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Take-home message
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• Dynamics of antiferromagnets is different from the 
dynamics of ferromagnets 

• Antiferromagnetic states can be effectively manipulated 
by spin and charge currents and temperature gradient

J

L1 L2
s

s



Application

• High frequencies  
• Zero magnetization 
• Magnetomechanical coupling 
• Combined with 

semiconductors

New physics

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

FM ⇒ AFM
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Motivation



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

• Dynamic equations. Torques and forces 
• Current-induced dynamics 
• Temperature effects
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Hierarchy of atomic interactions
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AF exchange interactions

Co80Ni20 / Ru / 
Co80Ni20

Parkin et al., Phys.Rev. B 44, 7131 (1991) 7

• Superexchange (insulators) 
• RKKY (4-f metals) 
• Exchange in 3-d metals 
• Double exchange (transition metal oxides) 
• DMI (anisotropic exchange)



Quantum state vs Neel state
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Quantum state vs Neel state 
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Different experimental technique

ARPES

XMLD

RIXS

Raman spectroscopy

ND
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Sublattices

Sublattice magnetizations  (Neel, 1948)
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•Physically small volumes 
•Macroscopic vectors 
•Field variables
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& order parameters

NiO, IrMn

M2

M1

Symmetry relations: 2[110] : M1 ↔   M2

Order parameter (Neel vector):  

Magnetization: MAF= M1+M2 ≈0

L ⊥ MAF ,⏐L⏐ ≈2 Ms
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Noncollinear structures

IrMn, 
Mn3NiN

M2

M3

M1

2[110] : M1 ↔   M2, M3 ↔   M3 

3[111] : M1 →   M2 → M3

Order parameters (Neel vectors):

Magnetization: MAF= M1+ M2 + M3 ≈0

M1

M3

M2

L1
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L1= M1+M2 - 2M3  L2= M1- M2
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Variety of AFM structures

α-Mn

NiONiMn

Mn3NiN
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Take-home messages
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• AF = variety of exchange mechanisms 
• AF = metals,insulators and in between 
• AF = variety of structures 
• Macroscopic description = sublattice 

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

• Dynamic equations. Torques and forces 
• Current-induced dynamics 
• Temperature effects



Spin Torques in antiferromagnet
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dM1

dt
= �M1 ⇥H1 + ⇤M1 ⇥ p1 ⇥M1

dM2

dt
= �M2 ⇥H2 + ⇤M2 ⇥ p2 ⇥M2



Hierarchy of interactions
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Exchange enhancement
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Solid-like dynamics
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Equations of motion
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 Dynamics magnetisation
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Equation of motion

 AF dynamics: Newton-like 

 FM dynamics: precession
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Take-home messages
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• AF: dynamics magnetisation 
• AF: inertia due to exchange 
• Dynamics = balance equation for 

magnetizations
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Excitations and scales
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Spintronic: sd-exchange?

AFˆˆ MmSs ⋅−⇒⋅−= ∑ δsd
j

jjsdsd JJH

Polarization:

Scattering:

Effective 
field:

0||ˆ AF →∝ Msm jδ

mH δsdsd J=
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Magnetization⇒ rotation
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�m ! MAF / L⇥ L̇ ! L(t)



Spin transfer in AF & spin balance

( ) sinkˆˆAF +⋅Π−Π= NM
outindt

d

H.Gomonay,  V.Loktev,2008
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Critical current
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Critical current

FM

AFM, uniaxial

anG
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STT HH α= EanG
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FM vs AFM, possible dynamics near the critical current
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Take-home messages
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• Spin transfer = magnetisation = dynamics 
• Exchange enhancement of spin  
• Different dynamics of FM and AF
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interactions,Neel states, magnetic sublattices 
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DW motion
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Ponderomotive force
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Geometry is important!
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Two magnon modes
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Transparent vs nontransparent DW
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Thermophoresis

Entropic motion



Temperature gradient
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Kim, Tchernyshyov, Tserkovnyak (2015)Schlickeiser, Ritzmann, Hinzke, & Nowak (2014)



Spin+Caloritronics 
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Two modes, two temperatures
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Fluctuations in a single AF domain
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Current-temperature competition
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Manipulation of the domain wall
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Take-home messages
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• Magnon pressure = momentum transfer 
• Thermoporesis = momentum transfer 
• Temperature+current => manipulation of 

the DW position



Conclusions
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• AF different from FM 
• Exchange interaction => important for dynamics 
• Strong spintronic effects 
• Caloritronics needs spintronics  



Thank you!


