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Throughout the past year, C2N has continued its 
trajectory, once again positioning itself as a lea-
ding laboratory in Nanosciences and Nanotech-
nologies, committed to serving science and the 
�D�F�D�G�H�P�L�F�� �D�Q�G�� �L�Q�G�X�V�W�U�L�D�O�� �V�F�L�H�Q�W�L�¬�F�� �F�R�P�P�X�Q�L�W�\�� 
 
The highlights presented here are one of its si-
�J�Q�D�W�X�U�H�V���� �&�R�Q�J�U�D�W�X�O�D�W�L�R�Q�V�� �W�R�� �D�O�O�� �R�X�U�� �U�H�V�H�D�U�F�K��
teams for these remarkable results, which contri-
�E�X�W�H�� �W�R�� �&���1�o�V�� �U�H�S�X�W�D�W�L�R�Q���� �,�� �Z�R�X�O�G�� �D�O�V�R�� �O�L�N�H�� �W�R��
associate the engineers and technicians of our 
Nanotechnology Centre and the other three 
platforms with these results, as they are es-
�V�H�Q�W�L�D�O�� �S�O�D�\�H�U�V�� �D�Q�G�� �F�R�Q�W�U�L�E�X�W�R�U�V�� �W�R�� �W�K�L�V�� �V�X�F�F�H�V�V�� 
 
This year, 6 of our researchers and professors have 
been awarded an ERC grant, which contributes 
�W�R�� �V�W�U�H�Q�J�W�K�H�Q�L�Q�J�� �R�X�U�� �L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �G�L�P�H�Q�V�L�R�Q�� 
 
Numerous successful collaborative projects, 
from fundamental research to industrial break-
�W�K�U�R�X�J�K�V���� �D�O�V�R�� �W�H�V�W�L�I�\�� �W�R�� �R�X�U�� �G�\�Q�D�P�L�V�P���� �7�K�H�\�� �L�O-
lustrate our mission to combine science and inno-

vation in order to respond to the challenges and 
societal issues of tomorrow (health, renewable 
�H�Q�H�U�J�L�H�V���� �H�W�F�������� �2�X�U�� �O�D�E�R�U�D�W�R�U�\�� �W�K�H�U�H�I�R�U�H�� �D�L�P�V�� �W�R��
�I�X�O�O�\�� �G�H�Y�H�O�R�S�� �L�W�V�� �U�R�O�H�� �L�Q�� �V�R�F�L�H�W�\���� �2�X�U�� �D�L�P�� �L�V�� �W�R�� �G�H-
velop our activities in a sustainable manner, by 
�F�R�P�E�L�Q�L�Q�J�� �U�H�V�H�D�U�F�K�� �D�Q�G�� �H�Q�H�U�J�\�� �V�D�Y�L�Q�J�� �D�F�W�L�R�Q�V�� 
 
�7�K�D�Q�N�V���W�R���W�K�H���F�R�P�P�L�W�P�H�Q�W���R�I���D�O�O���L�W�V���W�H�D�P�V�����,���Z�R�X�O�G��
like  to  acknowledge the daily work, skills and dedi-
cation of our support services, and the support of 
our  supervisors (CNRS, Université Paris Saclay, Uni-
�Y�H�U�V�L�W�Ä�� �3�D�U�L�V�� �&�L�W�Ä������ �&���1�o�V�� �I�X�W�X�U�H�� �O�R�R�N�V�� �S�U�R�P�L�V�L�Q�J������ 
 
�,�� �Z�R�X�O�G�� �O�L�N�H�� �W�R�� �H�[�S�U�H�V�V�� �P�\�� �J�U�D�W�L�W�X�G�H�� �W�R�� �D�O�O�� �W�K�R�V�H��
who have contributed to this edition of «Highlights 
���������–���D�Q�G���,���Z�R�X�O�G���O�L�N�H���W�R���W�K�D�Q�N���L�Q���S�D�U�W�L�F�X�O�D�U���W�K�H���&���1��
�F�R�P�P�X�Q�L�F�D�W�L�R�Q���W�H�D�P���I�R�U���L�W�V���Y�D�O�X�D�E�O�H���F�R�Q�W�U�L�E�X�W�L�R�Q��

�:�H���Z�L�V�K���\�R�X���D���S�O�H�D�V�D�Q�W���U�H�D�G�L�Q�J��
Giancarlo Faini
Head of C2N
April 2023
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HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N

Contact : Noëlle Gogneau 
noelle.gogneau@c2n.upsaclay.fr

�)�L�J�X�U�H�������*�D�1���Q�D�Q�R�Z�L�U�H�V���I�R�U���D�Q���H�¯�� �� �F�L�H�Q�W���H�O�H�F�W�U�R�P�H�F�K�D�Q�L�F�D�O���F�R�Q�Y�H�U�V�L�R�Q

�7�K�H�� �Q�X�P�E�H�U�� �R�I�� �p�,�Q�W�H�U�Q�H�W�� �R�I�� �7�K�L�Q�J�V�q�� ���,�R�7�V������ �V�X�F�K�� �D�V�� �P�L��
cro-devices (micro-sensors, small nomad electronic, 
�P�H�G�L�F�D�O�� �L�P�S�O�D�Q�W�V�f���� �L�V�� �F�R�Q�V�W�D�Q�W�O�\�� �R�Q�� �D�� �U�L�V�H�� �E�R�W�K�� �L�Q�� �R�X�U��
�G�D�L�O�\�� �O�L�I�H�� �D�Q�G�� �L�Q�� �K�L�J�K���W�H�F�K�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �7�R�� �G�H�D�O�� �Z�L�W�K�� �W�K�H��
critical increase of their associated energy consumption, 
but also to improve their condition of use, especially for 
those evolving in environment without electrical grid in-
frastructure or with restricted one, the question of their 
energetic autonomy is today a key worldwide challenge 
�Z�L�W�K���V�W�U�R�Q�J���H�F�R�Q�R�P�L�F���D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���U�H�S�H�U�F�X�V�V�L�R�Q�V��
With the recent miniaturization of the electro-
nic devices resulting in the reduction of their en-
ergy consumption to mW and even µW, and thank 
to the micro-nano-fabrication progress, new pers-
pectives appear to develop autonomous power sys-
�W�H�P�V�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �U�H�Q�H�Z�D�E�O�H�� �H�Q�H�U�J�\�� �K�D�U�Y�H�V�W�L�Q�J��
Piezoelectric GaN NWs are promising nanostructures for 
�I�D�E�U�L�F�D�W�L�Q�J�� �H�¯�� �� �F�L�H�Q�W�� �S�L�H�]�R���Q�D�Q�R�J�H�Q�H�U�D�W�R�U�V�� �K�D�Y�L�Q�J�� �W�K�H��
ability to convert mechanical deformations and vibra-
�W�L�R�Q�V���L�Q�W�R���X�V�D�E�O�H���H�O�H�F�W�U�L�F�D�O���H�Q�H�U�J�\�����7�K�D�Q�N�V���W�R���W�K�H�L�U���Q�D�Q�R�V��
cale dimensions, their large surface-to-volume ratio and 
their quasi-lattice perfection, NWs, in comparison with 
�W�K�H�L�U�� �E�X�O�N�� �D�Q�G�� ���'���¬�� �O�P�� �F�R�X�Q�W�H�U�S�D�U�W�V���� �D�U�H�� �F�K�D�U�D�F�W�H�U�L�]�H�G��
�E�\������ ������ �V�X�S�H�U�L�R�U���P�H�F�K�D�Q�L�F�D�O���S�U�R�S�H�U�W�L�H�V���������� �K�L�J�K�H�U���V�H�Q�V�L�W�L��
�Y�L�W�\���W�R���D�S�S�O�L�H�G���I�R�U�F�H�����������K�L�J�K�H�U���S�L�H�]�R�H�O�H�F�W�U�L�F���F�R�H�¯�� �� �F�L�H�Q�W�V����
�D�Q�G�� ������ �W�K�H�� �D�S�S�D�U�L�W�L�R�Q�� �R�I�� �Q�R�Y�H�O�� �S�U�R�S�H�U�W�L�H�V���� �Q�R�Q���H�[�L�V�W�L�Q�J��

�R�U�� �Q�R�Q���V�L�J�Q�L�¬�� �F�D�Q�W�� �D�W�� �P�L�F�U�R�P�H�W�U�L�F�� �V�F�D�O�H�V�� �W�K�D�W�� �F�D�Q�� �O�H�D�G��
�W�R�� �D�� �V�W�U�R�Q�J�� �P�R�G�X�O�D�W�L�R�Q�� �R�I�� �W�K�H�L�U�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���� �+�R�Z�H��
ver, at the nanoscale, it is challenging to characterize 
these properties and thus fully take advantage of them 
�W�R�� �L�P�S�U�R�Y�H�� �W�K�H�� �S�H�U�I�R�U�P�D�Q�F�H�V�� �R�I�� �W�K�H�� �1�:���E�D�V�H�G���G�H�Y�L�F�H�V��
We use an advanced nano-characterization tool derived 
from AFM, developed by colleagues from the Materials 
Team at GeePs, to quantify the piezo-conversion proper-
�W�L�H�V�� �R�I�� �1�:�V�� �D�[�L�D�O�O�\�� �F�R�P�S�U�H�V�V�H�G�� �Z�L�W�K�� �D�� �Z�H�O�O���F�R�Q�W�U�R�O�O�H�G��
�D�S�S�O�L�H�G�� �I�R�U�F�H���� �7�K�L�V�� �X�Q�L�T�X�H�� �W�H�F�K�Q�L�T�X�H�� �D�O�O�R�Z�V�� �G�H�I�R�U�P�L�Q�J��
�D�[�L�D�O�O�\�� �W�K�H�� �1�:�V�� �D�Q�G�� �W�K�H�Q�� �H�V�W�D�E�O�L�V�K�L�Q�J�� �W�K�H�� �G�L�U�H�F�W�� �U�H�O�D��
tion between their output signal generation and their 
�G�L�P�H�Q�V�L�R�Q�V���� �,�W�� �D�O�V�R�� �P�D�N�H�V�� �L�W�� �S�R�V�V�L�E�O�H�� �W�R�� �G�H�I�R�U�P�� �W�K�H��
�1�:�V�� �V�L�P�L�O�D�U�O�\�� �W�R�� �W�K�H�� �R�Q�H�V�� �L�Q�W�H�J�U�D�W�H�G�� �L�Q�W�R�� �W�K�H�� �G�H�Y�L�F�H�V��
Then, we have highlighted the relationship between 
the NW deformation and their piezo-conversion pro-
�S�H�U�W�L�H�V���� �:�H�� �K�D�Y�H�� �D�O�V�R�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�K�D�W�� �W�K�H�� �F�R�X�S�O�L�Q�J��
�F�R�H�¯�� �� �F�L�H�Q�W�� �L�V�� �Q�R�W�� �R�Q�O�\�� �G�U�L�Y�H�Q�� �E�\�� �W�K�H�� �P�H�F�K�D�Q�L�F�D�O�� �F�K�D��
�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I�� �W�K�H�� �1�:�V���� �7�Z�R�� �R�W�K�H�U�� �S�D�U�D�P�H�W�H�U�V���� �R�I�W�H�Q��
�Q�H�J�O�H�F�W�H�G���� �S�O�D�\�� �D�� �F�U�X�F�L�D�O�� �U�R�O�H���� ������ �W�K�H�� �I�R�U�P�D�W�L�R�Q�� �R�I�� �W�K�H��
Schottky nano-contact allowing increasing the pie-
�]�R���J�H�Q�H�U�D�W�H�G�� �H�Q�H�U�J�\�� �K�D�U�Y�H�V�W�L�Q�J���� �D�Q�G�� ������ �W�K�H�� �V�W�U�R�Q�J�� �L�Q��
�®�� �X�H�Q�F�H���R�I���W�K�H���V�X�U�I�D�F�H���F�K�D�U�J�H���H�ª�� �H�F�W�V�����Z�K�L�F�K���X�Q�G�H�U���J�L�Y�H�Q��
conditions, are able to remarkably enhanced the elec-
�W�U�R�P�H�F�K�D�Q�L�F�D�O�� �F�R�Q�Y�H�U�V�L�R�Q�� �H�¯�� �� �F�L�H�Q�F�\�� �R�I�� �W�K�H�� �*�D�1�� �1�:�V��
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Non-linear optics ihave yielded numerous applications in 
converting the wavelenght of laser light while preserving 
�L�W�o�V�� �R�W�K�H�U�� �T�X�D�Q�W�X�P�� �S�U�R�S�H�U�W�L�H�V���� �,�Q�W�H�U�H�V�W�� �L�V�� �Q�R�Z�� �J�U�R�Z�L�Q�J��
in bring these applictations on photonic-integrated circ-
�W�X�L�W�V�����'�H�P�R�Q�V�W�U�D�W�H�G���F�R�P�S�D�F�W���Q�R�Q�O�L�Q�H�D�U���S�K�R�W�R�Q�L�F���F�L�U�F�X�L�W�V��
�U�H�T�X�L�U�H�V���P�D�W�H�U�L�D�O�V���W�K�D�W���G�H�P�R�Q�V�W�U�D�W�H���K�L�J�K���F�R�Q�Y�H�U�V�L�R�Q���H�¯�� �� ��
ciencies, as a the length of the nonlinear crystal scales in 
�L�Q�Y�H�U�V�H���S�U�R�S�R�U�W�L�R�Q���W�R���W�K�H���V�T�X�D�U�H���U�R�R�W���R�I���H�¯�� �� �F�L�H�Q�F�\�����$�F�K�L�H��
�Y�L�Q�J���K�L�J�K���H�¯�� �� �F�L�H�Q�F�L�H�V���U�H�T�X�L�U�H�V���R�Q�H���W�R���G�H�Y�H�O�R�S���D���P�H�W�D���P�D��
terial that can be tailored to phase-match the frequen-
�F�L�H�V�� �R�I�� �W�K�H�� �Z�D�Y�H�V�� �L�Q�Y�R�O�Y�H�G�� �L�Q�� �W�K�H�� �Q�R�Q�O�L�Q�H�D�U�� �L�Q�W�H�U�D�F�W�L�R�Q��
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�G�H�Y�H�O�R�S�H�G�� �R�Q�H�� �V�X�F�K�� �P�D�W�H�U�L�D�O�� ���� �2�U�L�H�Q�W�D�W�L�R�Q���3�D�W�W�H�U�Q�H�G��
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�W�D�O���R�U�J�D�Q�L�F���Y�D�S�R�U���S�K�D�V�H���H�S�L�W�D�[�\�����0�2�9�3�(�������Z�D�I�H�U���E�R�Q�G�L�Q�J��
and e-beam lithography, the team created a meta-mate-
rial consisting of domains of alternating 001 and 00-1 crys-
�W�D�O�O�R�J�U�D�S�K�L�F���R�U�L�H�Q�W�D�W�L�R�Q�V�����8�V�L�Q�J���W�K�L�V���F�R�P�E�L�Q�D�W�L�R�Q���R�I���W�H�F�K��
�Q�L�T�X�H�V���W�K�H���G�L�P�H�Q�V�L�R�Q�V���R�I���2�3���*�D�3���D�U�H���Z�H�O�O���G�H�¬�� �Q�H�G���W�R���W�K�H��
�O�H�Y�H�O���R�I���L�Q�G�L�Y�L�G�X�D�O���D�W�R�P�L�F���O�D�\�H�U�V�����8�V�L�Q�J���W�K�L�V���Q�H�Z���2�3���*�D�3��
platform, the team demonstrated conversion of telecom 
�O�L�J�K�W���W�R���Y�L�V�L�E�O�H���O�L�J�K�W�����Z�L�W�K���D���U�H�F�R�U�G���H�¯�� �� �F�L�H�Q�F�\���R�I�������������:�F�P2
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integrated nonlinear photonics

Photonic integrated circuits, Metamaterial, 
Non-linear optics
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The vapor-solid-liquid growth of a semiconductor 
nanowire proceeds via the sequential nucleation and 
�H�[�W�H�Q�V�L�R�Q���R�I���E�L�D�W�R�P�L�F���P�R�Q�R�O�D�\�H�U�V�����0�/�V�����D�W���W�K�H���L�Q�W�H�U�I�D�F�H��
between the nanowire stem and an apical liquid catalyst 
�Q�D�Q�R�G�U�R�S�O�H�W�����&�R�Q�W�U�R�O�O�L�Q�J���W�K�H���O�H�Q�J�W�K���R�I���D���Q�D�Q�R�Z�L�U�H���V�H�F�W�L�R�Q��
�W�R�� �Z�L�W�K�L�Q�� ���� �0�/�� �L�V�� �F�U�X�F�L�D�O�� �I�R�U�� �T�X�D�Q�W�X�P�� �D�[�L�D�O�� �K�H�W�H�U�R�V�W�U�X�F��
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�G�L�ª�� �H�U�H�Q�W���F�U�\�V�W�D�O���V�W�U�X�F�W�X�U�H�V���R�I���W�K�H���V�D�P�H���P�D�W�H�U�L�D�O�����+�R�Z�H��
ver, the intrinsic randomness of the nucleation process in-
�G�X�F�H�V���J�U�R�Z�W�K���U�D�W�H���®�� �X�F�W�X�D�W�L�R�Q�V���Z�K�L�F�K���P�D�N�H���V�X�F�K���F�R�Q�W�U�R�O��
�Y�H�U�\���W�U�L�F�N�\�����,�Q���S�U�L�Q�F�L�S�O�H�����R�Q�H���P�D�\���X�V�H���D�Q���L�Q���V�L�W�X���L�Q�V�W�U�X�P�H�Q�W��
which, by combining growth and transmission electron 
microscopy, provides an instant feedback that allows one 
�W�R���D�G�M�X�V�W���W�K�H���Y�D�S�R�U���®�� �X�[�H�V�����1�H�Y�H�U�W�K�H�O�H�V�V�����¬�� �Q�G�L�Q�J���J�U�R�Z�W�K��
�F�R�Q�G�L�W�L�R�Q�V�� �W�K�D�W�� �L�Q�K�H�U�H�Q�W�O�\�� �P�L�Q�L�P�L�]�H�� �O�H�Q�J�W�K�� �®�� �X�F�W�X�D�W�L�R�Q�V��
would open the way for tailoring such structures blindly in 
�D���V�W�D�Q�G�D�U�G���J�U�R�Z�W�K���V�H�W�X�S���G�H�Y�R�L�G���R�I���U�H�D�O���W�L�P�H���P�R�Q�L�W�R�U�L�Q�J��
�%�\���F�R�P�E�L�Q�L�Q�J���L�Q���V�L�W�X���H�[�S�H�U�L�P�H�Q�W�V���R�Q���W�K�H���1�D�Q�R�0�$�;���S�O�D�W��
form and growth modelling, researchers at C2N have 
�S�U�R�J�U�H�V�V�H�G�� �V�L�J�Q�L�¬�� �F�D�Q�W�O�\�� �L�Q�� �W�K�L�V�� �G�L�U�H�F�W�L�R�Q���� �'�X�U�L�Q�J�� �W�K�H��
�J�U�R�Z�W�K�� �R�I�� �Q�D�Q�R�Z�L�U�H�V�� �R�I�� �,�,�,���9�� �P�D�W�H�U�L�D�O�V���� �W�K�H�� �T�X�D�Q�W�L�W�\�� �R�I��
�J�U�R�X�S�� �9�� �H�O�H�P�H�Q�W�� �L�Q�� �W�K�H�� �Q�D�Q�R�G�U�R�S�O�H�W�� �D�W�� �Q�X�F�O�H�D�W�L�R�Q�� �P�D�\��

be so low that only a fractional ML can form quasi-ins-
�W�D�Q�W�D�Q�H�R�X�V�O�\���� �)�X�U�W�K�H�U�� �S�U�R�S�D�J�D�W�L�R�Q�� �R�I�� �W�K�H�� �0�/�� �L�V�� �I�H�G�� �E�\��
�W�K�H�� �V�W�H�D�G�\�� �Y�D�S�R�U�� �L�Q�S�X�W�� �D�W�� �D�� �V�O�R�Z�H�U�� �S�D�F�H���� �$�I�W�H�U�� �0�/�� �F�R�P��
�S�O�H�W�L�R�Q���� �D�� �U�D�Q�G�R�P�� �Z�D�L�W�L�Q�J�� �W�L�P�H�� �H�O�D�S�V�H�V�� �E�H�I�R�U�H�� �Q�H�[�W��
�Q�X�F�O�H�D�W�L�R�Q�� ���)�L�J�X�U�H���� �O�H�I�W������ �$�W�� �U�H�O�D�W�L�Y�H�O�\�� �O�R�Z�� �J�U�R�Z�W�K�� �W�H�P��
�S�H�U�D�W�X�U�H���� �G�H�V�R�U�S�W�L�R�Q�� �L�V�� �Q�H�J�O�L�J�L�E�O�H���� �W�K�H�� �J�U�R�X�S�� �9�� �D�P�R�X�Q�W��
available in the droplet at nucleation then scales with 
�W�K�H�� �S�U�H�F�H�G�L�Q�J�� �Z�D�L�W�L�Q�J�� �W�L�P�H���� �+�H�Q�F�H���� �D�� �V�K�R�U�W�� �Z�D�L�W�L�Q�J��
�W�L�P�H�� �U�H�T�X�L�U�H�V�� �D�� �O�R�Q�J�� �S�U�R�S�D�J�D�W�L�R�Q�� �W�L�P�H���� �D�Q�G�� �Y�L�F�H�� �Y�H�U�V�D��
�*�U�R�Z�W�K�� �V�L�P�X�O�D�W�L�R�Q�V�� �E�D�F�N�H�G�� �E�\�� �H�¯�� �� �F�L�H�Q�W�� �D�Q�D�O�\�W�L�F�D�O�� �F�D�O�F�X��
lations show that, for certain nanowire dimensions and 
growth conditions, such complementarity should be 
�T�X�D�V�L���S�H�U�I�H�F�W���� �&�R�P�S�X�W�H�G�� �G�L�V�W�U�L�E�X�W�L�R�Q�V�� �R�I�� �W�K�H�� �Z�D�L�W�L�Q�J����
propagation and ML cycle times have been compared 
�Z�L�W�K�� �D�F�F�X�U�D�W�H�� �1�D�Q�R�0�$�;�� �G�D�W�D���� �7�K�H�� �H�[�S�H�U�L�P�H�Q�W�V�� �L�Q�G�H�H�G��
provide evidence of self-regulation, in that the distribu-
�W�L�R�Q���R�I���W�K�H���0�/���F�\�F�O�H���W�L�P�H�V���L�V���Q�D�U�U�R�Z�H�U���W�K�D�Q���H�[�S�H�F�W�H�G���I�R�U��
non-correlated waiting and propagation times, albeit not 
�D�V���Q�D�U�U�R�Z���D�V���H�[�S�H�F�W�H�G���W�K�H�R�U�H�W�L�F�D�O�O�\�����)�L�J�X�U�H�����U�L�J�K�W���������7�K�L�V��
is in large part due to the limited time resolution of our 
�H�[�S�H�U�L�P�H�Q�W�V���� �2�W�K�H�U�� �S�R�V�V�L�E�O�H�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �D�Q�G�� �L�Q�W�U�L�Q��
�V�L�F�� �V�R�X�U�F�H�V�� �R�I�� �®�� �X�F�W�X�D�W�L�R�Q�V�� �D�U�H�� �F�X�U�U�H�Q�W�O�\�� �L�Q�Y�H�V�W�L�J�D�W�H�G����

�4�X�D�V�L���G�H�W�H�U�P�L�Q�L�V�W�L�F���Q�D�Q�R�Z�L�U�H���J�U�R�Z�W�K

�1�D�Q�R�Z�L�U�H�����9�D�S�R�U���/�L�T�X�L�G���6�R�O�L�G���J�U�R�Z�W�K����
Nucleation statistics
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the height of the central chamber is too small and li-
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µm promotes more gradual cell growth and migra-
tion, thanks to the availability of space for spheroid 
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Microfabrication of high aspect ratio devices
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Hydrogen sorption in yttrium-based 
�J�H�W�W�H�U���W�K�L�Q���¬�� �O�P�V

We investigated the sorption of hydrogen by yt-
trium-based getters for their application to vacuum 
wafer-level packaging of microelectromechanical sys-
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tary techniques of ion beam analysis were performed on 
the samples: Rutherford Backscattering Spectrometry 
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The investigation reported in this article shows that 
�V�R�P�H���J�H�W�W�H�U���¬�� �O�P�V���E�D�V�H�G���R�Q���\�W�W�U�L�X�P���F�D�Q���V�R�U�E���+�����D�Q�G���2����
�J�D�V�H�V�� �D�W�� �W�K�H�� �V�D�P�H�� �W�L�P�H���� �L�I�� �V�S�H�F�L�¬�� �F�� �F�R�Q�G�L�W�L�R�Q�V�� �D�U�H�� �P�H�W��
�V�X�F�K�� �D�V�� �J�H�W�W�H�U�� �F�R�P�S�R�V�L�W�L�R�Q�� �D�Q�G�� �D�Q�Q�H�D�O�L�Q�J�� �W�H�P�S�H�U�D�W�X�U�H��

