Thursday

MA 51: Magnetic Half-metals and Oxides Il

Time: Thursday 11:00-13:15
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Spin polarized surface states at the free CoaMnSi(100) sur-

face — eRoMAN FETzER!, JAN-PETER WUSTENBERG!, JAN MINARZ,

JURGEN BRAUN2, HUBERT EBERT2?, TAKAYUKI ISHIKAWAS, MAsA-
FUMI YAMAMOTO3, MARTIN AESCHLIMANN', and Mirko CINCHETTI!
— !Department of Physis and Research Center OPTIMAS, TU
Kaiserslautern, Erwin Schrodingerstr. 46, D-67663 Kaiserslautern —
2Department Chemie und Biochemie, Ludwig-Maximilians-Universitét
Miinchen, Butenandtstr. 11, 81377 Miinchen — 3Graduate School
of Information Science and Technology, Hokkaido University, Kita 14
Nishi 9, Sapporo 060-0814, Japan

Interface states are believed to play a crucial role for the performance of
Heusler-based magnetic tunnelling junctions [1]. As a first step towards
the investigation of real interfaces, we present a comprehensive study
of the free (001) surface of the Heusler alloy CooMnSi. We show the
presence of minority electron surface states with predominant A; sym-
metry at the Fermi energy. Using a combined approach consisting of
low energy electron diffraction, Auger analysis and spin-resolved pho-
toelectron spectroscopy, the link between the spin-resolved electronic
structure and the surface termination is drawn and substantiated by
LSDA+DMFT photoemission calculations using different surface ter-
minations.

[1] T. Ishikawa, N. Itabashi, T. Taira, K. Matsuda, T. Uemura, and
M. Yamamoto. J. Appl. Phys. 105, 07B110 (2009).

MA 51.2 Thu 11:15 HSZ 401
Quadratic MOKE on Co-based Heusler compounds — ¢ GEORG
WoLr!, JarosLav HAMRLEZ, BriTTa LEVEN!, DANIEL EBKE?, ANDY
Tuaomas3, GUNTER ReEiss®, and Burkarp HiLLEBRaNDs! — lFB
Physik and Landesforschungszentrum OPTIMAS, TU Kaiserslautern,
67663 Kaiserslautern, Germany — 2Institute of Physics, VSB - Techni-
cal University of Ostrava, Czech Republic — 3Thin Films and Physics
of Nanostructures, Physics Department, Bielefeld University, Germany

The intensive research on Co-based Heusler compounds revealed that
some of these materials show a large quadratic magneto-optical Kerr ef-
fect (QMOKE) [1,2]. The presence of QMOKE strongly depends on the
electronic band structure. In the case of Heusler compounds the elec-
tronic bands can be modified by changing the composition or improv-
ing the crystalline structure. This work presents a systematic study
on several Heusler compounds (CozFeSi, CoaFeg 5Mng.5Si, CooMnSi
and CozFeAlp.5Sip.5). The amplitude of the QMOKE is investigated
as a function of the post deposition annealing temperature, which is
known to improve the crystal ordering. We find that the QMOKE
is increasing with the annealing temperature. From this we conclude
that there is a strong correlation between the presence of QMOKE and
the high crystalline ordering in Heusler compounds.

The DFG Research Unit 559, New Materials with High Spin Polariza-
tion, and the BMBF project Heuspin are gratefully acknowledged for
financial support.

[1] J. Hamrle et al. J.Phys.D 40, 1563 (2007).

[2] S. Trudel et al. J.Appl.Phys. 107, 43912 (2010).

MA 51.3 Thu 11:30 HSZ 401
The influence of the disorder on the electronic states of
the Heusler compound CosFeAlj 3Sip.7 studied by ARUPS
and tunnelling spectroscopy. — eELENA ARBELO JORGE, CHRIS-
TIAN HERBORT, MIicHAELA HaAHN, GERD SCONHENSE, and MAR-
TIN JOURDAN — Institute of Physics, Johannes-Gutenberg University,
Staudinger Weg 7, 55099 Mainz, Germany

