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6000 % tunnel magneto-Seebeck effect under applied bias
— ®ALEXANDER BOEHNKE!, MARIUS MINIKEL?, MARVIN WALTER?,
VLADYLSAV ZBARSKYZ, KARSTEN RoTT!, ANDY THOMAS!, MARKUS
MUNZENBERGZ2, and GUNTER REIss! — !Thin Films and Physics of
Nanostructures, Bielefeld University, Germany — 2I. Physikalisches
Institut, Georg-August-Universitdat Gottingen, Germany

Recently, significantly different values of the tunnel magneto-Seebeck
effect (TMS) [1-5] have been reported when the material system of
the magnetic tunnel junction (MTJ) is changed. Ab initio calculations
shine first light on the origin of these differences, as they propose a
strong influence of the lead material on the TMS [6]. We applied an
additional bias voltage Vpjas to MTJs while measuring the TMS.

This well-defined tuning of the electrodes’ Fermi level positions al-
lows to compare the bias voltage dependence of the TMS with the
theoretical predictions. We demonstrate drastically changing TMS ra-
tios of up to 6000 % generated by the variation of the bias voltage.
At certain values of Vpi,s, an on/off behavior of the Seebeck voltage is
found when the magnetization alignment of an MTJ is reversed. These
findings are in good agreement with the ab into calculations [6].

[1] M. Walter et al. (2011). Nat. Mater., 10(10), 742.

[2] N. Liebing et al. (2011). Phys. Rev. Lett., 107(17), 177201.

[3] W. Lin et al. (2012). Nat. Commun., 3, 744.

[4] N. Liebing et al. (2013). Appl. Phys. Lett., 102(24), 242413.

[5] A. Boehnke et al. (2013). Rev. Sci. Instrum., 84(6), 063905.

[6] C. Heiliger et al. (2013). Phys. Rev. B, 87(22), 224412.

TT 85.2 Thu 9:45 HSZ 04
Thin film studies of the spin Seebeck effect in insulat-
ing ferrimagnets — ®ANDREAS KEHLBERGER!, GERHARD JAKOB!,
ULRIKE RITZMANN2, DENISE HINZKE2, ULRICH NOWAK2, MEHMET
OnBasiL?, DoNe HuN Kim?, CAROLINE A. Ross®, MATTHIAS BEN-
JAMIN JUNGFLEISCH*, BURKARD HILLEBRANDS*, and MaTHIAS KLAUT!
— 1University of Mainz, D-55099 Mainz — 2University of Konstanz,
D-78457 Konstanz — 3Massachusetts Institute of Technology, USA
MA-02139 — “Technische Universitit Kaiserslautern, D-67663 Kaiser-
slautern

One of the most basic and still unresolved questions is the origin of
the spin-Seebeck effect (SSE) in magnetic insulators. Recent studies
focused on the investigation of the dependence of the SSE on material
parameters in bulk material [1], while for applications thin films are
more appropriated. We study the longitudinal SSE (LSSE) in thin film
garnets grown by PLD, which allows us to probe the dependence of
the SSE on magnetic material parameters as well as on the thickness
of the ferromagnetic material, revealing a relevant length scale for the
LSSE in the order of 100 nm in YIG. A comparison with the magneto-
resistance allows us to estimate its contributions and to identify the
genuine origin of the SSE in the bulk of the YIG [2]. Beyond YIG,
we study other garnets at variable temperatures to determine the SSE
dependence on the dominating sub-lattice that governs the effective
magnetic moment in a ferrimagnet [3]. [1] K. Uchida et al., Phys.
Rev. B 87, 104412 (2013) [2] A. Kehlberger et al., arXiv:1306.0784
(2013) [3] Y. Ohnuma et al., Phys. Rev. B 87, 014423 (2013)

TT 85.3 Thu 10:00 HSZ 04
Magnonic spin currents and the spin Seebeck effect — ¢ULRIKE
RitzMANN, DENISE HINZKE, and ULRICH NOWAK — Universitat Kon-
stanz

In ferromagnetic insulators spatial temperature gradients can lead to
a magnon accumulation [1]. Furthermore, it was shown that the mea-
sured voltage of the longitudinal spin Seebeck effect increases with film
thicknes, saturating on a characteristic length scale [2].

