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vibrational spectroscopies, Marty Laëtitia . . . . . . . . . . . . . . . . . . . . . . 46

Ab initio exciton and phonon dynamics in Transition Metal Dichalcogenides, Zanolli
Zeila . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

Nanoscale optics of twisted 2D materials, Koppens Frank . . . . . . . . . . . . . 48

C3 - Quantum fluids and gases 49

3



Topology and quantum magnetism in lattices of rings, Ahufinger Veronica . . . . 49

Coherent effects in atomtronic circuits., Amico Luigi . . . . . . . . . . . . . . . . 51

Kardar-Parisi-Zhang universality in 1D exciton-polariton systems, Canet Léonie . 52
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ABSTRACT: CITCEA-UPC 

Speaker: Mònica Aragüés Peñalba 

 

Grenoble-Barcelona twin conference : From quantum systems to 

new materials and smart electrical energy 
23-25 Oct 2019 GRENOBLE (France) 

 

Created in 2001, CITCEA-UPC belongs to the Universitat Politècnica de Catalunya (UPC) and it is 

devoted to research, innovation and technological transfer to the industry. Currently, eight CITCEA-

UPC members belong to the staff of professors of UPC and the rest of the team consists of 

engineers, PhD students and master students, more than sixty people. The group activity is focused 

on Energy in two big areas: Mechatronics (power electronics) and Enertronics fields. Enertonics is 

the synergistic combination of power system engineering, smart system engineering, computing and 

control systems. Besides the research and innovation activities of the center, the professors own a 

Spin-off company called TeknoCEA that is in charge of transferring research results to the market.   

In the enertronics field the competences for the project are: 

- Energy management systems design and implementation 

- Demand response algorithms and implementation  

- Electricity markets and local markets design  

- Power system operation   

- Renewable energy technology   

- Smart Grids   

- Electric vehicles integration in power systems   

- Power system architecture design   

- Storage technology integration in power systems   

In the mechatronics field the competences for the project are: 

- Power electronics   

- Energy resources emulators   

- Industrial communications   

- Control engineering   

- Motor drives   

Recent projects where CITCEA has participated will be presented. One of them is RESOLVD H2020, 

which aims to contribute to setting the next generation of competitive technologies and services for 

smart grids addressed in the topic LCE-01-2016-2017 (Area: 4- Intelligent electricity distribution grid). 

The objective is to improve the efficiency and the hosting capacity of distribution networks, in a 

context of highly distributed renewable generation by introducing flexibility and control in the low 

voltage grid. 

 

Grenoble-Barcelona Twin Conference: Quantum Systems, New Materials & Smart Electronics
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IRI Energy and Fuel Cell Laboratory

Ramon Costa-Castelló
Universitat Politecnica de Catalunya

The Fuel Cells and Energy Systems Laboratory has the goal to develop, validate
and test control strategies of energy systems, currently the laboratory focuses in fuel
cell based energy conversion systems.  The laboratory has six test stations, five of
them are provided with oxygen, hydrogen, nitrogen and air inlets in order to work
with fuel cells. Each of the five test stations is equipped with the necessary sensors
and actuators to work with fuel cells in a safe and automated way, as well as to
modify the working conditions that affect a fuel cell (humidity, temperature, flow,
etc.).  The sixth station is  used for special-machines electrical  power generation.
Depending  on  the  type  of  experiment,  each  station  is  designed  with  a  specific
functionality.  During the talk, most relevant group capabilities will be described.
This capabilities will be illustrated using recent projects.

Grenoble-Barcelona Twin Conference: Quantum Systems, New Materials & Smart Electronics
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Answering the Challenges of Future Power Systems

Jose Luis Dominguez-Garcia
Catalonia Institute for Energy Research

The Energetic and electric sector is changing its paradigm, making necessary to
adapt the industrial sector to such new model.  This change is led by the irruption of
the  renewable  energies,  Energy  storage,  the  integration  of  technologies  of
information  and  communication  (TIC)  and  internet,  which  has  provoked  the
evolution  of  the  classic  distribution  grid  to  the  Smart  Grid,  and  still  continue
evolving to the future DigitalGrid.  Additionally, several classic static loads have
become controllables and new active agents has arisen with the aim of participating
on the grid management, as electric vehicles or energy storage systems.  These new
technologies  have  provided  new  capacities  (enhanced  controllability  and
observability  of the grid,  better  management,  increased flexibility,  etc),  but  also
bring  new  challenges  and  problems  to  deal  with  as  power  quality,  security,
coordination, new agents.  Thus, new developments are required over all the work
fields to ensure the real implementation of such future electrical grids.

In  this  talk,  some  of  the  main  challenges  imposed  by  such  disruption  will  be
presented, in order to demonstrate the need of interdisciplinarity into smartgrids. It
is worth noting that the future of power systems does not belong to only one layer,
generation, transmission, distribution or consumption, but to all of them.

Grenoble-Barcelona Twin Conference: Quantum Systems, New Materials & Smart Electronics
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* Institute of Engineering Univ. Grenoble Alpes 

G2Elab’s power system group research works 

Yvon Besanger, Raphaël Caire, Nicolas Retière 
Univ. Grenoble Alpes, CNRS, Grenoble INP*, G2Elab, 21 Avenue des Martyrs, Grenoble, 38000, France 

 

It is a time of unprecedented challenges in power systems. We have been facing recently a massive 

integration of distributed and renewable energy sources, a deregulation of energy markets, growing 

interactions between power systems’ stakeholders, operators, end users and a digitalization of 

energy systems causing stronger interdependencies between ICT and power systems. Advanced 

research is required to tackle with the ever increasing complexity of power systems and their 

necessary smartification to get an electrical system more efficient, more reliable and resilient, more 

secure. 

G2Elab’s power system group is the largest academic group working on power systems in France. Its 

main research direction is about smart networks in the broadest meaning, i.e. from transmission 

system (e.g. Supergrid) to distribution (smart grids) and embedded systems (e.g. electrical vehicle).It 

is structured around three themes : 

● Non conventional units and systems (electric vehicles, storage units, power converters 
buildings, data centers…) connected to the grid. They are modelled taking into account user-
driver, regulatory or environmental constraints, functional uncertainties, e.g. localization of 
E.V. at any time. Modeling is used to optimize sizing and power management of stand-alone 
or networks of units, e.g. micro grids.  

● Advanced analysis and optimization of power systems. This theme focus on the optimal 
design and operation of power systems. Long term planning, over 40 years requires 
stochastic optimization techniques. Day-ahead or real time management is enabled by new 
control and reconfiguration functions seeking for the optimal use of network’s flexibility 
resources. Obviously, new planning and operation approaches of power systems co-evolve 
with energy policies, energy system governance and markets. Game theory and uncertain 
economy theory are used to better understand how policy and economic practices are 
entangled and affect the energy system. 

 Breakthrough methods for understanding and achieving secure operations of complex 

infrastructures. Digitalization and smartification of the power systems have increased the 

interdependencies between critical infrastructures and yield potential major system outage. 

Understanding vulnerabilities, fault mechanisms, designing monitoring and protection 

systems are the main objective of this theme, paving the way for future resilient smart grids. 

These research works benefit from experimental facilities that are dedicated to the downscale 

experimention of power systems (i.e. lab microgrids) coupled with power-hardware-in-the-loop 

(PHIL) real-time simulations.  

 

Some key results and future directions for our research will be presented during the workshop. 
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Advances in processing and applications of high critical current 
YBa2Cu3O7-x coated conductors 

 
X. Obradors 

 
Institut de Ciència de Materials de Barcelona, ICMAB-CSIC 

Campus de la UAB, 08193 Bellaterra, Catalonia, Spain 
 

 
High temperature superconductors (HTS) are complex oxide quantum materials 
where nanoscale structural control is required. To fully exploit the novel functional 
opportunities of these materials a deep understanding of the growth mechanisms is 
required. A worldwide huge effort in the R&D of HTS high current conductors for 
large scale power applications and magnets encompasses many materials science 
and engineering challenges. Coated conductors based on epitaxial YBa2Cu3O7 (YBCO) 
films are one of the most promising alternatives to reach the required performance 
goals, as well as to reduce the cost down to the levels required to make a reality 
these technological expectances. In this presentation, several topics related to the 
recent progress in these HTS nanomaterials will be presented with particular 
emphasis on the chemical solution deposition (CSD) approach as a bottom-up 
strategy to reduce the figure of merit cost / performance of the conductors. I will 
show how colloidal solutions with preformed nanoparticles can lead to enhanced 
vortex pinning properties. A thorough investigation correlating the pinning landscape 
with the defect microstructure has been pursuit through HRTEM/STEM analysis. I 
will also report how CSD nanocomposites can be obtained through a new approach 
based on a transient-liquid assisted growth (TLAG) enabling ultrafast growth rates in 
the range of 100 nm/s. Finally, the prospective of using coated conductors to tailor 
conductors for Fault Current Limiting applications will be also described as an activity 
derived for the EU project FASTGRID. 
 
This research has been funded by EU-ERC_AdG-2014-669504 ULTRASUPERTAPE 
project, EU-FP7 NMP-LA-2012-280432 EUROTAPES project, FASTGRID project EU- 
H2020- 721019 and Excellence Program Severo Ochoa SEV2015-0496. 
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COMBINING NANOPHOTONIC SENSOR PLATFORMS WITH 2D 
MATERIALS FOR ADVANCED DIAGNOSTICS TOOLS 

 
 

Laura M. Lechuga 
Nanobiosensors and Bioanalytical Applications Group 

Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC, BIST and CIBER-BBN. Campus UAB, 
08193 Barcelona, Spain (E-mail : Laura.lechuga@icn2.cat) 

 
 

Abstract 

 
The need to monitor and detect biological and chemical substances, related to human and environment health 
in a fast and reliable way, is one of the challenges faced by humanity in the 21st century. Tests done nowadays 
in laboratories are slow (from several hours to days) and expensive. Modern diagnostics is demanding novel 
analytical sensing tools that could enable fast, accurate, sensitive, reliable and cost-effective diagnostics. 
 
Photonic biosensors are systems that seize different light-based phenomena for the fast detection and 
quantification of substances (i.e. toxins or pathogens, whose presence or quantity is an indicator of the onset of 
a pollution or a disease). Among the different photonic biosensors, Silicon Photonics Biosensors based on 
evanescent wave sensing principle offer undisputed advantages such as robustness, reliability, high sensitivity 
and low power consumption.  We have introduced a new type of silicon photonic sensor, the bimodal waveguide 
(BiMW) interferometric biosensor, which is offering an unprecedented sensitivity while operating under a label-
free scheme (detection limit of 10-8 RIU for bulk sensing and below 0.01 pg.mm2 for surface sensing). It is also 
prone to miniaturization and multiplexing as is fabricated in compact silicon nitride waveguides contained on 
chips.  
 
We have combined this nanophotonic BiMW sensor with MOFs nanoparticles as a synthetic receptor for the 
selective detection of CO2. This sensor is constructed via self-assembly of a transparent film of zeolitic 
imidazolate framework-8 (ZIF-8) nanoparticles (size: 32 ± 5 nm) on the nanowaveguides. The nanoZIF-8-based 
sensor exhibits a broad linear response, with limit of detections of 3130 ppm at room temperature and 774 ppm 
at 278 K. Furthermore, it is robust, selective, fast and reusable, and can be stored under humid conditions with 
no loss in performance. 
 
The unique combination of BiMW sensors with other 2D materials (as graphene nanoribbons) could render in 
sensing devices with performances behind the state-the-art and we are currently exploring several alternatives. 
 
References 
[1] J. of Material Chemistry A 6, 13171 – 13177 (2018)  

[2] Biosensors & Bioelectronics 117, 47-52 (2018) 

[3] ACS Sensors, 1, 748−756 (2016) 

[4] Lab on a Chip 17, 2793 – 2804. (2017) 
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Graphene SGFET for biosensing : From transductor 

design to  tripod-based non-covalent 

functionalization  
 

Adrien Hugo,, Juliette Simon1, Madhav Kumar1, 

Riadh Othmen2, Julien Renard2, Vincent 

Bouchiat2, Chao Sun5, Jason A. Mann5, Jeevak 
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5: Department of Chemistry, Northwestern 
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The accurate detection of biomarkers for 

medical diagnosis requires biosensors with 

high sensitivity and selectivity. Graphene-

based Solution-Gated Field-Effect Transistors 

(SGFET) (Fig.1.a)) have shown superior 

electrical sensitivity in liquid compared to 

silicon and diamond-based SGFET [1], owing 

to the outstanding graphene electrical 

properties. However, selective biosensing 

requires the introduction of specific 

bioreceptors at the surface of graphene. 

Simple adsorption of bioreceptors onto 

graphene is not suitable, due to irreversible 

denaturation and / or to lack of orientation 

of the protein bioreceptor. Besides, covalent 

grafting of chemical moieties to graphene 

disrupt its honeycomb lattice, resulting in 

drastically reduced charge carrier mobility. 

Aromatic compounds such as pyrene can 

adsorb onto graphene by π-stacking without 

deteriorating its properties. Thus, several 

teams have reported the immobilization of 

bioreceptors on graphene using pyrene-

based spacer molecules [3]. Nevertheless, 

the unambiguous demonstration that such 

spacers would prevent bioreceptors from 

denaturation by stacking on graphene, due 

to a rotational degree of freedom along the 

spacer carbon chain is still a challenge (Fig. 

1.b)). In this work, we report the 

functionalization of graphene SGFET with a 

tripodal molecule including three pyrene 

feet (Fig. 1.c)).  

 
Figure 1: a) SGFET, 3D view of b) monovalent pyrene-based 

spacer and the rotational degree of freedom, c) Tripod with 

the pyrene feet (red), backbone (blue), reactive ester group 

(green) 

Such tripodal molecule is 103 times more 

kinetically stable than classical monovalent 

spacers, and was specifically designed to 

stably maintain the functional protein 

bioreceptors away from the graphene 

surface [4]. Micro-fabricated SGFET [5] 

functionalized with the tripod show a 

reproducible and significant Dirac peak shift. 

State-of-the-art electrical sensitivity values 

maintained after tripod immobilization are 

reported (Fig.2). Building upon these 

promising results, we are currently binding 

antibodies to the tripod-functionalized SGFET, 

and assessing the sensitivity of immunological 

sensing with our biosensors in buffer-

engineered media. 
 

 
 

Figure 2: a) Transfer curves and b) sensitivity before (red) and 

after (yellow) graphene functionalization with the tripod (5 

cyclic scans) 
 

References 
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From molecules to atomically precise graphene nanoarchitectures 
 

C. Moreno, M. Vilas-Varela,1 B. Kretz,2 A. Garcia-Lekue,2,3 M. V. Costache, M. Paradinas, M. Panighel, M. Tenorio,  G. Ceballos, S. O. 
Valenzuela,4 D. Peña,1 and A. Mugarza4 

Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona Institute of Science and Technology, Campus UAB, Bellaterra, 
08193 Barcelona, Spain. 

1Centro de Investigación en Química Biolóxica e Materiais Moleculares (CIQUS) and Departamento de Química Orgánica, Universidade de Santiago de 
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On-surface reactions, via programmed interactions of molecular building blocks, has recently 

emerged as a promising route to synthesise atomically precise materials from the ‘bottom-up’. 

This approach ensures exquisite atomic-scale control of the structural and chemical 

functionalization, allowing to design a vast number of carbon-based nanoarchitectures not 

available by traditional solution chemistry nor with the ‘top-down’ methodologies. In particular, 

graphene nanoribbons (GNRs) with different structures can be synthesized with atomic 

precision and fine-tuned electronic band gap. 

 In this talk, I will describe the recent advances in the on-surface synthesis field. Then, I will 

discuss our recent results to synthetize atomically precise nanoporous graphene [1], graphene 

nanoribbons and their chemical functionalization and how to organize them into 

superlattices[2,3]. 

 At the end of the day, this talk will demonstrate the full path to synthetize a semiconducting 

graphene material with a bandgap similar to that of silicon, its atomic-scale characterization, 

and its implementation in an electronic device. Further potential applications include in 

photonics and highly selective molecular filtration and sensing systems.  

 

Figure 1. STM images (bottom) and schematic representation (top) of the precursor, intermediates and final 
product of the hierarchical synthesis of nanoporous graphene. 

[1] C. Moreno, M. Vilas-Varela, B. Kretz, A. Garcia-Lekue, M. V. Costache, M. Paradinas, M. Panighel, 

G. Ceballos, S.O. Valenzuela, D. Peña, A. Mugarza. Science 360, 199-203 (2018) 

[2] C. Moreno; M. Paradinas; M. Vilas-Varela; M. Panighel; G. Ceballos; D. Peña; A. Mugarza. Chem. 

Comm. 54, 9402-9405 (2018).   

[3] C.Moreno, M. Panighel, M. Vilas-Varela, G. Sauthier, M. Tenorio, G. Ceballos, D. Peña, A. Mugarza. 

