PRESSEMITTEILUNG
Ultra-Fast Magnetic Reversal Observed
A newly discovered magnetic phenomenon could accelerate data storage
by several orders of magnitude.

Berlin, 2011

With a constantly growing flood of information, we are being inundated
with increasing quantities of data, which we in turn want to process
faster than ever. Oddly, the physical limit to the recording speed of
magnetic storage media has remained largely unresearched. In
experiments performed on the particle accelerator BESSY II of
Helmholtz-Zentrum Berlin, Dutch researchers have now achieved
ultrafast magnetic reversal and discovered a surprising phenomenon.

Further information:

In magnetic memory, data is encoded by reversing the magnetization of tiny
points. Such memory works using the so-called magnetic moments of atoms,
which can be in either “parallel” or “antiparallel” alignment in the storage
medium to represent to “0” and “1”.
The alignment is determined by a quantum mechanical effect called
“exchange interaction”. This is the strongest and therefore the fastest “force”
in magnetism. It takes less than a hundred femtoseconds to restore magnetic
order if it has been disturbed. One femtosecond is a millionth of a billionth of
a second. Ilie Radu and his colleagues have now studied the hitherto unknown
behaviour of magnetic alignment before the exchange interaction kicks in.
Together with researchers from Berlin and York, they have published their
results in Nature (DOI: 10.1038/nature09901, 2011).
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For their experiment, the researchers needed an ultra-short laser pulse to heat
the material and thus induce magnetic reversal. They also needed an equally
short X-ray pulse to observe how the magnetization changed. This unique
combination of a femtosecond laser and circular polarized, femtosecond X-ray
light is available in one place in the world: at the synchrotron radiation source
BESSY II in Berlin, Germany.
In their experiment, the scientists studied an alloy of gadolinium, iron and
cobalt (GdFeCo), in which the magnetic moments naturally align antiparallel.
They fired a laser pulse lasting 60 femtoseconds at the GdFeCo and observed
the reversal using the circular-polarized X-ray light, which also allowed them
to distinguish the individual elements. What they observed came as a
complete surprise: The Fe atoms already reversed their magnetization after
300 femtoseconds while the Gd atoms required five times as long to do so.
That means the atoms were all briefly in parallel alignment, making the
material strongly magnetized. “This is as strange as finding the north pole of a
magnet reversing slower than the south pole,” says Ilie Radu.
With their observation, the researchers have not only proven that magnetic
reversal can take place in femtosecond timeframes, they have also derived a
concrete technical application from it: “Translated to magnetic data storage,
this would signify a read/write rate in the terahertz range. That would be
around 1000 times faster than present-day commercial computers,” says Radu.

Top, centre: While the magnetization
of gadolinium (red arrow) has not yet
changed, the magnetization of iron
(blue arrow) has already reversed.
Large picture: The laser pulse (pink)
triggers magnetic reversal, while the
X-ray pulse (blue) measures it.
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The Helmholtz-Zentrum Berlin für Materialien und Energie (HZB) operates and develops large scale facilities for research with
photons (synchrotron beams) and neutrons. The experimental facilities, some of which are unique, are used annually by more than
2,500 guest researchers from universities and other research organisations worldwide. Above all, HZB is known for the unique
sample environments that can be created (high magnetic fields, low temperatures). HZB conducts materials research on themes that
especially benefit from and are suited to large scale facilities. Research topics include magnetic materials and functional materials.
In the research focus area of solar energy, the development of thin film solar cells is a priority, whilst chemical fuels from sunlight are
also a vital research theme. HZB has approx.1,100 employees of whom some 800 work on the Lise-Meitner Campus in Wannsee and
300 on the Wilhelm-Conrad-Röntgen Campus in Adlershof.
HZB is a member of the Helmholtz Association of German Research Centres, the largest scientific organisation in Germany.
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