E., Bardet M.,
Martin J. F., Daniel L., and Bultel Y. Journal of the Electrochemical Society 164, pp. A2374-A2389, 2017.

24. Welcoming naturalisotopic abundance in solid-state NMR: probing pi-stacking and supramolecular structure
of organic nanoassemblies using DNP. K. Marker, Paul S., Fernandez-de-Alba C., Lee D., Mouesca J. M.,
Hediger S., and De Paepe G. Chemical Science 8, pp. 974-987, 2017.

25. Efficient 2D double-quantum solid-state NMR spectroscopy with large spectral widths. K. Marker, Hediger S.
and Paepe G. Chemical Communications 53, pp. 2155-9158, 2017.

26. Solvent signal suppression for high-resolution MAS-DNP. D. Lee, Chaudhari S. R., and De Paepe G. Journal of
Magnetic Resonance 278, pp. 60-66, 2017.

27. Evidence of Organic Luminescent Centers in Sol-Gel-Synthesized Yttrium Aluminum Borate Matrix Leading to
Bright Visible Emission. P. Burner, Sontakke A. D., Salaun M., Bardet M., Mouesca J. M., Gambarelli S.,
Barra A. L., Ferrier A., Viana B., Ibanez A., Maurel V., and Gautier-Luneau |. Angewandte Chemie-
International Edition 56, pp. 13995-13998, 2017.

2016

28. s-Heptazine oligomers: promising structural models for graphitic carbon nitride. A. Zambon, Mouesca J. M.,
Gheorghiu C., Bayle P. A., Pecaut J., Claeys-B. M., Gambarelli S., and Dubois L. Chemical Science 7,
pp. 945-950, 2016.

29. Impact of plasma reactive ion etching on low dielectric constant porous organosilicate films' microstructure
and chemical composition. M. Lepinay, Lee D., Scarazzini R., Bardet M., Veillerot M., Broussous L., Licitra
C., Jousseaume V., Bertin F., Rouessac V., and Ayral A. Microporous and Mesoporous Materials 228, pp.
297-304, 2016.

30. Perylene-Based All-Organic Redox Battery with Excellent Cycling Stability. A. lordache, Delhorbe V., Bardet
M., Dubois L., Gutel T., and Picard L. Acs Applied Materials & Interfaces 8, pp. 22762-22767, 2016.

2015

31. Comparative biodistribution in mice of cyanine dyes loaded in lipid nanoparticles. J. Merian, Boisgard R.,
Bayle P.-A., Bardet M., Tavitian B., and Texier |. European Journal of Pharmaceutics and
Biopharmaceutics 93, pp. 1-10, 2015.

32. A New Tool for NMR Crystallography: Complete C-13/N-15 Assignment of Organic Molecules at Natural
Isotopic Abundance Using DNP-Enhanced Solid-State NMR. K. Marker, Pingret M., Mouesca J. M.,
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Gasparutto D., Hediger S., and De Paepe G. Journal of the American Chemical Society 137, pp. 13796-
13799, 2015.

33. Enhanced Charge Separation in Ternary P3HT/PCBM/CulnS2 Nanocrystals Hybrid Solar Cells. A. Lefrancois,
Luszczynska B., Pepin-Donat B., Lombard C., Bouthinon B., Verilhac J. M., Gromova M., Faure-Vincent J.,
Pouget S., Chandezon F., Sadki S., and Reiss P. Scientific Reports 5, pp. 2015.

34. Solid-State NMR and DFT Combined for the Surface Study of Functionalized Silicon Nanoparticles. D. Lee
Kaushik M., Coustel R., Chenavier Y., Chanal M., Bardet M., Dubois L., Okuno H., Rochat N., Duclairoir F.,
Mouesca J. M., and De Paepe G. Chemistry-a European Journal 21, pp. 16047-16058, 2015.

35. Confinement of a tris-aqua Gd(lll) complex in silica nanoparticles leads to high stability and high relaxivity
and supresses anion binding. M. M. Karimdjy, Tallec G., Fries P. H., Imbert D., and Mazzanti M. Chemical
Communications 51, pp. 6836-6838, 2015.

36. NMR of the bacterial cell surface and antibiotics resistance. N. Jean, Bougault C., Laguri C., Schanda P.,
Vollmer W., Arthur M., Hediger S., and Simorre J. P. European Biophysics Journal with Biophysics Letters
44, pp. S46-S46, 2015.

37. Simple expressions of the nuclear relaxation rate enhancement due to quadrupole nuclei in slowly fumbling
molecules. P. H. Fries, and Belorizky E. Journal of Chemical Physics 143, pp. 2015.

38. Matrix-Free DNP-Enhanced NMR Spectroscopy of Liposomes Using a Lipid-Anchored Biradical. C. Fernandez-
de-Albg, Takahashi H., Richard A., Chenavier Y., Dubois L., Maurel V., Lee D., Hediger S., and De Paepe
G. Chemistry-a European Journal 21, pp. 4512-+, 2015.

39. DNA Photochemistry: Geometrically Unconstrained Pyrimidine (6-4) Pyrimidone Photoproducts Do
Photoisomerize. T. Douki, Rebelo-Moreira S., Haomon N., and Bayle P. A. Organic Letters 17, pp. 246-249,
2015.

40. Redox Photocatalysis with Water-Soluble Core Shell CdSe-ZnS Quantum Dots. T. Chauvire, Mouesca J. M.,
Gasparutto D., Ravanat J. L., Lebrun C., Gromova M., Jouneau P. H., Chauvin J., Gambarelli S., and
Maurel V. Journal of Physical Chemistry C 119, pp. 17857-17866, 2015.

41. The structural organization of seed oil bodies could explain the contrasted oil extractability observed in two
rapeseed genotypes. C. Boulard, Bardet M., Chardot T., Dubreucq B., Gromova M., Guillermo A., Miquel
M., Nesi N., Yen-Nicolay S., and Jolivet P. Planta 242, pp. 53-68, 2015.

42. A guanine-ethylthioethyl-glutathione adduct as a major DNA lesion in the skin and in organs of mice exposed
to sulfur mustard. M. Batal, Rebelo-Moreira S., Hamona N., Bayle P. A., Mouret S., Clery-Barraud C.,
Boudry I., and Douki T. Toxicology Letters 233, pp. 1-7, 2015.

43. Substitution of nanoclay in high gas barrier films of cellulose nanofibrils with cellulose nanocrystals and thermal
freatment. R. Bardet, Reverdy C., Belgacem N., Leirset ., Syverud K., Bardet M., and Bras J. Cellulose 22,
pp. 1227-1241, 2015.

44, Fossil wood from the Miocene and Oligocene epoch: chemistry and morphology. M. Bardet, and Pournou
A. Magnetic Resonance in Chemistry 53, pp. 9-14, 2015.

2014

45. Optimization of an absolute sensitivity in a glassy matrix during DNP-enhanced multidimensional solid-state
NMR experiments. H. Takahashi, Fernandez-De-Alba C., Lee D., Maurel V., Gambarelli S., Bardet M.,
Hediger S., Barra A. L., and De Paepe G. Journal of Magnetic Resonance 239, pp. 91-99, 2014.

46. Primostrato Solid-State NMR Enhanced by Dynamic Nuclear Polarization: Pentacoordinated Al3+ lons
AreOnly Located at the Surface of Hydrated gamma-Alumina. D. Lee, Duong N. T., Lafon O., and De
Paepe G. Journal of Physical Chemistry C 118, pp. 25065-25076, 2014.

47. Skin effect of conductive polymer composites observed by high-resolution solid-state NMR. M. Jouni, Buzlukov
A., Bardet M., Da Cruz-Boisson F., Eddarir A., Massardier V., and Boiteux G. Composites Science and
Technology 104, pp. 104-110, 2014.

48. Cis/Trans Isomerizations in Diron Complexes Involving Aniline or Anilide Ligands. E. Goure, Carboni M.,
Dubourdeaux P., Clemancey M., Balasubramanian R., Lebrun C., Bayle P. A., Maldivi P., Blondin G., and
Latour J. M. Inorganic Chemistry 53, pp. 10060-10069, 2014.
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49. A highly selective non-radical diazo coupling provides low cost semi-conducting carbon nanotubes. L.

Darchy, Hanifi N., Vialla F., Voisin C., Bayle P. A., Genovese L., Celle C., Simonato J. P., Floramo A.,
Derycke V., and Chenevier P. Carbon 66, pp. 246-258, 2014.

50. Dynamic Nuclear Polarization NMR of Low-gamma Nuclei: Structural Insights info Hydrated Yttrium-Doped
BazZrO3. F. Blanc, Sperrin L., Lee D., Dervisoglu R., Yamazaki Y., Haile S. M., De Paepe G., and Grey C. P.
Journal of Physical Chemistry Letters 5, pp. 2431-2436, 2014.

51. Tuning Lanthanide Reactivity Towards Small Molecules with Electron-Rich Siloxide Ligands. Andrez J., Pecaut
J.. Bayle P. A., and Mazzanti M. Angewandte Chemie-International Edition 53, pp. 10448-10452, 2014.

