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Molecular Dynamics Simulations of the
Influence of Domain Walls on the Thermal
Conductivity in Barium Titanate BaTiO3

Ilyass Aabouch ∗ 1, Guillaume F. Nataf ∗

1 ILYASS Aabouch – Université de Tours, Université de Poitiers – 123 TEC A 2 Allée Guy Charff
37200 TOURS, France

In order to build intelligent thermal devices and low-cost supercomputers, controlling heat
flow through materials has become a very attractive and reliable approach (1). In our study,
we investigated the influence of domain walls on the thermal conductivity in the ferroelectric
material BaTiO3 using Nonequilibrium Molecular Dynamics simulations within the LAMMPS
framework. We study how different parameters could influence the thermal conductivity in Ba-
TiO3 such as the number of domain walls

(1): C. Wang, L. Hua, H. Yan, B. Li, Y. Tu, and R. Wang, ”A thermal management strat-
egy for electronic devices based on moisture sorption–desorption processes,” Joule 4, 435–447
(2020).

Keywords: Thermal Conductivity, ferroelectric
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Spatiotemporal Microscopy of Thermal
Dynamics from Nanomaterials to

Phase-Change Materials

James Utterback ∗ 1

1 Institut des Nanosciences de Paris – Sorbonne Universite, Centre National de la Recherche
Scientifique, Centre National de la Recherche Scientifique : UMR7588 – Sorbonne-Université, Case 840

4 place Jussieu 75252 Paris Cedex 05, France

The functionalities of photoactive materials ranging from optoelectronics, plasmonics, catal-
ysis and phase-switching applications require not only control over the photoexcited charges
but also heat generation, transport and dissipation. Controlling nanoscale thermal transport
is fundamental to virtually all such applications, as they either inherently generate heat as a
byproduct or deliberately harness it for operation. While pump–probe spectroscopy signals
are typically attributed to electronic energy carriers (i.e., electrons, holes, excitons), there is
increasing recognition that laser induced heating can also lead to transient spectral signals in
semiconductor films. On one hand there is a need to better understand the contributions of heat-
ing to pump–probe measurements for accurate assignments, and at the same time this presents
opportunities to investigate microscopic thermal transport and dissipation. Recent advances in
thermoreflectance have enabled critical temporal and spatial thermophysical characterization to
probe the mechanistic impact of nanoscale structuring on heat propagation. In this presentation
I will describe how pump–probe optical measurements and modeling of thermal transport pro-
vide access to nanosecond dynamical information with local, sub-micron specificity. I will high-
light examples including metallic nanocrystal superlattices, semiconductor nanocrystal films,
and insulator-to-metal phase transition thin films. We will touch on questions including: How
do heterogeneous environments and interfaces impact microscopic energy transport? How can
we access information about energy carriers that traditionally do not have clear spectroscopic
signals? How can we control the directionality of energy carrier flow?

∗Speaker
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Thermal metrology for phase-change
non-volatile memories

Tushar Chakrabarty ∗ 1,2, Akash Patil 2, Etienne Blandre 1, Pierre-Yves
Cresson 1, Yannick Le Friec 2, Simon Jeannot 2, J.f. Robillard† 1

1 Univ. Lille, CNRS, Centrale Lille, Junia, Univ. Polytechnique Hauts-de-France, UMR 8520 - IEMN –
Institut d’Electronique de Microélectronique et de Nanotechnologie, F-59000 Lille, France – Univ. Lille,
CNRS UMR8520 IEMN, Institut d’Electronique, Microélectronique et Nanotechnologie, Lille, France –

France
2 STMicroelectronics [Crolles] – 850 rue Jean Monnet, 38920 Crolles, France – France

The thermal characteristics of the phase change materials as well as the nearby dielectric
materials affect the phase change memory’s performance. In this study, we report on the thermal
conductivity of the dielectric SiN and the nitrogen doped GeSbTe using 3ω method and show
that the value is consistent with earlier measurements using Raman thermometry.

Keywords: Phase change materials, Thermal Conductivity, Thermal Boundary Resistance, 3ω

method, Raman thermometry
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Nanothermometry-Guided In Situ Decoding
of Perovskite Solar Cell Degradation under

Optical Stress

Jiazhuo Nie ∗ 1,2, Zhuoying Chen† 2, Lionel Aigouy 2, Dongjiu Zhang 2,
Hengyang Xiang 2, Thomas Pons 2

1 Laboratoire de Physique et d’Etude des Matériaux (UMR 8213) (LPEM) – LPEM, ESPCI Paris, PSL
Research University, Sorbonne Université, CNRS – ESPCI, 10 rue Vauquelin, 75231 Paris cedex 05,

France
2 LPEM, CNRS-UMR8213 – LPEM, ESPCI Paris, PSL Research University, Sorbonne Université,

CNRS – ESPCI, 10 RUE VAUQUELIN, France

The thermal behavior of functional materials is closely linked to their stability and perfor-
mance, particularly in optoelectronic devices such as perovskite solar cells (PSCs). In these
devices, temperature variations at critical interfaces are both influenced by operational and
environmental conditions and can, in turn, affect material properties, charge transport, and
long-term stability. While PSCs have demonstrated remarkable power conversion efficiencies,(1)
their long-term stability remains a major challenge, (2–6) with degradation mechanisms strongly
influenced by local environmental conditions, including heat accumulation at buried interfaces.
Understanding and monitoring these localized thermal dynamics in situ is therefore essential
for unraveling degradation pathways and improving PSC stability. In this work, we introduce
a new in situ methodology that harnesses the nano-thermometric properties of embedded up-
conversion nanoparticles (UCNPs) placed at the buried perovskite/hole transport layer (HTL)
interface. This approach allows, for the first time, real-time tracking of local interfacial temper-
ature evolution during light-induced accelerated degradation, while simultaneously monitoring
the device’s optical and photovoltaic performance. Applied to PSCs with different perovskite
compositions, this technique reveals non-trivial thermal signatures and distinct degradation
regimes correlated with structural and optical changes observed via ex situ characterizations.
The results uncover a dynamic interplay between heat accumulation, phase transformation, and
material decomposition, offering insights into the spatiotemporal evolution of PSC degradation.

Keywords: Nanothermometry, Perovskite solar cells, In situ degradation, Buried interface, Thermal

evolution
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Influence of the solid initial surface charge
on liquid-solid contact electrification

Hadrien Monluc ∗ 1, Delong He† 2, Samiran Garain 1, Michael J
Kirkpatrick 3, Andris Šutka 4, Peter Sherrell‡ 5, Bai J.§ 2

1 Laboratoire de Mécanique Paris-Saclay – CentraleSupélec, Université Paris-Saclay, Centre National de
la Recherche Scientifique, Ecole Normale Supérieure Paris-Saclay, Centre National de la Recherche

Scientifique : UMR9026 – France
2 Laboratoire de Mécanique Paris-Saclay (LMPS) – CentraleSupélec, Université Paris-Saclay, Centre
National de la Recherche Scientifique, Ecole Normale Supérieure Paris-Saclay, Centre National de la

Recherche Scientifique : UMR9026 – 4 avenue des sciences / 8-10 rue Joliot Curie, 91190
Gif-sur-Yvette, France

3 Laboratoire Génie électrique et électronique de Paris (GeePs) – CentraleSupélec, Sorbonne Universite,
Université Paris-Saclay, Centre National de la Recherche Scientifique, Centre National de la Recherche

Scientifique : UMR8507 – 11, rue Joliot CuriePlateau de Moulon91192 Gif sur Yvette, France
4 Riga Technical University – 1 Kalku Street, room 318, Riga, LV – 1050, Latvia

5 Royal Melbourne Institute of Technology University (RMIT University) – GPO Box 2476 Melbourne
VIC 3001 Australia, Australia

Contact electrification and electrostatic induction are the core mechanisms behind Solid-
liquid (SL) triboelectric nanogenerators (TENGs), which have gained tremendous attention for
powering micro-scale devices in recent years. However, fundamental understandings of charge
transfer within SL-TENGs remain relatively poor, limiting their optimized materials selection
and device design. To move SL-TENGs beyond scientific curiosities, it is crucial to understand
the electrification phenomenon. We used water droplets and polytetrafluoroethylene (PTFE)
as a model system to examine how the film initial charge conditions influence the contact elec-
trification of PTFE films and SL-TENG output voltage. Experimental characterizations and
modeling revealed that the initial charge state of PTFE films greatly affects SL-TENG output
voltage. Water, and other organic liquids, could not only lead to the appearance of negative
charges on PTFE (aligning with the standard liquid-solid electrification model), but also neu-
tralize them. This study demonstrates the importance of initial charge conditions in the contact
electrification phenomenon.

