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Our NV microscopes
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Magnetoelectric coupling in BiFeO;
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Magnetoelectric coupling in BiFeO;
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Spin density wave
Weak uncompensated moment
— Small stray field
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Magnetoelectric coupling in BiFeO;

P | [111]

Spin density wave
Weak uncompensated moment - k@ Cycloid wavevector k

— Small stray field along one of the marked
directions in the (111) plane.
B M. Ramazanoglu et al. PRL 107 (2011), 207206



Strained BiFeO; films

Substrate DyScO5 Substrate SmScO3

Ferroelectric
state
The cycloid can be
destabilized by strain.
We can control this with
the growth substrate

Antiferromagnetic in thin films.

state Samples from

ﬂ laboratoire
ﬂl Albert Fert

Strain +0.50%
B A. Haykal et al. Nat. Commun. 11 (2020), 1704
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Topological defects in bulk BiFeO;
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Towards topological multiferroic textures

Use magnetoelectric coupling to stabilize an antiferromagnetic topological state
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Cycloid flux closure 2 Atbert Fert

Center-divergent As-grown

Center-convergent
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Cycloid flux closure
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In a strained film 2 horaare
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Room temperature vortices
in a 2D ferromagnet
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Example: Fe;GeTe,, a ferromagnet with Tc ~ 230K (bulk)
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Our Fe;GeTe, sample

11.8 nm-thick film grown by MBE
with 3 nm-thick Al capping
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Our Fe;GeTe, sample

11.8 nm-thick film grown by MBE

i i : « Dspintec
with 3 nm-thick Al capping ~—

Jules Courtin, Céline Vergnaud

M. Ribeiro et al. npj 2D Mater. Appl. 6 (2022), 10 . o
B M. Ribeiro et al. npj 2D Mater. Appl. 6 (2022), Matthieu Jamet, Frédéric Bonell
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Our Fe;GeTe, sample

11.8 nm-thick film grown by MBE Qspi ntec

with 3 nm-thick Al capping

B M. Ribeiro et al. npj 2D Mater. Appl. 6 (2022), 10

AFM scan
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Matthieu Jamet, Frédéric Bonell
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Saturation magnetization in various rectangles
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Saturation magnetization in various rectangles
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Saturation magnetization in various rectangles
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Vortices in micro-squares
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Micromagnetic simulations

including M, disorder
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Imaging of spin waves with NV microscopy

The stray field from resonant spin waves can drive the NV spin transition
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Imaging of spin waves with NV microscopy

The stray field from resonant spin waves can drive the NV spin transition
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Experiments on Py microstructures

Interference between the microwave field from the antenna

and the microwave field from the excited spin waves Martin-Luther-Universitat
Halle-Wittenberg

Chris Korner, Rouven Dreyer

// Alexandra Schrader, Georg Woltersdorf
MW field NV MW field
from the center from spin

waveguide waves

Spin waves

Permalloy 7(10—207nm)

Coplanar wave guide
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Imaging propagating spin waves
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Imaging propagating spin waves
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Imaging propagating spin waves

Damon-Eshbach mode
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Where is the opposite k?
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Where is the opposite k?
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The “noise” pattern reveals the dispersion relation
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The “noise” pattern reveals the dispersion relation
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The dispersion does not fit!
Permalloy film, 20 nm-thick, Beyy = 1.4 mT
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The dispersion does not fit!
Permalloy film, 20 nm-thick, Beyy = 1.4 mT
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There is a non-linear phenomenon happening

- More insights: Roméo’s talk MA 59.7, Friday 11:15
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