Review articles (2)

52. Ultra-low temperature MAS-DNP. Lee D ., Bouleau E., Saint-Bonnet P., Hediger S., De Paépe G. Journal of
Magnetic Resonance, 264, 116-124, 2016

53. Is Solid-State NMR enhanced by Dynamic Nuclear Polarization? - review article Lee D., S. Hediger S., G. De
Paépe G. Solid-state Nuclear Magnetic Resonance, 2015, DOI:10.1016/j.ssnmr.2015.01.003

Books

Book chapters (5)
54. MAS-DNP Enhancements: Hyperpolarization, Depolarization and Absolute Sensitivity. Hediger S., Lee D.,
Mentink-Vigier F., De Paépe G. eMagRes, 2018 - Volume 7, Issue 4

55. NMR Studies of Fossilized Wood. Bardet M., and Pournou A.. in: G.A. Webb, (Ed.), Annual Reports on Nmr
Spectroscopy, Vol 90, 2017, pp. 41-83.

56. High-Field Solid-State NMR with Dynamic Nuclear Polarization. Lee D. , Hediger S., De Paépe G. In: Webb G.
(eds) Modern Magnetic Resonance. Springer,Modern Magnetic Resonance, 2017, 1-17

57. In Situ Studies of Plant Seeds Using 13C or TH MAS NMR and 1H PFG NMR Approaches, Gromova M.
Guillermo A., Bayle PA., Bardet M.. In: Webb G. (eds) Modern Magnetic Resonance. Springer, 2017,
1519-1534 DOI: 10.1007/978-3-319-28275-6_18-1

58. Third Spin-Assisted Recoupling in SSNMR: Theoretical Insights and Practicable Application to Biomolecular
Structure Determination Paul S., Takahashi H., Hediger S., and de Paepe G. in: G.A. Webb, (Ed.), Annual
Reports on Nmr Spectroscopy, Vol 85, 2015, pp. 93-142. DOI:10.1016/bs.arnmr.2014.12.003

Book chapters in English or another foreign language (5)

Edited theses (2)
1- Atomic-level structure determination of organic assemblies by dynamic nuclear polarization enhanced
solid-state NMR, Thesis presented Decembre 19, 2017 by Katharina Marker

2- Atomic-level characterization of nano- and micro-structured porous materials by NMR: Pushing the
frontiers of sensitivity, Thesis presented November 25, 2015 by Tuan Nghia Duong.

Production in conferences / congresses and research seminars

Meeting abstracts
For SH/DL/GDP (DNP group)
- about 36 talks (with abstract) were given in international conference
- about 15invited seminars (with abstract) were given
- participation through lectures and laboratory hand on practice to 4 winter/summer schools
In addition, we estimate the number of abstract (talk or poster) from the PhDs/postdocs of the group to be
around 5/years.

Instruments and methodology
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Prototypes
1. Helium spinning MAS DNP instrumentation (probe + Cryostat) (see ERC project, G. De Paépe)
2. Ultra low field relaxometer (see EU project, P. H. Fries)

Platforms and observatories

(DNP-enhanced) solid-state NMR, solution NMR and relaxometer platform/facilities: Access are mainly through
collaborative projects or as autonomous users, depending on the types of research/analysis demands and the
required equipments.

Editorial activities

Participation in editorial committees (books, collections, efc.)
Archaeology Section Editor of Modern Magnetic Resonance Springer 2017 Graham A. Webb Editor

Reviewing activities

Reviewing of articles

Grant evaluation (public or charities)
For the RM team, we have estimated our confribution to peer reviewing process to:
- 72 for scientific articles
- 12 for research projects
Member of the Scientific Advisory Board of the Labex ARCANE (2012-now)

Participation in institutional committees and juries (CNRS, Inserm, etc.)
Jury of the CNRS concours for research engineer position in 2018 (S. Hediger)
UGA selection committee for MCF recruitments since 2014 (M. Gromova)

Academic research grants

European (ERC, H2020, etc.) and international (NSF, JSPS, NIH, World Bank, FAO, etc.) grants - coordination
1 ERC Cog ULTMASDNP
1 IEF BOLDNMR
Other European grants — partnership
Cofund NaMeS§
National public grants (ANR, PHRC, FUI, INCA, etc.) — coordination
1 ANR CryoMAS4DNP
2 PhD Phare CEA
National public grants (ANR, PHRC, FUI, INCA, etc.) — partnership
1 ANR TransPepNMR
PIA (labex, equipex etfc.) grants — coordination
3 Postdoc grants (Fernandez-de-Alba / Paul / Montesinos)
1/2 PhD grant

Visiting senior scientists and post-doc

Foreign visiting scientists
Anton Buzlukov from the Institute of Metal Physics Ural Branch of the Russian Academy of Sciences,
620990 Ekaterinburg Russia about 12 months over the period.

Scientific recognition

Chair of learned and scientific societies
2017- Member of the ISMAR council (International Society of Magnetic Resonance)
2016 - Admitted to the « Young Academia of Europe » http://yacadeuro.org/#sthash.zZiMUJAW1.dpbs

Organisations of meetings and symposia (international)
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1) Alpine Conference on Solid-state NMR (Chamonix) 2015 and 2017

2) Euromar (Nantes) 2018

3) Workshop UCSB — Grenoble 2019, « Functional materials and advanced spectroscopies »

4) International workshop " NMR Relaxometry for Interdisciplinary and Industrial Applications " (European
COST Action EURELAX), CEA-Grenoble 19-22 mars 2019

Invitations to meetings and symposia (out of France)

G. De Paépe:

ATUMS Symposium on Functional hybrid material and Meeting program on occasion of 150th Anniversary
of TUM, TUM (November 2018)

Nuclear Magnetic Resonance in Chemistry, Physics and Biological Sciences, Warsaw (September 2018)
HYP18, an international conference on Nuclear hyperpolarization, Southampton (September 2018)

The 101st Canadian Chemistry Conference and Exhibition (CSC2018), Edmonton (May 2018)

DFG-DNP workshop, Bonn (April 2018)

ACS National Meeting, New Orleans (March 18-22, 2018)

ICRIS-NMR "17: DNP-NMR Workshop (Kyoto, October 2017)

FGMR (French-German Magnetic Resonance) annual discussion meeting (Bayreuth, September 2017)
Telluride Workshop on DNP and paramagnetic NMR (Telluride, August 2017)

BRUKER Pre-EUROMAR symposium (Warsaw, July 2017)

EUROMAR (A European Magnetic Resonance Meeting) (Warsaw, July 2017)

Developments and Applications of Solid-State NMR to Materials Science, Chemistry and Engineering
Conference (Zing conference, Varna, Bulgaria, May 14-17, 2016)

The 58t Rocky Mountain Conference on Magnetic Resonance (RMCMR) (Breckenridge, July 17-21 2016)
The 57th Experimental Nuclear Magnetic Conference (ENC) (Pittsburgh, April 10 - 15, 2016)

The 9t Alpine Conference on Solid-State NMR, Chamonix, France, Sept., 2015

International Society of Magnetic Resonance (ISMAR), Shanghai, China, August, 2015

ICRIS-NMR ' 14: Technological Frontiers in Solid-State NMR, Kyoto, Japon, October 2-4, 2014

The 55th Experimental Nuclear Magnetic Conference (ENC), Boston, March 23 - 28, 2014

BRUKER Pre-ENC symposium, Boston, March 23, 2014

S. Hediger:

Structure and Interaction of the Bacterial Cell Wall by Solid-State NMR and DNP, Invited Seminar at
Department of Chemistry, Umea University, Sweden, February 4, 2014

Members' long-term visits abroad

M. Bardet joined Emsley ‘s laboratory at EPFL from15/10/2017 to 30/09/2018 (Academic Guest: outgoing
CEA fellowship from the CEA-Enhanced Eurotalents program, co-funded by FP7 Marie-Sktodowska-Curie
COFUND program, Grant Agreement 600382).

Interaction of the RM team with the non-academic world, impacts on economy,
society, culture or health

1- Socio-economic interactions / Patents
Filed patents

1 patent was filed on polarizing agents for DNP

2- Socio-economic interactions
Industrial and R&D contracts

One R&D contract with Bruker Biospin (3 years)
Several short contracts with industrials (Michelin/BASF/Wacker), one week each, 5 weeks in total

Involvement of the RM team in training through research

158
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Scientific productions (articles, books, etc.) from theses

Scientific productions (articles, books, etc.) from theses
For the DNP group, we have estimated the number of articles related to PhD projects to 6, with 3 arficles
per PhD in average.

