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MA 15: Magnetic Thin Films Il

Time: Tuesday 9:30-12:00

MA 15.1 Tue 9:30 H33
Compositional tuning of boundary magnetization properties
in epitaxial Crz_;Al,O3 (0001) films — eLORENZO FALLARINO!,
CHRISTIAN BINEK?, and ANDREAS BERGER! — CIC nanoGUNE,
Donostia - San Sebastian, Spain — 2University of Nebraska, Lincoln,

Nebraska, USA

The magnetoelectric antiferromagnet CroO3 (Chromia) is known to ex-
hibit an equilibrium net magnetization at its (0001) surface [1]. This
boundary magnetization (BM) can be exploited to switch the associ-
ated bulk antiferromagnetic order parameter solely by magnetic means
in (0001) oriented thin Chromia films [2,3]. In order to investigate
whether these BM properties can be extended to alloys containing dif-
ferent oxide materials, we investigated the effect of AloO3 doping onto
the structural and magnetic properties of CroOs. We fabricated a
sample series of 100 nm thick epitaxial Cra_;Al;O3 (0001) films in
the concentration range x = 0 - 0.6. Using SQUID magnetometry, we
demonstrated that the critical temperature T v of such alloy films can
be tuned by using the BM as a probe to study the magnetic transi-
tion. Moreover, we evaluated the critical exponent and the absolute
BM values for all the samples, which both corroborate the BM nature
of the observed magnetic signals [4].

[1] K. D. Belashchenko, Phys. Rev. Lett. 105, 147204 (2010);

[2] L. Fallarino et al., Appl. Phys. Lett. 104, 022403 (2014);

[3] L. Fallarino et al., Phys. Rev. B 91, 054414 (2015);

[4] L. Fallarino et al., Phys. Rev. B 91, 214403 (2015);

MA 15.2 Tue 9:45 H33
The influence of low-energy proton irradiation on the mag-
netic properties of undoped TiO2 anatase thin films —
eMAaRKUS STILLER!, JosE BarzorLa-Quiquial, PaBLo EsqQuinazil,
DANIEL SPEMANNZ, JAN MELER?, MicHAEL Lorenz3, and MAR-
1Us GRUNDMANNS — 1 Abteilung fiir Supraleitung und Magnetismus,
Fakultat fiir Physik und Geowissenschaften, Universitat Leipzig,
Linnestr. 5, D-04103, Germany — 2Abteilung Nukleare Festkor-
perphysik, Fakultdt fiir Physik und Geowissenschaften, Universitat
Leipzig, Linnestr. 5, D-04103, Germany — 3Abteilung Halbleit-
erphysik, Fakultdt fiir Physik und Geowissenschaften, Universitat
Leipzig, Linnestr. 5, D-04103, Germany

The temperature and field dependence of the magnetization of epi-
taxial, undoped TiOg anatase thin films on sapphire substrates was
investigated. Field hysteresis as well as zero-field cooled and field
cooled curves were measured for the as-prepared thin films as well
as after irradiation of low-energy protons. The anatase thin films ex-
hibit ferromagnetism after proton irradiation, which strength does not
increase linearly with the amount of irradiated protons. A clear mag-
netic anisotropy, opposite to the expected one, was observed after the
first irradiation. The presence of impurities (with ppm resolution) was
investigated by means of particle-induced X-ray emission. The experi-
mental results indicate that Ti vacancies are the origin for the observed
magnetic order.

MA 15.3 Tue 10:00 H33
Magnetic properties of YCos epitaxial thin films. — eSHALINI
SHARMA, ERWIN HILDEBRANDT, and LAMBERT ALFF — Institute of
Materials Science, Technische Universitdt Darmstadt, Germany

Rare earth-cobalt (R-Co) intermetallic compounds are of high inter-
est for application as high-temperature permanent magnets. YCos is
predicted to exhibit high anisotropy at and above room temperature
with a large magnetocrystalline anisotropy constant, K1, of about 107
erg/cm3. In this work, molecular beam epitaxy was used to synthesize
epitaxial thin films of YCos on (0001)-oriented AlzO3 substrates. X-
ray diffraction revealed the growth window for phase pure YCos thin
films. The magnetic properties of the films were investigated using a
SQUID magnetometer. In phase pure thin films, the (so far) highest
coercivity was measured to be 3kOe, and the highest saturation mag-
netization was 472 emu/cc at 300 K. It is well known, that these values
depend strongly on the exact stoichiometry of the sample. We expect
that further optimization will come closer to the values reported for
single crystals.

