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Our quantum sensor: the NV center in diamond

Photostable defect
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Principle of the magnetic field measurement
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The scanning NV microscope setup

Diamond
AFM tip

B P. Maletinsky et al. Nat. Nano. 7 (2012), 320



The scanning NV microscope setup

Diamond
AFM tip

NV/./

Implanted single
NV center

B P. Maletinsky et al. Nat. Nano. 7 (2012), 320



The scanning NV microscope setup

Confocal
microscope
objective

Diamond
AFM tip z
f
NV i

Implanted single
NV center

B P. Maletinsky et al. Nat. Nano. 7 (2012), 320



The scanning NV microscope setup

Confocal
microscope
objective
Diamond -
AFM tip X
f
k

Implanted single
NV center

B P. Maletinsky et al. Nat. Nano. 7 (2012), 320



The scanning NV microscope setup

Confocal
microscope
objective
Diamond
AFM tip X
ot Spatial
NV .
//,o’ resolution
;/;»-?\N\(\ d ~ 50 nm
R e

Implanted single
NV center

B P. Maletinsky et al. Nat. Nano. 7 (2012), 320



The scanning NV microscope setup

Confocal
microscope
objective
Diamond
AFM tip X
! Spatial objective
/’ﬁ,o’ resolution
m d ~ 50nm
R e

Implanted single
NV center

[ P. Maletinsky et al. Nat. Nano. 7 (2012), 320



Application to nanoscale magnetic texture imaging
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Application to nanoscale magnetic texture imaging

Determination of domain wall chirality
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Quantitative characterization of 2D ferromagnets
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Topological defects in BiFeO;

Antiferromagnetic multiferroic
bismuth ferrite
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Bismuth ferrite, a room-temperature multiferroic
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Bismuth ferrite, a room-temperature multiferroic

Electric polarization Magnetism

T

Ferroelectric phase (T<1100 K) G-type antiferromagnetic
phase (Ty = 643K)

B G. Catalan et al. Adv. Mater. 21 (2009), 2463-2485



The effects of magnetoelectric coupling in BiFeO3

P [111]
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Fully compensated cycloid
— No stray field!
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The cycloid in a low strained BiFeO; thin film
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Quantitative analysis of the cycloid in bulk single crystal
Collaborations: UMR CNRS/Thales, Palaiseau (V. Garcia, S. Fusil)
CEA SPEC, Gif-sur-Yvette (J.-Y. Chauleau, M. Viret)
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Rotation of the cycloid propagation direction measured in real space...
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... and in reciprocal space
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... and in reciprocal space

Polar plot of 27 vs k direction
Resonant X-ray scattering
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SWYLEIL Surface effect? Only k; seen by neutrons
N. Jaouen
B D. Lebeugle et al. Phys. Rev. Lett. 100 (2008), 227602



Universal patterns in lamellar systems

Block copolymer BiFeO; magnetic cycloid FeGe magnetic helix
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Liquid crystals Ferrimagnetic garnet Fluid diffusion
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Topological defects in lamellar systems

General ordered medium
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Topological defects in lamellar systems

General ordered medium
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except at singular regions of lower dimensionality — topological defects
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Topological defects in multiferroic BiFeO;

2 W\

Towards electric control?

B A.Finco et al. Phys. Rev. Lett. 128 (2022), 187201
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