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With the help of neutrons, TUM physicists discover new ways to save data:
Electric current moves magnetic vortices

Faster, smaller and more energy efficient - that is what tomorrow’s computers should
be. This means that data needs to be written and processed faster. Physicists at the
Technische Universitaet Muenchen (TUM) and the Universitaet zu Koeln are now a great
deal closer to that goal. The experimental physicists at the TUM set a lattice of
magnetic vortices in a material in motion using electric current almost a million times
weaker than in earlier studies. They observed the coupling between electric current and
magnetic structure by means of measurements at the research neutron source FRM Il
at the TUM in Garching. They report their results in the Dec. 17 issue of the journal
Science.

While Peter Gruenberg and Albert Fert were awarded the Nobel Prize in 2007 for research that
led to significantly faster reading of data, in the past few years scientists have been
concentrating on how magnetic information can be directly written to media using electric
current. So far, the problem with this kind of work has been the need for extremely high
currents, whose side effects nearly impossible to rein in, even in nanostructures.

A little over a year ago, Professor Christian Pfleiderer and his team at the Physics Department
of the TUM discovered an entirely new magnetic structure in a crystal of manganese silicon —
a lattice of magnetic vortices. The experiments in Garching were spurred by the theoretical
predictions of Professor Achim Rosch at the Universitaet zu Koeln and Professor Rembert
Duine from the Universiteit Utrecht. They were expecting new results in the field of so-called
spintronics, nanoelectronic elements that use not only the electric charge of electrons to
process information, but also their magnetic moment, or spin.

Christian Pfleiderer’s team of scientists sent electric current through the manganese silicon.
Using neutrons from FRM I, they were able to observe a twist in the magnetic vortex lattice,
which they could not explain initially. More interesting than the twist was the newly discovered
magnetic lattice (Science, Vol. 323, 5916 pp. 915-919, see below).

In the next step, Christian Pfleiderer and his team made further measurements at the MIRA
instrument of the neutron source FRM Il in an attempt to determine why the lattice twisted

Technische Universitaet Muenchen Corporate Communications Center 80290 Munich, Germany www.tum.de

Dr. Ulrich Marsch Head of Corporate Communications  +49 89 289 22779 marsch@zv.tum.de
Patrick Regan International Public Relations +49 89 289 10515 regan@zv.tum.de



> et u‘““)&—(ll} ' m
7‘( E&“hef"’w&‘ud b

Technische Universitat Miinchen

when a current was applied. At first, the calculations of the theoreticians contradicted the
results of the experiments in Garching. “The magnetic structure twists, because the direction
of the electric current is deflected extremely efficiently by quantum mechanical effects,”
explains Christian Pfleiderer. When an electron flies through the magnetic vortex, the
electron’s spin reacts to the vortex (see animation). In this way the electric current exerts a
force on the magnetic vortices, which eventually begin to flow.

After further measurements, the team of Christian Pfleiderer and Achim Rosch was able to
establish that the newly discovered lattice of magnetic vortices displays properties that have
been of interest in nanotechnology for quite some time. They are, among other things,
relevant to the development of new data storage systems. Notably, the magnetic vortices are
very stable and at the same time very weakly anchored in the material, so that even the
weakest of electric currents can lead to movement. This will allow data to be written and
processed considerably faster and more efficiently in the future.

Original publication:

F. Jonietz, S. Muehlbauer, C. Pfleiderer, A. Neubauer, W. Miinzer, A. Bauer, T. Adams, R.
Georgii, P. Boeni, R. A. Duine, K. Everschor, M. Garst, A. Rosch, Spin Transfer Torques in
MnSi at Ultra-low Current Densities, Science, 330, 6011, 17 December 2010 — DOI:
10.1126/science.1195709

Link: http://www.sciencemag.org/content/330/6011/1648.abstract

Publication about the discovery:

Skyrmion Lattice in a Chiral Magnet; S. Muehlbauer, B. Binz, F. Jonietz, C. Pfleiderer, A.
Rosch, A. Neubauer, R. Georgii, P. Boeni, Science, Vol. 323 no. 5916 pp. 915-919, 13
February 2009 -DOI: 10.1126/science.1166767

Link: http://www.sciencemag.org/content/323/5916/915.abstract

Images and animation:

http://mediatum2.ub.tum.de/node?cfold=1006342&dir=1006342&id=1006342
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Contact:

Prof. Christian Pfleiderer

Department of Physics

Technische Universitaet Muenchen
James-Franck-Str. 1, 85748 Garching, Germany
Tel.: +49 89 289 14720

E-Mail: christian.pfleiderer@frm2.tum.de
Internet: http://www.e21.ph.tum.de

Technische Universitdat Miinchen (TUM) is one of Europe’s leading universities. It has roughly 460 professors, 7,500
academic and non-academic staff (including those at the university hospital “Rechts der Isar”), and 26,000 students. It
focuses on the engineering sciences, natural sciences, life sciences, medicine, and economic sciences. After winning
numerous awards, it was selected as an “Elite University” in 2006 by the Science Council (Wissenschaftsrat) and the
German Research Foundation (DFG). The university’s global network includes an outpost in Singapore. TUM is
dedicated to the ideal of a top-level research based entrepreneurial university. http://www.tum.de
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