Master Thesis Projects 2023

The laboratory for Quantum Photonics, Electronics and Engineering (PHELIQS) is a joint
research unit of CEA, the Univ. Grenoble Alpes (UGA), and Grenoble INP Graduate Schools
of Engineering and Management, with strong links to neighboring CNRS laboratories. It
brings together five teams with complementary expertise in the fields of quantum physics,
nanostructures and quantum materials. As of Sept. 2022, PHELIQS has a permanent staff of
51 people (36 researchers, 14 technicians and research engineers, 1 administrative assistant)
and hosts 28 PhD students and 6 postdoctoral researchers.
PHELIQS is a fundamental research laboratory with activities in the fields of nanophysics
and condensed matter physics, with potential mid or long-term application prospects for
information and communication technologies. Our goal is to understand and master the
unique physical effects (in most case of quantum origin) that appear in nanoscale solid-state
systems and in quantum materials, both experimentally and theoretically. With these targets
in mind and with a view to developing application-oriented systems, PHELIQS maintains
strong collaborations with a network of French and international pre-industrial and industrial
partners, including laboratories of the Technological Research Division of CEA such as
CEA-LETI, as well as companies like Aledia, Single Quantum, EnWires…
The scientific activities of PHELIQS are based on a solid know-how on instrumentation and
methods for the synthesis of innovative bulk materials (mainly crystals) and nanostructures
(semiconductor nanowires and quantum dots, monolayers of graphene, high-mobility
germanium heterostructures and other two-dimensional materials), as well as access to
advance cleanroom technology for device fabrication. We have developed custom highperformance instrumentation for physical measurements under extreme conditions (low
temperature down to 10 mK, large magnetic field, high pressure) or requiring ultra-high
sensitivity (optical studies at the single photon level, scanning tunneling microscopy and
spectroscopy, RF manipulation with arbitrary waves generation and reflectometry readout at
the single shot level). PHELIQS also builds upon its strong theoretical expertise in
condensed matter physics (superconductivity, magnetism, strongly correlated electron
systems) as well as in quantum and mesoscopic physics, and is at the forefront of the
development of new codes for “computer-assisted” theory in quantum condensed matter
physics.
This booklet presents 19 different Master 2 projects, most of which are aimed at a
continuation as PhD work. We hope that they will stimulate your curiosity, and we are
looking forward to welcoming you to our lab!
Manuel Houzet, Xavier Jehl, Eva Monroy, Head and Deputy-heads of PHELIQS
manuel.houzet@cea.fr / 04 38 78 90 44
xavier.jehl@cea.fr
eva.monroy@cea.fr
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Triplet superconductors:
from weak to strong spin-orbit coupling
Many unconventional superconductors have been discovered since the 1980s. In some of them,
an unconventional spin-triplet pairing, where the Cooper pairs have a spin S=1, has been
demonstrated. Such materials have attracted a lot of interest because they may host topological
properties.
The order parameter of a spin-triplet superconductor is not described by a scalar as in the singlet
case, but by a vector containing the 3 different triplet components, Sz = –1,0,1. The possible spintriplet phases, i.e., the allowed such vectors, depend on the crystal symmetry and the strength of
the spin-orbit (SO) coupling of the material. Theoretically, they are typically studied either in the
absence of SO coupling or when SO coupling is dominant. However, real materials may possess
intermediate strengths of SO coupling. To understand the properties of the triplet
superconductivity in that situation is important if one aims at investigating the spin dynamics.
Surprisingly little is known about the spin dynamics of superconductors. In contrast, collective spin
modes have played a central role in the study of superfluid 3He, where they have been shown to
be a powerful probe of the pairing state. Though measuring the spin dynamics in superconductors
is challenging, new materials and improved measurement techniques bring it into reach.
The aim of the internship is to develop a minimal multiband model of a spin-triplet superconductor
that allows one to study the crossover from weak to strong SO coupling. The model will be inspired
by CdRh2As3, a material in which a field-induced triplet phase was recently discovered [1,2]. The
study will pave the way for computing the dynamic spin susceptibility and identifying possible spin
resonances. In the longer term, the insights gained form the study will allow us to construct simpler
phenomenological models in order to compute observables.
The project will be performed mainly by using the analytical tools of condensed matter field theory.
Interested candidates should have a good basis in quantum mechanics, statistical physics, and
solid-state physics. A PhD may follow.
[1] S. Khim et al, Science 373, 1012 (2021), https://arxiv.org/abs/2101.09522.
[2] D.C. Cavanagh, Phys. Rev. B 105, L020505 (2022), https://arxiv.org/abs/2106.02698.

APPLY NOW!
To apply for this position, send your application (including CV) by e-mail to:
Manuel Houzet (manuel.houzet@cea.fr)
or Julia Meyer (julia.meyer@univ-grenoble-alpes.fr)
French Commission for Atomic Energy and Alternative Energies
Interdisciplinary Research Institute of Grenoble
Quantum Photonics, Electronics and Engineering Laboratory
17 av. des Martyrs

