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Outline

« Motivation
« Imaging magnetic spin textures

« Two short stories on tailoring magnetic spin
textures
1. Lay,Sry3MnO; micromagnets
2. Lagy,Sry,3Mn0O; artificial spin ice structures

e Summary




Complex Oxides

» Strong interaction among the lattice,
charge, spin, orbital degrees of freedom
»Stimulus-sensitive functional properties

« Wide range of functional properties
»Ferromagnetism, ferroelectricity,

superconductivity, etc...

* Applications in spintronics, neuromorphic
computer, magneto-ionics, and solid

oxide fuel cells
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Spin Textures MATENALS FeIEh

» Spatial variation of the local magnetization in a material/object

Skyrmions Single quain Landau/Vortex States
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Spin Texture Energy Terms

Skyrmions
- W
h‘fi—hx ﬁj, A
: e ‘f.ﬂﬁl—,,ﬁ.x
l - - ]

www.christophschuette.com

Magnetocrystalline
Anisotropy Energy

[110]

[100]
AR
11/23/2025 . [110]

Single Domain

Magnetostatic Energy
Magnetoelastic Energy

Autonomous University of Madrid

MATERIALS SCIENCE
AND ENGINEERING

Landau/Vortex States

Domain Wall Energy (squares)
Magnetoelastic Energy (squares)

Magnetocrystalline Anisotropy
Energy (circles)

12



Ion Implantation-based Patterning
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« Magnetic islands embedded in a non-magnetic matrix

11/23/2025 Autonomous University of Madrid 13



Outline

« Imaging magnetic spin textures
« X-ray photoemission electron microscopy




X-ray Absorption (XA) Spectroscopy  Mamias s

« Sensitive to valence states (e.g., Co2* vs. Co3* vs. Co** ions) and
bonding configurations (e.qg., octahedral vs. tetrahedral coordination)
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X-ray Magnetic Circular Dichroism (XMCD)

» Sensitive to ferromagnetically active ions

« Difference between XA spectra acquired with right/left circularly
polarized x-rays

vf"dr

J. Stohr, SSRL
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X-ray Magnetic Linear Dichroism (XMLD)
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XMLD-PEEM

(a) T=105 K

B= 50° 60° 70° 80° 90°
M.S. Lee, Y. Takamura et al,, JAR 127, 203901 (2020)
11/23/2025 Autonomous University of Madrid 22



XMLD-PEEM
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Outline

« Motivation
« Imaging magnetic spin textures

Two short stories on tailoring magnetic
spin textures
1. Lay ;5r; sMnO5; micromagnets

2. La, ,Sr, sMnO; artificial spin ice
structures

Summary
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M.S. Lee, Y. Takamura et al,,
Landau Landau Vortex ACS Nano, 10, 8545 (2016)

»Domain patterns determined by shape anisotropy
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etocrystall
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2. La,,SrysMnO, Artificial Spin Ice
Structures

R.V. Chopdekar, Y. Takamura et al,, PR Materials, 1, 024401 (2017)
D.Y. Sasaki, Y. Takamura et al., PR Applied, 17, 064057 (2022)
D.Y. Sasaki, Y. Takamura et al., under review




Artificial Spin Ice Structures T
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Artificial Spin Ice Structures T
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Artificial Spin Ice Structures T
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Artificial Spin Ice Structures T
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Artificial Spin Ice Structures
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configuration
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Artificial Spin Ice Structures A S
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« Magnetic nanoisland arrays with configurations where all magnetic
interactions cannot be satisfied simultaneously Wang et al, Nature, 439, 303 (2006)
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Effect of Coupling Strength
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Complex Spin Textures (CSTs) B e
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* 95% of observed CSTs occur in vertical nanoislands

D. Sasaki, Y. Takamura et al., PR Applied, 17, 064057 (2022)
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ASI Structures Designed for CSTs B eiira
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» Complex oxide heterostructures and micro-/nanostructures offer a rich
materials playground where structural, chemical, magnetic, and
electronic interactions offer fine control of functionality.

 Patterning of LSMO microstructures allows for:
« Manipulation of a rich variety of FM (and AFM) spin textures

« Complex competition between shape anisotropy, magnetocrystalline anisotropy,
exchange coupling, and magnetoelastic energy.

* LSMO magnetic parameters enable formation of CSTs under specific
ASI geometries.

« Stray field patterns modify magnetic interactions between

magnetic nanoislands MATERIALS SCIENCE
aND ENGINEERING
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