Keywords: Triboelectricity, Liquid, solid contact electrification, Triboelectric nanogenerator, Initial

conditions
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MEMS Design for Electrostatic Near-Limits
Kinetic Energy Harvesting Under Simple

Algorithm and Low Control Voltage

Ayoub Dahani ∗† 1, Alexis Brenes ∗ ‡ 1, Dimitri Galayko 2, Alejandro
Godinez Perez Medina 1, Etienne Herth 1, David Bouville 1, Elie Lefeuvre

∗ § 1

1 University Paris-Saclay, CNRS, C2N – Centre de Nanosciences et de Nanotechnologies, CNRS,
University Paris-Sud, Université Paris-Saclay – France

2 University Sorbonne, CNRS, LIP6 – Sorbonne Université, CNRS, LIP6 – France

This paper proposes simple control algorithm adapted for new MEMS electrostatic energy
harvester designed for implementing the so-called Near-Limits technique using low control volt-
age.

Keywords: MEMS, kinetic energy harvesting, electrostatic, Near Limits.
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Eco-compatible cluster-polyoxometalate
tandems for the production of hydrogen:
from molecular assemblies to the device

Kurt Kpoton ∗ 1, Adèle Renaud , Stephane Cordier 2, Clement Falaise ,
Mohamed Haouas , Emmanuel Cadot , Minh-Huong Ha-Thi 3, Thomas

Pino 4

1 Institut des Sciences Chimiques de Rennes – Université de Rennes, Institut National des Sciences
Appliquées - Rennes, Ecole Nationale Supérieure de Chimie de Rennes, Institut de Chimie - CNRS

Chimie, Centre National de la Recherche Scientifique – France
2 Institut des Sciences Chimiques de Rennes (ISCR) – Universite de Rennes 1, CNRS : UMR6226,

Ecole Nationale Supérieure de Chimie de Rennes – Campus de Beaulieu - Bât. 10 Avenue du Général
Leclerc 35042 Rennes Cedex, France

3 Institut des Sciences Moléculaires d’Orsay – Université Paris-Saclay, Centre National de la Recherche
Scientifique, Centre National de la Recherche Scientifique : UMR8214 – France

4 Pino (ISMO) – Université Paris-Sud - Université Paris-Saclay – Bat 520 Université Paris-Saclay,
91400 Orsay, France

Green hydrogen, as an energy vector, holds the promise of a clean, cheap and sustainable
energy. Using the most eco-friendly materials possible is a target to reach for the development of
green photo-induced hydrogen catalytic systems for hydrogen evolution reactions (HER). How-
ever, to date, the most efficient photocatalysts reported in the literature contain noble metal
like ruthenium or iridium as sensitizers. Beyond to be built from scarce metals, these systems
suffer of a lack of stability that originates for instance of the photo-bleaching of organics com-
ponents. In this context, we are currently investigating greener photoelectrocatalytic systems
free of noble-metal or toxic elements for solar hydrogen production. These new photoelectrocat-
alysts associate a metal atom cluster (CLUS) and a polyoxometalate (POM) to form push-pull
tandems, named CLUSPOMs.
In the CLUSPOM tandems, the cluster building blocks (M6Li8La6)2- (M=W, Mo; L=Ligands)
acts as a robust photosensitizer. These are electron-rich molecular entities exhibiting very in-
teresting optical properties(1),(2) and the ability to transfer electrons to other species(3) in the
excited state, making them suitable for photocatalytic applications.

Polyoxometalates (POMs) are water-soluble metal-oxide discrete polyanions (e.g.(P2W18O62)6-
and (PW12O40)3-), displaying the ability to exchange reversibly several electrons, making them
highly relevant for catalytic processes involving multi-electrons transfers. Sulfur-functionalized
POMs (i.e. (AsW15O53Mo3S4(H2O)3)7- and ((PW11O39)Mo3S4(H2O)3OH)8-), namely poly-
oxothiometalates, are proven to be among the most efficient POM-based HER photoelectro-
calaysts reported so far in the literature(4),(5).

The association of clusters and POMs offers the prospect of the development of new high-

∗Speaker
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performance photoelectrocatalytic systems for hydrogen production. In this talk, we will present
the first steps of the design and the characterization of photoelectrodes based on the association
of clusters and polyoxometalates.

(1) Cordier, S.; Molard, Y.; Brylev, K. A.; et al. J. Clust. Sci. 2015, 26, 53–81. DOI:
10.1007/s10876-014-0734-0

(2) Costuas, K.; Garreau, A.; et al. Phys. Chem. Chem. Phys. 2015, 17, 28574–28585.
DOI: 10.1039/c5cp03960f

(3) Anam F., Smortsova, Y., Falaise, C., et al. Chem. Commun., 2023, 59, 10988-10991
DOI: 10.1039/D3CC03334A

(4) Tourneur, J.; Fabre, B.; Loget, G.; et al. J. Am. Chem. Soc. 2019, 141, 11954–11962.
DOI: 10.1021/jacs.9b03950

(5) Smortsova, Y.; Falaise, C.; Fatima, A.; et al. Chem.-Eur. J. 2021, 27, 17094–17103.
DOI: 10.1002/chem.202102693
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Phonon lifetime in doped crystals

Lorenzo Paulatto ∗ 1, Raja Sen 1, Alessandro Ciavatta 1

1 Théorie quantique des matériaux [IMPMC]
(IMPMCTQM)−−Institutdeminéralogie, dephysiquedesmatériauxetdecosmochimie−

−4, placeJussieu−BC115− 75252ParisCedex5, F rance

Since the seminal work of Klemens, Talwar and Tamura in the early eighties, the increase of
computing power and development of ab-initio methods have allowed the simulation of phonon
interaction with scattering centers (substitutions, vacancies, stacking defects, es. works by Stew-
art and Mingo) with great accuracy. However, little improvement has been made to the theory
beyond the initial real-space supercell formulation, which is based on a single-defect perturba-
tion, which can be non-convergent in perturbation theory.
We have developed a new reciprocal space formulation, which models the scattering center as a
phonon-phonon interaction potential V(q,q’) that can be Fourier interpolated to any q and q’. In
this framework, the defect concentration is introduced in a natural way, and the Tamura model
appears as the natural limit V=0. The lifetime contribution can be combined with intrinsic
anharmonicity for thermal transport, while the calculation of the full phonon self-energy allow
the simulation of the full vibrational spectra.

The formulation can further be extended to lattice defects that do not conserve the number
of atoms: defects and inclusions. We will present the theory development and application to
some simple cases and materials

Keywords: phonon, simulation, doping, transport, anhamronicity

∗Speaker
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Machine Learning Guided Discovery of
Extreme Thermal Conductivity in Si/Ge

Superlattices

Shubham Tyagi ∗ 1, Julian Fernandez 2, Natalia Seoane 3, Antonio
Garcia-Loureiro 3, Marc Bescond† 4

1 IM2NP UMR-CNRS, Aix Marseille Université, Université de Toulon, Marseille, France (IM2NP
UMR-CNRS) – Aix Marseille Univ, IM2NP – France

2 Departamento de Electrónica e Computación, USC, Santiago de Compostela, Spain – Spain
3 Centro Singular de Investigación en Tecnolox́ıas Intelixentes, USC, 15782, Santiago de Compostela,

Spain – Spain
4 IM2NP UMR-CNRS, Aix Marseille Université, Université de Toulon, Marseille, France; Institute of

Industrial Science, University of Tokyo, Japan – Aix Marseille Univ, IM2NP – France

Abstract- We present a combined computational and machine learning (ML) framework to
study thermal conductance (G) and, as a result, lattice thermal conductivity () in Si/Ge super-
lattices. Using a combination of first principles and non-equilibrium Green’s function (NEGF)
simulations as training data, we construct and train neural networks for rapid prediction. Our
results reveal that interface engineering can yield both ultra-low (phonon localization) and un-
expectedly high (enhanced coherent transport in select random configurations). Our findings
highlight design routes to achieve both ultra-low , relevant for nanocoolers, and ultra-high ,
desirable for heat dissipation in electronic devices.
I. INTRODUCTION

The rapid growth of artificial intelligence and data-intensive workloads has dramatically in-
creased the energy demand and, consequently, the power density of modern processors. This
surge results in significant heat generation and the formation of localized hotspots, which de-
grade device performance, reduce energy efficiency, and compromise reliability. While conven-
tional cooling methods, such as fans, heat sinks, and liquid cooling, effectively remove heat at the
system level, they remain inadequate for managing heat flow at the nanoscale, where phonons
are the primary heat carriers in semiconductors and dielectrics. Within this context, two com-
plementary strategies are essential: (i) employing materials with high for passive spreading
and dissipation of heat away from hotspots; and (ii) utilizing thermoelectric nanocoolers that
actively pump heat away and require low to suppress parasitic heat leakage. Engineering nanos-
tructures that span and control these extremes of is therefore central to the advancement of
next-generation electronics and energy devices.