Chemistry of Materials  31(4), 331-341 (2019) 
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2D materials coupled to nanopores for DNA Sequencing Applications

Camille Raillon   
Systèmes Moléculaires et Nanomatériaux pour l'Energie et la Santé (SYMMES)

Today,  sequencing  technologies  are  still  dominated  by  methods  that  require  a
considerable amount  of time in sample preparation to  cut  and purify DNA into
many short copies. This is required to provide adequate signal-to-noise ratios (SNR)
for  fluorescence-based  detection  techniques.  Direct  sequencing  of  single  DNA
molecules would eliminate this costly amplification step and enable sequencing of
longer strands of DNA, also called Long-Read Sequencing.

In this talk, I will speak about state-of-the art developments that has been done on
integrating  2D materials  to  nanopores  [1,2].  For  example,  graphene  nanoribbon
integrated to nanopores for the development of a new generation of devices for
single-molecule  detection  and  DNA sequencing  applications.  One  of  the  major
advantages of such devices would be to enable long reads of DNA molecules as
they translocate through the nanopore.

[1]  Traversi, F. et al. Detecting the translocation of DNA through a nanopore using
graphene nanoribbons. Nature Nanotechnology 8, 939–945 (2013).

[2] Feng, J. et al. Identification of single nucleotides in MoS2 nanopores. Nature
Nanotechnology 10, 1070–1076 (2015).
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2D materials such as graphene offer an ideal platform for recording and culturing 

neural networks, regarding its exceptional neuronal affinity and the presence of 

readily accessible surface charges which give the unprecedented possibility to realize 

a direct electrical coupling with cells. In addition, graphene is highly flexible, optically 

transparent and could be transferred on a wide range of substrate to be combined 

with multiple electrophysiological tools.   

 

Here, we will present the cytocompatibility study of pristine monolayer graphene, and 

its significant advantage for neuroprostheses and in-vitro model networks [1]. We will 

show that the ability to control the neuronal affinity of graphene based neural 

interface opens the way to a variety of applications such for patterning long-lasting in-

vitro neural networks, and for brain interfaces to reduce immune response and the 

glial scars.  
 

Moreover, the nano-structuration of large (mm²) CVD-grown graphene monolayers 

allows the fabrication of dense arrays of highly sensitive field effect transistors (G-FETs). 

Among their successful bio-integrations, the detection of action potentials in numerous 

electrogenic cells including neurons [2] has paved the road for the high spatio-

temporal and wide-field mapping of neuronal activity. We will show that ultimate 

sensing could also be achieved such the field effect detection of ion channel activity, 

and will underline the significant contribution of grain boundaries - within the 

polycrystalline graphene FET channel - which provide highly sensitive sensing sites [3]. 

Such ultra-sensitive and biocompatible neuroelectronics is highly versatile and should 

be useful for a wide range of fundamental and applied research areas, including 

brain-on-chip, pharmacology, and in-vivo monitoring or diagnosis. 

 

[1] Veliev, F., Kalita, D., Bourrier, A., Belloir, T., Bouchiat, V., Delacour, C. (2018) 2D 

materials, 5(4) 

[2] Veliev, F. , Han, Z., Briançon-Marjollet, A., Bouchiat, V., Delacour, C. (2017). 

Front. in Neurosc., 11, 466. 

[3] Veliev, F.,  Briançon-Marjollet, A., Bouchiat, V., Delacour, C. Biomaterials, 86 

(2016). 33-41. 
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Infrared Optoelectronics based on Colloidal Quantum Dots

Gerasimos Konstantatos   
Institut de Ciencies Fotoniques,

& Institució Catalana de Recerca i Estudis Avançats 

Light emission and detection is of paramount importance for a large spectrum of
applications. To date, however, current solutions suffer from high costs and lack of
CMOS monolithic integration. In this talk I will present recent progress in our lab
on  high  performance  infrared  solution  processed  Photodetectors,  Light  emitting
diodes and some preliminary results on stimulated emission based on PbS colloidal
quantum dots.  Hybrid 2D/CQD photodetectors  with  record  performance will  be
briefly presented. Then I will present recent results on LEDs with external quantum
efficiencies of nearly 8%. I will discuss the use of a ternary colloidal quantum dot
blend that has reached this record as a result of electronic passivation of the dots at
the suprananocrystalline level. These LEDs have also demonstrated below bandgap
turn-on voltage  and  when operated  as  solar  cells  reached  open  circuit  voltages
approaching the  radiative  limit.  This  has  been the  result  of  very  low trap  state
density and reduction of the electronic density of states. In the second part of the
talk I will present recent results of doping robustly PbS QDs in the heavy doping
regime that has given rise to exciton bleaching and intraband absorption in the mid
and long wave infrared. The underlying mechanisms will be discussed followed by
the first  demonstration of  a PbS photodetector  sensing light  below the bandgap
value of bulk PbS and the repercussions of this towards low threshold lasing in an
eightfold degerate system such as PbS.
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Visible	and	NIR-emitting	silver-based	metal	chalcogenide	quantum	dots:	promising	
candidates	for	biological	imaging		

Davina Moodelly,1 Marie Carrière,1 Peter Reiss1 

1 Univ. Grenoble Alpes, CEA, CNRS, Grenoble Institute of Interdisciplinary Research-SyMMES, 38000 
Grenoble, France 

Colloidal quantum dots (QDs) are an important class of fluorophores for biological applications due to 
their exceptional optical properties (strong photoluminescence, high resistance against photo-
degradation, optical properties tunable with size and composition). Biocompatibility is an essential 
criterion when considering the use of QDs as biological probes for imaging and biosensing. Ternary 
cadmium-free quantum dots of the I-III-VI family (CuInE2, AgInE2, E=S,Se) have attracted great 
attention as alternative candidates since they are inherently non-toxic compared to binary Cd- and Pb- 
sulfides. In the past 5 years, AgInS2 QDs synthesized both in organic and aqueous media have shown 
high quantum yields (> 50%) in the visible range (400-700 nm).1 Due to their enhanced optical properties 
as compared to more commonly used CuInS2 QDs they have a high potential for biosensing applications 
such as for example FRET sensors.2 Their low band gap binary counterpart, Ag2S QDs, is a good emitter 
in the NIR range (700-1200 nm). Therefore, it is an interesting candidate for in vivo bioimaging as the 
NIR emission provides higher penetration depths in biological tissues. In this presentation, we will focus 
on the aqueous synthesis of AgInS2 and Ag2S QDs (cf. Fig. 1&2). Particular attention will be paid on 
the discussion of optimization strategies that could be adopted to improve the optical properties of both 
materials and on the particular photoluminescence mechanisms occurring in these types of QDs.  

	

Figure 1: (a) TEM image of AgInS2 QDs prior to size-selective precipitation. (b) Photograph of different size fractions under 
UV light (365 nm). (c) Evolution of the PLQY of the different fractions.  

	

Figure 2: (a) TEM image of Ag2S QDs synthesized in water. (b) Evolution of the PL spectra as a function of reaction time. 

1Moodelly, D.; Kowalik, P.; Bujak, P.; Pron, A.; Reiss, P., Synthesis, photophysical properties and surface chemistry of 
chalcopyrite-type semiconductor nanocrystals. J. Mater. Chem. C 2019, 7 (38), 11665-11709. 

2Wegner, K. D.; Hildebrandt, N., Quantum dots: bright and versatile in vitro and in vivo fluorescence imaging biosensors. 
Chem. Soc. Rev. 2015, 44 (14), 4792-4834.	
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Ternary semiconductor nanocrystals for energy applications 
 

Peter Reiss 
 

Univ. Grenoble Alpes, CEA, CNRS, IRIG-SyMMES (UMR5819), STEP 
17 rue des Martyrs, 38054 Grenoble, France 

peter.reiss@cea.fr 
 

Semiconductor nanocrystals (NCs), also termed quantum dots (QDs), are characterized by size-

dependent optical and electronic properties. Ternary chalcopyrite-type NCs derived from CuInS2 (CIS) are 

under intense research due to their high potential for replacing Cd- and Pb-based NCs in light emission 

and energy conversion applications [1]. In contrast to binary QDs (e.g. CdSe, InP), which show narrow 

band edge photoluminescence with a line width depending on the size distribution, the optical transitions 

of chalcopyrite-type NCs are governed by intra band gap states. This leads to large effective Stokes shifts 

and broad emission line widths (both in the range of 200-500 meV) as well as to comparably long PL 

decay times of several hundreds of nanoseconds [2].  

Energy applications like photovoltaics and photocatalysis relying on electron transfer reactions 

benefit from the flexibility of tuning the electronic properties of chalcopyrite-type NCs with their size and 

composition. When synthesized in organic solvents, CIS NCs are covered by stabilizing ligands containing 

long alkyl chains, such as dodecanethiol (DDT). For efficient charge transfer to occur, these long insulating 

ligands have to be removed from the NC surface and exchanged by smaller molecules or ions. However, 

this exchange is very inefficient with DDT-capped CIS NCs due to the formation of a compact organic 

ligand bilayer during synthesis [3]. An interesting alternative approach consists of NC synthesis in 

aqueous medium. In this case colloidal stability is assured by electrostatic repulsion and therefore very 

compact stabilizing ligands can be applied. Using this strategy, we optimized the properties of CIS NCs 

prepared by hydrothermal synthesis for use in quantum dot sensitized solar cells. Aqueous synthesis can 

also be adapted to generate a thin ZnS shell on the surface of CIS NCs. The obtained core/shell particles 

have been applied as photo-sensitizers in a hybrid system with a molecular catalyst (Co-complex) to 

perform photocatalytic hydrogen production in aqueous solution. The developed system exhibits very 

promising performances, in particular high turnover numbers and an excellent stability are observed [4]. 

Finally, a brief perspective on another class of emerging luminescent ternary semiconductor 

nanocrystals – metal halide perovskite nanoparticles – will be given [5]. A novel strategy for stabilizing 

cubic-phase CsPbX3 NCs (X=Br, I) will be presented implying the use of molecular halogen [6]. CsPbI3 NCs 

have been successfully integrated into perovskite solar cells with efficiencies exceeding 14%. In the quest 

for Pb-free metal halide perovskites, CsEuBr3 NCs were explored, which exhibit strong 

photoluminescence in the deep blue range.  

 
[1] P. Reiss et al. Synthesis of Semiconductor Nanocrystals, Focusing on Nontoxic and Earth-Abundant Materials. Chem. 

Rev. 2016, 116, 10731-10819; Aldakov, D.; Lefrancois, A.; Reiss, P., Ternary and quaternary metal chalcogenide 

nanocrystals: synthesis, properties and application.  J. Mater. Chem. C 2013, 1, 3756-3776. 

[2] M. Sandroni et al. Prospects of Chalcopyrite-Type Nanocrystals for Energy Applications. ACS Energy Lett. 2017, 2, 

1076-1088. D. Moodelly et al. Synthesis, photophysical properties and surface chemistry of chalcopyrite-type 

semiconductor nanocrystals. J. Mater. Chem. C 2019, 7 (38), 11665-11709. 

 

[3] M. Gromova et al. Growth Mechanism and Surface State of CuInS2 Nanocrystals Synthesized with Dodecanethiol. J. 

Am. Chem. Soc. 2017, 139, 15748-15759. 

 

[4] M. Sandroni et al. Cadmium-Free CuInS2/ZnS Quantum Dots as Efficient and Robust Photosensitizers in 

Combination with a Molecular Catalyst for Visible Light-Driven H2 Production in Water. Energy Environ. Sci. 2018, 11, 

1752-1761 

 

[5] D. Aldakov & P. Reiss, Safer-by-Design Fluorescent Nanocrystals: Metal Halide Perovskites vs Semiconductor 

Quantum Dots. J. Phys. Chem. C 2019, 123 (20), 12527-12541. 

 

[6] S. Thapa et al. Long-term ambient air-stable cubic CsPbBr3 perovskite quantum dots using molecular bromine. 

Nanoscale Advances 2019, 1 (9), 3388-3391.  
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2D and 0D Nanomaterials based Hybrid Infrared Phototransistor 

A. Sahoo1, 2, P. Reiss2, E. Quesnel1, J. Cluzel 1, L. Andre 1, E. De Borniol 1, B. Hyot1 

1 Univ. Grenoble Alpes, CEA, LETI, MINATEC Campus, 38000 Grenoble, France 
2 Univ. Grenoble Alpes, CEA, CNRS, IRIG, SyMMES, STEP, 38000 Grenoble, France 
 

In the field of telecommunication, thermal imaging, remote sensing, night assistance car driving etc., the 
infrared (IR) photodetectors are in high demand. Recently, hybrid phototransistors with highly efficient 
light absorbing 0D quantum dots and high mobility 2D materials explore a new technology, which 
dramatically increases the responsivity and gain of the photodetector. Such low dimensional IR 
phototransistor based on graphene/PbS QD hybrid was first proposed in literature in 2012 [1, 2] till the 
demonstration in 2017 [3] of a high-resolution broadband image sensor sensitive to ultraviolet, visible 
and infrared light (300–2000 nm). 
 

In our study, we have investigated the potential of similar hybrid phototransistor and explored the 
underlying photodetection mechanism in NIR and SWIR regions of optical spectra. We initially studied 
CVD-grown single layer graphene phototransistor in the NIR region, which showed a responsivity of 
about 100 A/W, associated with the optical absorption in low–doped Si substrate. Such responsivity is 
105 orders of magnitude higher [4] than graphene phototransistor on conventional SiO2/highly-doped Si 
substrate [5]. In the next step, we synthesized the colloidal PbS QDs absorbing in the NIR as well as SWIR 
regions and developed a layer-by-layer dip coating with simultaneous ligand exchange procedure in 
order to deposit homogeneous PbS QD layers on graphene sheet leading to a well fabricated hybrid 
phototransistor. In the NIR region, we achieved a significantly high responsivity of ~107 A/W at 940 nm 
with irradiation power density of 13 nW/cm2. In the SWIR range, similar responsivity of ~107 A/W and a 
photoconductive gain of about 107 have been observed at 1300 nm with irradiation power density of 25 
nW/cm2. Under optimized conditions, we achieved a response time as less as 5 ms.  
 
[1] Konstantatos, Gerasimos, et al. Nature nanotechnology 7.6, 363 (2012). 

[2] Sun, Zhenhua, et al. Advanced materials 24.43, 5878-5883 (2012). 

[3] S. Goossens et al. Nature Photonics, 11, 366-371 (2017). 

[4] Guo, Xitao, et al. Optica 3.10, 1066-1070 (2016). 

[5] Xia, Fengnian, et al. Nature nanotechnology 4.12, 839 (2009). 
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From nanocrystals to devices: Strategies to induce crystallographic 

texture and to increase printing speed 

 
Andreu Cabot 
Catalonia Energy Research Institute – IREC, Sant Adria de Besòs, 08930 Barcelona, Spain,  

E-mail: acabot@irec.cat 

ICREA, Pg. Lluis Companys, 08010 Barcelona, Catalonia, Spain 

 

Bottom-up approaches for producing bulk nanomaterials have traditionally lacked control 

over the crystallographic alignment of nanograins. This limitation has prevented nanocrystal-

based nanomaterials from achieving optimized performances in numerous applications. We 

demonstrate the production of nanostructured BixSb2-xTe3 and Bi2Te3-xSex alloys with 

controlled stoichiometry and crystallographic texture through proper selection of the starting 

building blocks and the adjustment of the nanocrystal-to-nanomaterial consolidation process. 

In particular, we hot pressed disk-shaped BixSb2-xTe3 and Bi2Te3-xSex nanocrystals and 

tellurium nanowires as building blocks using multiple pressure and release steps at a 

temperature above the tellurium melting point. We explain the formation of the textured 

nanomaterials though a solution-re-precipitation mechanism under a uniaxial pressure. 

Additionally, we further demonstrate these alloys to reach unprecedented thermoelectric 

figures of merit, up to ZT=1.96 at 420 K, with an average value of ZTave=1.77 for the record 

material in the temperature range 320-500 K, thus potentially allowing up to 60 % higher 

energy conversion efficiencies than commercial materials. Besides, I will also present our 

results on a new high resolution and ultrafast 3D printing strategy based on 

electrohydrodynamic jetting. 
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G2Elab latest research works in the field of power semiconductor implementation 
 

R. Hanna, P-O. Jeannin, P. Lefranc, J-C. Crébier, Y. Avenas 

 

Grenoble Alpes, CNRS, Grenoble INP, G2Elab, 38000 Grenoble France 

 

Wide bandgap semiconductor materials (WBG) have open possibilities for performance and 

technological breakthroughs. By using them, it is theoretically possible to increase switching frequency 

while reducing losses, to manufacture more compact converters and to implement them in applications 

with higher ambient temperatures environments and/or higher voltages. However, their implementation 

remains a major issue because of the following constraints: 

- Increasing the switching speed of devices causes overvoltage at turn-off due to switching cell stray 

inductance and higher common mode currents due to stray capacitances. Therefore, they cause 

electromagnetic disturbances (conducted and radiated) more than classical silicon components and 

then impact the design of gate driver circuits. 