Wafer level vacuum packaging of MEMS, 
�<�W�W�U�L�X�P���E�D�V�H�G���J�H�W�W�H�U���W�K�L�Q���¬�� �O�P�V
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This project is part of the development of a break-
�W�K�U�R�X�J�K���W�H�F�K�Q�R�O�R�J�\���I�R�U���W�K�H���$�,�0�'���P�D�U�N�H�W�����,�W���D�L�P�V���W�R���G�H-
velop and perpetuate the emerging world leadership in 
�W�K�H���,�O�H���G�H���)�U�D�Q�F�H���U�H�J�L�R�Q���L�Q���W�K�H���L�Q�Q�R�Y�D�W�L�Y�H���D�Q�G���D�P�E�L�W�L�R�X�V��
�¬�H�O�G���R�I���V�R�O�L�G���W�L�W�D�Q�L�X�P���E�D�V�H�G���P�L�F�U�R�V�\�V�W�H�P�V�����0�(�0�6�������7�K�L�V��
�W�H�F�K�Q�R�O�R�J�L�F�D�O�� �¬�H�O�G�� �Z�D�V�� �E�R�U�Q�� �I�U�R�P�� �X�Q�U�H�V�R�O�Y�H�G�� �D�Q�G�� �O�L�P�L-
ting constraints in the design and development of active 
implantable medical devices (pacemakers, neurostimula-
�W�R�U�V�����L�P�S�O�D�Q�W�D�E�O�H���S�X�P�S�V���R�U���F�R�F�K�O�H�D�U���D�Q�G���U�H�W�L�Q�D�O���L�P�S�O�D�Q�W�V����
with a biocompatible and waterproof but non-functional 
�W�L�W�D�Q�L�X�P���V�K�H�O�O�����7�K�L�V���M�R�L�Q�W���O�D�E�R�U�D�W�R�U�\���L�V���W�K�H�U�H�I�R�U�H���L�Q�W�H�Q�G�H�G��
to manufacture titanium-based MEMS, transferred onto 
this shell, thus providing intelligence and eliminating va-
�U�L�R�X�V�� �O�D�\�H�U�V�� �R�I�� �F�R�Q�Q�H�F�W�L�Y�L�W�\�� �D�Q�G�� �S�D�F�N�D�J�L�Q�J���� �7�K�L�V�� �R�S�H�Q�V��
�W�K�H�� �Z�D�\�� �W�R�� �Q�H�Z�� �J�H�Q�H�U�D�W�L�R�Q�V�� �R�I�� �O�H�V�V�� �L�Q�Y�D�V�L�Y�H�� �L�P�S�O�D�Q�W�V�� 
To this end, the partners will work on the transposition 
of MEMS technologies on silicon substrates to titanium 
substrates in order to elaborate and develop a complete 
�W�H�F�K�Q�R�O�R�J�L�F�D�O���W�R�R�O�E�R�[���F�R�P�S�D�U�D�E�O�H���W�R���W�K�H���V�W�D�W�H���R�I���W�K�H���D�U�W��
�L�Q�� �V�L�O�L�F�R�Q�� �0�(�0�6���� �,�Q�� �R�U�G�H�U�� �W�R�� �E�U�L�Q�J�� �W�R�� �I�X�O�O�� �P�D�W�X�U�L�W�\���� �L�Q�� �D��
projection of 1 to 4 years, concepts already studied by 
the two partners (monolithic implantable feedthroughs, 
�L�P�S�O�D�Q�W�D�E�O�H�� �S�U�H�V�V�X�U�H�� �V�H�Q�V�R�U������ �W�K�H�� �W�Z�R�� �S�D�U�W�Q�H�U�V�� �Z�L�O�O�� �S�X�W��
�L�Q���S�O�D�F�H���P�H�D�Q�V���R�I���W�H�V�W�L�Q�J�����V�S�H�F�L�¬�F���I�D�W�L�J�X�H���E�H�Q�F�K�H�V�����D�F�F�H-
�O�H�U�D�W�H�G���V�W�X�G�\���R�I���W�K�H���D�J�H�L�Q�J���R�I���W�K�H���V�W�U�X�F�W�X�U�H�V�������F�K�D�U�D�F�W�H�U�L-
�V�D�W�L�R�Q�����P�R�U�S�K�R�O�R�J�\���D�Q�G���V�X�U�I�D�F�H���D�Q�D�O�\�V�L�V�������L�Q���S�D�U�W�L�F�X�O�D�U���L�Q��
terms of reliability and very long term biocompatibility  
These devices will address 3 major issues on which C2N 
�D�Q�G���0�,�6�7�,�&���P�H�P�E�H�U�V���K�D�Y�H���E�H�H�Q���F�R�O�O�D�E�R�U�D�W�L�Q�J���V�L�Q�F�H���������������� 

���� �$�Q�� �L�Q�W�H�Q�V�L�¬�F�D�W�L�R�Q�� �R�I�� �H�P�E�H�G�G�H�G�� �,�Q�W�H�O�O�L�J�H�Q�F�H�� ���W�H-
lecommunication and remote monitoring, in-
creased multiplicity of implanted physiological 
�V�H�Q�V�R�U�V�� �D�Q�G�� �L�Q�W�H�U�D�F�W�L�R�Q�� ���� �L�Q�W�H�U���I�X�Q�F�W�L�R�Q�D�O�L�]�D�W�L�R�Q�� 
- Responding to the need for a very high miniaturisation of 
�$�,�0�'�V���W�R���U�H�G�X�F�H���G�L�V�F�R�P�I�R�U�W���D�Q�G���U�L�V�N�V���I�R�U���S�D�W�L�H�Q�W�V�����D�G�G�U�H�V�V��
new therapies, and promote gender equality in care  
- Manufacturability and cost pressure, especially 
for access to regions such as Asia or Africa that do 
�Q�R�W�� �E�H�Q�H�¬�W�� �I�U�R�P�� �D�G�H�T�X�D�W�H�� �U�H�L�P�E�X�U�V�H�P�H�Q�W�� �V�\�V�W�H�P�V
�$�� �Q�H�Z�� �V�F�L�H�Q�W�L�¬�F�� �D�Q�G�� �W�H�F�K�Q�R�O�R�J�L�F�D�O�� �D�S�S�U�R�D�F�K�� �L�V�� �E�H�L�Q�J��
developed to functionalise the purely passive tita-
�Q�L�X�P�� �S�D�F�N�D�J�L�Q�J�� �R�I�� �$�,�0�'�V�� �L�Q�� �R�U�G�H�U�� �W�R�� �L�Q�W�H�J�U�D�W�H�� �H�[-
�W�H�U�Q�D�O�� �F�R�P�S�R�Q�H�Q�W�V�� �D�Q�G�� �R�W�K�H�U�� �V�H�Q�V�R�U�V�� �L�Q�� �W�K�H�� �I�X�W�X�U�H�� 
�$�V�� �W�\�S�L�F�D�O�� �W�K�L�F�N�Q�H�V�V�H�V�� �D�U�H�� �L�Q�� �W�K�H�� �R�U�G�H�U�� �R�I�� �������� �W�R�� ��������
mm and dimensional constraints are strong, this intel-
ligent titanium packaging approach is based on a new 
technological vision: transposing silicon MEMS micro-
fabrication technologies onto solid titanium, which 
�F�R�Q�V�W�L�W�X�W�H�V�� �W�K�H�� �Q�H�Z�� �V�W�D�U�W�L�Q�J�� �V�X�E�V�W�U�D�W�H�� ���Z�D�I�H�U������ �D�Q�G��
thus producing miniaturised electromechanical com-
ponents based on titanium This titanium MEMS tech-
�Q�R�O�R�J�\�� �L�V�� �Q�R�W�� �\�H�W�� �D�Y�D�L�O�D�E�O�H�� �R�U�� �L�Q�G�X�V�W�U�L�D�O�L�V�H�G�� �H�O�V�H�Z�K�H�U�H��
 
�7�K�H�� �-�R�L�Q�W�� �/�D�E�R�U�D�W�R�U�\�� �Z�L�O�O�� �E�H�Q�H�¬�W�� �I�U�R�P�� �D�F�F�H�V�V��
�W�R�� �R�X�U�� �&�H�Q�W�U�D�O�� �7�H�F�K�Q�R�O�R�J�\�� �)�D�F�L�O�L�W�\���� �D�� �G�H�F�L�V�L�Y�H�� �D�V-
�V�H�W�� �I�R�U�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �W�K�H�� �Q�H�Z�� �W�D�U�J�H�W�� �V�H�F�W�R�U�� 

1Elie Lefeuvre, Fabien Parrain
2�%�H�U�W�U�D�Q�G���%�R�X�W�D�X�G�����*�Z�H�Q�D�Æ�O���%�H�F�D�Q

Solid Titanium based MEMS, 
Active implementable medical device
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The non-invasive characterization of organic matter is a 
�P�D�M�R�U�� �L�V�V�X�H�� �L�Q�� �P�D�Q�\�� �¬�� �H�O�G�V�� �R�I�� �D�F�W�L�Y�L�W�\���� �V�X�F�K�� �D�V�� �D�J�U�L�F�X�O�W�X��
�U�H���� �I�R�R�G�� �L�Q�G�X�V�W�U�\�� �D�Q�G�� �K�H�D�O�W�K���� �7�K�H�� �F�R�P�S�O�H�[�� �S�H�U�P�L�W�W�L�Y�L�W�\��
being a relevant indicator of the physiological state of 
organic matter, especially in the 10s to 100s of MHz, we 
have developed a non-contact RF multi-frequency reso-
nant sensor, able to monitor the dielectric properties 
�R�I�� �W�K�H�� �W�D�U�J�H�W�H�G�� �R�U�J�D�Q�L�F�� �P�H�G�L�D�� �L�Q�� �Q�R�Q���L�Q�Y�D�V�L�Y�H�� �Z�D�\���� �7�K�L�V��
�Z�L�U�H�O�H�V�V�� �P�X�O�W�L�I�U�H�T�X�H�Q�F�\�� �U�H�V�R�Q�D�W�R�U�� ���:�0�)�5���� �V�H�Q�V�R�U�� �E�D��
sically consists in a set of high sensitivity circular trans-
mission-line LC resonators, arranged in a staggered and 
�P�R�Q�R�O�L�W�K�L�F���F�R�Q�¬�� �J�X�U�D�W�L�R�Q�����D�Q�G���G�H�S�R�V�L�W�H�G���R�Q���W�K�H���V�D�P�H���O�R�Z��
�O�R�V�V���V�X�E�V�W�U�D�W�H�����&�R�Q�W�U�R�O�O�H�G���E�\���W�K�H���P�H�D�Q�V���R�I���D���G�L�V�W�D�Q�W���D�Q�G��
monitoring RF probe by inductive coupling, the WMFR 
sensor operates as a multi-resonant transmit and receive 
antenna, able to distantly monitor the dielectric changes 
occurring in the targeted organic material, with both va-
rious investigation frequencies and various penetration 
�G�H�S�W�K�V���Z�L�W�K�L�Q���W�K�H���P�D�W�W�H�U�������,�Q���W�K�H���I�U�D�P�H�Z�R�U�N���R�I���W�K�H���/�D�6�,�3�6��
�S�U�R�M�H�F�W�� ���$�1�5���������/�$�%�;�������������/�D�6�,�3�6���� �P�D�Q�D�J�H�G�� �E�\�� �W�K�H��
�)�U�H�Q�F�K���1�D�W�L�R�Q�D�O���5�H�V�H�D�U�F�K���$�J�H�Q�F�\�����D�Q�G���L�Q���W�K�H���F�R�Q�W�H�[�W���R�I��
�W�K�H���3�K���'���:�R�U�N�V���R�I���$�O�H�[�L�D�Q�H���3�D�V�T�X�L�H�U�����'�H�I�H�Q�G�H�G���-�D�Q�X�D�U�\��
�����W�K�����������������Z�H���K�D�Y�H���S�U�R�S�R�V�H�G���D���S�U�R�R�I���R�I���F�R�Q�F�H�S�W���R�I���W�K�H��
�:�0�)�5���V�H�Q�V�R�U���Z�L�W�K���R�X�U���F�R�O�O�H�D�J�X�H�V���I�U�R�P���6�$�7�,�(���s���&�<�8�����&�H�U��
�J�\���3�D�U�L�V���8�Q�L�Y�H�U�V�L�W�\�������$�������)�U�H�T�X�H�Q�F�\���:�0�)�5���G�H�P�R�Q�V�W�U�D�W�R�U��

of 9 cm outer diameter, featuring 8 concentric single-turn 
LC-resonators was developed to operate in the 22 MHz to 
���������0�+�]���E�D�Q�G�Z�L�G�W�K�����,�W���Z�D�V���I�D�E�U�L�F�D�W�H�G���R�Q���D���®�� �H�[�L�E�O�H���V�X�E�V��
�W�U�D�W�H�����.�D�S�W�R�Q�����D�Q�G���D�Q���H�O�H�F�W�U�L�F�D�O���H�T�X�L�Y�D�O�H�Q�W���P�R�G�H�O�L�Q�J���Z�D�V��
�S�U�R�S�R�V�H�G�����7�K�H���D�E�L�O�L�W�\���R�I���W�K�H���V�H�Q�V�R�U���W�R���G�L�V�W�D�Q�W�O�\���P�R�Q�L�W�R�U��
�W�K�H�� �F�R�P�S�O�H�[�� �S�H�U�P�L�W�W�L�Y�L�W�\�� �R�I�� �E�L�R�P�L�P�H�W�L�F�� �V�R�O�X�W�L�R�Q�V�� �K�D�Y�H��
been successfully demonstrated within the 0 to 5 S/m 
conductivity range and the 20 to 80 permittivity range, 
together with the ability of detecting local dielectric 
contrasts within a uniform dielectric media, mimicking a 
�W�L�V�V�X�H���D�Q�R�P�D�O�\���V�X�F�K���D�V���D���W�X�P�R�U���R�U���O�H�V�L�R�Q���L�Q���D���W�L�V�V�X�H�����0�R�Q�L��
toring of fruit ripening over a 14-day period and monito-
ring of muscle tissue alteration over 6 days were also per-
formed, validating the ability of WMFR to detect changes 
in actual organic matter in a non-contact, non-invasive 
manner with prospects for low cost and online imple-
�P�H�Q�W�D�W�L�R�Q�V�����$���S�D�W�H�Q�W���D�S�S�O�L�F�D�W�L�R�Q���Z�D�V���¬�� �O�H�G���E�\���8�Q�L�Y�H�U�V�L�W�Ä��
Paris Saclay for the WMFR principle in November 2021, 
�D�Q�G�� �D�Q�R�W�K�H�U�� �S�D�W�H�Q�W�� �D�S�S�O�L�F�D�W�L�R�Q�� �Z�D�V�� �¬�� �O�H�G�� �I�R�U�� �W�K�H�� �L�P�S�O�H��
�P�H�Q�W�D�W�L�R�Q���R�I���:�0�)�5���D�U�U�D�\�V���L�Q���-�D�Q�X�D�U�\���������������3�U�R�V�S�H�F�W�L�Y�H��
�D�S�S�O�L�F�D�W�L�R�Q�V���L�Q���W�K�H���¬�� �H�O�G���R�I���D�J�U�L���I�R�R�G���L�Q�G�X�V�W�U�\���L�V���W�K�H���V�P�D�U�W��
packaging of foods, and health-related prospects are the 
development of non-invasive device such as breast can-
�F�H�U���R�U���V�N�L�Q���Z�R�X�Q�G���K�H�D�O�L�Q�J���Z�H�D�U�D�E�O�H���P�R�Q�L�W�R�U�L�Q�J���G�H�Y�L�F�H�V����������������������

A multi-frequency passive resonator 
for the non-contact and non-invasive 
monitoring of organic materials

Passive electromagnetic RF sensors, Non-contact 
organic tissue characterization, Wearable sensors
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�&�R�Q�W�D�F�W�������/�L�]�D���+�H�U�U�H�U�D�������'�L�D�]
�O�L�]�D���K�H�U�U�H�U�D���G�L�H�]�#�F���Q���X�S�V�D�F�O�D�\���I�U

�7�K�H�� �P�D�J�Q�H�W�R���L�R�Q�L�F�� �P�R�G�X�O�D�W�L�R�Q�� �R�I�� �W�K�H�� �'�]�\�D�O�R�V�K�L�Q�V�N�L�L�s
�0�R�U�L�\�D�� �L�Q�W�H�U�D�F�W�L�R�Q�� ���'�0�,���� �D�Q�G�� �W�K�H�� �S�H�U�S�H�Q�G�L�F�X�O�D�U�� �P�D�J�Q�H-
�W�L�F���D�Q�L�V�R�W�U�R�S�\�����3�0�$�������L�Q���:���&�R�)�H�%���+�I�2�����V�W�D�F�N�V���D�Q�Q�H�D�O�H�G��
�D�W�� �G�L�ª�H�U�H�Q�W�� �W�H�P�S�H�U�D�W�X�U�H�V�� �D�Q�G�� �I�R�U�� �Y�D�U�\�L�Q�J�� �D�Q�Q�H�D�O�L�Q�J��
�W�L�P�H�V���� �D�U�H�� �S�U�H�V�H�Q�W�H�G�� �L�Q�� �W�K�L�V�� �Z�R�U�N���� �$�� �O�D�U�J�H�� �P�R�G�X�O�D�W�L�R�Q��
�R�I���3�0�$���D�Q�G���'�0�,���L�V���R�E�V�H�U�Y�H�G���L�Q���W�K�H���V�\�V�W�H�P�V���D�Q�Q�H�D�O�H�G���D�W��
390 and 350 °C, whereas no response to voltage is ob-
�V�H�U�Y�H�G�� �L�Q�� �W�K�H�� �D�V���J�U�R�Z�Q�� �V�D�P�S�O�H�V���� �$�� �V�W�U�R�Q�J�� �'�0�,�� �L�V�� �R�Q�O�\��
observed in the samples annealed at 390 °C for 1 h, 
while PMA is present for all annealing times at tempe-
�U�D�W�X�U�H�V�� �R�I�� �������� �D�Q�G�� �������� �‹�&���� �0�D�J�Q�H�W�L�F�� �S�U�R�S�H�U�W�L�H�V�� �L�Q�F�O�X-
ding domain wall velocity improve drastically with in-
creasing the annealing temperature and time, while the 

�P�D�J�Q�H�W�R���L�R�Q�L�F���U�H�Y�H�U�V�L�E�L�O�L�W�\���L�V���L�Q�F�U�H�D�V�L�Q�J�O�\���F�R�P�S�U�R�P�L�V�H�G��
�7�K�H�� �F�K�D�Q�J�H�V�� �L�Q�� �3�0�$�� �D�Q�G�� �'�0�,�� �L�Q�G�X�F�H�G�� �E�\�� �W�K�H�� �J�D�W�H�� �Y�R�O-
tages in the samples annealed at 390 °C are perma-
nent, while partial reversibility is only observed for 
�W�K�H�� �V�D�P�S�O�H�V�� �D�Q�Q�H�D�O�H�G�� �D�W�� �������� �‹�&�� �I�R�U�� �V�K�R�U�W�� �W�L�P�H�V���� �7�K�L�V��
dependence of reversibility on post-grown annealing 
�K�D�V�� �E�H�H�Q�� �D�V�V�R�F�L�D�W�H�G�� �W�R�� �W�K�H�� �L�Q�®�X�H�Q�F�H�� �R�I�� �F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q��
�R�Q�� �L�R�Q�� �P�R�E�L�O�L�W�\���� �7�K�H�V�H�� �U�H�V�X�O�W�V�� �V�K�R�Z�� �W�K�D�W�� �D�� �F�R�P�S�U�R�P�L�V�H��
between the enhancement of the magnetic properties 
and the magneto-ionic performance could be needed in 
�V�\�V�W�H�P�V�� �U�H�T�X�L�U�L�Q�J�� �D�Q�Q�H�D�O�L�Q�J�� �W�R�� �G�H�Y�H�O�R�S�� �3�0�$�� �D�Q�G�� �'�0�,��

�0�D�J�Q�H�W�R���,�R�Q�L�F�V���L�Q���$�Q�Q�H�D�O�H�G���:���&�R�)�H�%��
�+�I�2�����7�K�L�Q���)�L�O�P�V
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�$�U�W�L�¬�� �F�L�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� �L�V�� �P�D�N�L�Q�J�� �P�D�M�R�U�� �S�U�R�J�U�H�V�V�� �W�R��
day, but it faces a challenge: its considerable energy 
consumption, which limits its applications and raises 
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �L�V�V�X�H�V���� �,�W�� �L�V�� �Q�R�Z�� �Z�H�O�O�� �X�Q�G�H�U�V�W�R�R�G�� �W�K�D�W��
this consumption comes from the separation, in com-
�S�X�W�H�U�V���� �E�H�W�Z�H�H�Q�� �F�D�O�F�X�O�D�W�L�R�Q�� �D�Q�G�� �P�H�P�R�U�\�� �I�X�Q�F�W�L�R�Q�V����
�$�V�� �D�U�W�L�¬�� �F�L�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� �X�V�H�V�� �D�� �O�R�W�� �R�I�� �G�D�W�D���� �L�W�� �U�H�T�X�L�U�H�V��
a lot of computer memory, which is costly to access in 
�W�H�U�P�V�� �R�I�� �H�Q�H�U�J�\���� �2�X�U�� �E�U�D�L�Q�V�� �D�U�H�� �P�X�F�K�� �P�R�U�H�� �H�Q�H�U�J�\�� �H�I��
�¬�� �F�L�H�Q�W�� �E�H�F�D�X�V�H�� �W�K�H�� �P�H�P�R�U�\�� �I�X�Q�F�W�L�R�Q�V�� �D�U�H�� �L�Q�W�H�J�U�D�W�H�G��
�D�V�� �F�O�R�V�H�� �D�V�� �S�R�V�V�L�E�O�H�� �W�R�� �W�K�H�� �F�R�P�S�X�W�D�W�L�R�Q�� �I�X�Q�F�W�L�R�Q�V��
Memristors are a new memory technology that uses nano-
devices and is integrated at the core of the computation, 
�W�K�X�V�� �U�H�S�U�R�G�X�F�L�Q�J�� �W�K�H�� �E�U�D�L�Q�o�V�� �H�Q�H�U�J�\�� �H�¯�� �� �F�L�H�Q�F�\�� �V�W�U�D�W�H�J�\����
�$���W�H�D�P���L�Q�Y�R�O�Y�L�Q�J���W�K�U�H�H���&�1�5�6���O�D�E�R�U�D�W�R�U�L�H�V�����&�H�Q�W�U�H���G�H��
�1�D�Q�R�V�F�L�H�Q�F�H�V���H�W���G�H���1�D�Q�R�W�H�F�K�Q�R�O�R�J�L�H�V�����,�Q�V�W�L�W�X�W���0�D�W�Ä��
�U�L�D�X�[�� �0�L�F�U�R�Ä�O�H�F�W�U�R�Q�L�T�X�H�� �1�D�Q�R�V�F�L�H�Q�F�H�V�� �G�H�� �3�U�R�Y�H�Q�F�H����
�,�Q�V�W�L�W�X�W�� �G�H�V�� �V�\�V�W�H�P�H�V�� �L�Q�W�H�O�O�L�J�H�Q�W�V�� �H�W�� �U�R�E�R�W�L�T�X�H������ �&�(�$��
�/�(�7�,�����D�Q�G���W�K�H���V�W�D�U�W�X�S���+�D�Z�D�L���W�H�F�K���K�D�V���E�X�L�O�W���D���†�%�D�\�H�V�L�D�Q��
�P�D�F�K�L�Q�H�–���� �D�� �V�P�D�O�O�� �D�U�W�L�¬�� �F�L�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� �Z�L�W�K�� �P�H�P�U�L�V��
tors �����7�K�H���S�U�R�W�R�W�\�S�H�����S�U�H�V�H�Q�W�H�G���L�Q���W�K�H���1�D�W�X�U�H���(�O�H�F�W�U�R�Q�L�F�V��

