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Report:

As afurther step towards better understanding spin-flop, finite stacking and domain transformation phenom-
ena in antiferromagneticaly (AF) coupled multilayers by Synchrotron Mdssauer Refledrometry (SMR), a
projed referred to as ‘Dired Observation of Surface Spin Flop Transitions in Magnetic Superlattices’, we
used off-speaular SMR to study how spin-flop phenomena influence the domain structure in a
MgO(001)/fFe(26A)/Cr(13A)}o superldice.

The sample was placal in the variable temperature insert of a superconducting split-coil cryostat which was
mounted on a one-circle goniometer. All spedra were taken at (290t2) K and in zero magnetic field after the
magnetic field history as described below. The off-speaular scatering was measured on the first order AF re-
fledion at an angle of 20 = 0.80°. The number of prompt photons from eledronic scatering and the time inte-
grated number of delayed photons from the nuclea resonant scattering processwere recorded as a function of
the angle of grazng incidence win the range from O to 20@. The off-speaular scatering is $ownin Fig. 1 asa
function of the longitudinal in-plane cguonentagy of the scattering vector.

First the sample was sturated along the Fe[10( easy diredion by an external field of 4.07 T. The photon
wave vedor k was perpendicular to the [10( easy diredion such that after switching off the magnetic field
the layer magnetisation was in the [01( easy diredion, i.e., parallel/antiparalel to k. The speaular refledion
appeaed on the prompt refledivity scan (Fig. 1A). However, no speaular refledion but a broad dffuse shoul-
der was observed on the SMR w-scan (Fig. 1B). The sample was rotated by 90° so that the magnetisation was
perpendicular to k and the AF refledion disappeaed. Having applied an increasing magnetic field along the
[01Q easy diredion, i.e., perpendicular to k, the intensity of the AF refledion recovered in the range of 12—
16 mT indicaing the spin flop. Fig. 1C shows two w 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 dffuse shoulder only, a strong speaular scatering is observed on the flipped part. On com-
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pletely passng the spin-flop trangtion, i.e. after an exposure to 35mT, the w scan is dominated by the
speaular scatering (Fig. 1D). Finally, following a repeaed exposure to 4.07 T the w-scans became identicd
with that shown in Fig. 1B i.e., the speculdtagtion again disgpeared from the SMR»-scan.

The pure diffuse delayed refledivity 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 arrelation length ¢ of the AF domains can be es- , '

timated from the width of the diffuse shoulders. Sup- 107 s A
posing an exponential autocorrelation function for the 10" .

domain magnetisation, £=2.6 um is deduced fromthe € 10°1 /\__/ '\,-\
broad dffuse SMR shoulders, i.e. in the SDS. The E

presence of a narrow speadlar refledion after passng < 40| o
the spin-flop transition shows the gpeaance of large g B
domains. In this large-domain state (LDS) only a s 50 °;

lower limit for & (¢ > 16.5 um) can be given, due to © Y

the finite angular resation of 20. °: 0 s b, .
One would exped that the SDS develops when de- 2 100 " C
creasing the field from all values above the saturation & ;| -

field. This is not the cae. It was found that the LDS = Py

retains up to fields well above the saturation field of g 0 " & e

0.9 T as inferred from the magnetic field dependence & 100] .
of the AF refledion. The SDS only recoversin 1.35T. = D
This ‘supersaturation memory effed’ neals further =  5p]

investigations. .

In conclusion, we observed the magnetic-field-history 0 — - —— " -
dependent AF domain structure of a mupled Fe/Cr t 4 2 0 2 4 6
superlattice by off-speaular SMR. It was found that q, (10" A7)

releasing the field from full saturation in an easy direc

tion results in a SDS. However, large size patch do-  Fig. 1. Off-speaular prompt X-ray and SMR scans
mains are formed from these primary small domainson  plotted vs. the scatering vedor component ¢y of a
passng the spin-flop transition. This gives a new in-  MgO(001)/[*"Fe(26A)/Cr(13A)] mulltilayer at the
sight into the nature of the domain coarsening transi-  AF Bragg-refledion (© = 0.4°) measured in zero
tion by showing that its condition is not the eyuilib- external magnetic field: A) prompt refledivity
rium of the Zeeman energy with the domain wall en-  which does not depend on magnetic field history,
ergy, but the equilibrium of the Zeeman energy with  B-D) delayed refledivity, B) following saturation
the anisotropy energy. It is only this equilibrium that  in4.07 T, C) following exposure to 13 mT parallel
permits the much smaller domain wall energy to shape  to the magnetisation (open circles: non-flipped do-
the domain structure. Out of this equilibrium the Zee  mains, full circles: flipped domains), D) following
man energy or the anisotropy energy whichever is  exposure to 3mT.

greder will stabilise the dready existing domain

structure.

Reference

D.L. Nagy, L.Bottyan, B. Croonenborghs, L.Deé&, B.Degroote, J. Dekoster, H.J. Lauter, V. Lauter-
Pasyuk, O. Leupold, M. Magor, J. Measschaut, O. Nikonov, A. Petrenko, R. Ruffer, H. Spiering, E. Szilagyi,
sulmitted for pullication

2/2



