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Spin-polarized Scanning Tunneling Microscopy (SP-STM)
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Competition between the different magnetic contributions
Exchange coupling

Eexch =
∑
i6=j

Jij ~mi · ~mj

Effective anisotropy
Eani =

∑
i

Ki (~mi · êz)2

Dzyaloshinkii-Moriya interaction (DMI)
EDM =

∑
ij

~Dij · ( ~mi × ~mj)

Higher-order interactionsBiquadratic interaction, four-spininteraction, ...

Fe/Ir(111)Nanoskyrmion latticeperiod∼ 1 nm

D = −1.8meVper atom
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Triangular pattern in Ni/Fe/Ir(111)
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I Separated by bridge lines

I Some of the bridge lines are very long and influencethe magnetic state
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Strong pinning of the domain walls to the bridge lines
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The Fe double layer on Ir(111)

Lattice mismatch!
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bcc(110) nearest neighbordistance: a = 2.47 Å
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P.-J. Hsu, A. Finco et al. Phys. Rev. Lett. 116 (2016), 017201

I Spin spirals
I Guided propagation alongthe dislocation lines
I Period∼ 1.5 nm
I No change up to 9 T
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The Fe triple layer on Ir(111)

30 nm

Constant current map

−700mV, 1 nA, 8 K, 0 T, Cr bulk tip
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A. Finco et al. Phys. Rev. B 94 (2016), 214402
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The Fe triple layer on Ir(111)

30 nm

Constant current map

−700mV, 1 nA, 8 K, 0 T, Cr bulk tip
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I Line spacing: 1.8 to 2.2 nm
I Spin spiral period: 5 to 10 nm
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+200mV

15 nm

A. Finco et al. Phys. Rev. B 94 (2016), 214402

10



Double lines, atomic structure model
Pseudomorphicfirst layer

Uniaxially compressedsecond layer

Uniaxially compressedthird layer

First layer Second layer: bcc-like fcc hcp

Third layer: bcc lines bcc(110)-like unit cell
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Single lines, atomic structure model
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Varying spin spiral period
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Micromagnetic 1D model
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Effect of an external magnetic field

Ir step

Ir step

Quadruple
layer

Triple layer
single lines

Triple layer
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Double layer

−500mV, 1 nA,4 K

Quadruple layer:
I Ferromagnetic state reached at 0.5 T

Triple layer, single lines:
I Dark stripes get thinner, move anddisappear
I Ferromagnetic state reached at 2 T

Triple layer, double lines:
I Spirals split up in individual magneticobjects
I Aligned on the dislocation lines
I Isolated around 3 T
I Ferromagnetic state reached around 4 T
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Magnetic skyrmions
10 nm

−700mV, 1 nA, 8 K, 2.5 T

5 nm

Skyrmions

I Localized magneticconfiguration
I Topological charge
I Stabilized by the DMI

P.-J. Hsu, A. Finco et al. Nat. Nanotechnol. 12 (2017), 123–126
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Manipulation of the skyrmions using a STM tip
Pd/Fe/Ir(111)

N. Romming et al. Science 341 (2013), 636–639

U
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Imaging: 300mV, 0.5 nA, 8 K, 2.5 T, Cr bulk tip

Deleting, ramp to −3 V
Writing, ramp to 3 V
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Switching with a non-magnetic tip

200mV, 1 nA, 8 K, −1.85 T, W tip
5 nm

Non-CollinearMagnetoResistance

C. Hanneken et al. Nat. Nanotechnol. 10 (2015), 1039–1042
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Improved thermal stability
Fe monolayer on Ir(111)
Nanoskyrmion lattice visibleuntil 28 K
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Spin spirals at room temperature
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Temperature dependence of the spiral period
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Summary
Pinning at the bridge lines in Ni/Fe/Ir(111)

I Triangular pattern created by strain relief
I Domain walls following the long bridge lines

A.Finco, M. Perini et al., in preparation

Tuning non-collinear magnetism in the Fe triple layer on Ir(111)
I Spin spiral period depending on epitaxial strain relief and temperature
I Skyrmions in external magnetic field, manipulated with electric field

A. Finco et al. Phys. Rev. B 94 (2016), 214402
A. Finco et al. Phys. Rev. Lett. 119 (2017), 037202
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