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Report:

The first tentative measurements of the different steps of the magnetization reversal in polycrystalline
Fe (ferromagnet) / CoO (antiferromagnet) exchange bias thin film systems were performed. This Fe/CoO
system shows a large horizontal shift of the hysteresis loop, known as the exchange bias effect, when it is
cooled in the presence of a magnetic field to low temperatures (< 20 K). Besides the horizontal shift of the
hysteresis loop, thepolycrystalline Fe/CoO system also shows a pronounced training effect and asymmetry at
low temperatures (< 20 K) [1]. The training effect implies that the shift of the hysteresis loop for the second
and all consecutive hysteresis loops is smaller than for the first hysteresis loop measured right after field
cooling. The asymmetry refers to the fact that the left hand side branch of a Fe/CoO hysteresis loop is much
sharper than the more slanted right-hand side branch. The asymmetry is only present in the first hysteresis
loop right after field cooling. The training effect and asymmetry are two phenomena that have their physical
origin in the domain structure of the antiferromagnetic layer. After field cooling, the antiferromagnetic
uncompensated spins are oriented along the cooling field direction, but during the very first reversal, the
uncompensated spins are fragmented into different directions. Once this fragmentation has occurred, it
cannot be removed during consecutive loops, even if a very high field pulse (> 35 T) is applied. Since the
ferromagnetic layer is exchange coupled to the antiferromagnetic layer, the ferromagnetic layer is expected
to be fragmented into small domains at the interface [2,3].

The aim of this study was (a) to measure the depth profile of the magnetic moment in the Fe layer, (b) to
prove the fragmentation of the domains at the interface between Fe and CoO and (c) to reconstruct changes
of the depth profile as a result of the training effect. The Fe/CoO bilayers were grown by molecular beam
epitaxy (MBE) on a thermally oxidized Si wafer with a SiO, thickness around 500 nm. During this beam
time three samples were measured where the Fe-layers consisted of the Mdssbauer-inactive *°Fe isotope and
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Figure 1 Time spectra of nuclear resonant scattering from rotation of the Fe-moment.. T_he alm' of the
a Fe/CoO system, with an *'Fe- probe layer at the interface, Méasurements was also to identify a difference
The beat pattern at saturation (a) and at the first coercive Detween the three samples and thus obtaining a
field after field cooling (b) are shown. depth profile of the magnetic moment. Since the

differences are expected to be small, a very high
count rate is necessary. This high count rate was achieved, even for the sample with the probe layer at the
interface (800 counts/s). Nevertheless, a change of the depth profile of the magnetic moment and a large
horizontal shift of the hysteresis loop was never observed. A preliminary analysis of the spectra using the
CONUSS code indicates that during reversal the magnetization rotates over about 50°, then flips over, and
then rotates further to the opposite direction. It was finally made clear that the required low film temperature
(~10 K) could not be reached, which was confirmed by inelastic measurements (the actual film temperature
was about 70 K). The thick SiO, layer (500 nm) in combination with a cold finger cryostat prevented us to
cool the sample to these low temperatures [4]. The straightforward way to circumvent this problem is by
using a suitable substrate, which can be used in combination with a cold finger cryostat.
To conclude, the first tentative study was successful in that respect that it was possible to see a large change
between the different time spectra at several places in the hysteresis loop. A fitting procedure can perfectly
deduce the direction of the Fe moments in the probing layer. Furthermore, a very high count rate was
observed, which makes it possible to identify small changes in the different time spectra and to reconstruct
the depth profile of the magnetic Fe moment. A continuation of the measurement is, however, necessary in
order to reach the lower temperatures and to understand the training effect and asymmetry in polycrystalline
exchange bias systems.
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