MA 15.4 Tue 10:15 H33

Ferromagnetic resonance study of equiatomic FeRh thin films

Location: H33

1,2 1 3

— oANNA SEMISALOVA—“, SVEN STIENEN', Craic W. BARTONZ,
RomaN BoerTceER!, RANTES BaLl', THoMAS THOMsON3, MICHAEL
FarLe?, JORGEN FassBenDER!, Kay Potzger!, and JURGEN
LiNDNER! — YHZDR, Institute of Ion Beam Physics and Materials Re-
search, Dresden, Germany — 2Lomonosov MSU, Faculty of Physics,
Moscow, Russia — 3University of Manchester, School of Computer
Science, Manchester, UK — 4 University of Duisburg-Essen, Faculty of
Physics and Center for Nanointegration, Duisburg, Germany

Chemically ordered FeRh alloy with nearly equiatomic composition is
antiferromagnetic at room temperature and exhibits a first-order phase
transition to the ferromagnetic (FM) state at 370 K. Here, we present
the study of FM resonance (FMR) in non-capped and Pt-capped mag-
netron sputtered 40 nm FeRh films on a MgO(100) substrate and anal-
yse the influence of ion irradiation and chemical disordering on their
magnetic properties. The temperature dependent FMR study between
200-500 K allowed us to observe the hysteretic temperature behavior,
accompanied by a clear transformation of the FMR line, and explore
the complex magnetic structure of films. We distinguished and char-
acterized the contribution of anomalous FM interfacial layers induced
by atomic intermixing and lattice strain. Finally, we have revealed
the formation of a magnetic phase with an out-of-plane easy axis of
magnetization caused by low-fluence irradiation with Net ions.

MA 15.5 Tue 10:30 H33
Exchange driven spin spiral in Rh/Fe/Ir(111) — eNIKLAS

RommMminGg!, Marxkus Horrmann?3, BERTRAND DUPE?, ANDRE
b b b

KuBeTzikal, KIRSTEN voN BereManN!, Steran Hrinze?, and

RoLAND WIESENDANGER! — !Department of Physics, University of
Hamburg, 20355 Hamburg, Germany — Z2Institute of Theoretical
Physics and Astrophysics, University of Kiel, 24098 Kiel, Germany

— 3PGI-1/1AS-1, FZ Jiilich and JARA, D-52424 Jiilich, Germany

Magnetism in ultra-thin films can substantially differ from commonly
known magnetic configurations e.g. due to hybridization at the inter-
face, stacking faults, and broken inversion symmetry [1]. Spin spiral
and skyrmion states were found in mono- and double layers of 3d on
5d transition-metal surfaces due to the competition between various
magnetic interactions [1]. It was recently shown that the magnetic
interactions of Fe/Ir(111) can be altered with a non-magnetic adlayer
of Pd, changing its magnetic state from a nanoskyrmion lattice with
1 nm period to a spin spiral with 6-7 nm period [2].

Here, we combine spin-polarised STM with first-principles calcula-
tions to investigate the influence of a Rh adlayer on Fe/Ir(111). We
show that the magnetic ground state of Rh/Fe/Ir(111) is a spin spiral
with a period of 1-2 nm, which is driven by the exchange interaction.
Its propagation direction depends on the Rh stacking and can deviate
from the high-symmetry directions.

[1] K. von Bergmann et al., JPCM 26, 394002 (2014)

[2] N. Romming et al., Science 341, 636 (2013); B. Dupé et al.,
Nature Commun. 5, 4030 (2014)

15 min. break

MA 15.6 Tue 11:00 H33
Electric field switching of individual magnetic skyrmions —
ePiN-Jur Hsu, ANDRE’ KUBETZKA, AURORE FiNnco, Nikras Rowm-
MING, KIRSTEN vON BERGMANN, and ROLAND WIESENDANGER — De-
partment of Physics, University of Hamburg, Jungiusstrasse 11, 20355
Hamburg, Germany

Using electric fields offers an energy-efficient route toward tailoring
the magnetic properties of materials. In particular, the capability
of switching magnetic states by employing electric fields provides a
great potential to future magnetic information technology. In the
present work, we report on the electric field switching of individual
skyrmionic objects. A spin spiral ground state with a periodicity of
about 3.8 nm has been identified for Fe triple-layers (Fe-TL) grown on
Ir(111) by using spin-polarized scanning tunneling microscopy (SP-
STM). Field dependent SP-STM measurements reveal a magnetic
phase transition from a spin spiral to a skrymionic state and then to
a saturated ferromagnetic state. According to SP-STM measurements
with in-plane spin sensitivity on three different rotational domains, the
skyrmionic objects exhibit a unique rotational sense suggesting a siz-
able Dzyaloshinskii-Moriya (DM) interaction from the Fe-Ir interface
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as the driving force for their stability. Local writing and deleting of sin-
gle magnetic skyrmions, i.e., switching between skyrmionic and ferro-
magnetic states of Fe-TL, have been demonstrated with a pronounced
bias-polarity dependence. Based on the observed linear dependence of
the threshold voltage Ut on the tip-sample distance, the electric field
has been found to play the decisive role for the switching mechanism.