We perform atomistic spin model simulation with the stochastic
Landau-Lifshitz-Gilbert equation to investigate the relevant length
scales for magnon accumulation. Supported by an analytical descrip-
tion we first calculate the characteristic length scale of magnon prop-
agation in the vicinity of a temperature step [3]. Then we explore
magnon propagation in a linear temperature gradient and determine
the mean propagation length of the magnons [2]. Our main finding
is that the magnon accumulation at the cold end of the temperature
gradient first increases with the the length scale of the temperature gra-
dient and then saturates when reaching the length scale of the magnon
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propagation. These results can explain the saturation of the longitu-
dinal spin Seebeck effect [2] and can help to understand recent mea-
surements regarding the temporal evolution of the spin Seebeck effect
[4].
[1] K. Uchida et al, Nat. Mater. 9, 894 (2010)
[2] A. Kehlberger et al.,arXiv:1306.0784

[3] U. Ritzmann et al., submitted

[4] M. Agrawal et al., arXiv:1309.2164

TT 85.4 Thu 10:15 HSZ 04
Temporal evolution of the longitudinal spin Seebeck effect
— oVITALIY VASYUCHKA!, MILAN AGRAWALY2, ALEXANDER SERGA!,
AKIHIRO KIRIHARAD3, PHILIPP PIRRO', THOMAS LANGNER!, FRANK
HEUSSNER!, BENJAMIN JUNGFLEISCH!, ANDRII CHUMAK!, EVANGELOS
PAPAIOANNOU, and BURKARD HILLEBRANDS! — FB Physik and Lan-
desforschungszentrum OPTIMAS, TU Kaiserslautern, Kaiserslautern,
Germany — 2Graduate School Materials Science in Mainz — 3Smart
Energy Research Laboratories, NEC Corporation, Tsukuba, Japan

The spin Seebeck effect (SSE) is one of the most fascinating phenom-
ena in the contemporary period of spin caloritronics. Further advance-
ments in industrial applications like temperature gradient sensors and
thermal spin-current generators require an in-depth understanding of
this effect. We developed an experimental approach where we studied
the temporal evolution of the SSE in YIG/Pt bilayer structures in the
longitudinal configuration. Our findings reveal that this effect is a sub-
microsecond fast phenomenon governed by the temperature gradient
and the thermal magnons diffusion in the magnetic material. A com-
parison of our experimental results with the thermal-driven magnon-
diffusion model shows that the temporal behavior of the SSE depends
on the time development of the temperature gradient in the vicinity of
the YIG/Pt interface. The effective thermal-magnon diffusion length
for our YIG/Pt system is estimated to be around 500 nm.

Financial support by the Deutsche Forschungsgemeinschaft (SE
1771/4-1) within Priority Program 1538 ”Spin Caloric Transport” is
gratefully acknowledged.

TT 85.5 Thu 10:30 HSZ 04
Thermally driven domain wall motion — eFRANK SCHLICKEISER,
ULRIKE RITZMANN, DENISE HINZKE, and ULRICH NOWAK — University
Konstanz, 78457 Konstanz, Germany

The existence of thermally driven domain wall (DW) motion caused
solely by magnonic spin currents was forecast on the basis of computer
simulations [1]. Recently, this effect has been measured in a magnetic
insulator [2]. A deeper understanding of this effect is of great inter-
est, since it potentially opens the door for new ways to control and
manipulate domain structures in spintronic devices.

We present an analytical calculation of the DW velocity as well as the
Walker threshold within the framework of the Landau Lifshitz Bloch
equation [3] describing the dynamics of the thermally averaged spin
polarization on micromagnetic length scales. We demonstrate analyti-
cally that the temperature gradient leads effectively to a spin transfer
torque where the domain wall is mainly driven by the temperature
dependence of the exchange stiffness, or — in a more general picture
— by the maximization of entropy. We find a linear dependence of the
averaged DW velocity on the temperature gradient in agreement with
the experiment [2]. The approximations in our analytical calculation
are verified by numerical simulations.

‘We acknowledge financial support by the DFG through SFB 767.