Si/Ge superlattices represent a versatile platform to address this dual challenge. With their
CMOS compatibility, industrial relevance, and tunable phonon transport properties, they pro-
vide a unique opportunity to design structures spanning from incoherent (strongly scattered)

∗Speaker
†Corresponding author: marc.bescond@cnrs.fr
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to coherent (wave-like) phonon transport regimes. Through periodic, graded, and random layer
configurations (Fig. 1), it is possible to engineer interface density and disorder, thereby enabling
control over lattice thermal conductivity across wide extremes (1). However, systematically ex-
ploring this design space with accurate first principles simulations is computationally expensive.
To overcome this, we combine atomistic phonon transport simulations with neural network mod-
els, enabling efficient discovery of Si/Ge superlattices tailored for application-specific, extreme
thermal transport properties (2).

II. Model and discussions

We construct datasets of thermal conductance, G, and thus, the lattice thermal conductiv-
ity, using atomistic NEGF-based phonon transport simulations of Si/Ge superlattices with
varying interface numbers and thickness distributions (periodic, graded, random) (Fig. 2). The
harmonic force constants for Si are obtained from first-principles calculations performed using
Quantum ESPRESSO, serving as input for our in-house NEGF phonon transport tool. For
simplicity, we assume Ge shares the same lattice and force constants as Si, differing only in
atomic mass (1). The resulting material arrays are used as input features for our machine learn-
ing model. Before entering the neural network, principal component analysis (PCA) is used to
reduce model complexity and avoid training with non-relevant features. A neural network is
then trained to predict G/ (Fig. 3). The trained model efficiently identifies superlattices with
extreme values, which we validate through direct transport simulations. Results reveal a com-
petition between coherent and localized phonon modes depending on the interface arrangement.

III. Conclusion

Our ML-guided study (Fig. 4) reveals design principles for achieving both minimum and maxi-
mum in Si/Ge superlattices, with direct relevance to thermoelectric cooling and nanoscale heat
dissipation.
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FIGURE 1: Schematic representation of the considered Si/Ge superlattices for simulations using
a combination of first principles and NEGF.

FIGURE 2: Schematic representation of heat flow across the device (random) consisting of
Si/Ge. Blue and red correspond to Si and Ge atoms, respectively.

FIGURE 3: Schematic representation of ML workflow.
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FIGURE 4: Performance of machine learned model for thermal conductance (G). The cor-
responding lattice thermal conductivity () can be calculated by taking the product of G and the
length of the superlattice.

Keywords: Thermal conductivity, Machine learning
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First principles calculations of thermal
transport at metal/silicon interfaces:

Evidence of interfacial electron-phonon
coupling

Samy Merabia ∗ 1, Michaël De San Feliciano 2, Julien El Hajj 3,
Christophe Adessi 4, Nicolas Horny 5, Manuel Cobian 6

1 Université Lyon 1 and CNRS – CNRS : UMR5306 – France
2 INSTITUT LUMIERE MATIERE – Université Claude Bernard - Lyon I – 10 rue Ada Byron 69622

Villeurbanne, France
3 Institut Lumière-Matière (ILM) – Université Claude Bernard - Lyon I – France

4 INSTITUT LUMIERE MATIERE – Université Claude Bernard - Lyon I – 10 rue Ada Byron, France
5 ITHEM – CNRS et Université Reims Champagne Ardenne – France

6 Laboratoire de Tribologie et Dynamique des Systèmes (LTDS) – Ecole Centrale de Lyon – France

With the increasing miniaturization of electronic components and the need to optimize ther-
mal
management, it has become essential to understand heat transport at metal-semiconductor
interfaces. While it has been recognized decades ago that an electron-phonon channel may exist
at metal-semiconductor interfaces, its existence is still controversial. Here, we investigate ther-
mal
transport at metal-silicon interfaces using the combination of first principles calculations and
nonequilibrium
Green’s function (NEGF). We explain how to correct NEGF formalism to account for
the out-of-equilibrium nature of the energy carriers in the vicinity of the interface. The relative
corrections to the equilibrium distribution are shown to arise from the spectral mean free paths
of silicon and may reach 15%. Applying these corrections, we compare the predictions of NEGF
to available experimental data for Au-Si, Pt-Si and Al-Si interfaces. Based on this comparison,
we infer the value of the electron-phonon interfacial thermal conductance by employing the
twotemperature
model. We find that interfacial thermal transport at Au-Si interfaces is mainly driven
by phonon-phonon processes, and that electron-phonon processes play a negligible role at this
interface.
By contrast, for Al-Si interfaces, we show that phonon-phonon scattering alone can not
explain the experimental values reported so far, and we estimate that the electron-phonon in-
terfacial
conductance accounts for one third of the total conductance. This work demonstrates the
importance of the electron-phonon conductance at metal-silicon interfaces and calls for system-
atic
experimental investigation of thermal transport at these interfaces at low temperatures. It opens
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also the door for the building of an accurate model to predict the conductance associated to the
interfacial electron-phonon channel.

Keywords: transport de chaleur interfacial, couplage électron phonon, calculs premiers principes
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Development of reference samples for
calibrating resistance and current

measurements in conductive probe atomic
force microscopy

José Antonio Morán Meza ∗ 1

1 Laboratoire National de Métrologie et d’Essais [Trappes] – Ministère de l’Economie, des Finances et
de l’Industrie – France

As technological progress continue to push back the limits of device manufacturing to incred-
ibly small scales, a commensurate development of measurement tools and methods is inevitable.
Conductive probe atomic force microscopy (C-AFM) is a scanning probe microscopy technique
widely used to measure currents and resistances at the nanoscale. Its popularity has recently
increased due to the versatility of its applications in mainstream technologies such as memory,
photovoltaics and semiconductors.
Despite the considerable contributions of C-AFM to understanding nanomaterials and nanode-
vices’ properties, measurements have remained prone to numerous artifacts-inducing factors
and restricted to qualitative comparisons. With the aim at making C-AFM measurements cali-
brated, reliable and comparable, we have recently developed the first standard reference sample
for the calibration of the complete C-AFM measurement circuit over a resistance range of 9
decades, i.e. between 100 Ω and 100 GΩ. Measurement protocols using resistance mapping
and current-versus-voltage (I-V) spectroscopic modes have also been drawn-up and the experi-
mental, instrumental and environmental factors have been investigated to evaluate the complete
C-AFM setup. We have shown that our developed multi-resistance wide-range standard sample
allows a universal calibration of C-AFM measurements applicable to all available systems and
enables the calibration of C-AFM with a combined relative uncertainty (given at one standard
deviation) lower than 2.5% for resistances ranging from 10 kΩ to 100 GΩ (1).

In this work, we present the development of a second design of reference sample enabling easier
access and improved accuracy to C-AFM measurements of resistance lower than 100 kW and a
resistance range expanded to 1 TΩ. This new reference sample has also been designed to cali-
brate the complete C-AFM setup for current measurements over a range from 10 fA to 10 µA.
We have investigated the influence of the AFM probes (materials, wear ...) on both resistance
and current measurements and improved the calibration methods.

