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Report:
As a further step towards better understanding spin-flop, finite stacking and domain transformation phenom-
ena in antiferromagnetically (AF) coupled multilayers by Synchrotron Mössbauer Reflectrometry (SMR), a
project referred to as ‘Direct Observation of Surface Spin Flop Transitions in Magnetic Superlattices’ , we
used off-specular SMR to study how spin-flop phenomena influence the domain structure in a
MgO(001)/[57Fe(26Å)/Cr(13Å)]20 superlattice.

The sample was placed in the variable temperature insert of a superconducting split-coil cryostat which was
mounted on a one-circle goniometer. All spectra were taken at (290±2) K and in zero magnetic field after the
magnetic field history as described below. The off-specular scattering was measured on the first order AF re-
flection at an angle of 2Θ = 0.80°. The number of prompt photons from electronic scattering and the time inte-
grated number of delayed photons from the nuclear resonant scattering process were recorded as a function of
the angle of grazing incidence ω in the range from 0 to 2Θ. The off-specular scattering is shown in Fig. 1 as a
function of the longitudinal in-plane component qx of the scattering vector.

First the sample was saturated along the Fe[100] easy direction by an external field of 4.07 T. The photon
wave vector k was perpendicular to the [100] easy direction such that after switching off the magnetic field
the layer magnetisation was in the [010] easy direction, i.e., parallel/antiparallel to k. The specular reflection
appeared on the prompt reflectivity scan (Fig. 1A). However, no specular reflection but a broad diffuse shoul-
der was observed on the SMR ω-scan (Fig. 1B). The sample was rotated by 90° so that the magnetisation was
perpendicular to k and the AF reflection disappeared. Having applied an increasing magnetic field along the
[010] easy direction, i.e., perpendicular to k, the intensity of the AF reflection recovered in the range of 12–
16 mT indicating the spin flop. Fig. 1C shows two ω scans taken in mutually perpendicular orientations of the
sample following an exposure to 13 mT, i.e., in the state of a partial spin-flop. While the not-yet-flipped part
shows the broad diffuse shoulder only, a strong specular scattering is observed on the flipped part. On com-
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pletely passing the spin-flop transition, i.e. after an exposure to 35 mT, the ω scan is dominated by the
specular scattering (Fig. 1D). Finally, following a repeated exposure to 4.07 T the ω-scans became identical
with that shown in Fig. 1B i.e., the specular reflection again disappeared from the SMR ω-scan.

The pure diffuse delayed reflectivity in Fig. 1B shows that a small domain state (SDS) is formed on decreasing
the external magnetic field and is retained in zero field.
The correlation length ξ of the AF domains can be es-
timated from the width of the diffuse shoulders. Sup-
posing an exponential autocorrelation function for the
domain magnetisation, ξ ≈2.6 µm is deduced from the
broad diffuse SMR shoulders, i.e. in the SDS. The
presence of a narrow specular reflection after passing
the spin-flop transition shows the appearance of large
domains. In this large-domain state (LDS) only a
lower limit for ξ (ξ > 16.5 µm) can be given, due to
the finite angular resolution of 2Θ.

One would expect that the SDS develops when de-
creasing the field from all values above the saturation
field. This is not the case. It was found that the LDS
retains up to fields well above the saturation field of
0.9 T as inferred from the magnetic field dependence
of the AF reflection. The SDS only recovers in 1.35 T.
This ‘supersaturation memory effect’ needs further
investigations.

In conclusion, we observed the magnetic-field-history
dependent AF domain structure of a coupled Fe/Cr
superlattice by off-specular SMR. It was found that
releasing the field from full saturation in an easy direc-
tion results in a SDS. However, large size patch do-
mains are formed from these primary small domains on
passing the spin-flop transition. This gives a new in-
sight into the nature of the domain coarsening transi-
tion by showing that its condition is not the equili b-
rium of the Zeeman energy with the domain wall en-
ergy, but the equilibrium of the Zeeman energy with
the anisotropy energy. It is only this equili brium that
permits the much smaller domain wall energy to shape
the domain structure. Out of this equilibrium the Zee-
man energy or the anisotropy energy whichever is
greater will stabili se the already existing domain
structure.
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Fig. 1. Off-specular prompt X-ray and SMR scans
plotted vs. the scattering vector component qx of a
MgO(001)/[57Fe(26Å)/Cr(13Å)]20 multilayer at the
AF Bragg-reflection (Θ = 0.4°) measured in zero
external magnetic field: A) prompt reflectivity
which does not depend on magnetic field history,
B–D) delayed reflectivity, B) following saturation
in 4.07 T, C) following exposure to 13 mT parallel
to the magnetisation (open circles: non-flipped do-
mains, full circles: flipped domains), D) following
exposure to 35 mT.