38054 Grenoble cedex 9

France
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Tensor networks, quantum computers and the many-body
problem.
In recent years, tensor networks have emerged as a class of method both versatile and extremely
powerful in a variety of situations ranging from the simulation of correlated phases of matter in
one dimension to quantum computers [1] to the calculation of
Feynman diagrams that arise in many-body problems and quantum
field theories [2] or even to replace neuron networks in machine
learning applications. Very interestingly, they succeeded in solving
problems that would naively be considered as unfeasible on a classical
computer. Mathematically, tensor networks generalize linear algebra
to objects with more than two indices, see the appendix A of [3] for a
short introduction.
In this internship, we will use these techniques to study the physics of quantum nanoelectronics
devices that are candidates to build quantum computers. In particular, we will focus on the
physical processes with which entanglement is generated and the competition between the good
entanglement (the one that we seek) and the bad entanglement (entanglement with other
degrees of freedom a.k.a. decoherence). We will use and continue to develop advanced manybody techniques that combine traditional tools from many-body theory with tensor networks [2]
to calculate the real time evolution of physical observables of interest. The project could
continue with a simulation of the microscopic process by which a quantum bit gets entangled
with the measuring apparatus and eventually its wavefunction gets “projected”.
Good mathematical skills as well as scientific programming are necessary for the success of the
project. The work will involve theoretical / formalism aspects as well as numerics. The
Internship/PhD will take place within the theory group of CEA Grenoble, IRIG, PHELIQS (Photonics
NanoElectronics and Quantum engineering). Our group contains 15-20 researchers working on
nanoelectronics, superconductivity, magnetism and electronic correlations in close collaboration
with experimental groups. The group has a long standing commitment in the development of
open source softwares such as the Kwant project (http://kwant-proejct.org) and the Tkwant
project (http://tkwant.kwant-project.org). The project itself will be done under the direction of
Xavier Waintal. We seek highly motivated students with a strong background in theoretical
physics, quantum nanoelectronics and/or numerical simulations. The master project could
naturally be extended into a PhD thesis upon mutual agreement.
[1] https://journals.aps.org/prx/abstract/10.1103/PhysRevX.10.041038
[2] https://arxiv.org/abs/2207.06135

APPLY NOW!

[3] https://arxiv.org/abs/2207.05612

To apply for this position, send your application
(including CV) by e-mail to: xavier.waintal@cea.fr
French Commission for Atomic Energy and Alternative Energies
Interdisciplinary Research Institute of Grenoble
Quantum Photonics, Electronics and Engineering Laboratory
17 av. des Martyrs

38054 Grenoble cedex 9

France
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Topological-superconducting group IV nanomaterials
Progress in quantum computing stems from major advances in materials science and engineering,
and their integration into novel fabrication techniques to develop scalable solid-state qubits
architectures. Solid-state quantum devices have been developed by combining multiple materials
with inherently different properties within the same device - heterogeneous integration. This is a
significant challenge in materials science, where quantum device operation with high performance
requires a very high purity of the interface between two different materials. Any structural defect
and roughness at the interface would compromise the ability to detect and manipulate quantum states
in solid-state devices.
The goal of this internship is to develop a scalable material
platform where quantum properties can be engineered simply
by tailoring the crystal structure of a single atomic element –
Tin (Sn) – and achieve interfaces with the highest quality.
Topological insulator/semimetal phases can be tailored in
diamond cubic α-Sn by controlling strain,(1) while bodycentered tetragonal β-Sn behaves as a superconductor at
temperatures below 4 K.(2) Currently, a controlled switch
between α/β-Sn phases is out of reach in a conventional thin
film geometry.
The student will establish the growth of one-dimensional
(1D) Sn nanowires (NWs) on a Silicon wafer in a molecular
beam epitaxy (MBE) system. In NWs a precise control over the
growth of α/β-Sn phases (i.e. TOP/SC) becomes possible, resulting in defect-free atomically-sharp
interfaces with the highest purity. This will provide a truly homogeneous integration of multiple
states of matter in solid-state quantum devices, paving the way to explore the fundamental
processes in topological quantum computation,(3) spintronics,(4) and quantum photonics.(5)
For more information on this topic please read these recent publications (available on
demand):
1.
2.
3.
4.
5.

A. Barfuss et al., Phys Rev Lett. 111, 157205 (2013).
Y. Zhang et al., Sci Rep. 6, 32963 (2016).
A. Stern, N. H. Lindner, Science (1979). 339, 1179–1184 (2013).
J. Ding et al., Advanced Materials. 33, 2005909 (2021).
E. D. Walsh et al., Science (1979). 372, 409–412 (2021).

Possible collaboration and networking. Collaborations with Canada (Polytechnique Montréal),
The Netherlands (Eindhoven University of Technology), Singapore (Nanyang Technological
University), and U.S. (University of Pittsburgh) for atomic-level characterization of materials and
devices, strain engineering, and quantum transport measurements.
Possible extension as a PhD: Yes.
Required skills: Interest in performing collaborative experiments in the lab (materials growth,
fabrication of devices and measurement), background in solid-state physics.
Starting date: Spring 2023.
Contacts. Vincent CALVO (IRIG/PHELIQS, Grenoble) and Simone ASSALI (IRIG/PHELIQS,
Grenoble).

APPLY NOW!
To apply for this position, send your application
(including CV) by e-mail to: vincent.calvo@cea.fr and simone.assali@polymtl.ca
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Group IV single photon detectors
Detection of single photons boosted the development of quantum information processing, as
well as finding a wide range of applications in astronomy, sensing, metrology, LiDAR, and
biosensing technologies.(1) Single photon detectors (SPDs) require high quantum efficiency
(>90%), low dark count rates, and ultra-fast response. State of the art superconducting nanowire
SPD (SNSPD) can deliver superior performance from visible to infrared (up to ~2 µm) wavelength,
however their high cost and cryogenic operation (4 K) limit their widespread applicability.
An alternative, yet promising approach relies on the
ability to detect near-infrared single photons at roomtemperature in devices made of vertical III-V semiconductor
nanowire (NW) arrays.(2) The one-dimensional geometry of
the NWs strongly enhances light absorption, while providing
spectral tuning of the absorption peak across a broad
wavelength range(3) that is mainly limited by the band gap of
the semiconductor material. Over the last decade, tremendous
progress was made in the epitaxial growth of group IV GeSn
semiconductors grown on a Si wafer, resulting in a direct band
gap material when the incorporation of Sn increases above ~9
at.%.(4) Photodetectors, lasers, and LEDs operating from
short-wave infrared (SWIR: 1.5-3 µm) to mid-wave infrared
(MWIR: 3-8 µm) are now available using direct band gap GeSn
semiconductors.
The student will overcome the boundaries of the current single photon technologies by
fabricating GeSn NW array infrared SPD operating at 300 K. Starting with a doped p-i-n GeSn
thin film heterostructure, electron beam lithography (EBL) and reactive ion etching (RIE) will
be performed to define the top-down etched array of GeSn NWs. Next, a transparent
planarization layer and electrical contacts will be deposited to complete the SPD fabrication.
Detection of SWIR single photons will be performed by using a single photon laser as emission
source.
For more information on this topic please read these recent publications (available on
demand):
1.
C. J. Chunnilall, I. pietro Degiovanni, S. Kück, I. Müller, A. G. Sinclair, Optical
Engineering. 53, 081910 (2014).
2.
M. E. Reimer, C. Cher, Nat Photonics. 13, 734–736 (2019).