MA 15.7 Tue 11:15 H33
Ion-beam-induced magnetic and structural phase transfor-
mation of fcc Fe thin films on different substrates —
eJonas CGross', Micuar Horkv?3, MicHAEL ScHMID', MICHAL
UrBANEK?3, and PETER VARGcal® — lInstitute of Applied Physics,
Vienna University of Technology, 1040 Vienna, Austria — 2Institute
of Physical Engineering, Brno University of Technology, 616 69 Brno,
Czech Republic — 3CEITEC BUT, Brno University of Technology,
616 00 Brno, Czech Republic

Ultrathin fcc Fe films on Cu(100) have been studied extensively in the
past for their unique capability of magnetic (non-magnetic to ferromag-
netic) and structural (fcc to bec) transformation upon ion beam irra-
diation [1,2]. Replacing Fe by FergNiao allows for growing metastable
films up to 25 nm [3]. To facilitate applications, in the current work
we use Si(100) and SrTiO3(100) substrates with a Cu buffer layer. Cu
on both substrates grows epitaxially, although not layer-by-layer. On
these substrates the as-grown 8-nm FeygNisg films are non-magnetic
and transformable. We also present magnetic nanostructures in these
films written by a focused ion beam.

[1] W. Rupp, et al., Appl. Phys. Lett. 93, 063102 (2008).

[2] S. Shah Zaman, et al. J. Appl. Phys. 110, 024309 (2011).

[3] J. Gloss, et al., Appl. Phys. Lett. 103, 262405 (2013).

MA 15.8 Tue 11:30 H33
Competition between complex magnetic states of Fe/Re(0001)
— e ALEXANDRA Paracio MoraLEs, KIRSTEN VON BERGMANN, AN-
DRE KuUBETzZKA, and RoLAND WIESENDANGER — Department of
Physics, University of Hamburg, D-20355 Hamburg, Germany

Scanning tunneling microscopy on Fe/Re(0001) recently revealed the
growth of an epitaxial Fe monolayer (ML) [1] as well as the Fe ML
spin texture [2]. A transition from pseudomorphic to reconstructed
areas was found with increasing coverage. In the pseudomorphic re-
gions, a frustrated antiferromagnetic triangular spin structure, called
Neéel state, was observed.

Here, we focus on the reconstructed areas of Fe on Re(0001). We
found isolated and dense packed reconstruction lines together with a
spin spiral having a period of 4 atomic lattice constants along the re-
construction lines. Moreover, the Néel state is observed in the vicinity
of the spin spiral.

[1] S. Ouazi, et al., Surf. Sci. 630, 280 (2014).

[2] S. Ouazi, et al., Phys. Rev. Lett. 112, 076102 (2014).

MA 15.9 Tue 11:45 H33
Dzyaloshinskii-Moriya interaction and magnetic texture in
thin Fe films deposited on transition-metal dichalcogenides
— eDANIEL ScHRODER!, SVITLANA PoLEsYa!, SERGIY MANKOVSKY!,
Husert EBERT!, and WoLrcancg Bensca? — 'Dept. Chemie, Uni-
versitit Miinchen, D-81377 Miinchen, Germany — 2Institute of Inor-
ganic Chemistry, Christian-Albrechts-Universitdat zu Kiel, Kiel, Ger-
many

The magnetic properties of Fe monolayers deposited on top of different
types of transition-metal dichalcogenides (TMDC) have been investi-
gated by means of first-principles DFT calculations. Changing the
structure and the composition of the substrate results in a consider-
able variation of magnetic properties of the Fe overlayer, in particu-
lar - of the magnetocrystalline anisotropy and interatomic exchange
interactions. The calculated Dzyaloshinskii-Moriya(DM) interaction
parameters have been used for a subsequent investigation of the mag-
netic structure of Fe overlayers using Monte Carlo simulations. Rather
strong DM interactions have been obtained for some of the systems
under investigation, which can lead to the formation of skyrmionic
structures varying with the strength of an applied external magnetic
field.