In addition to this hybrid calibration kit for C-AFM, we have manufactured and tested a third
design of reference sample to calibrate C-AFM for very high resistance values, i.e. in the 100
TΩ range.
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These recent developments pave the way for reliable quantitative measurements of resistances
and currents at the nanoscale, which is expected to propel the understanding of the electrical
properties of individual devices and components at the nanoscale.
(1) F. Piquemal, K. Kaja, P. Chrétien, J. Morán-Meza, F. Houzé, C. Ulysse, A. Harouri, Beil-
stein J. Nanotechnol. 2023, 14, 1141-1148
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Monte Carlo Modeling of Phonon Drag
Effects on Thermoelectric Transport in

Silicon Nanostructures

Mohamad Ghanem ∗ 1, Jérôme Saint-Martin , Philippe Dollfus , Raja Sen
2, Jelena Sjakste

1 Centre de Nanosciences et de Nanotechnologies – Université Paris-Saclay, Centre National de la
Recherche Scientifique : UMR9001, Centre National de la Recherche Scientifique – France

2 SATIE, UMR CNRS 8029, Ecole Normale Supérieure Paris-Saclay (ENS Paris Saclay) – SATIE, ENS
Paris-Saclay, CNRS, Université Paris-Saclay – 4 avenue des Sciences, 91190 Gif-sur-Yvette, France

A silicon-based nanofilm is examined using a self-consistent electron–phonon transport model.
In this approach, an ensemble Monte Carlo solver for electrons is coupled with a phonon bath
of non-uniform temperature, allowing us to incorporate the phonon drag effect. This simulation
tool enables the study of thermoelectric properties in doped silicon nanostructures with varying
sizes and interface types. In the present work, the total Seebeck coefficient of silicon nanofilms
is analyzed under the influence of temperature, device length, and carrier concentration.
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Gapless Dirac states in a strong spin-orbit
coupling material

Abdallah El Sahili ∗† 1
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Université, Université de Paris – 24 rue Lohmond, 75005 Paris, France., France

The quest for high-performance thermoelectric materials is driving intense research on low-
dimensional systems where electronic topology and strong spin–orbit coupling (SOC) can dra-
matically enhance transport properties. Two-dimensional (2D) Dirac states are particularly ap-
pealing because their linear dispersion favors high carrier mobility, yet they are generally fragile
and tend to gap out under perturbations such as SOC. In graphene, for example, the SOC is
weak, which allows the persistence of gapless Dirac states; otherwise, graphene would have been
a quantum spin Hall insulator (1,2).
In this context, we investigate a 2D phase of bismuth, the α-phase, which hosts robust gapless
Dirac cones despite its strong SOC. This metastable phase requires a supporting substrate; in
our work, Au(111) is employed to stabilize it. The protection of the Dirac states arises from
the nonsymmorphic symmetry of the lattice, offering a new route to realize symmetry-protected
Dirac states in 2D systems.

Our results, developed within the framework of the ANR-NEXTOP (3) project on topological 2D
materials for thermoelectric energy conversion, highlight how crystalline-symmetry protection
can be exploited to engineer materials with both fundamental topological interest and promising
thermoelectric performance.

(1) K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, M. I. Katsnelson, I. V. Grig-
orieva, S. V. Dubonos, and A. A. Firsov. Two-dimensional gas of massless dirac fermions in
graphene. Nature, 438(7065):197–200, 2005

(2) Pawel J. Kowalczyk, Simon A. Brown, Tobias Maerkl, Qiangsheng Lu, Ching-Kai Chiu,
Ying Liu, Shengyuan A. Yang, Xiaoxiong Wang, Ilona Zasada, Francesca Genuzio, Tevfik Onur
Mente¸s, Andrea Locatelli, Tai-Chang Chiang, and Guang Bian.
Realization of symmetry-enforced two-dimensional dirac fermions in nonsymmorphic alpha-
bismuthene. ACS Nano, 14(2):1888–1894, 2020

(3) https://anr.fr/Projet-ANR-22-CE09-0035
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Exact heat flux formula and its spectral
decomposition in molecular dynamics for

arbitrary many-body potentials
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1 Centre d’Energétique et de Thermique de Lyon – Université Claude Bernard Lyon 1, Institut National
des Sciences Appliquées de Lyon, Centre National de la Recherche Scientifique – France

2 Institute of Fluid Science, Tohoku University – Japan

In this work, we present an exact framework for calculating heat flux and its spectral de-
composition in Molecular Dynamics (MD) for general many-body potentials. Our approach
overcomes several shortcomings and limitations of previous methods, enabling accurate compu-
tational studies of thermal properties across a wide range of many-body systems within MD.
We validated the framework through Green-Kubo (GK) and Non-Equilibrium MD (NEMD)
simulations on various 2D and 3D materials, using the Tersoff and Stillinger–Weber (SW) po-
tentials as test cases. Additionally, we computed the spectral decomposition of the heat current
in monolayer graphene (1LG) and MoS for systems of varying lengths. The results demonstrate
that our method consistently produces heat currents in agreement with the thermostat current
in NEMD, whereas earlier implementations often yield poor estimates of thermal conductivity in
both GK and NEMD simulations for both 2D and 3D systems. Furthermore, the decomposition
of the heat current provides valuable insight into the contributions of different phonon modes to
thermal conductivity and its length dependence. Our methodology has been implemented in the
widely used LAMMPS package for the Tersoff and SW potentials, and can be readily extended
to most other many-body MD potentials.

Keywords: Heat Flux, LAMMPS, Spectral Decomposition, Many body potentials, NEMD, Green

Kubo, Molecular Dynamics
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Decoupling thermoelectric coefficients of
multilayer graphene by nanomeshing
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1 Laboratoire Matériaux et Phénomènes Quantiques – Université de Paris :
UMR7162, CentreNationaldelaRechercheScientifique : UMR7162−−France

2 Lab. Matériaux et Phénomènes Quantiques (MPQ) – Université Paris Cité, CNRS-UMR – France
3 Lab. ITODYS – Université Paris Cité, CNRS-UMR – France

4 Lab C2N – Université Paris Sud, Université Paris Saclay – France
5 Lab. INSP – Sorbonne Universités, UPMC, CNRS – France

Nanostructuring materials at small scales enables control over their physical properties, re-
vealing behaviors not observed at larger dimensions (1). This strategy is particularly effective in
two-dimensional (2D) materials, where surface effects dominate, and is particularly promising
for energy conversion and thermal management (2).
In a recent work, we have uses multilayer graphene (4-6 nm thick) as a test platform to study
the effect of nanomeshing on its thermoelectric coefficients (3). The nanomesh consists of a
hexagonal array of holes, with a measured diameter and neck-width of ∼ 360 nm and ∼ 160
nm, respectively. The multilayer graphene is integrated into field-effect transistor-like devices
supported by hexagonal boron nitride (hBN), allowing simultaneous electric and thermoelectric
measurements, with nanomeshing applied to only part of the material. We use modulated ther-
moreflectance4 to investigate thermal transport in equivalent nanomeshed and pristine graphene
flakes. We have revealed that the nanomesh geometry suppresses thermal transport without sig-
nificantly impacting charge transport, highlighting the different scattering lengths of phonons
and electrons while enhancing the thermopower response. We observe a twofold improvement in
the device power factor, PF = Sˆ2σ (with S the Seebeck coefficient and σ the electrical conduc-
tivity), at room temperature, along with a nearly threefold reduction in thermal conductivity k.
These results show that nanomeshing can significantly decouple the thermoelectric coefficients
of multilayer graphene, paving the way for novel engineering solutions to achieve similar control
over a wider set of 2D materials.