3.
4.

A. Attiaoui et al., Phys Rev Appl. 15, 014034 (2021).
O. Moutanabbir et al., Appl Phys Lett. 118, 110502 (2021).

Possible collaboration and networking. Collaborations with Canada (Polytechnique Montréal)
and The Netherlands (Eindhoven University of Technology) for atomic-level characterization of
materials and devices. Sweden (KTH), The Netherlands (Delft), and Germany (Paderborn) for
complementary single photon measurements.
Possible extension as a PhD: Yes.
Required skills: Interest in performing collaborative experiments in the lab (materials growth,
fabrication of devices and measurement), background in solid-state physics.
Starting date: Spring 2023.
Contacts. Nicolas PAUC (IRIG/PHELIQS, Grenoble) and Simone ASSALI (IRIG/PHELIQS,
Grenoble).

APPLY NOW!
To apply for this position, send your application
(including CV) by e-mail to: nicolas.pauc@cea.fr and simone.assali@polymtl.ca
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Hybrid nanomechanics with a semiconductor quantum dot
Background. Thanks to recent progress in nanotechnology, it is now possible to
couple a two-level, atomic-like system to a mechanical oscillator. Such hybrid
systems are currently attracting a lot of interest, as they enable to realize new
sensors with quantum-enhanced readout and constitute a powerful platform for
quantum information technologies. Our team has made pioneering contributions to
the field, by coupling a semiconductor quantum dot – an optically-active artificial
atom – to a vibrating microwire [1-5].
However, experiments focused so far on the fundamental vibration mode of the
microwire, whose frequency is too small (~1 MHz) to reach the so-called “resolvedsidebands regime”. The latter enables an optical control of the mechanical
oscillator, unlocking many intriguing possibilities including optical cooling,
phonon lasing or coherent mechanical control.
Project. This Master 2 internship will explore two parallel tracks to achieve the
resolved-sidebands regime. The first track will investigate experimentally the
mechanical properties of the overtones of a vibrating microwire. To this end, the
candidate will exploit a recently developed on-chip actuation strategy combined
with an optical readout of the quantum dot emission spectrum. The device for this
study is available at the lab and functional (see figure). The second track is
theoretical and aims at preparing future experiments with a new kind of acoustic
cavity. A nanowire acoustic heterostructure will be designed by combining
analytical calculations with finite-element simulations.

Figure: Scanning electron microscope image of 20-µm-high microwires with pairs of electrodes
for on-chip actuation.
French Commission for Atomic Energy and Alternative Energies
Interdisciplinary Research Institute of Grenoble
Quantum Photonics, Electronics and Engineering Laboratory
17 av. des Martyrs

38054 Grenoble cedex 9

France

Host team. The host team at CEA/IRIG/PHELIQS (contact: Julien Claudon, CEA
Research Director, Google Scholar profile) is equipped with numerical simulation
softwares. We also develop state-of-the-art fabrication processes to realize unique
semiconductor nanostructures. We finally operate two cryogenic optical
spectroscopy setups dedicated to single-QD experiments. We are currently involved
in several national and European research projects. The candidate will thus benefit
from an established network of collaborators, both at the national and European
levels.
Applicant profile. The proposed project mixes experiments and theoretical
investigations. We are looking for a highly motivated candidate with an interest in
condensed matter physics and optics. She/he will have completed an undergraduate
program in Physics, Optics or Engineering.
This Master 2 internship could be prolonged by a PhD thesis.
References
[1] Yeo et al., Nature Nanotechnology 9, 106 (2014) | ↗NPG
[2] Stepanov et al., Nano Lett. 16, 3215 (2016) | ↗ACS
[3] Munsch et al., Nat. Communications 8, 76 (2017) | ↗ NPG
[4] Artioli et al., Phys. Rev. Lett. 123, 247403 (2019) | ↗APS
[5] Kettler et al., Nat. Nanotechnology 16, 283 (2021) | ↗NPG

APPLY NOW!
To apply for this position, send your application
(including CV) by e-mail to: julien.claudon@cea.fr
Commissariat à l'Energie Atomique et aux Energies Alternatives
Institute de la Recherche Interdisciplinaire de Grenoble
17 av. des Martyrs
38054 Grenoble cedex 9
France
eva.monroy@cea.fr
Tél : +33.438.78.90.68
Fax : +33.438.78.51.53
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AlN:Ga dilute alloy : a new type of single UV-C photon
emitter
Due to the quantum dot-like behaviour of sub-nanometric Ga-rich local composition
fluctuations acting as carrier localization centres, AlN:Ga dilute alloy (Ga content in the 0.11% range) appears as a new system, unexplored to date, for the realization of both UV-C
LEDs and single UV photon emitters, depending on the Ga content. The main applications
of such UV-C (200-280 nm) emitters include water, air and surface disinfection as well as
short distance encrypted communication. To optimize the emission properties of such
devices we propose to develop a new strategy by using AlN nanowires (NWs). As a matter
of fact, the absence of extended defects in
NWs, the higher limit solubility of both Si
and Mg electrical dopants, the eased light
extraction intrinsically related to the large
“roughness” of an ensemble of NWs make
them particularly suitable to the realization of
efficient UV emitters. The active region will
consist of an AlN:Ga dilute alloy, taking
advantage of the emission stability inherent
to quantum dot-like sub-nanometric Ga-rich
local composition fluctuations. In the general
context of a marked interest in single UV-C
Figure: CL spectra of AlN:Ga nanowires. Sharp lines
photon emitters for encrypted short distance
correspond to single photon emission
communication, the goal of the internship will be to
grow and optically characterize AlN:Ga with a Ga content below 0.1% with the purpose of
assessing their potential for single photon emission properties in the UV range.
The growth of the structures will be performed by plasma-assisted molecular beam
epitaxy in CEA-Grenoble IRIG/PHELIQS-NPSC, the optical characterization being made in
collaboration between CEA and Institut Néel.