Training

Habilitated (HDR) scientists

HDR obtained during the period
G. de Paepe
PhD students (6)
DNP group: 6
Defended PhDs
DNP group: 2 (N. Duong, K. Mdarker)
Mean PhD duration
37 months
Internships (M1, M2)
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TEAM 6: SERVICE GENERAL DE RAYONS X (SGX)

Presentation of the unit

Introduction

The SGX laboratory is in charge of the IRIG X-ray characterization tools. The main task of the laboratory is to
make available to the IRIG teams up-to-date X-ray scattering instruments, providing expertise in data collection
and analysis. It runs 4 diffractometers (single-crystal, powder, standard thin film, high-resolution and in-plane thin
film) and one small angle scattering instrument. One Laue camera is also part of the instrumental park but is
installed in a different building to meet the specific needs of the PHELIQS-IMAPEC team that operates it. The
own research activity of the team, performed in collaboration, is grafted on this main task. Research activities
are mainly focused on functional materials for applications in the field of new energy technologies (organo-
halide perovskites for photovoltaic applications) and epitaxial nanostructures for nanoelectronics and
spintronics.

Unit's workforce and means
Permanent staff (01/2019) Non-permanent

E. Bellet-Amalric, CEA researcher (1/2 MEM-SGX / 1/2 | Co-supervised PhD students (affiliated at SGX)
PHELIQS-NPSC) D. Zapata Dominguez (2017 - ) (SYMMES/STEP)

A. de Geyer, CEA engineer Co-supervised PhD students (not affiliated at SGX)
A. Medjahed (2017 - ) (SYMMES/STEP)

[P. Dally (2016 - ) (LITEN/DTS/LMPQO)- effective co-
B. Mongellaz, CEA technician supervision ]

A. Farchi, CEA engineer

S. Lequien, CEA researcher

S.Pouget, CEA researcher

The laboratory operating budget is of about 40 k€. The part of a recurrent budget coming from the CEA in the
funding of the research activities being zero today, the mode of financing of a common service laboratory is
not self-evident. Creating a pool of resources from individual and hard to obtain financing is not easy and
generates tensions. We finally opted for the following mode of operation: contributions are requested from the
teams at the end of the year, in proportion to their use; they are strongly encouraged to include an X-ray
participation in their projects funding. The question of financing investments, which is essential to maintain a
relevant and up-to-date instrumental park, is also complex. During the period 2016-2019 two instruments have
been replaced. The purchase of the SmartLab thin film diffractometer for high-resolution and in-plane
measurements benefited from tri-partite funding from Labex LANEF, INAC and Institut Néel. The acquisition of
the D8 powder diffractometer was made as part of the DRF's investments related to the creation of IRIG.

Scientific policy

As already mentioned, the main mission of the laboratory is to make available to the IRIG teams up-to-date X-
ray scattering instruments, providing expertise in data collection and analysis.

However in the last years the part of the research activity has increased, on the one hand resulting of ongoing
collaborations that have strengthened over time, and on the other hand in connection with the strategy of the
INAC institute and MEM service to put forward advanced characterization in the field of batteries.

It is important to emphasize that research, instrumental and / or methodological developments feed one
another.

Student training has always represented an important part of the feam's activity, in various forms: supervision of
PhD students, Master courses given at the university, frainings in X-ray techniques regularly organized in the
laboratory and recognized by the physics and chemistry doctoral schools, tutorials and practicals in the frame
of the HERCULES school.

Presentation of the unit's research ecosystem

In January 2019, SGX became the X-ray service laboratory of IRIG, grouping of INAC, IBS and BIG. IBS has
significant needs in X-ray characterization, covered by regular access to several beamlines at ESRF. The situation
of the laboratories that were attached to BIG is different and very variable according to the groups. The institute
did not have laboratory X-ray characterization facilities; but links with the SGX pre-existed the creation of the
IRIG around the single crystal diffractometer, which has been co-managed by the LCBM and our laboratory
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since 2017. Moreover, several teams are interested in the possibility of carrying out small angle scattering
experiments using our laboratory instrument. If this need is confirmed, the instrumental park of the laboratory will
have to evolve accordingly. Indeed the current "small angle" instrument is over 20 years old; it has been the
subject of several instrumental developments but failures are becoming more frequent and the instfrument will
be obsolete in the short term. The question of human resources will also be acute.

The SGX has developed links with the CNRS/Institut Néel X-ray laboratory, particularly in the context of the Labex
LANEF PHENIX project for the acquisition of the high-resolution/In Plane thin film diffractometer. It is a will of the
laboratory to continue and amplify this collaboration with the perspective of a complementary evolution of our
respective instrumental parks.

An X-ray characterization laboratory in Grenoble can hardly be considered without interaction with large scale
facilities. Several team members have worked at one point or another in their career at the ILL , and are now
regular users of neutron and synchrotron sources for their research activities.

Research products and activities for the unit

Scientific activity: The main mission of the laboratory is the service activity. With this respect, an activity report is
published and distributed in the institute every two years. As concern the tfeam research activities the SGX
laboratory has for a long time worked closely with the instfitute's laboratories specialized in epitaxial synthesis of
metals and semiconductors in various geometries (2D, 1D, 0D), in the fields of nanoelectronics and spintronics
PHELIQS and SPINTEC. Moreover, for the last three years, the involvement of the laboratory in the field of
functional materials for energy has been reinforced, particularly on hybrid perovskite materials for photovoltaic
applications, and on silicon-based composite materials for Li-ion battery electrodes, both subject in
collaboration with the SYMMES/STEP laboratory.

Scientific highlights

H1: Ferroelastic behavior of strained CH3NH3Pbls films synthesized by ion-exchange conversion from
CH3NH3PbCls

In the last decade organo-lead halide perovskites (OLHP) have atftracted extraordinary attention on account
of the rapid rise in their solar-to-electricity conversion efficiency and more generally of their potential
optoelectronic applications due to their outstanding properties including direct and tunable bandgaps, high
electron/hole mobilities, strong light absorption coefficients and high defect tolerance coupled with low non-
radiative recombination rates. They also appear to be easy to fabricate, even by room-temperature deposition
processes for thin films, displaying a combination of soft chemical/mechanical character (low formation energy
and stability, low mechanical stiffness and large thermal expansion coefficients). The soft nature of these
materials such as low formation energy, low Young's modulus and high thermal coefficients make them easy to
fabricate and also gives opportunities for manipulating film formation, tailoring film growth. CH3sNHsPbls
(denoted MAPDI3 in the following) can be considered as the reference material in perovskite solar cells, due to
excellent optical absorption properties with a band gap of 1.55 eV, remarkable carrier lifetime and balanced
carrier diffusion length. However, mastering the synthesis and the crystalline quality of MAPbI3 thin films has
proved to be a real challenge due to the weak stability of the phase and to the high sensitivity to the different
synthesis parameters.

As part of a research activity conducted in collaboration with the SyMMES / STEP and LITEN / DTS / LMPO
laboratories, we undertook a detailed study of the crystallization process and microstructure of MAPbI3 films
obtained by spin coating a solution of MAI and PbClz2 (3:1) in DMF.
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6344 Figl: Thermal evolution of the MAPDLI3 lattice
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Similar to different perovskite compounds MAPbI3 exhibits multiple crystalline phases: cubic with a Pm-3m space
group above 327 K, tetragonal elongated along the ¢ axis and alternating in-plane rotations of the Pblé
octahedra between 162 K and 327 K, and orthorhombic with the Pnma space group below 162 K. The
diffractograms obtained with the perovskite films are characteristic of the presence of a tetragonal MAPbI3
phase with a double texture [hh0] / [00h]. This apparent double texture is related to the observation, by
Transmission Electron Microscopy, of twins in MAPbIs films, associated with ferroelectric properties. The diffraction
data also indicate coexistence with a [h00] textured cubic MAPbCI3 phase. Temperature-dependent
measurements have been performed to determine the thermal behaviour of the lattice parameters. The
tetragonal cellis defined such that its a edge is the diagonal of the (g, b) face of the cubic cell and it is doubled
along the [001] direction. Consequently, to facilitate comparison between cubic and tetragonal phases,
pseudo-cubic lattice parameters af and c§ were defined from the tetragonal ar, crlattice parameters as follows:
aé = ar/v2 and c& = cr/2. Figl presents the thermal variation of the perpendicular lattice parameters.
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L Fig2: Evolution of the XRD pattern during the
annealing at 100°C. The different colors represent
the different stages of the MAPDbI3 formation
process (red: coexistence of MAPbI3 and MAPbCls;
orange: coexistence of the two perovskite phases
with Pbl2; green: coexistence of MAPbI3 and Pbla.
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Considering the data obtained with a sample of
powder that can be considered as "bulk reference”, the MAPDI3 layer appears to be highly strained, and this
for the two twin populations. In order to understand the origin of this strained state, we carried out an in situ
study, recording the diffraction signal during the annealing and thus along the crystallization process of the
MAPDI3 phase (Fig2). It appears that after the solution spin coating at room temperature only the MAPbCls
phase is present. At 100 ° C, the iodide perovskite is formed by ionic substitution in a strained state that amplifies
until the appearance of Pbl2 which is known to result from the decomposition of MAPbI3. The MAPDLI3 layer
reaches a completely relaxed state at the complete disappearance of the chlorine phase, as shown in Fig3.
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Fig3: Evolution of the MAPbIs cubic lattice
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The comparison with less strained layers obtained by different synthesis protocols allowed us to correlate the
presence of the twins with the degree of strain of the layer.

