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OutlineOutline
● Synchrotron Mössbauer reflectometry, polarised

neutron reflectometry; specular and off-specular
(diffuse) scattering

● Field-history dependence of the domain size in
antiferromagnetically coupled multilayers

● Domain formation and ripening

● The bulk-spin-flop transition in coupled
multilayers

● Spin-flop-induced domain coarsening

● Conclusions



Neutron, X-ray andNeutron, X-ray and Mössbauer Mössbauer
reflectometryreflectometry
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NeutronNeutron reflectometry reflectometry::
the scattering amplitudesthe scattering amplitudes
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spin-flip scattering!



X-ray andX-ray and Mössbauer reflectometry Mössbauer reflectometry::
the scattering amplitudesthe scattering amplitudes
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Arrangement of an SMR experimentArrangement of an SMR experiment
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AntiferromagneticAntiferromagnetic reflections in SMR and the reflections in SMR and the
direction of the layerdirection of the layer magnetisation magnetisation ( (ΘΘ/2/2ΘΘ-scan)-scan)
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Domains in a Fe/Domains in a Fe/CrCr/Fe/Fe trilayer trilayer
M. Rührig et al., Phys. Stat. Sol. (a) 125, 635 (1991).

M. Rührig, Theses, 1993.



Domain growth in low field:Domain growth in low field:
KerrKerr microscopy microscopy

M. Rührig et al., Phys. Stat. Sol. (a) 125, 635 (1991).



Domain growth on field reversal:Domain growth on field reversal:
magnetoresistancemagnetoresistance noise in a Co/Cu noise in a Co/Cu multilayer multilayer

H.T. Hardner et al., Appl. Phys. Lett 67, 1938 (1995).



Domain growth: what is the mechanism?Domain growth: what is the mechanism?

● The driving force of domain coarsening is the
small domain-wall energy.

● But: this is not enough to understand the diversity
of the observed coarsening phenomena.



Antiferromagnetic multilayerAntiferromagnetic multilayer leaving leaving
magnetic saturationmagnetic saturation
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Formation of two kinds of domainsFormation of two kinds of domains



Domain formation on leaving saturationDomain formation on leaving saturation





From saturation toFrom saturation to remanence remanence::
the domain ripeningthe domain ripening

● The correlation length of the domains immediately
after their formation is equal to the lateral
structural correlation length of the multilayer
(terrace length, ≤ 50 nm). Still, in remanence we
observe µm-size domains. Why?

● The driving force of the spontaneous change of the
domain size in decreasing field is the domain-wall
energy. The sign of the size change depends on the
scaling law of the domain-wall density:

inclusions (∝ ξ) ⇒ decreasing domain size
chessboard (∝ 1/ξ) ⇒  increasing domain size



Domain ripening: the final stateDomain ripening: the final state
● The correlation length ξ = 2.6 µm of the primary

domains in remanence is determined by the domain-
wall-energy-driven and coercivity-limited
spontaneous growth (ripening). Ripening takes place
when the applied magnetic field is decreased from
the saturation region to zero.
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● Critical domain size after ripening:
with the domain-wall width

for 2 Oe < Hc < 30 Oe:
0.6 µm < ξc < 8.4 µm



Domain ripening: SMRDomain ripening: SMR
MgOMgO(001)[(001)[5757Fe(26Å)/Fe(26Å)/CrCr(13Å)](13Å)]2020
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Decreasing the field and having
left the saturation region, the AF
peak appears with increasing
intensity. In Hext =  0.3 T the
domain size is ξ ≈ 500 nm.

On decreasing the field to 0, the
domain size increases to
ξ = 2.6 µm.

Domain ripening is an
irreversible process: the domain
size no longer changes in
increasing or decreasing field.



Formation of very large domains (coarsening)Formation of very large domains (coarsening)

● After ripening, the domain size in remanence is
expected to be always about 500 nm … 5 µm.

● This is not the case! The domain size is a
complicated function of the magnetic prehistory.
Under favourable conditions, even much larger
domains (up to mm?) may be formed. Why?



Bulk spin flop in anBulk spin flop in an epitaxial epitaxial
MgOMgO(001)[(001)[5757Fe(26Å)/Fe(26Å)/CrCr(13Å)](13Å)]2020 multilayer multilayer
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Spin-flop-induced domain coarsening (SMR)Spin-flop-induced domain coarsening (SMR)
MgOMgO(001)[(001)[5757Fe(26Å)/Fe(26Å)/CrCr(13Å)](13Å)]2020
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Spin-flop induced domain coarsening (PNR)Spin-flop induced domain coarsening (PNR)
MgOMgO(001)[(001)[5757Fe(26Å)/Fe(26Å)/CrCr(13Å)](13Å)]2020
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Domain coarsening on spin flopDomain coarsening on spin flop

● Coarsening on spin flop is an explosion-like 90-deg
flop of the magnetization annihilating primary 180-
deg walls. It is limited neither by an energy barrier
nor by coercivity. Consequently, the correlation
length of the secondary patch domains ξ may
become comparable with the sample size.



Domain coarsening during spin flopDomain coarsening during spin flop



Domain coarsening on hard-direction field decreasedDomain coarsening on hard-direction field decreased
to zeroto zero

M. Rührig et al., Phys. Stat. Sol. (a) 125, 635 (1991).



ConclusionsConclusions

● Off-specular synchrotron Mössbauer reflectometry
and polarised neutron reflectometry are efficient
tools of studying antiferromagnetic domains in
coupled multilayers. The diffuse scattering width is
inversly proportional to the correlation length.

● The native domains formed in AF-coupled
multilayers upon leaving the saturation region with
decreasing field are nanodomains the average size of
which is determined by the structural correlation
length (e.g., the terrace length).



ConclusionsConclusions

● The domain-wall-energy-driven spontaneous growth of
domains in magnetic field decreasing from saturation
(ripening) is limited by domain-wall pinning
(coercivity). Ripening results in microdomains.

● The spin flop results in domain coarsening
(“millidomains” are formed).

● The condition for coarsening is the equilibrium of the
Zeeman energy with the anisotropy energy. It is only
this unstable state that permits the minute domain-wall
energy to radically shape the domain structure.