References:

(1) L.D. Hicks, M.S. Dresselhaus, Phys. Rev. B 47, 16631 (1993)

(2) P. Dollfus et al., J. Phys.: Condens. Matter 27, 133204 (2015)

(3) M. Rahimi et al., submitted to Phys. Rev. Appl.
(4) M. Rahimi et al., Phys. Rev. Appl. 19, 034075 (2023)
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Interplay of Electron–Phonon and Impurity
Scattering in the Thermal Transport of

Heavily Doped Silicon
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Paris-Saclay, CNRS, Université Paris-Saclay – 4 avenue des Sciences, 91190 Gif-sur-Yvette, France

A detailed understanding of the scattering mechanisms that limit heat transport in doped
semiconductors is essential for effective thermal management in nanoelectronics and for the
design of high-performance thermoelectric devices. While electron-phonon (el-ph) and electron-
impurity interactions are well-studied in the context of charge transport in semiconductors (1,2),
research on the impact of el-ph and phonon-impurity (ph-imp) interactions on phonon lifetimes
and, consequently, on lattice thermal conductivity, remains rare. In this presentation, I will
show our recent work, which explores the influence of el-ph and ph-imp scattering on the lattice
thermal conductivity of heavily doped silicon (3), combining density functional theory-based
first-principles simulations and 3-omega measurements. Our findings show that at moderate
carrier concentrations ( ˜10¹ cm3) and room temperature, phonon scattering by electrons is the
main mechanism behind the reduction of thermal conductivity in doped silicon. However, at
lower temperatures or higher doping levels ( ˜102¹ cm3), both el-ph and ph-imp scattering sig-
nificantly contribute to reducing the lifetimes of low-frequency phonons, which leads to further
decreases in the thermal conductivity of doped silicon. Our results show good agreement with
experimental thermal conductivity data for silicon across the full range of doping levels and
temperatures.

References:

R. Sen, N. Vast, and J. Sjakste, ”Role of Dimensionality and Size in Governing the Drag
Seebeck Coefficient of Doped Silicon Nanostructures: A Fundamental Understanding”
Phys. Rev. B 108, L060301, (2023). (Highlighted as Editors’ Suggestion) R. Sen, N. Vast,
and J. Sjakste, ”Hot Electron Relaxation and Energy Loss Rate in Silicon: Temperature
Dependence and Main Scattering Channels” Appl. Phys. Lett. 120, 082101, (2022). J.
Sjakste, M. Markov, R. Sen, G. Fugallo, L. Paulatto, and N. Vast, ”Occurrence of the
Collective Ziman Limit of Heat Transport in Cubic Semiconductors Si, Ge, AlAs and AlP:
Scattering Channels and Size Effects”, Nano Ex. 5, 035018 (2024).

Keywords: Heat transport, Electron, Phonon and impurity, phonon scatterings, Doped Silicon,
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Anomalous Temperature-Dependent
Thermal Transport in Crystalline
Polyethylene Driven by Strong

Anharmonicity

Shouhang Li ∗ 1

1 Université Paris-Saclay – university – France

Thermal conductivity typically decreases with increasing temperature along the three prin-
cipal crystalline directions, primarily due to enhanced phonon anharmonicity. In this work,
we conducted a comprehensive first-principles investigation of thermal transport in crystalline
polyethylene by solving the Wigner transport equation. It is found that the thermal conductiv-
ity of crystalline polyethylene decreases along the chain direction, but increases nearly linearly
in the out-of-chain directions. This anomalous contrasting behavior stems from the dominance
of particle-like transport along the chain and wave-like transport in the out-of-chain directions.
The strong anharmonicity facilitates phonon tunneling between high- and low-frequency modes
in the out-of-plane directions.

Keywords: Thermal conductivity, Crystalline polyethylene, Particle, like thermal transport, Wave,

like thermal transport, First, principles calculations
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STUDY OF SELF-HEATED RESISTIVE
PROBE WEAR IN SCANNING
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d’essais (LNE) – France

2 Centre d’Energétique et de Thermique de Lyon – Université Claude Bernard Lyon 1, Institut National
des Sciences Appliquées de Lyon, Centre National de la Recherche Scientifique – France

Development of miniaturised electronic devices is partly based on the use of nanomaterials
(nanowires, 1D and 2D materials) which can have high aspect ratio. In such devices, thermal
management issues become prominent (overheating, local hot spots). In order to improve the
thermal management of electronic components, manufacturers require reliable thermal proper-
ties measurements at nanoscale.
One of the suitable techniques to perform measurements of thermal properties at nanoscale is
the Scanning Thermal Microscopy (SThM) technique (1), (2). The sensor is a resistive probe. In
active mode (self-heating of the probe by Joule effect), the probe acts both as a heating source
and as a temperature sensor. When the ”hot” probe is in contact with the surface of a ”cold”
sample, heat transfer occurs between the probe and the sample. This heat transfer depends,
among other parameters, on the thermal conductivity of the material and induce a variation of
the probe temperature and, as a result, a variation of its electrical resistance . The determina-
tion of the studied material from the measured is possible through a calibration process of the
dedicated probe and by following the measurements protocols defined in ref (3). Unfortunately,
these probes are subject to wear that can significantly decrease the reproducibility of measure-
ment and it is necessary to repeat the calibration process to keep the trueness of measurements.

In this contribution, the drift of the electrical resistance value of a resistive Pd type SThM
probe has been studied, for several months. The probe was used in active mode and various
types of tests and measurement campaigns were conducted (changes in electric current level,
mapping of surfaces with high topography, numerous landings of the probe on the surface of
various samples). Depending on the measurement conditions, the probe was subjected to dif-
ferent sources of wear (electrical shocks or variations, mechanical bending or torsion, erosion or
flattening of tip apex). In addition, studies of the electrical response of Pd probes placed in
thermal enclosures have been performed in order to check the influence of the operating tem-
perature and the level of current on the wear of the probe. Analysis of the results enabled us to
identify the main factors involved in probe wear (level of current and operating temperature).
Finally, we propose recommendations to mitigate the impacts of the identified factors involved
in probe wear and to improve the reliability and reproducibility of the measurements made with
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Pd-type resistive probe in active mode.
This project has received funding from the EMPIR program co-financed by the Participating
States and from the European Union’s Horizon 2020 research and innovation program under
N◦. 19ENG05 Nanowires.
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Liquid-Processed Metal Oxide and
Chalcogenide Thin Films for
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Micro-Supercapacitors
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d’Issoudun, 45067 Orléans, France, France
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4 Groupe de Recherche En Matériaux, Microélectronique, Acoustique, Nanotechnologies (GREMAN) –
Université de Tours – 15 rue de la Chocolaterie, 41000 Blois, France, France

The rapid evolution of miniaturized electronic systems-including autonomous sensors, biomed-
ical implants, and IoT devices-has created an urgent demand for integrable microscale energy
storage solutions that combine high energy and power densities with long-term reliability (1).
In this context, this study presents a scalable, low-temperature, solution-based strategy for the
integration of nanostructured active materials-namely the metal oxides TiO2 and MoO3, and
the chalcogenide MoS2-on both two-dimensional (2D) and complex three-dimensional (3D) sil-
icon substrates, with and without vertical graphene (VG) interlayers. The VG architecture,
fabricated by plasma-enhanced chemical vapor deposition, serves as a highly conductive and ac-
cessible backbone, promoting efficient charge transport across the electrode–electrolyte interface.
All active materials were synthesized through soft-chemistry approaches, including sol-gel and
colloidal routes, and deposited by spin-coating. This method enables homogeneous, crack-free,
and conformal thin films on non-planar geometries without relying on vacuum processing or
high-temperature sintering (1-3). Particular emphasis was placed on the fabrication of anatase-
phase TiO via controlled hydrolysis of titanium alkoxides in alcoholic media. The process offers
fine control over film thickness (20–300nm), porosity, and surface uniformity (1). Cross-sectional
SEM imaging (Fig.1) reveals the conformal envelopment of VG flakes by the TiO2 layer through-
out the 3D silicon scaffold, while in situ EDX mapping confirms the chemical homogeneity and
absence of exposed regions.
MoO3 thin films were synthesized via a liquid-phase route involving peroxide-mediated dis-
solution and complexation in 2-methoxyethanol, yielding α-MoO nanocrystals with lamellar
morphology and thicknesses of approximately 60nm for four spin-coated layers. XRD analy-
ses confirm the formation of the orthorhombic α-phase, while SEM reveals crystallites ranging
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from 100 to 490nm in lateral size. The combination of TiO2 and MoO3 in a layer-by-layer
(LBL) configuration was investigated to synergize the high structural stability of TiO with the
high pseudocapacitive contribution of MoO3, leading to enhanced charge storage performance
through interfacial coupling (4).
MoS2 was prepared by various soft-chemistry approaches-including liquid-phase exfoliation, hy-
drothermal growth, and spin-coating from thiomolybdate precursors-allowing fine control over
the morphology, sheet thickness, and chemical composition. The integration of MoS into the
electrode stack broadened the operating potential window and introduced additional pseudoca-
pacitive behavior due to reversible ion intercalation and surface-based charge storage processes
(5).
Electrochemical characterization performed by cyclic voltammetry and galvanostatic charge-
discharge highlights the synergistic effects of vertical graphene and nanostructured oxides, with
a marked enhancement in areal capacitance for TiO2@VG and LBL TiO2/MoO3 architectures
compared to planar or single-material electrodes. These results validate the effectiveness of this
solution-processed, multilayer integration approach for the development of robust, energy-dense
micro-supercapacitor platforms (6).
(1) N. Poirot, M. Gabard, M. Boufnichel, R. Omnée, and E. Raymundo-Piñero, ”A sustainable
approach for the development of TiO-based 3D electrodes for micro-supercapacitors,” Batteries,
vol. 9, no. 5, pp. 1–10, 2023.