Two publications are in preparation.

H2: Silicon based anodes for Li-ion batteries

In the search for high performance electrode material for energy storage, silicon has attracted considerable
attention due to its large capacity (3579 mAh/g) almost ten fimes higher than for the commercially employed
graphite (372 mAh/g). However, the alloying process between lithium and silicon yields important volume
changes on cycling (typically 280% for bulk silicon) and subsequent growth of an unstable Solid Electrolyte
Interphase (SEl) upon cycling, leading to a rapid loss of performance. Different strategies can be considered to
improve the stability. One way of limiting volume expansion is using silicon nanoparticles, where the small size
enables Li transportation and strain relaxation. The nanoparticles can also be embedded in a matrix, thus
forming a composite material. This type of material displays better behavior with respect to the aging effect:
less capacity loss due to reduced SEI formation. Another possible solution is the insertion of a different element
in the silicon structure. Germanium, for instance, can improve the electronic and ionic conductivity, allowing
better lithium diffusion and improving the performance.

SiGe alloys for lithium-ion batteries

SixGeirxalloys have shown to improve the performance during cycling compared with Si-rich electrodes. In the
frame of a collaboration with CEA Paris Saclay/IRAMIS/NIMBE, 3 different SixGenx nanoparticles (NPS) alloys
were synthesized: SiosGeo.s, SiosGeos, and Sio.ssGeose by laser pyrolysis. This fechnique consists in using a laser
beam for decomposing silane and/or germane to obtain the NPs in the range of 20 — 100 nm (Fig4a). For the
three compounds, the X-ray diffraction data display diffraction peaks characteristic of the expected diamond
structure but the peak shapes indicate the presence of inhomogeneities in SixGe(1x composition.

Intensity (a.u) §

50 S

26 (*) A Cu Ka=1.54 A

Fig4: (a) STEM picture of Si Nps ; (b) LeBail profile refinement of 6/26 X-ray diffraction data for the Si0,44Ge0,56 NPs
compound.

45
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Data were analyzed by LeBail profile refinement, assuming the presence of diamond type crystalline phases
with different lattice parameters to account for the chemical composition dispersity. In the case of the Sio.44sGeo.s¢
compound, two different phases were considered (Fig4b). The fitted values of the laftice parameter
corresponds to silicon contents x=0.23 and x=0.44. Considering the differences in peak integrated intensities
corrected from the different electronic densities, the relative amounts of the two crystalline phases (x=0.23 and
x=0.44) can be estimated and are of the order of 1:3. The germanium rich Sio.3Geo.7 compound reveals sfronger
composition heterogeneities, while the silicon rich one displays a weaker crystallinity.

In order to investigate the (de)alloying properties of this compound, operando synchrotron WAXS measurements
were performed on SissGesr based electrodes in coin cells vs lithium. The cell was cycled at a rate of C/20 (I =-
80 pA) during 8 h. Then the current was increased up to 240 uA to accelerate the lithiation process. The diffraction
patterns composed of Bragg refflections from the battery components (Cu and Al current collectors and Si-Ge
particles) were measured every two minutes. Figsa shows the decrease of the Si-Ge (111) peak intensity upon
fime during the first lithiation, reflecting the continuous amorphization of crystalline particles due to the alloying
process. Along the lithiation process the diffraction peak position displays a shift towards larger Q values. This
might, at least partly, result from the sequential lithiation of the different SiiooxGexphases depending on the Ge
content. Indeed considering the values of the lithiation potential E vs Li+/Li0 for Ge and Si (resp. 380 mV and 250
mV), Ge rich phases are expected to lithiate first.

LITHIATION  DELITHIATION  Fig5: a) Si-Ge [111] peak intensity variations
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measured by operando synchrofron XRD during the
first lithiation. The peak decreases in intensity (from
blue to red) indicating the continuous
amorphization of the active particles. b) Voltage
against fime, with a change in current at ca. 8 hours,

Peak intensity (a.u.)

& 6 indicated by the arrow, and a floating period at the
§ i end of the lithiation, materialized by the yellow
2 3 shadowed area. c) Peak amplitude obtained by a
E 2 Gaussian fit to the XRD data, as a function of time.
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Delithiation kinetics in an industrial composite for lithium-ion batteries

The aimis to understand the lithiation mechanism in a complex industrial composite graphite/ active amorphous
Si + inactive FeSi2 (hereafter denoted Sintbat). With this purpose, its behavior is characterized and compared to
the one of pure graphite on the one hand and also to the one of a model composite made of crystalline Si Nps
and graphite on the other hand. Coin cells were prepared using the three different electfrode compounds.
Subsequently, one complete cycle and one lithiation between 1 V — 10 mV were performed (Figé). The cells
were then opened in the glovebox and the X-ray diffraction samples were prepared using the sample holder
shown in Figéb sealed with two Kapton foils.

(b) Li('I;, I_;C;_-
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Figé — (a) Cycling electrochemical data - (b) Sample holder used for XRD measurements — (c) Evolution of the
LiCx diffraction peaks along the graphite delithiation process.
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The measurements were made using the laboratory powder diffractometer. Scattering angles 22 — 30° were
collected in 0.02° steps with count time of 40 s per step to follow the kinetics of the LiCx phases’ formation until
the graphite peak appears at 26.5° (Figéc). Fig7 displays the delithiation kinetics determined from the evolution
of the area of the LiC¢ and LiCi2 (002) diffraction peaks, for the three types of electrodes. Clearly the pure
graphite delithiation is much slower than the one observed in the presence of silicon reflecting interactions
between the silicon and graphite lithiation processes. Nevertheless, the spontaneous pure graphite delithiation
indicates residual influence of the cell which is not fully airtight. These investigations will benefit from the
acquisition of a LE. he's battery cell.

2 LiCy,
3 1000 @ Sintbat Si
10" 67 ® SiNps 228
41 ® Homemade Graphite
- 2..
LiCq 4
162 - ® Sintbat Si 100
@ SiNps228 610
@ Homemade Graphite 4
24
1 —
10 | T | | | 0 ' ' ' ——
200 400 600 800 1000 200 400 600 800 1000
Time (min) Time (min)

Fig7- Graphite delithiation kinetics: evolution of the LiC¢ and LiCi2 (002) diffraction peaks areas as a function of
fime (t=0 corresponds to the exit of the cell from the glove box).

This activity is driven in collaboration with the MEM/NRS and SyMMES/STEP laboratories. Several publications are
in preparation.

H3: Near- and mid-infrared intersubband absorption Near- and mid-infrared intersubband absorption
Engineering intersubband fransitions between confined states in the conduction band have evolved into a
promising alternative for the realization of infrared (IR) optoelectronic devices. Initially, intersubband
technologies developed in the mid-IR using GaAs-based materials. Group-lll nitrides (GaN/AIN) offer the
possibility to extend the operating range of these devices into the near-IR spectral range, including the 1.3-1.55
um wavelength window of fiber-optic telecommunications. Furthermore, it opens prospects for room-
temperature operation of devices (photodetectors, quantum cascade lasers) designed for THz frequencies. For
these devices the intersuband active media consists of several tens of periods of GaN/AIGaN (of a few nm thick)
quantum wells. The conftrol of the structural quality of the samples is a key parameter for the performance of the
devices.

Inthe near-R, the use of nanowires (bottom-up) present interesting advantages to reduce the amount of active
material, and therefore the electrical capacitance of the device, without modification of the optical cross
section of the device. However, structural characterization of the nanowire ensemble is challenging due to the
dispersion of geometries, tilt and twist (Fig 8)

—_
(g)
-

Normalized intensity

:28 30 3I2 3I4 36 38
: 0-20 (degree)

Fig8: a) and b) HAADF-STEM images of the active region of a NW for ISB device, c) HRXRD reflection and
simulation of the (0002) of a planar and a NW sample.
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On the other hand, operation at longer wavelengths (THz) requires reducing the internal electric field induced
by spontaneous polarization in lll-nitrides. With this purpose, we considered the use of nonpolar crystallographic
orientations (a-plane and m-plane) grown on free-standing nonpolar GaN substrates. Here, advanced device
design requires precise knowledge of the strain state of the layers, which is a challenge in these highly
anisotropic crystals (Fig?).
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Bulk GaN j
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Fig?: Measurement of the stain state of m-plane and a-plane samples: (left) reciprocal space maps and (right):
strain state extracted from the XRD measurements

The Rigaku SmartLab X-Ray diffractometer in a high-resolution (HR) configuration with a 4 bounce Ge(220)
monochromator and a 0.114° collimator in front of the detector is a key tool for the developement of this
research field. The determination of the strain state of the superlattice (in the 2 in plane directions and for the
resulting out of plane direction) is obtained with the reciprocal space maps around asymmetrical reflections,
while the layer thickness and concentration are given by the simulations of the superlattice satellites in the
symmetrical diffractogram.

