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SKYRMIONS
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TOPOLOGICAL 200

Bloch Skyrmion (Q = 1)
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WHY SKYRMIONICS?
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ENTER ANTIFERROMAGNETS

* Order Parameter is Néel Vector not Magnetization:
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* Therefore they cannot be influence by stray fields:
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AFM SKYRMIONICS
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DISCOVERY & CONTROL

Kibble-Zurek
Mechanism

Antiferromagnetic
Topological Family

H Jani, et al. Nature 590 (2021)

KIBBLE-ZUREK QUENCH
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Courtesy: S. Donadello (PhD dissertation, 2016)

‘Mexican Hat’ Potential

Kibble, J. Phys. A 9 (1976)
Zurek, Nature 317 (1985)

Kibble, Phys Today 47 (2007)

Topological defect

Observed in:

- Liquid crystals
- BECs

- Multiferroics...
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KEY MATERIAL REQUIREMENTS

Properties Benefits

Fully/Significantly compensated More robust against perturbations

magnetic sublattice

Weakened dipolar interactions

a-Fe,0;

Weakly Canted AFM

Easy-plane Anisotropy Favor U(1)-like symmetry RT State
Accessible Phase transition Perform Kibble-Zurek Quench Néel & Morin
Unlock ultrafast dynamics 10*

Low Gilbert Damping (a)

Correlated degrees of freedom Tunable via external perturbations

Spin-charge-lattice

Current-driven motion

Spin Injection via currents

Pt overlayer

FJ Morin, Phy Rev 78 (1950)
AH Morrish, World Scientific (1994)

R Lebrun et al., Nature 561 (2018)
R Lebrun et al., Nat Commun 11 (2020)

T Nakau, J Phys Soc Japan 15 (1960)
L Carneiro, Nat Mater 16 (2017)
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MORIN TRANSITION
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HOW TO IMAGE AFM ORDER?

Co (Ferromagnet)
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SAMPLE GROWTH

Pulsed laser beam

Focusing lens
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Vacuum chamber

Courtesy: Wiki Tedsanders (2016)
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H Jani et al., Nat Commun 12, 1668 (2021)

KIBBLE-ZUREK TRANSITION
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KIBBLE-ZUREK TRANSITION
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DISCOVERY & CONTROL

Kibble-Zurek
Mechanism

Antiferromagnetic
Topological Family

Magnetic
Field Control

V4

H Jani, et al. Nature 590 (2021)
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DISCOVERY & CONTROL

Antiferromagnetic

ibble-Zurek
Kibble-Zure Topological Family

Mechanism

s
W

Magnetic
Field Control

V4

Chemical
Control

H Jani, et al. Nature 590 (2021)

NUCLEATING TEXTURES AT ROOM TEMP
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Tuning T\, via doping : Rh-substituted a-Fe,0,

H Jani et al., Nature 590, 74 (2021)
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CONTROL OF TEXTURE DIMENSIONS

Domain wall width (nm})
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INTERFACIAL CONTROL
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WHAT LIES AHEAD?

Freestanding
Membranes

Antiferromagnetic
Topological Family
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AFM TEXTURES ON MEMBRANES

LH-STXM
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o-Fe,04
Ry

- .
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Membranes can be transferred to
desired platforms (Si-compatible)

H Jani et al., (To be submitted)

WHAT LIES AHEAD?

Freestanding
Membranes

Ultrafast
Dynamics

NLALERX

Antiferromagnetic
Topological Family
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REVISITING KIBBLE-ZUREK
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WHAT LIES AHEAD?

Freestanding
Membranes

Antiferromagnetic
Topological Family

Ultrafast
Dynamics
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Novel AFM
Textures
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NOVEL AFM TEXTURES
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Micromagnetic
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WHAT LIES AHEAD?

Antiferromagnetic Reversible
Topological Family Control

Freestanding
Membranes

Novel AFM Novel AFM
Textures Textures
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ELECTRONIC STRUCTURE: FE K-EDGE
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H Jani et al., Nat Commun 12, 1668 (2021)

HACTS AS AN ELECTRON DONOR
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H-ions drive an electronic doping effect!

H Jani et al., Nat Commun 12, 1668 (2021)
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FINE TUNING OF THE MORIN TRANSITION

Single-lon:

Magnetic Dipolar:
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NON-VOLATILE FIELD CONTROL
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Integration with Solid-state H/Li Pump
H,0 Reduction
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Tan Al et al., Nat Mater 17 (2018)
Lee K-Y et al., Nano Lett 20 (2020)
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ULTRAFAST CURRENT CONTROL

Pt | NiO

| SHE-based Spin Torques

’\r/'x Magnetic Layer
m

Heavy-Metal

J Sinova et al., Rev Mod Phys 87, (2015)
A Manchon et al., Rev Mod Phys 91 (2019)
O Gomonay et al., PRL 117 (2016)
T Shiino et al., PRL 117 (2016)
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SKYRMIONICS IN CORRELATED OXIDES
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KEY TAKEAWAYS

vV V V V VYV V

\4

a-Fe,0; is a promising platform to build AFM Skyrmionics.

Kibble-Zurek mechanism can be used to reversibly generate/destroy AFM topological textures.
Tunable K and A open up unprecedented control over texture dimensions and orientation.
Free-standing a-Fe,0; membranes enable transfer to favourable Si-based platforms.

AFM dynamics helps unlock ultrafast THz physics.

Introducing iDMI as an ingredient could enable stabilization of a wide homochiral AFM family
(including Néel merons, bimerons and skyrmions).

Presence of correlated spin-charge degrees opens the possibility of electric control.
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QUESTIONS?

DA hariom.k.jani@u.nus.edu
y @HariomKlJani
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