APPLY
ToNOW!
apply for this position, send your application (including CV) by

e-mail to: bruno.daudin@cea.fr, bruno.gayral@cea.fr or gwenole.jacopin@neel.cnrs.fr
French Commission for Atomic Energy and Alternative Energies
Interdisciplinary Research Institute of Grenoble
Quantum Photonics, Electronics and Engineering Laboratory
17 av. des Martyrs

38054 Grenoble cedex 9

France
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III-nitride nanostructures for far-UVC emitters
Context: UV radiation is effective for inactivating a large range of pathogens. This technique is
receiving renewed attention due to the global pandemic as an immediately deployable and cost
effective option. However, the common sources used for disinfection emit in the 254-270 nm
range. This radiation is highly carcinogenic and cataractogenic, which represents a health hazard.
Recently, it has been demonstrated that far-UVC emission in the 220-230 nm range can efficiently
inactivate bacteria without harm for humans, since it cannot penetrate the outer (non-living) layers
of human skin or eyes. Within this internship, we will explore the efficiency of AlGaN
nanostructures as emitters in the 220-230 nm spectral range. We will exploit the enhanced
radiative efficiency that results from carrier confinement in nanometer-scale localization centers
(atomic layer thickness fluctuations, alloy inhomogeneities or quantum dots), we will study the
doping ratios required to improve conductivity and transparency, and we will boost the light
extraction efficiency by nanopatterning.
Objectives and available means: The student will work on the fabrication and characterization of
III-nitride nanostructures for far-UVC emission. This implies training in material growth by
molecular beam epitaxy, modeling using Comsol and/or RSoft, device fabrication technologies for
nanopatterning (at the PTA facilities) and a variety of optical characterization setups, including
photoluminescence and cathodoluminescence.
The team: The student will integrate a research team of the Nanophysics and Semiconductor Lab.
(NPSC), under the supervision of Eva MONROY.
Have a look at our webpage: http://www.pheliqs.fr/en/Pages/Eva-Monroy.aspx
For more information on our work, read our recent publications (available on demand):
[1] S. Cuesta, A. Harikumar, and E. Monroy, J. Phys. D: Appl. Phys. 55 273003 (2022)
[2] A. Harikumar, et al., Nanotechnology 31 505205 (2020)
[3] S. Cuesta, et al., Appl. Phys. Lett. 119, 151103 (2021)

Collaboration and networking: The research will develop in collaboration with the LETI-DPNC
(David COOPER, Adeline GRENIER) for structural/chemical characterization, and with Institut Néel
(Martien DEN HERTOG, Fabrice DONATINI), Univ. of Lyon (Olivier BOISRON) and Paul-DrudeInstitut in Berlin (Jonas LÄHNEMAN) for advanced optical characterization in the deep-UVC.
We are seeking for students with a background on semiconductor physics and optoelectronics, and
highly motivated for experimental laboratory work.

APPLY NOW!
To apply for this position, send your application
(including CV) by e-mail to: eva.monroy@cea.fr
French Commission for Atomic Energy and Alternative Energies
Interdisciplinary Research Institute of Grenoble
Quantum Photonics, Electronics and Engineering Laboratory
17 av. des Martyrs

38054 Grenoble cedex 9

France
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P-N junction nanowires for solar cells
Context: Semiconductor nanowires (NWs) with controlled composition and dimensions can be
fabricated using optimized growth conditions (bottom-up method) or by lithography and etching
of a suitably designed substrate (top-down method). Moreover, it is possible to tune the electrical
properties by doping, so that p-n junctions can be implemented within the NWs. These structures
are interesting, for example, for application as solar cells or high-speed photodetectors. NWs
present a major advantage for such applications: they act as antennae and therefore can absorb
the light more efficiently using less material. However, challenges remain to control and measure
the doping levels in such nano-objects with nm precision. Furthermore, the role of the NW surface
on their electrical properties requires further investigation.
Objectives and available means: The aim of this internship is to contribute to the study of p-n
junction semiconducting NWs regarding their opto-electrical properties. The student will integrate
a multi-institute, multi-disciplinary research group. His/her role will be to fabricate electrical
contacts to p-n junction NWs of different materials, including GaN and InP. The NWs will be
electrically contacted on membrane chips compatible with transmission electron microscopy
(TEM) measurements, and the student will be in charge of their electrical and electro-optical
characterization (responsivity, linearity, spectral selectivity, time response). These results will be
correlated to detailed characterization by transmission electron microscopy, performed on exactly
the same single NW, to improve our understanding of NW doping, which will aid device fabrication,
for instance for NW solar cells.
The student’s work will involve:
– Nanowire contacting in a cleanroom environment. It implies training in nanowire dispersion,
mapping using scanning electron microscopy, surface passivation, metalization and assisting
electron beam lithography.
– Current-voltage measurements and electro-optical characterization as a photodetector.
– The student will be involved in the correlation of electro-optical and 4D STEM results.
The team: The student will work under the supervision of Martien DEN HERTOG at Institut Néel
and Eva MONROY at PHELIQS.
For more information on our work, read our recent publications (available on demand):
[1] M. Spies, A. Ajay, E. Monroy, B. Gayral, and M.I. Den Hertog, Nano Lett. 20, 314 (2020)
[2] S. Cuesta, et al., Nano Lett. 19 55506 (2019)

We are seeking for students with a background on semiconductor physics and optoelectronics, and
highly motivated for experimental laboratory work .