This subject, and more generally the improvement of group-lll nitrides, is a field conducted for many years in
close collaboration with the PHELIQS/NPSC team. For the non-polar structures [Lim et al. J. Appl. Phys. 118, 014309
(2015) and Nanotechnology 27 (2016) 145201] we have demonstrated that the intersubband fransitions in the
m-plane structures can cover the near, mid- and far-IR regions.

Instrumental highlights

H4: In-Plane/Out-of-Plane diffractometer (Smartlab Rigaku)

Late 2015, we welcomed a Smartlab X-ray diffractometer, by Rigaku, hosting a powerful x-ray source and
offering a high measurement versatility adapted to the diversity of samples and problems specific to crystalline
layers of high structural quality and even nanocrystalline objects. This project is jointly supported by CEA-
INACand CNRS-Institut Néel with a co-financing of LABEX LANEF, and jointly managed by the 2 institutes.

The main charactE. s of this equipment are: i) a 9kW rotating Cu anode with high flux, i) a versafil diffraction
geometry adaptable to sample morphologies, in particular for thin fims, with precise alignments of the diffraction
vector either normal to the surface of the sample or in the plane of the sample (Fig. 10), iii) the ability to
completely explore the reciprocal space, the detector having two independent movements, all angles guided
by a powerful simulation and all-automated control software, Iv) a modular design which enables powder
diffraction, medium or high resolution diffraction, v) an oven reaching 1100°C (by Anton Paar).
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Fig10: The equipment in the in-plane configuration
mode

Thanks to its large versatility, the diffractometer can be used for a broad variety of materials such as:

- Nanostructures of nitrides semiconductors (c and m-plane growth, planar or nanowire geometry) for inter-
band (UV) and intra-band (THz) emission: structural quality, strain and composition, using the high-resolution
mode [112].

- Organic nanometer-thick layers with very high conductivity for thermoelectric applications: in-plane and out
ofplane orientation of the PEDOT chains according to the type o fdoping molecules [113].

- Hybrid perovskite films for photovoltaic applications: crystal structure and microstructure (orientation, in-plane
and out-of plane domain size).

- Transition metal dichalcogenides, a new class of semiconducting two-dimensional materials, one to a few
monolayers in thickness: crystal orientation, strain and grain size thanks to the in-plane measurements (Fig.
11).114

- VO2, dependence of the electric properties of thin films on substrates, growth conditions, microstructure
orientation and quality: reciprocal space mapping, in-plane measurements, dependence with temperature.

%1954-06.ras

Fig 11:In plane reciprocal space map of 1.5 monolayer thick WSe2
w0 (indexed) epitaxially grown on mica

Intensity

)

H5: New powder diffractometer (Bruker D8 Discover)

In December 2018 a new Bruker D8 Discover powder diffractometer was installed in the laboratory (Fig12a). I
replaces the former Panalytical X'Pert, which was over 20 years old. Like its predecessor the instrument is
equipped with a copper tube, programmable divergence slots and a sample changer with 15 positions. New
configurations are available: i) a focusing mirror makes it possible fo measure under optimal conditions in
fransmission mode, for example for the study of membranes, orin capillaries ii)jthe removal of the K contribution
is efficiently performed (lkp/lka1 < 0.5%) by the energy discrimination of the Lynxeye XE-T detector, thus avoiding

112 Effect of Ge-doping on the short-wave, mid- and far-infrared intersubband transitions in GaN/AIGaN
heterostructures”, Semicond. Sci. Technol. 32, 125002 (2017).

113 structure and Dopant Engineering in PEDOT Thin Films: Practical Tools for a Dramatic Conductivity
Enhancement, Chem. Mater. 28, 3462 (2016).

114 Milimeter-scale layered MoSe2 grown on sapphire and evidence for negative magnetoresistance, Appl.
Phys. Lett. 110, 01 (2017).
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the threshold effect on the shape of the diffraction peaks. ii) a motorized anti-scattering screen minimizes

background at small angles.iv) a TTIK600 Anton Paar temperature stage covering a femperature range from 85
K to 600 ° C (Fig12b), v) a LE. he'S battery cell for operando measurements.

This state-of-the-art instrument makes it possible to study a wide variety of materials (semiconductor nanocrystals
for energy and photonics, hybrid Perovskite materials for photovoltaics, protonic conductive membranes,
electrode materials for batteries, etc.).

Fig12: Bruker D8 Discover diffractometer equipped with a 15-position sample changer (a) and a TTKé600 Anton
Paar temperature stage (b).

H6: SAXS/GISAXS laboratory setup

A long collimation SAXS laboratory setup is available for all IRIG teams. This home-built SAXS line is equipped with
a large 2D gas detector (14 cm x 14 cm) and the sample-to-detector distance can be tuned from 20cm up to
4 m. Its momentum transfer range (2 A1<Q <103 A'l) enables characterization of nanostructures from some
nanometers fo some hundreds of nanometers. The large sample chamber can accommodate various sample
environments such as temperature and/or humidity stages. This makes it a precious tool in complementarity to
large scale facilities measurements (synchrotron SAXS, SANS) allowing for instance long in-situ studies.

This lab-line has been widely used for investigating the structural properties of conductive (protonic or ionic)
polymers, the organization in block copolymer and self-assembled structures of ionic liquid crystals with the aim
of correlating it with the conduction properties. Its wide accessible Q range makes it well suited for the
investigation of liquid-phase synthesis crystallization processes. A developing field is the study of electrode
materials for energy storage, the SAXS technique giving access, among other structural parameters, to the
porosity which is a key parameter.

In 2018 and early 20192 a GISAXS configuration was developed and installed on the instrument, for the study of
thin films and interfaces. The GISAXS technique consists in measuring both the specular and off-specular
reflectivities with a 2D detector. The incident angle of the X-ray beam on the film is kept constant at a value
close to the critical angle. The equivalent of the SAXS signal is then obtained for the thin layer, giving access to
the distribution of electron density inhomogeneities parallel and perpendicular to the plane of the film.

This GiISAXS setup has recently been used to characterize self-assembled ionic liquid crystal thin films (materials
synthesized by DRT/LITEN and SyMMES). The ionic liquid crystals are designed to encode single-ion conduction
properties into a variety of mesomorphous phases (for instance, lamellar and columnar geometries). They are
considered as model systems for lithium-conducting and proton-conducting solid electrolytes of interest in
energy conversion and storage applications. The investigation of the film self-organization is essential, to
correlate the structure with the conducting properties (Fig13).

Polymer films of a thickness of the order of a few tens of nanometers can also be studied by GiSAXS on this lab-
line, benefiting from the large accessible Q-range. To take full advantage of this new configuration, a sample
temperature stage (-196°C < T < 400°C) with controlled atmosphere is under development for in situ GiSAXS
measurements.
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Fig.13: GiSAXS pattern from ionic liquid crystal thin film
- 100 (thickness ~ 500 nm) measured on the lab-line. The
sample-to-detector distance is 2 m. The diffraction peaks
observed along qg: reflect the vertical organization of the
jonic liquid crystal. The GiSAXS measurement indicates
that the self-organization occurs perpendicularly to the
surface with three characteristic peaks at 0.155 A1 (d =
40.5 &), 0.180 A (d =34.9 A) and 0.200 A1 (d = 31.4 A).

(syun "qle) Ajsusiu|

Organisation and life of the unit
Steering, life, organisation in the unit

Animation: The animation in the SGX team is organized through regular workgroup meetings or seminars, on a
monthly basis. But the size of the team and the location of laboratories and offices favor regular exchanges.

Parity: ~40 % of the permanent team and 100% of the SGX or co-supervised PhD students are female.

Safety: The SGX safety report is updated every year. Bernard Mongelaz is “correspondant securité” for the
laboratory.

Scientific integrity: The experimental data have been kept without restriction since the creation of SGX.
Laboratory books and data files of non-permanent staff are kept by the tutors.

Five-year project and strategy of the SGX team

SWOT analysis

Strength

Strong collaborations with different CEA-Grenoble (more particularly ex-INAC) labs  -> better efficiency when
combining skills in characterization and involvement in research issues

Diversified and renewing Instrumental Park -> Adaptability to emerging projects

Strong connections with CNRS, ILL and ESRF -> the lab is well anchored in Grenoble's scientific ecosystem
(despite a limited visibility)

Weakness

Aging staff -> demotivation if no perspective of transmission of skills and knowledge

Balance difficult to reach between service tasks for the community and own research -> lack of visibility
Complicated career paths for some team members -> group dynamics hard to build

Opportunities

Grenoble's scientific environment favoring opportunities for synergies -> opportunities of collaborations

Creation of IRIG -> new perspectives (f. i. concerning the development of lab SAXS tools)
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Threat

Absence of recruitment prospects in the short / medium term -> loss of expertise

Absence of recurrent funding (operation, maintenance and investment) => very precarious equilibrium
unfavorable to the construction of a laboratory development project

Lack of valorization of the service function to the community -> demotivation

Structure, workforce and scientific orientations
At short term, the positioning of SGX as the IRIG X-ray characterization laboratory is not expected to change
much.