Heusler compounds have attracted much interest based on their half
metallic properties predicted by band structure calculations. However,
a direct comparison of the theoretical predictions with experiments
remains difficult, even if the spin degree of freedom is averaged. Ad-
ditionally, the influence of atomic disorder on the band structure is
of major interest and is in general expected to result in a broaden-
ing of the electronic states. We present in-situ spin averaged angu-
lar resolved UV-photoemission spectroscopy (ARUPS) of rf-sputtered
Heusler thin films. Additionally, tunnelling spectroscopy on planar
junctions of Heusler thin films with AlO, barrier is performed. Sam-
ples of the compound CogFeAlp 3Sip.7 with different degrees of disor-
der (B2 and L2) are studied. The ARUPS results at energies close
to the Fermi edge are compared to measurements of the bias voltage
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dependent tunnelling conductivity of CoaFeAly 3Sip.7/AlO,/Ag and
CogFeAlg.3Sig.7/AlO4/CoFe junctions. Whereas the ARUPS shows
clear correlations with the degree of disorder of the Heusler compound,
the interpretation of the tunnelling spectroscopy results in terms of the
density of states is challenging.

MA 51.4 Thu 11:45 HSZ 401
Spectroscopy of the electronic states of the Heusler com-
pounds CozFeAl and Co2Crg sFep.4Al and the influence of ox-
idation — eMARTIN JOURDAN, FABIAN GROSSE-SCHULTE, MICHAELA
HanuN, and GERD SCHONHENSE — Institut fiir Physik, Johannes
Gutenberg Universitat, Staudingerweg 7, 55128 Mainz

Band structure calculations, which predict half metallic properties for
several Heusler compounds, initiated great experimental efforts con-
cerning this class of materials. The validation of the calculated elec-
tronic properties remains difficult, though. The band structures of
the Heusler compounds Co2Crg gFeg 4Al and CosFeAl were investi-
gated in-situ by angle resolved ultraviolet photoemission spectroscopy
(ARUPS). The samples were prepared by a sputtering process opti-
mized for tunneling junction preparation, the photoemission process
in normal direction of the (001)-oriented thin films was excited by a
Helium gas discharge lamp (excitation energies 21.2eV and 40.8¢V).
The spectra of clean samples are compared with calculations of the
total and partial bulk density of states and are evaluated within the
three-step model of photoemission. Basic agreement with theoreti-
cal predictions of the bulk band structure is concluded. At oxygen
exposures of only 1 Langmuir a chemisorption phase with significant
changes of the valence-band spectrum near the Fermi-energy is ob-
served. At 10L oxygen the spectra are indicative of beginnig oxide
formation within the UPS probing depth.

MA 51.5 Thu 12:00 HSZ 401
Magnetoresistrance and anomalous Hall Effect measure-
ments of CooMnGe and CuzMnAl Heusler alloy thin film
microstructures — eMounamep OBaipal2, Denise Ers!, Kurr
WesTERHOLT!, and HARTMUT ZABEL! — lInstitut fiir Experimental-
physik/Festkorperphysik, Ruhr-Universitdt Bochum, 44797 Bochum.
— 2National Research Center (NRC), Tahrir Street - Dokki., 12311
Cairo., Egypt.

We study the magnetoresistance and Hall Effect of thin films of the fer-
romagnetic Heusler compounds CoaMnGe and CuaMnAl prepared by
UHV magnetron sputtering at room temperature. In the as-prepared
state the Heusler alloy films are non-ferromagnetic (CuaMnAl) or
weakly ferromagnetic (CooMnGe)[1] and the resistivity shows a nega-
tive temperature coefficient, indicative of strong disorder renormaliza-
tion of the electronic density of states. The magnetoresistance and the
anomalous Hall coefficient in the as-prepared state are small. The mag-
netoresistance strongly increases when the ferromagnetism gradually
develops after step by step thermal annealing at high temperatures and
decreases again when the magnetic moment approaches its saturation
value.
[1] D. Erb et al. J. Phys. D: Appl. Phys. 43 (2010).

MA 51.6 Thu 12:15 HSZ 401
Calculation of the Fermi surface of NiMnSb — eLiviu CHION-
cEL — Augsburg Center for Innovative Technologies, University of
Augsburg, Germany

Using a combined electronic structure and many-body calculations we
revisit the electronic properties of the prototype half-metallic NiMnSb.
In particular we discuss changes in the topology of the Fermi surface
determined by the presence of electronic correlations beyond the mean-
field approach.

