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▌Heisenberg exchange

FM material, for ex : Co

 𝐦 𝐦
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FM material, for ex : Co

HM material, for ex : Pt

Spin-orbit coupling

𝑑 ≠ 0

 𝐦 𝐦
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interaction (DMI)
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▌Anisotropy

FM material, for ex : Co

HM material, for ex : Pt

Spin-orbit coupling

𝑘 > 0

 𝐦 
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▌  𝐦 is almost continuous in space

𝐸𝐴 = 𝐴
𝜕𝑚𝑖
𝜕𝑥𝑗

2
Energy density

(J m-3)

 𝐦

𝐸𝐾 = −𝐾𝑢 𝑚𝑧
2𝐸𝐷 = 𝐷 𝑚𝑧 div  𝐦 −  𝐦 ∙ 𝛁 𝑚𝑧

Heisenberg exchange Dzyaloshinskii-Moriya interaction Perp. anisotropy

) < 𝐸(𝐸( ) ) < 𝐸(𝐸( ) ) < 𝐸(𝐸( )

𝐸𝑧 = −𝜇0  𝐻 ∙  𝑀s

Zeeman

) < 𝐸(𝐸( )
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▌Bulk DMI

• thin slabs of a 

single crystal

• MnSi, Fe0.5Co0.5Si, 

FeGe, MnGe, etc.

▌Interfacial DMI

• nm-thick films 

and multilayers

• Ir/PdFe, Pt/Co/Ir, 

Ta/CoFeB/Pt, etc.
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▌SP-STM at low temperatures

𝑫

N. Romming et al, Phys. Rev. Lett. 114, 177203 (2015)

Ir (111)

PdFe

𝑇 = 4.2 K
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Simulations: mz component of the magnetisation, 1 frame = 200 ps

𝑇 = 4 K 𝑇 = 100 K 𝑇 = 200 K 𝑇 = 300 K

1 magnetic layer of 0.6 nm
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▌Magnetic multilayers

Ir

Co

Pt

DIr/Co
DCo/Pt

FM

FM

FM

𝐿: number

of FM layers

C. Moreau-Luchaire et al, Nat. Nanotech. 11, 444 (2016)
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▌  𝐦 is almost continuous in space

𝐸𝐴 = 𝐴
𝜕𝑚𝑖
𝜕𝑥𝑗

2
Energy density

(J m-3)

 𝐦

𝐸𝐾 = −𝐾𝑢 𝑚𝑧
2𝐸𝐷 = 𝐷 𝑚𝑧 div  𝐦 −  𝐦 ∙ 𝛁 𝑚𝑧

Heisenberg exchange Dzyaloshinskii-Moriya interaction Perp. anisotropy

) < 𝐸(𝐸( ) ) < 𝐸(𝐸( ) ) < 𝐸(𝐸( )

𝐸𝑧 = −𝜇0  𝐻 ∙  𝑀s

Zeeman

) < 𝐸(𝐸( )

 𝐦

 𝐦

Hdip

+ dipolar interactions
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CCW

CW

W. Legrand et al, Sci. Adv. 4, eaat0415 (2018);

Y. Dovzhenko et al, Nat. Comm. 9, 2712 (2018);

I. Lemesh et al, Phys. Rev. B 98, 104402 (2018)

W. Legrand et al, Phys. Rev. Appl. 10, 064042 (2018)Y.-O. Tu, J. Appl. Phys. 42, 5704 (1971)  →
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▌Magnetic Force Microscopy

V

I

10 mm

100 μm

10 μm

1 μm
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At T = 300K

▌Nucleation

0 5 µm

0 5 µm

𝐽 = ± 1.43·1011 A m-2

1000x,200 ns

1 µm

W. Legrand et al, Nano Lett. 17, 2703 (2017); D. Maccariello, WL et al, Nat. Nanotech. 13, 233 (2018)

▌Motion

▌Detection

Drxy = 25 ± 5 nΩ cm
current

injection

400 nm
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Ta (15 nm)

Capping

Co (0.8 nm)

Pt (1.0 nm)

10

Ir (1.0 nm)

Co (0.8 nm)

Pt (1.0 nm)

Ta (15 nm)

Co (0.8 nm)

Pt (3.0 nm)

10

Ir (1.0 nm)

Co (0.8 nm)

Pt (3.0 nm)

Ta (20 nm)

Pt (11 nm)

Co (0.6-1.0 nm)
10

: 

20

Pt (0.8 nm)

Ta (0.8 nm)

Ta (10 nm)

Capping

Al2O3 (1.0 nm)
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CoFeB (0.8 nm)

Pt (2.4 nm)

Capping

Co (1.4 nm)

Pt (0.6 nm)

2

Ru (1.4 nm)

Co (1.4 nm)

𝑣sk

𝐽

0.5 2 − 6 𝟑𝟕

Pt (8 nm)

0.29 0.21 − 𝟎. 𝟏𝟓 0.77

Al2O3 (1.0 nm)

CoFeB (0.8 nm)

Ta (10 nm)

Pt (8 nm)

Ru (1.4 nm)

see Ph.D. thesis
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𝐽 = 8.2 1011 A m-2

1x,10 ns

2 µm

1 30Frames

Θsk = 15-25°

𝑣sk = 35-40 m/s

𝐽 = -7.7 1011 A m-2

1x,12 ns

see Ph.D. thesis
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Pt (1.6 – 2.8 nm)

SAF

Pt capp.

Bias Layer

Hbias

HRKKY

Hdip

Hdip

Hdip

Hdip

W. Legrand et al, Nat. Mater. 19, 34-42 (2020)
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Pt (1.6 – 2.8 nm)

SAF

Pt capp.

Bias Layer

Hbias

HRKKY

A. Finco et al, Nat. Comm. 12, 767 (2021)
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𝑇 = 300 K
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500 nm