(2) N. Poirot, T. Tillocher, T. Tillocher and P.-I. Raynal, ”Conformal coating by liquid route
on three-dimensional topology,” European Physical Journal Special Topics, vol. 231, no. 24, pp.
4245–4253, 2022.

(3) N. Poirot, F. Ghamouss, M. Gabard, and T. Tillocher, ”Production of 3D batteries by
wet processing,” WO Patent 2018/091844, 2018.

(4) W. Huang, H. Wang, R. Hu, J. Liu, L. Yang, and M. Zhu, ”Combining structural mod-
ification and electrolyte regulation to enable long-term cyclic stability of MoO@TiO as cathode
for aqueous Zn-ion batteries,” Smal l, vol. 19, no. 40, p. e2303286, 2023.

(5) Y. Liu, Y. Yuan, L. Peng, L. Cheng, B. An, Y. Wang, Q. Wei, X. Xia, and H. Zhou,
”Study on the construction of interlayer adjustable C@MoS fiber anode by biomass confining
and its lithium/sodium storage mechanism,” ChemSusChem, vol. 16, no. 13, p. e202300576,
2023.

(6) N. Poirot, V. Rajalingam, R. N. Murgu, R. Omnée, and E. Raymundo-Piñero, ”Nanotex-
turing TiO2 over carbon nanotubes for high-energy and high-power density pseudocapacitors in
organic electrolytes,” Frontiers in Materials, vol. 9, pp. 1011782.1–1011782.10, 2022.
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The crystal structure of a solid largely dictates its electronic, optical and mechanical prop-
erties. Engineering crystalline symmetry is not straightforward due to the strong covalent/ionic
bonds in bulk crystals, however the discovery of new phases and phenomena (polytype, hy-
bridization, superconductivity, ferroelectricity, moiré, etc...) in two-dimensional materials-has
been based on the ability to rationally control crystal structures through materials synthesis,
strain engineering or heterostructuring of van der Waals bonded materials. It is due to the
ease of interlayer symmetry operations, of layer distance control and of layers slippage. This
2D anisotropy is particularly important in the emerging fields of 2D thermal phonons (1,2). 2D
materials have a record thermal anisotropy (ratio between in plane and out of plane of 900), with
room for improvement. (3) In-plane thermal conductivity in 2D goes from 5000 W.m-1.K-1 in
graphene or thin graphite (4) to very low values, ˜ 0.1 Wm-1.K-1. (5) The vertical conductivity
in a heterostructure can be reduced to 0.009 Wm-1.K-1. (6) behaving like a perfect insulator.
Thus, 2D heterostructures can be used as a near ideal heat spreaders in integrated circuits, that
can eliminate hot spots along the direction of the fast axis and provide thermal insulation along
the slow axis. Within these perspectives, the epitaxial engineering of 2D heterostructures is an
evidence.
As an example, we demonstrate the quasi-van der Waals epitaxy of a WSe2/PtSe2 heterostruc-
ture on Se-terminated W(110) substrate, as evidenced by the alignment of the () hexagonal
LEED pattern of both WSe2 and PtSe2 without any moiré effect, while Raman spectroscopy
showcases both materials vibration modes. Besides, the combination of Raman spectroscopy
and ARPES measurements on WSe2 bilayer strongly evidence the dominant formation of the
3R polytype. We further demonstrate the epitaxial growth of a WSe2/HfSe2 heterostructure on
Se-terminated GaP(111) substrate with clear p-n junction type II band alignment and strong
evidence of van der Waals interfaces between the three materials (7).

(1) A. Cepellotti, G. Fugallo, L. Paulatto, M. Lazzeri, F. Mauri, and N. Marzari, Phonon
hydrodynamics in two-dimensional materials, Nat Commun 6, 6400 (2015).
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(2) S. Huberman, R. A. Duncan, K. Chen, B. Song, V. Chiloyan, Z. Ding, A. A. Maznev,
G. Chen, and K. A. Nelson, Observation of second sound in graphite at temperatures above 100
K, Science 364, 375 (2019).

(3) S. E. Kim et al., Extremely anisotropic van der Waals thermal conductors, Nature 597,
660 (2021).

(4) Y. Machida, N. Matsumoto, T. Isono, and K. Behnia, Phonon hydrodynamics and ultrahigh–
room-temperature thermal conductivity in thin graphite, Science 367, 309 (2020).

(5) Z. Sun, K. Yuan, Z. Chang, S. Bi, X. Zhang, and D. Tang, Ultra-low thermal conductivity
and high thermoelectric performance of two-dimensional triphosphides (InP3, GaP3, SbP3 and
SnP3): a comprehensive first-principles study, Nanoscale 12, 3330 (2020).

(6) S. Vaziri et al., Ultrahigh thermal isolation across heterogeneously layered two-dimensional
materials, Science Advances 5, eaax1325 (2019).
(7) N. Chapuis, Van derWaals epitaxy ofWSe2, HfSe2 and their heterostructure on GaP(111)B
substrate in a tunnelling device perspective, (n.d.).
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Thermal transport simulation at sub-Kelvin
by Finite Element Non-Equilibrium Green’s
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Simulating heat transport in the sub-Kelvin regime is essential for thermal management in
emerging technologies such as quantum computing. At these cryogenic temperatures, phonon
transport becomes ballistic and phase-coherent, rendering classical approaches like Fourier’s
law invalid. The Non-Equilibrium Green’s Function (NEGF) formalism for phonon transport,
pioneered by Mingo and Yang in 2003 (1), provides an accurate quantum mechanical frame-
work to capture these effects. When integrated with the finite element (FE) method, NEGF
enables device-scale simulations of thermal transport that can be directly compared with exper-
imental results for quantum thermal conductance (2,3). This combined approach-referred to as
FENEGF-is now being actively applied to address the pressing thermal challenges in quantum
computing systems.
(1) N. Mingo and L. Yang, Phonon transport in nanowires coated with an amorphous material:
An atomistic Green’s function approach, Phys. Rev. B 68, 245406 (2003).

(2) A. Tavakoli, K. Lulla, T. Crozes, N. Mingo, E. Collin, and O. Bourgeois, Heat conduction
measurements in ballistic 1D phonon waveguides indicate breakdown of the thermal conductance
quantization, Nat Commun 9, 4287 (2018).
(3) C. A. Polanco, A. van Roekeghem, B. Brisuda, L. Saminadayar, O. Bourgeois, and N. Mingo,
The phonon quantum of thermal conductance: Are simulations and measurements estimating
the same quantity?, Science Advances 9, 7439 (2023).
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Thermal transport in semiconductors: from
coherent to strongly anharmonic regime

Ivana Savic ∗ 1

1 King‘s College London – United Kingdom

In this talk, I will reflect on my collaborative work with Natalio Mingo on lattice thermal
transport in disordered systems (1,2,3). This collaboration sparked many research questions
that I have continued to pursue to this day, including studies of lattice thermal transport in
strongly anharmonic systems, which I will also discuss (4,5).
(1) I. Savić, N. Mingo, and D. A. Stewart, ”Phonon transport in isotope-disordered carbon
and boron-nitride nanotubes: Is localization observable?”, Physical Review Letters 101, 165502
(2008).

(2) D. A. Stewart, I. Savić and N. Mingo, ”First-principles calculation of the isotope effect
on boron nitride nanotube thermal conductivity”, Nano Letters 9, 81 (2009).