References: [1] D. Hinzke and U. Nowak, Phys. Rev. Lett. 107,
027205 (2011), [2] W. Jiang et al., Phys. Rev. Lett. 110, 177202
(2013), [3] D. A. Garanin, Phys. Rev. B 55, 3050 (1997).
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TT 85.6 Thu 11:00 HSZ 04
Spin disorder effect on the spin-caloric transport properties
in magnetic nanostructures from first principles — eROMAN
KovACIK, PHIVOS MAVROPOULOS, DANIEL WORTMANN, and STEFAN
BLUGEL — Peter Griinberg Institut and Institute for Advanced Simu-
lation, Forschungszentrum Jiilich and JARA, 52425 Jilich, Germany

An important contribution to the thermoelectric and spin-caloric
transport properties in magnetic materials at elevated temperatures is
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the formation of a spin-disordered state due to the local moment fluc-
tuations. This effect has not been largely investigated so far. We focus
on various magnetic nanostructures, motivated by the miniaturization
of spintronics devices and by recent suggestions that magnetic nanos-
tructures can lead to extraordinary thermoelectric effects due to quan-
tum confinement [1]. The electronic structure of the studied systems
is calculated within the multiple scattering screened Korringa-Kohn-
Rostoker Green function (KKR-GF) framework [2]. The Monte-Carlo
methodology is used to simulate the effect of temperature induced spin
disorder and the transport properties are evaluated from the transmis-
sion probability obtained using the Landauer-Biittiker approach for the
ballistic transport within the KKR-GF framework [3]. We find quali-
tative and quantitative changes in the thermoelectric and spin-caloric
coefficients in the case that spin-disorder is included in the calculation.
Support from the DFG (SPP 1538) is gratefully acknowledged.

[1] N.Vuetal., APEX4,015203 (2011).

[2] N. Papanikolaou et al., JPCM 14, 2799 (2002), alsosee: kkr-gf.org.
[3] Ph. Mavropoulos et al., PRB 69, 125104 (2004).

TT 85.7 Thu 11:15 HSZ 04
Spin caloric transport in alloys from first-principles —
eSEBASTIAN WIMMER, DIEMO KODDERITZSCH, KRISTINA CHADOVA,
and HUBERT EBERT — Ludwig-Maximilians-Universitdt, Miinchen,
Deutschland

A fully relativistic implementation of the Korringa-Kohn-Rostoker co-
herent potential approximation (KKR-CPA) band structure method
[1] in conjunction with Kubo’s linear response theory is employed to
investigate various transport properties of bulk transition metal alloys.
Special emphasis is put on spin-orbit coupling induced phenomena of
thermo(-magneto)-electric transport in para- as well as ferromagnetic
systems such as spin and anomalous Nernst effects and the anisotropy
of the Seebeck effect [2,3]. These transverse and longitudinal responses
to a temperature gradient are compared to their respective (magneto-
)electric counterparts, the spin and anomalous Hall effects and the
anisotropic magnetoresistance. For the transverse effects a decom-
position into intrinsic and extrinsic (skew scattering and side-jump)
contributions is performed, based on vertex corrections and scaling
laws.

[1] H. Ebert, D. Kodderitzsch, and J. Mindr, Rep. Prog. Phys. 74,
096501 (2011).

[2] S. Wimmer, D. Kddderitzsch, K. Chadova, and H. Ebert, PRB 88,
201108(R) (2013).

[3] S. Wimmer, D. Kédderitzsch, and H. Ebert, arXiv:1311.2498 [cond-
mat.mtrl-sci] (2013).

TT 85.8 Thu 11:30 HSZ 04
Static proximity investigations on Pt/NiFe;O, and Pt/Fe
bilayers using x-ray resonant magnetic reflectivity — eTIMO
KuscuiL!, Curistord KLEWE!, JAN-MICHAEL SCHMALHORST!, FLO-
RIAN BERTRAMZ2, OLGA SCHUCKMANNS®, TOBIAS SCHEMME?, JOACHIM

WOLLSCHLAGER?, ARUNAVA GUPTA*, GERHARD GOTz!, DANIEL
Meier!, and GUONTER REiss! — !Bielefeld University, Germany —
2Lund University, Sweden — 3Osnabriick University, Germany —

