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« Antiferromagnets: Neel order parameter, distinguish
between micro- and macro description!

* Two types of exchange, exchange enhancement

* Newtonian-like dynamics vs gyrotropic dynamics in FM




Motivation

FM = AFM

Application New physics

High frequencies
Zero magnetization
Magnetomechanical coupling

Combined with
semiconductors

Variety of structures
Nontrivial dynamics
Spin-orbit coupling
Complicated, less studied



Outline

Basics of antiferromagnetism: exchange
interactions,Neel states, magnetic sublattices

Phenomenological description, spin-flop transitions
Magneto elastic effects
Basics of dynamics: equation of motion




Outline

« Basics of antiferromagnetism: exchange
interactions,Neel states, magnetic sublattices




Hierarchy of atomic interactions
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AF exchange mteractlons
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Quantum state vs Neel state
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Quantum state vs Neel state
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Bryan Gallagher afternoon session
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Sublattices

Sublattice magnetizations (Neel, 1948)

M, (r)=%23k (r+17].)

g ‘ A *Physically small volumes
Macroscopic vectors
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and order parameters

Symmetry relations: 2, : My = M,

Order parameter (Neel vector):

L= M1 _Mz

Magnetization: M,.= M,+M, =0

L1 M, |L| =2M,

NiO, IrMn

M;
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Noncollinear structures

2001 My = My, My <= My
3117 : My = My = My

Order parameters (Neel vectors):

L= M+M, - 2M, L= M- M,

B ——

Magnetization: M= M+ M, + M; =0 IrMn,
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Variety of AFM structures

NiMn

a-Mn

NiO
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Take-home messages

AF = variety of exchange mechanisms
AF = metals,insulators and in between
AF = variety of structures

Macroscopic description = sublattice
magnetizations
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Outline

 Phenomenological description, spin-flop transitions
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Hierarchy of interactions
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Free energy, Landau approach

Low temperature

u =

T7 H <K Jinter

Marp < L, L =2M, =~ const

Symmetry-based modeling
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Equilibrium state

Principle of energy minimum: 0 F = 6fde =0

Exchange approximation: excluding Mar




W =

Spln flop tranSItlon
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Possibility for information coding!
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Spin-flop transition

Mar=0
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Spin-flop transition

MarF

H > Hyt = \/;}113

Exchange enhancement
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Take-home messages

Macroscopic description: order
parameters and magnetization vector

Inter-sublattice exchange - exchange
enhancement

Static magnetic field - quadratic effects
Equivalent states- information coding
Spin-flop transition - information control
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* Magneto elastic effects

Outline
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Hierarchy of atomic interactions
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Magnetoelastic interactions

Covalent bonds = spin-orbit coupling = mag.-el.
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Spontaneous striction




Magnetoelastlc amsotropy
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*Additional 4-th order anisotropy

*Variation of potential barrier
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Example: domain walls




Elastic dipoles: long-range forces
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Shape-induced effects

Inhomogeneous sample, destressing energypy
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Magnetostriction
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Take-home message

Magnetostriction = source of additional
anisotropy

Orientation domains = magnetoelastic
Shape anisotropy = magnetoelastic

Different effects in nano and macro-
samples

—— — N = — = — — _ — — ==
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* Basics of dynamics: equation of motion

Outline
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Hierarchy of interactions
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Solid-like dynamics




Equations of motion

Dynamic magnetisation

1 1
i | HPXLXHXL

Magnetisation balance
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Equation of motion

_ e —

AF dynamics: Newton-like
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FM dynamics: precession
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Take-home messages

* AF: dynamics magnetisation
* AF: inertia due to exchange

* Dynamics = balance equation for
magnetizations
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Conclusions

AF different from FM
Field effects => weak

Exchange interaction => important for dynamics
Strong magnheto elastic effects
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Thank you!



Surface vs bulk anisotropy

Weurt = Keurt / (L ’ H)st
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Shape-induced effects

Homogeneous sample, shape-induced
anisotropy

W=V K™ (Lt +L )+ K" (a/ b)L: ]

Kpias > KShape (%) =0 Kbias < Kshape (%)
l’ . —— L
p M
> M

45



Magnetoelastic interactions

Covalent bonds = spin-orbit coupling = mag.-el.
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e Exchange enhancement = fast antiferromagnetic
dynamics

e Antiferromagnetic states can be effectively manipulated
by spin and charge current




Motivation

* All-electrical control and manipulation of AF
states

* Information and data storage with AF

19th century
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Outline

Dynamics: spin-waves
* Dynamics: domain walls

Current-induced dynamics
Switching and STO




Outline

Dynamics: spin-waves




Hierarchy of interactions
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__Spin waves as “classical” excitations

LxL = 72JinterL x Hy
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Circular polarised modes




Magnetoelastic gap

Large sample: “frozen” lattice
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Magnetoelastic waves

W%,z(k’) = wipmg T+ 5k
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Take-home messages

Spin-wave spectra: many modes
Spin waves transfer magnetization
Exchange enhancement

Magneto elastic gap, size effects
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* Dynamics: domain walls

Outline
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Velocity

FM
FM dvsteady YTDW

Below Walker breakdown in FM
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Anatomy of FM DW otion

Bz

Iz

I'an

14



Velocity

Above Walker breakdown in FM
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Velocity

No Walker breakdown in AFM

|.V. Bar’yakhtar, B.A. Ivanov,

/\ Solid State Comm., 1980
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Anatomy of AF DW motion
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Velocity

Dynamics of DW in AF and FM
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Take-home messages

e

* No Walker breakdown
* Small mass and exchange enhancement
 Relativistic dynamics

Ulrich Rossler: today and tomorrow session
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* Current-induced dynamics

Outline
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Hierarchy of interactions
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Spmtromc sd exchange in FM
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Scattering:
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Equations of motion

Dynamic magnetisation
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Magnetization=> rotation
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Spin transfer in AF and spin balance
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Outline

» Switching and STO




Dvnamics In the dc spin current
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Critical current
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Critical current

FM AFM, cubic
a—
H?% =OLGHan HSTT — Qg \/Han@r

AFM, uniaxial
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FM vs AFM, possible dynamics near the critical current




Take-home messages

* Spin transfer = magnetisation = dynamics
* Exchange enhancement of spin
* Different dynamics of FM and AF
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What’s beyond?

Quantum fluctuations, quantum excitations
Large fields ~ intersublattice exchange
Ultrafast dynamics, magnetooptics

Small AF particles (mesoscales)
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Welcome to AF spintronics!



