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NV centers as magnetic field sensors

Nitrogen-Vacancy defect
in diamond

® Optical manipulation
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® Ambient conditions
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Bismuth ferrite, a room-temperature multiferroic

Electric polarization

Ferroelectric phase (T<1100K)

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



Bismuth ferrite, a room-temperature multiferroic
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The cycloid in a low strained BiFeO; thin film

Collaborations: UMR CNRS/Thales, Palaiseau (V. Garcia, S. Fusil)
CEA SPEC, Gif-sur-Yvette (J.-Y. Chauleau, M. Viret)
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The cycloid in a low strained BiFeO; thin film

Collaborations: UMR CNRS/Thales, Palaiseau (V. Garcia, S. Fusil)
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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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Quantitative analysis of the cycloid in bulk single crystal
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Quantitative analysis of the cycloid in bulk single crystal
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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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N. Jaouen
B D. Lebeugle et al. Phys. Rev. Lett. 100 (2008), 227602
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Universal patterns in lamellar systems

Block copolymer BiFeO; magnetic cycloid FeGe magnetic helix
Period 64 nm Period 70 nm

[T A. Witten. Phys. Today 43 (1990), 21 B A. Finco et al. Phys. Rev. Lett. 128 (2022), 187201 [3 P. schénherr et al. Nat. Phys. 14 (2018), 465

Liquid crystals Ferrimagnetic garnet Fluid diffusion

Period 800 nm Period 8 ym Period 250 pm
2% | 1 s OF

ERZ Bouligand. Dislocations in solids (1983), Chap. 23 [3 M. Seul et al. Phys. Rev. A 46 (1992), 7519 Ba Ouyang et al. Chaos 1(1991), 411
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Topological defects in BiFeO;
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Imaging magnetic van der Waals materials

Collaboration: Institut Néel, Grenoble (A. Purbawati, J. Coraux, N. Rougemaille)
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Imaging magnetic van der Waals materials

Collaboration: Institut Néel, Grenoble (A. Purbawati, J. Coraux, N. Rougemaille)
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CrTe, is not stable in air — encapsulation with h-BN




Defects in h-BN

® h-BN is a wide bandgap material (about 6 eV)
® Single photon emitters were known in h-BN

B T.T. Tran et al. Nature Nanotechnology 11 (2016), 37
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Defects in h-BN

® h-BN is a wide bandgap material (about 6 eV)
® Single photon emitters were known in h-BN

® A spin defect was identified in 2020

‘9%“90"99'?7
AXRE X
) QOOOOOOQOQ
Pe o0, ®e
e ¢0 @
@ 0@ oo

PL intensity

B T.T. Tran et al. Nature Nanotechnology 11 (2016), 37

PLintensity

\ r~i2ns

L
0 10 20
Time (ns)

600

700

Wavelength (nm)

B A. Gottscholl et al. Nat. Mater. 19 (2020), 540

9
7 0.2 4
= Vi Yy
o
g B=10mT
@ 0
£
3] Yo
«
g 05 -

) [¢]

900 1,000
B=0mT
-1.0 T T T T
3.0 3.2 3.4 3.6 3.8

Microwave frequency (GHz)

4.0

16



Objective: a quantum sensing foil integrated in the van der Waals
heterostructure

hBN sensing layer

\

Spin defects

Van der Waals magnet
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Creating ensembles of boron vacancies in h-BN
Collaboration: Kansas State University (J. Li, J. Edgar)
neutron irradiated

h-BN crystal
2.6 x10" n/c*m

pristine
h-BN crystal

Tmm

B S. Liu et al. Chem. of Mater. 30 (2018), 6222
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Creating ensembles of boron vacancies in h-BN

Collaboration: Kansas State University (J. Li, J. Edgar)

neutron irradiated

h-BN crystal ® Excitation at 532 nm
2.6 x10" n/c*m

® Ambient conditions

PL scan 0.8
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h-BN crystal \

1

Tmm 10 um \

%
B S. Liu et al. Chem. of Mater. 30 (2018), 6222
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B A. Haykal et al. Nat. Commun. 13 (2022), 4347
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Measuring magnetic fields with V;
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Magnetic field sensitivity
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Magnetic field sensitivity
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Imaging a CrTe, flake

Collaboration: Institut Néel, Grenoble and LPCNO, Toulouse

Optical image AFM image PL image
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——
h-BN thickness: 85 nm 200 300 400
CrTe; thickness: 64 nm PL (kcts/s)

B P. Kumar et al. Phys. Rev. Appl. 18 (2022), L0O61002
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Imaging a CrTe, flake

Collaboration: Institut Néel, Grenoble and LPCNO, Toulouse

Optical image AFM image PL image Magnetic image
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Comparison with simulations
Two averaging procedures are necessary:
® Vertically, over the h-BN film thickness
® Laterally, over the gaussian profile of the laser beam

Ms ~ 60kAm~"
-

N iy
/ \“;/ _.-’_F '_ ? / /

 Sem o g

_:— [:_
-2 0 2 200 225 250
B, (mT) Linewidth (MHz)

175 200 225
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— Being really quantitative is difficult, using thinner flakes would help!
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Using thinner flakes

Optical image AFM image PL image

PL (kcts/s)

® PL quenching effect at the metallic surface of CrTe,
® Need for larger laser excitation power
® Heating of the magnetic material, crossing Tc

Magnetic image
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Summary

Imaging topological defects
in a multiferroic antiferromagnet
with NV centers

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

Imaging 2D magnets
with defects in h-BN

[EP. Kumar et al. Phys. Rev. Appl. 18 (2022), L061002
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