- The dielectric field strength of WBG power devices is larger, their working temperature and power 

density are also increased. The materials and circuits surrounding the power dies are therefore to be 

adapted to these constraints. 

On one hand, the research carried out at G2Elab is proposing several innovating solutions for improving 

the use of WBG semiconductors. In this context, new architectures of cascaded gate drive circuits are 

proposed and evaluated in different conditions, series-connected semiconductor devices for example. 

New power module structures, based on the power chip-on-chip implementation method, are proposed 

to reduce the electromagnetic disturbances. Today, the main work on power modules deals with the 

design of ultra low stray inductance power modules while optimizing the global EMC signature and the 

thermal behavior. 

On the other hand, several works are carried out on the implementation and characterization of new 

materials and devices. The aging and performances of high temperature isolation materials (elastomers 

and liquids) as well as die attaches are evaluated. Last but not least, diamond devices manufactured by 

Institut Néel are modeled and characterized under static and dynamic conditions. 
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Power Converter Design Based on Switching-Cell Arrays 

Sergio Busquets-Monge and Joan Nicolás-Apruzzese 
Department of Electronic Engineering 
Universitat Politècnica de Catalunya 

Barcelona, Spain 
sergio.busquets@upc.edu, joan.nicolas@upc.edu 

 

 Abstract: 

Power Electronics is a fundamental and ubiquitous technology. The traditional design 
approach of power converters involves a range of power semiconductor devices with different 
voltage/current ratings, optimized to operate at different conditions, where different suitable 
ancillary circuitry and power circuit topologies are also required. This dispersion in power 
devices and circuits leads to significant engineering efforts, the inability to take full advantage 
from scale economies to reduce costs, and the inability to concentrate efforts to improve 
performance. To overcome these limitations, this presentation proposes the introduction of a 
new configurable device consisting on a matrix arrangement of switching cells, each cell formed 
by a single power transistor with antiparallel diode, at a single voltage rating, plus ancillary 
circuitry. By properly interconnecting the switching cells, this novel device can be used as a 
building block to implement any desired type of power conversion (dc-dc, dc-ac, ac-ac) at a 
wide voltage and current rating range. Engineering efforts can be then focused on optimizing 
the specific basic cell. In addition, the design of power converters based on these switching-cell 
arrays inherently implies the use of multilevel structures, with additional performance benefits, 
both at the power converter and system level. 

The proposed novel configurable power electronic device is only formed by an array of 
switching cells with no bulky passive components, and a suitable control allows the distribution 
of power losses through the structure. Therefore, it has a potential to be highly integrated, 
leading to a very compact implementation. 

The introduction of this new power device aims to enable and promote a paradigm shift in the 
design of power converters that leads to a higher degree of standardization, lower design and 
implementation costs, increased power density, and superior converter and system performance. 
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Diamond is expected to become the ultimate semiconductor for high power devices due to its superior 

physical properties such as high breakdown field, low dielectric constant, high carrier mobility or high 

thermal conductivity. However, the fabrication of an adequate diamond MOS capacitor structure is one 

of the bottlenecks for the fabrication of a diamond MOSFET. In contrast to the Si technology, where the 

gate dielectric is a thin layer of silicon dioxide grown by thermal annealing, gate oxides for diamond 

technology are usually grown by atomic layer deposition (ALD). Alumina, Hafnia or Zirconia are the most 

studied oxides to fabricate the gate of a diamond MOSFET, but they usually display leakage currents, 

high interfacial states leading to fermi level pinning, or capacitance-frequency dependence.  

Thanks to the recent advances in the ALD deposition of silicon dioxide, the behavior of this gate oxide 

can be evaluated for first time in diamond MOS capacitor structures. In the present contribution, the 

characteristics of a silicon dioxide MOS capacitor fabricated on (100) oriented p type diamond are 

presented. The device has been evaluated thanks to C(V) and C(f) measurements and transmission 

electron microscopy (TEM) measurements. The capacitor shows both accumulation and deep depletion 

regimes. Detailed analysis of the device characteristics reveals no leakage currents, low interface states 

and no frequency dependence of the capacitance. These promising results open the route for the 

fabrication of a diamond MOSFET with a silicon dioxide gate. 
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Workshop Lanef – Barcelone 

Title: Power electronics based multiscale conversion systems: design and 
optimization 

Presenter: David FREY (G2Elab) 

The power transfer using electrical power is almost generalized in all applications. The efficiency of 
power distribution and grid stability are major issues of this new electrical revolution. Both smart grids, 
with the massive insertion of intermittent renewable sources, and embedded grids are under concern. 

To face this challenge, power electronics converters are very attractive solutions, due to high 
efficiency. Several topologies are available to increase the power processing, and the latest 
development exhibit very complex structures, which can only work in closed loop, associated with a 
very powerful control. However, if centralized converters can be attractive, distributed & 
communicant systems may also be interesting, since they can offer overall better efficiency, by 
processing the power at the right place. Stability issues can nevertheless be encountered in this 
distributed configuration, what is less the case of single point conversion. 

To offer the best efficiency, a first task is to be able to optimize the converter, taking into consideration 
both technological constraints and system level requirements. The method will be introduced in the 
first part of the presentation.  

In a second part, a promising structure for distributed power electronics will be presented, based on a 
multiple active Bridge topology. The various degrees of freedom of this structure offers a lot of 
possibilities to optimize both the converter behavior and the system level. 

Future work will have to address the system level optimization and will allow choosing the best trade 
off among centralized, semi centralized or distributed system of conversion. 
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Semiconductor Power Devices, Technologies and Systems at IMB-CNM 

X. Jordà, P. Godignon, D. Flores, M. Vellvehi, S. Hidalgo, J. Rebollo, X. Perpiñà, J. Montserrat 

Power Devices and Systems Group, IMB-CNM(CSIC) (Bellaterra, Spain) 

The Power Devices and Systems Group (PDSG) of IMB-CNM was established in 1985. Its activity focuses 
on the design, fabrication, characterization and integration of power semiconductor devices, optimized 
for developing reliable and energy efficient converters and electronic systems, operating even in harsh 
environments (high temperature, radioactive environments, etc.). The devices developed by the PDSG on 
different semiconductors (Si, SiC, GaN, diamond), are fabricated in the Clean Room of IMB-CNM and cover 
various application fields (traction, protection, high frequency, space, high energy physics, etc.). The 
research work of the Group also aims to transfer the developed technology to the national and 
international industry sector. The Group's objectives are addressed into three main research lines: 

(1) Silicon Power Devices: The objective of this research line is developing new Si semiconcuctor 
fabrication technologies required in advanced power devices such as smart 6.5 kV IGBTs with 
monolithically integrated voltage and current sensors, super-junction MOS transistors for or 3.3 kV MOS-
controlled thyristor structures for smart power distribution networks. The effect of ionizing radiation on 
power devices to optimize their operation in radioactive environments has also been studied, as well as 
their usde as radiation detectors. In this framework, new high gain diodes in 2D and 3D configuration for 
use in future accelerator detectors (ILC) have been also designed and manufactured. 

(2) Wide Bandgap Semiconductor Devices. The main objectives of this research line are: i) Development 
of individual steps and optimized process technologies for wide bandgap semiconductors (mainly SiC, and 
also GaN, diamond, GaO). ii) Design, fabrication and characterization of new power devices based on 
these materials for high-voltage and high temperature applications. In SiC, we focused especially on gate-
controlled MOS structures, JFET devices and very high voltage diodes (> 5kV). These devices are required 
for renewable energy applications, railway transport and energy distribution. In GaN, we worked on MIS-
HEMT devices for the 600V application range, such as electric car and power supplies. iii) Fabrication of 
high-temperature devices (diodes, switches, integrated circuits) for aeronautical and space applications. 
iv) The above activities are complemented with the study of carbon-based materials as, for example, 
epitaxial graphene on SiC or carbon nanotubes. 

(3) Power Systems Integration and Reliability: The main goal of this research line is the development of 
technologies to improve the levels of integration in power electronic systems, and the study of the 
physical phenomena allowing their implementation. Specifically, the activity focuses on four fields. i) 
Thermal Management: Thermal design, simulation, modelling, characterization and parameter 
identification of power modules. ii) Power Packaging: Design and development of advanced power 
modules and assembly technologies. iii) Electro-Thermal Characterization: Development of advanced 
thermographic systems based on optical and infrared methods for accurate electro-thermal 
characterization at chip and system level. iv) Reliability: New methodologies for the analysis of the 
operation limits and reliability of power devices. 
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B2 - Spintronics and heat transport
with 2D materials
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Simulation of charge and spin transport in disordered low-dimensional materials 
 

Aron Cummings 
Theoretical and Computational Nanoscience Group 

Catalan Institute of Nanoscience and Nanotechnology (ICN2), 
CSIC and BIST, Campus UAB, Bellaterra, 08193 Barcelona, Spain 

 
 

In this talk, I will present an overview of the Theoretical and Computational Nanoscience Group’s work 
on simulations of charge and spin transport in large-area disordered low-dimensional materials. I will 
discuss a variety of studies, including the electronic, thermoelectric, and spintronic properties of 
polycrystalline graphene; spin transport and spin-to-charge conversion in graphene interfaced with high-
spin-orbit materials; the performance of graphene-based gas sensors; characterization of graphene 
oxides; and device simulations testing the limits of conventional spin transport theory. I will also 
introduce some future areas of interest for the group, including simulations of spin torque for memory 
applications; and coupling of optical, electronic, and vibrational degrees of freedom for energy 
harvesting or conversion applications. 
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Van der Waals epitaxy of transition metal dichalcogenides by MBE 
Application to the study of the valley Nernst effect in WSe2 

 

Matthieu JAMET 

Univ. Grenoble Alpes, CEA, CNRS, Grenoble INP, IRIG-SPINTEC, 38000 Grenoble, France 
 
In this presentation, I will first review our recent results on the MBE growth of transition metal dichalcogenides on 
various substrates over large areas and explain the mechanisms underlying the van der Waals epitaxy regime. 
Using this growth technique, we could study the interplay between thermoelectricity and the valley degree of 
freedom in monolayers of WSe2. For this purpose, high quality WSe2 mono and multilayers were grown on 
epitaxial graphene on SiC. Using millimeter-sized samples, we were able to apply well-defined temperature 
gradients and demonstrate the very strong Seebeck response of this material. In a second step, we used the 
ferromagnetic resonance-spin pumping technique to (i) apply the temperature gradient by off centering the 
sample in the radio frequency (RF) cavity and (ii) address a single valley using the spin pumping through spin-
valley coupling. The combination of a temperature gradient and the valley polarization lead to the valley Nernst 
effect in WSe2 that we could detect electrically in the RF cavity. The Nernst coefficient we measured is in very 
good agreement with the predicted value. This effect could be exploited to generate large transverse valley 
currents for valleytronics applications. 
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Spin-orbit and spin-heat interaction in graphene lateral devices 

Juan F. Sierra
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 and Sergio O. Valenzuela
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1 Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona 

Institute of Science and Technology (BIST), Campus UAB, Bellaterra, 08193 Barcelona, Spain. 

2 Universitat Autònoma de Barcelona, Bellaterra, 08193 Barcelona, Spain and 
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In recent years, spin-based technologies, in which information is carried by spin instead of 

charge, have become promising for “beyond-CMOS” devices. Graphene and other two-

dimensional materials have rapidly established themselves as intriguing building blocks for 

spintronics applications [1]. Owing to graphene intrinsic low spin-orbit interaction, spins can 

flow snugly through its crystal lattice over long distances resulting in an ideal spin channel but, 

at the same time, making it difficult to manipulate spins, which is the cornerstone for 

successfully implementing spin-based devices. In this talk I will first present a series of 

experiments where we study spin transport and relaxation mechanisms in graphene/transition-

metal dichalcogenide van der Waals heterostructures [2]. I will show how modification of the 

graphene spin-orbit interaction by proximity effect results in anisotropic spin dynamics and how 

this finding is essential for spin-to charge conversion on these layered systems [3]. In the second 

part of the talk, I will discuss the interaction of spin and heat currents in graphene and how spin 

propagation can be reinforced by the presence of thermal gradients [4, 5]. 

1. W. Han et al Nature Nanotechnology 9, 794 (2014). 

2. L. A. Benítez, J. F. Sierra et al. Nature Physics 14, 303 (2018). 

3. L. A. Benítez, et al. arXiv:1908.07868 (2019) 

4. J. F. Sierra et al., Nano Letters. 15, 4000 (2015). 

5. J. F. Sierra et al., Nature Nanotechnology 13, 107 (2018). 
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Ultrafast dynamics of charge and heat in 2D materials – K.J. Tielrooij, ICN2 
 
With an interest in both fundamental physics and potential technological applications, 
we study transport of charges and heat in 2D materials. In one of our preferred 
techniques, we employ ultrafast (sub-picosecond) laser pulses to understand the 
heating-cooling dynamics of electrons in graphene, and how photocurrent is generated 
[1]. This understanding has recently led to the development of sensitive and very fast 
detectors of terahertz light [2] and the efficient creation of terahertz harmonics [3]. 
Currently, we are studying the spatiotemporal dynamics of charges, excitons and heat 
in 2D materials, where we have observed promising results that include a peculiar 
phenomenon that so far has not been reported at room temperature [4].  
 
[1]  K.J. Tielrooij et al. Nat. Nanotechnol. 13, 41 (2018) 
[2] S. Castilla et al. Nano Lett. 19, 2765 (2019) 
[3] H. Hafez et al. Nature 561, 507 (2018) 
[4] A. Block et al. to be published 

Grenoble-Barcelona Twin Conference: Quantum Systems, New Materials & Smart Electronics

29 sciencesconf.org:greba-qme2019:291806



B3 - Optomechanics

30



Cooling levitated nanoparticles in a high finesse cavity
Nadine Meyer , Andres de los Rios Sommer, Romain Quidant

ICFO-Institut de Ciències Fotòniques, 08860 Castelldefels, Spain
e-mail: nadine.meyer@icfo.eu

A few decades ago laser cooling techniques revo-
lutionised many atomic-scale systems, enabling the
study of trapped ions and the generation of Bose
–Einstein condensates but despite its unprecedented
success an atomic resonance is always needed. In
the context of cavity optomechanics alternative tech-
niques without the need of atomic resonances have
widened this possibility towards the cooling of macro-
scopic objects[1]. Recently the radiation pressure
cooling of mechanical oscillators [2], optomechani-
cally induced transparency [3] and ground state cool-
ing [4, 5] have been demonstrated.
Current progress in optomechanics has brought for-
ward multiple experimental platforms [6, 7] of which
many platforms necessitate complex cryogenic envi-
ronments and suffer from clamping losses as major
decoherence sources. An alternative approach is the
cooling of levitated nanoparticles from room temper-
ature, which have been suggested for probing quan-
tum mechanics on the mesoscopic scale [8, 9]. In lev-
itated systems collisions with residual gas molecules
and photon recoil heating are now the remaining de-
coherence sources [10] opening the way towards low
phonon occupations. In the context of cavity opto-
mechanics, resolved sideband cooling of a levitated
nanoparticle has recently been realised [11, 12].
Here we demonstrate the resolved sideband cooling
of a levitated nanoparticle within a high finesse cav-
ity at high vacuum. Trapping the nanoparticle in an
external optical tweezer allows on one hand the free
positioning of the particle within the cavity field and
on the other hand the additional cooling via para-
metric feedback cooling [13]. The combination with
well-established resolved sideband cooling techniques
creates a powerful platform for controlling the cen-
tre of mass motion (COM) of a mesoscopic object.
By exploiting cavity enhanced Anti-Stokes scattering
we all optically cool the COM to minimum temper-
atures of T ≈ 10mK for a silica particle of 235nm
diameter. Power dependent phase noise heating is
observed, being the main current limitation in reach-
ing lower temperatures. In the future phase noise
suppression for resolved side band cooling brings low
phonon occupation numbers of mesoscopic systems
via passive cooling schemes within the reach of table
top experiments at room temperatures.

[1] T. J. Kippenberg and K.J. Vahala, Science 321,
1172–1176 (2008).