APPLY NOW!
To apply for this position, send your application (including CV) by email to: martien.den-hertog@neel.cnrs.fr and eva.monroy@cea.fr
French Commission for Atomic Energy and Alternative Energies
Interdisciplinary Research Institute of Grenoble
Quantum Photonics, Electronics and Engineering Laboratory
17 av. des Martyrs

38054 Grenoble cedex 9

France
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Analysis and control of bacteria by optical microcavity

Radiation pressure is the force exerted by light when it meets or passes through an object. This
force, however small, can be used to move or manipulate objects of micrometric size, like
miniature forceps. Generally implemented through a microscope, it is called optical tweezing.
The laboratory has a long experience in the study of photonic crystal microcavities. It has been
demonstrated that optical microcavities fabricated on SOI (Silicon On Insulator) substrates allow
to realize an extremely efficient confinement of the electromagnetic field, both from the spectral
and spatial point of view. The identification and quantification of the optical forces (radiation
pressure and gradient) generated by these microcavities has been obtained by observing the
movement of micrometric particles placed in solution near the structures. It has been
demonstrated that these optofluidic systems allow the identification of a bacterium thanks to its
optical signature. This optical signature (variation of the transmitted signal) is characteristic of the
morphology and the metabolism of the bacteria. We have taken an additional step by succeeding
in determining the state of a bacterium through its interaction with light within the trap. In parallel
to these studies, the laboratory has developed a wide field lens-free imaging technique that allows
to test the sensitivity of bacterial strains to selected phages (bacteria killing viruses).
In the framework of this master subject, we propose to correlate the results obtained with optical
tweezers and those obtained with lens-free imaging. Two types of experiments are envisaged on
bacteria subjected to an antibiotic or to bacteriophages. These measurements will be performed
on optical tweezers in liquid medium and in lens-free imaging on Petri dish. The objective of this
internship is to show the synergy and the correlation between these two types of measurements
carried out on a single bacterium (optical tweezers) and on colonies (lensless imaging). The work
will be conducted in collaboration with teams specialized in life and health technologies.
This innovative approach will allow to be much faster on bacterial identification and
bacterial/phage interaction and could thus contribute to fight against the rising problem of
bacterial antibioresistance.
The student should have knowledge in optic and semiconductor physics. An interest in
microbiology and life sciences is also highly desirable.

French Commission for Atomic Energy and Alternative Energies
Interdisciplinary Research Institute of Grenoble
Quantum Photonics, Electronics and Engineering Laboratory
17 av. des Martyrs

38054 Grenoble cedex 9

France

Recent publications

M.Tardif, E.Picard. et al. On chip Optical Nano tweezers for culture-less fast bacterial viability
assessment
Small Volume 18, Issue 4 (2021)
P.Perlemoine, P.Marcoux et al. Phage susceptibility testing and infectious titer determination
through wide-field lensless monitoring of phage plaque growth
Plos one (2021)
R. Therisod, M. Tardif. et al. Gram-type differentiation of bacteria with 2D hollow photonic crystal
cavities. Appl. Phys. Lett. 113, 111101 (2018)
Tardif, M. et al. Single-cell bacterium identification with a SOI optical microcavity. Appl. Phys. Lett.
133510, (2016).

Contact : Emmanuel Picard – emmanuel.picard@cea.fr

APPLY NOW!
To apply for this position, send your application
(including CV) by e-mail to: emmanuel.picard@cea.fr
Commissariat à l'Energie Atomique et aux Energies Alternatives
Institute de la Recherche Interdisciplinaire de Grenoble
17 av. des Martyrs
38054 Grenoble cedex 9
France
eva.monroy@cea.fr
Tél : +33.438.78.90.68
Fax : +33.438.78.51.53
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Topological superconductivity and thermal Hall effect
General Scope: Chiral superconductivity is probably the most “sought-after” state among
topological superconductors, due to prominent signatures on the superconducting properties. The
most obvious is the spontaneous time-reversal symmetry breaking in the superconducting state.
Yet chirality also implies the existence of zero energy excitations (Majorana modes) at interfaces,
along “Fermi arcs” joining nodal excitations on the Fermi surface (red line on Figure 1-a). These
zero-energy (Majorana) modes are predicted to give birth notably to thermal edge currents, and
to anomalous zero-field thermal Hall effect, however still undetected.
Subject: For this internship, we will perform low temperature thermal Hall effect measurements,
starting with a ferromagnetic superconductor, UCoGe, which is spin-triplet and chiral. Experiments
will explore both the normal and the superconducting state, before attempting to detect the
specific anomalous contributions from the chiral superconducting state.
Environment and collaborations: This internship should be continued as PhD, supported by an
ANR project (SCATE) gathering a team at Néel, ESPCI and HZDR Dresden with our team (IMAPEC)
at Pheliqs, with an objective of combining on the same set-up these macroscopic measurements
together with microscopic imaging of the thermal edge currents. The team at Pheliqs is very active
and well recognized in this field of spin-triplet superconductivity, and is supported by strong
interactions with the theory group of the laboratory (2 on-going PhD’s on this subject) and tight
collaborations with groups in Japan. It also owns a unique facility for growing the required crystals.
Required skills: A strong interest for quantum materials and for challenging experiments and
questions in condensed matter physics is required.