Powder diffraction studies as well as thin film studies are carried out by Stéphane Lequien, E. Bellet-Amalric
(straddling SGX and PHELIQS / NPSC) and Stéphanie Pouget, who have very complementary profiles to cover
a wide variety of material studies for applications in the fields of spintronics, nanoelectronics and energy. The
three associated diffractometers are up-to-date (D8 powders 2019, SmartLab thin films - high resolution / In Plane
2015, Empyrean thin film - standard resolution 2012), equipped with various sample environments (TTK600 and
DHS1100 Anton Paar temperature stages, operando battery cell, ...), which positions the laboratory favorably in
the short and medium term to meet the needs of new projects and emerging issues.

The single crystal diffractometer was purchased in 2008. It is co-managed by the MEM and DIESE/CBM services,
which share maintenance costs, and the researcher who has the actual responsibility is Jacques Pécaut from
the SYMMES/CIBEST laboratory. The main research topics concerned by this instrument are catalysis and bio-
inspired chemistry as well as materials for energy. In the next four years, reflections on the renewal of the
diffractometer will have to be undertaken.

The small angle scattering instrument is an important asset especially for the study of functional materials for
energy such as proton conducting membranes, as well as graphene-like electrode materials. It is managed by
Arnaud de Geyer and Alain Farchi. The instrument is over 20 years old. It has benefited from several upgrades,
the last of which, in 2018, consisted in the development of a small angle grazing incidence (GISAXS) scattering
configuration, from old device recovery elements (goniometric plates, electronics...). This new option makes it
possible to address developing topics such as solid electrolyte materials. Collaborations are envisaged with
teams from the DIESE / CBM / AFFOND and DBSCI / PCV / LIPMB laboratories, favored by the creation of IRIG, in
the fields of amyloid fibers and membrane lipids. Unfortunately, instrumental breakdowns are more and more
frequent and the instrument could become obsolete in the short term. Reflections on its renewal are undertaken,
within the framework of the new institute, but also considering the positioning of such a laboratory
characterization tool with respect to the large-scale facilities. Such a project, very relevant and potentially
inifiator of promising synergies, could however be jeopardized by lack of human resources. Indeed, Arnaud de
Geyer will be retired within three years and there will be a lack of expertise in SAXS science in the group.

As concerns SGX own research, activities in the field of perovskite materials are expected to continue and
develop as part of a close and solid collaboration with the laboratory DIESE / SYMMES / STEP. Interactions with
the laboratory LITEN/DTS/LMPO at INES set up during Pia Dally's thesis (defense planned for autumn 2019) proved
to be relevant and fruitful.

Research on electrode materials for energy storage remains a key topic for the institute. The laboratory, which
has been equipped with a cell for operando measurements, will continue its activities in this field in connection
with the NRS laboratory, and the large instruments ILL and ESRF.

The SGX laboratory has for a long time worked closely with the institute's laboratories specialized in epitaxial
synthesis of metals and semiconductors, in the fields of nanoelectronics and spintronics. The geometry of the
systems (2D, 1D, OD) and the nature of the materials have evolved a lot over time. In the last years our
diffractometers have been renewed for state-of-the-art instruments well adapted to address the actual issues.
As a result, these collaborations will continue in the short and medium term, this field of research remaining a
priority within the institute.

Operational organisation chart

E. Bellet-Amalric (1/2 SGX): thin film diffraction and reflectivity (specialist in high resolution diffraction)
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A. de Geyer: SAXS
A. Farchi: SAXS
S. Lequien: thin film diffraction and reflectivity / computer control
B. Mongelaz: lab technician

S. Pouget: powder diffraction / thin film diffraction and reflectivity (group leader)

Equipment, platforms

Thin film diffractometer (Panalytical Empyrean 2012)

High resolution/In-Plane thin film diffractometer (Rigaku SmartLab 2015)
Powder diffractometer (Bruker D8 Advance 2019)

Single crystal diffractometer (Oxford Diffraction Xcalibur 2008)

SAXS/GISAXS instrument (home assembled — 1998)

Research products and activities of the SGX team

Scientific articles (total number) 43

2019

1. K.D. Wegner, S. Pouget, W.L. Ling, M. Carriere, P. Reiss Gallium - a versatile element for tuning the
photoluminescence properties of InP quantum dots, CHEMICAL COMMUNICATIONS. 55 (2019) 1663-1666.

2. G. Dudek, M. Krasowska, R. Turczyn, A. Strzelewicz, D. Djurado, S. Pouget Clustering analysis for
pervaporation performance assessment of alginate hybrid membranes in dehydration of ethanol, CHEMICAL
ENGINEERING RESEARCH & DESIGN. 144 (2019) 483-493.

3. Jonas Ldhnemann, D. A Browne, Akhil Ajay, Mathieu Jeannin, Angela Vasanelli, J.L. T.sin, E. Bellet-Amalric,
Eva Monroy Near-and mid-infrared intersubband absorption in top-down GaN/AIN nano-and micro-pillars
Nanotechnology 30 (2019) 054002

2018

4. L. Vaure, Y. Liu, D. CaD. , F. Agnese, D. Aldakov, S. Pouget, A. Cabotu, P. Reiss, P. Chenevier Doping and
Surface Effects of CuFeS2 Nanocrystals Used in Thermoelectric Nanocomposites, CHEMNANOMAT. 4 (2018)
982-991.

5. P. Pander, A. Swist, R. Turczyn, S. Pouget, D. Djurado, A. Lazauskas, R. Pashazadeh, J.V. Grazulevicius, R.
Motyka, A. Klimash, P.J. Skabara, P. Data, J. Soloducho, F.B. Dias Observation of Dual Room Temperature
Fluorescence-Phosphorescence in Air, in the Crystal Form of a Thianthrene Derivative, JOURNAL OF PHYSICAL
CHEMISTRY C. 122 (2018) 24958-24966.

6. J. Li, M. Bouchard, P. Reiss, D. Aldakov, S. Pouget, R. Demadrille, C. Aumaitre, B. Frick, D. Djurado, M. Rossi, P.
Rinke Activation Energy of Organic Cation Rotation in CH3NH3PbI3 and CD3NH3PbI3: Quasi-Elastic Neutron
Scattering Measurements and First-Principles Analysis Including Nuclear Quantum Effects, JOURNAL OF
PHYSICAL CHEMISTRY LETTERS. 9 (2018) 3969-3977.
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7. H.Banda, B. Daffos, S. Perie, Y. Chenavier, L. Dubois, D. Aradilla, S. Pouget, P. Simon, O. Crosnier, P.-L.

Tabema, F. Duclairoir lon Sieving Effects in Chemically Tuned Pillared Graphene Materials for Electrochemical
Capacitors, CHEMISTRY OF MATERIALS. 30 (2018) 3040-3047.

2017

8. S. Oyarzun, F. Rortais, J.-C. Rojas-Sanchez, F. Bottegoni, P. Laczkowski, C. Vergnaud, S. Pouget, H. Okuno, L.
Vila, J.-P. Attane, C. Beigne, A. Marty, S. Gambarelli, C. Ducruet, J. Widiez, J.-M. George, H. Jaffres, M. Jamet
Spin-Charge Conversion Phenomena in Germanium, JOURNAL OF THE PHYSICAL SOCIETY OF JAPAN. 86 (2017).

9.T.Le Quang, L. Huder, F.L. Bregolin, A. Artaud, H. Okuno, N. Mollard, S. Pouget, G. Lapertot, A.G.M. Jansen,
F. Lefloch, E.F.C. Driessen, C. Chapelier, V.T. Renard Epitaxial electrical contact to graphene on SiC, CARBON.
121 (2017) 48-55.

10. M. Gromova, A. Lefrancois, L. Vaure, F. Agnese, D. Aldakov, A. Maurice, D. Djurado, C. Lebrun, A. de
Geyer, T.U. Schulli, S. Pouget, P. Reiss Growth Mechanism and Surface State of CulnS§2 Nanocrystals Synthesized
with Dodecanethiol, JOURNAL OF THE AMERICAN CHEMICAL SOCIETY. 139 (2017) 15748-15759.

11.Y. Cure, S. Pouget, V. Reita, H. Boukari, Cu2ZnSnSe4 thin films grown by molecular beam epitaxy, SCRIPTA
MATERIALIA. 130 (2017) 200-204.

12. M. Bouchard, J. Hilhorst, S. Pouget, F. Alam, M. Mendez, D. Djurado, D. Aldakov, T. Schulli, P. Reiss, Direct
Evidence of Chlorine-Induced Preferential Crystalline Orientation in Methylammonium Lead lodide Perovskites
Grown on TiO2, JOURNAL OF PHYSICAL CHEMISTRY C. 121 (2017) 7596-7602.

