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Magnetic skyrmions for spintronics

• Localized magnetic texture
• No continuous deformation towards theferromagnetic state→ topological structure
• Small size (down to 5 nm)
• Stability

A. Fert et al. Nat. Rev. Mater. 2 (2017)

Example of application: racetrack memory

S. Krause et al. Nat. Mater. 15 (2016), 493
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Stabilization of skyrmions with exchange bias
Goal: stable zero-field skyrmions at room temperature without confinement

~Beff

IrMn/CoFeB stackµm-sized skyrmions

G. Yu et al. Nano Lett. 18 (2018), 980

Strategy to reduce
the skyrmion size
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Optimization of the IrMn thickness

Pt
Co
NiFe

IrMn wedge

1 µm

tIrMn = 4.02 nm tIrMn = 4.11 nm tIrMn = 4.15 nm tIrMn = 4.19 nm

MFMimages Are these skyrmions really stable at zero field?
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NV centers as magnetic field quantum sensors

N

Defect in diamond

• Optical manipulationand reading
• Ambient conditions
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Qualitative measurement in the high field regime
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Our scanning NV microscope

Implanted singleNV center

Confocalmicroscopeobjective

DiamondAFM tip
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d ∼ 50 nm
Spatialresolution

P. Maletinsky et al. Nat. Nano. 7 (2012), 320
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Imaging of zero-field skyrmions

750 nm

Nor
mal

ized
PL

K. G. Rana et al. Phys. Rev. Applied 13 (2020), 044079
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Simulation of the expected signal

Model of the magnetizationconfiguration of a skyrmion

−1 0 1
mz

B field maps

−4
0
4

B x
(mT

)

−4
0
4

B y
(mT

)

−9
0
9

B z
(mT

)

Calculation of theexpected NV PL froma 7-levels model ofthe NV photophysics

Comparison withthe experiment
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Comparison with simulations
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Summary

750 nm

Nor
mal

ized
PL

K. G. Rana et al. Phys. Rev. Applied 13 (2020), 044079

• Demonstration of the stabilisation of
zero-field skyrmions using a non perturbative
measurement technique
• Qualitative imaging of sub-100 nm skyrmions
• Extraction of additional information from acomparison with simulations
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