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Take-home message

* Magnetoelasticity => long-range fields and shape
effects In antiferromagnets

* Possible micr-a-magnetics => magneto elastic coupling
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Outline

* Magnhetoelasticity and elastic dipoles

* Incompatibility of strains

* Micr-a-magnetics

* Destressing energy and energy of the domain wall

* Equilibrium domain pattern in blanket films and
stripes

 Conclusions
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Motivation

* Antiferromagnets => memory elements

« Samples are multidomain

* Switching => redistribution of th

XMLD Mn Lh 120208-217

15 um field view
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Current-induced switching

CuMnAs NiO

Wadley, Reimers et al Nat. Nanotech. 18
Wadley, Reimers, et al

Baldrati, OG et al PRL 19
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Motivation

Antiferromagnets => memory elements
Samples are multidomain
Switching => redistribution of the domains

Domain structure => reversible
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Reproducibility

500nm x 500nm regions:

b <ff b cffs el e b

Grzybowski, Wadley, Edmonds et al. PRL 17
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Domain structure in FM

Long-range demagnetising fields:

Boundary conditions: M - N = 0

Demagnetising energy:
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Problem
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Order
parameter
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Possible solution

...............................................................................................................................................................................................................
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Magnetostriction and spontaneous strain

Paramagnetic state AF state
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Problem I: AF + substrate
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Incompatibility at the interface
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Problem ll: domain A + domain B

A ASpon __ Aspon

W

Incompatibility between deformed regions
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General approach

Magneto+-elastic:

AAn+H = —-H_.un

(V)e) = - (V@ n)

Magnetic plasticity (Kleman, Miltat, 1972)
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Magneto-elastostatics

Elastostatic Magnetostatics
VX ia%(r)x V = —ij V-Vy=-p,
n=VXxXiaPNr)xV P, = divM

..............................................................................................................................................................................................................

..............................................................................................................................................................................................................

Collective Spin Dynamics in Nanostructures—2018-10-08 - Olena Gomonay



Micr-a-magnetics

—lastic degrees of freedom => integrated out

24(r) = [dr'I(r — r)i(r’")
Destressing energy

By = derldrznl ®n,K(r, —r,)n, ® n,

Kernel => dipole

K(rr) x V;V,V,V, |r| x P
r
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Destressing from the substrate

Eges = (M@ N)N(n @ n)V

N = J K(r, — r,)dr,
%

Gomonay, Loktev, 2002
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Domain structure in the blanket film

N\
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Destressing at the domain boundary

Flat domain wall

Ej, xV
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Domain boundary

7] X N X ( AsSpon. ASpOIl) X N

()0

Elastic Tuning and Response—2019-12-11 - Olena Gomonay

20



Domain wall energy

Emag = \/AHanMs Em—el X Cuszpon

570

EDW — Emag T Em—el

cos’(20)
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Surface effects

surf —

W, .= KSjI;dS(n . e)?

Ey ¢ = J (n @ n)(e - V)J f(r —IgNg @ Ndry
1% S
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Surface energy

Ey ¢ = J (n @ n)(e - V)J f(r —IgNg @ Ndry
1% S
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Surface energy

<+—> <+

Eg ¢ = J (n @ n)(e - V)J I(r — rong ® nydry
V S
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Conclusions

D, | —lasticity
Micr-a-magnetics

Transport

AF
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THANK YOU!
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