(3) G. Pernot, M. Stoffel, I. Savić, F. Pezzoli, P. Chen, A. Jacquot, G. Savelli, J. Schumann,
U. Denker, I. Mönch, C. Deneke, O. G. Schmidt, J. M. Rampnoux, S. Wang, M. Plissonnier,
A. Rastelli, S. Dilhaire, and N. Mingo, ”Precise controlof thermal conductivity at the nanoscale
via individual phonon scattering barriers”, Nature Materials 9, 491 (2010).

(4) . Dangić, O. Hellman, S. Fahy, and I. Savić, ”The origin of the lattice thermal conductivity
enhancement at the ferroelectric phase transition in GeTe”, Nature Partner Journal Computa-
tional Materials 7, 57 (2021)
(5) . Dangić, G. Cardarelli, R. Bianco, I. Savić, and I. Errea, ”Lattice thermal conductivity in
the anharmonic overdamped regime”, Physical Review B 111, 104314 (2025).
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Mingo’s atomistic Green’s function
approach to nanoscale thermal transport
and its comparison with experiments

Olivier Bourgeois ∗ 1

1 Institut Néel – Centre National de la Recherche Scientifique, Université Grenoble Alpes, Institut
polytechnique de Grenoble - Grenoble Institute of Technology, Centre National de la Recherche

Scientifique : UPR2940, Institut Polytechnique de Grenoble - Grenoble Institute of Technology – France

Natalio Mingo has dedicated his scientific career to the study of thermal transport for over
20 years. He pioneered the use of an atomistic Green’s function approach to calculate phonon
transport properties in dielectric nanostructures, beginning with his seminal 2003 paper co-
authored with L. Yang.
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Ab-initio modeling of electron-phonon
scattering in 2D heterostructures

Thibault Sohier ∗ 1, Francesco Macheda

1 Laboratoire Charles Coulomb (L2C) – Centre National de la Recherche Scientifique : UMR5221,
Université de Montpellier : HR10M00506, Centre National de la Recherche Scientifique, Université de
Montpellier – 1 place Eugène Bataillon Université Montpellier 34095 Montpellier Cedex 5, France

2D materials have shown fascinating fundamental physics as well as exciting technological
prospects, from transistors to integrated optoelectronics. Many applications rely on the abil-
ity of the 2D material to conduct electrons efficiently. At room temperature, this is mostly
limited by the scattering of electrons by phonons. A clear understanding of electron-phonon
scattering, along with predictive ab initio simulations, are then key to design performant and
energy-efficient devices. Most device designs with 2D materials involve encapsulation, whereby
an operative 2D material is sandwiched in between several layers of a protective material.
Such stacking of 2D materials into van der Waals heterostructures implies the emergence of in-
terlayer interactions, modifying electronic scattering in a given layer. We develop an efficient ab
initio approach to compute the electrodynamic response of 2D heterostructures, including long
range Coulomb interactions between electrons, polar phonons, and plasmons. We extract elec-
tron scattering from this model and solve a system of coupled Boltzmann transport equations
for electrons and electrodynamic modes. This accounts for non-trivial momentum exchanges
such as the so-called phonon drag. We study the effects of remote electron-plasmon-phonon
couplings on the electronic transport properties of 2D materials. We also show that a dynamical
treatment of electronic screening has a significant impact on the mobility of doped semicon-
ductors with a Fermi level around the band edge. Indeed, polar phonons dynamically coupled
with electron-hole excitations scatter momentum differently than the standard polar phonons,
whether bare or statically screened.
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Electroluminescence and Energy Transfer in
hBN-encapsulated Graphene Transistors

Emmanuel Baudin ∗ 1

1 LPENS – CNRS : UMR8023, Université Pierre et Marie Curie (UPMC) - Paris VI, Université Paris
VII - Paris Diderot, École normale supérieure [ENS] - Paris, PSL Research University – France

In this talk, I will present our recent discovery of graphene’s electroluminescence in the mid-
dle infrared. Electroluminescence is the phenomenon by which a material emits light in response
to the passage of an electrical current. In solids, it is the prerogative of semiconductors and
related organic materials, and it results from the radiative recombination of electrons and holes.
We investigate high-mobility graphene field-effect transistors encapsulated in hexagonal boron
nitride (hBN) at ambient conditions. Despite the semimetallic nature of graphene, which theo-
retically precludes electroluminescence, we observe this phenomenon due to (i) inefficient non-
radiative carrier relaxation and (ii) a unique carrier injection mechanism specific to 2D semimet-
als: Zener-Klein tunneling.

Our results reveal two important consequences of graphene electroluminescence. First, it leads
to mid-IR emission in the far field. Second, it significantly affects the energy transfer within
the hBN-encapsulated heterostructure. Using far-field mid-IR spectroscopy, we demonstrate the
far-field electroluminescence of graphene at 6.5 µm, made possible by the elastic scattering of
hyperbolic phonon polaritons (HPhPs) of hBN at heterostructure discontinuities. We quantify
the associated radiative energy transfer using mid-IR pyrometry of the substrate receiving the
thermal energy.

Surprisingly, we find that radiative energy transfer is reduced in hBN with nanoscale inhomo-
geneities, revealing the crucial role of the electromagnetic environment and opening interesting
technological possibilities.

References

(1) J. L. Abou-Hamdan et al, ”Electroluminescence and energy transfer mediated by hyper-
bolic polaritons”, Nature 82, 639, 2025
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Les matériaux piézoélectriques au service de
l’électronique de puissance

Ghislain Despesse ∗ 1, Alex Marques 2, Emile Bigot 3, Martin Lott 4,
Alexandre Reinhardt

1 Commissariat à l’énergie atomique et aux énergies alternatives - Laboratoire d’Electronique et de
Technologie de l’Information – Université Grenoble Alpes – France

2 Commissariat à l’énergie atomique et aux énergies alternatives - Laboratoire d’Electronique et de
Technologie de l’Information – Université Grenoble Alpes – France

3 CEA-LETI – Université Grenoble Alpes – France
4 Institut des Sciences de la Terre (ISTerre) – Université Grenoble Alpes, Centre National de la
Recherche Scientifique : UMR5275, Université Savoie Mont Blanc, PRES Université de Grenoble,

Institut de recherche pour le développement [IRD] : UR219, Institut national des sciences de lÚnivers,
Institut français des sciences et technologies des transports, de l’aménagement et des réseaux,

Université Joseph Fourier - Grenoble 1, Institut national des sciences de lÚnivers, Institut national des
sciences de lÚnivers – BP 53 - 38041 Grenoble cedex 9, France

Ce papier propose une introduction à la conversion de puissance utilisant des résonateurs
piézoélectriques comme moyen de stockage temporaire au lieu des inductances. Il s’agit d’une
voie prometteuse du fait de la densité élevée d’énergie stockable par unité de volume de certains
matériaux. Une densité de puissance de conversion de 5.7 kW/cm3 a été atteinte dans l’état de
l’art avec du Niobate de Lithium avec un rendement > 97%.
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Strain and light in micro-cantilevers based
on ferroelectric thin films

Sylvia Matzen ∗ 1, Stéphane Gable 1, Alexandre Zing 1, Thomas
Maroutian 1, Guillaume Agnus 1, Philippe Lecoeur 1, Yousfi Said 2,

Houssny Bouyanfif 2

1 Centre de Nanosciences et de Nanotechnologies – Université Paris-Saclay, Centre National de la
Recherche Scientifique : UMR9001, Centre National de la Recherche Scientifique – France

2 Laboratoire de Physique de la Matière Condensée - UR UPJV 2081 – Université de Picardie Jules
Verne, Université de Picardie Jules Verne : UR2081 – France

Ferroelectrics (FE) are multifunctional materials, with coupled degrees of freedom, enabling
to develop various innovative electronic devices with enhanced performance. The coupling be-
tween electric polarization and mechanical deformation leads to remarkable piezoelectric re-
sponse with numerous applications in microelectromechanical systems (MEMS), such as actu-
ators and sensors, whose archetypical geometry is the micro-cantilever structure. While the
processing of thin films on silicon is critical for integration purposes, epitaxial ferroelectric thin
films attract considerable attention because of their often superior properties over polycrystalline
thin films. However, nowadays, most of the devices integrate FE with toxic lead (such as the
well-known Pb(Zr,Ti)O3 or PZT). In addition, they usually operate with electrical bias which
requires a complex circuitry with electrical contacts into more and more miniaturized scale, with
an energy consumption intrinsically related to Joule heating. The future development of high
performance MEMS based on FE thin films requires thus to address two main challenges: (i)
finding alternative environmental friendly materials and (ii) explore new approaches to control
strain in FE with better energy efficiency.
In this talk, recent research results will be presented trying to address these two aspects.