[2] S. Gigan, H. R. Böhm, M. Paternostro, F.
Blaser, G. Langer, J. B. Hertzberg, K. C.
Schwab, D. Bäuerle, M. Aspelmeyer and A.
Zeilinger, Nature 444, 7115 (2006)

[3] S. Weis, R. Rivière, S. Delèglise, E. Gavartin,
O. Arcizet, A. Schliesser, and T, J. Kippenberg,
Science 330, 6010 (2010)

[4] J. Chan, T. P. M. Alegre, A. H. Safavi-Naeini,
J. T. Hill, A. Krause, S. Gröblacher, M. As-
pelmeyer and O. Painter, Nature 478, 7367
(2011)

[5] J. D. Teufel, T. Donner, D. Li, J. W. Harlow, M.
S. Allman, K. Cicak, A. J. Sirois, J. D. Whit-
taker, K. W. Lehnert and R. W. Simmonds, Na-
ture 475, 7356 (2011)

[6] LIGO Scientific Collaboration and Virgo Collab-
oration, Phys.Rev.Lett. 119, 16 (2017)

[7] M. Aspelmeyer, T. J. Kippenberg and F. Mar-
quardt, Rev.Mod.Phys. 86, 4 (2014)

[8] O. Romero-Isart, A. C. Pflanzer, F. Blaser, R.
Kaltenbaek, N. Kiesel, M. Aspelmeyer, and J. I.
Cirac, Phys. Rev. Lett. 107, 020405 (2011)

[9] D. E. Chang, C. A. Regal, S. B. Papp, D. J. Wil-
son, J. Ye, O. Painter, H. J. Kimble, P. Zoller,
PNAS 107, 1005-1010

[10] V. Jain, J. Gieseler, C. Moritz, C. Dellago, R.
Quidant, and L. Novotny, Phys. Rev. Lett. 116,
243601 (2016)

[11] N.Kiesel, F. Blaser, U. Delić, D. Grass,
R. Kaltenbaek, and M. Aspelmeyer,
Proc.Natl.Acad.Sci. U.S.A. 110, 35 (2013)

[12] P. Asenbaum, S. Kuhn, S. Nimmrichter, U.
Sezer, and M. Arndt, N.Comms. 4, (2013)

[13] J. Gieseler, B. Deutsch, R. Quidant and L.
Novotny, Phys.Rev.Lett. 109, 10 (2012)
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Micro-engine driven by a single quantum dot 
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In this work, we use an hybrid system, made of a vibrating wire of mass ~1 ng and a semi-

conductor quantum dot (QD) coupled via strain. A few years ago, some of us have shown that 
the energy of the QD depends on the strain generated by the wire oscillations [1]. We demonstrate 
here the reverse effect [2], whereby the wire is set in oscillation by the resonant drive of the QD 
by a laser modulated at the mechanical frequency (400 kHz). This realizes an engine powered 
via a single quantum system, and from a more fundamental point of view, this opens the way for 
the realization of quantum states of motion with the transfer of the « quantumness » of a two-level 
system towards a macroscopic mechanical oscillator. 

References  
[1] I. Yeo et al, Nature Nanotechnology 9, 106 (2014)  
[2] A. Auffèves and M. Richard, Phys. Rev. A 90, 023818 (2014) 
 

 
Figure 1 : (a) Scanning electronic microscope image of the photonic wire. b) When the QD is excited, the 

rest position of the mechanical oscillator is shifted by xg-xe=(g/xzpf. c)Top, fluorescence light emitted by 

the QD, and, bottom, motion amplitude of the wire, as the laser is scanned across the QD resonance. 
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TOWARDS PHONON CIRCUITS BASED  ON OPTOMECHANICS* 
 
D. Navarro-Urrios1 and C. M. Sotomayor Torres2,3 
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clivia.sotomayor@icn2.cat  
 
Optomechanical (OM) elements are designed by overlapping optical and mechanical 
modes in confined volumes, e.g. nanobeam cavities, in which the room temperature 
mechanical quality factors have been shown to reach > 103. We previously 
demonstrated a coherent phonon emitter at 0.3 GHz via self-pulsing [1] and up to 5 GHz 
via dynamical back-action [2]. The silicon OM nanobeam is the key element in our 
strategy towards phononic circuits. The nanobeam is coupled evanescently via a 
tapered fibre either directly to the OM cavity or to an integrated photonic waveguide. 
The non-linear interactions can be controlled to reach a chaotic regime[3], and with an 
external laser, the coherent phonon emission can be modulated [4].  
To realise a phononic circuit, several elements fulfilling different functions have to be 
integrated. For example, a mechanical tether is used to link two nominally identical 
OM nanobeams and show that the mechanical signal from one cavity be detected in 
the other cavity and that cavities synchronize their oscillations under specific 
conditions [5]. This synchronised state, in the form of a “master-slave” synchronisation, 
could be used as a clock in integrated phononic circuits and can be modulated in the 
same way as individual cavities. Preliminary experiments to integrate a waveguide 
have been carried out and showed that a photonic waveguide can be used to couple 
light in and out of the cavities and to observe phonon lasing, thus paving the way to 
more complex phononic circuits with multiple cavities addressed from a single entry 
point on the phononic chip.   
 
*Work in collaboration with M. Colombano, G. Arregui, J. Maire, N. Capuj, A. Griol, A. 
Martinez, J. Ahopelto, A. Pitanti, S. Zanotto, B. Djafari-Rouhani, Y. Pennec, D. Mencarelli and 
L. Pierantoni as part of the EU H2020 FET Open project PHENOMEN (713450). 
 
[1] D. Navarro-Urrios, N.E. Capuj, J. Maire, M. Colombano, J. Jaramillo-Fernandez, E. Chavez-
Angel, L. L. Martin, L. Mercadé, A. Griol, A. Martínez, C. M. Sotomayor-Torres, and J. 
Ahopelto, Optics Express, 26 (8), 9829-9839 (2018). 
[2] D. Navarro-Urrios, J. Gomis-Bresco, F. Alzina, N. E. Capuj, P. D. García, M. F. Colombano, 
E. Chavez-Angel, C. M. Sotomayor Torres, Journal of Optics 18, 094006 (2016). 
[3] D. Navarro-Urrios, N. Capuj, M. Colombano, P. D. Garcia, M. Sledzinska, F. Alzina, A. Griol, 
A. Martinez, C. Sotomayor-Torres, Nature Communications, 8, 14965 (2017). 
[4] J. Maire, G. Arregui, N. E. Capuj, M. F. Colombano, A. Griol, A. Martinez, C. M. Sotomayor-
Torres and D. Navarro-Urrios, APL Photonics 3, 126102 (2018)  
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[5] M. F. Colombano, G. Arregui, N.. E Capuj, A. Pitanti, J. Maire, A. Griol, B. Garrido, A. 
Martínez, C. M. Sotomayor-Torres, D. Navarro-Urrios, Physical Review Letters 123 (1), 
017402 (2019) 
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Nonlinear self-induced oscillations in microwave optomechanics  
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We report on self-sustained oscillations studied on geometrically different mechanical devices 

embedded in a microwave optomechanical setup. A strong blue-detuned pump signal (at a frequency 

shifted up from the cavity by the mechanical frequency) triggers the parametric instability. Two 

different NEMS (Nano-Electro-Mechanical Systems) dynamics are compared: the ones of a doubly-

clamped beam [1] and of a drumhead [2]. Measurements have been carried out from 1 K down to 10 

mK for different applied microwave powers and detunings. The drum device displays much less 

hysteretic behavior than the beam, and the detected amplitude signal for the drum is more than 1 order 

of magnitude larger than for the beam. Nonlinearities (of different strengths or nature) in these systems 

seem to be the key to understand these facts. We analyze the results in the framework of an extended 

optomechanical theory including Duffing-type and coupling nonlinear terms. Quantitative 

understanding of this regime should enable its use as a new resource for microwave electronic circuits. 

 
  
 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 1: Left: Equivalent output photon flux at 210 mK: Experimental data (Colormap) and 

numerical simulation (green points) with g0=10 Hz, g1=1e-7g0, g2=-1e-13g0 and γm=350 Hz. Right: 

Frequency shift of the self-oscillation peak at 210 mK: Numerical simulation (green points) with 

g0=10 Hz, g1=1e-7g0, g2=-1e-13g0 and γm=350 Hz and the fitted normalized duffing parameter β=240 

Hz. 

 

[1] X. Zhou et al., ArXiv:1903.04992 (2019). 

  [2] C. F. Ockeloen-Korppi et al., PRL 117, 140401 (2016). 
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C1 - Magnetism/oxide films 1:
materials, elaboration, structure

36



Structural investigation during the metal-insulator transition 
of an epitaxial VO2 film 

 

A. Bailly, S. Grenier, M. M. Villamayor, M. Gaudin, A. Y. Ramos, P. Bouvier and L. Laversenne 

Univ. Grenoble Alpes, CNRS, Grenoble INP, Institut Néel, 38000 Grenoble, France 

 
 
 
Bulk vanadium dioxide (VO2) exhibits a first-order insulator-metal transition (IMT) at TIMT ~ 68°C. 
During this transition, the VO2 structure evolves from the monoclinic M1 phase at room temperature 
(RT) to the tetragonal (rutile R) phase above TIMT, while the resistivity drastically decreases by several 
orders of magnitude. The changes in the electrical and optical properties make VO2 a potential 
material for integration in energy-related devices. The VO2 IMT characteristics can be tuned by 
chemical doping and/or strain engineering and metastable phases may occasionally appear; making 
mandatory in situ temperature-dependent measurements. We hereby present a structural study 
performed during the IMT of a 420 nm-thick VO2 film epitaxially grown on Al2O3 (0001). We took 
advantage of the complementarity between high-resolution X-ray diffraction and Raman spectroscopy 
to address the crystallographic phases present during the IMT and their respective temperature range 
of existence

1
. Three different polymorphs of VO2 turn out to be involved in the transition: the M1 and 

the rutile-like R phases are encountered, respectively at RT and above TIMT. The third polymorph, 
evidenced close to TIMT, is similar to the monoclinic M2 phase. The different depth scales probed by 
the two techniques suggest that the M2 polymorph would be likely present at the interface. We 
introduce two structural models accounting for the possible in-plane epitaxial relationships of the film. 
These models imply a 2 or 4% tensile strain along the in-plane epitaxial direction. For the film studied 
here, the 2% strain does not drastically affect the transition temperature, as it is found to be close to 
the bulk value. 
 
 
 
 

 
                                                      
1
 A. Bailly, S. Grenier, M. M. Villamayor,                                                             
                                      -                              , Three-phase metal-insulator transition and 
structural alternative for a VO2 film epitaxially grown on Al2O3(0001), accepted in J. Appl. Phys. 
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Spin-orbit induced phenomena at ferromagnet/oxide and ferromagnet/2D 
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Spin-orbit coupling (SOC) at material interfaces leads to the emergence of a wealth of 

phenomena such as perpendicular magnetic anisotropy (PMA) and Dzyaloshinskii–Moriya 

interaction (DMI). Magnetic tunnel junctions based on Co(Fe)/oxide and Co/graphene 

interfaces have attracted much attention due to their low spin-orbit coupling but yet 

interesting magnetic and spin-orbitronic properties [1,2]. Using first-principles calculations, 

we investigate both PMA and DMI emerging at such interfaces. In the first part of the talk, the 

underlying mechanisms of PMA and its voltage control (VCMA) at Fe/MgO interfaces are 

discussed. Namely, we distinguish between charge-mediated [3] and ionic-migration [4] 

induced VCMA which lead to substantially different strengths of the effect. Based on our 

findings, one can distinguish the driving mechanism from the order of magnitude of the 

VCMA. In the second part, the PMA and DMI at Co/2-dimensional material interfaces are 

addressed, where we demonstrate a large PMA and DMI at Co/graphene and Co/h-BN 

interfaces [5,6]. The significant DMI at such interfaces rises from the presence of Rashba 

effect which in turn emerges from the intrinsic dipole at the interface. 

 

[1] B. Dieny & M. Chshiev, Rev. Mod. Phys. 89, 025008 (2017). 

[2] H. X. Yang et al., Nano Lett.  16, 145 (2016). 

[3] F. Ibrahim et al., PRB 93, 014429 (2016). 

[4] F. Ibrahim et al., PRB 98, 214441 (2018). 

[5] H. X. Yang et al., Nat. Mat. 17, 605 (2018). 

[6] A. Hallal et al., submitted (2019). 
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Strain-engineered microstructures in epitaxial thin oxide films

Jose Santiso
Institut Català de Nanociència i Nanotecnologia (ICN2)

During epitaxial  growth complex oxide films may show a variety of competing
strain  release  mechanisms  in  order  to  accommodate  the  mismatch  with  the
substrate, such as misfit dislocation generation, domain formation or even surface
topography modifications. This may depend on the magnitude of the cell parameters
difference, whether it is compressive or tensile, film thickness, as well as growth
rate. The different way films release the epitaxial stress may result in a completely
different microstructure,  which in turns could have an impact in their functional
properties. In this work we show some examples of how classical La0.7Sr0.3MnO3
(LSMO)  and  VO2  epitaxial  films  could  result  in  different  microstructures
depending  on  the  strain  release  mechanism.  In  the  first  example  archetypical
rhombohedral LSMO with perovskite structure grown on cubic SrTiO3 substrates is
submitted  to  a  slight  tensile  strain  (below  +1%).  It  adopts  a  highly  coherent
structure with no apparent misfit dislocations.  The films show clear twin domains
with  well-developed  [100]/[010]  twin  walls  self-arranged  in  a  perfect  striped
structure [1,2].  However,  the same type of film material  deposited under higher
growth  rate  conditions  develops  some surface  instability  that  tends  to  result  in
surface corrugation, creating local depressions and forming a distributed array of
deep pits of about 10-40 nm lateral size [3-5]. A very different situation is observed
when growing LSMO under similar  conditions  on LaAlO3 substrates,  with -2%
compressive mismatch. In this case, the films tend to relax from early stages by
generating misfit dislocations running parallel to [100]/[010] forming a perfectly
arranged crossed pattern. A close inspection of film microstructure reveals that it
consists of distinct phases at a nanometric scale inside and around the dislocation
cores. [6-8]. In a second example, we show how microstructure of epitaxial VO2
films deposited on TiO2(001) substrates changes during metal-insulator transition
slightly above room temperature. Upon cooling down films reveal a progressive
variation  in  the  coexistence  of  lowtemperature  distorted  monoclinic  and  high-
temperature tetragonal rutile domains, which ultimately generate very large local
stresses resulting in film microcracks. This large variety of film microstructures in
LSMO and  VO2 are  phenomenological  examples  of  how complex  may  be  the
control  over  film  microstructure  in  materials  with  metal-oxide  octahedral
framework  structures,  but  at  the  same  time  how powerful  could  be  the  strain-
engineering over these materials.

[1]. F. Sandiumenge, et al. Physical Review Letters 110, (2013) 107206 
[2]. J. Santiso, et al. Cryst. Eng. Comm. 15 (19), (2013) 3908 - 3918 
[3]. Z. Konstantinović, et al., Nanoscale 5 (2013) 1001-1008 
[4]. A. Pomaret al. Applied Physics Letters 104 (2014) 152406 
[5]. Z. Konstantinovic, et al, Nanotechnology 21 (2010) 465601 
[6]. J. Santiso, et al. ACS Appl. Mater. Interfaces, 2016, 8 (26), 16823–16832 
[7]. N. Bagués, et al. Advanced Functional Materials (2018) 1704437. 
[8]. F. Sandiumenge, et al. Adv. Mater. Interfaces 3 (2016) 1600106.
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First-principles theory of flexoelectricity and related materials properties

Massimiliano Stengel
Institut de Ciència de Materials de Barcelona

& Institució Catalana de Recerca i Estudis Avançats

Flexoelectricity, describing the polarization response to a gradient of the strain, is a
universal property of all insulators that has attracted considerable attention in the
past few years. [1] In spite of its fundamental and practical interest,  it  has long
resisted theoretical attempts at quantifying it with predictive accuracy in realistic
materials.  In  this  talk,  I  will  introduce  the  methodological  advances  that  have
recently lifted this  limitation in  the context  of  firstprinciples electronic-structure
theory. [2] I will discuss applications to perovskite-structure SrTiO3, either in the
cubic [3] or ferroelastic tetragonal phase. [4] I will also emphasize the generality of
these newly established theoretical tools, with interesting connections to the physics
of orbital magnetism, natural optical activity and magnetoelectric couplings.

[1] M. Stengel and D. Vanderbilt,  in "Flexoelectricity in Solids From Theory to
Applications",  edited  by  A.  K.  Tagantsev  and  P.  V.  Yudin  (World  Scientific
Publishing Co., Singapore, 2016).

[2] Miquel Royo and Massimiliano Stengel, Phys. Rev. X 9, 021050 (2019)

[3] M. Stengel, Phys. Rev. B 90, 201112(R) (2014)

[4]  Andrea  Schiaffino  and  Massimiliano  Stengel,  Phys.  Rev.  Lett.  119,  137601
(2018)
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Depth resolved magnetism in heterostructures of ultrathin 
films studied by soft x-ray resonant reflectivity 
 

J. M. TONNERRE1,2, V. BANSAL1, F. FETTAR1, M. DE SANTIS1  
 
1Univ. Grenoble Alpes, CNRS, Grenoble INP, Institut NEEL, F-38000 Grenoble, France 
2Synchrotron SOLEIL, Saint-Aubin, Boîte Postale 48, 91192 Gif-sur-Yvette Cedex, France 
 

Heterostructures, based on the stack of ultrathin films with different magnetic states, are nowadays 
intensively studied, particularly in the context of nanomagnetism and spintronics. The size reduction 
increases the role of interfaces and couplings at interfaces or through spacing layers. The 
determination of the magnetization profile, with a sub-nanometer spatial resolution, and 
modifications that occur at buried interfaces is an important challenge in order to contribute to the 
understanding of the properties of these systems and their behavior under the influence of various 
parameters.  