MA 51.7 Thu 12:30 HSZ 401
Half-metallic antiferromagnets and their possible device ap-
plications — eNcuvEN Hoanc Loncg!2, Masako Ocura?, and
Hisazumr Akar? — 1Peter Griinberg Institut and Institute for
Advanced Simulation, Forschungszentrum Jiilich and JARA, 52425
Jiilich, Germany — 2Department of Physics, Graduate School of Sci-

ence, Osaka University, Osaka 560-0043, Japan

Half-metallic antiferromagnetism is a special case of half-metallic fer-
rimagnetism where the total magnetization is completely canceled out
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(fully spin-compensated). Such materials exhibit half-metallicity with
100% spin-polarized Fermi surface and vanishing magnetization simul-
taneously. They are especially useful for spintronics devices since they
are insensitive to external field and in many cases have a high magnetic
transition temperature.

In this work, a new type of half-metallic antiferromagnets are de-
signed by use of the first-principles KKR Green’s functions method.
The materials consist of transition metals A and B, with the total
d-valence electron number of 10, and chalcogens/pnictogens X (with
chemical formula ABX>) or halogens Y (with chemical formula ABY4).
We have found that they are chemically stable and the calculated mag-
netic transition temperatures are relatively high. The transport prop-
erties of the systems are also calculated by the KKR-CPA method
combined with the Kubo-Greenwood formula. The results show that
those systems can function as spintronics materials if used as compo-
nents of GMR/TMR and magnetic random access memory cells.

We acknowledge funding from DFG project MO 1731/3-1.

MA 51.8 Thu 12:45 HSZ 401
Systematic studies of ferromagnetic ordering in EuBg —
eADpHAM Amvyan!, PinTu Das!, Mariano DE Souzal, MICHAEL
Lanc!, PENGg XI1oNG?, STEPHAN VON MOLNARZ, ZAcHARY Fisk3,
and JENs MULLER! — ! Physikalisches Institut, Goethe Universitit, D-
60438 Frankfurt (M). — 2Department of Physics MARTECH, Florida
State University, Tallahassee, USA. — 3Department of Physics, Uni-
versity of California, Irvine, USA.

The ferromagnetic semimetal EuBg recently has attracted renewed in-
terest due to its rich transport and magnetic properties. In transport
and thermodynamic measurements, two consecutive phase transitions
at ~ 12.6 K and 15.3K are observed, where upon lowering the tem-
perature a charge-localization transition via the overlap of magnetic
polarons precede the ferromagnetic ordering. This behavior is dis-
cussed in terms of electronic phase separation and a percolative phase

transition [1].

In this work, we performed fluctuation (noise) spectroscopy mea-
surements of high-quality single crystals of EuBg in order to investi-
gate the dynamics of the charge carriers close to the above-mentioned
transitions. In addition, higher-harmonics transport measurements re-
veal clear signatures of non-linear effects going along with the lower
ferromagnetic transition. Furthermore, ultra high-resolution thermal
expansion measurements reveal that lattice degrees of freedom are
strongly coupled to both low-temperature transitions.

[1] X. Zhang, L. Yu, S. von Molnar, Z. Fisk and P. Xiong, PRL
103,106602 (2009)

MA 51.9 Thu 13:00 HSZ 401
A study of the Verwey transition in epitaxial magnetite thin
films by Raman spectroscopy and SQUID-magnetometry —
eMEHRDAD BagHAIE Yazpi!, Dirk WULFERDINGZ, CHol KwaNG
Yonag?3, PETER LEMMENs?, and LAMBERT ALFF! — lTechnische
Universitit Darmstadt — 2Technische Universitit Braunschweig —
3Chung-Ang University, Seoul, Korea

The origin of the Verwey transition, despite decades of research, re-
mains a heavily debated fundamental property of magnetite. Its un-
derstanding involves concepts such as charge ordering which are es-
sential in transition metal oxides. For this work, epitaxial thin films
of magnetite (Fe3O4) have been grown, using reactive rf-magnetron
sputtering, on single crystal (100) MgO (magnesium oxide) and c-cut
Al3O3 (sapphire) substrates. The phase purity and orientation was an-
alyzed using high resolution X-ray diffraction. The Verwey transition
was studied by both Raman spectroscopy and SQUID-magnetometry.
The Raman spectra of the magnetite grown on AloOs show an earlier
onset of the transition at around 150 K with a definite change at Ty
= 130 K, which corresponds to the data obtained by SQUID. As for
the films grown on MgO, the transition is close to the literature value
of 120 K.