13. D. Aradilla, F. Gao, G. Lewes-Malandrakis, W. Mueller-Sebert, P. Gentile, S. Pouget, C.E. Nebel, G. Bidan
Powering electrodes for high performance aqueous micro-supercapacitors: Diamond-coated silicon
nanowires operating at a wide cell voltage of 3 V, ELECTROCHIMICA ACTA. 242 (2017) 173-179.

14. Dau, MT; Vergnaud, C; Marty, A; Rortais, F; Beigné, C; Boukari, H; Bellet-Amailric, E; Guigoz, V; Renault, O;
Alvarez, C; Milimeter-scale layered MoSe2 grown on sapphire and evidence for negative magnetoresistance
Applied Physics Letters, 110, 11909 (2017) doi: 10.1063/1.4973519

15. A Ajay, CB Lim, DA Browne, J Polaczynski, E Bellet-Amalric, J Bleuse, M | den Hertog, E Monroy Effect of
doping on the intersubband absorption in Si-and Ge-doped GaN/AIN heterostructures Nanotechnology 28,
405204 (2017)

16. CB Lim, A Ajay, C Bougerol, E Bellet-Amalric, J Schérmann, M Beeler, E Monroy Effect of Al incorporation in
nonpolar m-plane GaN/AIGaN multi-quantum -wells using plasma-assisted molecular-beam epitaxy physica
status solidi (a) 214 (9),1600849 (2017)

17. A. Ajay, C. Lim, D. Browne, J. Polaczynski, E. Bellet-Amalric, M. den Hertog, and E. Monroy Infersubband
absorption in Si- andGe-doped GaN/AIN heterostructures inself-assembled nanowire and 2D layers Phys.
Status Solidi B 254, No. 8, 1600734 (2017)

18. R. Cuscd, V. Consonni, E. Bellet-Amadlric, R. André, L. ArtUs Phase discrimination in CdSe structures by
means of Raman scattering Phys. Status Solidi RRL 11, 1700006 (2017)

19.S. Li Tan, Y. Genuist, M. den Hertog, E. Bellet-Amalric, H. Mariette and N. T Pelekanos Highly uniform zinc
blende GaAs nanowires on Si(111) using a controlled chemical oxide template Nanotechnology 28, 255602
(2017)

2016

20. S. Oyarzun, A.K. Nandy, F. Rortais, J.-C. Rojas-Sanchez, M.-T. Dau, P. Noel, P. Laczkowski, S. Pouget, H.
Okuno, L. Vila, C. Vergnaud, C. Beigne, A. Marty, J.-P. Attane, S. Gambarelli, J.-M. George, H. Jaffres, S.
Bluegel, M. Jamet Evidence for spin-to-charge conversion by Rashba coupling in metallic states at the
Fe/Ge(111) interface, NATURE COMMUNICATIONS. 7 (2016).

21.T. Leonardo, E. Farhi, S. Pouget, S. Motellier, A.-M. Boisson, D. Banerjee, F. Rebeille, C. den Auwer, C.
Rivasseau Silver Accumulation in the Green Microalga Coccomyxa actinabiotis: Toxicity, in Situ Speciation,
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and Localization Investigated Using Synchrotron XAS, XRD, and TEM, ENVIRONMENTAL SCIENCE &
TECHNOLOGY. 50 (2016) 359-367.

22. A. Lefrancaois, 3. Pouget, L. Vaure, M. Lopez-Haro, P. Reiss, Direct Synthesis of Highly Conductive tert-
Butylthiol-Capped CulnS2 Nanocrystals, CHEMPHYSCHEM. 17 (2016) 654-659. doi:10.1002/cphc.201500800.

23. M.N. Gueye, A. Carella, N. Massonnet, E. Yvenou, S. Brenet, J. Faure-Vincent,S. Pouget, F. Rieutord, H.
Okuno, A. Benayad, R. Demadrille, J.-P. Simonato Structure and Dopant Engineering in PEDOT Thin Films:
Practical Tools for a Dramatic Conductivity Enhancement, CHEMISTRY OF MATERIALS. 28 (2016) 3462-3468.

24. J. De La Torre Medina, G. Hamoir, Y. Velazquez-Galvan, 3. Pouget, H. Okuno, L. Vila, A. Encinas, L. Piraux,
Large magnetic anisotropy enhancement in size controlled Ni nanowires electrodeposited infto nanoporous
alumina templates, NANOTECHNOLOGY. 27 (2016).

25. V. Simone, A. Boulineau, A. de Geyer, D. Rouchon, L. Simonin, S. Martinet Hard carbon derived from
cellulose as anode for sodium ion batteries: Dependence of electrochemical properties on structure,
JOURNAL OF ENERGY CHEMISTRY. 25 (2016) 761-768.

26. Lim, CB; Ajay, A; Bougerol, C; Ldhnemann, J; Donatini, F; Schérmann, J; Bellet-Amalric, E; Browne, DA;
Jiménez-Rodriguez, M; Monroy, E;

Effect of doping on the far-infrared intersubband transitions in nonpolar m-plane GaN/AIGaN heterostructures,
Nanotechnology, 27, 145201 (2016)

27.Llim, C.; Beeler, M.; Ajay, A.; Lihnemann, J.; Bellet-Amalric, E.; Bougerol, C.; Schérmann, J.; Eickhoff, M.;
Monroy, E. Short-wavelength, mid-and far-infrared intersubband absorption in nonpolar GaN/Al (Ga) N
heterostructures, Japanese Journal of Applied Physics, 55, 05FG05 (2016)

28. Auzelle, T.; Biquard, X.; Bellet-Amailric, E.; Fang, Z.; Roussel, H.; Cros, A.; Daudin, B. Unraveling the strain state
of GaN down to single nanowires Journal of Applied Physics, 120, 225701 (2016)

2015

29.C.T., X. Baudry, J.P. Barnes, M. Veillerot, P.H. Jouneau, S. Pouget, O. Crauste, T. Meunier, L.P. Levy, P. Ballet
MBE growth and interfaces characterizations of strained HgTe/CdTe topological insulators, JOURNAL OF
CRYSTAL GROWTH. 425 (2015) 195-198.

30. H. Mendil-Jakani, S. Pouget, G. Gebel, and P.N. Pintauro Insight into the multiscale structure of pre-
stretched recast Nafion (R) membranes: Focus on the crystallinity features, POLYMER. 63 (2015) 99-107.

31. A. Lefrancois, B. Luszczynska, B. Pepin-Donat, C. Lombard, B. Bouthinon, J.-M. Verilhac, M. Gromova, J.
Faure-Vincent, S. Pouget, F. Chandezon, S. Sadki, P. Reiss Enhanced Charge Separation in Ternary
P3HT/PCBM/CulnS2 Nanocrystals Hybrid Solar Cells, SCIENTIFIC REPORTS. 5 (2015).

32. A. de Kergommeaux, M. Lopez-Haro, S. Pouget, J.-M. Zuo, C. Lebrun, F. Chandezon, D. Aldakov, P. Reiss,
Synthesis, Internal Structure, and Formation Mechanism of Monodisperse Tin Sulfide Nanoplatelets, JOURNAL
OF THE AMERICAN CHEMICAL SOCIETY. 137 (2015) 9943-9952.

33. N. Massonnet, A. Carella, A. de Geyer, J. Faure-Vincent, J.-P. Simonato
Metallic behaviour of acid doped highly conductive polymers, CHEMICAL SCIENCE. 6 (2015) 412-417.
34. B. Bonef, L.I Gérard, J.-L. Rouviere, A. Grenier, P.-H. Jouneau, E. Bellet-Amalric, H. Mariette, R. André, and C.

Bougerol Afomic arrangement at ZnTe/CdSe interfaces determined by high resolution scanning transmission
electron microscopy and atom probe tomography Applied Physics Letters 106 (5), 051904 (2015)

35. C. B. Lim, M. Beeler, A. Ajay, J. Ldhnemann, E. Bellet-Amalric, C. Bougerol, and E. Monroy, Intersubband
transitions in nonpolar GaN/Al(Ga)N heterostructures in the short- and mid-wavelength infrared regions J.
Appl. Phys. 118, 014309 (2015)

36. C.B. Lim, M. Beeler, A. Ajay, J. Ldhnemann, E. Bellet-Amalric, C. Bougerol, J. Schérmann, M. Eickhoff, and E.

Monroy Nonpolar m-plane GaN/AIGaN heterostructures with intersubband transitions in the 5-10 THz band ,
Nanotechnology 26, 435201 (2015).
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37.S. Valdueza-Felip, E. Bellet-Amalric, A. Nunez-Cascajero, Y. Wang, M.-P. Chauvat, P. Ruterana, S. Pouget, K.
Lorenz, E. Alves, E. Monroy High In-content InGaN layers synthesized by plasma-assisted molecular-beam
epitaxy: Growth conditions, strain relaxation, and In incorporation kinetics. Journal of Applied Physics 12/2014;
116(23):233504.