Polarized x-ray resonant magnetic reflectivity (XRMR) is now a well-established technique that 
combines the depth-resolved information of x-ray reflectivity with the chemical selectivity of x-ray 
magnetic circular dichroism for probing the magnetization profile in thin films and multilayers. Because 
of the dependence of the atomic scattering factor or of the refraction index with respect to the 
incoming photon energy, scattering-vector, and polarization state of the incident and reflected beam, 
XRMR is a unique tool to investigate magnetic ordering and magnetic moments orientation with 
element specificity. 

The capabilities of XRMR in the soft x-ray range will be illustrated through examples focusing on 
oxide materials. 
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Structural reconstructions of the polar (111) SrTiO3 surface 

X. Torrelles,1 G. Cantele,2 G. M. De Luca,3,2 R. Di Capua,3,2 J. Drnec,4 R. Felici,5 D. 

Ninno,3,2 G. Herranz,1 and M. Salluzzo2 
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2CNR-SPIN, c/o Complesso di Monte S. Angelo, via Cinthia, 80126 Napoli, Italy 
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Cinthia, 80126, Napoli, Italy 

4ESRF, Experimental Division, 71 Avenue des Martyrs, 38000 Grenoble 

5CNR-SPIN, c/o Università di Roma Tor Vergata, Via del Politecnico 1, 00133 Roma, Italy 

 

 

ABSTRACT 

Polar surfaces are known to be unstable due to the divergence of the surface electrostatic 

energy. In this talk the experimental determination of the surface structure of polar Ti-

terminated (111) SrTiO3 single crystals by grazing incidence x-ray diffraction is reported. 

The polar instability of the 1 × 1 surface is solved by a pure electronic reconstruction 

mechanism, which induces out-of-plane ionic displacements typical of the polar response 

of SrTiO3 layers to an electron confining potential. On the other hand, the surface 

instability can be also eliminated by a structural reconstruction driven by a change in the 

surface stoichiometry, which induces a variety of 3 × 3 (111) SrTiO3 surfaces consisting 

in an incomplete Ti (surface)–O2 (subsurface) layer covering the 1 × 1 Ti-terminated 

(111) SrTiO3 truncated crystal. In both cases, the TiO6 octahedra are characterized by 

trigonal distortions affecting the structural and the electronic symmetry of several unit 

cells from the surface. These findings show that the stabilization of the polar (111) SrTiO3 

surface can lead to the formation of quasitwo- dimensional electron systems characterized 

by radically different ground states which depend on the surface reconstructions. 
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Photoluminescence of graphene quantum dots: the role of chiral symmetry

Denis M. Basko,1 Ivan Duchemin,2 and Xavier Blase3

1Université Grenoble Alpes and CNRS, Laboratoire de Physique et Modélisation des Milieux Condensés, 38042 Grenoble, France
2Université Grenoble Alpes and CEA, INAC-MEM-L Sim, 38000 Grenoble, France

3Université Grenoble Alpes and CNRS, Institut Néel, 38042 Grenoble, France

We analyse the electronic and optical properties of graphene quantum dots (GQD) using accu-
rate ab initio many-body GW and Bethe-Salpeter calculations. We show that most pristine GQD,
including structures with irregular shapes, are characterized by low energy dark singlet excitations
that quench fluorescence. We rationalize this property by exploiting the chiral symmetry of low
energy electronic states in graphitic systems. Edge functional groups with sp3 bonding are consis-
tently shown to efficiently brighten these low lying excitations by distorting the sp2 backbone planar
symmetry. Such findings reveal an original indirect scenario for the influence of functionalization
on the photoluminescence properties.
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Dark and Bright excitons in heterostructures of 2D semiconductors 

 

Clement Faugeras 

Laboratoire National des Champs Magnétiques Intenses-CNRS, Grenoble 

 

Monolayers of semiconducting transition metal dichalcogenides are direct band gap semiconductors 

for which the direct band gap is located in the two inequivalent K and K' valleys. Because of the lack 

of inversion symetry and of the large spin orbit interaction, the spin and valley degrees of freedom 

are strongly coupled and a particular valley exciton population can be initialized using circularly 

polarized light excitation. As two dimensional materials, monolayers can be stacked on top of one 

another in the form of van der waals heterostructures to create artifical hetero- or homo- bilayers. 

These artifical structures can host different types of exciton complexes, in particular interlayer 

excitons for which electrons and holes are in different layers. Recently, it was realized that the twist 

angle between the two layers can strongly modify the electronic properties of the stack and can also 

be used to generate a lateral modulation of the potential through a moiré pattern. 

 

In this talk, I will describe optical properties of bright and dark excitons in monolayers of TMD 

encapsulated in hexagonal boron nitride. Dark excitons are activated by magnetic fields applied in 

different configurations. The exchange interaction mixes dark excitons in the two valleys and I will 

show how this mixing can be monitored by external magbetic fields. In a second part, I will describe 

optical properties of a WSe2/MoSe2 heterobilayer in which the two layers have been aligned with an 

angle close to 60° (2H stacking) to create a well defined band structure together with a moiré 

potential. I will show how these particular structures, combined with the use of high magnetic fields, 

allow for a rich spectroscopy of interlayer exciton scattering mechanisms. 
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Strong influence on 2D materials of substrate and defects revealed by 
optical and vibrational spectroscopies 

 
L. Marty 

HYBRID Group, Néel Institute 

Univ. Grenoble Alpes, Inst NEEL, F-38000 Grenoble, France 

CNRS, Inst NEEL, F-38000 Grenoble, France 

 

 

Atomically thin materials in 2D are attracting much interest since reduction of 

dimensionality strongly modifies their properties and provides a playground to revisit 

physical phenomena at the nanoscale. The possibility to exfoliate lamellar materials 

down to the single layer has provided a wealth of 2D materials with a wide range of 

physical properties. However, as surfaces with no bulk, these materials are extremely 

sensitive to their environment.  

 

In particular, the substrate used to support the 2D materials turns as a key 

factor to determine the system overall physical properties. First, the textbook case of 

graphene is presented, for which vibrational spectroscopy is a very efficient and 

non-invasive probe. Our studies highlight the dramatic influence of the substrate on 

doping and strain [1]. We therefore aim at reducing the influence of the substrate and 

investigate the specific case of graphene membranes, and in particular, spatial 

distribution of strain in them [2]. Last, in the case of a non-invasive substrate such as 

h-BN, intrinsic defects and impurities come into play. Combined spectroscopies, such as 

photoluminescence and Raman diffusion, provide insights into the nature of defects and 

their influence on light emission [3]. 

 

In the field of 2D materials, optical spectroscopies turn out as very valuable 

tools to address the delicate question of “intrinsic” optical and electronic properties of 

atomically thin materials. 

 

 

 

 

 

 

References 

[1] Bronsgeest et al., Nano Lett. 15, 5098 (2015). 

[2] Bendiab et al., J. Raman Spectrosc., 49, 130 (2018). 

[3] Nayak et al., Phys. Rev. Mat., accepted; Dubey et al., ACS Nano 11, 11206 (2017). 
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Author: Zeila Zanolli 
 
Title: Ab initio exciton and phonon dynamics in Transition Metal Dichalcogenides"  
 
Abstract: 
 
The interest in the properties of transition metal dichalcogenides (TMDs) has increased 
due to the discovery of the coupling between spin and valley degrees of freedom, 
which can be seen experimentally using a circularly polarised laser. After excitation the 
newly formed carrier populations must move towards the other valley until balance is 
reached. However, this relaxation process is not entirely understood in the literature, 
where the relative importance of the electron-electron (e-e) or electron-phonon (e-p) 
interactions is still a subject of debate. Previous works on WSe_2 [A. Molina-Sánchez, 
et al. Nano letters 17, 4549 (2017)] have shown that the e-p interaction is a good 
candidate to describe the relaxation process. Using a fully ab-initio framework based 
on the Baym-Kadanoff equations [P. M. M. C. de Melo and A. Marini, Phys. Rev. B 93, 
155102 (2016)] we study the influence of the e-p interaction on MoSe_2 after its 
excitation by a laser field. We show how phonons allow carrier relaxation and how the 
Kerr signal and total magnetisation are affected at different temperatures, with the 
latter exhibiting a non-monotonic behaviour as the temperature increases [M. Ersfeld 
et al. Nano Lett. 19, 4083 (2019)].  
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Nanoscale optics of twisted 2D materials 

Frank Koppens 
ICFO – The Institute of Photonics Sciences 

Frank.koppens@icfo.eu 

Moiré patterns are well-known phenomena in art, textiles and mathematics, which originate 
from the overlay of two periodic patterns. Intriguingly, atomically thin materials can be stacked 
on top of each other such that a new periodic pattern can emerge: the moiré superlattice. This 
can result in a dramatic modification of the electronic and optical properties of twisted 2D 
materials, compared to those of a single layer. The moiré superlattice can give rise to a plethora 
of interesting phenomena such as topological bands [1] and many-body phases like 
superconductivity and magnetism.  

A tantalizing example is twisted bilayer graphene near the magic angle (MABG), which exhibits 
flat superlattice minibands, effectively localizing electrons in a periodic lattice with a period of 
about 15 nm. Several strongly correlated phases have been observed, including 
superconductivity and the Mott-like insulating state [2].  

In this talk, we give an overview of the nano-optical properties of stacked and twisted 2D 
materials. Nanoscale optical techniques such as near-field optical microscopy reveal unique 
observations of strongly confined propagating optical fields, topological domain wall 
boundaries,  and a different type of collective modes in charge neutral TBG near the magic angle 
[3]. 

The freedom to engineer these so-called optical and electronic quantum metamaterials [4] is 
expected to expose a myriad of unexpected phenomena.  

References 
[1] Ju et al., Nature (2015) 
[2] Y. Cao et al. Nature 556, 80 (2018), Cao et al. Nature 556, 43 (2018) 
[3] Hesp et al., in preparation  
[4] Song, Gabor  et. al., Nature Nanotechnology (2019) 
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Topology and quantum magnetism in lattices of rings 

G. Pelegrí1, A. M. Marques2, R. G. Dias2, A. J. Daley3, J. Mompart1 and V. Ahufinger1 

1
Departament de Física, Universitat Autònoma de Barcelona, E-08193 Bellaterra, Spain. 

2
Department of Physics and I3N, University of Aveiro, 3810-193 Aveiro, Portugal. 

3
Department of Physics and SUPA, University of Strathclyde, Glasgow G4 0NG, United Kingdom. 

 

In this talk, we will show that ultracold atoms carrying Orbital Angular Momentum (OAM) in 

lattices of ring potentials are well suited candidates as quantum simulators of topological 

systems in the single-particle limit. In the Mott insulator limit, the system can realize a  variety  

of  spin-1/2  models,  including  the XYZ Heisenberg model with or without external field. 

In the context of topology, we investigate the single-particle properties of a system formed by 

ultracold atoms loaded into the manifold of l=1 OAM states of an optical lattice with a 

diamond chain geometry [1,2]. Through a series of successive basis rotations, we show that 

the OAM degree of freedom induces phases in some tunneling amplitudes of the tight-binding 

model that are equivalent to a net  flux through the plaquettes and give rise to a topologically 

non-trivial band structure and protected edge states. In addition, we demonstrate that the 

system also exhibits Aharanov-Bohm caging. In two dimensional (2D) lattices, we also propose 

a realization of a 2D high order topological insulator [3]. We describe the system in terms of 

two decoupled lattice models, each of them displaying one-dimensional edge states and zero-

dimensional corner states that are correlated with the topological properties of the bulk. 

Furthermore, we propose an alternative way to characterize the second-order topological 

corner states based on the computation of the Zak's phases of the bands of first-order edge 

states. 

In the Mott insulator limit and at unit filling, a direct mapping between the OAM and spin-1/2 

states can be performed [4]. We consider explicitly the dependence of the effective couplings 

on the geometry of the system and demonstrate that several models of interest related to a 

general XYZ Heisenberg model with external field can be obtained. Furthermore, we discuss 

how the relative strength of the effective couplings can be tuned and which phases can be 

explored by doing so in realistic setups.  

[1] G. Pelegrí, A. M. Marques, R. G. Dias, A. J. Daley, V. Ahufinger and J. Mompart, Topological 

edge states with ultracold atoms carrying orbital angular momentum in a diamond chain.  

Phys. Rev. A 99, 023612 (2019). 

[2] G. Pelegrí, A. M. Marques, R. G. Dias, A. J. Daley, J. Mompart and V. Ahufinger,  Topological 

edge states and Aharanov-Bohm caging with ultracold atoms carrying orbital angular 

momentum. Phys. Rev. A 99, 023613 (2019). 

[3] G. Pelegrí, A. M. Marques, V. Ahufinger, J. Mompart, and R. G. Dias, Second-order 

topological corner states with ultracold atoms carrying orbital angular momentum in optical 

lattices, submitted to Phys. Rev. B. 

[4] G. Pelegrí, J. Mompart, V. Ahufinger, A. J. Daley, Quantum magnetism with ultracold bosons 

carrying orbital angular momentum, Phys. Rev. A 100, 023615 (2019).  
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Coherent effects in atomtronic circuits.

Luigi Amico
Università degli studi di Catania

& Grenoble LANEF 

Atomtronics is  an emerging field seeking to realize atomic circuits  for quantum
technology,exploiting  ultra-cold  atoms  manipulated  in  micro-magnetic  or  laser-
generated micro-optical cir-cuits. Indeed, several atomtronic circuits on small and
medium size scale have been recentlyrealized experimentally. Important chapters in
mesoscopic  physics,  like  persistent  currents  inring  shaped  structures,  transport
through quantum dots and more complex terminals, quantumphase slips etc. could
be explored with an enhanced flexibility and control. In this talk, I will give a brief
overview of the field. In particular, In particular, I will be focusing on maybe the
simplest instance of atomtronic circuit: ultracold-atoms in ringshaped potentials and
pierced by an effective mag-netic flux and attached to leads
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Kardar-Parisi-Zhang universality in 1D
exciton-polariton systems

Léonie Canet
LPMMC, UGA – CNRS

Exciton-polaritons (EP) were shown to exhibit a Bose-Einstein condensa-
tion transition, which is genuinely out-of-equilibrium because of the driven-
dissipative nature of this state [1]. Thus, its universal properties are likely
to be different from the ones of an equilibrium condensate. Recently, it was
suggested that the long-distance dynamics of the phase of the EP conden-
sate follows the Kardar-Parisi-Zhang (KPZ) equation, a well-known model of
classical statistical physics, and numerical hints of KPZ scalings were found
in one dimension [2, 3]. However, the experimental accessibility of the KPZ
regime was questioned. In this talk, I will present our results obtained by
numerically solving the generalized Gross-Pitaevskii equation describing EP
with realistic experimental parameters, which show that KPZ properties are
indeed observable in current experimental set-ups [4]. Moreover, I will show
that one-dimensional EP display fine features of KPZ universality class be-
yond the scaling exponents, concerning in particular the distribution of the
phase fluctuations.

[1] J. Kasprzak et al., Nature 443, 409 (2006).
[2] K. Ji, V. N. Gladilin, and M. Wouters, Phys. Rev. B 91, 045301 (2015).
[3] L. He, L. M. Sieberer, E. Altman, and S. Diehl, Phys. Rev. B 92, 155307
(2015).
[4] D. Squizzato, L. Canet, and A. Minguzzi, Phys. Rev. B 97, 195453
(2018).
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Bell non-locality in many-body systems
Irénée Frérot

ICFO – The Institute of Photonic Sciences
Castelldefels, Barcelona, Spain

Elaborating on the seminal Einstein-Podolski-Rosen paper (1935), Bell introduced the concept of
non-local correlations. The violation of Bell inequalities by the statistical correlations measured on
quantum systems allows one to demonstrate a very non-classical, and puzzling, property of space-
time. Very remarkably, such a demonstration is based on minimal assumptions. For instance, the
quantum systems are treated as “black boxes”, with no specification about their physical nature, or
even  the  validity  of  quantum mechanics.  This  feature  is  at  the  heart  of  the  so-called  “device-
independent certification” of quantum devices – simulators, computers, etc. 
Although originally introduced for a pair of correlated systems, Bell inequalities can be extended to
multipartite systems. Multipartite Bell non-locality represents a very fundamental manifestation of
quantum entanglement in many-body systems, which has remained largely unexplored, in spite of
its  crucial  role  in certification tasks.  The mathematical  complexity inherent  to  multipartite  Bell
inequalities, however, prevents from a generic and scalable approach to non-locality detection in
many-body systems. 
In a first part, I will present a strategy based on symmetric combinations of two-body correlators,
leading to the discovery of permutationnally invariant Bell inequalities (PIBI) at ICFO a few years
ago [Tura  et al,  Science 2015]. I will then show that the PIBI is violated close to the quantum
critical point of the transverse-field Ising model – a physical consequence of the spin squeezing
induced  by  quantum-critical  correlations  [Piga  et  al,  arxiv.  2019].  Finally,  I  will  discuss  an
alternative, generic data-driven approach to non-locality detection in many-body systems, formally
equivalent to solving the inverse Ising problem [Frérot & Roscilde, in preparation]. 
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Nonequilibrium thermodynamics of a driven dissipative  
quantum fluids of light 
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Exciton-polaritons in semiconductor microcavities have been nowadays well established as a new 
class of quantum fluids, with defining phenomena such as Bose-Einstein condensation and 
Superfluidity [1]. Unlike ultra-cold atoms or liquid Helium, this unique class of fluid is characterized 
by the fact that the particles lifetime is in general too short to reach thermal equilibrium, and 
consequently, the fluctuations are nonthermal in origin, and stems from the particles joining and 
leaving the fluid. 
 
