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Figure 1: Dynamical reversal of the vortex core: The upper section shows the
"magnetic needles" of the vortex core, pointing down on the left and up on the
right. The lower section shows these two magnetization directions of the vortex
core in two images, taken with a magnetic scanning X-ray microscope at the
Advanced Light Source in Berkeley, Calif. In the center is the bipolar magnetic
field pulse (250 MHz, 1.5 milli-Tesla at the peak) which causes the vortex core
to reverse. Credit: Max Planck Institute of Metals Research in Stuttgart

For about ten years now, tiny magnetic structures measuring a few
millionths of a millimetre have met with growing interest from the
worlds of science and technology, particularly on account of their
potential applications in magnetic storage. A fascinating quantum
mechanical phenomenon occurs in these structures: the vortex core,
which has been predicted in theory for forty years, but which
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experiments revealed only four years ago.

In small magnetic plates, the magnetised areas often come together to
form level closed magnetic circuits - these are the vortices. Imagine
walking with an atom-sized compass in a vortex. The compass needle
would always be level, unless you approached its centre, the vortex.
There the atomic magnetic compass needles rise from the surface and a
magnetic field is created over a tiny radius of around 20 atoms, the
largest possible in the material.

The magnetic needles can point either up or down in the vortex core (fig.
1). However, if this property is to be used for magnetic storage, a way
must be found to combat the enormous stability typical of vortex
structures. Up to now, very high external magnetic fields of around half
a Tesla were required to reverse the vortex core. That is approximately
one third of the field that the strongest permanent magnet is capable of
delivering.

  
 

  

Figure 2: Micromagnetic simulation of the reversal of the vortex core with a
short magnetic pulse. (a) Initial status: vortex core points downwards; (b)
additional upwards magnetization becomes visible; (c) a double peak forms: a
vortex-antivortex pair; (d) final status: after the original vortex has been
eliminated by the antivortex, a vortex core pointing upwards remains. Credit:
Max Planck Institute of Metals Research
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Researchers at the Max Planck Institute of Metals Research have now
found an elegant solution which reverses vortex cores much more easily.
Using time-resolved magnetic scanning X-ray microscopy, developed by
Hermann Stoll's group in Professor Schutz's department at the Institute,
they have discovered a previously unknown mechanism - dynamic
reversal of the vortex core. A magnetic pulse (see fig. 1) is used to build
a magnetic field at right angles to the vortex, so that the whole structure
is stimulated to execute a collective spin movement. As micromagnetic
simulations show (fig. 2), this creates an opposite magnetisation at the
edge of the original vortex, whereby virtually no energy is used. The
result is a vortex-antivortex pair. The antivortex cancels out the original
vortex which leaves just one vortex with reverse polarisation.

In this way, the Max Planck scientists, together with researchers from
the University of Ghent, the Advanced Light Source in Berkeley,
California, the Jülich Research Centre and the Universities of
Regensburg and Bielefeld, succeeded in efficiently and deliberately
reversing the vortex core with magnetic pulses that were approximately
300 times weaker, but very short.

It is possible that this reversal mechanism, which has been observed here
for the first time, can be used for a completely new magnetic storage
concept. The directions of the small nanoscopic magnetic needles define
a digital bit that is extremely stable in the face of frequently unavoidable
external factors such as heat or interference from magnetic fields. With
the newly discovered dynamic effect, the vortex core is easy to reverse,
with no losses and, above all, extremely quickly.
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