38. D. Sam-Giao, S. Pouget, C. Bougerol, E. Monroy, A. Grimm, S. Jebari, M. Hofheinz, J.-M. Gerard, V. Zwiller,
High-quality NbN nanofilms on a GaN/AIN heterostructure, AIP ADVANCES. 4 (2014).

39. L. Biniek, S. Pouget, D. Djurado, E. Gonthier, K. Tremel, N. Kayunkid, E. Zaborova, N. Crespo-Monfteiro, O.
Boyron, N. Leclerc, S. Ludwigs, M. Brinkmann High-Temperature Rubbing: A Versatile Method to Align pi-
Conjugated Polymers without Alignment Substrate, Macromolecules 47, 3871 (2014).

40. C. Himwas, M. den Hertog, E. Bellet-Amalric, R. Songmuang, F. Donatini, Le Si Dang, and E. Monroy
Enhanced room-temperature mid-ultraviolet emission from AIGaN/AIN Stranski-Krastanov quantum dots.
Journal of Applied Physics 116, 023502 (2014)

41. M. Beeler, C. Bougerol, E. Bellet-Amalric, and E. Monroy Pseudo-square AIGaN/GaN quantum wells for
terahertz absorption. Appl. Phys. Lett. 105, 131106 (2014)

42. Mark Beeler, C. Bougerol, E. Bellet-Amalaric, Eva Monroy THz intersubband transitions in AIGaN/GaN multi-
quantum-wells. Phys. Status Solidi A, 211, 761 (2014)

43. Fiori, J. Bousquet, D. Eon, F. Omnes, E. Bellet-Amalric, and E. Bustarret Boron-doped superiattices and Bragg
mirrors in diamond. Appl. Phys. Lett. 105, 081109 (2014)

Books
Book chapters (fotal number)

Daniel Bellet and E. Bellet-Amailric In “Solar Cell Materials; Developing Technologies™;Ed. G.J. Conibeer,

A. Whilloughby, Wiley Series in Materials for Electronic and Optoelectronic Applications, John Wiley & Son,
2014, p35

Production in conferences / congresses and research seminars
10 talks (with abstract) were given in international conference

2 invited seminars (with abstract) were given participation through lectures and laboratory hand on practice
fo 8 winter/summer schools

Instruments and methodology
Platforms and observatories

X-ray characterization instrumental pool: five diffractometers and one small angle scattering instrument. See
Annex 3

Academic research grants

European (ERC, H2020, etc.) and international (NSF, JSPS, NIH, World Bank, FAO, etc.) grants - partnership

H2020-NMP SINTBAT (2016 - 2020)
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H2020-TWINN ORZEL (2015 - 2019) - staff exchanges with the silesian university of technology - 3x1 week in
Gliwice

National public grants (ANR, PHRC, FUI, INCA, etc.) — partnership
UVLASE (2018 -2022) Electron-Pumped UV Laser ANR-18-CE24-0014

MECHASPIN (2018 - 2022) Atomic scale control and mechanical spin driving of a magnetic atom ANR-17-CE24-
0024

ESPADON (2016 —2020) Engineering Spins and Photons from Anisotropic DOts in Nanowires ANR-15-CE24-0029
FLUO (2019-2022) Continuous-flow synthesis of InP based quantum dots. ANR-18-CE09-003%-01
PERSIL (2017-2021) Perovskite based solar cells for infegration in tandem cells with silicium ANR-16-CE05-0019-02

NEUTRINOS (2017-2021) Ternary quantum dots synthesis emitting in the visible and near infrared for biologic
detectione via Férster Resonance Energy Transfer. ANR-16-CE09-0015-03

HARVESTERS (2017 — 2020) Havesting energy with polymer based ThermoElectric generatoR to power
autonomous Sensors ANR-16-CE05-0029

Local grants (collectivités territoriales) — partnership

PEAPLE (2018-2022) Pompage électronique de nanostructures d'AIGaN pour le développement d'émetteurs
UV Projet Région ARA 2018

Scientific recognition

Invitations to meetings and symposia (out of France)

Organisations of meetings and symposia (international)

SYNOHE workshop (Synchrofron and Neutron techniques for Organic and Hybrid Electronics) - 2017
Members' long-term visits abroad

S.POUGET 3W Gliwize Poland

Involvement of the SGX team in training through research

Training sessions on X-Ray Scattering Techniques for PhDs, Researchers. (2/y)

(Recognized by Ecole Doctorale de Physique and Ecole doctorale Chimie Biologie Santé)
PhD students 2

Internships (M1, M2) 2

People in charge for a mention or a master's degree course (total number)

S. Pouget: X-Ray/neutrons scattering course in M2 “polymers for advanced technologie
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ANNEX 1: LETTER OF COMMITMENT

Grenoble, May 315t 2019

I, the undersigned RIEUTORD Francois Director of the research unit “Modélisation et Exploration des Matériaux
(MEM) " certify, by the present letter, the exactitude of all data presented in this self-evaluation file,
containing the self-evaluation document, and two Excel files named « Current contract data » and « Next
contract date ».

l_-ﬂ-*'/"]r/'ugg‘
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ANNEX 2: OPERATIONAL ORGANISATION CHART

Direction MEM

Dir: F.Rieutord
Adj: T.Deutsch
Ass: C.Picot (1/2)
M. Sabate (1/2)

178

L_Sim team LEMMA team MDN team NRS team RM team SGX team
T.Deutsch(C) H.Okuno(C) S. Raymond (C) J. Eymery(C) M.Bardet(C) S.Pouget(C)
D.Cadliste(C) D Jalabert(C) B. Grenier(EC) G. Renaud(C) PH Fries(C) E. Bellet-Amalric (C,
I. Duchemin(C) PH Jouneau(C) F.Bourdarot(C) O.Robach(C 4/5) M. Gromova (EC) 1/2NPSC)
L. Genovese|(C) E Robin(C) E. Ressouche(C) V. Favre-Nicolin (EC, PA Bayle (ITA) S.Lequien(C)
F. Lancon(C) JL Rouviere(C) defach.) A. Farchi(ing.)
YM Niquet(C) N. Moliard (Tech) B. Fouilloux(Tech) S-Tardif(C) G de Paepe(C) A de Geyer(ing)
P.Pochet(C) B. Longuet(Tech) X.Biquard (C) S.Hediger(DR CNRS)| | B. Mongeliaz (Tech)
B. Vettard(Tech) C.Revenant(C 1/2) D.Lee(C)
F. Mantegazza(ing) P. Hecquet (C)
O. Ulrich (Ing.)
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ANNEX 3: EQUIPMENT, PLATFORMS

LEMMA

Titan Ultimate Thermo Fisher (2013- ): 40% of machine fime
Titan Themis Thermo Fisher (2017- ): 40%

FIB-SEM cross-beam Zeiss XB550 (2019- ): 33%

FIB-SEM Zeiss NVision 40 (2010- ): 25%

Other TEMs: 3

Other FIBs: 2

SEMs: 3

MDN

D23 Single crystal Diffractometer D23 for magnetic scattering
IN22 Thermal neutron three axis spectrometer IN22

IN12 Cold neutron three axis spectrometer IN12

Sample environment

A 12 T vertical field magnet (asymmetric for polarized neutrons).
A dilution fridge insert (50 mK for a cryostat or the 12 T magnet).
An 3He fridge insert (300 mK for a cryostat or the 12 T magnet).
An electric field stick (15 kV).

A sphE. al polarization device CRYOPAD.

Five helium flow cryostats.

12 T vertical field magnet on D23 and spin echo option on IN22

NRS
BM32 Equipment @ ESRF:

MicroLaue station with focusing optics, scanning stages, and 2D detector (2006)
GMT 4-circle z-axis surface goniometer (1993)
INS2 In-situ 4-circle high speed UHV Surface and GISAXS diffractometer (2015)

RM
DNP equipment:

400 MHz solid-state NMR with DNP (cryo, DNP & console 2011, Minatec campus)
Ultra-low temperature instrumentation

400 MHz solid-state NMR with DNP (magnet 2005, console & DNP 2017, Minatec campus)
New console, new DNP ERC GDP

NMR Service:

500 MHz liquid-/solid-state NMR (2013, C-5 building)

HRMAS & CPMAS probes
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400 MHz liquid-state NMR (2013, C-5 building)

200 MHz solid-state NMR (magnet 1979, console 1999, C-5 building)
High power PFG NMR and operando NMR

Relaxometry equipment:

Relaxometer (2004, C-5 building)

New relaxometer (2018 C-5 building) home made (Stelar) prototype

SGX
High resolution diffractometer (SmartLab) (shared with Néel/CNRS) (2015)

Powder diffractometer with temperature stage (100-1000K) (2019)

Thin film diffractometer/Reflectometer (2012)

SAXS diffractometer (home made, 1998)

4-circle diffractometer (Oxford Diffraction Xcalibur 2008) (shared with LCBM)
Laue bench with backscattering 2D detector (Dé)

Surface diffractometer with rotating anode (1993)
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