�M�R�X�U�Q�D�O���� �F�R�P�S�U�L�V�H�V�� ���������� �K�D�I�Q�L�X�P�� �R�[�L�G�H�� �P�H�P�U�L�V�W�R�U�V�� �D�Q�G��
���������������V�L�O�L�F�R�Q���W�U�D�Q�V�L�V�W�R�U�V�����0�2�6�)�(�7�V�������7�K�H���P�D�F�K�L�Q�H���F�D�Q���U�H��
cognize a human gesture using thousands of times less en-
�H�U�J�\���W�K�D�Q���D���W�U�D�G�L�W�L�R�Q�D�O���V�R�O�X�W�L�R�Q���E�D�V�H�G���R�Q���D���P�L�F�U�R�F�R�Q�W�U�R�O�O�H�U��
The Bayesian machine implements a Bayesian inference 
�P�R�G�H�O�����D���W�\�S�H���R�I���D�U�W�L�¬�� �F�L�D�O���L�Q�W�H�O�O�L�J�H�Q�F�H���F�R�P�S�O�H�P�H�Q�W�D�U�\���W�R��
�G�H�H�S�� �O�H�D�U�Q�L�Q�J���� �W�R�G�D�\�o�V�� �P�R�V�W�� �Z�L�G�H�O�\�� �X�V�H�G�� �$�,�� �W�H�F�K�Q�L�T�X�H����
�%�D�\�H�V�L�D�Q�� �L�Q�I�H�U�H�Q�F�H�� �H�[�F�H�O�V�� �L�Q�� �V�L�W�X�D�W�L�R�Q�V�� �Z�K�H�U�H�� �O�L�W�W�O�H�� �L�Q��
�I�R�U�P�D�W�L�R�Q�� �L�V�� �D�Y�D�L�O�D�E�O�H���� �W�K�H�� �%�D�\�H�V�L�D�Q�� �P�D�F�K�L�Q�H�� �Z�R�X�O�G�� �E�H��
particularly well suited for the realization of embedded 
devices for patient monitoring, or in smart sensors for 
�P�R�Q�L�W�R�U�L�Q�J���W�K�H���D�J�L�Q�J���R�I���E�X�L�O�G�L�Q�J�V���R�U���L�Q�G�X�V�W�U�L�D�O���I�D�F�L�O�L�W�L�H�V��
�7�K�H���Q�H�[�W���F�K�D�O�O�H�Q�J�H���I�R�U���P�H�P�U�L�V�W�R�U���E�D�V�H�G���D�U�W�L�¬�� �F�L�D�O���L�Q�W�H�O�O�L��
�J�H�Q�F�H���L�V���O�H�D�U�Q�L�Q�J�����L���H�������D�G�D�S�W�L�Q�J���W�R���Q�H�Z���G�D�W�D�����,�W���F�R�X�O�G���W�K�H�Q����
�I�R�U���H�[�D�P�S�O�H�����D�G�D�S�W���W�R���W�K�H���H�Y�R�O�X�W�L�R�Q���R�I���D���S�D�W�L�H�Q�W�o�V���L�O�O�Q�H�V�V����
This challenge will be taken up as part of the PEPR elec-
tronic acceleration program, which aims to generate in-
novations to accelerate growth and relocate production 
processes in France or Europe using new technological 
�V�R�O�X�W�L�R�Q�V�����7�K�L�V���S�U�R�M�H�F�W���L�Q�Y�R�O�Y�H�V���W�K�H���&�1�5�6���D�Q�G���W�K�H���&�(�$���D�Q�G��
�K�D�V�� �M�X�V�W�� �E�H�H�Q�� �¬�� �Q�D�Q�F�H�G�� �W�R�� �W�K�H�� �W�X�Q�H�� �R�I�� ������ �P�L�O�O�L�R�Q�� �H�X�U�R�V��

A Memristor-Based Bayesian Machine

�$�U�W�L�¬�� �F�L�D�O���L�Q�W�H�O�O�L�J�H�Q�F�H�����1�H�X�U�R�P�R�U�S�K�L�F���G�H�V�L�J�Q�����,�Q�W�H�J�U�D�W�H�G���F�L�U�F�X�L�W

�$�U�W�L�¬�� �F�L�D�O���L�Q�W�H�O�O�L�J�H�Q�F�H�����1�H�X�U�R�P�R�U�S�K�L�F���G�H�V�L�J�Q����
�,�Q�W�H�J�U�D�W�H�G���F�L�U�F�X�L�W
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�X�V�H���R�I���L�W�����)�R�U���W�K�L�V���S�X�U�S�R�V�H�����D���P�D�W�K�H�P�D�W�L�F�D�O���P�R�G�H�O���R�I���W�K�H��
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�P�H�Q�W�V���� �W�K�L�V�� �W�H�F�K�Q�L�T�X�H�� �F�D�Q�� �¬�� �Q�G�� �D�Q�� �R�U�G�L�Q�D�U�\�� �G�L�ª�� �H�U�H�Q�W�L�D�O��
equation able to model the device in all situations wit-
�K�R�X�W���Q�H�H�G�L�Q�J���D�Q�\���S�K�\�V�L�F�D�O���L�Q�V�L�J�K�W�����)�R�U���H�[�D�P�S�O�H�����Z�H���X�V�H�G��

this technique to model a spintronic nanoneuron, with 
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Predicting the results of nanoelectro-
�Q�L�F���H�[�S�H�U�L�P�H�Q�W�V���Z�L�W�K���1�H�X�U�D�O���2�U�G�L�Q�D�U�\��
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�&�R�Q�W�D�F�W�������'�D�P�L�H�Q���4�X�H�U�O�L�R�]
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Deep learning, Spintronic device
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���������P�P�� �6�2�,�� �Z�D�I�H�U�V�� �D�Q�G�� �L�P�P�H�U�V�L�R�Q�� �'�8�9�� �O�L�W�K�R�J�U�D�S�K�\�� �W�R��
�H�[�S�H�U�L�P�H�Q�W�D�O�O�\�� �G�H�P�R�Q�V�W�U�D�W�H�� �D�� �E�U�R�D�G�E�D�Q�G�� �L�Q�W�H�J�U�D�W�H�G��
beam splitter based on an SWG-engineered multi-mode 
�L�Q�W�H�U�I�H�U�H�Q�F�H�� ���0�0�,���� �F�R�X�S�O�H�U���� �7�K�H�� �G�H�Y�L�F�H�� �K�D�V�� �D�� �V�L�O�L�F�R�Q��
thickness of 300 nm and nominal minimum feature size 
of 75 nm, well below the resolution capabilities of dry 
�'�8�9�� �O�L�W�K�R�J�U�D�S�K�\���� �:�H�� �E�H�O�L�H�Y�H�� �W�K�D�W�� �W�K�H�� �X�V�H�� �R�I�� �O�L�W�K�R�J�U�D��
phic techniques routinely available in complementary 
�P�H�W�D�O���R�[�L�G�H���V�H�P�L�F�R�Q�G�X�F�W�R�U�� ���&�0�2�6���� �S�U�R�F�H�V�V�H�V�� �Z�L�O�O�� �E�H��
of fundamental importance to bring the potentialities 
�R�I�� �U�H�I�U�D�F�W�L�Y�H�� �L�Q�G�H�[�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �W�R�Z�D�U�G�� �F�R�P�P�H�U�F�L�D�O�� �H�[��
�S�O�R�L�W�D�W�L�R�Q���� �7�K�L�V�� �Z�L�O�O�� �H�Q�D�E�O�H�� �W�K�H�� �I�D�E�U�L�F�D�W�L�R�Q�� �R�I�� �K�L�J�K���S�H�U��
�I�R�U�P�D�Q�F�H�� �G�H�Y�L�F�H�V�� �I�R�U�� �¬�� �E�H�U���W�R���F�K�L�S�� �F�R�X�S�O�L�Q�J���� �S�R�Z�H�U��
�V�S�O�L�W�W�L�Q�J���� �S�R�O�D�U�L�]�D�W�L�R�Q�� �P�D�Q�D�J�H�P�H�Q�W���� �D�Q�G�� �V�S�H�F�W�U�D�O�� �¬�� �O��
�W�H�U�L�Q�J���� �Z�L�W�K�� �S�U�R�P�L�V�L�Q�J�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �I�R�U�� �H�[�D�P�S�O�H���� �L�Q��
�F�R�K�H�U�H�Q�W�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q�V���� �V�H�Q�V�L�Q�J���� �D�Q�G�� �V�S�H�F�W�U�R�V�F�R�S�\��

�6�X�E�Z�D�Y�H�O�H�Q�J�W�K�� �J�U�D�W�L�Q�J�� ���6�:�*���� �P�H�W�D�P�D�W�H�U�L�D�O�V�� �K�D�Y�H�� �J�D�U�Q�H�U�H�G�� �D�� �J�U�H�D�W�� �L�Q�W�H�U�H�V�W�� �I�R�U�� �W�K�H�L�U�� �V�L�Q�J�X�O�D�U�� �F�D��
�S�D�E�L�O�L�W�\�� �W�R�� �V�K�D�S�H�� �W�K�H�� �P�D�W�H�U�L�D�O�� �S�U�R�S�H�U�W�L�H�V�� �D�Q�G�� �W�K�H�� �S�U�R�S�D�J�D�W�L�R�Q�� �R�I�� �O�L�J�K�W���� �D�O�O�R�Z�L�Q�J�� �W�K�H�� �U�H�D�O�L�]�D�W�L�R�Q�� �R�I��
�G�H�Y�L�F�H�V�� �Z�L�W�K�� �X�Q�S�U�H�F�H�G�H�Q�W�H�G�� �S�H�U�I�R�U�P�D�Q�F�H���� �+�R�Z�H�Y�H�U���� �S�U�D�F�W�L�F�D�O�� �6�:�*�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�V�� �D�U�H���O�L�P�L�W�H�G��
�E�\�� �I�D�E�U�L�F�D�W�L�R�Q�� �F�R�Q�V�W�U�D�L�Q�W�V���� �V�X�F�K�� �D�V�� �P�L�Q�L�P�X�P�� �I�H�D�W�X�U�H�� �V�L�]�H���� �W�K�D�W�� �U�H�V�W�U�L�F�W�� �W�K�H�� �D�Y�D�L�O�D�E�O�H�� �G�H�V�L�J�Q�� �V�S�D�F�H��
�R�U�� �F�R�P�S�U�R�P�L�V�H�� �F�R�P�S�D�W�L�E�L�O�L�W�\�� �Z�L�W�K�� �K�L�J�K���Y�R�O�X�P�H�� �I�D�E�U�L�F�D�W�L�R�Q�� �W�H�F�K�Q�R�O�R�J�L�H�V���� �,�Q�G�H�H�G���� �P�R�V�W�� �V�X�F�F�H�V�V�I�X�O��
�6�:�*�� �U�H�D�O�L�]�D�W�L�R�Q�V�� �V�R�� �I�D�U�� �U�H�O�L�H�G�� �R�Q�� �H�O�H�F�W�U�R�Q���E�H�D�P�� �O�L�W�K�R�J�U�D�S�K�L�F�� �W�H�F�K�Q�L�T�X�H�V���� �F�R�P�S�U�R�P�L�V�L�Q�J�� �W�K�H�� �V�F�D�O�D��
�E�L�O�L�W�\�� �R�I�� �W�K�H�� �D�S�S�U�R�D�F�K���� �+�H�U�H���� �Z�H�� �U�H�S�R�U�W�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �G�H�P�R�Q�V�W�U�D�W�L�R�Q�� �R�I�� �D�Q�� �6�:�*�� �P�H�W�D�P�D�W�H�U�L�D�O��
�H�Q�J�L�Q�H�H�U�H�G�� �E�H�D�P�� �V�S�O�L�W�W�H�U�� �I�D�E�U�L�F�D�W�H�G�� �Z�L�W�K�� �G�H�H�S���X�O�W�U�D�Y�L�R�O�H�W�� �L�P�P�H�U�V�L�R�Q�� �O�L�W�K�R�J�U�D�S�K�\�� �L�Q�� �D�� ���������P�P�� �V�L��
�O�L�F�R�Q���R�Q���L�Q�V�X�O�D�W�R�U�� �W�H�F�K�Q�R�O�R�J�\���� �7�K�H�� �P�H�W�D�P�D�W�H�U�L�D�O�� �E�H�D�P�� �V�S�O�L�W�W�H�U�� �H�[�K�L�E�L�W�V�� �K�L�J�K�� �S�H�U�I�R�U�P�D�Q�F�H�� �R�Y�H�U�� �D��
�P�H�D�V�X�U�H�G�� �E�D�Q�G�Z�L�G�W�K�� �H�[�F�H�H�G�L�Q�J�� �������� �Q�P�� �F�H�Q�W�H�U�H�G�� �D�W�� ���������� �Q�P���� �7�K�H�V�H�� �U�H�V�X�O�W�V�� �R�S�H�Q�� �D�� �Q�H�Z�� �U�R�X�W�H���I�R�U��
�W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���V�F�D�O�D�E�O�H���V�L�O�L�F�R�Q���S�K�R�W�R�Q�L�F���F�L�U�F�X�L�W�V���H�[�S�O�R�L�W�L�Q�J���®�� �H�[�L�E�O�H���P�H�W�D�P�D�W�H�U�L�D�O���H�Q�J�L�Q�H�H�U�L�Q�J��

Metamaterial-Engineered Silicon Beam 
�6�S�O�L�W�W�H�U���)�D�E�U�L�F�D�W�H�G���Z�L�W�K���'�H�H�S���8�9���,�P�P�H�U��
sion Lithography
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�&�D�S�W�L�R�Q���������D�����6�F�D�Q�Q�L�Q�J���H�O�H�F�W�U�R�Q���P�L�F�U�R�V�F�R�S�\���L�P�D�J�H���V�K�R�Z�L�Q�J���D���F�K�D�L�Q���R�I���V�H�P�L�F�R�Q�G�X�F�W�R�U��
�F�D�Y�L�W�L�H�V���� �7�K�H�� �G�L�V�W�D�Q�F�H�� �E�H�W�Z�H�H�Q�� �W�K�H�� �F�D�Y�L�W�L�H�V�� �L�V�� �P�R�G�X�O�D�W�H�G���� �Z�K�L�F�K�� �J�L�Y�H�V�� �U�L�V�H�� �W�R�� �W�Z�R��
�G�L�ª�� �H�U�H�Q�W�� �Y�D�O�X�H�V�� �R�I�� �W�K�H�� �F�R�X�S�O�L�Q�J�� �-�� �D�Q�G�� �-�o�� �E�H�W�Z�H�H�Q�� �D�G�M�D�F�H�Q�W�� �F�D�Y�L�W�L�H�V�� ���U�H�S�U�H�V�H�Q�W�H�G��
�V�F�K�H�P�D�W�L�F�D�O�O�\�� �E�\�� �G�R�X�E�O�H�� �Z�K�L�W�H�� �D�U�U�R�Z�V������ �7�K�L�V�� �P�R�G�X�O�D�W�L�R�Q�� �R�I�� �W�K�H�� �F�R�X�S�O�L�Q�J�� �S�U�R�Y�L�G�H�V��
�W�K�H�� �O�D�W�W�L�F�H�� �Z�L�W�K�� �W�R�S�R�O�R�J�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V���� �� �7�Z�R�� �F�D�Y�L�W�L�H�V�� �R�I�� �W�K�H�� �O�D�W�W�L�F�H�� �D�U�H�� �H�[�F�L�W�H�G�� �E�\��
�W�Z�R���O�D�V�H�U�V���R�I���D�P�S�O�L�W�X�G�H���)�����D�Q�J�X�O�D�U���I�U�H�T�X�H�Q�F�\���Z���D�Q�G���S�U�H�V�H�Q�W�L�Q�J���D���S�K�D�V�H���G�L�ª�� �H�U�H�Q�F�H��
�'�M������ �E���� �)�R�U���'�M��� ���������S���W�K�H���U�H�V�H�D�U�F�K�H�U�V���K�D�Y�H���G�H�P�R�Q�V�W�U�D�W�H�G���D���Q�H�Z���I�D�P�L�O�\�� �R�I�� �V�R�O�L�W�R�Q�V����
�Z�K�L�F�K�� �P�H�D�V�X�U�H�G�� �L�Q�W�H�Q�V�L�W�\�� �S�U�R�¬���O�H�� �L�V�� �V�K�R�Z�Q�� �D�W�� �W�K�H�� �W�R�S�� �R�I�� �W�K�H�� �¬���J�X�U�H���� �7�K�H�� �L�Q�W�H�Q�V�L�W�\��
�L�V�� �Y�H�U�\�� �V�W�U�R�Q�J�� �R�Q�� �R�Q�H�� �V�L�Q�J�O�H�� �V�L�W�H���� �W�K�X�V�� �O�H�D�G�L�Q�J�� �W�R�� �W�K�H�� �V�S�H�F�W�U�D�O�� �G�H�W�X�Q�L�Q�J�� �R�I�� �W�K�L�V�� �V�L�W�H��
�Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R�� �W�K�H�� �U�H�V�W�� �R�I�� �W�K�H�� �F�K�D�L�Q���� �7�K�H�� �F�K�D�L�Q�� �L�V�� �W�K�X�V�� �H�ª�� �H�F�W�L�Y�H�O�\�� �E�U�R�N�H�Q���� �D�Q�G�� �D�Q��
�H�G�J�H���V�W�D�W�H���D�S�S�H�D�U�V���L�Q���W�K�H���H�[�F�L�W�D�W�L�R�Q���V�S�H�F�W�U�X�P�����D�V���V�K�R�Z�Q���D�W���W�K�H���E�R�W�W�R�P���R�I���W�K�H���¬���J�X�U�H��

�2�S�W�L�F�D�O�� �V�R�O�L�W�R�Q�V�� �D�U�H�� �K�L�J�K�O�\�� �O�R�F�D�O�L�]�H�G�� �Q�R�Q�O�L�Q�H�D�U�� �V�W�D�W�H�V�� �R�I��
light, which are named by analogy with solitary waves 
�H�Q�F�R�X�Q�W�H�U�H�G�� �L�Q�� �K�\�G�U�R�G�\�Q�D�P�L�F�V���� �&���1�� �U�H�V�H�D�U�F�K�H�U�V���� �Z�L�W�K��
two teams one from the Phlam laboratory in Lille and 
�W�K�H���R�W�K�H�U���I�U�R�P���,�Q�V�W�L�W�X�W���3�D�V�F�D�O���L�Q���&�O�H�U�P�R�Q�W���)�H�U�U�D�Q�G�����K�D�Y�H��
discovered a new family of optical solitons, stabilized 
by a continuous laser drive of the system, that enable 
modifying the topology of a one-dimensional topologi-
�F�D�O�� �D�U�U�D�\�� �R�I�� �V�H�P�L�F�R�Q�G�X�F�W�R�U�� �Q�R�Q�O�L�Q�H�D�U�� �P�L�F�U�R�F�D�Y�L�W�L�H�V���� �5�H��
markably, these solitons make possible the generation 
�R�I���D�Q���R�S�W�L�F�D�O���L�Q�W�H�U�I�D�F�H�����D�Q���H�G�J�H�����L�Q���W�K�H���E�X�O�N���R�I���W�K�H���O�D�W�W�L�F�H��

�7�R�S�R�O�R�J�\�� �L�V�� �D�� �E�U�D�Q�F�K�� �R�I�� �P�D�W�K�H�P�D�W�L�F�V�� �W�K�D�W�� �F�O�D�V�V�L�¬�� �H�V�� �R�E��
jects independently of their local symmetries (the de-
�W�D�L�O�� �R�I�� �W�K�H�L�U�� �V�K�D�S�H������ �E�\�� �X�V�L�Q�J�� �J�O�R�E�D�O�� �S�U�R�S�H�U�W�L�H�V�� �F�K�D�U�D�F��
�W�H�U�L�]�H�G�� �E�\�� �L�Q�W�H�J�H�U�V�� �F�D�O�O�H�G�� �W�R�S�R�O�R�J�L�F�D�O�� �L�Q�Y�D�U�L�D�Q�W�V���� �7�K�H�V�H��
�F�R�Q�F�H�S�W�V�� �K�D�Y�H�� �S�U�R�Y�H�Q�� �H�[�W�U�D�R�U�G�L�Q�D�U�\�� �L�Q�� �H�[�S�O�D�L�Q�L�Q�J�� �W�K�H��
deep nature of certain physical phenomena such as the 
�T�X�D�Q�W�X�P�� �+�D�O�O�� �H�ª�� �H�F�W�� �R�I�� �D�� �W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O�� �J�D�V�� �R�I�� �H�O�H�F��
trons, in which electrical conduction occurs through 
edge channels localized at the interface between the 
�P�D�W�H�U�L�D�O���D�Q�G���Y�D�F�X�X�P���� �)�D�E�U�L�F�D�W�L�Q�J���V�\�Q�W�K�H�W�L�F���S�K�\�V�L�F�D�O���V�\�V��
�W�H�P�V�� �D�O�O�R�Z�� �H�[�W�H�Q�G�L�Q�J�� �W�K�H�� �¬�� �H�O�G�� �R�I�� �W�R�S�R�O�R�J�L�F�D�O�� �S�K�\�V�L�F�V����
�D�Q�G���W�D�F�N�O�L�Q�J���R�Q�H���R�I���W�K�H���P�D�M�R�U���F�K�D�O�O�H�Q�J�H�V���R�I���W�K�H���¬�� �H�O�G�����W�K�H��
�L�Q�®�� �X�H�Q�F�H�� �R�I�� �L�Q�W�H�U�D�F�W�L�R�Q�V�� �R�Q�� �W�K�H�V�H�� �W�R�S�R�O�R�J�L�F�D�O�� �S�K�D�V�H�V����
�1�R�Z�D�G�D�\�V���� �W�K�H�� �¬�� �H�O�G�� �R�I�� �S�K�R�W�R�Q�L�F�V�� �P�D�N�H�V�� �L�W�� �S�R�V�V�L�E�O�H�� �W�R��
�F�R�P�E�L�Q�H���W�R�S�R�O�R�J�\���D�Q�G���Q�R�Q���O�L�Q�H�D�U���R�S�W�L�F�V�����7�K�L�V���L�V���Z�K�D�W���&���1��
researchers have just achieved in collaboration with a 

�W�H�D�P���I�U�R�P���W�K�H���,�Q�V�W�L�W�X�W���3�D�V�F�D�O���L�Q���&�O�H�U�P�R�Q�W���)�H�U�U�D�Q�G�����7�K�H�\��
studied the non-linear response of a one-dimensional 
chain of optical resonators under continuous laser drive 
���V�H�H�� �¬�� �J�X�U�H�� �D������ �7�K�H�V�H�� �F�K�D�L�Q�V�� �F�R�Q�V�L�V�W�� �R�I�� �V�H�P�L�F�R�Q�G�X�F�W�R�U��
�F�D�Y�L�W�L�H�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �D�Q�� �D�F�W�L�Y�H�� �P�D�W�H�U�L�D�O�� ���D�� �T�X�D�Q�W�X�P�� �Z�H�O�O����
�D�Q�G�� �R�S�H�U�D�W�L�Q�J�� �L�Q�� �W�K�H�� �V�W�U�R�Q�J�� �H�[�F�L�W�R�Q���S�K�R�W�R�Q�� �F�R�X�S�O�L�Q�J��
�U�H�J�L�P�H���� �W�K�X�V�� �O�H�D�G�L�Q�J�� �W�R�� �D�� �J�L�D�Q�W�� �R�S�W�L�F�D�O�� �Q�R�Q���O�L�Q�H�D�U�L�W�\��
By imposing a phase frustration via the quasi-resonant 
�F�R�Q�W�L�Q�X�R�X�V�� �O�D�V�H�U�� �H�[�F�L�W�D�W�L�R�Q���� �W�K�H�� �U�H�V�H�D�U�F�K�H�U�V�� �Z�H�U�H�� �D�E�O�H��
to stabilize a new family of dissipative solitons, which 
�K�D�Y�H�� �Q�R�� �H�T�X�L�Y�D�O�H�Q�W�� �L�Q�� �F�R�Q�V�H�U�Y�D�W�L�Y�H�� �V�\�V�W�H�P�V���� �7�K�H�V�H�� �V�R��
litons inherit the symmetry properties of the lattice, 
which make them robust against certain types of de-
�I�H�F�W�V���� �5�H�P�D�U�N�D�E�O�\���� �W�K�H�V�H�� �Q�H�Z�� �V�R�O�L�W�R�Q�V�� �V�K�R�Z�� �D�� �S�H�F�X��
liar spatial distribution, which optically «breaks» the 
�F�K�D�L�Q���� �H�ª�� �H�F�W�L�Y�H�O�\�� �U�H�P�R�Y�L�Q�J�� �R�Q�H�� �R�I�� �W�K�H�� �V�L�W�H�V�� �I�U�R�P�� �W�K�H��
�D�U�U�D�\�� ���V�H�H�� �¬�� �J�X�U�H�� �E������ �7�K�L�V�� �L�V�� �D�� �V�W�U�L�N�L�Q�J�� �G�H�P�R�Q�V�W�U�D�W�L�R�Q��
that interactions can be tailored to generate a new 
edge in the bulk of the lattice, and therefore to induce 
�D�� �Q�H�Z�� �W�R�S�R�O�R�J�L�F�D�O�� �H�G�J�H�� �V�W�D�W�H�� �D�W�� �D�� �F�R�P�S�O�H�W�H�O�\�� �X�Q�H�[�S�H�F��
�W�H�G�� �O�R�F�D�W�L�R�Q�� �I�U�R�P�� �W�K�H�� �S�R�L�Q�W�� �R�I�� �Y�L�H�Z�� �R�I�� �O�L�Q�H�D�U�� �S�K�\�V�L�F�V��
�7�K�H�V�H�� �U�H�V�X�O�W�V�� �R�S�H�Q�� �X�S�� �D�� �Q�H�Z�� �¬�� �H�O�G�� �R�I�� �U�H�V�H�D�U�F�K�� �D�L��
med at manipulating the topology of an open sys-
tem via the optical drive, a promising technique 
for the future study of the nonlinear properties of 
�W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O�� �S�K�R�W�R�Q�L�F�� �W�R�S�R�O�R�J�L�F�D�O�� �L�Q�V�X�O�D�W�R�U�V��

�2�S�W�L�F�D�O���V�R�O�L�W�R�Q�V���F�U�H�D�W�H���D���W�R�S�R�O�R�J�L�F�D�O���H�G�J�H��
in the bulk of a 1D chain of optical cavities
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�W�Z�R���S�K�R�W�R�Q�V���D�W���G�L�ª�� �H�U�H�Q�W���W�L�P�H�V��

Entanglement is a key resource for quantum techno-
logies and most especially for those based on light, 
where photon entanglement is an essential ingredient 
of many applications ranging from quantum commu-
�Q�L�F�D�W�L�R�Q�V�� �W�R�� �T�X�D�Q�W�X�P�� �F�R�P�S�X�W�L�Q�J���� �7�K�H�� �J�H�Q�H�U�D�W�L�R�Q�� �R�I��
photon entanglement is often cumbersome, requiring 
�F�R�P�S�O�H�[�� �D�Q�G�� �F�D�U�H�I�X�O�O�\�� �G�H�V�L�J�Q�H�G�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �V�F�K�H�P�H�V��
Here the researchers proposed and demonstrated a new 
�D�Q�G���X�W�W�H�U�O�\���V�L�P�S�O�H���Z�D�\���W�R���J�H�Q�H�U�D�W�H���H�Q�W�D�Q�J�O�H�G���O�L�J�K�W�����,�W���H�[��
ploits the light-matter entanglement occurring when an 
�D�W�R�P���H�P�L�W�V���D���S�K�R�W�R�Q�����,�Q���W�K�H���S�U�R�S�R�V�H�G���V�F�K�H�P�H�����W�K�H���D�W�R�P��
�L�V���H�[�F�L�W�H�G���Z�L�W�K���W�Z�R���F�R�Q�V�H�F�X�W�L�Y�H���O�D�V�H�U���S�X�O�V�H�V�����W�K�H���¬�� �U�V�W���O�D��
�V�H�U�� �S�X�O�V�H�� �V�H�W�V�� �W�K�H�� �D�W�R�P�� �R�Q�� �L�W�V�� �H�[�F�L�W�H�G�� �V�W�D�W�H���� �S�U�H�S�D�U�L�Q�J��
�W�K�H���D�W�R�P���W�R���H�P�L�W���D���S�K�R�W�R�Q���Y�L�D���W�K�H���V�S�R�Q�W�D�Q�H�R�X�V���H�P�L�V�V�L�R�Q����
Half-way through this emission process, the atom-pho-
�W�R�Q�� �V�\�V�W�H�P�� �L�V�� �L�Q�� �D�Q�� �H�Q�W�D�Q�J�O�H�G�� �V�W�D�W�H�� �Z�L�W�K�� �W�K�H�� �D�W�R�P�� �H�[��
cited and no photon emitted, or in the atom back to its 

�J�U�R�X�Q�G�� �V�W�D�W�H�� �D�Q�G�� �D�� �S�K�R�W�R�Q�� �H�P�L�W�W�H�G���� �$�W�� �W�K�L�V�� �P�R�P�H�Q�W���� �D��
�V�H�F�R�Q�G���O�D�V�H�U���S�X�O�V�H���U�H�Y�H�U�W�V���W�K�H���D�W�R�P���V�W�D�W�H�����L���H�������I�U�R�P���W�K�H��
�H�[�F�L�W�H�G���W�R���W�K�H���J�U�R�X�Q�G���V�W�D�W�H���D�Q�G���Y�L�F�H���Y�H�U�V�D�����$�W���W�K�H���H�Q�G���R�I��
the spontaneous emission process, both two photons 
�D�Q�G���Q�R���S�K�R�W�R�Q�V���K�D�Y�H���E�H�H�Q���H�P�L�W�W�H�G�s�� �D�Q�G���W�K�H���J�H�Q�H�U�D�W�H�G��
�O�L�J�K�W�� �V�K�R�Z�V�� �H�Q�W�D�Q�J�O�H�P�H�Q�W�� �L�Q�� �W�K�H�� �S�K�R�W�R�Q�� �Q�X�P�E�H�U�� �E�D�V�L�V��
�7�K�H�V�H�� �H�[�S�H�U�L�P�H�Q�W�V�� �D�U�H�� �G�R�Q�H�� �Z�L�W�K�� �D�Q�� �D�U�W�L�¬�� �F�L�D�O�� �D�W�R�P��
�s�� �D�� �V�H�P�L�F�R�Q�G�X�F�W�R�U�� �T�X�D�Q�W�X�P�� �G�R�W�� �s�� �L�Q�V�H�U�W�H�G�� �L�Q�� �D�Q�� �R�S��
tical cavity, a device that has been shown to be one of 
�W�K�H�� �E�U�L�J�K�W�H�V�W�� �V�L�Q�J�O�H���S�K�R�W�R�Q�� �V�R�X�U�F�H���� �7�K�L�V�� �Z�R�U�N�� �E�H�D�X�W�L��
fully illustrates how fundamental research, boosted 
by state-of-the-art technology, can lead to new dis-
coveries in physics situation that one thought fully 
�X�Q�G�H�U�V�W�R�R�G�� �D�Q�G�� �H�[�S�O�R�L�W�H�G���� �0�R�U�H�R�Y�H�U���� �L�W�� �R�S�H�Q�V�� �P�D�Q�\��
�S�H�U�V�S�H�F�W�L�Y�H�V�� �W�R�� �J�H�Q�H�U�D�W�H�� �P�R�U�H�� �F�R�P�S�O�H�[�� �D�Q�G�� �V�F�D�O�D�E�O�H��
�S�K�R�W�R�Q�� �H�Q�W�D�Q�J�O�H�P�H�Q�W�� �V�W�L�O�O�� �Z�L�W�K�� �D�� �Y�H�U�\�� �V�L�P�S�O�H�� �V�F�K�H�P�H��

An international team, gathering scientists from the Centre for Nanoscience and Nano-
�W�H�F�K�Q�R�O�R�J�\���� �W�K�H�� �,�Q�V�W�L�W�X�W�� �1�Ä�H�O�� �D�Q�G�� �W�K�H�� �8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �&�D�O�J�D�U�\���� �K�D�V�� �G�L�V�F�R�Y�H�U�H�G�� �D�� �Q�H�Z�� �Z�D�\��
�W�R�� �J�H�Q�H�U�D�W�H�� �H�Q�W�D�Q�J�O�H�G�� �V�W�D�W�H�V�� �R�I�� �O�L�J�K�W���� �7�K�L�V�� �Z�R�U�N�� �L�V�� �S�X�E�O�L�V�K�H�G�� �W�R�G�D�\�� �L�Q�� �1�D�W�X�U�H�� �3�K�R�W�R�Q�L�F�V��

�,�Q�W�H�U�Q�D�W�L�R�Q�D�O���W�H�D�P���R�I���V�F�L�H�Q�W�L�V�W�V���¬�� �Q�G�V��
�Q�H�Z���D�Q�G���V�L�P�S�O�H�U���Z�D�\���W�R���J�H�Q�H�U�D�W�H��
“quantum light”

Contact : Pascale Senellart
pascale.senellart@c2n.upsaclay.fr
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Symmetries play a fundamental role in physics, and 
often give a handle to predict many observed phe-
�Q�R�P�H�Q�D���� �+�R�Z�H�Y�H�U���� �V�R�P�H�� �V�\�V�W�H�P�V�� �F�D�Q�� �E�U�H�D�N�� �W�K�H�L�U��
�V�\�P�P�H�W�U�\�� �V�S�R�Q�W�D�Q�H�R�X�V�O�\������ �7�K�H�� �K�H�[�D�J�R�Q�D�O�� �V�K�D�S�H�V�� �R�I��
�V�D�O�W�� �G�H�V�H�U�W�V���� �W�K�H�� �F�X�U�L�R�X�V�� �J�H�R�P�H�W�U�L�H�V�� �R�I�� �V�Q�R�Z�®�� �D�N�H�V����
the convection of air masses in the form of rolls in 
the atmosphere, phase transitions in ferromagne-
�W�L�V�P�f�� �7�K�H�V�H�� �D�U�H�� �V�R�P�H�� �H�[�D�P�S�O�H�V�� �R�I�� �Z�K�D�W�� �L�Q�� �S�K�\��
�V�L�F�V�� �L�V�� �F�D�O�O�H�G�� �V�S�R�Q�W�D�Q�H�R�X�V�� �V�\�P�P�H�W�U�\�� �E�U�H�D�N�L�Q�J�� ���6�6�%����
�2�Q�H�� �R�I�� �W�K�H�� �P�R�G�H�O�� �V�\�V�W�H�P�V�� �X�Q�G�H�U�J�R�L�Q�J�� �6�6�%�� �L�Q�� �D�W�R�P�L�F��
and condensed matter physics is the double well po-
tential containing interacting bosons, known as the 
�p�%�R�V�H���+�X�E�E�D�U�G�� ���%�+���� �G�L�P�H�U�q���� �7�K�H�� �V�\�V�W�H�P�� �K�D�V�� �P�L�U�U�R�U��
�V�\�P�P�H�W�U�\���� �\�H�W���� �W�K�H���V�W�H�D�G�\�� �V�W�D�W�H���R�I�� �W�K�H���E�R�V�R�Q�V���� �P�D�\�� �Q�R�W��
�U�H�V�S�H�F�W�� �W�K�L�V�� �V�\�P�P�H�W�U�\���� �D�Q�G�� �P�D�\�� �J�H�W�� �F�R�Q�¬�� �Q�H�G�� �L�Q�� �R�Q�H�� �R�I��
�W�K�H�� �Z�H�O�O�V�� ���D�� �V�L�Q�J�O�H�� �V�L�G�H�� �R�I�� �W�K�H�� �p�P�L�U�U�R�U�q������ �)�R�U�� �6�6�%�� �W�R�� �R�F��
cur, the interaction energy U between particles must 
�H�[�F�H�H�G�� �W�K�H�� �p�W�X�Q�Q�H�O�L�Q�J�q�� �H�Q�H�U�J�\�� �-�� �Z�K�L�F�K�� �D�O�O�R�Z�V�� �W�K�H�� �S�D�U��
�W�L�F�O�H�V�� �W�R�� �M�X�P�S�� �E�H�W�Z�H�H�Q�� �W�K�H�� �Z�H�O�O�V���� �%�+�� �O�D�W�W�L�F�H�V�� �D�U�H�� �Z�L��
dely investigated in atomic physics because they en-
�D�E�O�H�� �T�X�D�Q�W�X�P�� �S�K�D�V�H�� �W�U�D�Q�V�L�W�L�R�Q�V�� �L�Q�� �O�D�U�J�H���V�F�D�O�H�� �V�\�V�W�H�P�V��

�,�Q�W�H�J�U�D�W�H�G�� �Q�D�Q�R�S�K�R�W�R�Q�L�F�V�� �L�V�� �D�Q�� �R�X�W�V�W�D�Q�G�L�Q�J�� �D�O�W�H�U�Q�D�W�L�Y�H��
�S�O�D�W�I�R�U�P���I�R�U���W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���6�6�%�����7�K�H���S�D�U�W�L�F�O�H�V���L�Q��
�T�X�H�V�W�L�R�Q���D�U�H���S�K�R�W�R�Q�V�����W�K�H���Z�H�O�O�V���D�U�H���p�R�S�W�L�F�D�O���F�D�Y�L�W�L�H�V�q�����D�Q�G���8��
is provided by light-matter interactions (optical nonlinea-
�U�L�W�\�������7�K�H���F�K�D�O�O�H�Q�J�H���L�V���W�R���U�H�D�O�L�]�H���V�W�U�R�Q�J���8�����L�Q���R�U�G�H�U���W�R���U�H�D�F�K��
�6�6�%�� �W�K�U�H�V�K�R�O�G�V�� �Z�L�W�K�� �X�O�W�U�D�O�R�Z�� �O�L�J�K�W�� �L�Q�W�H�Q�V�L�W�L�H�V���� �$�Q�G�� �I�R�U��
this, the engineering of coupled optical nanocavities with 
�,�,�,���9���V�H�P�L�F�R�Q�G�X�F�W�R�U���T�X�D�Q�W�X�P���Z�H�O�O�V���S�O�D�\�V���D���N�H�\���U�R�O�H�����H�Q�D��
bling tailoring not only the strength of J, but also its sign! 
The C2N team, in collaboration with researchers in New 
Zealand and the Netherlands, demonstrated SSB in a 
nanophotonic BH dimer, formed by two photonic crys-
�W�D�O���F�R�X�S�O�H�G�� �Q�D�Q�R�F�D�Y�L�W�L�H�V���� �X�Q�O�L�N�H�� �D�� �S�U�H�Y�L�R�X�V�� �G�H�P�R�Q�V�W�U�D��
tion by the C2N team in a laser oscillating regime [2], here 
�W�K�H���R�S�W�L�F�D�O���H�[�F�L�W�D�W�L�R�Q���L�V���F�R�K�H�U�H�Q�W�����U�H�V�R�Q�D�Q�W�������D�Q�G���W�K�H���Q�R�Q��
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of the blue-shift nonlinearity of the quantum wells, the ob-
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of SSB is only guaranteed if J<0! Such photonic meta-ma-
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symmetry breaking”, as it is the case in mecha-
nics, hydrodynamics, or even in particle physics. 
�$���W�H�D�P���I�U�R�P���&���1�����W�R�J�H�W�K�H�U���Z�L�W�K���F�R�O�O�D�E�R�U�D�W�R�U�V���I�U�R�P��
�W�K�H���1�H�W�K�H�U�O�D�Q�G�V���D�Q�G���1�H�Z���=�H�D�O�D�Q�G�����G�H�P�R�Q�V�W�U�D�W�H�G��
�I�R�U���W�K�H���¬�� �U�V�W���W�L�P�H�����V�S�R�Q�W�D�Q�H�R�X�V���E�U�H�D�N�L�Q�J���R�I���P�L�U�U�R�U��
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celebrated Bose-Hubbard model, accounting for 
boson hoping and interaction in optical lattices.  

A perfectly symmetric system that ends up 
in a non-symmetric state: coupled optical 
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Universality is a powerful concept in statistical physics 
that allows understanding critical phenomena and des-
�F�U�L�E�L�Q�J�� �W�K�H�P�� �H�ª�� �H�F�W�L�Y�H�O�\�� �R�Q�� �W�K�H�� �E�D�V�L�V�� �R�I�� �D�� �I�H�Z�� �I�X�Q�G�D��
�P�H�Q�W�D�O�� �L�Q�J�U�H�G�L�H�Q�W�V���� �6�\�V�W�H�P�V�� �D�V�� �G�L�ª�� �H�U�H�Q�W�� �D�V�� �F�U�\�V�W�D�O�O�L�Q�H��
surfaces, frost on a window or modern urban skylines 
�X�Q�G�H�U�� �E�X�L�O�G�L�Q�J�� �F�R�Q�V�W�U�D�L�Q�W�V���� �F�D�Q�� �D�O�O�� �E�H�� �H�ª�� �H�F�W�L�Y�H�O�\�� �G�H�V��
�F�U�L�E�H�G�� �D�V�� �D�Q�� �L�Q�W�H�U�I�D�F�H�� �R�I�� �K�H�L�J�K�W�� �K���U���W������ �Z�K�R�V�H�� �G�\�Q�D�P�L�F�V��
is governed by the same non-linear stochastic equa-
�W�L�R�Q���� �Q�D�P�H�G�� �.�D�U�G�D�U���3�D�U�L�V�L���=�K�D�Q�J�� �H�T�X�D�W�L�R�Q�� ���.�3�=������ �D�I��
�W�H�U�� �W�K�H�� ���� �S�K�\�V�L�F�L�V�W�V�� �Z�K�R�� �¬�� �U�V�W�� �L�Q�W�U�R�G�X�F�H�G�� �L�W�� �L�Q�� ���������� �>���@����
�7�K�L�V�� �Y�H�U�\�� �V�L�P�S�O�H�� �H�T�X�D�W�L�R�Q�� �L�V�� �H�[�W�U�D�R�U�G�L�Q�D�U�L�O�\�� �U�L�F�K���� �,�W�� �S�U�H��
dicts the development of spatio-temporal correlations 
in the interface height: the height observed at time t 
�D�Q�G�� �S�R�V�L�W�L�R�Q�� �[�� �G�H�S�H�Q�G�V�� �R�Q�� �Z�K�D�W�� �Z�D�V�� �R�E�V�H�U�Y�H�G�� �D�W�� �W� ����
�D�Q�G�� �[� ������ �7�K�X�V�� �V�H�O�I���V�L�P�L�O�D�U�� �V�W�U�X�F�W�X�U�H�V�� �G�H�Y�H�O�R�S�� �L�Q�� �W�L�P�H��
�D�Q�G�� �V�S�D�F�H�� �Z�L�W�K�� �X�Q�L�Y�H�U�V�D�O�� �F�U�L�W�L�F�D�O�� �H�[�S�R�Q�H�Q�W�V�� �W�K�D�W�� �R�Q�O�\��
�G�H�S�H�Q�G�� �R�Q�� �W�K�H�� �G�L�P�H�Q�V�L�R�Q�D�O�L�W�\�� �R�I�� �W�K�H�� �L�Q�W�H�U�I�D�F�H���� �7�K�H��
�E�H�D�X�W�\�� �R�I�� �I�U�R�V�W�� �H�P�H�U�J�H�� �I�U�R�P�� �W�K�H�V�H�� �F�R�P�S�O�H�[�� �V�W�U�X�F�W�X�U�H�V��
An international team of researchers has just demons-
�W�U�D�W�H�G�� �H�[�S�H�U�L�P�H�Q�W�D�O�O�\�� �W�K�D�W�� �S�K�R�W�R�Q�L�F�� �V�\�V�W�H�P�V�� �D�O�V�R�� �E�H��
�O�R�Q�J�� �W�R�� �W�K�H�� �.�3�=�� �X�Q�L�Y�H�U�V�D�O�L�W�\�� �F�O�D�V�V���� �D�� �U�H�V�X�O�W�� �W�K�H�R�U�H�W�L�F�D�O�O�\��
�S�U�H�G�L�F�W�H�G���L�Q�������������>���@�����7�K�H���N�Q�R�Z���K�R�Z���L�Q���Q�D�Q�R�W�H�F�K�Q�R�O�R�J�\��
at the Center for Nanosciences and Nanotechnologies 
���&���1�����K�D�Y�H���H�Q�D�E�O�H�G���W�R���V�F�X�O�S�W���O�D�W�W�L�F�H�V���R�I���R�S�W�L�F�D�O���P�L�F�U�R�F�D��
�Y�L�W�L�H�V�� �L�Q�� �V�H�P�L�F�R�Q�G�X�F�W�R�U�� �P�D�W�H�U�L�D�O�V�� ���V�H�H�� �)�L�J���D���� �E�R�W�W�R�P�� �S�D��
�Q�H�O�������/�L�J�K�W���W�U�D�S�S�H�G���L�Q���W�K�H�V�H���F�D�Y�L�W�L�H�V���F�R�X�S�O�H�V���W�R���H�O�H�F�W�U�R�Q�L�F��
�H�[�F�L�W�D�W�L�R�Q�V���D�Q�G���I�R�U�P�V���K�\�E�U�L�G���O�L�J�K�W���P�D�W�W�H�U���T�X�D�V�L���S�D�U�W�L�F�O�H�V��
�F�D�O�O�H�G���F�D�Y�L�W�\���S�R�O�D�U�L�W�R�Q�V�����7�K�H�V�H���S�R�O�D�U�L�W�R�Q�V���F�D�Q���D�F�F�X�P�X�O�D�W�H��
massively in the same quantum state and form a cohe-
rent collective state called out-of-equilibrium Bose-Eins-
�W�H�L�Q���F�R�Q�G�H�Q�V�D�W�H�����V�H�H���)�L�J���D�����W�R�S���S�D�Q�H�O�������7�K�H���Z�D�Y�H�I�U�R�Q�W���R�I��
the condensate behaves in time and space as an inter-
�I�D�F�H�����V�H�H���)�L�J���E�������D�Q�G���R�E�H�\�V���W�K�H���I�D�P�R�X�V���.�3�=���H�T�X�D�W�L�R�Q���>���@����

The team of Jacqueline Bloch and Sylvain Ravets at C2N 
generated one-dimensional polariton condensates and 
�S�U�R�E�H�G���� �W�K�U�R�X�J�K�� �R�S�W�L�F�D�O�� �L�Q�W�H�U�I�H�U�R�P�H�W�U�\�� �H�[�S�H�U�L�P�H�Q�W�V����
�W�K�H�� �V�S�D�W�L�R���W�H�P�S�R�U�D�O�� �F�R�K�H�U�H�Q�F�H�� �R�I�� �W�K�H�L�U�� �H�P�L�V�V�L�R�Q���� �9�H�U�\��
�V�S�H�F�W�D�F�X�O�D�U�O�\���� �4�X�H�Q�W�L�Q�� �)�R�Q�W�D�L�Q�H�� �D�Q�G�� �'�D�Y�L�G�H�� �6�T�X�L�]�]�D�W�R����
post-doctoral fellows at C2N and at Laboratory of Phy-
�V�L�F�V���D�Q�G���0�R�G�H�O�L�Q�J���R�I���&�R�Q�G�H�Q�V�H�G���0�D�W�W�H�U�����/�3�0�0�&�����L�Q���*�U�H��
�Q�R�E�O�H���� �Z�H�U�H�� �D�E�O�H�� �W�R�� �G�H�P�R�Q�V�W�U�D�W�H�� �W�K�D�W�� �W�K�H�� �H�[�S�H�U�L�P�H�Q��
tally measured and numerically calculated datapoints 
align perfectly onto a universal scaling curve that cha-
�U�D�F�W�H�U�L�]�H�V�� �W�K�H�� �.�3�=�� �X�Q�L�Y�H�U�V�D�O�L�W�\�� �F�O�D�V�V�� �L�Q�� ���'�� ���V�H�H�� �)�L�J���F����
The numerical simulations carried out at the LPMMC in the 
team of Léonie Canet and Anna Minguzzi were able to re-
�S�U�R�G�X�F�H���W�K�H���H�[�S�H�U�L�P�H�Q�W�V�����D�Q�G���W�K�H�Q���H�Q�D�E�O�H�G���G�H�Y�H�O�R�S�L�Q�J���D��
�G�H�H�S���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�K�L�V���Q�H�Z���V�\�V�W�H�P�����,�Q�G�H�H�G�����V�L�Q�F�H���W�K�H��
�Y�D�U�L�D�E�O�H���G�H�V�F�U�L�E�L�Q�J���W�K�H���L�Q�W�H�U�I�D�F�H���L�V���D���S�K�D�V�H�����G�H�¬�� �Q�H�G���S�H�U�L�R��
�G�L�F�D�O�O�\���E�H�W�Z�H�H�Q�������D�Q�G�����Å�����W�K�H���L�Q�W�H�U�I�D�F�H���F�D�Q���Z�L�Q�G���R�Q���L�W�V�H�O�I��
�D�Q�G���I�R�U�P���Y�R�U�W�L�F�H�V�����6�X�F�K���†�W�R�S�R�O�R�J�L�F�D�O�–���G�H�I�H�F�W�V���F�D�Q���S�R�W�H�Q��
�W�L�D�O�O�\���G�H�V�W�U�R�\���.�3�=���F�R�U�U�H�O�D�W�L�R�Q�V�����7�K�H���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���F�R�Q�V�R�U��
�W�L�X�P���G�L�V�F�R�Y�H�U�H�G���W�K�D�W���L�Q���W�K�H���U�H�J�L�P�H���Z�K�H�U�H���W�K�H���H�[�S�H�U�L�P�H�Q�W�V��
�R�S�H�U�D�W�H�����.�3�=���F�R�U�U�H�O�D�W�L�R�Q�V���D�U�H���U�H�V�L�O�L�H�Q�W���W�R���W�K�H���D�S�S�H�D�U�D�Q�F�H��
of vortices, because they appear and disappear in pairs 
�R�I�� �R�S�S�R�V�L�W�H�� �Y�R�U�W�L�F�L�W�L�H�V���� �D�Q�G�� �W�K�H�L�U�� �G�H�Q�V�L�W�\�� �L�V�� �O�R�Z�� �H�Q�R�X�J�K��
�7�K�L�V���Z�R�U�N���R�S�H�Q�V���D���Q�H�Z���D�Y�H�Q�X�H���I�R�U���W�K�H���V�W�X�G�\���R�I���.�3�=���S�K�\�V�L�F�V��
�D�Q�G���W�K�H���H�[�S�O�R�U�D�W�L�R�Q���R�I���W�K�H���U�L�F�K���S�K�D�V�H���G�L�D�J�U�D�P���R�I���R�X�W���R�I��
�H�T�X�L�O�L�E�U�L�X�P���%�R�V�H���(�L�Q�V�W�H�L�Q���F�R�Q�G�H�Q�V�D�W�H�V�����7�K�L�V���Y�H�U�\���J�H�Q�H�U�D�O��
physics applies to all out-of-equilibrium condensates, and 
�P�D�\���D�S�S�H�D�U���F�U�X�F�L�D�O���I�R�U���W�K�H���R�S�W�L�P�L�]�D�W�L�R�Q���R�I���H�[�W�H�Q�G�H�G���V�R��
�O�L�G���V�W�D�W�H���O�D�V�H�U�V�����)�L�Q�D�O�O�\�����D�O�O���W�K�H���L�Q�J�U�H�G�L�H�Q�W�V���D�U�H���Q�R�Z���J�D�W�K�H��
�U�H�G���W�R���S�U�R�E�H���H�[�S�H�U�L�P�H�Q�W�D�O�O�\���� �I�R�U���W�K�H���¬�� �U�V�W���W�L�P�H���� �W�K�H���.�3�=��
�F�R�U�U�H�O�D�W�L�R�Q�V���L�Q���D���W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O���V�\�V�W�H�P�����7�K�L�V���F�K�D�O�O�H�Q�J�H��
will be attempted very soon in two-dimensional pola-
�U�L�W�R�Q�� �F�R�Q�G�H�Q�V�D�W�H�V�� �W�K�D�W�� �D�U�H�� �U�R�X�W�L�Q�H�O�\�� �U�H�D�O�L�]�H�G�� �D�W�� �&���1��

Coherent light reveals 
universal behavior
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�V�L�Q�R�V���%�D�O�O�H�V�W�H�U�����-�����3�H�O�W�L�H�U�����-���)�U�L�J�H�U�L�R�����$�����%�D�O�O�D�E�L�R�����5����
�*�L�D�Q�L�����-���5�����&�R�X�G�H�Y�\�O�O�H�����&�����9�L�O�O�H�E�D�V�V�H�����'�����%�R�X�Y�L�O�O�H�����&����
�$�O�R�Q�V�R���5�D�P�R�V�����/�����9�L�Y�L�H�Q�����*�����,�V�H�O�O�D�����'�����0�D�U�U�L�V���0�R�U�L�Q�L

�2�S�W�L�F�V���(�[�S�U�H�V�V������������������������������������������������
�'�2�,�������K�W�W�S�V�������G�R�L���R�U�J�������������������2�(��������������

�2�S�W�L�F�D�O���V�S�H�F�W�U�R�V�F�R�S�\���L�Q���W�K�H���P�L�G���L�Q�I�U�D�U�H�G�����P�L�G���,�5�����U�D�Q�J�H���L�V��
�D�Q���X�Q�D�P�E�L�J�X�R�X�V���Z�D�\���W�R���G�H�W�H�F�W���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���D�Q�G���W�R�[�L�F��
�D�Q�D�O�\�W�H�V�����7�K�H�U�H�I�R�U�H�����P�L�G���,�5���S�K�R�W�R�Q�L�F�V���K�D�V���D���J�U�H�D�W���L�P�S�R�U��
tance for many applications in sensing, imaging or even 
�W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q���� �$�� �F�K�D�O�O�H�Q�J�L�Q�J�� �W�D�V�N�� �L�V�� �W�R�� �P�D�N�H�� �P�L�G��
�,�5�� �V�S�H�F�W�U�R�V�F�R�S�\�� �D�F�F�H�V�V�L�E�O�H�� �L�Q�� �U�H�P�R�W�H�� �D�U�H�D�V���� �G�U�L�Y�L�Q�J�� �W�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �F�R�P�S�D�F�W�� �D�Q�G�� �F�R�V�W���H�ª�� �H�F�W�L�Y�H�� �V�R�O�X�W�L�R�Q�V����
�7�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �P�L�G���,�5�� �S�K�R�W�R�Q�L�F�V�� �F�L�U�F�X�L�W�V�� �K�D�V�� �W�K�X�V��
�Z�L�W�Q�H�V�V�H�G���D���E�X�U�V�W���R�I���U�H�V�H�D�U�F�K���D�F�W�L�Y�L�W�\���L�Q���W�K�H���U�H�F�H�Q�W���\�H�D�U�V��
�,�Q�� �W�K�L�V�� �F�R�Q�W�H�[�W���� �U�H�V�H�D�U�F�K�H�U�V�� �I�U�R�P�� �&���1�� �L�Q�� �F�R�O�O�D�E�R�U�D�W�L�R�Q��
�Z�L�W�K���3�R�O�L�W�H�F�Q�L�F�R���'�L���0�L�O�D�Q�R���K�D�Y�H���H�[�S�H�U�L�P�H�Q�W�D�O�O�\���G�H�P�R�Q�V��
�W�U�D�W�H�G���K�L�J�K���S�H�U�I�R�U�P�D�Q�F�H���R�Q���F�K�L�S���R�S�W�R�H�O�H�F�W�U�R�Q�L�F�V���G�H�Y�L�F�H�V��
First, optical modulator based on free carrier plasma 
�G�L�V�S�H�U�V�L�R�Q�� �H�ª�� �H�F�W�� �L�Q�� �J�U�D�G�H�G�� �6�L�*�H�� �Z�D�Y�H�J�X�L�G�H�� �H�P�E�H�G��

�G�L�Q�J�� �D�� �6�F�K�R�W�W�N�\�� �G�L�R�G�H�� �K�D�Y�H�� �E�H�H�Q�� �G�H�Y�H�O�R�S�H�G���� �7�K�H�� �P�D�L�Q��
challenges for high-speed operation have been tackled, 
allowing to demonstrate 1 GHz operation in an inte-
�J�U�D�W�H�G���G�H�Y�L�F�H���R�S�H�U�D�W�L�Q�J���I�U�R�P�������W�R�������•�P���Z�D�Y�H�O�H�Q�J�W�K���>���@��
Then a waveguide-integrated photodetector has been 
�G�H�P�R�Q�V�W�U�D�W�H�G�� �I�R�U�� �W�K�H�� �¬�� �U�V�W�� �W�L�P�H�� �L�Q�� �D�� �V�L�P�L�O�D�U�� �Z�D�Y�H�O�H�Q��
�J�W�K�� �U�D�Q�J�H�� �>���@���� �$�� �U�H�V�S�R�Q�V�L�Y�L�W�\�� �U�H�D�F�K�L�Q�J�� �X�S�� �W�R�� �������� �P�$���:��
has been obtained at room temperature, which opens 
strong perspectives for the development of com-
�S�D�F�W�� �D�Q�G�� �H�¯�� �� �F�L�H�Q�W�� �V�S�H�F�W�U�R�V�F�R�S�L�F�� �V�\�V�W�H�P�V�� �H�[�S�O�R�L�W�L�Q�J��
�V�\�Q�F�K�U�R�Q�R�X�V�� �G�H�W�H�F�W�L�R�Q�� �R�U�� �I�R�U�� �R�Q���F�K�L�S�� �P�R�Q�L�W�R�U�L�Q�J��

�,�Q�W�H�J�U�D�W�H�G���R�S�W�R�H�O�H�F�W�U�R�Q�L�F�V���G�H�Y�L�F�H�V��
�R�S�H�U�D�W�L�Q�J���L�Q���W�K�H���O�R�Q�J���Z�D�Y�H���L�Q�I�U�D���U�H�G��
�Z�D�Y�H�O�H�Q�J�W�K

�)�L�J�X�U�H�� ���� �O�H�I�W�� ���� �V�F�K�H�P�D�W�L�F�� �Y�L�H�Z�� �R�I�� �D�Q�� �L�Q�W�H�J�U�D�W�H�G�� �P�R�G�X�O�D�W�R�U�� ���L�Q�V�H�W�� ���� �R�S�W�L�F�D�O�� �P�L�F�U�R�V��
�F�R�S�H�� �Y�L�H�Z�� �R�I�� �W�K�H�� �I�D�E�U�L�F�D�W�H�G�� �G�H�Y�L�F�H������ �U�L�J�K�W�� ���� �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q�� �R�I�� �W�K�H�� �P�R�G�X�O�D�W�R�U�� ���� �H�[��
�W�L�Q�F�W�L�R�Q�� �U�D�W�L�R�� �D�V�� �D�� �I�X�Q�F�W�L�R�Q�� �R�I�� �W�K�H�� �D�S�S�O�L�H�G�� �Y�R�O�W�D�J�H�� �I�R�U�� �G�L�ª�� �H�U�H�Q�W�� �L�Q�S�X�W�� �Z�D�Y�H�O�H�Q�J�W�K�V

�,�Q�W�H�J�U�D�W�H�G���R�S�W�L�F�V�����P�L�G���,�5�����R�S�W�L�F�D�O���P�R�G�X�O�D�W�R�U����
Silicon photonics
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Free-space laser beams are of core importance in many  
fast-growing technologies, including optical communi-
cations, 3D imaging and mapping, interconnects, and 
�D�X�J�P�H�Q�W�H�G�� �U�H�D�O�L�W�\���� �+�R�Z�H�Y�H�U���� �V�W�D�W�H���R�I���W�K�H���D�U�W�� �V�R�O�X�W�L�R�Q�V��
that allow to generate and control such beams  typi-
cally comprise mechanical assemblies, moving parts 
�D�Q�G�� �E�X�O�N�� �R�S�W�L�F�� �F�R�P�S�R�Q�H�Q�W�V���� �,�Q�� �W�K�L�V�� �V�F�H�Q�D�U�L�R���� �W�K�H�� �X�V�H��
of photonics integration to realize and combine on-
�F�K�L�S�� �� �P�L�F�U�R�Q���V�F�D�O�H�� �R�S�W�L�F�D�O�� �F�R�P�S�R�Q�H�Q�W�V�� �Q�R�W�� �R�Q�O�\�� �R�ª�� �H�U�V��
huge potentialities for the development of compact 
and lightweight systems but opens the door to unique 
�Q�H�Z�� �I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V�� �H�Q�D�E�O�H�G�� �E�\�� �Q�D�Q�R�W�H�F�K�Q�R�O�R�J�L�H�V��

�+�H�U�H�� �Z�H�� �H�[�S�O�R�L�W�� �V�L�O�L�F�R�Q�� �Q�D�Q�R�V�W�U�X�F�W�X�U�D�W�L�R�Q�� �W�R�� �G�H�P�R�Q�V��
trate two key building blocks of integrated photonic 
�V�\�V�W�H�P�� �I�R�U�� �O�D�V�H�U�� �E�H�D�P�� �F�R�Q�W�U�R�O���� �,�Q�� �W�K�H�� �¬�� �U�V�W�� �Z�R�U�N���� �L�Q�� �F�R�O��
laboration with National Research Council Canada and 
�&�D�U�O�H�W�R�Q�� �8�Q�L�Y�H�U�V�L�W�\�� ���&�D�Q�D�G�D������ �Z�H�� �H�[�S�O�R�L�W�� �P�H�W�D�P�D�W�H�U�L�D�O�V��
to demonstrate a fundamentally new concept of a na-
�Q�R�S�K�R�W�R�Q�L�F�� �D�Q�W�H�Q�Q�D�� �Z�K�H�U�H�� �W�K�H�� �I�D�U�� �¬�� �H�O�G�� �E�H�D�P�� �L�V�� �Z�L�G�H��
�Q�H�G�� �E�H�\�R�Q�G�� �W�K�H�� �G�L�ª�� �U�D�F�W�L�R�Q�� �O�L�P�L�W���� �D�� �F�U�X�F�L�D�O�� �D�V�S�H�F�W�� �Z�K�H�Q��
multiple integrated antennas are integrated in large 

�D�U�U�D�\�V���� �:�H�� �X�V�H�� �W�U�D�Q�V�Y�H�U�V�D�O�O�\�� �L�Q�W�H�U�O�H�D�Y�H�G�� �V�X�E�Z�D�Y�H�O�H�Q�J�W�K��
�J�U�D�W�L�Q�J�� �Q�D�Q�R�V�W�U�X�F�W�X�U�H�V�� �W�R�� �F�R�Q�W�U�R�O�� �W�K�H�� �Q�H�D�U�� �¬�� �H�O�G�� �S�K�D�V�H��
�D�Q�G���D���%�U�D�J�J���U�H�®�� �H�F�W�R�U���L�V���X�V�H�G���D�W���W�K�H���H�Q�G���R�I���W�K�H���D�Q�W�H�Q�Q�D��
�W�R�� �L�Q�F�U�H�D�V�H�� �E�R�W�K�� �W�K�H�� �H�¯�� �� �F�L�H�Q�F�\�� �D�Q�G�� �W�K�H�� �I�D�U�� �¬�� �H�O�G�� �E�H�D�P��
�Z�L�G�W�K�����7�K�H���D�Q�W�H�Q�Q�D���K�D�V���D���F�R�P�S�D�F�W���I�R�R�W�S�U�L�Q�W���R�I�����������Á�P���²��
���������� �Á�P�� �D�Q�G�� �D�� �E�U�R�D�G�� �� �I�D�U�� �¬�� �H�O�G�� �E�H�D�P�� �Z�L�G�W�K�� �R�I�� �����‹�� �[�� �����‹��

�,�Q���W�K�H���V�H�F�R�Q�G���Z�R�U�N�����S�D�U�W�L�D�O�O�\���V�X�S�S�R�U�W�H�G���E�\���W�K�H���(�5�&���S�U�R��
�M�H�F�W���†�%�(�$�0�6�–���D�Q�G���E�\���W�K�H���5�(�1�$�7�(�&�+���Q�H�W�Z�R�U�N�����Z�H���H�[�S�O�R�L�W��
�D�� �®�� �D�W�� �P�H�W�D�V�X�U�I�D�F�H�� �W�R�� �U�H�D�O�L�]�H�� �D�Q�� �L�Q�W�H�J�U�D�W�H�G�� �O�H�Q�V�� �Z�L�W�K�� �D��
�T�X�D�G�U�D�W�L�F�� �S�K�D�V�H�� �S�U�R�¬�� �O�H���� �7�K�L�V�� �W�\�S�H�� �R�I�� �P�H�W�D�O�H�Q�V�H�V�� �S�U�R��
vide a point spread function that remains undistorted 
�X�S�R�Q���W�L�O�W�H�G���L�O�O�X�P�L�Q�D�W�L�R�Q���D�Q�G���F�D�Q���D�F�K�L�H�Y�H���D���I�X�O�O���������‹���¬�� �H�O�G��
�R�I���Y�L�H�Z�����,�Q���D�G�G�L�W�L�R�Q�����Z�H���V�K�R�Z���W�K�D�W���W�K�H���P�H�W�D�O�H�Q�V���K�D�V���D�O�V�R��
an aromatic behavior over a bandwidth of more tha 140 
�Q�P���� �7�K�H�� �F�R�P�E�L�Q�D�W�L�R�Q�� �R�I�� �V�X�F�K�� �P�H�W�D�O�H�Q�V�� �Z�L�W�K�� �D�U�U�D�\�V�� �R�I��
nanophotonic antennas could enable the fabrication of 
high-performance integrated photonic system for the 
control of free-space laser beams, with promising appli-
cations in multispectral lidars and free-space optical com-
�P�X�Q�L�F�D�W�L�R�Q�V���E�D�V�H�G���R�Q���Z�D�Y�H�O�H�Q�J�W�K���G�L�Y�L�V�L�R�Q���P�X�O�W�L�S�O�H�[�L�Q�J��

�7�R�Z�D�U�G���L�Q�W�H�J�U�D�W�H�G���S�K�R�W�R�Q�L�F���V�\�V�W�H�P�V��
for laser beam control

Contact : Daniele Melati
daniele.melati@c2n.upsaclay.fr

25



HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N

�&�R�Q�W�D�F�W�������5�D�ª�D�H�O�H���&�R�O�R�P�E�H�O�O�L
�U�D�ª�D�H�O�H���F�R�O�R�P�E�H�O�O�L�#�F���Q���X�S�V�D�F�O�D�\���I�U

References

�'�H�W�H�F�W�L�R�Q���R�I���6�W�U�R�Q�J���/�L�J�K�W�s�0�D�W�W�H�U���,�Q�W�H�U�D�F�W�L�R�Q���L�Q���D��
�6�L�Q�J�O�H���1�D�Q�R�F�D�Y�L�W�\���Z�L�W�K���D���7�K�H�U�P�D�O���7�U�D�Q�V�G�X�F�H�U
�0�����0�D�O�H�U�E�D�����6�����6�R�W�J�L�X�����$�����6�F�K�L�U�D�W�R�����/�����%�D�O�G�D�V�V�D�U�U�H�����5����
�*�L�O�O�L�E�H�U�W�����9�����*�L�O�L�E�H�U�W�L�����0�����-�H�D�Q�Q�L�Q�����-���0���0�D�Q�F�H�D�X�����/�����/�L����
�$���*�����'�D�Y�L�H�V�����(���+�����/�L�Q�¬�H�O�G�����$�����$�O�D�E�D�V�W�U�L�����0�����2�U�W�R�O�D�Q�L�����5����
Colombelli

�$�&�6���1�D�Q�R�����������������������������������������s����������
�'�2�,�������K�W�W�S�V�������G�R�L���R�U�J�������������������D�F�V�Q�D�Q�R�����F����������

When it comes to optical characterization of single ob-
�M�H�F�W�V���L�Q���W�K�H���P�L�G���,�5���V�S�H�F�W�U�D�O���U�D�Q�J�H�����R�S�W�L�F�D�O���V�H�W�X�S�V���D�Q�G���G�H-
tectors traditionally lack the necessary signal-to-noise 
�U�D�W�L�R���� �)�D�U�� �¬�H�O�G�� �P�H�D�V�X�U�H�P�H�Q�W�V�� ���V�X�F�K�� �D�V�� �)�7�,�5�� �V�S�H�F�W�U�R�V�F�R-
�S�\���� �U�H�T�X�L�U�H�� �D�� �U�H�O�D�W�L�Y�H�O�\�� �E�L�J�� �Q�X�P�E�H�U�� �R�I�� �R�S�W�L�F�D�O�� �H�O�H�P�H�Q�W�V����
�Z�K�L�O�H�� �Q�H�D�U�� �¬�H�O�G�� �W�H�F�K�Q�L�T�X�H�V�� ���V�X�F�K�� �D�V�� �6�1�2�0�� �P�L�F�U�R�V�F�R�S�\����
�\�L�H�O�G���V�R�P�H�W�L�P�H�V���Q�R�L�V�\���U�H�V�X�O�W�V�����&�O�H�D�Q�����X�Q�D�P�E�L�J�X�R�X�V���V�S�H�F-
�W�U�D�� �s�� �H�V�S�H�F�L�D�O�O�\�� �Z�K�H�Q�� �V�W�X�G�\�L�Q�J�� �F�D�Y�L�W�\�� �U�H�V�R�Q�D�W�R�U�V���� �Z�K�H�U�H��
�W�K�H�� �¬�H�O�G�V�� �D�U�H�� �E�X�U�L�H�G�� �L�Q�V�L�G�H�� �W�K�H�� �R�S�W�L�F�D�O�O�\�� �D�F�W�L�Y�H�� �P�D�W�H�U�L�D�O��
�s���D�U�H���D���F�K�D�O�O�H�Q�J�H���Z�K�H�Q���G�H�D�O�L�Q�J���Z�L�W�K���L�V�R�O�D�W�H�G���V�W�U�X�F�W�X�U�H�V��
�,�Q���W�K�L�V���Z�R�U�N�����D�F�K�L�H�Y�H�G���W�K�U�R�X�J�K���D���M�R�L�Q�W���H�ª�R�U�W���E�H�W�Z�H�H�Q���&���1��
and La Sapienza University of Rome, in collaboration with 
�5�L�F�H�� �8�Q�L�Y�H�U�V�L�W�\�� ���8�6�$���� �D�Q�G�� �8�Q�L�Y�H�U�V�L�W�\�� �/�H�H�G�V�� ���8�.������ �D�� �Q�H�Z��
�Q�H�D�U���¬�H�O�G�� �D�S�S�U�R�D�F�K�� �W�R�� �R�S�W�L�F�D�O�O�\�� �F�K�D�U�D�F�W�H�U�L�]�H�� �F�R�Q�F�H�D�O�H�G��
metal-insulator-metal structures at the single-resonator 
�O�H�Y�H�O���K�D�V���E�H�H�Q���L�Q�W�U�R�G�X�F�H�G�����7�K�H���S�U�L�Q�F�L�S�O�H���U�H�O�L�H�V���R�Q���W�K�H���L�Q-
sertion of a thin layer of polyethylene, that has a large 
�W�U�D�Q�V�S�D�U�H�Q�F�\���Z�L�Q�G�R�Z���L�Q���W�K�H���P�L�G���,�5���V�S�H�F�W�U�D�O���U�H�J�L�R�Q�����L�Q�V�L�G�H��
a metal-insulator-metal cavity resonator hosting a semi-
�F�R�Q�G�X�F�W�R�U�� �T�X�D�Q�W�X�P�� �Z�H�O�O�� �L�Q�� �L�W�V�� �F�R�U�H���� �6�X�F�K�� �T�X�D�Q�W�X�P�� �Z�H�O�O��
�H�[�K�L�E�L�W�V�� �D�Q�� �L�Q�W�H�U�V�X�E�E�D�Q�G�� �W�U�D�Q�V�L�W�L�R�Q�� �D�W�� �D�U�R�X�Q�G�� ��� ���� �Á�P������������
When light from a laser source is focused on the sample 
it can be absorbed by the system, due to ohmic dissipa-
tion in the metal structures and electronic transitions in 

�W�K�H���T�X�D�Q�W�X�P���Z�H�O�O�����7�K�H���G�L�V�V�L�S�D�W�H�G���S�R�Z�H�U���L�V���O�R�F�D�O�O�\���W�U�D�Q�V-
�I�R�U�P�H�G�� �L�Q�W�R�� �K�H�D�W�� �D�W�� �V�H�O�H�F�W�H�G�� �I�U�H�T�X�H�Q�F�L�H�V���� �6�X�F�K�� �K�H�D�W��
�G�L�ª�X�V�H�V�� �L�Q�W�R�� �W�K�H�� �S�R�O�\�P�H�U�� �W�K�D�W�� �s�� �L�Q�� �W�X�U�Q�� ���� �W�K�H�U�P�D�O�O�\�� �H�[-
�S�D�Q�G�V�����7�K�H���H�Q�W�L�U�H���V�W�U�X�F�W�X�U�H���W�K�X�V���V�Z�H�O�O�V���D�O�R�Q�J���W�K�H���Y�H�U�W�L�F�D�O��
direction, and an AFM tip detects the change, and the-
�U�H�I�R�U�H���W�K�H���U�H�V�R�Q�D�Q�F�H���Z�K�L�F�K���L�V���D�W���L�W�V���R�U�L�J�L�Q���� �7�K�H���S�R�O�\�P�H�U��
�L�Q�V�L�G�H�� �W�K�H�� �U�H�V�R�Q�D�W�R�U�� �E�H�K�D�Y�H�V�� �D�V�� �D�� �W�K�H�U�P�D�O�� �W�U�D�Q�V�G�X�F�H�U��

Such technique has been applied to a particularly challen-
ging case: an intersubband transition strongly coupled to 
�W�K�H�� �S�K�R�W�R�Q�L�F�� �F�D�Y�L�W�\�� �P�R�G�H�� �R�I�� �D�� �V�L�Q�J�O�H�� �U�H�V�R�Q�D�W�R�U���� �,�Q�� �W�K�H��
strong light-matter coupling regime new states appear, 
called intersubband polaritons in this case, that in gene-
�U�D�O���D�U�H���V�W�X�G�L�H�G���R�Q���D�U�U�D�\�V���R�I���K�X�Q�G�U�H�G�V���R�I���U�H�V�R�Q�D�W�R�U�V�����7�K�H��
developed innovative approach has allowed the typical 
anticrossing characteristic of the polaritonic dispersion 
�W�R�� �E�H�� �L�G�H�Q�W�L�¬�H�G�� �L�Q�� �W�K�H�� �F�D�Y�L�W�\�� �O�R�V�V�� �V�S�H�F�W�U�D�� �D�W�� �W�K�H�� �V�L�Q�J�O�H��
�Q�D�Q�R�U�H�V�R�Q�D�W�R�U�� �O�H�Y�H�O�� �L�Q�V�W�H�D�G���� �5�H�V�H�D�U�F�K�H�U�V�� �D�O�V�R�� �V�K�R�Z�H�G��
�W�K�D�W�� �L�W�� �L�V�� �S�R�V�V�L�E�O�H�� �W�R�� �P�D�S�� �W�K�H�� �¬�H�O�G�V�� �E�X�U�L�H�G�� �L�Q�V�L�G�H�� �W�K�H��
�F�D�Y�L�W�\�� �U�H�V�R�Q�D�W�R�U���� �W�K�D�W�� �D�U�H�� �R�W�K�H�U�Z�L�V�H�� �L�Q�D�F�F�H�V�V�L�E�O�H���� �7�K�L�V��
technique might be even more appealing in the THz 
�U�H�J�L�R�Q���� �Z�K�H�U�H�� �G�H�W�H�F�W�R�U�V�� �V�X�ª�H�U�� �H�Y�H�Q�� �S�R�R�U�H�U�� �H�¯�F�L�H�Q�F�\��
and studying optical properties on isolated structures is 
�H�Y�H�Q�� �P�R�U�H�� �F�K�D�O�O�H�Q�J�L�Q�J���� �9�D�U�L�R�X�V�� �9�D�U�L�R�X�V�� �9�D�U�L�R�X�V�� �W�X�P�R�U��

�5�H�V�H�D�U�F�K�H�U�V�������D�W�����&���1�������L�Q�����F�R�O�O�D�E�R�U�D�W�L�R�Q�����Z�L�W�K�����8�Q�L�Y�H�U�V�L�W�\�����R�I�����5�R�P�H�������,�W�D�O�\���������,�V�W�L�W�X�W�R�����,�W�D�O�L�D�Q�R�����G�L�����7�H�F�K�Q�R�O�R�J�L�D�������,�W�D�O�\������
�5�L�F�H���8�Q�L�Y�H�U�V�L�W�\�����8�6�$�����D�Q�G���8�Q�L�Y�H�U�V�L�W�\���/�H�H�G�V�����8�.�������K�D�Y�H���G�H�P�R�Q�V�W�U�D�W�H�G���D�Q���R�U�L�J�L�Q�D�O���Q�D�Q�R�V�S�H�F�W�U�R�V�F�R�S�\���W�H�F�K-
�Q�L�T�X�H���W�K�D�W���S�H�U�P�L�W�V���W�K�H���V�W�X�G�\���R�I���W�K�H���O�L�J�K�W�Ÿ�P�D�W�W�H�U���L�Q�W�H�U�D�F�W�L�R�Q���L�Q���V�L�Q�J�O�H���V�X�E�Z�D�Y�H�O�H�Q�J�W�K���V�L�]�H�G���Q�D�Q�R�F�D�Y�L�W�L�H�V

Strong light-matter coupling observed 
�Z�L�W�K���D���Q�D�Q�R�V�F�D�O�H���W�K�H�U�P�D�O���W�U�D�Q�V�G�X�F�H�U���L�Q��
a single nano-cavity

�)�L�J�X�U�H�� ���� �s�� �/�H�I�W�� ���� �6�N�H�W�F�K�� �R�I�� �W�K�H�� �7���1�D�Q�R�,�5�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �D�Q�G�� �L�O�O�X�P�L�Q�D�W�L�R�Q�� �V�F�K�H-
�P�H�� �R�Q�� �D�� �V�L�Q�J�O�H�� �Q�D�Q�R�F�D�Y�L�W�\���� �/�D�V�H�U�� �O�L�J�K�W�� �L�P�S�L�Q�J�L�Q�J�� �R�Q�� �W�K�H�� �V�\�V�W�H�P�� �L�V�� �D�E�V�R�U�E�H�G�� �E�\��
�W�K�H�� �D�F�W�L�Y�H�� �U�H�J�L�R�Q�� �L�Q�V�L�G�H�� �W�K�H�� �S�D�W�F�K�� �F�D�Y�L�W�\���� �'�L�V�V�L�S�D�W�L�R�Q�� �O�H�D�G�V�� �W�R�� �W�K�H�U�P�D�O�� �Q�D�Q�R���H�[-
�S�D�Q�V�L�R�Q�� �R�I�� �W�K�H�� �S�R�O�\�H�W�K�L�O�H�Q�H�� �O�D�\�H�U�� �W�K�D�W�� �L�V�� �L�Q�V�H�U�W�H�G�� �L�Q�� �W�K�H�� �F�D�Y�L�W�\���� �6�X�F�K�� �H�[�S�D�Q-
�V�L�R�Q�� �L�V�� �G�H�W�H�F�W�H�G�� �Z�L�W�K�� �D�� �M�X�G�L�F�L�R�X�V�O�\�� �F�R�Q�¬�J�X�U�H�G�� �D�W�R�P�F�� �I�R�U�F�H�� �P�L�F�U�R�V�F�R�S�H�� ���$�)�0����
�5�L�J�K�W�� ���� �7���1�D�Q�R���,�5�� �V�S�H�F�W�U�D�� �R�I�� �V�L�Q�J�O�H�� �Q�D�Q�R�F�D�Y�L�W�L�H�V���� �L�Q�� �W�K�H�� �F�D�V�H�� �R�I�� �D�Q�� �X�Q-
�G�R�S�H�G�� ���E�O�D�F�N�� �F�X�U�Y�H���� �D�Q�G�� �G�R�S�H�G�� ���U�H�G�� �F�X�U�Y�H���� �D�F�W�L�Y�H�� �U�H�J�L�R�Q���� �7�K�H�� �I�R�U�P�H�U�� �U�H�Y�H�D�O�V��
�W�K�H�� �E�D�U�H�� �F�D�Y�L�W�\�� �U�H�V�R�Q�D�Q�F�H���� �W�K�H�� �O�D�W�W�H�U�� �U�H�Y�H�D�O�V�� �W�K�H�� �W�Z�R�� �S�R�O�D�U�L�W�R�Q�� �E�U�D�Q�F�K�H�V��
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Pascale Senellart, Research Director at C2N, newly elected member 
of the French Academy of Sciences, intersection of science appli-
�F�D�W�L�R�Q�V�������6�K�H���Z�D�V���D�Z�D�U�G�H�G���W�K�H���&�1�5�6���V�L�O�Y�H�U���P�H�G�D�O���L�Q������������

AWARDS

Frédéric Pierre,  
CNRS Silver Medalist 2022

�,�W�� �L�V�� �D�W�� �W�K�H�� �P�H�V�R�V�F�R�S�L�F�� �V�F�D�O�H�� ���� �L�Q�W�H�U�P�H�G�L�D�W�H��
between classical and quantum physics - that 
�W�K�H���¬�U�V�W���T�X�D�Q�W�X�P���E�H�K�D�Y�L�R�X�U�V���R�I���P�D�W�W�H�U���D�S�S�H�D�U��
���I�H�U�U�R�P�D�J�Q�H�W�L�V�P���� �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\���� �H�W�F�������� �,�W��
�L�V�� �W�K�L�V�� �U�H�J�L�P�H�� �W�K�D�W���)�U�Ä�G�Ä�U�L�F�� �3�L�H�U�U�H���L�V�� �H�[�S�O�R�U�L�Q�J����
and in particular the foundations of mesosco-
�S�L�F�� �T�X�D�Q�W�X�P�� �W�U�D�Q�V�S�R�U�W���� �:�K�L�O�H�� �S�H�U�I�H�F�W�O�\�� �P�D�V�W�H-
ring the fundamental concepts, he designs and 
manufactures novel electronic circuits at the 
nanometre scale that are state-of-the-art for 
very low temperature measurements of current 
�®�X�F�W�X�D�W�L�R�Q�V����

�6�R�P�H���R�I���W�K�H�V�H���F�L�U�F�X�L�W�V���D�U�H���V�L�P�L�O�D�U���W�R���T�X�D�Q�W�X�P���V�L�P�X�O�D�W�R�U�V���R�U���D�O�O�R�Z���W�K�H���H�[�S�O�R�U�D�W�L�R�Q���R�I���W�K�H���T�X�D�Q�W�X�P���O�D�Z�V���R�I���H�O�H�F�W�U�L�F�L�W�\����
�W�K�H���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���Z�K�L�F�K���L�V���I�X�Q�G�D�P�H�Q�W�D�O���I�R�U���W�K�H���H�Q�J�L�Q�H�H�U�L�Q�J���R�I���Q�D�Q�R���G�H�Y�L�F�H�V��

�5�Ä�P�\���%�5�$�,�9�(���������������O�D�X�U�H�D�W���R�I���W�K�H���)�D�E�U�\���s���G�H��
�*�U�D�P�R�Q�W���3�U�L�]�H for his work around optomecha-
nics with photonic crystals, in particular the 
use of mechanical modes for the generation 
of signals with high spectral purity and the de-
tection of weak signals assisted by noise from 
�S�K�D�V�H��

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N
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ERC Advanced Grants 2022, Laurent Vivien, 
�/�D�X�U�H�D�W�H���I�R�U���W�K�H���&�5�<�3�7�2�1�,�7���S�U�R�M�H�F�W

The project will focus on the demonstration of ad-
vanced nonlinear and optoelectronic devices on 
Si, operating in the near-infrared for the develop-
�P�H�Q�W���R�I���K�L�J�K�O�\���H�¯�F�L�H�Q�W���D�Q�G���E�U�R�D�G�E�D�Q�G���S�K�R�W�R�Q�L�F��
integrated circuits and it will open new horizons 
for research and applications in communications, 
�V�H�Q�V�L�Q�J�����D�Q�G���T�X�D�Q�W�X�P���S�K�R�W�R�Q�L�F�V��

ERC Advanced Grants 2022 , Delphine Mar-
�U�L�V���0�R�U�L�Q�L���� �/�D�X�U�H�D�W�H�� �I�R�U�� �W�K�H�� �(�/�(�&�7�5�2�3�+�2�7��
�S�U�R�M�H�F�W

�,�Q�� �W�K�H�� �(�/�(�&�7�5�2�3�+�2�7�� �S�U�R�M�H�F�W���� �L�Q�� �F�R�O�O�D�E�R�U�D�W�L�R�Q��
with Politecnico Di Milano, we aim at addressing 
new routes for high resolution spectroscopic sys-
tems based on dual-comb spectroscopy by deve-
�O�R�S�L�Q�J�� �L�Q�Q�R�Y�D�W�L�Y�H�� �I�U�H�T�X�H�Q�F�\�� �F�R�P�E�� �V�R�X�U�F�H�V���� �7�K�H��
C2N technological facility will be heavily involved 
�L�Q���W�K�H���S�U�R�M�H�F�W�����5�H�Q�D�W�H�F�K���Q�H�W�Z�R�U�N����

ERC Advanced Grants 2021
�-�D�F�T�X�H�O�L�Q�H���%�O�R�F�K�����O�D�X�U�H�D�W�H���I�R�U���W�K�H���S�U�R�M�H�F�W���$�1�$-
�3�2�/�,�6��
�$�1�$�3�2�/�,�6���L�V���D�Q���L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\���S�U�R�M�H�F�W���D�L�P�L�Q�J���D�W��
�X�V�L�Q�J���S�R�O�D�U�L�W�R�Q���D�U�U�D�\�V���W�R���H�[�S�O�R�U�H���W�K�U�H�H���P�D�M�R�U���S�U�R-
blems of modern physics: the physics of non-equi-
librium interfaces and their universal scaling laws, 
topology in the non-linear regime and quantum 
magnetism

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N
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ERC Consolidator Grants 2022  
�.�R�Q�V�W�D�Q�W�L�Q�R�V���3�D�Q�W�]�D�V�����/�D�X�U�H�D�W�H���I�R�U���W�K�H���3�$�1-
�'�2�5�$���S�U�R�M�H�F�W

�7�K�H�� �3�$�1�'�2�5�$�� �S�U�R�M�H�F�W�� �D�L�P�V�� �W�R�� �F�R�Q�Y�H�U�J�H�� �W�Z�R�� �U�H-
�V�H�D�U�F�K�� �¬�H�O�G�V�� �Z�L�W�K�� �Q�X�P�H�U�R�X�V�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �Q�R�Q���O�L-
�Q�H�D�U���R�S�W�L�F�V���D�Q�G���L�Q�W�H�J�U�D�W�H�G���S�K�R�W�R�Q�L�F�V�����7�K�L�V���F�R�Q�Y�H�U-
gence would open up new applications, whether 
it be producing low-power optoelectronic chips, 
new components for quantum computing or 
�T�X�D�Q�W�X�P���F�U�\�S�W�R�J�U�D�S�K�\��

ERC Consolidator Grants 2022  
�&�D�U�O�R�V���$�O�R�Q�V�R���5�D�P�R�V�����/�D�X�U�H�D�W�H���I�R�U���W�K�H���6�3�5�,�1�*��
�S�U�R�M�H�F�W

Coherent conversion between microwave and op-
tical photons is a promising solution for transfer-
ring quantum states between remote quantum 
processors, enabling the development of large-
�V�F�D�O�H���T�X�D�Q�W�X�P���Q�H�W�Z�R�U�N�V�����7�K�H���6�3�5�,�1�*���S�U�R�M�H�F�W���Z�L�O�O��
demonstrate quantum state transfer between su-
perconducting qubits, monolithically integrated 
in a silicon chip, opening a new avenue for applica-
�W�L�R�Q�V���L�Q���F�R�P�P�X�Q�L�F�D�W�L�R�Q�V�����V�H�Q�V�L�Q�J���D�Q�G���F�R�P�S�X�W�L�Q�J��

ERC Consolidator Grants 2022  
�'�D�Q�L�H�O���/�D�Q�]�L�O�O�R�W�L���.�L�P�X�U�D�����/�D�X�U�H�D�W�H���I�R�U���W�K�H��
�7���5�(�&�6���S�U�R�M�H�F�W

Acoustic phonons are generally considered a ma-
�M�R�U���V�R�X�U�F�H���R�I���X�Q�Z�D�Q�W�H�G���H�ª�H�F�W�V���L�Q���H�O�H�F�W�U�R�Q�L�F�V�����R�S-
toelectronics and quantum technologies based 
�R�Q�� �V�R�O�L�G���V�W�D�W�H�� �S�O�D�W�I�R�U�P�V���� �7�K�H�� �7���5�H�F�V�� �S�U�R�M�H�F�W�� �S�U�R-
poses a series of tunable nanodevices where 
acoustic phonons are a central resource to unveil 
frequency conversion phenomena, transfer infor-
�P�D�W�L�R�Q���D�Q�G���V�L�P�X�O�D�W�H���F�R�P�S�O�H�[���V�\�V�W�H�P�V���W�K�D�W���F�D�Q�Q�R�W��
�E�H���V�W�X�G�L�H�G���Z�L�W�K���R�S�W�L�F�D�O���R�U���H�O�H�F�W�U�R�Q�L�F���S�O�D�W�I�R�U�P�V��
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ERC Starting Grant 2021
�'�D�Q�L�H�O�H���0�H�O�D�W�L�����O�D�X�U�H�D�W�H���I�R�U���K�L�V���S�U�R�M�H�F�W���%�(�$�0�6

The use of laser beams is the key element of many 
�Q�H�[�W���J�H�Q�H�U�D�W�L�R�Q�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �W�K�D�W�� �D�U�H�� �F�X�U�U�H�Q�W�O�\�� �X�Q-
�G�H�U���G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���W�K�D�W���D�U�H���U�H�F�H�L�Y�L�Q�J���D�Q���H�[�S�O�R�G�L�Q�J��
interest, such as high-speed optical communications 
between moving vehicles, sensing for autonomous 
�F�D�U�� �G�U�L�Y�L�Q�J���� �R�U�� �P�H�G�L�F�D�O�� �L�P�D�J�L�Q�J���� �7�K�H�� �Z�L�G�H�V�S�U�H�D�G�� �D�S-
plicability of these technologies is however severely 
constraint by the systems that are necessary to gene-
rate, control, and detect laser beams and that today 
are realized with big and power hungry devices based 
�R�Q�� �F�O�D�V�V�L�F�D�O�� �R�S�W�L�F�D�O�� �D�Q�G�� �P�H�F�K�D�Q�L�F�D�O�� �H�O�H�P�H�Q�W�V�� ���H���J������
�O�H�Q�V�H�V�����P�L�U�U�R�U�V�����D�Q�G���P�R�W�R�U�V����

�%�(�$�0�6�� ���0�X�O�W�L�O�D�\�H�U�� �S�K�R�W�R�Q�L�F�� �L�Q�W�H�J�U�D�W�L�R�Q�� �S�O�D�W�I�R�U�P��
�I�R�U���I�U�H�H���V�S�D�F�H���R�S�W�L�F�V�����L�V���D���P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�\���S�U�R�M�H�F�W��
�W�K�D�W�� �D�L�P�V�� �D�W�� �R�Y�H�U�F�R�P�L�Q�J�� �W�K�H�V�H�� �O�L�P�L�W�D�W�L�R�Q�V�� �E�\�� �H�[-
ploiting silicon photonics.

�'�D�Y�L�G���*�R�Q�]�¼�O�H�]���$�Q�G�U�D�G�H�����0�D�U�L�H���&�X�U�L�H���3�R�V�W�G�R�F�W�R�U�D�O��
�)�H�O�O�R�Z���D�W���&���1���I�R�U���W�K�H���6�8�1�5�,�6�(���S�U�R�M�H�F�W

Light technologies have revolutionized society by 
providing access to information, promoting sustai-
nable development, and increasing societal health 
�D�Q�G�� �Z�H�O�O���E�H�L�Q�J���� �+�L�J�K���S�H�U�I�R�U�P�D�Q�F�H�� �S�K�R�W�R�Q�L�F�� �L�Q�W�H-
grated circuits could enable a new revolution, under-
pinning the widespread deployment of light-enabled 
applications in sensing, 5G-6G communications, light 
�G�H�W�H�F�W�L�R�Q�� �D�Q�G�� �U�D�Q�J�L�Q�J���� �P�H�W�U�R�O�R�J�\�� �D�Q�G�� �T�X�D�Q�W�X�P���� �6�L-
licon photonics holds the promise for large-scale, 
low-cost production of high-performance optoe-
�O�H�F�W�U�R�Q�L�F�� �F�L�U�F�X�L�W�V�� �O�H�Y�H�U�D�J�L�Q�J�� �H�[�L�V�W�L�Q�J�� �F�R�P�S�O�H�P�H�Q-
�W�D�U�\���P�H�W�D�O���R�[�L�G�H�� �V�H�P�L�F�R�Q�G�X�F�W�R�U�� �P�D�Q�X�I�D�F�W�X�U�L�Q�J��
�L�Q�I�U�D�V�W�U�X�F�W�X�U�H���� �+�R�Z�H�Y�H�U���� �D�G�G�U�H�V�V�L�Q�J�� �W�K�H�� �Q�H�H�G�V�� �R�I��
these emerging applications requires developing key 
building blocks that are not feasible in state-of-the-
�D�U�W���V�L�O�L�F�R�Q���S�K�R�W�R�Q�L�F�V���W�H�F�K�Q�R�O�R�J�\��

�6�8�1�5�,�6�(�����6�L�O�L�F�R�Q���E�U�L�O�O�R�X�L�Q���D�V�V�L�V�W�H�G���R�S�W�R�H�O�H�F�W�U�R�Q�L�F���R�V�F�L�O�O�D-
�W�R�U���E�D�V�H�G���R�Q���V�X�E�Z�D�Y�H�O�H�Q�J�W�K���P�H�P�E�U�D�Q�H�V�����L�V���D���P�X�O�W�L�G�L�V�F�L�S�O�L-
�Q�D�U�\�� �S�U�R�M�H�F�W�� �W�K�D�W�� �D�L�P�V�� �W�R�� �R�Y�H�U�F�R�P�H�� �W�K�H�V�H�� �F�R�Q�V�W�U�D�L�Q�W�V�� �E�\��
�H�[�S�O�R�L�W�L�Q�J���%�U�L�O�O�R�X�L�Q���O�L�J�K�W���V�R�X�Q�G���L�Q�W�H�U�D�F�W�L�R�Q�V��

�)�U�D�Q�F�H�V�F�R���0�D�Q�H�J�D�W�W�L�����*�U�D�Q�G���3�U�L�[���,���3�K�'�������,�Q�Q�R�Y�D-
�W�L�R�Q�� �$�Z�D�U�G�� �I�R�U�� �K�L�V�� �S�U�R�M�H�F�W�� �1�&�2�'�,�1�� �G�H�Y�H�O�R�S�H�G��
at C2N

�7�K�H�� �H�[�S�O�R�V�L�R�Q�� �R�I�� �G�D�W�D�� �H�[�F�K�D�Q�J�H�V�� �O�L�Q�N�H�G�� �W�R�� �W�K�H��
�,�Q�W�H�U�Q�H�W���D�Q�G���W�K�H���U�D�S�L�G���H�Y�R�O�X�W�L�R�Q���R�I���V�R�S�K�L�V�W�L�F�D�W�H�G��
�D�U�F�K�L�W�H�F�W�X�U�H�V�� �W�R�� �V�R�O�Y�H�� �F�R�P�S�O�H�[�� �F�R�P�S�X�W�L�Q�J�� �S�U�R-
�E�O�H�P�V�� ���+�L�J�K�� �3�H�U�I�R�U�P�D�Q�F�H�� �&�R�P�S�X�W�L�Q�J���� �$�U�W�L�¬�F�L�D�O��
�,�Q�W�H�O�O�L�J�H�Q�F�H���'�H�H�S�� �/�H�D�U�Q�L�Q�J���� �U�H�T�X�L�U�H�V�� �W�K�H�� �G�H�Y�H-
lopment of technologies that allow ever higher 
transmission rates and computing power while 
maintaining energy consumption compatible with 
�V�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W��

�7�K�H���1�&�2�'�,�1���S�U�R�M�H�F�W���D�L�P�V���W�R���F�U�H�D�W�H���Q�D�Q�R�S�K�R�W�R-
�Q�L�F�� �V�R�O�X�W�L�R�Q�V�� �I�R�U�� �W�K�H�� �H�[�F�K�D�Q�J�H�� �D�Q�G�� �S�U�R�F�H�V�V�L�Q�J��
�R�I���G�D�W�D���Z�L�W�K�L�Q���L�Q�W�H�J�U�D�W�H�G���F�L�U�F�X�L�W�V����
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Fabrice Raineri, nominated for the Jean 
�-�H�U�S�K�D�J�Q�R�Q�� ���������� �3�U�L�]�H awarded at the 
�6�R�F�L�Ä�W�Ä�� �)�U�D�Q�Â�D�L�V�H�� �G�o�2�S�W�L�T�X�H�� �&�R�Q�J�U�H�V�V

Naïmul Hassan, laureate of the Chateaubriand 
scholarship

�1�D�L�P�X�O���+�D�V�V�D�Q���L�V���D���¬�� �I�W�K���\�H�D�U���3�K�'���V�W�X�G�H�Q�W���L�Q���(�O�H�F��
trical Engineering at the Erik Jonsson School of 
�(�Q�J�L�Q�H�H�U�L�Q�J�� �	�� �&�R�P�S�X�W�H�U�� �6�F�L�H�Q�F�H�� �D�W�� �W�K�H�� �8�Q�L�Y�H�U��
�V�L�W�\���R�I���7�H�[�D�V���D�W���'�D�O�O�D�V�����8�7�'�D�O�O�D�V�������+�L�V���U�H�V�H�D�U�F�K���D�W��
UTDallas focuses on studying the physical proper-
ties of emerging nanoscale devices and designing 
circuits and systems for their applications in neu-
�U�R�P�R�U�S�K�L�F���F�R�P�S�X�W�L�Q�J���D�Q�G���Q�R�Q���Y�R�O�D�W�L�O�H���P�H�P�R�U�\��
Naimul has been awarded the presti-
gious Chateaubriand Fellowship by the 
�)�U�H�Q�F�K�� �(�P�E�D�V�V�\�� �L�Q�� �W�K�H�� �8�Q�L�W�H�G�� �6�W�D�W�H�V����

The purpose of this fellowship is to conduct collaborative research between the NeuroSpinCompute lab at UT-
�'�D�O�O�D�V�� �O�H�G�� �E�\�� �'�U���� �-�R�V�H�S�K�� �6���� �)�U�L�H�G�P�D�Q�� ���1�D�L�P�X�O�o�V�� �3�K�'�� �V�X�S�H�U�Y�L�V�R�U���� �D�Q�G�� �W�K�H�� �,�1�7�(�*�1�$�1�2�� �U�H�V�H�D�U�F�K�� �J�U�R�X�S�� �D�W�� �W�K�H��
�&�H�Q�W�U�H�� �I�R�U�� �1�D�Q�R�V�F�L�H�Q�F�H�� �D�Q�G�� �1�D�Q�R�W�H�F�K�Q�R�O�R�J�\�� ���&���1���� �O�H�G�� �E�\�� �'�U���� �'�D�P�L�H�Q�� �4�X�H�U�O�L�R�]�� ���1�D�L�P�X�O�o�V�� �)�U�H�Q�F�K�� �V�X�S�H�U�Y�L�V�R�U����
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�(�9�(�1�7�6

�&���1�o�V�� �J�O�R�E�D�O�� �Y�L�V�L�R�Q�� �I�R�U�� �V�H�P�L�F�R�Q�G�X�F�W�R�U�V�� �Z�D�V�� �S�U�H�V�H�Q�W�H�G�� �E�\�� �/�D�X�U�H�Q�W�� �9�L�Y�L�H�Q�����5�H�V�H�D�U�F�K�� �'�L�U�H�F�W�R�U���� �+�H�D�G��
�R�I�� �W�K�H�� �3�K�R�W�R�Q�L�F�V�� �'�H�S�D�U�W�P�H�Q�W���� �'�H�S�X�W�\�� �'�L�U�H�F�W�R�U�� �R�I�� �W�K�H�� �8�Q�L�W, with a focus on photonics and electro-
�Q�L�F�V�� �D�F�W�L�Y�L�W�L�H�V�� �W�R�� �P�H�H�W�� �W�K�H�� �P�D�M�R�U�� �F�K�D�O�O�H�Q�J�H�V�� �R�I�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q�V���� �G�H�W�H�F�W�L�R�Q�� �D�Q�G�� �T�X�D�Q�W�X�P�� �W�H�F�K�Q�R�O�R�J�\��

�&���1���:�(�/�&�2�0�(�'���7�+�(���6�(�&�2�1�'���0�(�(�7�,�1�*���2�)���7�+�(���(�8�Õ�8�6��
�7�5�$�'�(���$�1�'���7�(�&�+�1�2�/�2�*�<���&�2�8�1�&�,�/���Ó�7�&�&�Ô

�7�K�H�� �G�H�O�H�J�D�W�L�R�Q���� �O�H�G�� �E�\�� �*�L�D�Q�F�D�U�O�R�� �)�D�L�Q�L���� �'�L�U�H�F�W�R�U�� �R�I�� �&���1�� �L�Q�F�O�X�G�H�G�� �(�X�U�R�S�H�D�Q�� �&�R�P�P�L�V�V�L�R�Q�� �(�[�H�F�X-
�W�L�Y�H�� �9�L�F�H�� �3�U�H�V�L�G�H�Q�W�V�� �0�D�U�J�U�H�W�K�H�� �9�H�V�W�D�J�H�U�� �D�Q�G�� �9�D�O�G�L�V�� �'�R�P�E�U�R�Y�V�N�L�V���� �W�K�H�� �8�6���6�W�D�W�H�� �'�H�S�D�U�W�P�H�Q�W�� �8�Q-
�G�H�U�� �6�H�F�U�H�W�D�U�\�� �I�R�U�� �(�F�R�Q�R�P�L�F�� �*�U�R�Z�W�K���� �(�Q�H�U�J�\�� �D�Q�G�� �W�K�H�� �(�Q�Y�L�U�R�Q�P�H�Q�W���� �-�R�V�H�� �:���� �)�H�U�Q�D�Q�G�H�]���� �'�L�U�H�F-
tor General of the CNRS, Antoine Petit, President of the University of Paris Saclay, Sylvie Retailleau

�7�K�H�� �(�8���8�6�� �7�U�D�G�H�� �D�Q�G�� �7�H�F�K�Q�R�O�R�J�\�� �&�R�X�Q�F�L�O�� ���7�&�&���� �P�H�H�W�L�Q�J�� �W�R�R�N�� �S�O�D�F�H�� �R�Q�������� �0�D�\�� �L�Q�� �3�D�U�L�V���6�D�F�O�D�\��
Launched in June 2021, the TCC serves as a forum for discussion between the United States and 
�W�K�H�� �(�X�U�R�S�H�D�8�Q�L�R�Q���� �Z�L�W�K�� �W�K�H�� �D�L�P�� �R�I�� �F�R�R�U�G�L�Q�D�W�L�Q�J�� �W�U�D�G�H���� �H�F�R�Q�R�P�L�F�� �D�Q�G�� �W�H�F�K�Q�R�O�R�J�L�F�D�O�� �L�V�V�X�H�V���� �)�U�D�Q�F�H��
hosted this second meeting under the French Presidency of the Council of the European Union
�&���1�� �K�D�V�� �E�H�H�Q�� �L�G�H�Q�W�L�¬�H�G�� �D�V�� �R�Q�H�� �R�I�� �W�K�H�� �)�U�H�Q�F�K�� �U�H�V�H�D�U�F�K�� �O�D�E�R�U�D�W�R�U�L�H�V�� �R�I�� �H�[�F�H�O�O�H�Q�F�H���� �S�R-
�V�L�W�L�R�Q�H�G�� �L�Q�� �W�K�H�� �(�X�U�R�S�H�D�Q�� �5�H�V�H�D�U�F�K�� �$�U�H�D�� �D�Q�G�� �V�K�R�Z�L�Q�J�� �D�� �V�W�U�R�Q�J���H�Q�W�U�H�S�U�H�Q�H�X�U�L�D�O�� �V�S�L�U�L�W��
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�3�U�H�V�H�Q�W�D�W�L�R�Q�� �E�\�� �9�D�O�H�U�L�D�Q�� �*�L�H�V�]�� �R�I��
the quantum computer built by the 
�V�W�D�U�W���X�S�� �4�X�D�Q�G�H�O�D�� ���K�R�V�W�H�G�� �D�W�� �&���1��
�V�L�Q�F�H�� ������������ �D�Q�G�� �X�V�L�Q�J�� �W�K�H�� �X�Q�L�T�X�H��
single-photon source technology deve-
�O�R�S�H�G�� �I�R�U�� �\�H�D�U�V�� �E�\�� �V�H�Y�H�U�D�O�� �&���1�� �W�H�D�P�V��

�3�U�H�V�H�Q�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�W�D�U�W�X�S�� �,�2�1���;��
around the new generation thrus-
ter technology developed at C2N by 
Jacques Gierack that will respond to the 
�F�K�D�O�O�H�Q�J�H�V�� �R�I�� �W�K�H�� �1�H�Z�6�S�D�F�H�� �L�Q�G�X�V�W�U�\����

Partnership and technology transfer

During this visit, the activities of two start-ups resulting from research work carried out at C2N were also presented
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�3�U�H�V�H�Q�W�D�W�L�R�Q���R�I���W�K�H���P�L�F�U�R���H�Q�H�U�J�\���V�R�X�U�F�H�V���W�K�D�W���Z�L�O�O���S�R�Z�H�U���W�K�H���Q�H�[�W���J�H�Q�H�U�D�W�L�R�Q���R�I���O�H�D�G���I�U�H�H���S�D�F�H�P�D�N�H�U�V���G�H�Y�H�O�R�S�H�G��
at C2N by Elie Lefeuvre's team (�0�L�F�U�R�6�\�V�W�H�P�V���D�Q�G���1�D�Q�R�%�L�R�®�X�L�G�L�F�V���'�H�S�D�U�W�P�H�Q�W�� in partnership with the company 
�&�D�L�U�G�D�F��
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For the second year in a row, C2N welcomed the participants of the Women 
�L�Q���%�X�V�L�Q�H�V�V���%�(�F�R�P�H���D���/�H�D�G�H�U���S�U�R�J�U�D�P�P�H���R�I���H�[�F�H�O�O�H�Q�F�H���G�H�V�L�J�Q�H�G���E�\���W�K�H���8�Q�L-
�Y�H�U�V�L�W�Ä���3�D�U�L�V���6�D�F�O�D�\���Z�L�W�K���W�K�H���V�X�S�S�R�U�W���R�I���W�K�H���:�R�P�H�Q���,�Q�L�W�L�D�W�L�Y�H���)�R�X�Q�G�D�W�L�R�Q 
�*�U�H�D�W�� �P�R�P�H�Q�W�V�� �R�I�� �H�[�F�K�D�Q�J�H�� �Z�L�W�K�� �R�X�U�� �U�H�V�H�D�U�F�K�H�U�V�� �D�Q�G�� �H�Q�J�L�Q�H�H�U�V��

�6�(�&�2�1�'���:�2�0�(�1���,�1���%�8�6�,�1�(�6�6���%�(�&�2�0�(���$���/�(�$�'�(�5���3�5�2�*�5�$�0�0�(

�V�H�S�W�H�P�E�H�U����������

�9�,�6�,�7���)�5�2�0���7�+�(���0�$�1�$�*�(�0�(�1�7���2�)���$�,�5�%�8�6���'�(�)�(�1�&�(���$�1�'���6�3�$�&�(

�9�L�V�L�W���I�U�R�P���W�K�H���P�D�Q�D�J�H�P�H�Q�W���R�I���$�L�U�E�X�V���'�H�I�H�Q�F�H���D�Q�G���6�S�D�F�H�����)�O�R�U�H�Q�F�H���'�X�I�U�D�V�Q�H�V�����9�3���+�H�D�G���R�I���7�H�F�K�Q�L�F�D�O���6�W�U�D�W�H�J�\�����5�	�'����
�,�Q�Q�R�Y�D�W�L�R�Q���	���,�3���6�S�D�F�H���6�\�V�W�H�P�V�����$�L�U�E�X�V���'�H�I�H�Q�F�H���	���6�S�D�F�H���D�Q�G���K�H�U���W�H�D�P�������&���1�
�V���O�R�Q�J���V�W�D�Q�G�L�Q�J���S�D�U�W�Q�H�U���L�Q���W�K�H���G�H�Y�H�O�R�S-
�P�H�Q�W���R�I�� �L�Q�W�H�Q�V�H�� �D�Q�G�� �I�D�V�W���L�R�Q�� �V�R�X�U�F�H�V�� �I�R�U�� �P�L�F�U�R���V�S�D�F�H�� �S�U�R�S�X�O�V�L�R�Q���� �7�K�H�V�H�� �K�L�J�K���T�X�D�O�L�W�\�� �H�[�F�K�D�Q�J�H�V�� �P�D�U�N�� �D�� �Q�H�Z�� �V�W�D�J�H��
�L�Q���W�K�H���F�R�O�O�D�E�R�U�D�W�L�R�Q���R�Q���W�K�H���G�H�V�L�J�Q���R�I���D���Q�H�Z���J�H�Q�H�U�D�W�L�R�Q���R�I���P�L�Q�L�D�W�X�U�H���6�S�D�F�H���3�U�R�S�X�O�V�L�R�Q���6�\�V�W�H�P�V���Z�L�W�K���K�L�J�K�H�U���S�R�Z�H�U��

�2�F�W�R�E�H�U����������

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N

�.�,�&�.�Õ�2�)�)���2�)���7�+�(���3�$�5�,�6�Õ�6�$�&�/�$�<���,�1�7�(�*�5�$�7�(�'���0�$�7�(�5�,�$�/�6���,�1�6�7�,�7�8�7�(��

�7�K�H�� �3�D�U�L�V���6�D�F�O�D�\�� �,�Q�W�H�J�U�D�W�H�G�� �0�D�W�H�U�L�D�O�V�� �,�Q�V�W�L�W�X�W�H�� �����,�0���� �Z�D�V�� �L�Q�D�X�J�X�U�D�W�H�G�� �D�W���&�H�Q�W�U�D�O�H�6�X�S�H�O�H�F�� �R�Q�� �0�D�\�� ���Q�G���� ���������� �Z�L�W�K��
�D�Q�� �D�I�W�H�U�Q�R�R�Q�� �R�I�� �S�U�H�V�H�Q�W�D�W�L�R�Q�V�� �G�H�W�D�L�O�L�Q�J�� �W�K�H�� �,�Q�V�W�L�W�X�W�H�o�V�� �P�L�V�V�L�R�Q�V���� �V�W�U�X�F�W�X�U�H���� �D�Q�G�� �W�R�S�L�F�D�O�� �D�[�H�V���� �7�K�H�V�H�� �F�R�Y�H�U�� �&�R�P�S�X-
tational Materials Science, Materials Synthesis and Processing, State-of-the-Art Characterization Tools, and the 
�0�D�W�H�U�L�D�O�V���/�L�I�H���&�\�F�O�H�����7�K�H���,�Q�W�H�J�U�D�W�H�G���0�D�W�H�U�L�D�O�V���,�Q�V�W�L�W�X�W�H���F�R�P�H�V���L�Q���D�L�G���W�R���3�D�U�L�V���6�D�F�O�D�\���V�W�X�G�H�Q�W�V�����W�H�D�F�K�H�U�V�����D�Q�G���U�H�V�H�D�U-
�F�K�H�U�V���W�R���L�Q�W�H�J�U�D�W�H���W�K�H�V�H���W�R�S�L�F�V���D�Q�G���D�V�S�H�F�W�V���L�Q���W�K�H�L�U���U�H�V�H�D�U�F�K�����W�U�D�L�Q�L�Q�J�����D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q���S�U�R�M�H�F�W�V�����7�K�H���W�Z�R�����,�0���G�L�U�H�F-
�W�L�R�Q�� �P�H�P�E�H�U�V�� �D�Q�G�� �W�Z�R�� �P�D�Q�D�J�H�U�V�� �R�I�� ���,�0�� �W�K�H�P�H�V�� ���D�[�H�V�� �L�O�O�X�V�W�U�D�W�H�� �W�K�H�� �V�W�D�N�H�V���K�H�O�G�� �E�\�� �&���1���� �D�Q�G�� �W�K�H�� �L�Q�Y�H�V�W�P�H�Q�W�� �R�I��
�&���1�� �L�Q���W�K�H���,�Q�W�H�J�U�D�W�H�G���0�D�W�H�U�L�D�O�V���,�Q�V�W�L�W�X�W�H���� �7�K�H���L�Q�D�X�J�X�U�D�O���H�Y�H�Q�W���D�W�W�U�D�F�W�H�G���V�R�P�H�������� �D�W�W�H�Q�G�H�H�V���I�U�R�P���D�O�O�������� �O�D�E�R�U�D�W�R-
�U�L�H�V���S�D�U�W�L�F�L�S�D�W�L�Q�J���L�Q���W�K�H���,�Q�V�W�L�W�X�W�H�����D�Q�G���I�U�R�P���D�O�O���3�D�U�L�V���6�D�F�O�D�\���H�V�W�D�E�O�L�V�K�P�H�Q�W�V�����F�R�P�S�R�Q�H�Q�W�V�����D�Q�G���S�D�U�W�Q�H�U���R�U�J�D�Q�L�V�D�W�L�R�Q�V��
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�9�,�6�,�7���2�)���7�+�(���4�8�(�%�(�&���4�8�$�1�7�8�0���'�(�/�(�*�$�7�,�2�1���$�6���3�$�5�7���2�)���$��
�6�7�5�$�7�(�*�,�&�����0�,�6�6�,�2�1���7�2���7�+�(���1�(�7�+�(�5�/�$�1�'�6���$�1�'���)�5�$�1�&�(

C2N received a visit from the Déléga-
�W�L�R�Q�� �4�X�Ä�E�H�F�� �4�X�D�Q�W�L�T�X�H�� �D�V�� �S�D�U�W�� �R�I�� �W�K�H�L�U��
�V�W�U�D�W�H�J�L�F���P�L�V�V�L�R�Q���L�Q���)�U�D�Q�F�H�����7�K�H���S�X�U�S�R�V�H��
of the visit to France was to establish 
research and innovation collaborations 
with European scientists developing ac-
�W�L�Y�L�W�L�H�V���L�Q���W�K�H���T�X�D�Q�W�X�P���V�H�F�W�R�U�����,�Q���-�D�Q�X�D�U�\��
2021, the French Presidency announced 
the national strategy on quantum 
�W�H�F�K�Q�R�O�R�J�L�H�V�� �D�W�� �&���1���� �W�K�X�V�� �F�R�Q�¬�U�P�L�Q�J��
the positioning of our laboratory as 
�R�Q�H�� �R�I�� �W�K�H�� �P�D�M�R�U�� �S�O�D�\�H�U�V�� �L�Q�� �W�K�H�� �¬�H�O�G��

�)�,�5�6�7���/�,�9�(���6�&�,�(�1�7�,�)�,�&���6�7�5�(�$�0���)�5�2�0���$���&�/�(�$�1���5�2�2�0

ARTE’s Scope programme (in partnership with the 
�&�1�5�6���� �Z�D�V�� �O�L�Y�H�� �I�U�R�P�� �&���1�� �D�Q�G�� �E�U�R�D�G�F�D�V�W�� �R�Q�� �7�Z�L�W�F�K�� 
We are honoured to have shared this live broadcast with 
�$�O�D�L�Q�� �$�V�S�H�F�W���� �O�D�X�U�H�D�W�� �R�I�� �W�K�H�� ���������� �1�R�E�H�O�� �3�U�L�]�H�� �L�Q�� �3�K�\-
sics, and also delighted to have opened the doors of our 
�F�O�H�D�Q�� �U�R�R�P�� �H�[�F�O�X�V�L�Y�H�O�\�� �I�R�U�� �W�K�L�V�� �K�L�J�K���T�X�D�O�L�W�\�� �V�F�L�H�Q�W�L�¬�F�� �V�W�U�H�D�P����
�$�Q�� �H�[�F�L�W�L�Q�J�� �L�P�P�H�U�V�L�R�Q�� �L�Q�W�R�� �W�K�H�� �K�H�D�U�W�� �R�I�� �T�X�D�Q�W�X�P�� �S�K�\�V�L�F�V��

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N

�'�H�F�H�P�E�H�U����������
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�&���1���� �U�H�S�U�H�V�H�Q�W�H�G�� �E�\�� �*�L�D�Q�F�D�U�O�R�� �)�D�L�Q�L���� �'�L�U�H�F�W�R�U�� �R�I�� �W�K�H�� �8�Q�L�W���� �D�Q�G�� �&�\�Q�W�K�L�D�� �9�D�O�O�H�U�D�Q�G���� �6�H�F�U�H�W�D�U�\�� �*�H�Q�H�U�D�O���� �D�F��
�F�R�P�S�D�Q�L�H�G�� �E�\�� �%�H�Q�R�É�W�� �%�Ä�O�L�H�U���� �7�H�F�K�Q�L�F�D�O�� �'�L�U�H�F�W�R�U�� �R�I�� �W�K�H�� �3�O�D�W�I�R�U�P�� �I�R�U�� �,�Q�Q�R�Y�D�W�L�R�Q�� �L�Q�� �0�L�F�U�R�� �D�Q�G�� �1�D�Q�R�W�H�F�K�Q�R��
�O�R�J�L�H�V�� ���3�,�0�(�1�7������ �D�W�W�H�Q�G�H�G�� �W�K�H�� �L�Q�D�X�J�X�U�D�W�L�R�Q�� �R�I�� �W�K�H�� �4�8�%�,�&�� �2�E�V�H�U�Y�D�W�R�U�\�� �L�Q�� �$�U�J�H�Q�W�L�Q�D���� �7�K�L�V�� �S�U�R�M�H�F�W�� �L�V�� �V�X�S��
�S�R�U�W�H�G�� �E�\�� �D�Q�� �L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �F�R�O�O�D�E�R�U�D�W�L�R�Q�� �R�I�� ������ �O�D�E�R�U�D�W�R�U�L�H�V�� �L�Q�� �)�U�D�Q�F�H���� �,�W�D�O�\���� �,�U�H�O�D�Q�G���� �8�.���� �8�6�$�� �D�Q�G�� �$�U�J�H�Q�W�L�Q�D��
�$�P�R�Q�J���W�K�H�P�����&���1���K�D�V���E�H�H�Q���D���O�R�Q�J���V�W�D�Q�G�L�Q�J���S�D�U�W�Q�H�U���R�I���W�K�H���$�3�&���D�Q�G���W�K�H���,�-�&�/�D�E���V�L�Q�F�H���������������7�K�H���G�H�W�H�F�W�R�U���D�U�U�D�\�V���W�K�D�W��
�H�T�X�L�S���W�K�H���4�8�%�,�&���W�H�O�H�V�F�R�S�H���D�U�H���W�K�H���U�H�V�X�O�W���R�I���������\�H�D�U�V���R�I���U�H�V�H�D�U�F�K���D�Q�G���W�H�F�K�Q�R�O�R�J�L�F�D�O���G�H�Y�H�O�R�S�P�H�Q�W���L�Q���W�K�H���&���1���I�D�F�L�O�L�W�\��

�2�F�W�R�E�H�U����������

�,�1�$�8�*�8�5�$�7�,�2�1���2�)���7�+�(���4�8�%�,�&���7�(�/�(�6�&�2�3�(

�1�R�Y�H�P�E�H�U������������

�&���1���2�5�*�$�1�,�6�(�'���7�+�(�������7�+���Ó�$�1�'���/�$�6�7�Ô���&�2�/�/�2�4�8�,�8�0���2�)���7�+�(���*�'�5���,�4�)�$��

The conference covered the latest developments in quantum en-
�J�L�Q�H�H�U�L�Q�J���� �V�W�U�X�F�W�X�U�H�G�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �N�H�\�� �W�K�H�P�H�V�� �R�I�� �W�K�H�� �,�4�)�$��
�)�X�Q�G�D�P�H�Q�W�D�O�� �4�X�D�Q�W�X�P�� �$�V�S�H�F�W�V������ �4�X�D�Q�W�X�P�� �F�R�P�P�X�Q�L�F�D��
�W�L�R�Q�� �D�Q�G�� �F�U�\�S�W�R�J�U�D�S�K�\���� �4�X�D�Q�W�X�P�� �'�H�W�H�F�W�L�R�Q�� �D�Q�G�� �0�H�W�U�R�O�R��
�J�\���� �4�X�D�Q�W�X�P�� �6�L�P�X�O�D�W�L�R�Q�� �4�X�D�Q�W�X�P�� �S�U�R�F�H�V�V�L�Q�J���� �D�O�J�R�U�L�W�K�P�V��
and computing, Cross-disciplinary engineering and methods

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N

�4�8�%�,�&�� �E�R�O�R�P�H�W�U�L�F�� �G�H�W�H�F�W�R�U�� �D�U�U�D�\�� ���������� �1�E�6�L�� �W�K�H�U��
�P�R�P�H�W�H�U�V�� �V�X�V�S�H�Q�G�H�G�� �R�Q�� �L�Q�G�L�Y�L�G�X�D�O�� �V�L�O�L�F�R�Q�� �Q�L�W�U�L�G�H��
�J�U�L�G�V���� �U�H�D�O�L�]�H�G�� �L�Q�� �W�K�H�� �&���1�� �W�H�F�K�Q�R�O�R�J�\�� �F�H�Q�W�H�U
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�7�K�L�V�� �����G�D�\�� �V�F�L�H�Q�W�L�¬�� �F�� �Z�R�U�N�V�K�R�S�� �F�R�Y�H�U�H�G�� �D�� �Z�L�G�H�� �U�D�Q�J�H�� �R�I�� �W�R�S�L�F�V���L�Q�� �S�K�R�W�R�Q�L�F�V�� �D�Q�G�� �D�L�P�H�G�� �W�R�� �H�V�W�D�E�O�L��
sh an international synergy around C2N, which hosts one of the largest European research de-
�S�D�U�W�P�H�Q�W�V�� �L�Q�� �S�K�R�W�R�Q�L�F�V���� �D�Q�G�� �W�R�� �E�U�L�Q�J�� �W�R�J�H�W�K�H�U�� �W�K�H�� �P�R�V�W�� �S�U�R�P�L�Q�H�Q�W�� �U�H�V�H�D�U�F�K�H�U�V�� �L�Q�� �W�K�H�� �¬�� �H�O�G��

�0�D�U�F�K����������

During the conference, we were 
delighted to welcome Alain As-
�S�H�F�W���� �1�R�E�H�O�� �3�U�L�]�H�� �L�Q�� �3�K�\�V�L�F�V�� ��������

�0�,�&�5�2���$�1�'���1�$�1�2�3�+�2�7�2�1�,�&�6���'�$�<�6

�6�H�S�W�H�P�E�H�U����������

The event also aimed to promote 
�N�Q�R�Z�O�H�G�J�H�� �W�U�D�Q�V�I�H�U�� �E�H�W�Z�H�H�Q�� �W�K�H�� �G�L�ª�� �H��
�U�H�Q�W�� �E�U�D�Q�F�K�H�V�� �R�I�� �S�K�R�W�R�Q�L�F�V���� �,�W�� �Z�D�V�� �G�H��
signed to provide an international forum 
where leading researchers from around 
the world presented and discussed their 
�O�D�W�H�V�W�� �U�H�V�X�O�W�V�� �D�Q�G�� �I�X�W�X�U�H�� �F�K�D�O�O�H�Q�J�H�V��

�7�K�H�� �&���1�� �F�R�O�O�R�T�X�L�D�� �Z�H�U�H�� �E�D�F�N�� ���� �*�U�H�D�W�� �¬�� �U�V�W�� �&���1�� �F�R�O�O�R��
quium by Jacqueline Bloch (CNRS Senior researcher at C2N, 
CNRS Silver Medal 2017, Academie des Sciences Member 
������������ ���4�X�D�Q�W�X�P�� �®�� �X�L�G�V�� �R�I�� �O�L�J�K�W�� �L�Q�� �V�H�P�L�F�R�Q�G�X�F�W�R�U�� �O�D�W�W�L�F�H�V��

�7�+�(���&���1���&�2�/�/�2�4�8�,�$���:�(�5�(���%�$�&�.��
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The C2N Technological Facilities are hosted in a clean room of 2 900 sqm , dedicated to micro and 
�Q�D�Q�R�I�D�E�U�L�F�D�W�L�R�Q�� �S�U�R�F�H�V�V�H�V���� �H�S�L�W�D�[�\�� �D�Q�G�� �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q�� �R�I�� �P�D�W�H�U�L�D�O�V���� �6�R�P�H�� �D�U�H�D�V�� �D�U�H�� �D�O�V�R�� �G�H�Y�R�W�H�G��
to education and continuous training in micro-nanotechnologies, and 250sqm are dedicated to start-
up or SME activities ���� �0�R�U�H�� �W�K�D�Q��50 M€ are invested in state-of-the-art equipments for micro-
nanotechnologies  and �������H�Q�J�L�Q�H�H�U�V���D�Q�G���W�H�F�K�Q�L�F�L�D�Q�V���Z�R�U�N���L�Q�������S�O�D�W�I�R�U�P�V�������3�,�0�(�1�7�����3�2�(�0���D�Q�G���3�$�1�$�0��

