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Report:

During this beamtime we made a first attempt to directly observe current-induced domain
wall movement in nanoscopic spin-valve lines using photoelectron emission microscopy
combined with x-ray magnetic circular dichroism (XMCD-PEEM). Current-induced
magnetization dynamics is a subject of strong fundamental and technological interest, since it
will allow a simplification of architecture for high-density magnetic storage and magnetic
random access memory (MRAM). Until now, all observations of domain wall displacement
using currents have been done using static measurements, looking at the shape and position of
the domain wall after the application of a current pulse. For a better theoretical and
experimental understanding of the interaction between spin polarized currents and domain
walls it is crucial to observe directly, during the displacement, the domain wall position and
shape. Time-resolved XMCD-PEEM is a tool of choice for this direct observation, combining
element-selectivity and a good temporal resolution with an excellent spatial resolution.

The experiment we wanted to perform was very challenging for several reasons. The intensity
of one x-ray pulse is not sufficient to obtain good quality images of our sample and the
measurements have therefore to be performed in pump-probe mode [1]. In this case, the
imaged domain wall movement has to be reversible and reproducible in order to obtain
accurate images. For that, we used zigzag-shaped samples (see Fig. 1a) in which after each
current- and photon pulse the domain walls are repositioned in the curved part of the sample
by applying a magnetic field pulse (see timing scheme in Fig. 2). Moreover, since the
magnetic pulses are power consuming, they can not be applied at the full repetition rate of the
four-bunch mode, but only at half this repetition rate (714 kHz). The current pulses are at the
same repetition rate as the magnetic field pulses. The photo-electrons generated by absorption
of the photon pulses that are not associated to a current pulse are suppressed by applying a



negative pulse (-20V) on a grid in front of the imaging optics, in order to avoid a high
background contribution to the images.

Fig.1 : a) Geometry of field and current pulses applied to the FeNi/Cu/Co sample. b) sample and contacts
after discharges between PEEM objective lens and sample contacts.

We have successfully tested this complicated timing scheme during the beamtime in May
2006. These test show that the ‘blanking’ pulses on the grid indeed suppress one photon
bunch out of two and that the magnetic and current pulses can be synchronized with the
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Technical problems associated with the samples did not allow us to acquire images of
current-induced domain wall motion. These samples are known to be extremely sensitive to
electrical discharges, making it necessary to be very careful when mounting them. In order to
obtain high-resolution PEEM images, a tension of more then 10 kV has to be put on the
objective lens, which is placed only 2 mm from the sample surface. The sample and its
surrounding area should therefore be as flat as possible in order to avoid field emission and
discharge effects. In our samples, the contacts for the current pulses were only a few
millimeters away from the center of the sample, and therefore too close to the objective lens.
Discharges took place between the objective lens and the contacts, destroying the samples
(Fig. 1b). We are now preparing samples with current leads much farther from the center of
the samples, which will be positioned inside the Cu-coil generating the magnetic field pulses.
In this way, discharges can be avoided and high-resolution magnetic imaging of our samples
will be possible.
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