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The terms “spintronics” was coined for the
science and technology of transport phenomena
and electronic applications that involve the
intrinsic magnetic moment of the electron or
“spin” in small structures and devices. The
coupling between spin and charge currents has
spawned new technologies such a magnetic field
sensors and magnetic random access memories.

The Research Division Spin Energy Materials
focusses on the extension of spintronics to include
the generation, detection and control of heat
currents referred to as spin caloritronics, which
provides new strategies to efficient refrigeration
and harvesting of heat. In a collaboration between
theory and experiment we study new magnetic
materials and design devices in order to better
understand and optimize spin-dependent and spin
Seebeck and Peltier effects.

Applying the methods of theoretical and
computational physics has importantly helped to
understand and progress spintronics and spin
caloritronics. A celebrated example is the
prediction of the current-induced spin transfer
torque by Slonczewski and Berger, which forms
the basis for the global race for the universal
magnetic random access memories that can be
integrated with silicon-based electronics. Theory
helps in understanding, classifying, and enhancing
hitherto unexplained phenomena discovered
experimentally, such as the spin Seebeck effect
(see inset) and the spin Hall magnetoresistance.

Contact information
E-mail: g.e.w.bauer@imr.tohoku.ac.jp
TEL: +81-22-2 15-2005, FAX : +81-22-2 15-2006

Gerrit E. W. Bauer ##%:
AEV IR —HHARER

Education: 1984 Ph.D. Technical University Berlin.
Experience : 1986 Member of Scientific Staff, Philips Research Laboratories;
1992 Professor, Delft University of Technology;
2011 Professor, Institute for Materials Research, Tohoku
University.

Spin Seebeck Effect

The imbalance in the fluctuating angular
momentum exchange generated by a temperature
gradient over the interface between a magnetic
material and a normal metal generates a spin
current that can be transformed into a useful
voltage by the spin valve or inverse spin Hall effect.
While a consensus exists concerning the basic
physics, much work has still to be carried out in
order to understand the material dependence. A
better understanding will allow maximizing the
efficiency of thermal devices based on the spin
Seebeck effect and its reciprocal, the spin Peltier
effect. The spin Seebeck effect has recently been
proven to be a sensitive probe of spin correlations in
complex magnets that provides information not
accessible to other techniques.

d:>~~wmm/

Elementary scattering process governing the
spin Seebeck and related effects. The spin-flip
scattering of electrons at the Fermi energy at the
interface to a ferromagnet leads to energy and
angular momentum transfer in the form of a spin
wave or magnon excitation.
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