The C2N cleanroom is an essential tool for research 
�F�D�U�U�L�H�G�� �R�X�W�� �L�Q�� �W�K�H�� �O�D�E�R�U�D�W�R�U�\���� �,�W�� �L�V�� �D�O�V�R�� �S�D�U�W�� �R�I�� �W�K�H��
�)�U�H�Q�F�K�����Q�H�W�Z�R�U�N�����5�(�1�$�7�(�&�+�����F�R�R�U�G�L�Q�D�W�H�G���E�\���W�K�H���&�1�5�6������
�W�R�� �V�X�S�S�R�U�W�� �U�H�V�H�D�U�F�K�� �D�Q�G�� �L�Q�Q�R�Y�D�W�L�R�Q�� �L�Q�� �W�K�H�� �¬�H�O�G�� �R�I��
�P�L�F�U�R���Q�D�Q�R�W�H�F�K�Q�R�O�R�J�L�H�V�� �D�W�� �W�K�H�� �Q�D�W�L�R�Q�D�O�� �O�H�Y�H�O���� �7�R�G�D�\����
more than two hundred academic and industrial 
�S�U�R�M�H�F�W�V�� �D�U�H�� �V�X�S�S�R�U�W�H�G�� �E�\�� �R�X�U�� �I�D�F�L�O�L�W�L�H�V���� �$�P�R�Q�J��
�W�K�H�V�H�� �S�U�R�M�H�F�W�V���� �������� �D�U�H�� �I�U�R�P�� �H�[�W�H�U�Q�D�O�� �O�D�E�R�U�D�W�R�U�L�H�V����

�7�R���D�F�F�H�V�V���R�X�U���I�D�F�L�O�L�W�L�H�V��

- To send a request via the RENATECH website  
���K�W�W�S�V�������S�U�R�M�H�W�V���U�H�Q�D�W�H�F�K���R�U�J��

�����&�R�Q�W�D�F�W���G�L�U�H�F�W�O�\���W�K�H���7�H�F�K�Q�R�O�R�J�L�F�D�O���)�D�F�L�O�L�W�\���V�W�D�ª���E�\��
�H���P�D�L�O�������U�H�Q�D�W�H�F�K�#�F���Q���X�S�V�D�F�O�D�\���I�U
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�0�L�F�U�R���D�Q�G���1�D�Q�R���7�H�F�K�Q�R�O�R�J�L�H�V���,�Q�Q�R�Y�D�W�L�R�Q���3�O�D�W�I�R�U�P�������3�,�0�(�1�7
�7�K�H���3�O�D�W�I�R�U�P���3�,�0�(�1�7���K�D�V���P�R�U�H���W�K�D�Q�����������S�L�H�F�H�V���R�I���H�T�X�L�S�P�H�Q�W���I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W�����V�K�D�S�L�Q�J���D�Q�G���F�K�D�U�D�F�W�H�U�L�V�D�W�L�R�Q��
�R�I���P�D�W�H�U�L�D�O�V�����W�K�H���P�D�Q�X�I�D�F�W�X�U�H���D�Q�G���D�V�V�H�P�E�O�\���R�I���F�R�P�S�R�Q�H�Q�W�V�����,�W���P�H�H�W�V���W�K�H���W�R���W�K�H���Q�H�H�G�V���R�I���P�L�F�U�R���D�Q�G���Q�D�Q�R���P�D�Q�X��
�I�D�F�W�X�U�L�Q�J���R�I���W�K�H���X�Q�L�W�o�V���V�W�X�G�\���R�E�M�H�F�W�V���D�Q�G�����P�R�U�H���E�U�R�D�G�O�\���W�R���W�K�H���G�H�P�D�Q�G���R�I���W�K�H���V�F�L�H�Q�W�L�¬�� �F���D�Q�G���L�Q�G�X�V�W�U�L�D�O���F�R�P�P�X�Q�L�W�\��

�(�[�S�H�U�W�L�V�H�V��
�����2�S�W�L�F�D�O���D�Q�G���D�O�W�H�U�Q�D�W�L�Y�H���O�L�W�K�R�J�U�D�S�K�\���O�L�W�K�R�J�U�D�S�K�\�����Q�D�Q�R�O�L�W�K�R�J�U�D�S�K�\
- Metal deposition, dielectric deposition and heat treatments
- Dry and chemical etching, Electrochemistry
- Characterisation by scanning electron microscopy microscopy and physico-chemical physico-chemical
- Back-end

�2�Q�H���R�I���W�K�H���N�H�\���I�H�D�W�X�U�H�V��
Latest generation electronic masker 
Raith Ebpg 5200

Main features 
���������N�9���D�F�F�H�O�H�U�D�W�L�R�Q���Y�R�O�W�D�J�H�����)�(�7���V�R�X�U�F�H��
���P�P���[�����P�P���Z�U�L�W�L�Q�J���¬�� �H�O�G
Lithography on a full 200mm wafer
Ultimate resolution of 10nm or less
125 MHz write speed
Writing on non-planar samples with height variations 
of up to 10mm
BEAMER third-party software :
�)�U�D�F�W�X�U�L�Q�J���D�Q�G���S�U�R�[�L�P�L�W�\���H�ª�� �H�F�W���F�R�U�U�H�F�W�L�R�Q
�6�L�P�X�O�D�W�L�R�Q���R�I���V�S�D�W�L�D�O���L�P�S�X�O�V�H���U�H�V�S�R�Q�V�H�����S�V�I�����R�I���W�K�H��
ebeam

�.�H�\���¬�� �J�X�U�H�V��
Number of users : 26
Utilization rate : 70% and 2000 hours per year (3950 
�L�Q�F�O�X�G�L�Q�J���P�D�L�Q�W�H�Q�D�Q�F�H��
Number of training courses per year : 8
Number of projects per year : 42

�)�L�J�X�U�H�����������D�����3�K�R�W�R�J�U�D�S�K���R�I���W�K�H���5�D�L�W�K���(�%�3�*�����������P�D�V�N�H�U���L�Q�V�W�D�O�O�H�G���L�Q���D�Q���,�6�2�����F�O�H�D�Q���U�R�R�P�������E�����+�R�O�G�H�U���I�R�U���������P�P���W�R���������P�P���Z�D�I�H�U�V�������F�����+�R�O�G�H�U���I�R�U��
�V�D�P�S�O�H�V���I�U�R�P���D���I�H�Z���P�P�•���W�R�����–���Z�D�I�H�U��

�)�L�J�X�U�H�� ������ �%�(�$�0�(�5�� �V�R�I�W�Z�D�U�H��
���*�H�Q�L�V�\�V�� �*�P�%�K���� �I�R�U�� �I�U�D�F�W�X��
�U�L�Q�J�� �D�Q�G�� �S�U�R�[�L�P�L�W�\�� �H�ª�� �H�F�W�� �F�R�U��
�U�H�F�W�L�R�Q�� ���3�(�&������ �H�[�D�P�S�O�H�� �R�I�� �D��
�)�U�H�V�Q�H�O�� �O�H�Q�V�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q
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�0�D�W�H�U�L�D�O���*�U�R�Z�W�K���)�D�F�L�O�L�W�L�H�V���������3�2�(�0
�7�K�H���0�D�W�H�U�L�D�O���*�U�R�Z�W�K���)�D�F�L�O�L�W�L�H�V���G�H�Y�H�O�R�S���D�G�Y�D�Q�F�H�G���P�D�W�H�U�L�D�O�V���I�R�U���W�K�H���V�F�L�H�Q�W�L�¬�F���D�Q�G���L�Q�G�X�V�W�U�L�D�O���F�R�P�P�X�Q�L�W�\���V�X�F�K���D�V���F�U�\�V-
�W�D�O�O�L�Q�H���W�K�L�Q���¬�O�P�V���R�U���V�H�P�L�F�R�Q�G�X�F�W�R�U���Q�D�Q�R�V�W�U�X�F�W�X�U�H�V���,�9���D�Q�G���,�,�,���9�����W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O�������'�����P�D�W�H�U�L�D�O�V���D�Q�G���I�X�Q�F�W�L�R�Q�D�O���R�[�L�G�H�V��

�(�[�S�H�U�W�L�V�H�V��
- Thin and crystalline materials, 2D, functional and hybridization 
�����(�S�L�W�D�[�\�����0�%�(�����0�2�&�9�'�����&�9�'�����3�/�'�����8�+�9���&�%�(����
�����+�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V���D�Q�G���Q�D�Q�R�V�W�U�X�F�W�X�U�H�V���R�I���,�,�,���9���R�Q���*�D�$�V�����,�Q�3�����*�D�3���D�Q�G���,�9���H�O�H�P�H�Q�W�V���R�Q���6�L��
�����1�D�Q�R�Z�L�U�H�V���,�,�,���9�����*�D�1�����6�L�*�H��
�����,�Q�W�H�J�U�D�W�L�R�Q���R�I���,�,�,���9���P�D�W�H�U�L�D�O�V���R�Q���V�L�O�L�F�R�Q��
�����7�K�L�Q���P�D�J�Q�H�W�L�F���¬�O�P�V���D�Q�G���I�X�Q�F�W�L�R�Q�D�O�L�]�H�G���R�[�L�G�H�V��
�����7�Z�R���G�L�P�H�Q�V�L�R�Q�D�O���P�D�W�H�U�L�D�O�V�����J�U�D�S�K�H�Q�H�����7�0�'�V�����K�%�1�����H�W�F������
 - Topological materials
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�/�H�J�H�Q�G�������(�S�L�W�D�[�L�D�O���J�U�R�Z�W�K���R�I���*�D�$�O�$�V���W�Z�R���G�L�P�H�Q�V�L�R-
�Q�D�O���H�O�H�F�W�U�R�Q���J�D�V�H�V���X�V�H�G���I�R�U���H�O�H�F�W�U�R�Q�L�F���W�U�D�Q�V�S�R�U�W���V�X�F�K��

�D�V���W�K�H���U�H�D�O�L�V�D�W�L�R�Q���R�I���=�H�K�Q�G�H�U���G�H�Y�L�F�H�V

�(�S�L�W�D�[�L�D�O���J�U�R�Z�W�K���R�I���,�,�,���9���K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V��
�I�R�U���T�X�D�Q�W�X�P���S�K�R�W�R�Q�L�F�V�����S�K�R�Q�R�Q�L�F�V���D�Q�G��
�R�S�W�R���P�H�F�K�D�Q�L�F�V

�.�D�U�G�D�U�s�3�D�U�L�V�L�s�=�K�D�Q�J���X�Q�L�Y�H�U�V�D�O�L�W�\���L�Q���D���R�Q�H���G�L�P�H�Q�V�L�R�Q�D�O��
�S�R�O�D�U�L�W�R�Q���F�R�Q�G�H�Q�V�D�W�H
�)�R�Q�W�D�L�Q�H�����4�������6�T�X�L�]�]�D�W�R�����'�������%�D�E�R�X�[�����)�����H�W���D�O������

�1�D�W�X�U�H�����9�R�O����������������������������������������
�'�2�,�����������������������V����������������������������������

�7�U�D�Q�V�P�L�W�W�L�Q�J���W�K�H���T�X�D�Q�W�X�P���V�W�D�W�H���R�I���H�O�H�F�W�U�R�Q�V���D�F�U�R�V�V���D��
�P�H�W�D�O�O�L�F���L�V�O�D�Q�G���Z�L�W�K���&�R�X�O�R�P�E���L�Q�W�H�U�D�F�W�L�R�Q
�+�����'�X�S�U�H�]�����(�����6�L�Y�U�H�����$�����$�Q�W�K�R�U�H�����$�����$�D�V�V�L�P�H�����$�����&�D�Y�D�Q�Q�D����
�8�����*�H�Q�Q�V�H�U�����)�����3�L�H�U�U�H

�6�F�L�H�Q�F�H�����9�R�O�������������,�V�V�X�H����������
�'�2�,�����������������������V�F�L�H�Q�F�H���D�D�Z������
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Material ANAlysis Platform - PANAM 

�7�K�H���P�H�P�E�H�U�V���R�I���W�K�H���S�O�D�W�I�R�U�P���K�D�Y�H���D�Q���H�[�V�W�H�Q�V�L�Y�H���H�[�S�H�U�W�L�V�H���L�Q���V�W�U�X�F�W�X�U�D�O�����R�S�W�L�F�D�O���D�Q�G���F�K�H�P�L�F�D�O���P�D�W�H��
�U�L�D�O���D�Q�D�O�\�V�L�V���G�R�Z�Q���W�R���W�K�H���D�W�R�P�L�F���V�F�D�O�H��

�(�[�S�H�U�W�L�V�H�V��
�����$�Q�D�O�\�V�L�V���R�I���W�K�L�Q���¬�� �O�P���D�Q�G���Q�D�Q�R�V�W�U�X�F�W�X�U�H�V���R�I���V�H�P�L�F�R�Q�G�X�F�W�R�U�V�������'���P�D�W�H�U�L�D�O�V�����R�[�L�G�H�V
�����6�W�X�G�\���R�I���J�U�R�Z�W�K���P�R�G�H�V�����V�W�U�D�L�Q�����S�O�D�V�W�L�F���D�Q�G���H�O�D�V�W�L�F���U�H�O�D�[�D�W�L�R�Q���F�K�D�Q�Q�H�O�V
- Structural/chemical analysis of surfaces and interfaces
- Surface magnetic, electrical and optical properties
�����2�S�W�R���H�O�H�F�W�U�R�Q�L�F���S�U�R�S�H�U�W�L�H�V���R�I���V�H�P�L�F�R�Q�G�X�F�W�R�U�V���D�W���E�R�W�K���Q�D�Q�R�P�H�W�H�U���D�Q�G���S�L�F�R�V�H�F�R�Q�G���V�F�D�O�H�V
���E�D�Q�G���V�W�U�X�F�W�X�U�H�����F�D�U�U�L�H�U���G�\�Q�D�P�L�F�V�����F�U�\�V�W�D�O���S�K�D�V�H�V�����G�H�I�H�F�W�V��
�����,�P�D�J�L�Q�J���R�I���R�S�W�L�F�D�O���P�R�G�H�V

�;���U�D�\�V���G�L�ª�� �U�D�F�W�L�R�Q���D�Q�G���U�H�®�� �H�F�W�R�P�H�W�U�\
�*�D�1���������������S�R�O�H���¬���J�X�U�H�����F�U�\�V�W�D�O�O�R�J�U�D�S�K�L�F���R�U�L�H�Q�W�D�Q�W�L�R�Q���R�I���*�D�1���Q�D�Q�R�Z�L�U�H�V���R�Q��
Si(001)

�7�U�D�Q�V�P�L�V�V�L�R�Q���(�O�H�F�W�U�R�Q���0�L�F�U�R�V�F�R�S�\
�6�7�(�0���+�$�$�'�)���L�P�D�J�H���R�I���S�D�U�W�L�D�O���G�L�V�O�R�F�D�W�L�R�Q�V���D�Q�G���W�Z�L�Q�Q�L�Q�J

�L�Q���D���0�%�(���J�U�R�Z�Q���,�Q�3���O�D�\�H�U���R�Q���6�U�7�L�2�����V�X�E�V�W�U�D�W�H

Atomic Force Microscopy
�(�S�L�W�D�[�L�D�O���J�U�D�S�K�H�Q�H���O�D�\�H�U���I�R�U�P�H�G���E�\���6�L�&���V�X�E�V�W�U�D�W�H���V�X�E�O�L�P�D�W�L�R�Q

�&�D�W�K�R�G�R�O�X�P�L�Q�H�V�F�H�Q�F�H�����&�:���D�Q�G���S�X�O�V�H�G���P�R�G�H�V��
���D�����*�D�$�V���%�H���1�D�Q�R�:�L�U�H�V�����1�:�V�����6�(�0���L�P�D�J�H��

���E�����1�R�U�P�D�O�L�V�H�G���L�Q�W�H�J�U�D�W�H�G���&�/���L�Q�W�H�Q�V�L�W�\���P�D�S��
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Jacques Gierak, Gilles Raynaud, Caroline Guiziou, 
Jean René Coudevylle, Ali Madouri, Lars Bruchhaus, 
Achim Nadzeyka, Björn Whittman, Ralf Jede, Chris-
tophe David, Jean Christophe Girard
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�'�2�,�������K�W�W�S�V�������G�R�L���R�U�J������������������������������������

Graphene, a single layer of carbon atoms tightly bound in 
�D���K�H�[�D�J�R�Q�D�O���K�R�Q�H�\�F�R�P�E���O�D�W�W�L�F�H���W�R���I�R�U�P���D���W�Z�R���G�L�P�H�Q�V�L�R��
nal lattice, is a very interesting material with promising 
electronic, optical, chemical, and mechanical applicative 
�S�R�W�H�Q�W�L�D�O���>�*�H�L�P���D�Q�G���1�R�Y�R�V�H�O�R�Y�����1�D�W�����0�D�W�H�U�������������������������������@����
The properties of graphene make it suitable for a wide 
�U�D�Q�J�H���R�I���D�S�S�O�L�F�D�W�L�R�Q�V�����K�R�Z�H�Y�H�U�����L�W�V���D�S�S�O�L�F�D�W�L�Y�H���I�X�W�X�U�H���V�W�L�O�O��
depends on large scale technologies capable to robustly 
and reproducibly transfer its outstanding intrinsic pro-
�S�H�U�W�L�H�V���L�Q�W�R���G�H�Y�L�F�H�V���R�U���F�R�P�S�O�H�[���V�W�U�X�F�W�X�U�H�V�����,�W���P�X�V�W���E�H���U�H��
cognized that a crucial technological problem, that still in-
hibits the applicability of high quality graphene material 
properties, is related to the patterning of this material 
using traditional top down instruments and lithographi-
�F�D�O�� �P�H�W�K�R�G�V���� �,�Q�� �W�K�L�V�� �Z�R�U�N���� �Z�H�� �Z�L�O�O�� �G�H�W�D�L�O�� �R�X�U�� �L�Q�Y�H�V�W�L�J�D��
�W�L�R�Q�V���R�Q���D�S�S�O�\�L�Q�J���D���S�U�H�F�L�V�H���������N�H�9���*�D�����L�R�Q���L�U�U�D�G�L�D�W�L�R�Q���W�R��
selectively shape and modify a copper precursor surface 
for promoting the local growth of graphene surface do-
�P�D�L�Q�V�����7�K�H���P�R�U�S�K�R�O�R�J�\���R�I���W�K�H�V�H���G�R�P�D�L�Q�V���L�V���L�Q�Y�H�V�W�L�J�D�W�H�G��
using scanning tunneling microscopy and spectroscopy 
to probe simultaneously the structural and the electro-
�Q�L�F���S�U�R�S�H�U�W�L�H�V���D�W���W�K�H���D�W�R�P�L�F���V�F�D�O�H���R�I���W�K�H���J�U�D�S�K�H�Q�H���¬�� �O�P�V��
�,�Q���W�K�L�V���Z�R�U�N���Z�H���K�D�Y�H���G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���V�L�Q�J�O�H���J�U�D�S�K�H�Q�H��
domains can be fabricated, localized and organized di-
�U�H�F�W�O�\���Y�L�D���D���V�S�H�F�L�¬�� �F���*�D�����)�,�%���S�D�W�W�H�U�Q�L�Q�J���S�U�R�F�H�V�V�����:�H���K�D�Y�H��
�G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���K�L�J�K���)�,�%���L�U�U�D�G�L�D�W�L�R�Q���G�R�V�H�V������������ �L�R�Q�V��
�S�L�[�H�O���� �F�D�Q�� �U�H�V�L�V�W�� �W�K�H�� �U�H�D�U�U�D�Q�J�H�P�H�Q�W�� �S�U�R�F�H�V�V�� �W�K�D�W�� �R�F�F�X�U�V��
�G�X�U�L�Q�J���W�K�H���K�L�J�K���W�H�P�S�H�U�D�W�X�U�H���&�9�'���S�U�H�S�D�U�D�W�L�R�Q���S�U�R�F�H�V�V�����D��
�W�H�P�S�H�U�D�W�X�U�H���U�H�T�X�L�U�H�G���L�Q���R�X�U���H�[�S�H�U�L�P�H�Q�W�D�O���J�U�R�Z�W�K���F�K�D�P��

�E�H�U�� �W�R�� �D�F�K�L�H�Y�H�� �K�L�J�K�� �T�X�D�O�L�W�\�� �J�U�D�S�K�H�Q�H�� �¬�� �O�P�V���� �7�K�H�� �F�R�S�S�H�U��
�V�X�E�V�W�U�D�W�H�� �D�Q�Q�H�D�O�L�Q�J�� �D�Q�G�� �F�R�S�S�H�U�� �Q�D�W�L�Y�H�� �R�[�L�G�H�� �U�H�P�R�Y�D�O��
�S�H�U�I�R�U�P�H�G�� �D�U�R�X�Q�G�� ���������‹�&�� �L�Q�G�X�F�H�� �D�� �V�L�J�Q�L�¬�� �F�D�Q�W�� �U�H�D�U�U�D�Q��
�J�H�P�H�Q�W���R�I���W�K�H���F�R�S�S�H�U���S�U�H�F�X�U�V�R�U���V�X�U�I�D�F�H�����%�H�O�R�Z���W�K�H����������
�L�R�Q�V���S�L�[�H�O�� �W�K�U�H�V�K�R�O�G���� �W�K�H�� �W�K�L�Q�� ���D�U�R�X�Q�G�� �W�H�Q�� �Q�P�� �W�K�L�F�N���� �)�,�%��
�P�R�G�L�¬�� �H�G�� �V�X�U�I�D�F�H�� �D�U�H�� �H�U�D�V�H�G�� �E�\�� �W�K�H�� �D�Q�Q�H�D�O�L�Q�J�� �S�U�R�F�H�V�V����
The line spacing, orientation or zigzag irradiation were 
found to provide identical results in the form of high qua-
�O�L�W�\���O�R�F�D�O�L�]�H�G�����'���J�U�D�S�K�H�Q�H���¬�� �O�P�V���K�D�Y�L�Q�J���V�L�]�H�V���L�Q���F�R�K�H�U�H�Q�F�H��
�Z�L�W�K�� �W�K�H�� �)�,�%�� �L�U�U�D�G�L�D�W�L�R�Q�� �S�D�W�W�H�U�Q�� �G�L�P�H�Q�V�L�R�Q�V���� �7�K�H�� �S�U�R�F�H��
�G�X�U�H���Z�H���K�D�Y�H���S�U�H�V�H�Q�W�H�G���U�H�O�\�L�Q�J���R�Q���V�S�H�F�L�¬�� �F���)�,�%���L�U�U�D�G�L�D�W�L�R�Q��
can be carried as a batch process and hundreds of de-
�Y�L�F�H�V���F�R�X�O�G���E�H���I�D�E�U�L�F�D�W�H�G���Z�L�W�K�L�Q���D���V�L�Q�J�O�H���S�D�W�W�H�U�Q�L�Q�J���U�X�Q����
Finally the investigated separation distances between 
two adjacent scanned lines ranging from 50 to 300nm 
representing a factor around 10 to 75 with respect to 
�W�K�H���F�D�O�F�X�O�D�W�H�G���O�D�W�H�U�D�O���S�U�R�M�H�F�W�H�G���U�D�Q�J�H�V���R�I���������N�H�9���J�D�O�O�L�X�P��
�L�R�Q�V���������Q�P�������V�X�J�J�H�V�W���W�K�D�W���W�K�H���V�S�X�W�W�H�U�H�G���D�Q�G���U�H�G�H�S�R�V�L�W�H�G��
�F�R�S�S�H�U���D�W�R�P�V�����V�S�X�W�W�H�U�L�Q�J���\�L�H�O�G���D�U�R�X�Q�G�����������G�X�U�L�Q�J���W�K�H���)�,�%��
�L�U�U�D�G�L�D�W�L�R�Q�� �S�U�R�F�H�V�V�� �S�O�D�\�V�� �D�� �F�H�Q�W�U�D�O�� �U�R�O�H�� �L�Q�� �R�X�U�� �D�S�S�U�R�D�F�K����
�7�K�L�V�� �)�,�%�� �D�V�V�L�V�W�H�G�� �E�R�W�W�R�P���X�S�� �J�U�R�Z�W�K�� �W�H�F�K�Q�L�T�X�H�� �Z�H��
have presented would represent a major step towar-
ds a better control in the fabrication of structu-
�U�D�O�O�\�� �Z�H�O�O���G�H�¬�� �Q�H�G�� �D�Q�G�� �Z�H�O�O�� �S�R�V�L�W�L�R�Q�H�G�� ���'�� �J�U�D�S�K�H��
�Q�H�� �®�� �D�N�H�V���� �)�X�U�W�K�H�U�� �Z�R�U�N�� �D�L�P�L�Q�J�� �D�W�� �L�Q�Y�H�V�W�L�J�D�W�L�Q�J�� �W�K�H��
lower threshold ion dose required to initiate the 
�J�U�R�Z�W�K�� �R�I�� �J�U�D�S�K�H�Q�H�� �L�V�� �F�X�U�U�H�Q�W�O�\�� �X�Q�G�H�U�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q����

�6�H�O�H�F�W�L�Y�H���*�U�R�Z�W�K���R�I���J�U�D�S�K�H�Q�H���¬�� �O�P�V���R�Q��
gallium-focused ion beam irradiated 
domains
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