(b)

(a)

Figure: (a) Nodal chiral excitations in the superconducting state. (b) Scheme of the thermal Hall
effect experimental set-up.
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Superconductivity in systems with local inversion
symmetry breaking
General Scope: Global inversion symmetry or time reversal symmetry have been long regarded as
fundamental ingredients to form a superconducting state. However nowadays, several systems
have been found which are superconducting even though they break locally inversion symmetry,
sometimes together with broken time reversal symmetry. Prominent examples are the uranium
based ferromagnetic superconductors URhGe and UCoGe (breaking both symmetries), or the new
systems UTe2, and CeRh2As2, breaking local inversion symmetry. All these systems remain
superconducting in very high magnetic fields, often showing even a reinforcement of
superconductivity under field. Transitions between spin-triplet and spin-singlet superconducting
are suspected in UTe2 and CeRh2As2, which are up to now unique in nature.
Subject: In this master project, we want to develop a
new high precession ac susceptometer, working at low
temperatures in a dilution refrigerator, in order to
explore the magnetic properties of superconducting
phases of these superconductors. In addition, with the
same set-up it will be possible to determine properties
of the Fermi surface by the measurements of quantum
oscillations of the magnetization. First focus will be on
UTe2, which has a complex superconducting phase
diagram as a function magnetic field and pressure, as
shown in the figure. Remarkably, multiple
superconducting phases occur in UTe2 and
superconductivity survives under magnetic fields up to
35 T for some specific directions. In a following PhD, it will be possible to extend the technique to
measurements under high pressure and to look for superconductivity in systems with the same
crystal structure as CeRh2As2.
Environment and collaborations: The candidate will work in a team largely recognized for its
contributions to the research on spin triplet superconductors. He will also benefit from strong
theoretical support from the theory group of Pheliqs, and have the possibility to interact with
groups in Japan where tight collaborations are well established.
Required skills: The candidate should have sound knowledge in solid state physics, good practical
skills and interest in the development of instrumentation.

APPLY NOW!
To apply for this position, send your application
(including CV) by e-mail to: Georg.Knebel@cea.fr
French Commission for Atomic Energy and Alternative Energies
Interdisciplinary Research Institute of Grenoble
Quantum Photonics, Electronics and Engineering Laboratory
17 av. des Martyrs - 38054 Grenoble cedex 9 - France

Institut de Recherche
Interdisciplinaire de Grenoble

Master / PhD Thesis Project
Topological magnetic phases in quantum materials
General Scope: Topological spin textures are a source of
unusual physical phenomena owing to the interplay
between magnetism and topology. A most prominent
example is the magnetic skyrmion (see inset Fig. 1), a
nanosized noncollinear spin structure with particle-like
topological states which can move with a low depinning
current density, enabling to develop novel spintronics.
Hence, magnetic skyrmions are regarded as small and
energy-efficient information cells having the potential to
develop high-density, low-power, and multi-functional
devices for memory and logic applications. This drives a
line of research concentrating on controllable and
efficient ways to create, delete, manipulate, and excite
magnetic skyrmions. One approach to manipulate spin
textures is to use temperature gradients.

FIG. 1: Phase diagram of the chiral
antiferromagnet EuPtSi exhibiting a
skirmion phase at low temperature,
inside an antiferromagnetic phase.

Subject: We propose an experimental and fundamental research project which will explore
different types of magnetic materials (EuPtSi, Gd2PdSi3, MnP, CrAs) with exotic magnetic states
(skyrmion and helimagnet states). The goal is to use mainly thermoelectric effects under extreme
conditions (low temperature, high magnetic field and high pressure), to characterize these exotic
spin textures, understand the different competing orders present in these magnetic materials and
ultimately displace these spin texture with the application of a thermal gradient. We have recently
revealed a metastable behavior of the skyrmion phase in the cubic chiral antiferromagnet EuPtSi,
see Fig.1, underlying the complexity of the stability of the skyrmion phase.
Experimental environment: The candidate will benefit from a unique scientific environment: a
dedicated dilution refrigerator (50mK-16T), a large range of experimental probes (resistivity, Hall
effect, specific heat, thermal conductivity and thermoelectric effects…), the possibility to grow and
characterize his own material in the laboratory, a strong interplay with local theoreticians.
Possible collaboration and networking: The internship proposal is based on a long-term
collaboration with the high magnetic field facility (LNCMI) in Grenoble and with close collaborators
in Japan.
Required skills: Master or Engineering degree. Skills on solid state physics or nanophysics will be
appreciated. Motivation for experimental studies is needed.
The internship is aimed to be followed by a PhD.
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Quantum thermodynamics in hybrid circuits
Quantum bits are the basic building blocks of future quantum processors.
Among candidates as physical units carrying the quantum information (the qubits),
hole spins in germanium have recently been spotted as very promising candidates,
with the recent demonstration of two, and even four-qubits processors [1-2]. These
spin qubits can be initialized, controlled and read, but all these operations are found
extremely sensitive to temperature.
In this master project, possibly followed by a PhD thesis, we propose to develop an
innovative way to cool down locally germanium nano-structures below the base
cryostat temperature, which could have a great impact on future design of Ge-based
quantum processors. This will be achieved by placing a germanium nano-structure
in contact with a superconductor. Indeed, such superconductor-semiconductor
interface provides a very efficient way to cool down the semiconductor, by selective
tunnel-out of hot electrons (Fig.1a).
To fulfill this objective, a first approach will be to control the transparency
of the superconductor/semiconductor interface [3]. The candidate will also develop
strategies to measure temperature of the nano-structure, relying on proximity effect
and Coulomb-blockade thermometry. She/he will be involved in the design and
fabrication of the Ge/SiGe samples, and characterize them experimentally. This will
include measurements in cryogenic environments using dilution refrigerators.
Fig.1 : (a) Energy distribution of
a semiconductor / insulator /
superconductor junction, in the cooling
configuration. Hot electrons from the
normal part can escape through the
barrier to the superconductor. Extracted
from [3] (b) Complex germanium nanostructure fabricated in the team,
including two gate layers (red and blue),
which define three different quantum
dots.

