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Spintronics
-Spin injection. Solved!
-Spin detection. Solved!
-Memory devices. Solved!

The original challenges of Spintronics have been solved. This is NOT a reason for
the field to rest on if laurels, but rather an opportunity (and necessity) to define
new goals.
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The Spintronics future.

Information storage is the past and the present...

The future is information manipulation (processing and communication) as well as
energy management.

Key ideas include:

-The “memristor dream®: Hybrid memory/processing device to eliminate
the interconnect issue.

-GMR/TMR based antennas (STO) for efficient communication.
-Heat management (Spin-Caloritronics)
-Spin-topotronics (with potential in processing with reduced dissipation.)

| will now show one example of each from our own research.
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A memristor like idea: Electrically
programmable logic device using a
ferromagnetic semiconductor

S. Mark, P. Durrenfeld, K. Pappert, L. Ebel, K. Brunner, C. Gould,
L.W. Molenkamp

University of Wirzburg EP3, Germany
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A high Q-factor GHz emitter

A. Riegler, F. Lochner, C. Gould, L.W. Molenkamp

University of Wirzburg EP3, Germany

‘MACALO

FP7 ICT — Nanoelectronics
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Band structure NiMnSb
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as a consequence of the empty C site, the point symmetrie of the Mn sites
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Spin-Torque devices

Ru (10nm)

Py (6nm)

electron-flow

e padsin CPW geometry
e 2-point geometry
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Spin-Torque devices

£P3
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Spin-Torque devices

100nm x 200nm pillar — field along the long side
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Spin-Torque devices
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100nm x 200nm pillar — field along the long side
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Spin Caloritronics: Diffusion Thermopower
of (Ga,Mn)As/GaAs Tunnel Junctions

Ts. Naydenova, P. Durrenfeld, K. Tavakoli, N. Pegard, L. Ebel, K.
Pappert, K. Brunner, C. Gould, and L.W. Molenkamp

University of Wirzburg EP3, Germany

DFG | SemipinNet |

Initial Training Network
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Polar Plot- look like (Ga,Mn)As E
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Spin Topotronics: QS

transport in topological

£P3

HE/ISHE and spin

y protected states.

C. Brune, H. Buhmann, C. Gould, and L.W. Molenkamp

University of Wirzburg EP3, Germany
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Topology describes object-properties that are preserved
under a continous deformation

But it can not be transformed
Example: Mug to Torus to a sphere without cutting or
transforming it to a point first
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conventional insulator
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free electron gas in the QW

Q2220

by donor doping of the barriers

HgCdTe, x=0.7, 25nm
HgCdTe : I, 9 nm

HgCdTe, 10 nm

HgTe well, 8,0 nm

HgCdTe, 10 nm

HgCdTe : I, 9 nm

HgCdTe, x=0.7,100 nm
CdTe buffer ca.60 nm

CdZnTe (001)
substrate
ca. 800 um
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band structure

semi-metal or semiconductor
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Simplified Picture
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Outlook.

Spintronics is still very much a topical field which can play a leading role
in developing information technology. To ensure that happens, it is
important to look towards solving the present challenges, and not to
continue focusing on challenges of the past (where resources are sadly

still being wasted in many cases.)
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