This feature allows phenomena, that have no counterparts in thermal equilibrium quantum fluids, 
that will be the subject of this talk. We have shown for instance that heat from the fluid’s solid-
state environment (thermal phonons) can interact both weakly [2] and strongly [3] with the fluid 
of light, leading to unconventional energy transfers. We also found that in the superfluid state, 
the condensate interacts with an incoherent fluid in a way which is reminiscent of the “two-
fluids“ best describing superfluid Helium. But in our case, the two fluids are of different nature, 
and not at thermal equilibrium with each other, resulting in an unexpected behavior of the fluid 
speed of sound and critical velocity [4]. 
 
[1] I. Carusotto and C. Ciuti, Quantum fluids of light, Rev. Mod. Phys. 85, 299 (2013).  
[2] S. Klembt et al. Exciton-Polariton Gas as a Nonequilibrium Coolant, Phys. Rev. Lett. 114, 186403 (2015) 
[3] S. Klembt et al. Thermal Decoherence of a Nonequilibrium Polariton Fluid, Phys. Rev. Lett. 120, 035301 

(2018). 
[4] P. Stepanov, et al. Dispersion relation of the collective excitations in a resonantly driven polariton fluid 

Nature comm. 10 3869 (2019) 
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 Discovery of ferroelectricity in HfO2 films is a major breakthrough in material’s science due to 

the well know integration of HfO2 in current CMOS-compatible technologies and the possibilities that 

exploitation the ferroelectric polarization may offer to engineer new devices. However, the ferroelectric 

phase of HfO2 is elusive an it appears to be a metastable phase competing with other polymorphs, 

thus challenging its growth and control. Opportunely, it has been lately reported the successful growth 

of epitaxial films of ferroelectric HfO2-related compounds on single crystalline oxidic substrates [1,2], 

that may largely contribute to understanding the origin and nature of ferroelectricity in HfO2. Here we 

will review our recent achievements, including the determination of the growth window for epitaxial 

growth of ferroelectric Hf0.5Zr0.5O2 films and the role of some growth parameters (temperature, 

atmosphere and thickness) as well as the nature of the bottom electrodes and substrates on the 

stabilization of ferroelectric phase and its polarization-related properties.  
 

 

… 
 

References 
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Spin-orbit torques in an ultrathin ferromagnetic metal layer between two oxides: quantum 
confinement and Rashba effect 

 
 
A. Mouillona, M. Drouarda, L. Cucheta, B. Rodmacqa, S. Auffreta, O. Boullea, I. M. Mirona, and G. Gaudina 

 
aUniv. Grenoble Alpes, CNRS, CEA, Grenoble INP, IRIG-Spintec, F-38000, Grenoble, France. 
 
Since their experimental demonstration in the early 2010's, spin orbit torques (SOT) have 
generated significant interest in the magnetism and spin electronics communities. In heavy-
metal (HM) / ferromagnetic metal (FM) / oxide (Ox) tri-layers, they allow the magnetization 
to be manipulated by means of a current injected into the layer plane, a writing principle that 
is the basis of a new generation of non-volatile memory, SOT-MRAM.  
Nevertheless, although a great deal of work has been done to understand and optimize these 
SOTs, the physical origin of the two components of SOTs, the so-called “Field-like” (FL) and 
“Damping-like” (DL) torques, is still a source of debate: do they come mainly from the bulk of 
the HM through a Spin Hall Effect - type mechanism, or do they originate from the interfaces 
through a Rashba-type mechanism. Recent experimental studies have shown that the 
separation of these two contributions is difficult. 
In order to study only one of these two mechanisms, the interfacial contribution, we studied 
SOTs in tri-layers without HM: Ox1/FM/Ox2. Despite the absence of HM and the almost 
symmetrical stack, we have highlighted evidenced their presence and shown that only the FL 
is present is such tri-layers. In addition, the unexpected behavior of this FL as a function of the 
thickness of the FM layer led us to propose a model based on the combination of a Rashba 
interfacial effect and a quantum confinement effect due to the very thin thickness of 
conductive material in these multilayers.	
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Probing antiferromagnets with currents 
 
O. Gladii1, R. L. Seeger1, L. Frangou1, G. Forestier1, A. Hallal1, P. Noël1, S. Auffret1, M. Rubio-

Roy1, I. Joumard1, L. Vila1, M. Chshiev1, C. Gomez2, S. Gambarelli3, M. Houzet4, V. Baltz1 
 

1 SPINTEC - Univ. Grenoble Alpes / CNRS / CEA / GINP, Grenoble, 38000, France 
2 SYMMES - Univ. Grenoble Alpes / CEA, Grenoble, 38000, France 
3 CIME Nanotech – GINP, Grenoble, 38000, France 
4 Pheliqs - Univ. Grenoble Alpes / CEA, Grenoble, 38000, France 

 

 

The paradigm shift consisting of using the spin-dependent transport properties of 

antiferromagnets in electronics led to many exciting challenges.1),2) 

 

In this talk, we will first discuss the nature of a spin current flowing through fluctuating 

antiferromagnets and distinguish between electronic and magnonic spin transport. The method 

used to inject the spin currents involved ferromagnetic resonance and spin pumping in 

ferromagnetic-spin-injector/(non-magnetic-spin- conductor)/antiferromagnetic-spin-sink 

multilayers. Three typical cases will be presented, magnonic spin flow in the insulating 

antiferromagnets NiO and NiFeOx, electronic spin flow in the metallic antiferromagnet IrMn, 

and electronic and magnonic parallel spin flows in IrMn when the latter is directly exchange 

coupled to the ferromagnetic-spin-injector. In this latter case, how it is possible to unravel the 

spin injection efficiency of the two types of spin flows will be demonstrated. We will also 

demonstrate how linear spin fluctuations enhance spin injection in spin-sinks and show why 

this is pertinent for studies of critical phenomenon like magnetic phase transitions in ultra-thin 

films. To show the far-reaching practical relevance of the method, extension to various phase 

transitions will be presented.3)-6) 

 

In search for spin fluctuations in several antiferromagnetic spin-sinks, we will also discuss 

how we found experimental evidence of self-induced spin-charge conversion in the spin-

injector, corroborating the results of first-principle calculations.7),8) 

 

Beyond spin currents, we will finally present a stimulating example of how 

antiferromagnets and superconductors may envision a common future by showing how to infer 

essential information about domain walls using Cooper pairs through antiferromagnets.9),10) 
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1) T. Jungwirth et al, Nat. Nanotechnol. 11, 231 (2016). 

2) V. Baltz et al, Rev. Mod. Phys. 90, 015005 (2018). 

3) Y. Ohnuma et al, Phys. Rev. B 89, 174417 (2014). 

4) L. Frangou et al, Phys. Rev. Lett. 116, 077203 (2016). 

5) Z. Qiu et al, Nat. Commun. 7, 12670 (2016). 

6) O. Gladii et al, Phys. Rev. B 98, 094422 (2018) ; Appl. Phys. Express 12, 023001 (2019). 
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Magneto-ionic effects in nanoporous iron oxides 

Aliona Nicolenco 

Departament de Física, Universitat Autònoma de Barcelona, E-08193 Bellaterra 

(Cerdanyola del Vallès), Spain 

 

Voltage control of the magnetic properties of oxide thin films is highly appealing to enhance 

energy efficiency in miniaturized spintronic and magnetoelectric devices [1]. Iron oxide 

system is of particular interest because iron is cheap and environmentally-friendly and there 

are multiple iron oxide phases that are stable at room temperature which all have distinct 

magnetic properties [2,3]. Herein, magnetoelectric effects in electrolyte-gated nanoporous 

iron oxide (FeOx) films are investigated. Highly porous films were prepared by the 

evaporation-induced self-assembly of sol-gel precursors with a sacrificial block copolymer 

template. For comparison, films with less porosity but analogous crystallographic structure 

were also prepared using an identical procedure without the polymer template. The 

magnetoelectric properties of the films were investigated by recording magnetization vs. 

magnetic field loops as a function of applied voltage. An electrochemical cell is used to apply 

electric fields in situ, i.e., while the magnetic properties of the films are being measured. The 

templated (highly porous) films showed a very large magnetoelectric response with a 

maximum increase in magnetic moment at saturation by a factor of 13 and a noticeable two-

fold increase of coercivity after applying –50 V [4]. The non-templated films also exhibited a 

pronounced increase of magnetic moment at saturation by a factor of 4, although the 

coercivity remained unaffected over the same voltage range. Magnetoelectric effects in these 

latter films were found to be fully reversible in the voltage window ±10 V. The observed 

changes in magnetic properties are concluded to be magneto-ionically driven, as evidenced 

from Raman and X-ray photoelectron spectroscopy experiments. 

 

References 

[1] C. Navarro-Senent et al., APL Materials 7, 030701 (2019) 
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Oxidation dependence of the Dzyaloshinskii-Moriya interaction 
in Pt/Co/MOx trilayers (M = Al or Gd) 

 
Dayane de Souza Chaves1, Fernando Ajejas2, Viola Krizakova1, Jan Vogel1, and Stefania Pizzini1 

 
1  Université Grenoble Alpes, CNRS, Institut Néel, F-38000 Grenoble, France 

2 Universidad Autónoma de Madrid Campus de Cantoblanco, 28049 Madrid, Spain 
 
 
We have studied the interfacial Dzyaloshinskii-Moriya interaction (DMI) in Pt/Co/MOx (M = Al, Gd) trilayers in which the 
degree of oxidation of the top Co interface is varied [1]. To access reliable values of the DMI strength, we have used a method 
based on the measurement of the saturation velocity of field driven chiral Néel domain walls. We show that the effective DMI 
strength in the Pt/Co/MOx trilayers varies with the oxidation degree of the Co/MOx interface. This strongly suggests that the 
Co/MOx interface gives a distinct contribution to the total DMI, adding to that of the Pt/Co interface. The DMI presents a 
maximum for the oxygen coverage maximizing also the interface magnetic anisotropy energy Ks. This calls for common 
microscopic origins for the contributions of the Co/MOx interface to DMI and Ks. 
 
[1] Phys. Rev. B 99, 144404 (2019) 
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Magnetoelectric effects in mesoporous alloys: towards enhanced energy efficiency 

in magnetically-actuated devices 

 

Jordi Sort 

1Departament de Física, Universitat Autònoma de Barcelona, E-08193 Cerdanyola del Vallès, 

Spain  

2 ICREA, Pg. Lluís Companys 23, E-08010 Barcelona, Spain 

 

Magnetic storage systems and magnetically actuated devices in general are ultimately controlled 

by magnetic fields generated using electric currents. This involves significant power dissipation by 

Joule heating effect. To optimize energy efficiency, manipulation of magnetic information with lower 

magnetic fields (i.e., lower electric currents) is desirable. This can be accomplished by reducing the 

coercivity of the actuated material by, for example, an externally applied DC voltage (i.e., electric 

field). In recent years, we have observed a drastic reduction of coercivity at room temperature in a 

variety of relatively thick (>500 nm), nanoporous films, including Cu-Ni, Cu-Fe or Co-Pt alloys. 

These films (which can be also patterned using lithographic procedures) are typically prepared by 

micelle-assisted electrodeposition. The voltage is applied across an electrical double layer using a 

non-oxidative liquid electrolyte (propylene carbonate with Na+ solvated species). Magnetoelectric 

effects arise from modification of the 3d electronic band structure of these alloys, together with 

oxygen migration (in case oxygen is made available in the system, i.e., by magneto-ionics). The 

large surface-area-to-volume ratio and the ultra-narrow pore walls of these systems allow the 

whole films, and not only the topmost surface, to effectively contribute to the observed 

magnetoelectric effects. This allows for the observation of voltage-driven changes in coercivity that 

are much larger than those observed in some previous studies on ultra-thin (1-2 nm) magnetic 

films. The voltage-induced decrease of coercivity could be used as an alternative to thermally-

assisted magnetic writing in magnetic recording applications, since the latter is less energetically 

effective. The results from this work also serve to expand the already wide range of applications of 

nanoporous materials (hitherto in areas like energy storage or catalysis) and it opens new 

paradigms in the fields of spintronics, computation and magnetic actuation in general. 
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In situ investigation of graphene growth on liquid copper

Maciej Jankowski
Univ. Grenoble Alpes & CEA, IRIG-MEM

The  aim of  the  LMCat  (liquid  metal  catalysis)  EU Horizon  2020  project  is  to
deliver  an  instrumentation  and  methodology  allowing  to  study  in  situ  and  in
operando the growth of 2D materials (2DMs) on liquid metal surfaces.  

The current approach to graphene (Gr) synthesis generally relies on CVD growth on
solid substrates, mainly copper. Despite recent progress and fine-tuning of growth
procedures  there  are  significant  obstacles  in  transferring  the  current  knowledge
towards  mass  production  of  good  quality  sheets  over  large-scales.  The  main
showstoppers  are  slow  procedures  of  2DMs  separation  from  solids,  their
environmental unfriendliness, and low quality of produced layers. All these factors
significantly impact process costs, speed, and waste production.  

In  this  contribution  we  will  present  the  first  experimental  results  of  graphene
growth on liquid copper in a newly developed CVD reactor, dedicated to the study
of  chemical  reactions  on  LMCats.  By  combining  in  situ  synchrotron  X-ray
diffraction and optical microscopy, supported by ex situ Raman spectroscopy, we
are capable to resolve in real-time the growth dynamics and atomic structure of
graphene during its growth on liquid copper. Contradictory to solid, this later is an
atomically  smooth,  isotropic  and  mobile  medium,  which  allows  to  produce
graphene crystals  of  extremely  high-quality  and large  sizes  limited  only  by the
liquid bath surface. A myriad of interesting growth scenarios was observed which
allowed to fine-tune the fabrication procedures and to identify key factors impacting
the growth of individual flakes, their self-assembly and further association into a
single layer with a coherent atomic structure.

The obtained results  are  indispensable  for  establishing  the  methodology for  the
continuous production of graphene sheets on LMCats and pave a new way for the
future cost-effective and large-scale fabrication of 2DMs. 
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Atomic defects in 2D materials studied by transmission electron microscopy 

Hanako Okuno 

Univ. Grenoble Alpes, CEA, IRIG-MEM, Grenoble 

Structural defects are considered as a parameter-tuning knob for tailoring physical properties 
of 2D materials. The ability to engineer atomic defects at nanometer scale opens up unique 
opportunities to alter and enhance electrical, optical, mechanical and magnetic properties. 
Despite the growing interest in 2D materials, growing 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 
modification and manipulation might shed light on potential utilization of defect structures in 
device processing. Aberration Corrected Transmission Electron Microscopy (AC-TEM) is one of 
the most suitable techniques to study the atomic structure of 2D materials, which enables to 
visualize atomic defects and simultaneously to form new defects by electron irradiation. In 
this work, we study the atomic defects in various synthesized 2D layers, as grown and after 
processing such as annealing and irradiation, using multiple advanced AC-TEM techniques to 
explore the possibilities of defect engineering and materials design by combining their intrinsic 
and extrinsic defects.   

 
 

 
 

Grenoble-Barcelona Twin Conference: Quantum Systems, New Materials & Smart Electronics

64 sciencesconf.org:greba-qme2019:290674



Perpendicular  magnetic  anisotropy,  unconventional  spin  texture  and  extraordinary 
gradual spin reorientation transition of cobalt films in contact with graphene

N. Rougemaille1,*, A. D. Vu1, G. Chen2, A. T. N’Diaye3, A. K. Schmid2 and J. Coraux1

1Université Grenoble Alpes, CNRS, Grenoble INP, Institut NEEL, 38000 Grenoble, France
2NCEM, Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley, California 94720, 
USA
3Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
*nicolas.rougemaille@neel.cnrs.fr 

Owing to its peculiar electronic band structure, high carrier mobility and long spin diffusion length,  
graphene is a promising two-dimensional material for microelectronics and spintronics. Graphene also 
shows interesting magnetic properties when in contact with a ferromagnetic metal (FM). For instance,  
graphene carries a net magnetic moment when deposited on Fe/Ni(111), and a significant spin split -
ting can be induced in graphene due to proximity with a heavy element.