References: [1] Hendricks et al., Nature (2020) . [2] Hendricks et al., Nature (2021)
[3] Giazotto et al., Rev. Mod. Phys (2006)
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Hole spin and Circuit Quantum Electrodynamics
Quantum computing is currently pushing further the frontier
of information technology. Among other fields, solid-state hole-spin
qubits are a promising research area. Recently, we reached the strongcoupling regime between the spin of a single hole trapped inside the
channel of a silicon transistor and a single microwave photon
1 cm
enclosed in a superconducting resonator[1]. This milestone paves the
Wired sample before cryogenic cooling
way to Circuit Quantum Electrodynamics (CQED) type experiments
where such large spin-photon coupling is leveraged to perform advance quantum information
experiments.
The aim of this project is to advance the field of spin CQED. First, we will probe the
quantum state of the spin via the microwave photon through a quantum non-destructive
protocol[2]. In parallel, we will study the spin coherence in such environment where its quantum
properties may be strongly correlated to electro-magnetic noise.
Our research team is part of the French national “Plan Quantique” and is a founder
member of the “Grenoble Quantum Silicon” group. We also strongly collaborate with the LSIM group for theoretical support.
During the master project, you will collaborate on a daily basis with a lively team of
two permanent researchers with one PostDoc and one PhD and take part of an exciting
adventure to bring spin qubits to a new development step. You will participate to the
development of the samples that includes design, theory and nano-fabrication done in our
cleanroom facility. You will also learn to cool down samples to reach cryogenic temperatures.
Finally, you will perform measurements in these cryogenic environments using stateof-the-art DC and RF setups. Your experimental results will be discussed and understood via
theory models as well. This master project may continue as a PhD thesis.
[1] Submitted, arXiv:2206.14082, 2022
[2] Phys. Rev. A 75, 032329, 2007

100 µm
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Radio-Frequency Reflectometry for Si spin quantum bits
Our group is working on silicon and germanium spin quantum bits.
Recently we have demonstrated state-of-the-art performances for a hole
spin quantum bit made with silicon-on-insulator CMOS technology, in
collaboration with CEA-LETI [1]. We are also developing germanium based
devices which are alternative promising candidates for a scalable quantum
computing platform.
Si chip bonded for RF measurements
During this master thesis project you will measure down to very
low temperatures (below 4.2K) a new series of devices which feature very narrow channels,
down to 25nm. Four P-type wafers have been processed with 2 different types of oxide and 2
different materials for the gate stack. These various flavors should allow to clarify the location
where the first holes appear at very low temperature. Indeed we have inferred from previous
studies and strong collaborations with a theory group at IRIG that the presence of TiN at the
bottom of the gate stack favors the appearance of the first holes on the sides of the top gate and
not right underneath, as expected. The availability of an alternative oxide from the usual thermal
oxide shall also help as it changes the rounding of the nanowire, resulting in a different
confinement potential. This experimental work will rely heavily on using (and improving) the
reflectometry technique. With this scheme, we probe the resonance frequency in the 100s of
MHz of the sample embedded in a tank
circuit. This RF measurement is much
more powerful than recording the drainsource current, especially below or near
the threshold, which is the region of
interest for the first carriers. The figure
on the right shows an example of such
measurements, highlighting the coupling
RF signature of different coupling regimes for 2 quantum dots,
regimes of two coupled quantum dots.
obtained at 400mK by varying the gate voltages driving each dot.
The candidates should have a
solid background in solid state physics and a taste for instrumentation. This project is a good
start for a PhD in our laboratory in the field of spin qubits.
[1] Piot et al., https://arxiv.org/abs/2201.08637 (accepted for publication in Nature Nanotechnology)
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Local study of superconductivity in Magic Angle
Twisted Graphene Layers (MATBLG)
Stacking two graphene layers with a rotation between them creates a
moiré which drastically modifies the Dirac cones. The Fermi velocity
reduces for twist angles lower than 10°and even cancels around a magic
value of 1.1°. Since electrons are no longer allowed to move, Coulomb
energy becomes the relevant energy scale and drives the system
twoards new collective states of matter such as correlated insulating
behaviour, orbital magnetism or superconductivity as evidenced by
recent experiments [1,2]. The detailed mechanisms for the emergence
Atomically resolved STM image of twisted of these phases and their connection with the new band topology are
graphene layers. The short-range period is still unclear.
atomic and the long-range period
corresponds to the moiré. Vb=100 mV,
it=500 pA.