4University of Alabama, Tuscaloosa Alabama, USA

When Pt is used to detect spin currents in an attached magnetic film
via the inverse spin Hall effect, parasitic charge based effects can be in-
duced due to spin polarization in Pt generated by static proximity. For
example, in spin caloritronics the anomalous Nernst effect (ANE) can
contribute to the longitudinal spin Seebeck effect (LSSE) signal when

an out-of-plane temperature gradient is applied. In case of Pt/YIG
Lu et al. [1] observed a spin polarization in Pt via XMCD, while
Geprégs et al. [2] found no evidence for static proximity in Pt/YIG.
Recently, we have observed the LSSE in NiFesO4 (NFO) thin films [3].
Now, we used x-ray resonant magnetic reflectivity (XRMR) to exclude
the ANE. XRMR is interface sensitive and therefore, mainly indepen-
dent of the Pt thickness, which makes it preferable over XMCD. For
Pt/Fe we clearly detect an XRMR signal of some %, while for Pt/NFO
we can exclude any effect within our detection limit of < 0.05 %.

[1] Y. M. Lu et al., Phys. Rev. Lett. 110, 147207 (2013)

[2] S. Geprigs et al., Appl. Phys. Lett. 101, 262407 (2012)

[3] D. Meier et al., Phys. Rev. B. 87, 054421 (2013)

TT 85.9 Thu 11:45 HSZ 04
Thermally induced spin accumulation at Al/Co2TiSi and
Al/Co2TiGe contacts — eVoICU POPESCU, BENJAMIN GEISLER, and
PETER KRATZER — Faculty of Physics, University Duisburg-Essen,
Duisburg, Germany

Spin injection from a ferromagnet in a semiconductor subtrate can
be accomplished either by applying an external voltage or a temper-
ature gradient. In the latter case, one exploits the Seebeck effect,
with the temperature gradient across the contact directly resulting in
a difference in chemical potentials in the two spin channels due to the
spin-dependence of the Seebeck coefficient.

The magnetic Heusler alloys Co2TiSi or Co2TiGe exhibit half-
metallic ferromagnetism in their ideal .27 crystal structure, with a
potentially high degree of spin polarization of the injected current.
As such, they recommend themselves for integrated spin injectors in
combination with the closely lattice-matched Al contact layer.

We investigate the possibility of employing Al/Co2TiX/Al
(X=Si,Ge) trilayers as thermally driven spin injectors by means of first-
principles calculations of the electronic structure and of the thermo-
electric transport properties. Our results show that the spin-dependent
Seebeck effect is sensitive to the atomic structure of the Heusler/Al
interface. In particular, for a thin Co2TiSi or Co2TiGe layer termi-
nated by a TiSi or TiGe atomic plane, the thermal spin accumulation
is found to be of the same order of magnitude as the conventional,
effective Seebeck coefficent.

TT 85.10 Thu 12:00 HSZ 04
Influence of heat flow directions on Nernst effects in Py /Pt
bilayers — eDANIEL MEIER!, DANIEL REINHARDT!, MAXIMILIAN
ScumID?, CHRISTIAN H. BACK?, JAN-MICHAEL SCHMALHORST!, TIMO
KuscHEL!, and GUNTER REISs! — 1University of Bielefeld, D-33501
Germany — 2University of Regensburg, D-93040 Germany

‘We investigated the voltages obtained in a thin Pt strip on a Permalloy
film which was subject to in-plane temperature gradients and magnetic
fields. The voltages detected by thin W-tips or bond wires showed a
purely symmetric effect with respect to the external magnetic field
which can be fully explained by the planar Nernst effect (PNE). To
verify the influence of the contacts measurements in vacuum and at-
mosphere were compared and gave similar results. We explain that
a slightly in-plane tilted temperature gradient only shifts the field di-
rection dependence but does not cancel out the observed effects. Ad-
ditionally, the anomalous Nernst effect (ANE) could be induced by
using thick Au-tips which generated a heat current perpendicular to
the sample plane. The effect can be manipulated by varying the tem-
perature of the Au-tips. These measurements are discussed concerning
their relevance in transverse spin Seebeck effect measurements.