While these results illustrate potential advantages of integrating graphene within a magnetic stack, the 
influence of graphene on the magnetic properties of a FM is still largely unexplored. In particular, 
non-magnetic overlayers generally affect the magnetic anisotropy energy (MAE) of thin layers, where 
interfaces play an important role. We can then wonder how an interface with graphene would influ -
ence the MAE of a thin FM film. 

Using spin-polarized low-energy electron microscopy, we study how a graphene overlayer affects the 
magnetic properties of atomically flat, nm-thick Co films grown on Ir(111). In this contribution, we 
report several astonishing magnetic properties of graphene-covered Co films:
1) Perpendicular magnetic anisotropy is favored over an unusually large thickness range,
2) Vectorial magnetic imaging reveals an extraordinarily gradual thickness-dependent spin reorienta-
tion transition (SRT),
3) During the SRT, cobalt films are characterized by an unconventional spin texture,
4) Spectroscopy measurements indicate that incident spin-polarized electrons do not suffer substantial 
spin-dependent collisions a few electron-Volts above the vacuum level. 

These properties strikingly differ from those of pristine cobalt films and could open new prospects in 
surface magnetism and spintronics. 
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The energetic cost of quantum control

Alexia Auffeves 
Institut NEEL, CNRS &Université Grenoble Alpes 

Quantum  Thermodynamics  is  an  emerging  and  interdisciplinary  field,  that  is
currently building its own concepts with material taken from quantum information,
quantum open systems, stochastic and information thermodynamics. It addresses a
vast range of questions, whether fundamental or applied, e.g. What is the nature of
time arrow at the quantum scale?  How does it impact the efficiency of quantum
engines? Are quantum coherence and entanglement new energetic resources? What
is the energetic bill to run a quantum protocol?…

In this talk I will focus on a recent proposal of Maxwell's demon engine where
work is not extracted from thermal fluctuations, but quantum fluctuations induced
by quantum measurement only [1]. This "measurement driven engine" has unlocked
a new research line and offers a striking illustration of the thermodynamic footprint
of  measurement  in  the  quantum  regime,  which  acts  as  the  ultimate  source  of
randomness, irreversibility, and energy [2]. I will then switch to the autonomous
version of this engine, where work is extracted from an engineered bath acting as a
source of energy and coherence [3].  This last  proposal  sheds new light on how
coherence impacts work extraction in the quantum regime. I will finally focus on
the opposite side of quantum thermodynamics as a tool to assess the energetic cost
of running quantum protocols against quantum noise [4].

[1]  Elouard,  Herrera-Marti,  Huard,  Auffèves,  "Extracting  work  from  quantum
measurement in Maxwell's demon engines", PRL 118, 260603 (2017).

[2] Grangier and Auffèves, "What is quantum in quantum randomness", Phil. Trans.
Roy. Soc. A 376 :2017/0322 (2018).

[3]  Monsel,  Fellous-Asiani,  Huard  and  Auffèves,  "A coherent  quantum  engine
based on bath and battery engineering", arXiv: 1907.00812 (2019).

[4] Elouard, Herrera-Marti, Clusel, Auffèves, "The role of quantum measurement in

stochastic thermodynamics", npj QI 3: 9 (2017).
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Quantum Computing at IFAE

Pol Forn-Diaz
Institut de Física d'Altes Energies

& Barcelona Supercomputing Center 

Quantum Computing has moved in recent years from purely quantum algorithms,
highly challenging to  implement,  to  hybrid ones  combining classical  techniques
which may be run on small-sized devices prone to errors in the near term. In this
presentation,  I  am  going  to  introduce  the  newly  created  Quantum  Computing
Technology  Group  at  IFAE.  The  focus  of  the  group  is  to  develop  a  coherent
superconducting  quantum  annealer  to  perform  optimization  tasks,  as  well  as
quantum simulation operations. In addition, some interests will be placed on the
bridge towards high energy physics.
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Many body physics with superconducting quantum circuits‐

Nicolas Roch
Institut NEEL, CNRS, & Université Grenoble Alpes

During this presentation, I will first review the various building blocks and concepts
used in the frame of superconducting quantum circuits: superconducting resonators,
superconducting qubits and microwave photons. I will then explain how to arrange
them to build circuits, which exhibit quantum many-body behaviors similar to what
is usually observed in condensed matter physics. I will finally illustrate this point
using recent experimental results.
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Advanced magnetocaloric materials for low-temperatur refrigeration 
 

M. E. Zhitomirsky 
 

PHELIQS, IRIG/CEA, 38054 Grenoble, France  
 

Low-temperature refrigeration is crucial to emergent quantum information 
technologies as well as to many other scientific applications stretching from space 
telescopes to medicine. This fuels a growing interest in alternative refrigeration methods 
capable to compete with standard liquid-helium cryostats. One of such cooling 
technologies is the adiabatic demagnetization refrigeration (ADR) based on the 
magnetocaloric effect. The existing ADR technologies for the sub-Kelvin range utilize 
dilute paramagnetic salts of Cr and Fe magnetic ions, which proved to have limited 
efficiency at higher temperatures. It has been recently demonstrated that geometrically 
frustrated magnets with a residual ground state degeneracy exhibit a very strong 
magnetocaloric effect [1,2,3]. I shall survey theoretical background of the 
magnetocaloric effect in frustrated and low-dimensional magnets. In addition, new 
results of the IRIG–Institut Néel collaboration on the promising magnetocaloric 
material Yb3Ga5O12 will be presented. I shall discuss general directions of the search of 
newpr ospective refrigerant materials by exploring collective effects in systems of 
interacting magnetic moments as opposed to noninteracting moments in paramagnetic 
salts. 
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Dynamically induced heat rectification in quantum systems

Anna Sanpera
  

Física Teòrica: Informació i Fenòmens Quantics. Departament de Física,
Universitat Autònoma de Barcelona, 08193 Bellaterra, Spain.

 

ICREA, Psg. Lluís Companys 23, 08001 Barcelona, Spain.

Heat  rectifiers  are  systems  that  conduct  heat  asymmetrically  for  forward  and
reversed  temperature  gradients.   Here,  I  will  present  present  the  study  of  heat
rectification  in  linear  quantum  systems  and  demonstrate  that  asymmetric  heat
currents can be induced in a linear system only if  it  is  dynamically  driven.   The
rectification  can  be  further  enhanced,  even  achieving  maximal  performance,  by
detuning the oscillators of the driven network. I will explain the consequences such
a scheme can have in future applications.

A. Riera-Campeny, M. Mehboudi, M. Pons, and A. Sanpera, 
Dynamically Induced Heat Rectification in Quantum Systems, 
Phys. Rev. E 99, 032126 (2019).
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Long range coupling of magnetic bilayers by coherent phonons

An Kyongmo
SPINTEC, Grenoble

We demonstrate  that  the  spin  waves  can  be  strongly  coupled  to  coherent  shear
waves that have very long characteristic decay length and propagate ballistically
over  millimetric  distances.  In  our  spin  valve  structure,  which  consists  of  two
insulating  magnetic  layers  (YIG)  deposited  on  both  sides  of  a  dielectric  GGG
substrate, the standing acoustic waves couple to the magnetization oscillations in
both layers. The coupling signifies a change of sign between the acoustic modes
with even or odd indices, which results in a contrast between two tones separated by
half a wavelength. We measure the contrast at different polar angles via inverse spin
Hall  effect using a  thin Pt wire deposited on one side of the YIG layer.  In our
sample the two YIG layers resonate at slightly different frequencies. The change in
the polar angle allows to detune their resonances and make them cross, which leads
to a peak of the contrast at the crossing point. We show that the observed behavior
is in agreement with theoretical prediction. This long range coherent coupling by
phononic  angular  momentum  currents  adds  new  functionalities  to  insulator
spintronic circuits and devices.
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Integration of Tb/Co Multilayers within Ultrafast Optically 

Switchable p-MTJ 

L. Avilés-Félix, C. S. Davies, G. Li, L. Álvaro-Gómez, M. Rubio-Roy, S. Auffret, A. Kirilyuk, Th. 

Rasing, L. Buda-Prejbeanu, B. Dieny, I. L. Prejbeanu, R.C. Sousa. 

 
1Univ. Grenoble Alpes, CNRS, CEA, Grenoble INP, IRIG-SPINTEC, 38000 Grenoble, France 

²FELIX Laboratory, Radboud University, 7c Toernooiveld, 6525 ED Nijmegen, The Netherlands 
3Radboud University Nijmegen, Institute for Molecules and Materials, Heyendaalseweg 135, 6525 AJ 

Nijmegen, The Netherlands 

 

Rare earth/transition metal (RE/TM) systems have been used to achieve perpendicular anisotropy in 

RE/TM multilayers. The discovery of all-optical switching of the magnetization, achieved on ultrafast 

timescales using femtosecond laser pulses have generated a renewed interest in these type of systems 

for data-recording applications. In particular, the ultrafast speed of the switching process permits a 

significant improvement in the writing speeds associated with magnetic memory devices. 

This work reports the development of perpendicular magnetic tunnel junction, incorporating a 

multilayered stack of Tb/Co that can be all-optical addressed via helicity-independent single-shot 

switching of the magnetization. Toggling of the magnetization in the Tb/Co multilayered stack was 

observed using both 60 femtosecond- and 5 picosecond-long laser pulses with fluences below 5mJ/cm². 

As illustrated in Fig. 1, these results could be achieved for Co-rich compositions of the multilayer, either 

alone or embedded in a tunnel junction stack coupled to a CoFeB electrode on an MgO barrier. This 

result is maintained even after annealing at 250°C. After annealing, a TMR signal of 30% and RxA 

value of 19 Ωµm² was obtained.   

The stability of the multilayer degrades for higher annealing temperatures. This is due to a loss of the 

interface sharpness that could be compensated by the increase of the number of bilayer repetitions. The 

annealing stability of the multilayer was improved using a Ta insertion layer, at the cost of reducing the 

strength of the perpendicular anisotropy and magnetic coercivity. These results open the way to the 

development of hybrid spintronic photonic systems with unique features of THz MTJ switching speeds 

and fJ switching energies 

The authors acknowledge the funding support from project SPICE (EU ITC 2020 grant agreement No. 

713481) 

 

 

Fig. 1 Left: Coercive field mapping of half-MTJ structure for different values of Co and Tb thickness. 

Right: Magneto-optical switching experiments performed for a FeCoB/Ta/[Tb(1 nm)/Co(1.3 nm)] 

half-MTJ stack annealed at 250°C after 4 shots of the 5 ps-laser pulse with fluence ~ 4.7 mJ/cm². 
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Single Molecular Magnet, a fascinating platform for quantum experiments

C. Godfrin, R. Ballou, E. Bonet, M. Ruben, S. Klyatskaya, W. Wernsdorfer, F. Balestro 

F. Balestro, Néel Institut, CNRS-UGA, Grenoble (franck.balestro@neel.cnrs.fr)

The realization of a universal quantum computer is one of the major scientific objectives of 
the 21st century, as its promises are revolutionary: inviolable cryptography, higher computing 
power, simulation processes inaccessible to conventional technologies ... Its principle is based 
on qubit, a two-level quantum system, a quantum analogue of the classical bit. Today, the 
challenge is to increase the number of qubits in interaction to achieve more complex and more 
efficient quantum information protocols. In this context, molecular magnets of nanometric 
size are of major interest. The information is carried by the direction of magnetization which 
is multiple, unlike conventional magnets which have only two. They thus make it possible to 
have  d-states  quantum  devices  or  qudits.  These  multi-level  devices  could  the  processes 
involved in the manipulation of quantum spin more efficient. The use of these would also 
simplify  some  computational  tasks,  and  thus  the  circuits  required  to  realize  a  quantum 
computer

                                                          
 
Fig. : Artist view of a a single magnet molecular transistor. The heart of the circuit is the terbium-based molecular magnet 
(pink): two planar organic molecules protecting the Terbium ion. The magnet is connected to two metal electrodes (gold 
atoms) deposited on a substrate. The reading of the four spin states of the nucleus (represented in the magnification in the 
form of colored rings) is performed by an means of electric current. The exploration of the quantum properties of this is 
obtained by the application of microwave electric field pulse (blue, green and red)

In this context, it is possible to fully control a multilevel system based on a single molecular 
magnet.  Proving  that  it  is  possible  to  read-out  and  manipulate  the  four-level  spin  of  the 
terbium nucleus of a molecule was a first step to show the long decoherence time of a single 
nuclear spin which is by nature strongly isolated from its environment[1].

Among those properties, superposition of states and phase interference are two fundamental 
mechanisms from which quantum computing can benefit. We explored these properties by 
applying 3 interference protocols involving the phases of the four nuclear spin states[2]. A 
first measurement makes it possible to know the coherence time of the coherent superposition 
of a quantum system. Applied to a coherent superposition of three nuclear spin states, this 
protocol can be generalized to any given qudit.  The second protocol makes it  possible to 
directly measure the final phase of a quantum state on which different quantum gates where 
applied.  It  is  an  essential  tool  for  the  development  of  quantum algorithms.  Finally,  in  a 
physical  system that  evolves  adiabatically  and cyclically,  one  can  highlight,  a  phase  that 
depends on the entire evolution during a cycle. 

1. Operating Quantum States in Single Magnetic Molecules : Implementation of Grover’s algorithm. C. Godfrin, A. Ferhat, 
R. Ballou, S. Klyatskaya, M. Ruben, W. Wernsdorfer and F. Balestro. Phys. Rev. Lett. 119, 187702 (2017).
2. Generalized Ramsey Interferometry Explored with a single nuclear spin Qudit . C. Godfrin, R.Ballou, E. Bonet, M. Ruben, 
S. Klyatskaya, W. Wernsdorfer and F. Balestro. Npj Quantum Information 4, 53 (2018)
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hBN encapsulated liquid-gated graphene field-effect 
transistors : toward sensitive and stable sensors in liquid 

medium.

J. Bousquet, A. Bonaccini-Calia, N. Schaefer, G. Sauthier, S. Valenzuela, J. A. Garrido and 
C. Hébert 

Institut Català de Nanociència i Nanotecnologia, Barcelona, Spain 

Great efforts are currently devoted to the development of liquid-gated graphene field-
effect transistors (g-FET) as sensor for biomedical applications and particularly, neural 
interfacing. Indeed, due to its high carrier mobility, graphene based sensor devices show, 
with PEDOT-PSS, the highest sensitivity ever reported. Transferred on a proper substrate, 
its flexibility is also a clear advantage for implantable technology by reducing the rejection 
from the biological tissue. However, at this stage, g-FETs did not show their full potential. 
Actually, since the graphene channel is in direct contact with the liquid medium, the 
carrier mobility stays below its theoretical value and the devices are subjects to stability 
issues. Moreover, the presence of electrical 1/f noise, whom origin is not well understood, 
is also a limitation for the device miniaturization. In this study, we suggest that graphene 
encapsulation in hexagonal Boron Nitride (hBN) could be a solution to overcome those 
problems. Besides boosting the carrier mobility, we expect that the presence of a 
«spacer  »  between the graphene monolayer and the surrounding impurities and charge 
traps would decrease the 1/f noise and protect the channel from the degradation in the 
liquid. In this poster, series of encapsulated and non-encapsulated g-FETs, fabricated with 
CVD graphene grown on Copper foil and transferred on doped Si/SiO2 substrates is 
presented. The graphene quality is assessed by Raman Spectroscopy. Mobility (extracted by 
Hall Effect) and noise measurements in the top-gate and back-gate configuration without 
or in the presence of liquid is reported and discussed.  
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Ion-gel gated single layer MoS2 transistors as switch for 
multiplexing applications

Jessica Bousquet
Institut Català de Nanociència i Nanotecnologia

Thanks  to  its  low  dimensionality  and  large  intrinsic  band  gap,  MoS2  is  an
interesting semiconductor for future flexible and wearable electronics. In the optic
of high density mapping and stimulation of brain activity,  our team is  currently
working on the elaboration of  MoS2 flexible  switches to  perform time division
based multiplexing of liquid-gated graphene field-effect transistors (g-FET) matrix.
In this framework, the use of solid-polyelectrolyte as gate material to enable both
flexibility  and  low powering  is  explored.  Indeed,  thanks  to  the  high  capacitive
coupling between the ionic gel and the 2D layer, the gate voltage required to open
the  MoS2 channel  can  be  decreased  by a  factor  5  to  10  compared to  standard
dielectrics. 

In this study, we report on the growth and characterization of ion-gel gated MoS2
field-effect transistors. First,  the growth of MoS2 closed layers in a home-made
reactor is described. Two different substrates are used for the deposition: standard
Si/SiO2 and Na-containing silicate glass. The resulting monolayers, characterized
by Scanning Electron Microscopy, Raman Spectroscopy and X-Ray Photoemission
Spectroscopy are compared. 