The aim of this project is to constrain the theoretical scenarios by
providing new experimental measurements of MATBLG at the local
scale using Scanning tunneling Microscopy and Spectroscopy (STM/STS). We have
previously demonstrated that MATBGL are highly inhomogeneous owing to ubiquitous
local relative strains between the layers (heterostrain) [2]. We will study the influence of
these inhomogeneities on the strongly correlated phases. In addition, the local electronic
properties such as the local superconducting energy gap will be correlated to the global
ones such as the critical temperature by performing simultaneous transport measurement.
The experiments will be performed using a milliKelvin STM operated by the joint STM
group in Grenoble (Néel/CNRS and IRIG/CEA). Their analysis will be done in
collaboration with theory groups in France and
Europe.
We are looking for a motivated candidate
with interest in experimental physics and a
strong background in condensed matter physics
who will be involved in all aspects of the
research from the fabrication of samples to their
measurements with state of the art very low
temperature scanning tunneling microscope and
the analysis of measurements.
Picture of the very low temperature STM
[1] Y. Cao et al Nature 556, 43 (2018)
[2] X. Lu et al. Nature 574, 653 (2019)
[3] F. Mesple et al Phys. Rev. Lett. 127, 126405 (2021)
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Magnetic bound states in 2D superconductors
The presence of a nanoscale magnetic scatterer (a single
atom, a molecule, a quantum dot etc.) on the surface of a
superconductor can lead to the emergence of magnetic bound
states (MBS) with peculiar spatial and spectral properties
within the superconducting gap [1]. These states can be
topologically trivial (the case of so-called Shiba states) or not
(predicted Majorana zero modes).
The project aims at investigating MBS in two-dimensional
(2D) superconductors where they can have a much longer
spatial extension [2], a situation which has not been studied
experimentally in novel 2D materials. We will use 2D
superconductors like graphene in which superconductivity
can be induced by proximity or NbSe2 in which
STM image of an array of MnPc magnetic
molecules on a Pb surface. The upper inset superconductivity is unusual in the mono layer limit. First,
shows the structure of the molecule. The experiments will aim at tracking the signatures of the MBS
lower inset shows the spectroscopy with MBS and possible topological superconductivity with high spatial
in the superconducting gap. Measured in and energetic resolution near single magnetic adsorbates. In a
second step, using the larger spatial extension of MBS on 2D
Grenoble.
superconductors, we will couple two of these states to study Shiba molecular states or even
Shiba bands in larger ensembles [3]. The two-dimensional
superconductors will be prepared with the Molecular Beam Epitaxy
facilities of the CEA/SPINTEC laboratory. MBS will be studied and
manipulated with a milliKelvin STM operated by the joint STM
group in Grenoble (Néel/CNRS and IRIG/CEA) and within a larger
collaboration with the university of Berlin. Interpretation of the
measurements will be performed in collaboration with theory groups.
We are looking for a motivated candidate with a strong background
in condensed matter physics, willing to work at the interface between
surface physics and quantum transport. The candidate will be
involved in the project from the preparation of superconducting
substrates and magnetic nanostructures, by self-assembly or singleatom manipulation (see images) to low temperature scanning probe STM
image
of
2D
measurements and analysis and interpretation.
superconductor NbSe2. Inset
[1] A. Yazdani et al. Science 275, 1767 (1997)
[2] G. Ménard et al. Nature Physics 11, 1013 (2015)
[3] L. Schneider et al. Nature Physics 17, 943 (2021)

shows
atomic
resolution.
Measured in Grenoble.
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Germanium heterostructure for quantum computing
Quantum computing (QC) is currently pushing further the
frontier of information technology. Among other fields, solid-state
spin qubits and superconducting qubits are promising research areas
for QC. Recently our laboratory has developed a new platform for
quantum devices based on heterostructures embedding a high
1 cm
mobility germanium hole quantum well. With these heterostructures,
Wired sample before cryogenic cooling
we have recently been able to demonstrate our ability to fabricate
functional quantum dot devices and Josephson junctions. To further develop this platform, we
are currently optimizing the heterostructure to decrease the interface defect density, hence
increasing the mobility of the hole gas. In that prospect, we are looking for a talented and
motivated Master student to design, fabricate and measure structures to probe the quality of the
germanium quantum well.
During the master project, you will collaborate on a daily basis with a lively team of
three permanent researchers with two PostDocs and two PhD students and take part of an
exciting adventure to make germanium the ideal platform for solid-state quantum computing.
You will participate to the development of the samples that includes design, theory and nanofabrication done in our cleanroom facility. You will also learn to cool down samples to reach
cryogenic temperatures. Finally, you will perform high magnetic field, highresolution low-noise measurements in these cryogenic environments using state-of-the-art
setups down to 10mK. Your experimental results will be discussed and understood via theory
models as well. This master project is expected to continue as a PhD thesis.
[1] The germanium quantum information route, Scappucci, G. et al. Nat Rev Mater 6, 926–943 (2021)
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Microwave resonators on Germanium HeteroStructures
Quantum computing (QC) is currently pushing further the
frontier of information technology. Among other fields, solid-state
spin qubits and superconducting qubits are promising research areas
for QC1. Recently our laboratory has developed a new platform for
quantum devices based on heterostructures embedding a high
1 cm
mobility hole quantum well. These quantum devices are on one-side
Wired sample before cryogenic cooling
Quantum dots, which can host future spin qubits, and on the other side
Josephson junctions, which can be at the heart of future superconducting qubits. To further
develop this platform we are currently developing microwave-superconducting circuit on this
platform to allow future high frequency experiments. In that prospect, we are looking for a
talented and motivated Master Student to fabricate and measure microwave resonators on
Germanium HeteroStructures.
During the master project, you will collaborate on a daily basis with a lively team of
three permanent researchers with two PostDocs and two PhDs and take part of an exciting
adventure to bring microwave photons available for germanium quantum dots and germanium
Josephson junction. You will participate to the development of the samples that includes design,
theory and nano-fabrication done in our cleanroom facility. You will also learn to cool down
samples to reach cryogenic temperatures. Finally, you will perform RF measurements
in these cryogenic environments using state-of-the-art RF setups down to 10mK. Your
experimental results will be discussed and understood via theory models as well. This master
project is expected to continue as a PhD thesis.
[1] The germanium quantum information route, Scappucci, G. et al. Nat Rev Mater 6, 926–943 (2021)

APPLY NOW!
To apply for this position, send your application
(including CV) by e-mail to: vivien.schmitt@cea.fr
& silvano.defranceschi@cea.fr

Two-qubit device in Germanium

French Commission for Atomic Energy and Alternative Energies
Interdisciplinary Research Institute of Grenoble
Quantum Photonics, Electronics and Engineering Laboratory
17 av. des Martyrs

38054 Grenoble cedex 9

France