The first part will be focused on lead-free BiFeO3 thin films epitaxially grown on a SrRuO3/SrTiO3-
buffered Si substrate and patterned into micro-cantilevers. The devices demonstrate excellent
ferroelectric response and larger electromechanical performance than that of state-of-art piezo-
electric cantilevers (including PZT), which can be further enhanced by the flexoelectric effect.
These results show that BiFeO3can be a promising alternative for the development of piezoelec-
tric MEMS that currently incorporate conventional piezoelectric materials from the lead-based
perovskite family.
The second part will show the capability to control optically the strain in MEMS by using the
photostriction mechanism (the non-thermal generation of strain). Photo-induced actuation of
micro-cantilevers based on PZT ferroelectric thin films epitaxially grown on a (La,Sr)MnO3/SrTiO3-
buffered Si substrate will be reported. This optical control of the strain in ferroelectrics could
bring many advantages in comparison with traditional electrical control, by providing a wire-
less remote control, at lower energy consumption and faster time scale. More generally, this
approach could have important implications for the light-mediated engineering of materials and
devices functionalities.
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Focusing of near-field heat flux radiated
between a tip and a substrate for
heat-assisted magnetic recording

applications

Riccardo Messina ∗ 1

1 Laboratoire Charles Fabry, UMR 8501, Institut d’Optique, CNRS, Universite Paris-Saclay – Institut
d’Optique Graduate School (IOGS) – France

The development of fluctuational electrodynamics and the discovery that radiative heat flux
can be strongly amplified in the near field have paved the way to several applications includ-
ing heat-assisted magnetic recording (HAMR). In HAMR, a small surface area of a magnetic
material is heated to raise its temperature close to the Curie temperature, where its magnetic
coercivity is weak. Then by applying a magnetic field a new magnetic state can be recorded
inside the material. Achieving high information densities requires the confinement of heat to
nanoscale regions, ideally approaching the superparamagnetic limit of tens of nanometers.
In this work we address the spatially resolved near-field radiative heat transfer between a
nanoparticle (simulating a tip) and a substrate in the fluctuational-electrodynamics framework
within the dipolar approximation and explore two strategies both to enhance heat transfer and
to spatially focus it.

In the first part, we consider the radiative heat transfer between a magneto-optical particle
(whose optical properties can be manipulated by applying a magnetic field) and a substrate.
We study the maximum of the Poynting vector below the nanoemitter and its Full Width
Half Maximum (FWHM) as a function of the applied magnetic field for different radii of the
nanoparticle. The results highlight a non-monotonic behavior, according to which the maximum
Poynting vector (FWHM) first increases (decreases) as a function of the applied field, then de-
creases (increases), by reaching values even below (above) the reference one for vanishing field.
This highlights the existence of an optimal scenario for which not only is the local heat flux
quantitatively increased, but it is also more focused on the surface of the substrate. These
results are interpreted by an analysis of the flux spectral properties and frequencies of resonant
surface modes in the nanoparticle-substrate system.
In the second part, we consider the configuration of a tip made of a polar material and ad-
dress the role played by a thin film of polar material placed on the underlying substrate. We
show that this can also lead to a substantial enhancement and spatial focusing of the radiative
heat flux. The influence of the probe–substrate separation, film thickness and substrate per-
mittivity is analyzed, revealing that the effect originates from near-field interactions governed
by the interplay between film-induced modifications of electromagnetic mode dispersion and the
distance-dependent coupling strength. Our results highlight a viable route toward the active
control of local radiative heat transfer at the nanoscale.
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Coupled dynamics of hot carriers and
phonons: describing time-resolved

spectroscopy and transient transport with
real-time propagation of carrier

distributions.

Jelena Sjakste ∗ 1

1 Laboratoire des Solides Irradiés, Ecole Polytechnique, CEA-DSM-IRAMIS CNRS UMR 7642 91128
Palaiseau France. (LSI) – CNRS UMR 7642 – Laboratoire des Solides Irradiés, Ecole Polytechnique

91128 Palaiseau, France

In recent years, computational approaches which couple density functional theory (DFT) -
based description of the electron-phonon and phonon-phonon scattering rates with the Boltz-
mann transport equations (BTEs) have been shown to obtain the electron and thermal transport
characteristics of many 3D and 2D semiconductors in excellent agreement with experimental
measurements (1,2). Moreover, progress in time-dependent computational approaches, as well
as progress in time-resolved spectroscopy experiments allows unprecedented insight into coupled
dynamics of hot carriers and phonons (3).
After discussing relaxation regimes of photoexcited carriers in semiconducting materials (3), I
will present our recent work on coupling of ab initio description of carrier-phonon scattering with
stochastic Monte Carlo method for BTEs (4). Our approach allows to describe both transient
transport characteristics and photoexcited carrier relaxation, in agreement with time-resolved
ARPES. Finally, I will present our recent collaborative work on coupled hole and phonon dy-
namics in photoexcited germanium, which was studied by time-resolved Raman spectroscopy
as well as by DFT calculations coupled with time-dependent two-temperature model. We will
show that our time-dependent model based on DFT data can describe the observed changes in
temperature of Raman-active optical modes, which are due to energy transfer from photoexcited
holes to phonons, in excellent agreement with experiment (5).

(1) R. Sen, N. Vast, J. Sjakste, Phys. Rev. B 108, L060301 (2023).

(2) J. Sjakste, M. Markov, R. Sen, G. Fugallo, L. Paulatto, N. Vast, Nano Ex. 5 035018
(2024).

(3) J. Sjakste, R. Sen, N. Vast, J. Saint-Martin, M. Ghanem, P. Dollfus, F. Murphy-Armando,
J. Kanasaki, J. Chem. Phys 162, 061002 (2025)

(4) M. Ghanem et al, in preparation (2025)
(5) G. Raciti et al, arXiv:2508.10544, submitted (2025)
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Photothermal heterodyne imaging for 3D
thermal microscopy

Jérémie Maire ∗ , Stéphane Chevalier , Jordan Letessier 1

1 Institut de Mécanique et d’Ingénierie (I2M) – Univ. Bordeaux, CNRS, Bordeaux INP, I2M, UMR
5295, F-33400, Talence, France, Arts et Metiers Institute of Technology, CNRS, Bordeaux INP, Hesam

Universite, I2M, UMR 5295, F-33400 Talence, France – F-33400 Talence, France

To understand heat transfers or resolve underlying geometrical features in complex system,
obtaining three-dimensional temperature measurements is a powerful source of information.
Here we present the photothermal heterodyne imaging techniques based on the temperature
dependent variations on the optical index. We combine this technique with laminography, a
generalized version of computed tomography, and demonstrate a reconstructed 3D temperature
field induced by a laser in a glass wafer.
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Réfrigération et matériaux électrocaloriques

Morgan Almanza ∗ 1, Martino Lobue

1 Ecole Normale Supérieure Paris-Saclay – SATIE, ENS Paris-Saclay, CNRS, Université Paris-Saclay –
France

Ce papier propose une introduction à la réfrigération à partir de matériaux électrocaloriques
(EC). Il s’agit d’une voie prometteuse pour offrir des densités élevées de puissance froide, une
bonne efficacité et qui soit adaptable à différentes échelles. La réfrigération électrocalorique
permet de repenser les systèmes de réfrigération, mais elle se heurte aussi à plusieurs limitations.
Nous proposons de discuter des récentes avancés et limitations en allant des matériaux aux
systèmes.
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formations de masters et de doctorat dans les domaines des sciences pour l’ingénierie et des

sciences numériques associées.

LNE
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Gable, Stéphane, 51
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Robillard, J.F., 6

Said, Yousfi, 51
Saint-Martin, Jérôme, 23

Savic, Ivana, 42
SEN, Raja, 23, 30

Sen, Raja, 14
SEOANE, Natalia, 15

Sherrell, Peter, 9
Sjakste, Jelena, 23, 55
Sohier, Thibault, 45
Surblys, Donatas, 26
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