In order to be used as switches to address g-FET matrix, MoS2 devices should fulfil
several  criteria  ;  high ON/OFF ratio  and switching speed and,  be able  to  carry
hundreds of μA current without addition of noise in the ON state. For this reason,
we  decided  to  process  our  layers  in  an  interdigitated  configuration.  The
performances and limitations of the transistors (ON-OFF ratio, threshold voltage,
switching speed, noise…) will be discussed. 
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On the Role of Interfaces on Spin Transport in Magnetic Insulator/Normal Metal 

Heterostructures 

Josep Fontcuberta
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 Exploitation of pure spin currents has emerged as a new tool in spintronics, with promises of 

more efficient devices in data storage and computing. A pure spin current can be generated in a non-

magnetic metallic (NM) layer by a charge current (spin Hall effect, SHE). The reciprocal effect, the 

inverse Spin Hall effect (ISHE), converts a pure spin current in to a charge current. Many devices 

using SHE and ISHE, involve spin transport across interfaces between non-magnetic metallic layers 

and magnetic materials; quiet commonly, magnetic insulators. The structural, compositional and 

electronic differences between these materials and their integration to form an interface, challenge the 

control and understanding of the spin transport across it, which is known to be sensitive to 

subnanometric interface features. We will illustrate some of these difficulties and show how spin 

currents can be used as a probe for surface magnetism. 
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Correlated electronic systems as transparent conductors   

Josep Fontcuberta 
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Transparent metallic oxides are pivotal materials in information technology, photovoltaics, or even in 

architecture. They display the rare combination of metallicity and transparency in the visible range 

because of weak interband photon absorption and weak screening of free carriers to impinging light. 

However, the workhorse of current technology, indium tin oxide (ITO), is facing severe limitations and 

alternative approaches are needed. AMO3 perovskites, M being a nd
1
 transition metal, and A an 

alkaline earth, have a genuine metallic character and, in contrast to conventional metals, the electron–

electron correlations within the nd
1
 band enhance the carriers effective mass (m*) and bring the 

transparency window limit (marked by the plasma frequency, ωp*) down to the infrared. We will show 

that epitaxial strain and carrier concentration allow fine tuning of optical properties (ωp*) of SrVO3 films 

by modulating m* due to strain-induced selective symmetry breaking of 3d-t2g(xy, yz, xz) orbitals. 

Interestingly, the DC electrical properties can be varied by a large extent depending on growth 

conditions whereas the optical transparency window in the visible is basically preserved [1]. These 

observations suggest that the harsh conditions required to grow optimal SrVO3 films may not be a 

bottleneck for their future application.  

 

… 
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Wafer-scale growth of layered III-VI materials by MOCVD 
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III-VI materials are an emerging class of layered semiconductors with very interesting 

electrical and optical properties. High performance field effect transistors
1
, photodetectors

2
, 

light emitters
3
 and second harmonic generators

4
 has already been widely demonstrate using 

these materials. Nevertheless, as for all 2D materials, their integration in real world 

applications will only be possible if a large scale/high yield fabrication method can be 

achieved using the standard tools present in a foundry. 

In this work we will present a fast and uniform MOCVD growth process of highly oriented 

micronic domains of GaSe, InSe and their van der Waals heterostructures on large diameter 

Si(001) and Si(111) wafers. The growth mechanisms at the atomic scale will be discussed 

from AFM images, high resolution STEM, X-ray diffraction measurements and density 

functional theory calculations. 

 

1 Li, M.; Lin, C.-Y.; Yang, S.-H.; Chang, Y.-M.; Chang, J.-K.; Yang, F.-S.; Zhong, C.; Jian, W.-B.; Lien, C.-H.; Ho, C.-H.; Liu, H.-J.; Huang, R.; Li, W.; 

Lin, Y.-F.; Chu. Adv. Mater. 2018, 0, 1803690. 
2 Yan, F.; Zhao, L.; Patanè, A.; Hu, P.; Wei, X.; Luo, W.; hang, D.; Lv, Q.; Feng, Q.; Shen, C. et al. Nanotechnology 2017, 28, 27LT01. 
3Bandurin, D. A.; Tyurnina, A. V.; Geliang, L. Y.; Mishchenko, A.; Zólyomi, V.; Morozov, S. V.; Kumar, R. K.; Gorbachev, R. V.; Kudrynskyi, Z. 

R.; Pezzini, S. Nat. Nanotechnol. 2017, 12, 223– 227. 
4Zhou, X.; Cheng, J.; Zhou, Y.; Cao, T.; Hong, H.; Liao, Z.; Wu, S.; Peng, H.; Liu, K.; Yu, D. J. Am. Chem. Soc. 2015, 137, 7994-7997. 
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Extracting topology through optical diffraction: a study of the Integer Quantum Hall
Effect in two, three and four dimensions

Crystal electrons in uniform magnetic fields display a series of striking properties, like a fractal spectrum [1] and
a quantized conductance [2]. For a rational (adimensional) magnetic flux piercing the lattice, φ = p/q with co-prime
integers p and q, the system has an energy spectrum made by q smooth bands. Each of these bands is characterized
by an integer topological invariant called the Chern number and, whenever the Fermi energy is set in a gap, the
(adimensional) transverse conductance is given by the sum of the Chern numbers of the occupied bands. This
phenomenon, the Integer Quantum Hall Effect (IQHE), firstly observed in a two dimensional (2D) system, takes
place also in three dimensional (3D) [3] and four dimensional (4D) [4] systems. As first discussed by Wannier, the
geometrical structure of a crystalline potential in a magnetic field reflects on the “statistical weight of the spectrum”
(or integrated density of states), which is simply the fraction of occupied bands. This may be conveniently displayed in
terms of so-called Wannier diagrams, which render evident how the density of states grows linearly with the magnetic
flux [5]. The subsequent theory of 2D IQHE developed by Thouless and coworkers [6] on the Hofstadter model, and by
Streda [7], proved that the linear coefficient which links the density of states and the magnetic flux is proportional to
the Hall conductivity (Streda-Widom formula). In particular, these studies highlighted that the complete topological
information about the system is fully encoded in its Wannier diagram. This applies also to the generalizations of
the Hofstadter model to three [3] and four [4] dimensions. Recently, the topology of a one-dimensional quasicrystal
was probed through a diffraction experiment [8]. This experiment required direct access to the complex phase of the
diffracted wave. The latter was ingeniously extracted through an interferometric experiment. Here, instead, we probe
the topology of three different crystalline potentials, in two, three and four dimensions, by measuring the intensity
(i.e., the squared amplitude) of the diffracted fields: for each potential, we measure the diffraction figure at different
values of the grating’s period. This allows us to recover the Wannier diagram of the corresponding crystalline potential
and to extract the Chern numbers of the different spectral gaps with the help of the Streda-Widom formula.

[1] D. R. Hofstadter, Energy levels and wave functions of Bloch electrons in rational and irrational magnetic fields, Phys. Rev.
B 14, 2239 (1976).

[2] K. von Klitzing, The quantized Hall effect, Rev. Mod. Phys. 58, 519 (1986).
[3] G. Montambaux and M. Kohmoto, Quantized Hall effect in three dimensions, Phys. Rev. B 41, 11417 (1990).
[4] Y. E. Kraus, Z. Ringel, and O. Zilberberg, Four-Dimensional Quantum Hall Effect in a Two-Dimensional Quasicrystal,

Phys. Rev. Lett. 111, 226401 (2013).
[5] G. H. Wannier, A Result Not Dependent on Rationality for Bloch Electrons in a Magnetic Field, Physica Status Solidi (B)

88, 757 (1978).
[6] D. J. Thouless, M. Kohmoto, M. P. Nightingale, and M. den Nijs, Quantized Hall Conductance in a Two-Dimensional

Periodic Potential, Phys. Rev. Lett. 49, 405 (1982).
[7] P. Streda, Quantised Hall effect in a two-dimensional periodic potential, Journal of Physics C: Solid State Physics 15, L1299

(1982).
[8] A. Dareau, E. Levy, M. B. Aguilera, R. Bouganne, E. Akkermans, F. Gerbier, and J. Beugnon, Revealing the Topology of

Quasicrystals with a Diffraction Experiment, Phys. Rev. Lett. 119, 215304 (2017).
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Angular Momentum Fractionalization for Attracting
Bosons in Ring-Shaped Potentials

P Naldesi1, J P Gomez2, V Dunjko3, H Perrin4, M Olshanii3, L Amico5, and A Minguzzi1

1LPMMC, Grenoble, France
2OIST, Okinawa, Japan

3Department of Physics, University of Massachusetts, Boston MA, USA
4Université Paris 13, Paris, France

5CNR-MATIS-IMM & Dipartimento di Fisica e Astronomia, Catania, Italy
Contact Email: piero.naldesi@lpmmc.cnrs.fr

Quantum mechanics is characterised by quantum coherence and entanglement. After having discovered
how these fundamental concepts govern the physical reality, scientists have been devoting intense efforts to
harness them to shape future science and technology. This is a highly nontrivial task because most often
quantum coherence and entanglement are difficult to access. Here, we present a quantum many-body
system in which quantum coherence and entanglement explicitly demonstrate the quantum advantage of
quantum technology over the classical one. Our physical system is made of strongly correlated, attracting
neutral bosons flowing in a ring-shaped potential of mesoscopic size. Quantum analogues of bright solitons
are formed in the system by the attractive interactions, and, as a genuine quantum-many-body feature,
we demonstrate that an angular momentum fractionalization occurs. As a consequence, the matter-wave
current in our system is able to react to very small changes of rotation or other artificial gauge fields. We
discuss how our results put the basis to devise rotation sensors and gyroscopes with enhanced sensitivity.
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Tunable bipolar resistive switching in TiN/LaMnO3+/Pt heterostructures  

As the need of increasing data storage arises, new candidates for non-volatile memories are 

required. Valence change memories (VCM) are one of the promising ones given their recent 

performance demonstrations in terms of switching time, switching energy and retention
[1]

. 

Resistive switching (RS) in VCMs occurs due to the drift of oxygen vacancies together with 

the concomitant redox reaction at the nanoscale. 

A TiN/LaMnO3+δ (LMO)/Pt heterostructrure was chosen to build our VCM nanoionic 

devices, as LMO is able to accommodate a flexible oxygen stoichiometry by varying the 

Mn
3+

/Mn
4+ 

ratio. Polycrystalline thin films were prepared on platinized silicon 
[2]

 with TiN 

electrodes  sputtered on top, obtaining devices in “top-bottom” configuration. The 

TiN/LMO/Pt devices can be operated both in a counter clock wise (CCW) or in a clockwise 

(CW) regime, being the change in switching direction highly dependent on the induced 

current asymmetry. While the CCW regime shows highly reproducible RS with HRS/LRS 

ratios between 2 and 10 and endurances of up to 100 cycles, the CW regime presents 

endurances of only a few cycles, and HRS/LRS ratios which are comparable or smaller to 

those of the more stable and reproducible CCW regime.  

[1] R. Waser, J. Nanosci. Nanotechnol. 2012, 12, 7628. 

[2] R. Rodriguez-Lamas, D. Pla, O. Chaix-Pluchery, B. Meunier, F. Wilhelm, A. Rogalev, 

L. Rapenne, X. Mescot, Q. Rafhay, H. Roussel, M. Boudard, C. Jiménez, M. Burriel, 

Beilstein J. Nanotechnol. 2019, 10, 389. 
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Investigating spin Hall angle and transparency in Py/Ta based heterostructure 

using Spin-torque FMR 

Dhananjay Tiwari* 
Univ. Grenoble Alpes, CNRS, CEA, SPINTEC, 38000 Grenoble, France 

*dhananjay.tiwari@cea.fr 
 

Abstract: The magnetization dynamics in the Py/Ta heterostructure is studies using spin Hall 

effect of Ta via spin torque ferromagnetic resonance. Gilbert damping constant was evaluated 

and found to increase as the thickness of ferromagnetic layer decrease. Our experimental 

results on thinner Py films shows lower anisotropic magnetoresistance and has low signal-to-

noise ratio compared to thicker Py films. We calculated transparency which plays an important 

role on the magnitude of spin Hall angle. We found a direct relation with transparency at the 

Py/Ta interface and the magnitude of spin Hall angle showing high spin Hall angle for thicker 

Py films on Ta. 

                           

(a) AMR of the device as a function of in-plane angle ϕ (angle between Irf and Hext). (b) Dependence 

of θSH as a function of frf for different Py thickness. 
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Correlated Quantum Tunnelling of Monopoles in Spin Ice
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4TCM group, Cavendish Laboratory, University of Cambridge, Cambridge CB3 0HE, U.K.

5Max-Planck-Institut für Physik komplexer Systeme, 01187 Dresden, Germany

The spin ice materials Ho2Ti2O7 and Dy2Ti2O7 are by now perhaps the best-studied classical
frustrated magnets. A crucial step towards the understanding of their low temperature behaviour
– both regarding their unusual dynamical properties and the possibility of observing their quantum
coherent time evolution – is a quantitative understanding of the spin-flip processes which under-
pin the hopping of magnetic monopoles. We attack this problem in the framework of a quantum
treatment of a single-ion subject to the crystal, exchange and dipolar fields from neighbouring ions.
By studying the fundamental quantum mechanical mechanisms, we discover a bimodal distribution
of hopping rates which depends on the local spin configuration, in broad agreement with rates ex-
tracted from experiment. Applying the same analysis to Pr2Sn2O7 and Pr2Zr2O7, we find an even
more pronounced separation of timescales signalling the likelihood of coherent many-body dynamics.

∗ brunotomasello83@gmail.com, tomasello@ill.fr
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Randomized measurements:
A toolbox for probing quantum simulators and 
quantum computers
Theory: B. Vermersch(1,2,8), A. Elben(1,2), J. Yu(1,2) , R. van Bijnen(1,2), C. Kokail(1,2), L. 
Sieberer(1,2), G. Zhu(3), M. Dalmonte(4),  F. Pollman(5), M. Hafezi(3), N. Yao(6), I. Cirac(7), P. 
Zoller(1,2)

Experiment: T. Brydges(1,2), M. Joshi(1,2), C. Maier(1,2), P. Jurcevic(1,2), B. Lanyon(1,2), R. 
Blatt(1,2), C. Roos(1,2)
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(8) LPMMC CNRS/Université Grenoble Alpes, Grenoble, France

Abstract

Randomized measurements have emerged as a new tool to probe the 
properties of quantum simulators and quantum computers beyond standard 
observables. In the poster I summarize our recent results including 
randomized measurement protocols to measure entanglement [1], out-of-
time-ordered correlations [2], many-body topological invariants [3], and 
quantum state fidelities [4]. I will also show some experimental results [4,5,6] 
obtained in collaboration with the group of Rainer Blatt (IQOQI Innsbruck).
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 A non-equilibrium system as a demon

Robert S. Whitney
Université Grenoble Alpes & CNRS (LPMMC) 

Maxwell demons are creatures that are imagined to be able to reduce the entropy of
a  system without  performing  any  work  on  it.  Conventionally,  such  a  Maxwell
demon’s intricate action consists in measuring individual particles and subsequently
performing  feedback.  Here  we  show  that  much  simpler  setups  can  still  act  as
demons:  we  demonstrate  that  it  is  sufficient  to  exploit  a  non-equilibrium
distribution to seemingly break the second law of thermodynamics.  We propose
both an electronic and an optical implementation of this phenomenon, realizable
with current technology.

R.  Sánchez,  J.  Splettstoesser,  R.S.  Whitney,  to  appear  in  Phys.  Rev.  Lett.  (2019)  —
arXiv:1811.02453

Figure 1. (a) The N-demon supplies a non-equilibrium distribution to the working
substance (containing equilibrium reservoirs 1 and 2), without supplying heat or
work.  The  non-equilibrium  distribution  could  be  a  non-thermalized  mixture  of
different equilibrium distributions. Transmission probabilities, Tij , of the scattering
region (beige) involving terminal N are indicated and accompanied by grey arrows.
(b)  A  physical  implementation  in  which  the  non-equilibrium  distribution  fN is
injected locally into the working substance.
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Why magnetic cooling is "hot:" theoretical and experimental perspectives 

Mike Zhitomirsky
 CEA Grenoble (INAC)

Adiabatic demagnetization refrigeration based on the magnetocaloric effect is one
of the simplest and environment-friendly cooling techniques. It is routinely used for
low  temperatures,  typically  in  the  sub-Kelvin  regime,  employing  paramagnetic
salts. Recent advances in the field of frustrated magnetism suggest them as very
effective  refrigerant  materials.  I  shall  survey  theoretical  background  of  the
magnetocaloric effect in frustrated magnets and present experimental results on the
garnet Yb3Ga5O12, which is a new very promising magnetocaloric material  for
low-temperature refrigeration.
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